


















































4 PLATYHELMINTHES CHAP.

larval stage, for the short period when they have left the
parental host and are seeking another (Figs. 26, 27, 42).

Some Turbellaria (Rhabdocoelida) resemble Infusoria in their
minute size, shape, and movements. Nevertheless they possess
an organisation of considerable complexity. The fresh-water
Planarians (Fig. 14), abounding in ponds and streams, vary from
a quarter to half an inch in length, and are elongated and
flattened. Their body is soft, and progresses by a characteristic,
even, gliding motion like a snail. The marine Planarians or
Polyclads (Fig. 8) are usually broad and leaf-like, sometimes
attaining a length of six inches, and swim or creep in a most
graceful way. Land Planarians occur in this country (Fig. 15),
but far more abundantly in tropical and sub-tropical districts, in
moist places, venturing abroad at night in pursuit of prey. They
are elongated and cylindrical, in some cases measuring, when
fully extended, a foot or more in length, and are often ornamented
with brilliantly coloured, longitudinal bands.

Turbellaria are carnivorous, overpowering their prey by peculiar
cutaneous offensive weapons, and then sucking out the contents of
the victim by the “ pharynx.” Land Planarians feed on earth-
worms, molluscs, and wood-lice ; fresh-water Planarians on Oligo-
chaet worms, water-snails, and water-beetles ; marine forms devour
Polychaet worms and molluses. Some Turbellaria seem to prefer
freshly-killed or weakly examples of animals too large to be over-
powered when fully active. Certain Rhabdocoelida are messmates
of Molluscs and Echinoderms, and a few others are truly parasitic
—a mode of life adopted by all Trematodes save Temnocephala.

The Trematodes® may be divided into those living on the
outer surface of various aquatic animals, usually fish (Ectopara-
sites); and those which penetrate more or less deeply into the
alimentary canal or the associated organs of the host (Endo-
parasites). They are oval, flattened Platyhelminthes ranging from
a microscopic size to a length of three feet (Nematobothrium, Fig.
22), and are provided with organs of adhesion by which they cling
to the outer surface, or to the interior, of the animals they inhabit.
Trematodes occur parasitically in all groups of Vertebrates, but,
with the exception of the liver-flukes of the sheep (Distomum hepa-
ticum and D. magnum), and of Bilharzia haematobia found in man
(in the blood-vessels of the urinary bladder) over the greater part

1 Tpiiua, a hole ; referring to the orifices of the suckers.
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of Africa, their attacks are not usually of a serious nature. Ecto-
parasitic Trematodes are Monogenetic ; that is, their larvae grow
up directly into mature forms. The Endoparasitic species, how-
ever, are usually Digenetic. Their larvae enter an Invertebrate
and produce a new generation of different larvae, and these
another. The last are immature flukes. They enter a second
host, which is swallowed by the final Vertebrate host in which
they become mature.

The Cestodes or Tape-worms have undergone more profound
modifications both in structure and in mode of development.
They are all endoparasitic, and, with one exception (Archigetes),
attain maturity solely within the alimentary canal of Vertebrates.
In length they range from a few millimetres to several metres, but
this great size is attained from the need for the rapid production
and accumulation of enormous numbers of eggs. The “head”
or “scolex ” is attached to the mucous membrane of the host by
suckers or hooks, but there is no mouth nor any certain trace of a
digestive tract at any stage of the life-history of Cestodes. For
nourishment they absorb, through the skin, the previously-digested
food (of the host) that bathes them. In a few Cestodes the body
is simple and not divided into “ proglottides” or generative seg-
ments, but in most cases it is jointed in such a way that the last
segment is the oldest, and each contains a set of reproductive
organs. The life-histories of Cestodes are most remarkable. The
proglottides containing the eggs pass out of the final host along
with the faeces and enter the intermediate host with the food.
The larvae hatch, and boring their way into the blood-vessels, are
carried by the circulation to various internal organs. Here they
usually become “bladder-worms,” and develop the “head ” of the
future sexual form. Then, if, as is usually the case, the inter-
mediate host is preyed upon by the final host, the larval Cestodes
enter the alimentary canal of the latter. The head of the larva
alone survives digestion, and from it the mature worm is formed.

Of these three branches of the phylum Platyhelminthes, the
Turbellaria possess features of special interest and importance. Not
only do they furnish the explanation of the structure of the two
parasitic groups (which have probably arisen from Turbellarian-
like ancestors), but they occupy the lowest position in the whole
group of worms. There are reasons for thinking that this is the
sitaplest group of bilateral animals which adopt the habit of creep-
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ing. The Turbellaria are most closely allied to that great extinct
group from which they, the Nemertinea, Rotifera, and even the
Annelids, offer increasingly convincing evidence of having been
derived. Many questions relating to the affinities of, or the
origin of organs in, the Annelids, resolve themselves into similar
questions about the Turbellaria. For these reasons, this group
is here dealt with at greater length than the others, the interest
of which is of a more special nature.

The history of our knowledge of the Cestodes dates back to
ancient times, as the presence and effects of tape-worms early
attracted the attention of physicians. Trematodes are first
distinctly referred to in the sixteenth century, while Turbellaria
first figure in Trembley’s memoir on Hydra (1744)) The whole
subject of the increase in our knowledge of parasitic Platyhel-
minthes is dealt with in the standard work, The Parasites of
Man, by Leuckart,? and a complete list of references in zoological
literature to Cestodes and Trematodes is to be found in Bronn’s
Thierreich.® O. F. Miiller* and Ehrenberg founded our know-
ledge of the Turbellaria, but for a long time the group remained
in a most neglected condition. In this country Montagu, G.
Johnston, and in Ireland, William Thompson, discovered several
marine species, one of which, Planocera foliwm (from Berwick),
has not again been met with on British shores. Dalyell® con-
ducted classical researches on the habits of Planarians, and Fara-
day ® made interesting experiments on their power of regenerat-
ing lost parts. The credit of assigning the correct interpreta-
tion to most of the various organs of fresh-water Planarians
belongs to von Baer” and Duges® while Mertens® effected a
similar service for the marine forms, or Polyclads. The minute
Rhabdocoels were first successfully investigated and classified by
Oscar Schmidt.® The great work on this group is, however, the

1 Mémaoires pour servir & U'histoire d. Polypes d'eau douce, Leyden, 1744,

2 Dic Parasiten des Menschen, 1879——. Engl. Transl. by W. E. Hoyle, i. 1886.

* Band 4, by M. Braun. (Mesozoa and Trematoda completed ; Cestoda in progress.)

 Verm. terr. et fluv. . . . succineta historia, 1773 ; Zool. Danica, 1777.

5 Observations on Planariae, Edinburgh, 1813,

¢ M. Faraday, “On the Planariae,” Medical Gazette, Feb. 1832 ; and in Edin-
burgh New Philosoph. Journal, vol. xiv. 1833, pp. 183-189.

7 Nov. Aet. Acad. Caes. Leop.-Carol. tom. xiii, 1827.

8 Ann. Sei. Nat. (Zool.) I. tom. xv. 1828, ; ibid. tom. xxi. 1830.

® Mém. Acad. St. Pétersbourg, 5th ser. tom. ii. 1832,
0 Die rhabdocoelen Turbellarien des Sisswassets, Jena 1848.
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monograph by von Graff! A similarly comprehensive and indis-
pensable treatise by Lang, on the Polycladida,? contains references
to all previous publications on the group, among which the
papers by Quatrefages, Johannes Miiller, Keferstein, Minot, and
Hallez stand out conspicuously. Moseley’s work ® on the Land
Planarians of Ceylon is undoubtedly the most revolutionary
paper referring to this group, and the
best contribution towards elucidating
the structure of the Tricladida at a
time when the subject was very obscure.
A monograph on Land Planarians is
being prepared by von Graff.

The Turbellaria are divided into:
(1) Polycladida, marine forms with
multiple intestinal branches; (2) 77:-
cladida, marine, fresh-water, and ter-
restrial Planarians with three main
intestinal branches ; (3) the Rhabdocoe-
lida, as varied in habit as the Triclads,
but possessing a straight and simple or
slightly lobed, intestine. A detailed
description of an example of the Poly-
clads, and then a comparative account
of each division, will now be given.

Turbellaria. I Polycladida.

Description of Leptoplana tremellaris.

Appearance and Habits.—An ac-
count of the Polyclad Turbellaria may gy 1. _ zoptoptana tremettaris
be fitly prefaced by a description of  O.F.M. Seenfrom the dorsal

: surface. The alimentary canal
a very common representative, Lepto- rans down tha reiddle Tinesand
plana tremellaris, so called on account sends branches to the margin
. q of the body. x86.
of the thin, flat body which executes

when disturbed, quivering or tremulous swimming movements.

1 Monographic d. Turbellarien. 1. Rhabdocoelida, 1882. Die Acoela, Leipzig,
1892.

? ““Die Polycladen,” Fauna w. Flora d. Golfes v. Neapel, Monogr. XI. 1884,

3 Phil. Trans. 1874, p. 105.
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Like all Polyclads, Leptoplana is marine. It is probably found
on all European shores, northwards to Greenland and southwards
to the Red Sea, while vertically it ranges from the littoral zone
down to fifty fathoms. There is, however, an apparently well-
marked difference between the littoral specimens, which vary
from three-quarters to one inch in length, are brownish in colour
and firm in consistency, and the more delicate examples half an
inch long, white with a brown tinge, which occur in deeper water.

At low water Leptoplana may be found buried in mud or on
the under surface of stomes, in pools where darkness and damp-
ness may be ensured till the return of the tide. It is, however,
by no means easy to detect and remove it from the encrusting

F1a. 2.—Leptoplana tremellaris. Three-quarters view from the ventral surface. The
pharynx (ph) is widely protruded through the mouth (mo) as iu the act of attack-
ing prey. br, Brain with nerves, close to which are the four groups of eyes; myg,
stomach ; mge, “marginal groove” ; pe, penis; sc, sucker; uf, uterus; ud, vasa
deferentia ; ¢, female genital aperture surrounded by the shell-glund ; &, male aper-
ture. (Semi-diagrammatic, and x 6.)

Polyzoa, Ascidians, or Sponges with which it is usually associated.

The flat, soft, unsegmented body is so closely appressed to

the substratum that its presence is usually only betrayed by its

movement, an even gliding motion of the mobile body, which
suggested the apt name “la pellicule animée” to Dicquemare.

The creeping surface is called ventral, the upper one dorsal, and

as the broader end of the body always goes first, it is anterior as

opposed to the more pointed posterior extremity. With a lens
the characters shown in Figs. 1 and 2 may be observed. The
eyes are seen as black dots near the anterior end, and are
placed at the sides of a clear oval space, the brain. Along the
transparent margin of the body, the ends of the intestinal
branches may Dbe seen. These ramify from a lobed stomach or
main-gut, and should the speciinen be mature, the “ uterus ” loaded
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with eggs forms a dark margin round the latter (Figs. 1 and
2, ut). The ventral surface is whitish, and through it the
« pharynx,” a frilled protrusible structure, may be dimly observed.
The “mouth,” ! through which the pharynx at the time of feeding

Fi1c. 3.—Leptoplana tremellaris in the act of swimming. A, Seen from the right side
during the downward stroke (the resemblance to a skate is striking); B, from
above, showing the upward stroke and longitudinal undulations of the swimming
lobes ; C, side view during the upward stroke ; D, transverse sections of the body
during the strokes. x 5,

is thrust out (Fig. 2, mo), is almost in the centre of the ventral

surface. Behind this, a white, V-shaped mark (vd) indicates the

ducts of the male reproductive organs, and still further back is
the irregular opaque mark of the “shell-gland,” by which the
egg-shells are formed (Fig. 2, ¢).

! Since no food, but only the pharynx, passes through this “mouth,” the term
is unfortunate. Moreover the trie mouth is the aperture placing the stomach in
communication with the pharynx (Fig. 5, gm).
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Leptoplana employs two kinds of movement, creeping and
swimming. Creeping is a uniform gliding movement, caused
by the cilia of the ventral surface, aided perhaps by the longi-
tudinal muscular layers of this surface, and is effected on the
under side of the “surface-film ” of water almost as well as on a
solid substratum., Swimming is a more rapid and elegant move-
ment, employed when alarmed or in pursuit of prey. The
expanded fore-parts of the body act as lobes, which are flapped
rapidly up over the body and then down beneath it, undulations
running rapidly down them from before backwards. The action
in fact is somewhat similar to that by which a skate swims,
a resemblance pointed out long ago by Duges® (Fig. 3).

‘We have few direct observations on the nature of the food of
Leptoplana, or the exact mode by which it is obtained. Dalyell?
who observed this species very carefully, noticed that it was
nocturnal and fed upon a Nereis, becoming greatly distended
and of a green colour after the meal, but pale after a long fast.
Keferstein® noticed a specimen in the act of devouring a
Lumbriconereis longer than itself, and also found the radulae of
Chiton and Taenioglossate Molluses in the intestine. That such
an apparently weak and defenceless animal does overpower large
and healthy Annelids and Mollusca, has not hitherto been
definitely proved. Weak or diseased examples may be chiefly
selected. The flexible Leptoplana adheres firmly to its prey, and
the rapid action of the salivary glands of its mobile pharynx
quickly softens and disintegrates the internal parts of the vietim.
The food passes into the stomach (Fig. 2, mg), and is there
digested. It is then transferred to the lateral branches of the
intestine, and, after all the nutritious matters have been absorbed,
the faeces are ejected with a sudden contraction of the whole
body through the pharynx into the water.

Leptoplana probably does not live more than a year. In the
spring or summer, batches of eggs are laid and fixed to algae or
stones by one individual, after having been fertilised by another.
Young Leptoplana hatch out in two to three weeks, and lead a

1 Ann. Sci. Nat. 1 sér. tom. xv. 1828, p. 146. “‘ La Planaire trémellaire . . .
peut parcourir . . . en faisant battre rapidement ses parties laterales 4 la maniére
des larges nageoires des Raies.”

3 Observations on Planarize. Edinburgh, 1813, p. 12.

3 ¢Zur Anat. u. Entwickl. einiger Seeplanarien v. St. Malo,” 4bh. K. Gesell-
schaft d. Wiss. Gottingen, 1868,
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pelagic existence till they are three or four millimetres in length.
In late summer, numbers of such immature examples may be found
among sea-weeds and Corallina in tide pools. In the succeeding
spring they develop first the male and then the female reproduc-
tive organs.

Dorsal

N rd Ventral

F1a. 4.—Portion of a transverse section of Leptoplana tremellaris in the hinder part of
the body. x 100. m, Basement (skeletal) membrane ; cil, cilia; d.m, diagonal
muscles ; d.v.m, dorso-ventral muscles ; ep, epidermis ; f.p, food particles ; Lg, lateral
intestinal branches cut across; l.m ex?, external, and lLm inf, internal longitudinal
muscle layers ; m.c, glandular (mucous) cells ; md, their ducts ; X, longitudinal
nerve ; Nu, nuclei of the intestinal epithelium ; ov, ovary; ovd, oviduct; par,
cells of the parenchyma; r.d, vasa deferentia, with spermat ; rm, circul:
musculature ; rh, rhabdites; sk, cells of the shell-gland; f¢, testes; ve, vasa
efferentia ; y.c, “ yellow cells.” (After Lang.)

Anatomy of Leptoplana tremellaris.—ZLeptoplana may be
divided into corresponding halves only by a median vertical
longitudinal plane. The body and all the systems of organs are
strictly bilaterally symmetrical. Excepting the cavities of tl 3
organs themselves, the body is solid. A connective “ parenchyma ”
(Fig. 4, par) knits the various internal organs together, while it
allows free play of one part on another. These organs are enclosed
in a muscular body-wall, clothed externally by the ciliated epidermis,
which is separated from the underlying musculature by a strong
membrane (Fig. 4, bm), the only skeletal element in the body.
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Body-Wall—The epidermis (Fig. 4, ep) is composed of a
single layer of ciliated cells, containing small, highly refractive,
pointed rods or “rhabdites” (rk), and gives rise to deeply-
placed mucous cells (m.c), which are glandular and pour out
on the surface of the body a fluid in which the cilia vibrate.
The tenacious hold on a stone which Leptoplana exerts if sud-
denly disturbed, or when grasping its prey, is probably due to the
increased glutinous secretion of these glands, aided perhaps by
rhabdites, which on such occasions are shot out in great numbers.
The basement membrane is an elastic skeletal membrane com-
posed of stellate cells embedded in a firm matrix. It serves
chiefly for the origin and insertion of the dorso-ventral muscles
(dwm). Under the basement membrane lies a very thin layer
of transverse muscular fibres (Fig. 4, rm), which are, however,
apparently absent on the ventral surface. Then follows a stout
layer of longitudinal fibres (Im ext), and beneath this a diagonal
layer (d.m), the fibres of which intersect along the median line
in such a way that the inner fibres of one side become the outer
diagonal fibres of the other. Lastly, within this again, on the
ventral surface, i3 a second stout longitudinal layer (l.m int).
The sucker (sc, Figs. 2 and 5) is a modification of the body-wall
at that point. In addition to the dorso-ventral muscles, there
exists a complex visceral musculature regulating the movements
of the pharynx, intestine, and copulatory organs.

Parenchyma.—The spaces between the main organs of the
body are filled by a tissue containing various kinds of cells,
salivary glands, shell-glands, and prostate glands. Besides these,
however, we find a vacuolated, nucleated, thick-walled network,
and to this the word parenchyma is properly applied. Besides
its connective function, the parenchyma confers that elasticity on
the body which Leptoplana possesses in such a high degree. Pig-
ment cells are found in the parenchyma in many Polyclads.

Digestive System.—The general arrangement of this system
may be seen in Figs. 2, 5, and 7 ; and may be compared, especially
when the pharynx is protruded, as in Fig. 2, with the gastral
system of a Medusa. The “mouth ” (there is no anus) is placed
almost in the centre of the ventral surface. It leads (Fig. 7, B, phs)
into a chamber (the peripharyngeal space) divided into an upper
and a lower division by the insertion of a muscular collar-fold
(the pharynx, pk), which may be protruded, its free lips
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advancing, through the mouth (Fig. 2), and is then capable of
enclosing by its mobile frilled margin, prey as large as Leptoplana
itself. The upper division of the chamber communicates by a
hole in its roof' (the true mouth, Figs. 5 and 7, g.m) with the
cavity of the main-gut or stomach (m.g), which runs almost the
length of the body in the middle line, forwards over the brain
(Fig. 5, up). Seven pairs of lateral gut-branches convey the
digested food to the various organs, not directly however, but only
after the food mixed with sea-water has been repeatedly driven
by peristalsis first towards the blind end of the gut-branches and
then back towards the stomach. Respiration is probably largely
effected by this means. The epithelium of the intestine (Fig. 4,
l.g) of a starving specimen is composed of separate flagellated
cells frequently containing “yellow cells”? After a meal, how-
ever, the cell outlines are invisible. Gregarines, encysted Cercariae,
and Orthonectida ® occur parasitically in the gut-branches.

An excretory system of “flame-cells” and fine vessels has
hitherto been seen only by Schultze * in this species, which will
not, however, resist intact the compression necessary to enable
the details to be determined. They are probably similar to
those of Thysanozoon described on p. 25.

Nervous System.—The brain, which is enclosed in a tough
capsule (Fig. 5, br), is placed in front of the pharynx, but some
distance behind the anterior margin of the body. It is of an
oval shape, subdivided superficially into right and left halves by
a’ shallow depression, and is provided in front with a pair of
granular-looking appendages,composed of ganglion-cells from which
numerous sensory nerves arise, supplying the eyes and anterior
region. Posteriorly the brain gives rise to a chiefly motor,
nervous sheath (Fig. 5, nn), which invests the body just within
the musculature. This sheath is thickened along two ventral
lines (Fig. 5, In) and two lateral lines (n.s), but is very slightly
developed on the dorsal surface. Ganglion-cells occur on the
course of the nerves, and are particularly large at the point of
origin of the great motor nerves.

Sense Organs.—Leptoplana possesses eyes, stiff tactile, mar-

' The roof of the peripharyngeal chamber is hence known as the * diaphragm.”
2 See Brandt, Fauna u. Flora d. Golfes v. Neapel, Monogr. XIII. 1885, p. 65.
3 See p. 94.

¢ Verhandlungen d. med. Gesellschaft zu Wiirzburg, iv. 1854, p. 223,



F16. 5.—Diagrammatic

view of the struc-
ture of Leptoplana
& s 83 a
type of the Poly-
cladida. The body
is cut across the
middle to show the
relative position of
organs in trans-
verse section. In
the posterior half
the alimentary
canal has been bi-
sected and removed
from the left
side, to exhibit the
deeply placed nerv-
ous sheath (nn)
and the male re-
productive organs.
br, Brain; dp,
“diaphragm” ; e,
cerebral group of
eyes ; et, tentac-
ular eye-group;
g7, marginal
groove ; gm, true
mouth ; Ig, lateral
gut - branch ; In,
longitudinal nerve
stem ; m, external
mouth ; mg, mg',
main-gut, whole,
and bisected ; =,
Sensory nerve sup-
plying the eyes;
7an, nervous net-
work lying on the
ventral muscula-
ture ; #.s, lateral
nerve ; od, oviduct ;
ov, ovary ; pe, penis
(in  section) ; ph,
pharynx; pr, pros-
tate or ‘“granule
gland”; sc,sucker;
8g, shell-gland;
te, testes; up, an-
terior unpaired
gut - branch ; ut,
uterus ; va, vagina
(in section) ; wd,
vas deferens; ve,
vasa efferentia ; 4,
male genital pore ;
9, female pore.
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ginal cilia, and possibly a sense organ in the “ marginal groove.”
The eyes, which are easily seen as collections of black dots lying
at the sides of the brain, may be divided into two paired groups:
(1) cerebral eyes (Fig. 5, ¢), and (2) ten-
tacle eyes (et), which indicate the position
of a pair of tentacles in allied forms (Fig.
8, A, ¢t and .B). Each ocellus consists of
a capsule placed at right angles to the
surface of the body in the parenchyma,
below the dorsal muscles, and with its con-
vex face outwards. It is a single cell
in which pigment granules have accumu-
lated. The light, however, can only reach
the refractive rods, which lie within it, g, # = Disgisin of sa eye
obliquely at their outer ends. These rods of Leptoplana from the
are in connexion with the retinal cells, and mﬁi’m‘;p A
thus communicate by the optic nerve with

the brain. The cerebral eyes are really paired, and are directed
some upwards, some sideways, some downwards.

The “marginal groove” is a shallow depression of the
epidermis (Fig. 5, gr) lined by cilia, and containing the ducts
of very numerous gland-cells. It runs almost parallel to the
anterior margin of the body, a short distance from it, but we
have no observations on its functions.

Reproductive Organs.— Leptoplana is hermaphrodite, and,
as in most hermaphrodites, the reproductive organs are com-
plicated. The male organs are the first to ripen, but this does
not appear to prevent an overlapping of the periods of maturity
of the male and female products, so that when the eggs are
being laid, the male organs are, apparently, still in a functional
state. The principal parts are seen in Fig. 5. The very
numerous testes (¢¢) are placed ventrally, and are connected with
fine vasa efferentia (ve), which form a delicate network opening at
various points into the two vasa deferentia (vd). These tubes,
especially when distended with spermatozoa, may easily be seen
(Fig. 2, vd) converging at the base of the penis, and connected
posteriorly by a loop that runs behind the female genital pore
(Fig. 5). The penis (pe) is pyriform and muscular, and is
divided into two chambers, a large upper one for the sperma-
tozoa, and a smaller lower one for the secretion of a special
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« prostate” gland. The apex of the penis is eversible and not
merely protrusible, being turned inside out when evaginated. The
ovaries (Fig. 5, ov) are numerous and somewhat spherical. They
are dorsally placed, but when fully developed extend deeply
wherever they can find room to do so, and they not only furnish
the ova, but elaborate food-yolk in the ova, as there are no
special yolk-glands. The slender oviducts (od) open at several
points into the “uterus” (uf) (a misnomer, as no development
takes place within it), which encircles the pharynx, and opens by
a single duct into the vagina (va). Here the ova are probably
fertilised, and one by one invested by the shell-gland (sg) with a
secretion which hardens and forms a resistant shell. They are
then laid in plate-like masses which are attached to stones or
shells. The development is a direct one, and the young Lepto-
plana, which hatches in about three weeks, has the outline of a
spherical triangle, and possesses most of the organs of the adult.
After leading a floating life for a few weeks it probably attains
maturity in about nine months.

Classification, Habits, and Structure of the Polycladida.

The Polyclads were so called by Lang on account of the numerous
primary branches of their intestine. ~They are free-living, purely
marine Platyhelminthes, possessing multiple ovaries, distinet male
and female genital pores (Digonopora), but no yolk-glands. The
eggs are small, and in many cases give rise to a distinet larval
form, known as “ Miiller’s larva ” (Fig. 12). The Polyclads, with
one exception,! fall into two sub-groups, Acotylea and Cotylea :—

Character. Acotylea. . Cotylea.
Sucker . . A sucker absent.? A sucker always present (Figs.
8, D, s;7, A, sc).

Mouth . . In the middle, or behind the In the middle, or in front of the
middle, of the ventral sur- middle, of the ventral surface.
face.

Pharypx . . More or less intricately folded. Rarely folded. Usually ecylin-

drical or trumpet-shaped.

Tentacles. . A pair of dorsal tentacles A pair of marginal tentacles (ex-
usually present. cept in Anonymus).

Development Usually direct. Larva when Miiller'slarva present. Metamor-
resent, not a typical Miiller's phosis, lowever, extremely
arva. slight.

! Enantia spinifera Grff. Mittheil. d. Naturwiss. Verein. f. Steiermark, 1889.
2 The sucker of Leptoplana tremellaris probably does not correspond with that
of the Cotylea.
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Fig. 8 shows that, starting with a member (A, D) of each
division, in which the mouth is almost in the middle of the
ventral surface, and the brain and sense organs somewhat
remote from the anterior end, we find in the Acotylea a series
leading to an elongated form (Cestoplanidae), in which the
mouth, pharynx, and genital pores are far back near the hinder

Fia, 7. —Dlag'rammatlc vertlcal longitudinal sections : A, Of Prosthi (type o
Cotylea) ; B, of L ; C, of Cestopl. (types of Acotylea) (After Lang)
These figures illustrate the changes which follow the shifting of the mouth from
a central position (B) to either end of the body. &r, Brain ; dphm, ‘‘diaphragm”
gm, true mouth ; Ig, openings of lateral guf.-bmnches; m, mouth ; myg, msin-gut
or stomach ; mgbr, median gut-branch ; ph, pharynx ; ph.m, aperture in pharyn-
geal fold ; phs, peripharyngeal sheath ; sc, sucker ; &, male, and 9, female, genital
aperture.

end of the body; while in the Cotylea the series leads simi-
larly to the elongated Prosthiostomatidae, in which, however,
the pharynx and external apertures are in the front part of
the body. This view of the morphology of the Polyclads is
due to Lang, and is based on the assumption that the more
radially - constructed forms (Fig. 8, A, D) are the primitive
ones.
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8,—Chief forms of Polycladida: A-C, Acotylea; D-F, Cotylea. A, Planocern
grafit Lang, nat. size ; B, Stylochoplana maculata Stimps, x7; C, Cestoplana
rubrocincta Lang, x 4; D, Anonymus viriis Lang, x 3, ventral surface; E,
Thysanowon brocchit Grube, nat. size ; the head is thrown back and the pharynx
(ph) is protruded. F, Prosthiostomum siphunculus Lang, x 3. Br, Brain; CG,
cerebral eye group ; DM, true mouth ; Ey, marginal eyes; m, mouth ; MG,
main-gut or stomach; P, dorsal papillae; 7’h, pharynx; s, sucker (ventral);
T, tentacles; UP, dorsal median gut-brauch. 4, male, and ¢, female, genital
aperture, except in D, where & refers to the multiple penes. (After Lang and
Schmidt.)
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Appearance and Size of Polyclad Turbellaria.—Iolyclads
are almost unique amongst animals in possessing a broad and
thin, delicate body that glides like a living pellicle over stones
and weeds, moulding itself on to any inequalities of the surface
over which it is travelling, yet so fragile that a touch of the
finger will rend its tissues and often cause its speedy dissolution.
The dorsal surface in a few forms is raised into fine processes
(Planocera villosa), or into hollow papillae (ZThysanozoon brocchii),
and in very rare cases may be armed with spines (Acanthozoon
armatum,! Enontia spinifera); in others, again, nettle-cells (nema-
tocysts) are found (Stylochoplana tarda, Anonymus viriis). Some
Polyclads, especially the pelagic forms, are almost transparent;
in others, the colour may be an intense orange or velvety
black, and is then due to peculiar deposits in the epidermal cells.
Between these two extremes the colour is dependent upon the
blending of two sources, the pigment of the body itself and the
tint of the food. Thus a starved ZLepfoplana is almost or quite
white, a specimen fed on vascular tissue reddish. Many forms
are coloured in such a way as to make their detection exceed-
ingly difficult, but this is probably not merely due, as Dalyell
supposed, to the substratum furnishing them with food and thus
colouring them sympathetically, but is probably a result of
natural selection.

The largest Polyclad, the bulkiest Turbellarian, is Leptoplana
gigas (6 inches long and 4 in breadth), taken by Schmarda,
free-swimming, off the coast of Ceylon. The largest Kuropean
form is Pseudoceros maximus, 3% inches in length and stoutly
built. A British species, Prostheceraeus vittatus, attains a length
of from 2 to 3 inches. These large forms, especially the-
Pseudoceridae (pre-eminently the family of big Polyclads), are
brightly coloured, and usually possess good swimming powers,
since, being broad and flat, they are certainly not well adapted for
creeping rapidly, and this is well shown by the way these
Polyclads take to swimming when in pursuit of prey at night.
The size of any individual is determined, amongst other factors,
by the period at which maturity sets in, after which prob-
ably no increase takes place. TPolyclads apparently live about
twelve months, and 1nature specimens of the same species vary
from } inch to 2% inches in length (7hysanozoon brocchii),

! Collingwood, Trans. Linn. Soc. 2 ser. vol. i. pt. 3, 18786, p. 83.
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showing that growth is, under favourable conditions, very
rapid.

Habits of Polyclad Turbellaria.—Polyclads are exclusively
marine, and for the most part littoral, animals. Moreover, there
is no evidence of their occurrence in those inland seas where
certain marine animals (including one or two species of other-
wise characteristically marine Rhabdocoelida, p. 46) have per-
sisted under changed conditions. From half-tide mark down to
50 fathoms, some Polyclads probably occur on all coasts, but as
to their relative abundance in different seas we have very little
accurate information. The southern seas of Europe possess more
individuals and species than the northern, and probably the
maximum development of the group takes place on the coasts
and coral islands of the tropics! No Polyclads have been taken
below 60 fathoms ; but their delicacy and inconspicnousness render
this negative evidence of little value. Six truly pelagic forms,
however, are known,” and these are interesting on account of their
wide distribution (three occurring in the Atlantic, Pacific, and
Indian oceans), and also from the distinct modifications they
have undergone in relation to their pelagic existence.

Whatever may be the interpretations of the fact, Polyclads
are notoriously difficult to detect, and this fact doubtless explains
the scanty references to them by the older naturalists who col-
lected even in tropical seas. Lang, who worked seven years at
Naples, added to the Mediterranean fauna as many Polyclads as
were previously known for all Europe, in spite of the assiduous
labours of his predecessors, Delle Chiaje and Quatrefages.
Again Hallez, collecting at Wimereux at low-water, obtained
some twenty specimens of ZLeptoplana tremellaris in an hour,
while some other collectors working by his side could only find
two or three. Yet, even making allowance for the difficulty of
finding Polyclads, few of them appear to be abundant.

Leptoplana tremellaris is frequently associated with colonies
of Botryllus, and if separated soon perishes, whereas the free-
living individuals are distinctly hardy (Hallez). A closely «llied
but possibly distinct form lives upon the surface of the Polyzoon

! Von Stumwer-Traunfels, Zeitschr. f. wiss. Zool. Bd. 1x. 1895, p. 689,
2 Planocera pel'weida Mertens, P. simrothi v. Grff., P. grubei Grff., Stylocho-
plana sargassicola Mertens, S. californica Woodworth, Planctoplana challengers

Grff., all belonging to the Planoceridae. See v. Graff, ¢‘Pelagische Polycladen,”
Zeitsehrift f. wiss. Zoologie, Bd. 1v. 1892, p. 190.
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Schizoporella, on the French side of the Channel, and cannot
long endure separation from its natural habitat, to which it
is adaptively coloured. A striking case of protective mimicry
is exhibited by Cycloporus papillosus, on the British coasts.
This species, eminently variable in colour and in the presence or
absence of dorsal papillae, is usually a quarter of an inch in
length and of a firm consistency. Fixed by its sucker to Poly-
clinid and other Ascidians, Cycloporus appears part and parcel of
the substratum, an interesting parallel to Lamellaria perspicua,
though we are not justified in calling the Dolyclad parasitic.
Indeed, though a few cases of association between Polyclads and
large Gasteropods, Holothurians, and Echinids are known,? there
is only one case, that of Planocera inguilina? in the branchial
chamber of the Gasteropod Sycotypus canaliculatus, which would
seem to bear the interpretation of parasitism. The jet-black Pseudo-
ceros velutinus and the orange Yungia aurantiaca of the Medi-
terranean, are large conspicuous forms with no attempt at con-
cealment, but their taste, which is not known, may protect them.
Other habits, curiously analogous with devices employed by
Nudibranch Mollusca (compare Zhysanozoon brocchii with Aeolis
papillosa), emphasise the conclusion that the struggle for exist-
ence in the littoral zone has adapted almost each Polyclad to its
particular habitat.

As regards the vertical distribution of this group on the
British coasts, Zeptoplana tremellaris has an extensive range, and
appears to come from deeper to shallower water to breed.* In
the upper part of the Laminarian zone, Cycloporus papillosus,
and, among brown weeds, Stylochoplana maculate are found. At
and below lowest water-mark Prostheceraeus vittatus, P. argus,
and Burylepta cornuta occur.  Stylostomum wvariabile and Oligo-
cladus samguinolentus, though occasionally found between tide-
marks, especially in the Channel Islands, are characteristic, along
with Leptoplana droebachensis and L. fallax, of dredge material
from 10 to 20 fathoms.

Locomotion.—Locomotion is generally performed by Poly-
clads at night when in search of food, and two methods, creeping

! Cambridge Natural History, vol. iii. p. 74.

? Lang, ““ Polycladen,” p. 629.

® Wheeler, Journal of Morphology, vol. ix. part 2, 1894, p. 195.

¢ Many Nudibranchiate Mollusca undergo this change of habitat. See (farstang,
Journal of the Marine Biological Assoc. n.s. i. No. 4, 1890, p. 447.
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and swimming, are usually employed—ecreeping by the cilia,
aided possibly, as in the case of some Gasteropod Mollusca, by
the longitudinal muscles of the ventral surface; and swimming,
by undulations of the expanded margins of the body. In the
former case the cilia work in a glandular secretion which bathes
the body, and enables them to effect their purpose equally well
on different substrata. The anterior region is generally lifted
up, exploring the surroundings by the aid of the tentacles, which
are here usually present. The rest of the body is closely appressed
to the ground.

Swimming is particularly well performed by the Pseudoceridae,
certain species of Prostheceraeus, the large Planoceridae, some
Stylochoplana, Discocelis, and Leptoplana, and in the same manner
as in Leptoplana tremellaris (p. 9). In Cryptocelis, Leptoplana
aleinoi, and L. pallida, how-
ever, the whole body executes
serpentine movements like an
active leech (e.g. Nephelis); a
cross section of the body would
thus present the same appear-
ance during the whole move-
ment. Many Polyclads, notably
Anonymus (Lang), if irritated,
spread out in all directions,
becoming exceeding thin and
transparent.

Discocelis lichenoides, Plan-
ocera. graffii, and Anonymus
virilis have peculiar modes of
progression.  The first, accord-
ing to Mertens, will climb up

Fro. 9.—Discocelis lichenoides Mert. (after

the sides of a vessel by means
of the expanded lobes of the
pharynx (Fig. 9, ph), a habit of
considerable interest, since we
know that certain Ctenophores
— Lampetia, for instance—pro-
gress when not swimming on

Mertens), creeping on the inner side of a
glass vessel by means of the lobes of the
extended and exceedingly mobile phar-
yux (ph). These lobes also serve to enclose
Crustacea (a), and one lobe may then
be withdrawn independently of the rest,
back into the body (b). The brain (br)
and shell-gland (sy) are shown by trans-
parency.

the expanded lobes of their “ stomach.”!  Planocera and Anonymus
1 Chun, *“Ctenophoren,” Fauna u. Flora . v. Neapel, Monogr. 1. 1880, p. 180.
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creep by extending parts of the anterior margin and dragging
the rest of the body behind. In consequence, the brain and
dorsal tentacles may come to lie actually behind the middle of
the body, and thus no definite anterior end or “head” advances
first. Along with this curious habit it may be noticed (Lang)
that the radial symmetry of the body is well marked; but even
without accepting this author’s suggestion of the concurrent
development of a “head ” with locomotion in a definite direction,
the facts, whether these two forms are primitive or not, are
highly interesting.

Food.—Though we are probably right in calling Polyclads a
carnivorous group, the food of very few forms has been ascer-
tained. Those which possess a large frilled pharynx (most
Acotylea) probably enclose and digest large, and, it may be,
powerful prey, as appears to be the case in Lepfoplana trémel-
laris.  Cryptocelis alba has been seen by Lang with the pharynx
so distended, owing to a large Drepanophorus (Nemertine) which
it contained, as to resemble a yolk-sac projecting from the under
surface of an embryo. The Cotylea such as Thysanozoon, with a
bell- or trumpet-shaped pharynx, are fond of fixing this to the side
of the aquarium, but whether they thus obtain minute organisms
is not clear. Prosthiostomwm shoots out its long pharynx with
great vehemence (Fig. 8, F) and snaps up small Annelids by its
aid (Lang). Those Polyclads which, as Cycloporus and others,
are definitely associated with other organisms are not certainly
known to feed upon the latter,
though « Planaria welellae” has
been seen by Lesson' devouring
. the fleshy parts of its host. The
.. salivary glands which open on
the lips and the inner sur-
face of the pharynx powerfully
disintegrate the flesh of the prey.
Fra. 10.—Diagram of the musculature, 1igestion takes place in the

ing peristaltic ts of the ol . .
intadtinal  brkndien of- Polyelaten 2o gut,'and the <?1rculamon of
(After Lang.) the food is accomplished by the

sphinctral musculature of the
intestinal branches (conf. Leptoplana, p. 13).
A distinet vent or anus is always absent. After a meal the
1 See Lang, ‘“ Polycladen,” . 607,
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faecal matter collects in the main-gut, and is discharged violently
by the pharynx into the water. In a few species, however,
the intestinal branches open to the exterior (Lang). Yungia
aurantiaca, a large and abundant Neapolitan form, possesses
such openings over the greater part of the dorsal surface;
Cycloporus papillosus has marginal pores; Oligocladus sanguino-
lentus apparently possesses an opening at the posterior end of
the main-gut; and 7Thysanozoon brocchii frequently rends at this
point, in consequence of the accumulation of food.

Regpiration.—The oxygen of the atmosphere dissolved in
the sea-water is, in default of a special circulatory fluid, brought
to the tissues of Polyclads in two ways. The ciliated epidermis
provides a constant change of the surrounding water, by which
the superficial organs may obtain their supply; and the peri-
staltic movements of the digestive system, aided by the cilia of
the endoderm cells, ensure a rough circulation of the sea-water,
which enters along with the food, to the internal organs. The
papillae of Thysanozoon brocchii, containing outgrowths of the
intestinal branches, are possibly so much additional respiratory
surface, although still larger forms (other DPseudoceridae) are
devoid of such outgrowths.

Excretion.—The excretory system of only one Polyclad
(Thysanozoon brocehit) is accurately known. Lang, by compressing
light-coloured specimens, found the three parts of the system
known to occur in many Platyhelminthes: (1) the larger longi-
tudinal canals, and (2) the capillary vessels, which commence with
(3) the flame-cells in the parenchyma of the body. The mode of
distribution of these parts is not, however, ascertained. The canals
are delicate, sinuous, apparently intracellular tubes, coursing close
to the margin of the body and sending offsets which suspend the
canals to the dorsal surface, where possibly openings may occur.
In dilatations of these vessels bunches of cilia, and occasionally
flame-cells, are found. Usually, however, flame-cells occur at the
commencement or during the course of the capillaries, which are
straight, rarely branching, tubes of exceeding tenuity, and
appear (Lang) to be outgrowths of the flame-cells, just as the
duct is an outgrowth of a gland-cell. In fact there is little doubt
that the stellate flame-cells are modified parenchymatous gland-
cells, containing a lumen filled with a fluid into which a number
of cilia project and vibrate synchronously. The cells excrete
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nitrogeneous waste substances, which are then discharged into the
capillaries, whence the cilia of the main vessels drive them pre-
sumably to the exterior, though external openings of the excretory
system are not known. Traces of this system have been observed
in young Leptoplana (first by Schultze in 1854) and also in
Cestoplana.

Sensation.—A nervous sheath, with scattered ganglion cells,
everywhere underlies the musculature. It is exceedingly faintly
marked on the dorsal surface, but laterally and ventrally forms
a dense network with polygonal meshes. Thickenings of this
sheath give rise to lateral nerves,and also to a pair of stout longi-
tudinal nerves from which the internal organs are probably in-
nervated. The brain, hardly distinct in pelagic Polyclads, in most
forms does not differ greatly from that of Leptoplana (p. 13).

The sense organs of Polyclads have the form of tentacles,
eyes, otocysts (in Leptoplana otophora), and stiff tactile cilia. The
solid dorsal tentacles of Planoceridae contrast strongly with the
folded or pointed hollow processes of the Cotylea. The former
(Fig. 8, A, I) are muscular and very contractile, and are placed
near the brain some distance from the anterior end. The latter
are outgrowths of the front margin of the body, and are some-
times (Yungia) provided superficially with olfactory pits and
internally with eyes and intestinal coeca.

The eyes which occur in Polyclads may be divided into (a) a
pair of cerebral groups overlying the brain; () those embedded
in the tentacles (tentacular group); and (¢) the marginal eyes,
which in 4nonymus occur all round the margin. A complex
form is sometimes assumed by the cerebral eyes of Pseudoceridae,
resulting probably from incomplete fission (Fig. 11). ZLepto-
plana otophora was obtained by Schmarda on the south coast of
Ceylon. On each side of the brain is a capsule containing two
otoliths,  This is the only known case of the occurrence of
these organs in Polyclads.

Reproduction.—Although Polyclads are able to repair the
result of injuries to a very considerable extent, they are not known
to multiply asexually. The two processes are intimately associated,
but, though probably all Turbellaria can regenerate certain lost
parts, asexual reproduction only occurs sporadically.

All known Tolyclads are hermaphrodite. The male organs,
scattered, like the testes of Leptoplan«, over the ventral surface,
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develop earlier than the ovaries, though the periods of maturation
overlap ; hence the possibility of self-fertilisation, though remote,
is still worth consideration. The genital apertures, through
which, in the male, spermatozoa, and in the female, ova, are
emitted, are usually situated as in ZLeptoplane (Figs. 2 and 5,
d and ?). In Z'rigonoporus, a genus once found at Naples, a
secondary female aperture has been discovered leading into the
female genital canal®; and in Anonymus, Polypostia, and Thysa-
nozoon (Fig. 7, E, ) two or more male pores and penes have
been found. Anonymus has several penes (Fig. 7, D, &)
arranged radially round the body. Polypostia, a remarkable form
described by Bergendal? Dlelonging to the Acotylea, possesses

F1a. 11.—Double eye from the cerebral group of Pseudoceros mazimus, (After Lang.)

about twenty such structures ranged round the female genital
aperture. Lang, whose attention was attracted by these singular
facts, made the interesting discovery that ZThysanozoon uses its
penes as weapons of offence rather than as copulating organs,
burying them in the skin of another Polyclad (Yungia) that
happened to cross its path, spermatozoa being of course left in
the wound. Lang further found that Prostheceraeus albocinctus
and Cryptocelis alba in this way imnplanted a spermatophore in
the skin of another individual of the same species, and he
suggested that from this point the spermatozoa wandered through
the tissues till they met with and fertilised the eggs. It
is now known that a similar process of “ hypodermic impreg-
nation” occurs sporadically in several groups of animals®
! Lang, *“ Polycladen,” Pl 30, Fig. 8.

? Kongl. Fysiograf. Sillskapets Handlingar, Bd. iv. Lund, 1892-93,
* Whitman, Journal of Murphology, vol. iv. 1890, p. 361.
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Nevertheless, in some Polyclads it is probable, and in Stylo-
chus meapolitanus it is certain, that normal copulation takes
place. The sperm-masses are transferred to a coecal diverti-
culum of the female genital canal, and then by a delicate
mechanism, of which we know only the effects, one sperma-
tozoon obtains entrance into one matured ovum, which differs
from the ova of most Turbellaria in that it contains in its own
protoplasm the yolk necessary for the nutrition of the embryo.
In other words, there are no special yolk-glands. After fertilisa-
tion, the ovum in all Polyclads is coated with a shell formed by
the shell-gland, which also secretes a substance uniting the eggs
together. They are deposited on stones and shells, either in
plate-like masses or in spirals (like those of Nudibranchs).
Cryptocelis alba lays masses of an annular shape, with two ova
in each shell, and buries them in sand.

Development.!—The first stages in the embryology of
Polyclads appear to be very uniform. They result, in all
Cotylea and in certain Planoceridae, in the formation of a
Miiller’s larva (Fig. 12) about a couple of weeks after the eggs
are laid. This larva (1-1'8 mm. long), which is modified in the
Planoceridae, is distinguished by the presence of a ciliated band,
running somewhat transversely round the body, and usually
produced into a dorsal, a ventral, and three pairs of lateral
processes. When swimming the body is placed as in Fig. 12,
and twists round rapidly about its longitudinal axis by means
of the strong locomotor cilia placed in transverse rows upon
the processes. The cilia of each row vibrate synchronously, and
recall the action of the swimming plates of a Ctenophore. It
is noteworthy that whereas Stylochus pilidium passes through
a modified or, according to some authors, a primitive larval
stage, its near ally, S. neapolitanus, develops directly. Most

! A full account of Polyclad development is contained in Lang’s *“ Polycladen,”
with references to the literature of the subject. Since the date of that work (1884)
the embryology of Ctenophora has become better known, but, though the segment-
ation of the egg and early stages of development are very similar in both cases,
the elaborate investigations of E. B. Wilson (Journ. Morpkology, vol. vi. p. 361)
show that the segmentation of Polychaet worms is again similar. The question of the
affinities of the Polycladida is also discussed by Lang (“ Polycladen,” p. 642 ¢f scq.).
The work of the last decade has neither proved nor disproved his suggestion that
the Ctenophores and Polyclads have been derived from common ancestors. On this
subject the remarks made by Hatschek (Lehrbuch d. Zoologie, . 319) are some of
the weightiest that have appeared.
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Acotylea indeed develop directly, and their free-swimming young
differ from Miiller's larva merely in the absence of the ciliated
band and in the mode of swimming.

Fii. 12.—8Section through
Miiller’s larva of Thy-
sanozoon broechii
(modified from Lang).
The right half is seen
from inside. x 1500
Semi-diagrammadtic.
br, Brain; dl, dorsal
ciliated lobe; dr, saliv-
ary gland-cells of phar-
yux; e, eye; ep, cili-
ated epidermis contain-
ing rhabdites; mg,
stomach or main-gut ;
mg;, unpaired gut
branch over the brain ;
mo, *month ”* of larva;
n, my, section of nerves;
oe, ectodermic pit
forming oesophagus of
larva ; par, paren-
chyma filling the apace
between the alimentary
tract and the body
wall; ph, pharynx

lying in the cavity of the peripharyngeal sheath, the nuclei of which are visible ; si,,

sly, sly, lateral ciliated lobes of the right side ; +/ ventral ciliated lobe.

g F16.13.—Diagr ictr i

of a larval Polyclad at ditlerent stages,
to illustrate the development of the
pharynx. (After Lang.) A, Larvaofthe
eighth day atill within the shell. The
main-gut (mg)is stillsolid, the epidermis
is alightly invaginated, and a pair of mus-
cular mesodermic thickenings (ms) are
present. B, Young pelagic larva. The
epidermic invagination has deepened
and developed laterally. C, The lateral
pouches have formed the wall of the
peripharyngeal sheath, enclosing the

P Yar. thickeni

mic, or
pharyngeal fold (pk). (Compare Fig.12.)
Towards the eud of larval life, when
the ciliated processes (s, Fig. 12) have
aborted, the stage D is reached. By
the opening outwards of the pharyngeal
sheath (ph.sh) the two apertures gm, or true mouth, and m, or external mouth, are
formed, which together correspond with the vesophageal opening of the younger larva.
(Cowpare the transverse section in Fig. 5.)

Polyclads possess an undoubted mesoderm, which gives rise
to the muscles, the pharyngeal fold, and the parenchyma. The
ectoderm forms the epidermis, in the cells of which the rhab-
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dites (Fig. 12) arise, apparently as so many condensed secretions.
From the ectoderm the brain arises as two pairs of ingrowths,
which fuse together, and from these the peripheral nervous system
grows out. Three pigmented ectoderm cells give rise, by
division, to the eyes—an unpaired cell (Fig. 12, ¢) to the cere-
bral group of eyes, and the other two to the marginal and
tentacular groups. The copulatory organs apparently arise to a
large extent as ingrowths from the ectoderm, from which the
accessory glands (prostates, shell-glands) are also formed. The
endoderm forms the lining of the main-gut and its branches.
The pharynx is developed as in Fig. 13, which shows that the
“mouth ” of the young larva (C) does not correspond exactly with
that of the adult (D). The salivary glands arise from ectoderm
cells, which sink deeply into the parenchyma. The reproductive
organs (ovaries and testes) possibly arise by proliferation from
the gut-cells (Lang, v. Graff). The change from the larva to the
adult is gradual, the ciliary band being absorbed and the creep-
ing mode of life adopted.

Turbellaria. II. Tricladida.

The Triclads are most conveniently divided into three groups®:
(1) Paludicola, the Planarians of ponds and streams; (ii.) the
Maricola, the Triclads of the sea; and (iii.) Zerricola or Land
Planarians. From the DPolyclads they differ in their mode of
occurrence; in the elongated form of their body and almost
constant, mid-ventral position of the mouth; in possessing a
single external genital pore (Monogopora); and in the production
of a few, large, hard-shelled eggs provided with food-yolk.

Occurrence of the Paludicola.—The Planarians of our ponds
and streams are the most familiar and accessible Turbellaria.
Their elongated, flattened bodies, and gliding movements, render
them conspicuous objects on the under surface of stones and on
the leaves of aquatic plants, where they live gregariously. The
variable Polycclis nigra (Fig. 14, H) is very abundant in stagnant
water and slowly-moving streams, whereas its ally, P. cornuta
(Fig. 14, G), distinguished by a pair of tentacles, is more local.
Planaria (Dendrocoelum) lactea (A), P. polychroa (1), P. iorva,
and . punctata are not infrequently found together, but the last

! Hallez, Revue Biologique au Nord de la France, tom. ii. 1889-90.
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is at once the largest and rarest.  Planaria alpina (Fig. 14, B)

F1a. 14,.—Forms of Triclads, with the distinguishing specific characters of certain
British forms. A, Planaria lactea 0. F. M., x2; B, Planaria alpina Dana, x 4
(after Keunel) ; C, Phagocata gracilis Leidy (after Woodworth), x 6 ; C', the same
with the pharynges (ph) extruded; D, Gunda wlvac Oer.,x 4; E, Planaria
! phala Dug. (after Schmidt). x 4 ; F, genitalia of Gunda wlvae (after Wendt) ;
@, head of Polycelis cornuta Schm. ; H, head of Pulycelis nigra Ebr. ; I, head of
Llanaria polychroa Schm, K to N show the distinctive characters of the genital
duets in K, Polycelis wigra; L, Planaria polychroa ; M, Planaria alpina; N,
Plunaria torve Schultze (after lijima and v. Kennel). ga, Genital atrinm; go,
common genital opening; wmgr, *‘muscnlo-glandnlar organ” ; mo, ““mouth” ;
ord, oviduct ; pe, penis; ph, pharynx ; pyr, pyriform organs of uuknown signifi-
cance ; s¢, sucker ; sp, spermatophore lying in (uf) uterus; v, vesicula semiualis,
(All except C and E are found in Euglaud.)

is characteristic of cold mountain streams, but occurs down to
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sea-level in England, the Isle of Man, and Ireland, and from its
abundance in spring water, probably enjoys a wide distribution
underground. In the Swiss Alps it has been found at altitudes
of over 6000 feet, at lower levels in the Rhone, and also in the
Lake of Geneva. This wide distribution may perhaps be accounted
for, partly, by its faculty for asexual reproduction in summer, and
also, by the production, later in the year, of hard-shelled eggs which
are laid loosely, not attached to stones or plants! But we have
no really direct evidence of the means of dispersal of this or of
any of the foregoing species, although they all have a wide
distribution in Europe. Of extra-European forms the accounts
that exist are very fragmentary. The only indubitable diagnostic
character of a Triclad is the structure of its genital ducts, and
this is accurately known in only a few cases. Several species
such as Dicotylus pulvinar (Fig. 16, B), at present known only
from Lake Baikal? and others (Planaria mrazekii, . albissima)
from Bohemia,? will doubtless be found elsewhere when they are
carefully looked for. Phagocata gracilis is a remarkable North
American form, possessing several pharynges (Fig. 14, C and ('),
recalling the independent movement of the pharyngeal lobes of
Discocelis lichenoides (Fig. 9).*

Occurrence of the Maricola.—Little as we accurately know
of the distribution of the fresh-water Planariae, our knowledge
of the occurrence of the marine forms is still more limited.
Gunda (Procerodes) ulvae (Fig. 14, D) is the commonest European
form, occurring abundantly in the upper part of the littoral zone,
on the shores of the Baltic. G. segmentata from Messina has
been carefully described by Lang,® but these are almost the only
species of Maricola which can be accurately determined. They
differ from the Paludicola in the position of the “ uterus” behind
the genital pore and in the absence of a “musculo-glandular
organ” (Fig. 14,F). A special interest attaches to the Bdellouridae,
a family containing three species, all parasitic on Limulus from the
east coast of America. These remarkable Triclads usually have a
sucker at the hinder end of the body, by which they attach
themselves firmly to the cephalo-thoracic appendages and to the

! Voigt, Zool. Anz. xv. p. 238.

2 Grube, Archiv f. Naturgeschichte, 38 Jahrg. Bd. i. 1872, p. 273.

3 Vejdovsky, Zeitschr. f. wiss. Zoologie, Bd. 1x. 1895, p. 200.

¢ Woodworth, Bulletin Mus. Comp. Zoology, Harvard, vol. xxi. No. 1, 1891.
8 Mitth. Zool. Stat. Neapel, 1882, p. 187.
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gill-plates, upon which the eggs may be found in considerable
numbers. One species, Syncoelidium pellucidum, possesses a pair
of problematical organs in the hinder part of the body, opening
to the exterior ventro-laterally by a couple of chitinous mouth-
pieces, but having no connexion with the genital ducts
Occurrence and Distribution of Land Planarians.—The
terricolous Triclads or Land Planarians are the most interesting
division of the group. Some forms, such as Bipalium kewense,
attain large dimensions, being usually 6 to 9 inches in length,
and specimens fully extended have measured 18 inches. Their
bodies are frequently banded or striped with brilliant colours.
Geoplana coerulea Mos. has a blue ventral surface and is olive
green or dark Prussian blue above. @. splendens Dendy, is
marked dorsally by three stripes of emerald green alternating
with four dark brown longitudinal bands. The mode of colora-
tion, though somewhat variable, is an important specific char-
acter. Its significance, however, is not clearly understood. The
colours may be a warning signal, as some Geoplana at least are
disagreeable to the taste of man and some birds®; but since
Land Planarians are largely nocturnal animals, living by day
under logs, banana leaves, and in other moist and dark situa-
tions, this explanation is clearly insufficient. Two Geoplana
have been noticed by Mr. Dendy which seem to be protectively
coloured.  G. triangulata var. australis occurs abundantly in the
beech forest in the South Island of New Zealand, and its brown
back and yellow or orange ventral surface match the leaves around
its haunts.  @. gelatinose again looks like a mere slimy patch on
the rotten bark where it is found. 1In arid districts, during the
dry season, Land Planarians burrow in the soil and form a cyst,
in which they lie coiled up, after the manner of earthworms.
The glutinous investment of their delicate bodies forms a moist
medium in which the cilia covering the body (and especially the
ventral surface) may constantly and evenly vibrate, and by
which they adhere firmly to their prey. In some tropical Plan-
arians, in addition to possessing offensive properties, the mucus
is so copious in amount and hardens with such rapidity, that

1 Wheeler, Journal of Morphology, vol. ix. 1894, p. 167.
2 Dendy, Trans. Roy. Soc. Victoria 1890, p. 65; Id. Austral. Assoc. Brisbane,
1895, ¢ Presid. Add. to Sect. D,” p. 15.
* Darwin, din. and May. Nat. Hist. vol. xiv. 1844, p. 241.
VOL. 11 D
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these Triclads may creep over bridges of it, and may even be
blown from one stem or branch of a plant to another, hanging at
the ends of their threads.

In Europe there are only two or three indigenous Land Plan-
arians, of which Rhynchodemus
terrestris O. F. M. (Fig. 15, B) is
the most widely distributed, and
has been found in moist situa-
tions for the most part wherever
it has been carefully looked for.
It measures about § inch in
length, and is dark grey above,
whitish below, and bears a pair of
eyes near the anterior extremity
(Fig. 15, B). Bipalium kewense
(Fig. 15, A), which has been found
in the forests of Upolu, Samoa, by
Mr. J. J. Lister, has been accident-
ally imported, from the (unknown)
districts where it is indigenous,
with plants and soil to various
parts of the world-— England,
Germany, the Cape, and also to

. . Sydney, where it appears to have

B e Lo Plnarians foutai™ established itself. ~ In these
A (ateen Forgerial) s 1315',’ }f("%"}‘h": Bipalia living in hothouses, the
Geodesnus bilineatus Metsch., x 24 genitalia mever appear to attain
(after ?‘;;f]c‘;:;‘:fz)f o talfﬁpg(:‘r’: °f maturity, and apparently multiple
fission and subsequent reparation

of the missing parts is the only mode of reproduction. Geodesmus
bilineatus (Fig. 15, C), which has occurred at Giessen, Wiirzburg,
and Dresden, has, in all probability, been introduced with ferns
from the West or East Indies. Microplana humicola, described
by Vejdovsky from dunghills in Bohemia, is doubtfully indigenous.

In marked contrast with the poverty of the temperate zones
in Land Planarians, is the abundance and great variety of this
group in Southern Asia, South America, and especially in
Australasia, where the rich Land Planarian fauna has been care-
fully investigated by Spencer, Dendy, Fletcher, and others, in

! Shipley, Proc. Camb. Phil. Soc. vol. vii. pt. 4, 1891 (with literature).
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certain parts of Victoria, New South Wales, and New Zealand.!
About forty species of Planarians have been discovered on the
Australian continent, thirty-five of which belong to the pre-
dominant genus Geoplana, distinguished by the presence of
numerous eyes along the border of the simple anterior extremity.
Of the remaining five, four belong to the genus Rhynchodemus,
with, lastly, the introduced Bipalium kewense. The distribution
of any one species, however, is so limited that only three forms
are common to the two former colonies; and although some of
the twenty known New Zealand Planarians (chiefly species of
Geoplana), are identical with Australian species, yet only one, or
possibly two, varieties of these species are Australian also. In
addition to their prevalence in Australasia, the Geoplanidae also
occur in South America, South Africa, Japan, and the East Indies.
The Bipaliidae are characteristic of the Oriental region, being
found in China, Borneo, Bengal, and Ceylon. The Rhynchode-
midae are a cosmopolitan family, occurring in Europe, North and
South America, the Cape of Good Hope, Ceylon, the East Indies,
Australia (particularly Lord Howe Island), and Samoa.?

Habits and Structure of Triclads.—The common Planaria
(Dendrocoelum) lactea, which usually progresses by ciliary action,
aided, it is said, by muscular contractions of the ventral surface,
performs, if alarmed, a series of rapid “ looping ” movements, by
affixing a sucker (Fig. 14, A, sc), placed on the under side of the
head, to the substratum, and pulling the posterior end close to
this. The sucker, discovered by Leydig, is even better developed
in P. punctata (Fig. 16, A), P. mrazekii, and P. cavatica, and is
an efficient adhering-organ which has probably been developed
from a similar but simpler structure found in a considerable
number of both fresh-water and marine Triclads (P. alpina, Fig.
16, E). Probably the sucker of the Land Planarian Cotyloplana
(D) is the same structure, but the two suckers of Dicotylus (B)
are at present unique. Planaria dioica, found by Claparéde on
the coast of Normandy,?® is covered with minute adhesive papillae,

! Trans. Roy. Soc. Victoria from 1889 onwards. Trans. New Zealand Institute,
1894-95,

? Moseley, Phil. Truns. 1874, p. 105 ; 1d. Quart. Journ. Micr. 8ci. vol. xlvii.
1877, p. 273 ; Loman, Bijdrag tot d. Dierkunde, Aflev. 14, 1887, p. 71 ; 1d. Zool.
Ergeb. ein. Reise in Nieder-Ost-Indien, Hft. 1, p. 131; Beddard, Zoogeography,
1895, p. 53.

3 Beobachtungen il. Anat. u. Entwickel. an der Kiiste von Normandie, 1863, p. 18.
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similar to those of certain Rhabdocoelida (e.g. Monotus, Fig. 19,
D), enabling it to cling tightly to the Zostera, and so to resist
the loosening action of the waves.

The movements of Land Planarians are somewhat peculiar.
The ventral surface of Bipaliwm has a median groove, into
which the ducts of numerous mucus-glands open. This is
bordered by two ridges clothed with long and powerful cilia,
which perform the chief part in propelling the animal, aided,
according to Lehnert,! by muscular waves which pass from the

8C

M p: e Fia. 16.—Suckers of Tri-
T clads. A, Planaria
punctata Pall,, a, dorsal
surface of head ; &, ven-
tral surface (freely mov-
b ¢ ing) showing the sucker ;
¢, sucker contracted
(after Hallez): B, ven-
tral surface of head of
Dicotylus pulvinar Gr.,
from Lake Baikal (after
Grube): C, dorsal sur-
face of Procotylea fluri-
atilis Gir, (after Girard) :
D, sucker of Cotyloplana
whiteleygei  Sp.  (after
Spencer): E, ventral
view of head of Plan-
aria alpina Dana (pre-
sc ' served specimen); /g,
adhering groove ; i,
thickened musculature
forming the margin of
the sucker ; sc, sucker;
¢, tentacles,

D

head, backwards, i.e. opposite in direction to those by which a
snail slides along. This observation, however, needs confirma-
tion. The whole body executes sinuous movements, during which
the crescentic head, lifted slightly above the ground (Fig. 15, A),
is constantly altering and regaining its normal shape, somewhat
as a Planaria lactea uses the lobes of its head. Further ex-
amination shows that the margin of the.head of Bipalium is not
only provided with eyes, but in addition, with ciliated, (probably)
olfactory pits. Such depressions, innervated directly from the
cerebral ganglia, have been found in sixteen species of Geoplana,

Y Archiv f. Naturgeschichte, 57 Jahrg. Bd. i. Hft. 3, 1891, p. 308.
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and in one or two species of Rhynchodemus! Some Land
Planauians (a species of Rhynchodemus from Ceylon, and a
Dolichoplana from the Philippines) wriggle out of a box or the
hand with great speed (Moseley).

The skin of Triclads is full of minute rods or rhabdites,
whieh are shot out in great numbers when the animal is irritated,
and doubtless serve an offensive pwrpose. The Terricola possess
two kinds of these: (1) needle-like rods; and (2) in Bipalium
Lewense, tlagellated structures, bent into a V-form and with a
slender thread attached to one end (Shipley). In Geoplana
cocrulee these bent rods furnish the Dblue eolour of the ventral
surface. The rhabdites arise in all Triclads in cells below the
basement-membrane, which they are said to traverse in order to
reach the epidermis, thus differing in origin, and also in struc-
ture, from the rods of Polyclads.

Food.—Triclads are largely if not wholly carnivorous animals,
feeding upon Annelids, Crustacea, Insects, Insect-larvae, and Mol-
Iuses.  The mouth is usually mid-ventral or behind the middle
of the body, but in the anomalous Leimacopsis terricola Schm.
from the Andes? and in Dolickoplana it is near the anterior end.
The pharynx (Figs. 17, 18, ph) is cylindrical or bell-shaped,
exceedingly dilatable and abundantly supplied with glands and
nervous tissue. It opens into the three main intestinal branches,
one of which runs in the median plane forwards, the others back-
wards right and left, enclosing a space in whieh the genital ducts
lie (Figs. 14, A, 17). The fresh-water Planarians prey upon
Oligochaeta, Hydrophilidae (aquatic beetles), and the commoner
pond-snails.  Bipalium kewensc pursues earthworms, seizes the
upper surfaee of the anterior end by the glutinous secretion of its
ventral surface and then proeeeds to envelop part or the whole
of the worm within its pharynx, whieh is stretched as a thin skin
over the body of its struggling prey (Lehnert). The tissues of
the latter pass into the intestine of the Planarian, and distend it
greatly.  After such a meal, which lasts from one to five hours,
a Bipalium may remain for three months without secking food.
Geobia subterranea, a white eyeless form from Brazil, pursues
earthworms (Lumbricus corcthrurus) in their burrows, and has
been seen by Fritz Miiller sucking the blood out of a young

! Dendy, Proc. Roy. Soe. Tictoria, vol. iv. n.s. i, 1892,
2 Schmarda, Newe wirbellose Thicre, Leipzig, 1839, L. i. p. 30.
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worm.!  Geoplana typhlops, a Tasmanian species, is also blind,
and pursues worms, as does G. triangulate (Dendy). In Trinidad,
von Kennel ? observed that land-snails (Subulinae) were the food
of certain Land Planarians, the name of which, however, he does
not state. The pharynx was employed to suck out the soft parts
of the snail even from the upper whorls of the shell.

Reproduction.—In Planaria lactea the numerous testes (Fig.
17, te) are placed both above and below the alimentary canal
throughout the greater part of its course. The membrane
of each gonad is continued into a minute vas efférens, which
unites with those of neighbouring testes. Two vasa deferentia
(v.d) arise thus on each side, one from the posterior, the other
from the anterior testes of the body, and open into the vesiculae
seminales (v.s), which may be seen in the living animal as tortu-
ous whitish tubes at the sides of the pharynx (Fig. 14, A). These
open into the penis (Figs. 14, A; 17, pe), a large pyriform organ,
the apex of which, when retracted, points forwards, projecting
into the penial cavity. When this apical portion is evaginated
and turned inside out, it is of considerable length, and is able to
pass into the long slender duct of the uterus (uf) of another
individual. The penial sheath (ps) is part of the genital atrium
(gs), which is developed as a pit from the skin, and invests the
end of the genital ducts, the mouth of the pit forming the common
genital pore (go), through which both male and female genital
products are emitted.

There are two ovaries (ov) placed far forwards, between the
third and fourth pairs of intestinal coeca. The oviducts (ovd) lie
just over the lateral nerves, and have a slightly tortuous course,
at each outward bend receiving the duct (yo) of a yolk-gland
(y9), so that ova and yolk are already associated when the oviducts
open by a short unpaired tube into the genital atrium. The
yolk-glands develop rapidly,® and when fully formed are massive
glands occupying the spaces between the intestinal branches and
the testes which are then aborting. The so-called wferus (ut),
apparently at first a diverticulum of the genital atrium, expands

1 dbhandl. d. Naturf. Gesell. zu Halle, Bd. iv. 1857, p. 83.

? Arb. Zool.-Zoot. Instit. Wirzburg, Bd. v. 1882, p. 120.

® Woodworth (loc. cit. p. 38) ‘states that in Phagocata the yolk-glands arise
by proliferation from two parovaria, placed just in front of the ordinary ovaries.

lijima, however (Zeitschr. f. wiss. Zool. Bd. xl. 1883, p. 454), regarded them as
derivatives of the parenchyma.



F16. 17.—Diagrammatic view of the
structure of Plenaria (Dendro-
coeluin) lactea. x 7. The body
has been cut across and a por-
tion removed. In the posterior
half the alimentary tract of the
left side is removed and the
uterus, penis, and muscular organ
sliced open horizontally. The
nervous system is represented by
black, and the yolk-glands by
dotted lines. br, Brain; ey, eye
with lens and optic merve ; go,
external genital aperture for both
male and female products; gs,
genital atrium ; lg, paired lateral
intestinal branch ; /n, longitudinal
nerve ; g, unpaired anterior
intestine, the branches of which
are cut off close to the main
stem ; mgr, eversible ¢‘ musculo-
glandular organ " ; nc, nerve-cells
in the pharynx; =, lateral
nerve-twigs ; ns, nerve-sheath ;
ov, ovary ; ovd, oviduct; pe,
the eversible penis, the corru-
gated inner white portion of
which is the apex ; ph, pharynx ;
phs, pharyngeal sheath ; pr,
“ prostate ’’ or granule-gland (re-
presented by dotted lines opening
into the penis) ; ps, penial sheath ;
te, testes ; fo, tactile lobe of the
head; wf, “uterus” opening into
the genital atrium just above
mgr; vd, vasa deferentia ; vs,
vesicula seminalis; yg, yolk-
glands ; yo, openings of the yolk-
ducts into the oviducts.
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behind the pharynx into a receptacle lined by long glandular
columuar cells, which, however, are not all of the same kind.
The uterine duct opens into the atrinm just above the aper-
ture of a problematical, eversible, “musculo-glandular organ”
(myr).

Fertilisation appears to occur in the uterus, where ova, yolk,
and spermatozoa, or (in P. torve) spermatophores (Fig. 14, N, sp),
are found. The formation of the cocoon in IPlenuria lactew is
probably begun in the “uterus,” but is undoubtedly completed
in the genital atrium. In P. polychroa, however, the stalked
cocoon is formed wholly in the “uterus” Thus we find two
types of cocoons in different species of the genus Planaric
associated with two types of reproductive organs (Hallez) :—

L Planariae in which the two oviduets open separately into
the posterior part of the duct of the uterus. A musculo-glandular
organ is absent. The cocoons are spherical and stalked. Ex-
amples — Planaria  polychroa (Fig. 14, L), D. albissima, I.
gonocephala.

IL. Planariae in which the two oviduets open by means of an
unpaired duct into the genital atrium. A museunlo-glandular
organ present (Planariu torva (Fig. 14, N), P. mrazekii, P. lucteq,
P. cavatica), or absent (I. alpina, Fig. 14, M). The cocoous
are sessile.

The genitalia of the Maricola (Fig. 14, F) and Terricola do
not differ very much from those of Planaria. The uterus (greatly
reduced in the Land Planarians) lies behind the genital pore,
and several ova, together with much milky yolk, are enclosed in
a capsule which is formed in the genital atrium.

Asexual Reproduction.'—It haslong been known that fresh-
water Planarians have not only great powers of repairing injuries,
but that they use this faculty in order to multiply by transverse
fission.  Planaria alpina and Polycelis cornuta, in summer,
separate off the posterior part of the body, and this ultimately
becomes an entire individual. P. albissima, and especially 2.
subtentaculata, anticipate matters so far, that before fission is
eomplete, the new individual has a head nearly fully formed.
The new organs are largely regenerated in both parent and young,

! The extensive literature on this subject is fairly completely summarised Dy
Yoigt in Liol. Centralblatt, vol. xiv. Nos. 20, 21, 1894, Faraday’s observatious
(ef. 1. 6, note 6) have been generally overlookéd.
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apparently by the division and specialisation of scattered em-
bryonic cells in the parenchyma. The asexnal reproduction of
Land Planarians is not fully proved, though it is known that
they repair injuries to the body completely, and that Bipalium
kewense is often found in hothouses, divided into fragments which
regenerate all the organs of the parent, but like the latter, do not
mature their sexual organs.

Excretion.—The excretory organs of Triclads consist of flame-
cells, canaliculi, and a pair of longitudinal canals, the external

F1i. 18, —Semi-diagrammatic view of the excretory system of Planaria lactea. (Partly
after Chickoff.) c«n, Capillary network on hoth dorsal and ventral surfaces ; ¢.bs,
branches of the intestine ; ly, lateral branches of the digestive system ; n, longi-
tudinal nerve ; pk, pharyux, with intermuscular capillary excretory network arising
from the point marked pht; ¢p, principal vessels of the excretory system, the
external opening of which is not certainly known ; vs, vesicula seminalis.

openings of which, have not been satisfactorily ascertained. The
flame-cells are difficult to detect in Planaria lactea, and the latest
observer, Chickoff! was unable to see them, although to him we
are indebted for figures of this system in P. lactea (Fig. 18)
and P. alpina (P. montana). In the latter, the flame-cells are
distinct, and may open directly into the two main canals or
indirectly through unbranched canaliculi. The pharynx possesses
a special supply of excretory tubules communicating with the
main canals. A similar system has been deseribed and figured
in Gundue seymentata by Lang?

! Archives d. Biologie, tom. xii. 1892, p. 437.
2 Mitth. Zool. Stat. Neapel, Bd. iii. 1882, p. 187.
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(2) Rhabdocoela, which possess a complete alimentary tract
separated from the body-wall (except for a few suspensory
strands) by a space or body-cavity, filled with fluid. This space
is sometimes ( Vorter viridis) lined by an endothelium of flattened
parenchymatous cells. There are two compact testes, which are
enclosed (as are the ovaries and yolk-glands) in a distinet
membrane. An otolith is present in some genera and species.
Terrestrial, fresh-water, marine.

(3) Alloeocoela, in which the body-cavity is greatly reduced.
Except in the Bothrioplanidae, the gonads have no distinet mem-
brane. Testes numerous; yolk-glands present. Marine with a
few exceptions.

Occurrence and Habits of the Rhabdocoelida.—The
Acoela are usually minute, active Turbellaria abounding amongst
weeds throughout the lower half of the Littoral, and the whole
of the Laminarian zone, but are most plentiful in the pools
exposed during spring-tides on our coasts, especially on the shores
of Devonshire. The species of Haplodiscus, however, and Convoluta
henseni are modified pelagic forms found in the Atlantic Ocean.!
Convoluta paradore (Fig. 19, B) is the commonest British species.
It is from 1 to 9 mm. in length, and of a brown colour, marked
above by one or more transverse white bars. The brown colour
is due to a symbiotic alga, the nature of which has not been
thoroughly investigated. 1In an allied species, however (C.
roscoffensis), from the coast of Brittany, the alga, which is here
green, has been carefully examined by Professor Haberlandt,’ and
it appears from his researches that the algae form a special assimi-
lating tissue, enabling the Convoluta to live after the fashion of
a green plant. At Roscoff, these elongated green Convoluta live
gregariously in the sandy tide-pools, fully exposed to the sun’s
rays, and have the appearance of a mass of weed floating at
the surface of the water. Access to the atmosphere and to sun-
light are necessary in order to enable the assimilating tissue to
form the carbohydrates, upon which this form lives exclusively.
Not only has the alga itself undergone such profound changes
(loss of membrane, inability to live independently after the death
of the host) as to disguise its true nature (a tissue-cell derived
from algal ancestors), but the Convoluta has also undergone con-

! Bohmig, Ergebnisse d. Plankton Expedition, Bd. ii. H. g. 1895,
P! g
2 von Graff, Dic Acoela, Leipzig, 1892. Aj pendix.
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comitant changes, in form, in the loss of a carnivorous habit,
and in the development of marked heliotropic movements, thus
adapting itself to an holophytic or plant-like mode of nutrition.
Nevertheless the Acoela, as a group, are carnivorous, feeding
upon Diatoms, Copepoda, and small Rhabdoc.cla, the absence of
a digestive tract indeed being probably more apparent than
real!

The Rhabdocoeln live under varied conditions. One form, Pro-
rhynchus sphyrocephalus, has been found among plants far from
water in the neighbourhood of Leyden, by De Man? With this
exception the group is purely aquatic, and though a few genera
and even individuals of the same species occur both in salt and
fresh water, whole sub-families and genera are either marine or
paludicolous. Among the latter, Mesostoma, Castrada, Vortex, and
Derostoma are common in brooks and ponds, especially at certain
times, often only for one month (May or June) in the year.
Species of Macrostoma, Stenostoma, and Mierostoma are also
abundant in similar places. Two latter occur in chains formed
by fission; but the sexual individuals (which are of dis-
tinct sexes, contrary to the usual hermaphrodite condition of
Flit Worms) only appear at stated times and are not well
known. A large number of genera are purely marine, and one
family, the Proboscidae (distinguished by having the anterior
end invaginated by special muscles and converted into a sensory
organ), is entirely so. The most cursory examination of littoral
weeds reveals species of Macrorhynchus, Aerorhynchus, Promeso-
stoma, Byrsophlebs, and Proxzenetes, the character of which may
be gathered from von Graffs great monograph, or from Gamble’s
paper on the “ British Marine Turbellaria.”®  Much, however,
still remains to be done before we possess an adequate idea of
the occurrence of this group on our coasts.

Some Rhabdocoels are parasitic.  Fecampia erythrocephala,

! The development of the Acocla has been worked out recently by Mdlle. Pereyas-
lawzewa (Zapiski. Novoross. Obshch. Odessa, 17 Bd. 1892) and Gardiner (Journal
of Morphology, xi. No. 1, 1895, p. 155) with conflicting results. The former finds
four endoderm cells, which give rise to a larval intestine. The Aeocla are for her,
Pscudacoela.  Gardiner, on the otlier hand, finds no trace of an endoderm at any
stage of the development of Polychoerus caudatus.

2 Tijdschr. Nederland. Dicrk. Ver. Deel ii. 1875.

¥ Von Graff, Monographie d. Turbellarien: I. Rhabdocoeliden, 1882, Gamble,
Quart. Jowrn. Microscop. Seience, vol. xxxiv. 1893, p. 433.
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which occurs in the lacunar spaces and alimentary canal of young
shore crabs (Carcinus maenas), is a white cylindrical animal
} inch long, with a red snout. After attaining maturity it
works its way out of the crab and encysts under stones,
forming a pyriform mass in shape like a “ Prince Rupert’s drop.”
Within this case the eggs develop, and the young probably
emerge through the open nar-
row end of the hard white
tube, but how they reach the
crab is not known. Grafilla
muricicola is found in the
kidney of Murex brandaris and
M. trunculus, at Naples and
Trieste; G. tethydicola in the
foot of ZTethys. Anoplodium
parasiticum occurs among the
muscles which attach the
cloaca of Holothuria tubulose
to the body-wall; and A.
schneideri occurs in the sea-
cucumber, Stichopus variegatus.
These are truly parasitic forms,
constituting a special sub-
family. They have no rhab-
dites in the skin; the nervous
system and sense-organs are

only slightly developed; and
the pharynx has undergone a
notable reduction in relation
to the simpler mode of obtain-
ing nourishment. Other cases
of association between certain
Rhabdocoels (closely allied to,

c ]

FIa. 19—Forms of Rhabdocoelita. A, Meso-

stoma tetragonum O.F. M. (Rhabdocoela),
% 10 ; B, Convoluta paradoxu Oe. (Acoela),
x10; C, Vorticeros auriculatum O. F. M.,
x 6 3 D, Monotus fuscus Oe, (Alloeocoela),
x 4. ap, Adhesive papillae; d, intestine ;
m, pharynx ; of, otolith ; rk, rhabdites ;
Ze, testes ; ut, uterus with eggs ; yg, yolk-
glands ; &, male, ¢, female genital pores.
(A after Braun.)

if not identical with, certain

free-living species) and Lamellibranchs or Sea-urchins, are, how-
ever, of another kind, Thus on the gills or in the mantle
cavity of species of Mytilus, Cyprina, Tellina, and upon the
test of Clypeaster, such forms as Enterostoma mytili, Acmostoma
cyprinae, and Provortex tellinae have been found. But it is
probable that these Turbellaria here obtain merely a temporary
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shelter and possibly a supply of the food of the mussel or sea-
urchin.

The Allococoela afford a well-established case of association.
Monotus fuscus (Fig. 19, D), an abundant, active, elongated animal,
lives on our coasts in the upper part of the littoral zone among
Patella, Balanus, and sometimes Chiton. When the tide is low,
the Monotus, to obtain moisture and darkness, creeps between the
mantle - folds of these animals, where it may readily be found.
Upon the return of the tide it leaves its retreat and creeps or
swims about freely. Other Alloeocoela collect in great numbers
in tufts of red-seaweeds (KFlorideae). By placing such tufts in
vessels, the sea-water, especially as darkness sets in, begins to
swarm with Cylindrostoma 4-oculatum, species of Enterostoma
and Plagiostome ; P. wittatum, with three violet bands across the
white body, being a particularly obvious form.  Vorticeros auri-
culatum (Fig. 19, C), another abundant species, is remarkable for
the long tentacles which can be completely withdrawn, and in
this condition it completely resembles a Plagiostoma.

The presence of a species (P. lemani) of the characteristically
marine genus Plagiostoma, in the Lake of Geneva, and in one or two
other Swiss lakes, at depths varying from 1 to 150 fathoms, is very
interesting, and is perhaps the only well-established case of the
survival of a once marine Rhabdocoelid under changed conditions.
Plagiostoma lemani is by far the biggest of the group to which it
belongs, being over half an inch in length. It is usually found in
fine mud, sometimes among Chara hispida, and has the general
appearance of an inactive white slug. We are indebted to Forel
and Duplessis for the discovery of this species, and also of
Otomesostoma morgiense, a Mesostoma with an otolith, dredged in
10 to 50 fathoms in the Lake of Geneva, the Lake of Ziirich, and
found recently also by Zacharias in the Riesengebirge. The genus
Bothrioplana, first found by Braun in the water-pipes of Dorpat,
has been carefully investigated by Vejdovsky,! who places it in
a special family, Bothrioplanidae, among the Alloeocoela. One
species has recently been found near Manchester.

A comprehensive survey of the Rhabdocoelida shows that,
with the chief exception of the Proboscidae, the more lowly
organised forms, the Acoela and Alloeocoela, are marine, whereas
the fresh-water forms are in most cases the most highly organised

1V Zeitschr. f. wiss. Zoologie, Bd. 1x..1895, p. 163.
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genera (Mesostoma, Vorter). But Macrorhynchus helgolandicus,
though minute (1'5-2 mm. long), has a more complex structure’
than any other species of the specialised marine genus to which
it belongs, and is a remarkable instance of great complexity
being associated with small size.

Reproduction. — The Rhabdocoelida present the greatest
diversity in the development of the reproductive system. The
Acoela and Alloeocoela have the simplest arrangement. Scattered
testes, often without a distinct membrane, form the spermatozoa,
which in most cases wander into parenchymatous spaces, but
in Monoporus rubropunctatus and Bothrioplana, into distinct vasa
deferentia. In both groups a protrusible penis opens inde-
pendently to the exterior, and may be simply muscular or provided
with a chitinous armature. Two ovaries are present, and the
oviducts, if distinet, are continuations of the ovarian membrane.
In most forms a “bursa seminalis,” which receives the sperma-
tozoa of another individual, is appended to the female genital
canal. In many of the Alloeocoela, however, a portion of the
ovary is sterile, and its cells, forming a yolk-gland, feed the
fertile portion, the whole structure being then spoken of as a
germ-yolk-gland. In many others (Monotidae) this sterile part
has become an independent yolk-gland, which communicates by
yolk-ducts with the oviducts. The Acoela form no egg-case, the
body of the parent becoming a bag for the ova, which elaborate
their own food-yolk. The Alloeocoela lay hard-shelled eggs,
which are produced in Bothrioplana and Automolos by the activity
and interaction of reproductive organs, resembling closely those
of certain Triclads?

The Rhabdocoela exhibit every stage in the development of a
complex reproductive system, from the simple ovaries and testes
of a Microstoma or Macrostoma, to the intricate system of ducts
and glands of a Macrorhynchus (Proboscidae), in which there is
still much to be made out. The complications of the copulatory
organs chiefly arise from the way in which the spermatozoa are
brought into contact witb a nutritive prostatic fluid, or are
formed into spermatophores; and also from the penial armature,

! See von Graff's Monographie, pl. ix.; and Jensen, Turbellaria ad Litora
Norvegiac, Bergen, 1878, pl. iv.

2 For the reproductive organs of Rhabdocoelida consult von Gratf, Afono-
graphie, *“ Die Acoela” ; and Bohmig, Zeitschr. f. wiss. Z»ol. Bd. li. 1891, p. 167.
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which is often very complex, and may consist of a curved chitinoid
hook or a coiled loop (Promesostoma), of hooks (Proboscidae), or of
an intricate arrangement of plates (Proxenetes); or the penis may
take on a complex corkscrew-like form (Pscudorhynchus). The
(frequently armed) female genital canal usually possesses a bursa
seminalis for the fertilisation of the eggs, but a receptaculumn
seminis or spermatheca may serve for the reception, the bursa,
for the lodgment of the spermatozoa of another individual. The
fertilised ovum is provided with a supply of food-yolk and with
a shell, which may be formed in a special diverticulum, the
“uterus.” The development of these organs strains the resources
of the animal to the utmost, and in some Proboscidae the
alimentary canal is squeezed out and disintegrates, in order to
make room for them.

A few Mesostoma (M. ehrenbergii, M. productum, M. lingua)
produce two kinds of eggs—thin- and thick-shelled. The latter
are laid throughout the summer, and lie dormant through
winter. The young which batch in spring out of these
“ winter ” eggs develop rapidly, and when only 7 to 8 num. long
(i.e. one-third the size of the parent) already possess functional
genital organs; the penis, however, is rudimentary, and incapable
of being used for copulation. Hence it is probable that this
stunted progeny self-fertilise their thin-shelled or “ summer ” eggs.
After the formation of these eggs the same parent is said
(Schneider*) to produce thick-shelled or winter eggs, but how-
ever that may be, the first young which hatch from the thin-
shelled ova are produced in great numbers at a time (April to
May) when food is abundant. These grow rapidly to the full
size, and then having attained maturity, cross-fertilise one
another’s ova, which become encased in a thick brown shell ; and
it is these numerous “winter” eggs that lie dormant through-
out the autumn and winter. Many Mesostoma, and practically
all other Ithabdocoela, however, produce only thick-shelled eggs,
and in all cases it is probable that to these mang species owe
their wide distribution, the exact range of which is, however,
unknown, as is also the means of dispersal.

Y Untersuchungen 4. Platyhelminthen, Giessen, 1873, p. 101.
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Vertebrate. Some Trematodes lodge in the mouth ; others wander
down the oesophagus into the stomach or intestine, where they
fix themselves to the mucous membrane. Again, others work
their way into the digestive glands by the ducts, and thus
become further and further removed from the external world,
and more adapted to live in the particular organs of that host
in which they best flourish. The most important result of the
adoption of this internal habitat by endoparasitic Trematodes
is, however, seen in their life-history. If a liver-fluke were to
deposit its million or so of eggs in the bile-ducts of the sheep,
and these were to develop in situ, the host could not withstand
the increased drain upon its vital resources, and host and para-
sites would perish together. ~Hence it is clear that the infection
of a second host by Trematodes is highly necessary, whether
they be ectoparasitic, in which case the infection is easily effected,
when two hosts are in contact, by the adult worms, as well as when
they are apart, by free-swimming larvae. In endoparasitic Trema-
todes it is brought about by the migration of the young to the outer
world, their entrance into a, usually, Invertebrate host and their
asexual multiplication within it, and the capture and deglutition
of this “ intermediate host ” by the final Vertebrate one. Within
the latter the immature parasites find out the organ in which their
parents flourished, and here they too grow and attain maturity.
The chances of any one egg of an endoparasitic Trematode pro-
ducing eventually an adult are, therefore, far less favourable
than in the case of an ectoparasitic form. In other words, while
the former must lay a great number of small eggs, the latter
need only deposit a (comparatively) few large ones, and this fact
has a corresponding influence on the structure of the genitalia
in the two cases. The Digenea, which employ two hosts in a
lifetime, have accordingly a different generative mechanism from
that of the Monogenea. The great need of the latter is a power-
ful apparatus for adhering to the surface of the body of its host;
while the adaptations which the endoparasite requires are, in
addition, (1) protection against the solvent action of the glands
of its host, (2) the power of firm adhesion to a smooth internal
surface, and (3) the ability not only to produce a large quantity
of spermatozoa and ova, but in the absence of a fellow-parasite,
to fertilise its own ova; and we find these ¢onditions abundantly
satisfied.
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Trematoda monogenea (cctoparasitica).

There are four subdivisions of the Monogenea :—

L. Temnocephalidae, with four to twelve tentacles, and one
sucker posteriorly (Fig. 20).

I1. Zristomatidae, with two lateral, anteriorly-placed suckers.
Oral suckers are absent, a large posterior sucker is constant, and
is often armed with hooks (Fig. 22, C).

IIL. Polystomatidae, with, usually, two oral suckers and a
posteriorly-placed adhesive disc armed with suckers and hooks
(Figs. 23 and 24).

IV. Gyrodactylidae (Fig. 29).

Habits and Structure of Ectoparasitic Trematodes.

1. Temnocephalidae—These interesting forms, of which a good
account has lately been written by Haswell,! occur on the surface
(rarely in the branchial chamber) of fresh-water crayfish and
crabs in Australasia, the Malay Archipelago, Madagascar, and
Chili.  Others have been found on the carapace of a fresh-water
tortoise, and in the branchial chamber of the molluse dmpullaric
from Brazil. Wood-Mason discovered others, again, in bottles
containing spirit-specimens of Indian fish. Temnocephala is
rarely more than a quarter of an inch long, and looks like a
minute Cephalopod or a broad flattened Hydra. By the ventral
sucker each species adheres to its own particular host, the ten-
tacles being used as an anterior sucker for “looping” move-
ments. The food, consisting of Entomostraca, Rotifera, and
Diatoms, is first swallowed whole by the large pharynx (Fig. 20,
ph), which can be protruded through the ventrally-placed mouth,
and is then received into a simple lobed intestine (d). The skin,
especially on the surface of the tentacles, is provided here and
there with patches of cilia borne by the cellular epidermis,—
the only undoubted case of external cilia occurring in an adult
Trematode. Minute rhabdites formed in special gland-cells,
occur plentifully on the tentacles, and are another distinctly
Turbellarian feature. The excretory system is peculiar (Fig. 21).
Fine ducts proceed from the various organs of the body, and
open to the exterior by means of a pair of contractile sacs

1 Haswell, Monograph of the Temnocephaleac. Macleay Memorial Volume. Mem.
iii. 1898,
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placed on the dorsal surface. Each sac is a single cell, and
within it not one merely, but several “flames,” or bunches of
rhythmiczally contractile cilia, are present. These are placed on
the course of excessively fine canals, which perforate the proto-
plasm of this cell. The terminal branches of the excretory canals
end in branched cells, apparently devoid of “ flames.”

The reproductive system is very similar to that of certain
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F16. 20.— Temnocephal landiae F16,21.—The same from the dorsal surface,
Has, x 10. Ventral view to show the to show the excretory system (double
digestive and reproductive systems. line), and the nervous system (black
(After Haswell.) and shaded). (After Haswell.)

d, Intestine ; dln, dorso-lateral merve; dn, dorsal nerve ; er.o, excretory aperture on
dorsal surface ; ex.s, terminal excretory sac ; m, mouth ; ov, ovary ; ovd, oviduct ;
ph, pharynx ; rh, rhabdites ; rh.c, cells in which the rhabdites are formed ; rv, yolk
receptacle ; sc, sucker; sk, shell-gland ; fe, testes ; uf, uterus; vg, vagina; vn,
ventral nerve ; vs, vesicula seminalis ; yd, yolk-duct ; yg, yolk-gland. ¢, &, common
genital pore.

Rhabdocoels. An armed penis and the female genital duct

open into a genital atrium, and this by a single aperture

(9,3, Fig. 20) to the exterior. The fertilised ovum and yolk

are enclosed in a stalked shell formed in the uterus.

The interest and importance of the Temnocephalidae lies in

the fact that they are almost as much Turbellaria as Trematodes.
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In habits, in the character of the skin, the muscular, digestive, and
reproductive systems, they find their nearest allies in Rhabdocoels
(Vorticidae). But in the excretory and nervous systems, the
latter composed of two dorsal, two lateral, and two ventral trunks
all connected together (Fig. 21), they are Tristomid Trematodes.
Thus they may fitly connect an account of the two great groups.

1L Tristomatidae and 111 Polystomatidae.!—The members of
these families are found on the body, or attached to the gills, of

Fig. 22.—A, Nematobothrium
Jfilarina van Benmed. Nat.
size. Two individuals (@ and
b) are found together, encysted
on the branchial chamber of
the Tunny. B, Udonella cali-
gorum Johms. A Tristomid,
several of which are attached
to the ovary of a Copepod
(Caligus), itself a parasite on
the gills of the Hake. x 8.
C, Epi hippoglossi
O.F. M. A Tristomid found
on the body of the Halibut.
Nat. size. m, Mounth; ms,
lateral suckers ; ov, ovary ; ps,
posterior sucker; fe, testes.
(All after P, J. van Beneden.)

fresh-water and marine fishes. The edible and inedible fish of
our coasts have each their particular ectoparasitic Trematodes ;
while the Minnows, Sticklebacks, and Miller's Thumbs of streams
and ponds are attacked by Diplozoon, Gyrodactylus, and other
forms. The aquatic Amphibia also harbour & number. Polystomum
integerrimum is common in the bladder of Frogs, where it leads
a practically aquatic life. Other species of Polystomum inhabit
the buccal and nasal cavities of certain Chelonia, but naturally
no terrestrial Vertebrates are infested externally by these Trema-

! Braun, in Bronn's Klassen . Ordn. d. Thierreichs, vol. iv. p. 407, gives a valu-
able summary of our knowledge of this group. For figures, see van Beneden and
Hesse, Mémoires de U Acad. roy. de Belgiquie, tom. xxxiv. 1864, pp. 1-169. A

valuable paper (with synoptic tables) on Japanese Monogenea, by Goto, Journ.
Coll. Seci. Japan, vol. viii. pt. 1, 1894, has recently appeared.
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todes. The blood and epithelia of the host are sucked, and to
this end the pharynx has frequently a chitinous armature to aid
in the abrasion or inflammation of the tissues upon which the
parasite feeds. In the case of a Sturgeon attacked by Nitzschia
elongata, a Tristomid, the mouth of the host appeared to be
highly inflamed by these attacks (v. Baer).

The suckers, in the two families under consideration, vary
in number and complexity. There
is always a powerful apparatus at
the hinder end of the body sccur-
ing the Trematode firmly to the
slimy body or gills of its host, and,
usually in the Polystomatidae, a
pair of suckers at the sides of the
mouth accessory to the pumping
action of the pharynx. In dxine,
and to a less extent in Octo-
bothrium (Fig. 23), the suckers
are strengthened by a complex
hingework of chitinoid bars or
hooks, which serve as insertions
for the muscles of the suckers,
9 and thus increase their efficiency.

The mouth is invariably pre-
sent just beneath the anteriorend of
the body. It leads into a muscular,
pumping pharynx (Fig. 24, ph),
and this into a bifurcated intes-
tine which ends blindly. The
F“’}r%&—tgs‘ogﬁll’;“;‘fmt&"‘lfﬁfng“h:’ two openings of the excretory

8. ind, I.ntesti.ng;.nw, mouth ; sc system lie on the dorsal surface

;‘;ﬂ“’grlsa:’:{;h cl(’;f}’t‘;f%“&“ﬁ;;:;g’)‘ (as in Temnocephala), and the

excretory canals branch through
the substance of the body, ending usually in “flame-cells.” The
nervous system is highly developed, and resembles that of Zemno-
cephala (Fig. 21) in detail.  Upon the brain one or even two pairs
of eye-spots are present in the larvae, and may persist throughout
life.  Tactile setae occur in Sphyranura, & parasite of the North
American Amphibian Necturus, but a cellular epidermis is
apparently rendered impossible, perhaps from the nature of
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the mucus in which the body is bathed, or to the attempts of the
host to free itself from these parasites; and hence an investing
membrane is present, which morphologically is either a modified
epithelium, or a cuticle formed by the glandular secretion of the
parenchyma.

The reproductive organs of the Polystomatidae may be under-
stood from Figs. 24, 27,and 28. At the point of union of the ovi-

F16.24.— Polystomum integer-
rimum Froh., from the
bladder of the Frog, and
seen from the ventral sur-
face.  The alimentary
canal is black, the white
dots upon it being the
yolk-glands. dvi, Ductus
vitello - intestinalis (pro-
bably homologous with
the Laurer's canal or
‘“ vagina " of Digenea);
eh, hooks of sucking
disc; inf, intestine; m,
mouth; ov, ovary; pe,
penis ; ph, pharynx; sc,
suckers with an embryonic
hook persisting in each ;
le, testes ; ut, uterus with
eggs; vag, left vagina;
vd, vas deferens; yd,
yolk - duet ; g, yolk-
glands ; & 9, common
genital aperture. (Modi-
fied from Zeller.) x 8.

duet (Fig. 28, ovd), the vitelline ducts (yd), and the commencement
of the uterus (uf), a slender duct is given off which opens into the
intestine, and is known as the  vitello-intestinal canal ” (Fig. 24,
dvi; Fig. 28, gic). This duct has apparently the same relations
as the “canal of Laurer” of Digenea,! except only that the latter
opens to the exterior directly. In connexion with this vitello-
intestinal canal a “ vagina ” is present, which in Polystomwm and
most Monogenea is paired (Fig. 24, vag), in Diplozoon and in one
! See Leuckart, ‘ Parasiten,” Bd. ii. p. 238.
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or two other forms, however, unpaired. The vagina receives the
penis of another individual during copulation (Fig. 26),and does not
appear to have an homologue in the liver-fluke or other Digenea.

Life-Histories of the Polystomatidae,'— Polystomum integer-
rimum. After the mutual fertilisation of two individuals, the
eggs are laid in the water by the protrusion of the body of the
parent through the urinary aperture of the Frog. About 1000
eggs are laid in the spring at the rate of 100 a day for ten
days. After about six weeks, the larva ("3 mm. long) hatches

| s l ,

“““\ (

Fia. 25.—Eggs of Monogenea. A, Eggs of Encotylabe pagelli v. Ben.-Hesse ; B, eggs
of Udonella pollachii v. Ben.-Hesse (with young forms just hatching out); C, egg
of Microcotyle lubracis v. Ben.-Hesse. (After van Beneden and Hesse.) x 50.

out, and swims about freely by means of bands of large ciliated
cells (Fig. 26, A); but if it does not meet with a tadpole within
twenty-four hours, it dies. Should it, however, encounter one,
the larva creeps along it in a looping fashion until it approaches
the opercular spout, or opening of the branchial chamber, on the
left side; into this it darts suddenly, fixes itself, and throws off
its cilia. Here it remains eight or ten weeks, feeding, in-
creasing in size, and forming the suckers from behind forwards.

1 Zeller, Zeitschr. f. wiss. Zool. xxii. 1872, pp. 1, 168; also Bd. xxvii. 1876, p.
238 ; xlvi. 1888, p. 233.
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At the time of the tadpole’s metamorphosis, the young Polystomum
works its way down the pharynx into the oesophagus and along
the intestine, till it reaches and enters the opening of the bladder.
Three years afterwards it becomes mature.

Sometimes, however, Polystomum experiences another fate. The
larvae settling down on the external gills of a young, recently-
hatched tadpole, and obtaining a
richer supply of blood than in the
previous case, grow far more rapidly,
so that in five weeks they are mature,
although still in the branchial
chamber of the tadpole. They do
not then wander into the aliment-
ary canal, but usually, having dis-
charged their eggs, die at the time
of the tadpole’s metamorphosis.
Still more interesting, however, is
the difference between the genitalia
in these and in the normal Poly-
stomum. In contrast with the latter,
these possess (1) one testis and a
rudimentary penis; and their sper-
matozoa differ in structure and
shape from those of the mnormal
Polystomum. (2) The vaginae are
absent, a fact connected with the
absence of a functional copulatory Fia. 26.—Polystomum integerrimum.
organ, (3) In compensation for &GF’::S;:‘;"‘:‘E%R‘C:V‘-x"";‘(‘)f"‘;:
the loss of these, a duct connects  Two mature individuals in mutual
the single testis and the point of ﬁ‘;ifm;,r:;mfd& t°( Atf‘t’:r gle"lfgf;
union of oviduct and yolk-ducts,  d, Intestine; ex.0, excretory pore,
and by this self-fertilisation occurs. lim'“: ’:lhg"?‘t:;:" "fe“rhf’:z :{
(4) The uterus is absent; the  frontal glands; m, mouth; pa,
“ootype” or duct into which the 5:;?:” PSR S,
shell-gland opens, communicating
directly with the exterior. In (1) and (4) these aberrant Poly-
stomum resemble P. ocellatum, from the Tortoise Emys europaea..

Diplozoon paradoxum~—The life-history of Diplozoon is
unique. For whereas the larvae of most animals grow up,
each into a single adult, in Diplozoon, of the few larvae that




F1c. 27.—A, Egg of Dip-
lozoon  paradorum v,
Nord., consisting of a
shell enclosing ez, the
actual ovum, sur-
rounded by ye, the
yolk-cells; B, larva
just hatehed ( x 125) ;
C, two Diporpa (1
and I1) about to unite ;
D, conjugation in pro-
gress but not yet
complete, ¢, Dorsal
papilla ; e, eye ; g, in-
testine ; m, mouth ; s,
ad-oral sucker; ¢h,
spirally-wound thread
attaching the egg to the
gill of the Minnow ;
vs, ventral sucker 5 (in
D) 1, I, one Diporpa,
ventral view; II, II,
the other, dorsal view.
(After Zeller.)

II Ant. ventral  F1e. 28.—Hinder part of the
body of Diplozoon para-
doxum, The fusion of the
two Diporpa, where they
come into contact, is now
complete. They now cross
each other like an X, and
are twisted, so that Diporpa
I, in front of the point of
: y_,-/'/ fusion, is seen fromn the
> vd dorsal surface ; behind,
from the ventral surface ;
aud the reverse is the case
with Diporpa 1I.  The
compound animal is seen
from the opposite surface
to that shown in Fig. 27,
D. The digestive and
excretory organs are
omitted. (After Zeller.) I
Ant. dorsal, dorsal surface
of Diporpa I, facing the
=3¢ anterior end; I Post.
ventral, ventral surface of

: s Diporpa 1, posterior end ;
II Post. dorsal I Post. ventral and similarly for II Ant.
ventral and 11 Post, dorsal.
d, Piece of the intestine showing opening of, gic, vitello-intestinal canal ; ov, ovary;
ovd, point of union of female genital ducts; sc, suckers; fe, testis; uf (in Diporpa
I), “ootype” or chamber into which shell-glauds open. This is continuous with the
uterus (wf) of Diporpa 1; uto, ventral opening of uterus ; vag, vagiua, with vd, vas
deferens, permanently iuserted into it through the genital pore ; yd, yolk-ducts ; yg.
yolk-glands,
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survive the dangers of their free-swimming existence, only those
become mature which conjugate permanently with another indi-
vidual. But although there are thus only half as many adult
Diplozoon as there were conjugating larvae (or Diporpa, as they
were called when they were considered distinct forms), yet the
total number of eggs produced is probably as great as if each
larva became individually mature.

Diplozoon paradorum lays its eggs on the gills of the Minnow,
which it frequently infests in great numbers. The ovum divides
rapidly at the expense of the yolk-cells, and in a fortnight a
larva ("2 min. long) of the shape and complexity shown in Fig.
27, B, hatches out, which, however, succumbs if it does not
meet with a Minnow in five or six hours.
Should it survive, a dorsal papilla, a median
ventral sucker, and a second pair of posterior
suckers develop. Thus the Diporpa stage
is attained. These Diporpa may acquire a
third and even a fourth pair of suckers, and
continue to live three months, but they only
develop and mature their reproductive organs,
if each conjugates with another Diporpa
(Fig. 27, C, D), and this only occurs in a
small percentage of instances. Each grasps
the dorsal papilla of the other by its own
ventral sucker, thus undergoing a certain
amount of torsion. Where the two bodies
touch, complete fusion occurs, and, as shown
in Fig. 28, the united Diporpa (or Diplo-
zo0m, as the product is now called) decussate,
each forming one limb of the X-shaped
Diplozoon, within which the two sets of
complex genitalia develop (Fig. 28).

IV, Gyrodactylidae—Gyrodactylus (Fig. Fia. 29.— Gyrodactylus
29), the structure of which is in many dhegane, 1o ok pfrom
ways peculiar, produces one large egg at a  back. (After v. Nord-
time. An embryo, in which the large and E’:‘,’{,’:y)o o =
smaller hooks of the adhesive dise can be seen
(emd), develops from this egg wtile still within the body of the
parent, and may give rise to yet another generation within itself.
The details of the process have 1ot, however, been well ascertained.




62 PLATYHELMINTHES—TREMATODA CHAP.

Trematoda digenea (endoparasitica).

Occurrence and Habits of Digenea.—Endoparasitic Trema-
todes have been found in almost all the organs of Vertebrate hosts
excepting in the nervous, skeletal, and reproductive systems. The
alimentary canal, however, is the most usual habitat. From the
buccal cavity to the large intestine, or
even to the cloaca, its different regions
are the resorts of various Trematodes.
No Digenea have been found in the
mouth, pharynx, or oesophagus of Mam-
mals; but in Birds, Reptiles, Amphibia,
and especially in Fishes, these parts are
largely affected. It is a striking fact
that Trematodes should occur in the
stomach of (chiefly) large predaceous
fishes, such as the Pike, Sharks, the
Angler-fish, and others, considering the
powerful digestive action of the gastric
juice of these carnivores. The peculiar
nature of the defence which must be
employed by the parasites against this
digestive action, becomes still more
marked when it is considered that if a

Fic. 30.—Distomum lutewm v.
Baer (immature), to show
the arrangement of the
excretory vessels. x50,
ex.0, Excretory aperture by

which the terminal contrac-
tile duct opens—the finer
vessels end in flanie-cells ;
int, intestine ; m, mouth-
sucker ; ph, pharynx; s,

Trematode normally living in the stomach
of one host be transferred to that of
another, it is nsually speedily digested, as
is shown (p. 65) in the case of Distomum

ventral sucker. (After la
Valette.)

macrostomum.  From these considera-
tions the suggestion has been made that
the cutaneous secretions of these Trematodes must act, not only
as a protection against digestive or other ferments, but that the
action in each case must be a specific one (Frenzel, Braun).

It is, however, in the small intestine that most Trematodes
oceur, as the examination of the common Frog! will readily
demonstrate. Both this and the edible Frog are attacked by a
dozen Distomatidae, only a few of which, however, are common

' An excellent and beautifully illustrated account, by Looss, of the Dis-
tomatidae of Frogs and Fishes may be found in Leuckart and Chun’s Bibliotheca
Zoolvgica, Heft 16, 1894.
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to both hosts, and a number of Holostomatidae also pass a stage
of their development within these Amphibia. Some idea of the
extent to which animals, whose habits lead to infection, may be
attacked by Trematodes (to say nothing of Cestodes and Nema-
todes, which often occur also) may be gathered from the fact that
in dissecting a black stork, Nathusius found several hundred
Holostomum excavatum and about a hundred Distomum ferox in
the small intestine, twenty-two D. kians in the oesophagus, five
others in the stomach, and one D. echinatum in the intestine.
Snipe, Woodcock, Sandpipers, Dunlin, Gulls, Bittern, Geese, and
Wild Ducks are, to mention a few cases, greatly infested by
members of this group.
The following Trematodes have occurred in man?!:—

Distomum hepaticum Abild. Distomum pulmonale Bilz ( = D.
s lanceolatum Mehlis. ringeri Cobb.,, D. wester-
" conjunctum Cobbold. manni Kerb.).
" spathulatum Leuckart (= - oculi humani Ammon (= D.
D. sinense Cobb, D. ophthalmobium Dies.).

japonicum R. Blanch.). Monostomum lentis v. Nord.

rathouisi Poir. (probably = Amphistomum hominis Lewis and
D. crassum Busk, D. M‘Connell.
buskiz Lank.). Bilharzia haematobia Colb,

o heterophyes v. Sieb.

Life-histories of the Digenea.—The classification of Trema-
todes according to their life-histories, expressed in the divisions
Monogenea and Digenea, though a very useful one, breaks down
entirely in the case of certain forms. Thus the life-history of
Gyrodactylus is probably digenetic rather than monogenetic. Aspi-
dogaster conchicola,® which lives in the pericardial cavity of the
fresh-water mussel (possibly the only case of a Trematode becom-
ing normally mature in an Invertebrate host, since other species
of Aspidogaster live in Cheloniz), produces larvae which enter
another Anodonta and develop directly into the sexual form. In
other words, Aspidogaster, though structurally a digenetic form,
poussesses a life-history which is direct and simple, .e. monogenetic.

The Holostomatidae, which live in birds of prey and
aquatic birds, give rise to eggs from which a minute larva
escapes. The fate of this aquatic larva is not directly known,

! Leuckart, Parasiten d. Menschen, ‘¢ Trematoden,” 1892-94; R. Blauchard,
Traité d. Zvol. médicale, i. 1889 ; H. B. Ward, Report for 1894 of Nebraska State

Board of Agrie. Lincoln, U.S.A. 1895, p. 225,
2 Huxley, Anat. of Invert. Animals, 1877, p. 194.
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but in all probability after entering a lost (Fish, Amphibian,
Molluse), it undergoes a gradual change into what has long been
known as a Zetracotyle, from the frequent presence of four
(sometimes only three) adhering organs.
Fig. 31 exhibits a species which is abun-
dant in the lens and vitreous humour of
the eye of the Perch. Its further history
is not known, but presumably the Perch
is presently devoured by the final host in
which the Diplostomum attains maturity.
Thus the Holostomatidae are “ metastatic ”
(Leuckart), their (probably) direct develop-
ment requiring the presence of two hosts.!

The other Digenea, the life-historics of
which are known, belong to the Disto-
matidae and Amphistomatidae, and we may
distinguish the steps by which the com-

F16.31.— Diplostonum ( Tetra-
cotyle) volrens. (After
v. Nordmann.) x 130.

¢, Contractile excretory
vesicle ; d, iutestine; e,
calcareous bodies in ex-
cretory tubules ; ex.o,
excretory aperture ; g,
glandular adhesive body ;

plex life-history of the liver-fluke (Dis-
tomum hepaticum) has been brought about,
by a consideration of that of Distomum
macrostomum.

ms, oral sucker; ph, Distomum macrostomum.—This form
f&?ﬁf x; v, vemtral goourg in the intestine of several common

Passerine birds. It is remarkable not only
for the large oral sucker, but also on account of the position of
the common genital pore at the hinder, and not as usual, at the
anterior, end of the body (Fig. 32, A). The eggs pass out
through this pore, and are discharged with the bird’s excrement.
Should a certain snail (Succinea putris) happen to rasp off the
epidermis of a leaf upon which the faeces have fallen, the eggs
are swallowed and a minute active larva is set free (Fig. 32, B).
This penetrates throngh the thin wall of the digestive tract of
the snail, and passing into the connective tissue, throws off its
cilia and assumes the shape of Fig. 32, C. This sporocyst, as the
larva is now termed, grows rapidly in all directions (Fig. 32, D) at
the expense of the snail’s tissues, until it becomes impossible to
separate parasite and host completely. Those branches which

! Braun, Bronn's Thicrreicks, Bd. iv. p. 792 ; Leuckart, Parasiten d. Menschen,
11 Abth. p. 158; Brandes, in Spengels Zool. Jahrb. Syst. Abtheil. Bd, v. 1890,
p. 849 ; v, Nordmann, Mikr. Beitr. i. Berlin, 1832.
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lie superficially in the cephalic region of the snail become greatly
swollen, cylindrical, and contractile. They are banded with green
and white, ornamented with red terminal spots, and pulsate rapidly.
Hence these fertile branches of the sporocyst (which in this con-
dition was known as ZLeucochloridium paradozum, Fig. 33, B)
naturally attract the attention of insectivorous birds, which peck
off the tentacles of the snail, and with it the swollen sporocyst-
branch. A sphincter muscle closes the cut end of the fertile sac
when the bird’s bill nips it off. The sac contains large numbers

F16. 32.—Life-history of Distomum
macrostomum Rud. A, Immature
Distomum (really a tailless Cer-
caria) found in the swollen ter-
minal parts of Leucochloridium
(Fig. 33, B) and enclosed in two
protective membranes, x 40 ; B,
larva which hatches out of the
egg of D. macrostomum, x 125 ;
C, the metamorphosed larva
(sporocyst) fonrteen days after
having entered Succinea pulris,
and pierced through its intes-
tinal wall ; D, actively growing
sporocyst, (After Heckert.) go,
Genital aperture ; ¢nf, intestine ;
ms, mouth sucker; », nervous
system ; ov, ovary, s, ventral
sucker ; e, tes

of young D. macrostomum (Fig. 32, A), produced by the division of
embryonic cells of the larva (Fig. 32, B), which are a.pparently
blastomeres of the egg reserved for thls future use. It is a
remarkable circumstance that the old bird itself is immune from
infection, and if it swallows these young Distomes, they are
digested.  Should, however, the snail’s tentacle and its contents
be offered as food to the nestlings, their weaker digestive powers
werely set the Distomes free from the protective membranes (Fig.
32, A), and thus the Blackeaps, Sparrows, and other birds infested
by D. macrostomum have acquired the parasite when they were
VOL. 11 F



66 PLATYHELMINTHES—TREMATODA CHAP.

nestlings by the unintentional agency of their parents! The
snail regenerates its lost tentacles only for the sporocyst to again
bud off fertile branches into them.

The egg of this Distome thus gives rise to a larva which
enters the tissues of one particular Molluse. Here it becomes
a branched sporocyst within which the sexual worms are formed,

F1¢. 33.—A, Swecinea
putris, infested
by B, Leucuchlori-
dium paradocum, or
the  fully - formed
sporocyst of Iiste-
mum  macrostomuar,
(After Heckert.) A,
Natural size; B, x
7.

apparently each from a single embryonic blastomere (“Keim-
zelle”), by a process comparable with the development of a
parthenogenetic ovum, and the whole cycle has been termed
Alloiogenesis, i.e. alternation of sexual and parthenogenetic genera-
tions (Grobben).2 Leuckart® and Looss* however, consider that
what was once a metamorphosis of an individual (as in the

! Heckert, Bibliotheea Zoologica (Leuckart and Chun), Heft 4, 1889. I am not
aware that Leucochloridium has been noticed in England.

2 ‘“Heterogamy " usually means the alternation of bisexual and unisexual
generations (e.g. Rhabdonema nigrovenosum), but is, unfortunately, also used in the
sense of Alloiogenesis, as defined above. See Grobben, Arbeit. Zool. zovt. Ints.
Wicen, Bd., iv. 1881, p. 201.

3 Parasiten, Bd. i. Abth. II. p- 152,

4 Festschrift f. Leuckart, Leipzig, 1892, p. 167.
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Holostomatidae) has now become, by maturation of the Cercaria
in the comparatively modern warm-blooded bird, a metamorphosis
extending over two or more generations.

Distomum (Fasciola) hepaticum—The liver-fluke of the Sheep,
which produces the disastrous disease, liver-rot, has a distribution
as wide as that of a small water-snail, Limnaea truncatula, the
connexion between the two being, as Thomas® and Leuckart dis-
covered, that this snail is the intermediate host in which the
earlier larval, sporocyst, and redia stages are passed through, and
a vast number of immature flukes (Cercariae) are developed.
These leave the snail and encyst upon grass, where they are eaten
by the sheep. Over the whole of Europe, Northern Asia,
Abyssinia, and North Africa, the Canaries, and the Faroes, the fluke
and the snail are known to occur, and recently the former has
been found in Australia and the Sandwich Islands, where a snail,
apparently a variety of Limnaea truncatula, is also found.? Over
these vast areas, however, the disease usually only occurs in certain
marshy districts and at certain times of the year. Meadows of
a clayey soil, liable to be flooded (as in certain parts of Oxford-
shire), are the places where this Limnaea occurs most abundantly,
and these are consequently the most dangerous feeding-grounds
for sheep. The wet years 1816, 1817, 1830, 1853, and 1854
—memorable for the occurrence of acute liver-rot in England,
Germany, and France—showed that the weather also plays a
considerable part in extending the suitable ground for ZLimnaew
over wide areas, which in dry years may be safe pastures. In
1830 England lost from this cause® one and a half million
sheep, representing some four millions of money, while in
1879-80 three millions died. In 1862 Ireland lost 60 per
cent of the flocks, and in 1882 vast numbers of sheep perished
in Buenos Ayres from this cause. In the United Kingdom the
annual loss was formerly estimated at a million animals, but is
now probably considerably less. After infection during a wet
autunm, it is usually in the succeeding winter that the disease
reaches its height.

L Quart. Jowrn. Micros. Sei. vol. xxiii. 1883, p. 90,

® The intermediate liost in the Sandwich Islands is said to be Limnaea peregra.
See Lutz, Centralbl. f. Bakter. xi. 1892, p. 783.

3 The mortality in wet years, however, is said to be largely due to pulmonary

inflammation. This and other causes of death are not always discriminated in the
returns.
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The symptoms of “rot” appear about a month after infection,
more acutely in lambs than in sheep, and again, less in oxen than
in sheep. At first, death may result from cerebral apoplexy, but
if the first few weeks are passed through, a pernicious anaemia
sets in, the sheep are less lively and fall at a slight touch, the
appetite diminishes, and rumination becomes irregular.  The
conjunctiva is of a whitish-yellow colour, the dry, brittle wool
falls off, and there is sometimes fever and quickened respiration.
In January, about three months after infection, the wasting, or
fatal, period sets in. Oedemas or swellings, usually visible before,
become larger at the dependent parts of the body, a large one in
the submaxillary region being especially well marked, and this
is considered one of the most characteristic symptoms (“ watery
poke ”).  Through this period few of the infected sheep survive,
but should they do so, the flukes begin to migrate, though some
remain much longer within the liver. Migration is effected
through the bile-duct into the duodenum and outwith the faeces,
in which the altered remains of the Distomum are sometimes
scarcely recognisable. Under these circumstances (or owing to
death of the fluke in situ) the sheep recover more or less fully.

The preventive measures seem to be: (1) Destruction of the
eggs and of the manure of rotten sheep; (2) slaughter of badly
fluked sheep ; (8) adequate drainage of pastures; (4)an allowance
of salt and a little dry food to the sheep; and (5) dressings of
lime or salt on the ground to destroy the embryos.!

Distomum hepaticum, contrary to most Trematodes, enjoys a
wide range of hosts. Man himself occasionally falls a victim; thus
in Dalmatia, in the Narenta Valley, the disease is endemic but
slight in its effects. The horse, deer, camel, antelopes, goat,
pig, rabbit, kangaroo, beaver, and squirrel have all been known
to harbour this fluke occasionally. Tu the Italian deer-parks at
Mandria a large species, D. magnum, decimated the herds some
years ago; and this species, probably imported from Italy, is now
almost as dangerous a parasite on the western plains of the
United States as D. hepaticum.

Bilharzia  haematobio.”—This formidable parasite was dis-
covered by Bilharz in 1853 in the veins of the bladder of patients

1 See Thomas, Quart. Journ. Micros. Science, xxiii. 1883. Neumann, Parasites
of Domesticated Animals, translated by Fleming, 1892.
* Leuckart, loc. cit. ; Looss, Archiv f. mikroskop. Anatomie, Bd. xIvi. 1895, p. 1.
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at the Cairo Hospital, and is remarkable from its abundance on
the east coast and inland countries of Africa from Egypt to the
Cape, as well as in the districts bordering Lake Nyassa and the
Zambesi river, while westwards it occurs on the Gold Coast.
Mecca is a source of infection whence Mohammedans carry the
disease to distant places. In Egypt about 30 per cent of the
native population is affected by the serious disease known as
Haematuria, resulting from the attacks of Bilkarzia, so that, of
the many scourges from which in Africa man suffers, this one is
perhaps the most severe.
The worm is found usually in couples, which have been proved
to be male and female individuals (Fig. 34),
often in considerable numbers in the veins
of the pelvic region, chiefly the veins of the
bladder and of the large intestine, and it is
tolerably certain that Bilharzia enter these
vessels from the portal vein. Their long
slender bodies enable them to penetrate
into the finer vessels, which get partially
or entirely choked up, and the circulation
accordingly impeded. But the most serious
consequences are observed in the urinary
bladder. The mucous membrane is swollen
and inflamed here and there, chiefly on
the dorsal surface, the capillaries appear
varicose and covered with mucus, mixed
with blood-extravasations in which Bil-
harzia-eggs are noticeable. The eggs also
cause numerous swollen knots in the sub- F16. 34.—Bilkarzic haema-
. q tobia Cobb. x 10. The
mucous tissue.  Should the disease not female (¢) lying in the
pass beyond thlt.’; stage (and such 15‘1}sually %.?;‘ﬂ’f{;";f“{;f x‘i';‘e:ft::;
the case, especially in South Africa), a canal; ms, oral sucker of
ten}pora.ry haematuria ensues. The urine, E‘rfl:ei ;:“':‘lg::t":[)‘“c““-
which is only expelled with great effort,
accompanied by intense pain, is mixed with blood, mucous clots,
and masses of Bilharzia-eggs, from which some of the embryos
have already hatched out. The symptoms, however, may gradu-
ally pass away, and a more or less complete recovery accomplished.
The disease may indeed be of a far less severe character, and may
not interfere with the usual occupations of the patient; but, on




70 PLATYHELMINTHES—TREMATODA CHAP.

the other hand, a far more extensive thickening of the wall of
the bladder sometimes occurs; hard masses of eggs, uric acid
crystals, and other deposits, may lead to the formation of stones,
degeneration of the substance of the ureter, and eventually to
that of the kidney itself. The stone, indeed, has long been
known to be a prevalent disease in Egypt, and it is now known
to arise from concretions formed round masses of Bilharzia
eggs. From the portal vein, again, other Bilharzia may gain
access to the rectum, or the liver, and it has also been found in
the lungs, and may give rise to most serious complications, if
indeed the patient lives.

How infection occurs is a question to which at present no
satisfactory answer can be made. The attempt to introduce
embryos of Bilharzia into the common fresh-water animals of
Alexandria has hitherto proved fruitless (Looss ), although there
seems little doubt that the comparative immunity of Europeans
from the disease is in some way owing to their drinking purer
water than the natives. Possibly, as Leuckart suggests, the
embryo becomes a sporocyst in man himself, somewhat as Taenia
muring is known to develop in the rat without an intermediate
host? The immense numbers of the parasite in one host would
then readily receive an explanation.

A Bilharzia, possibly B. haematobia, was found by Cobbold in
the portal vein of Cercopithecus fuliginosus; and B. crassa infests
the cattle of Egypt, Sicily, and certain parts of India, but does
not produce haematuria.

Of the other Trematodes of man and domestic animals there
is not room to speak fully. Distomum pulmonale, which occurs
in the lungs of the cat, tiger, and dog, as well as in man, is
especially common in Japan, China, Corea, and Formosa. JD.
sinense and D. rathouisi have been also found in inhabitants of
these countries.

Bisexual Trematodes.—Zoologically, Bilharzia is interesting
from its bisexual condition. It is not, however, the only bisexual
Trematode. In cysts in the branchial chamber of Ray’s bream,
Brama raii, two worms are found, which are probably the slender
male and the swollen female of the same species (Distomum
okenit). The only doubt that can arise proceeds from the
tendency in all Trematodes for the male -organs to ripen before

3 In Leuckart, Dic Parasiten d. Menschen, pp. 521-528, 1894, 2 Cf. p. 89.
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the female organs. Until we certainly know that the swollen
egg-bearing form (Q) does not arise from a previously male
form ( &), the case is open to suspicion.

Since, however, Kolliker! never found d@ P
intermediate hermaphrodite conditions,
this Distomum may be almost certainly * ¥

regarded as of distinct sexes. Didymo-
zoon thynni (Monostomum bipartitum),
from cysts on the gills of the Tunny g, a5 prsomum okenii KoL
(Thynnus), is another case. Twoslender  Showing male and female as
worms flattened posteriorly, come to- LY oceur together in the
P Ys bmuch\alcnvxtyofBramarau
gether, and the body of one becomes S}:y ;{Erli-km) (I"r;{mtx~ Bronn,
folded to receive that of the other. They ST e
fuse completely except for a small lateral opening through which
the anterior parts of both worms may freely protrude. The
enclosing individual contains a coiled uterus filled with eggs,
and is the female, whereas the smaller individual never possesses
eggs, and is probably the male? Nematobothrium (Fig. 22, A),
which occurs also in the Tunny, in the form of two immensely
long individuals intricately wound about each other in a cyst, is,
however, not bisexual.

Table of Digenetic Trematodes and their Life-Histories.®

Host into which the pogt inty which the Cercarise

larva enters, and in b b
which Cercanne are anlilmh'gs:nd encyst ; eaten by

eventually formed.
Diplodiscus (4 m'{Rana, Bufo, Tri- {Sma]ler Spoctes oé' { Insect - larvae, Rana, Bufo,
ton

Jcallz(:;fszt‘u‘(ﬂ}tg :;tb- gf]‘z;’;’:l’“‘ o but frequently omitted

Distomum advena

Duj. (D. mi-4 Sorex araneus . Not known Limax

grans Duj.) 3
D. appendicula- Lucullus acuspes, Centropages
tum Rud. { Clupea alosa ¥ Netiknown hamatus (Cope’poda)

. R Li stagnalis [ Eph @, Perla, Chironomus
D. ascidia v. Ben, Species of Bats Planorbis o )Jlumo.n;s 4
D. atriventre [ Frogs and Toads Physa heterostro- 3

Weinl. { of N. America pha { Nst:known

Species. Final host.

D. brachysomum ( The Dunlin Tyle
Crepl. (Tringa alpimz){ Not known Anthura gracilis
D. caudatum v. [ Hedgehog (Erina- . 5
Linst. ceus europacus) {H eliz hortensis

! See Braun. Bronn's Kilassen w. Ordnungen d. Thierreichs, vol. iv. p. 572

2 Braun, loc. cit. p. 573.

3 Taken largely from Braun, Ibid. pp. 864-866, where the literature of the
subject is referred to fully.
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Host into which the

" larva enters, and in

Final Host which Cercariae are
eventually formed.

D. clavigerum Limnaea ovate .
Rud. {.Rana : " Planorbis corncus { Not known

Host Into which the Cerurlae
migrate and encyst; eaten by

Species.
final host.

D. cygnoides Zed. Rana . o . Pisidium, Cyclas IA:C‘;";M' =p.J(Cereartaliacrog

Fil.)

D. .Zcegﬁlindmccum {Rana . Limnaca ovata Tlybius fuliginosus
D .I;liizlomhum A’E’f;:ale-c;wma Not known Different species of Fishes

7 Cygnus, Anser, Species of Lim- Speciesof Limnaea, Paludina
D. echinatum Zed. { et 2 ! ’

nace vivipara
L. stagnalis, Ganvmarus pulez,
D. endolobum Duj. Rana . o . Limnaca stagnalis larvae  of  Limnophilus
rhombicus
Limnaea stagnalis, L. ovala,

D. globiporum i one Succinea pfeiffers, 8. putris,

Rud. { Perca fluviatilis . Not known Physa fontinah's,' Planorbis

marginatus
D. hepaticum Sheep, Oxen, Man, Limnaca (runca- :
bild. etc. ’ ' tula { Omitted

D. hystriz Duj. { LOPM.“" P {Not known Marine Fishes
D. macrostomum Warblers, Tits 9 q :

Rud Woodpeckers, eto, {Suomnea putris Omitted
D.militarev.Ben. Common Snipe Paludinavivipara P. vivipara
D.nodulosumZed. Perca fluviatilis B"ZL-'{‘ paalicniza Cyprinus, Acerina cernua
D. ovocaudatum Species of Plan- Probably omitted. (Cercaria

Vulp. Eana esculenta orbis known as C. cystophora Wag.)
D. retusum Duj.  Rana . . Limnacastagnalis Lz g‘::gﬁ;?” larvaeIof§Ehry;
D. squamula Dies. Polecat 3 . Unknown Rana temporaria
D. signatum Duj. { Tropuionolus (L {Unknown Rana

D'lurfzn Ig{ag?cep hag {Badger, Polecat . Paludinavivipare Unknown

Ostreca edulis, Car-
Gasterostomumsp. Dogfish, Rays dium rusticum, { Belone vulgaris

edule

. 7 Unio, Anodonta g

. tat i q

v{i 7gi ;{f gt {Parca, Esox gg"“}g‘;};z:xx 1Leumacus erythrophthalmus

polymorphus)

G. gracilescens Lophius pisca- A Species of Gadus (e.g. G.

Rud. torius {Unknov«n acglefinus), Molva, Lophius
M%&i%m&vgh] { Anas Planorbis corneus  Omitted

Classification of Trematodes.—We have seen (p. 63) that it
is hardly possible to carry out fully the division of Trematodes into
Monogenea and Digenea. Nevertheless, pending further inves-
tigation on the doubtful points, this classification may still be
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used. Monticelli’ has proposed the main divisions of a new classi-
fication, which has been also adopted by Braun, and is based
on the nature of the suckers. These divisions are indicated
below in brackets.

A. Monogenea v. Ben. (HETEROCOTYLEA Mont.).
1. Fam. TEMNOCEPHALIDAE Hasw.
Gen. Temnocephala Hasw.
2. Fam. TrisToMaTIDAE Tschbg.
Sub-Fam. 1. Tristomatinae Mont.
Gen. Tristomum, Nitzschia, Epibdella, Trochopus, Acantho-
cotyle, Phyllonella, Placunella, Encotylabe.
Sub-Fam. 2. Monocotylinae Tschbg.
Gen. Pseudocotyle, Calicotyle, Monocotyle.
Sub-Fam. 3. Udonellinae v. Ben.-Hesse.
Gen. Udonella, Echinella, Pteronella.
3. Fam. PorysTtoMATIDAE Tschbg.
Sub-Fam. 4. Octocotylinae v. Ben.-Hesse.
Gen. Octobothrium, Pleurocotyle, Diplozoon, Anthocotyle,
Vallisnia, Phyllocotyle, Hexacotyle, Platycotyle, Plec-
tanocotyle, Diclidophora.
Sub-Fam. 5. Polystomatinae v. Ben.
Gen. Polyst , Onchocotyle, Erpocotyle, Diplobothrium,
Sphyranura.
Sub-Fam. 6. Microcotylinae Tschbg.
Gen. Microcotyle, Gastrocotyle, Axine, Pseudaxine.
4. Fam. GYRODACTYLIDAE v. Ben.
Sub-Fam. 7. Gyrodactylinae Par. et Per.
Gen. Gyrodactylus, Dactylogyrus, Tetraonchus, Diplectanum.
Sub-Fam, 8. Calceostominae Par. et Per.
Gen. Calceostomum, Anoplodsi.
5. Fam. ASPIDOBOTHRIDAE Burm. (= AsPIDOCOTYLEA Mout.).
Gen. Aspidogaster, Platyaspis, Cotylogaster, Macraspis.
B. Digenea v. Ben. (MarLacocoryLEA Mont.).
6. Fam., HoLOSTOMATIDAE Brandes (= METASTATICA Leuckart)
Gen. Diplostomum, Polycotyle, Hemist , Hol,
7. Fam. AMPHISTOMATIDAE Mont.
Gen. Amphist , Diplodiscus, Gastrodiscus, Homalogaster,
Gastrothylax, Aspidocotyle.
8. Fam. DisToMaTIDAE Mont.
Gen. Distomum (and sub-genera), Rhopalophorus, Koellikeria,
Bilharzia.
9. Fam. GASTEROSTOMATIDAE Braun.
Gen. Gasterostomum.
10. Fam. DipymozooNTIDAE Mont.
Gen. Didymozoon, Nematobothrium.
11. Fam. MoNosTOMATIDAE Mont.
Gen. Monostomum, Notocotyle, Ogmogaster, Opisthotrema.

1 Festschr. f. Leuckart, 1892, p. 134,




CHAPTER III

CESTODA

INTRODUCTION—NATURE OF CESTODES—OCCURRENCE OF CESTODES
—THE TAPE-WORMS OF MAN AND DOMESTIC ANIMALS—TABLE
OF THE LIFE-HISTORIES OF THE PRINCIPAL CESTODES OF MAN
AND DOMESTIC ANIMALS—STRUCTURE AND DEVELOPMENT OF
CESTODES—TABLE FOR THE DISCRIMINATION OF THE MORE
USUAL CESTODES OF MAN AND DOMESTIC ANIMALS—CLASSI-
FICATION.

THE Cestodes or Tape-worms are exclusively endoparasitic
Platyhelminthes living, in the adult condition, in the alimentary
canal of Vertebrates, with the exception of Archigetes (Fig. 37),
which may become mature in the body-cavity of Tubifexr. In
relation with this wholly parasitic existence, the Cestodes exhibit
certain characteristic modifications in structure and mode of
development, such as the formation, by the segmentation of the
“neck,” of a (usually) long chain of “ proglottides ” or joints, which
form the “body ” of the Cestode; and the entire absence of an
alimentary tract, both in the larva and adult. As an adaptation
to the fixed mode of life, the anterior end (head, scolex) is modi-
fied to form an adhering organ. Various adaptive forms of larvae
are known. These live in the internal organs of one or more
intermediate hosts, and are transferred to the final host passively
during a meal. Lastly, there is the curious metamorphosis by
which the adult is formed from a portion (scolex) of the larva.l
Taenia soliwm, from man (Fig. 39, B), or a Calliobothrium
(Fig. 36), from an Elasmobranch fish, is fixed to the mucous lin-
ing of the intestine of its host by means of & radially-constructed

1 Cf. p. 5.
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apparatus of four suckers and a circlet of hooks (Fig. 39), which
are borne by the “head” or “scolex,” being that part of the
worm which is directly
derived from part of the
larva, and which contains
the central, commissural
portion of the mnervous
system.  Firm adhesion
to the host’s intestine is
necessary, in order to avoid
the loosening action of the
peristaltic movements of
the intestine as the food
passes along. The heads
of different Cestodes ex-
hibit a marvellous variety
of suckers and hooks, from
a mere muscular depres-
sion in Schistocephalus, to
the compound proboscides
of Tetrarhynchus® which
is found in Elasmobranchs.
The jointed body, often
of enormous length (up
to 20 yards in Bothrio-
cephalus latus), is usually

Fia. 36.—Calliobothrium affine Dies., from the in-
separated from the head roatine of Torpedor . % 43, hd, Head s Ak,
by a slender neck, from  hooks; %/ lobes of the head ; ov, ovary; pe,

which the proglottides are ;1’2;’:, Al Pf‘;;,ﬁjf:ﬁmmtzm:’f,;m’,;
segmented off from behind

forwards, and become more and more individualised as they
recede farther away from the neck by the intercalation of
younger joints. Thus in Fig. 36 the mature, distal proglottis
has passed through all the stages represented by the other
segments. The longitudinal muscles, the nerves, and excretory
vessels which supply the proglottides are continuous throughout

§

! For figures of various scolices see van Beneden, Mémoire sur les vers Intestin-
aux, 1861; Braun in Bronn's Thierreich, Cestoda (in progress), Bd. iv. Pl
xxxviii.-xlv.

2 Arbeit. Inst. Wien, iii. 1881, p. 163 ; see also tbid. i. 1890, p. 57.
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and with those of the head. Each joint contains at first male
genitalia comparable with those of a Trematode; then the female
organs develop, and finally self-fertilisation follows. The Cestodes
feed through their skin, probably by the aid of fine protoplasmic
processes, which penetrate the tough investing membrane and
absorb the already digested food which bathes them. When a
proglottis of Calliobothrium is approaching maturity it separates
from the parent, the broken ends of muscles, nerves, and excre-
tory vessels speedily heal, and it is now cap-
able of continued growth and of fairly active
movement if it remains in the intestine of
the host. According to van Beneden, it may
even attain a size equal to, or exceeding, that
of the whole parent or “strobila.”? These
considerations led Leuckart, von Siebold, P. J.
van Beneden, and others, to Steenstrup’s con-
clusion that a jointed tape-worm is really a
colony composed of two generations—the
head and neck derived from the larva, and
the proglottides produced by the segmenta-
tion of the neck.? This view of the colonial
nature of jointed Cestodes was generally

Fro. 37, — Archigetes gdopted from 1851 to 1880. During the
sieboldii  (appendi- d 4
culatus), from the last fifteen years, however, the varied inter-

coelom of Tubifex
rivulorum. x 40,
app, Persistent larval
appendage ; go, geni-
tal pore; Ak, per-
sistent larval hooks ;
ov, ovary; s,
sucker ; fe, testes ;
¥9, yolk-glands,
(After Leuckart.)

pretations of the facts of the ontogeny of this
group have led some authors to adopt the
monozootic view (that a Cestode is one indi-
vidual), others are still of the older opinion,
and Hatschek (Lehrbuch, p. 349) and Lang
take up intermediate positions. Lang considers
that the formation of the joints of a tape-

worm from a small fixed “ scolex,” is not only largely comparable
with the strobilation of a seyphistoma and the consequent forma-
tion of & pile of medusae, as in the life-history of Aurelia, but

1 The mature proglottis of Calliobsthrium eschrichti is 8-9 mm. long, whereas
the strobila only measures 4-5 mm. in length. Species of Phylliobothrium, Antho-
bothrium, and Tetrarhynchus show a similar but not an equal contrast between
the size of the parent and proglottis (P. J. van Beneden, ‘‘ Les Vers Cestoides,”
Nowv. Mém. de U Acad. Roy. d. Bclgique, tom. xxv, 1850).

2 The difficult question of the nature of the Cestode body and Cestode larvae
is adequately discussed by Braun, loc. cit. p. 1167.
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that both processes have arisen from the
power of regenerating the necessary
organs in each of the new segments. The
result in both cases is the rapid forma-
tion of a number of joints, which gradu-
ally separate from the parent, to carry
the eggs and young to new stations. Just
as some Coelenterata (Lucernaria) may be
regarded as not having advanced much
beyond a scyphistoma stage, so there are
unisegmiental Cestodes (e.g. Archigetes,
Fig. 37) which have remained as a
slightly altered but sexual scolex, directly
comparable with a Trematode, and, as all
authors are agreed, representing one gene-
ration only. Such monozootie forms are
now classed as a special family, the
Cestodaria or Monozoa, of which Caryo-
phylleus mutabilis, from the intestine of
various Cyprinoid fish, is the most abund-
ant representative, while Amphiptyches
(Gyrocotyle) urna, from Chimaera mon-
strosa of the mnorthern hemisphere, is
paralleled by A. rugosa, found in Callo-
rhynchus antarcticus of the southern
seas.

Occurrence of Cestodes.—The dis-
tribution of Cestodes and their larvae
is analogous to that of the digenetic
Trematodes, although the absence of an
alimentary canal limits the habitat of the
mature worms to certain sites, such as the
blood-vessels, the lymphatic and coelomic
spaces, and the digestive system, where
their body may be bathed by a nutritive
fluid.  Almost all groups of Vertebrates
are attacked by Cestodes. Those of fishes,
and particularly of Elasmobranchs, are
distingnished by certain structural and
developmental features ; those of birds by

Fi6. 38.—Scolex
Rud.(larva of Calliobothrizm
Silicolle Zschokke), from the
muscles of Apogon, a Medi-
terranean fish ; also found in

polymorphus

many Invertebrates (e.g.
Sepia). A, Inverted scolex,
with calcareous bodies ; B,
everted older larva. br,
Brain ; exo, terminal excre-
tory aperture; fc.flame-cells ;
for.sec, secondary excretory
pores ; hk, hooks of the adult
Cestode ; inrag, pit at the
bottom of which the head
is developed ; msc, anterior
sucker ; ul/, lateral nerve; sc.
suckers; ¢, tp, lateral and
mainexcretory vessels. {After
Mouticelli.)
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others; those of mammals, by a third set of characters. The
young stages of the Cestodes of Sharks and Rays occur encysted
in the body-cavity, or in the pyloric appendages, of Teleosteans,
which probably swallow them along with those invertebrate
animals upon which they prey. The larvae of the Cestodes of
carnivorous mammals or piscivorous birds, live respectively in
herbivores and fishes, but how the latter are infected we know
in very few instances. Cestode larvae are known to occur in many
Invertebrates, and occasionally are taken free swimming in the
sea, presumably crossing from one host to the next. Cteno-
phores, Siphonophores, Copepods, Ostracods, Decapods, various
Molluses especially Cephalopods, Earthworms, and other Anne-
lids, are the intermediate hosts of these larvae (see Fig. 38),
the fate of which, however, has been determined in but few cases.

Occurrence of Cestodes in Man,'—Tape-worms, either in
the adult or larval stages (bladder-worms), have, from ancient
times, been known to occur in man, and in the animals that serve
him as food. Until comparatively recent times, however, the
true nature of these parasites, and particularly of “hydatids”
(cystic larvae), was unrecognised. Up to the seventeenth
century the larvae were regarded as abscesses or diseased growths
of the affected organs, and it was only at the close of that century
that their animal nature was even suggested. Even at the
beginning of the nineteenth century, three modes of origin of
Cestodes—Dby “ generatio aequivoca ” from the tissues of the body,
or by the union of previously distinct proglottides, or again -by
metamorphosis of free-living worms drunk with water by cattle
or birds (as Linnaeus suggested)—were still variously held, at a
time when Malpighi, Pallas, and Goeze had recognised the true
connexion between the cystic and segmented states of Zaenic
crassicollis (the cat tape-worm), and when Goeze had seen the
eggs of Taeniae, and Abildgaard ? had even conducted the first
helminthological experiments (conversion of the larval Sehisto-
cephalus, Fig. 40, into the adult form).

Generally speaking, “a tape-worm ” in Western Europe will
prove to be Taenia saginata Goeze (the beef tape-worm, Fig. 39, A),

1 Leuckart, Dic Parasitcn d. Mcnschen [English trans. by W. E. Hoyle];
Blanchard, Traité de Zoologic médicale, 1893.

? For a full account of the history of this subject see Leuckart, Parasiten d.
Menschen, p. 28 ; Braun, loe, cit. Bd. iv. p. 929 ct scq. ; Huxley, Collected Essays,
vol. viii. p. 229.
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exceedingly prevalent also in the East, and indeed cosmopolitan,
occurring wherever the infected flesh of the ox is eaten in a raw

or half-cooked state. Itsattacks
are fortunately not usually
severe. ZTaenia solium Rud.
(the pork tape-worm) is found
wherever the pig is kept as a
domestic animal, and has con-
sequently a world-wide distri-
bution. Its size (6-9 feet long)
and powers of adhesion would
alone render 7. soltum a for-
midable parasite. But the
danger of its presence in the
body of man, or in the flesh of
pigs, lies in the fact that the
larva or bladder-worm (known
as Cysticercus cellulosae) can live
in the most varied organs. Thus
if by accident a mature pro-
glottis be eaten, the embryos
escape, bore their way into the
wall of the stomach, and enter-
ing the portal vein, may reach
in time the muscles, the brain,
the eye, or even the heart itself,
and attain the cystic condition.
Even more disastrous may be
the result, should some ripe
joints of a mature worm work
their way from the intestine
back towards the stomach.
Should this happen (and though
it has not been directly proved,
the possibility is to be reckoned
with), the result would be the
release of vast numbers of em-
bryus capable of inflicting fatal
injury on the host. An abnor-

DN k13 S
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Fia. 39.—A, Taenia saginata Goeze. Nat.
size, (From a specimen in the Cam-
bridge Museum.) The approximate
lengths of the portions omitted in the
drawing are given. At * (after Leuck-
art) the branched uterus and the longi-
tudinal and transverse excretory vessels
are shown. The genital apertures are
seen as a lateral opening ou each of the
larger proglottides. B, Head (scolex)
of T. soliwm Rud. x 12, (After
Leuckart.)

mal Cysticercus of this species is probably the Taenia (Cysti-
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cercus) acanthotrias Weinl. (see, however, Leuckart, loc. cif. p.
711).

Taenia (Hymenolepis) nana v. Sieb! is found in man in
Egypt, Italy, England, Servia, Argentine Republic, and the
United States. Though small ($-1 inch long), its numbers
usually excite digestive and nervous disorders of considerable
severity, more serious, indeed, than those caused by the commoner
tape-worms. H. diminute Rud. (flavopunctata Weinl.), normally
found in Rodents, has been rarely recorded in man. Zaenia
(Dipylidium) caninum L. (= T. cucumerina Bloch = 7', elliptica
Batsch), the commonest parasite of pet cats and dogs, and 7'
(Davainea) madagascariensis Davaine, have occasionally been
recorded from infants and young children. But the attacks of
these species are insignificant in comparison with those of the
cystic stage (Echinococcus polymorphus) of a tape-worm (7. echino-
coccus v. Sieb.) which lives when mature in the dog.

Echinococcus is most frequent in Iceland, where it affects 2
to 3 per cent of the population, and a still larger proportion of
sheep; while in Copenhagen, Northern Germany, some districts
of Switzerland, and Victoria it is not uncommon, but is frequently
found during post-mortem examinations when no definite symptoms
of its presence had been previously noticed. ZEchinococcus ® varies
greatly in size, form, and mode of growth, but is distinguished
in the formation not of one scolex only, as in the Cysticercus, but
in the production of a number of vesicles, usually from the inner
wall. Within these, large numbers of scolices may be developed.
The whole organism continues to swell by the formation of a watery
liquid within it, and if its growth be rapid the fluid tension may
cause the rupture of the enclosing connective-tissue capsule
formed around the parasite, at the expense of the host, and the
protrusion of the daughter vesicles. It is the consequent injury
to the surrounding organs of the host, at this critical stage, often
only reached after the lapse of several years, that occasions
serious or even fatal results. Zoologically, Taenia echinococcus
and T. coenurus are interesting, since they exhibit an indubit-

1 By Grassi this form is considered identical with 7. murina. The latter
species is known, from this author’s researches, to develop in rats without migra-
tion into an intermediate host. Should Grassi's synonymy prove correct, the
presence of large numbers of this tape-worm 1m man would readily receive its

explanation.
* Leuckart, loc. cit. p. 752 et seq.
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able alternation of asexual generations in the larval state, with
a sexual adult stage.

Bothrioecephalus latus Brems.,, the broad tape-worm, which
attains a length of 20-30 feet, or even more, occurs in man
endemically in the eastern Baltic provinces, certain parts of
Switzerland, generally throughout Russia (especially near Kasan),
in North America, and commonly in Japan—that is, in districts
where the population partake largely of pike or other fish in a
raw or partially-cooked state. Elsewhere it occurs sporadically,
and in Munich, where it was unknown before 1880, its presence
has heen traced to emigrants from infected districts, who settled
on the shores of the Starenberger Lake, from which Munich was
supplied with fish. How the pike, the usual but not invariable
intermediate host, becomes infested (and its musculature is
frequently riddled with the larvae) we do not accurately know,
bnt some Invertebrate, the prey of the pike, is probably the first
host into which the free-swimming ciliated larva (¥Fig. 42) finds
its way. In Greenland, B. cordatus is very common in the dog,
and probably also in man, though few cases have been recorded.
L. mansont Cobb. (= B. liguloides Leuck.) was, till recently,
known only in the larval state from China and Japan. Iijima,
however, has found older specimens in the latter country. B
cristatus Dav, is a species founded somewhat doubtfully on two
fragments found, one in a child, the other in a man, in France,

Occurrence of Cestodes in Domestic Animals.—Among
domestic animals, the dog is, undoubtedly, the most frequently
attacked by Taeniae. Six species of ZTuenia (I. serrata, mar-
ginata, eoenurus, echinoceccus, krabbei, and possibly T serialis),
Dipylidium caninum (the commonest form), Mesocestoides lineatus,
and three or four species of Bothriocephalus have been found in
the dog. The table of life-histories (p. 83) shows that sheep,
rabbits and other Rodents serve as the intermediate hosts, in
which the cystic stages of the species of Zaenic are found.
Hence the prevalence of 7. serrata in a given locality is con-
nected with the abundance there of the rabbit and hare, in which
the larva (Cysticercus pisiformis) occurs. Bothriocephalus cordatus
develops from the young stage present in the fish which the
Icelanders give to their dogs. In Iceland and certain parts of

! The distinctive features cf these and the foregoing tape-worms are given on
rp. 89-90.
VOL. 11 H
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Australia 7' echinococcus infests one-third to one-half the number
of dogs examined ; a fact connected with the frequency of Echino-
cocous in man in these countries.

In sheep the most noteworthy and dangerous parasite is
Coenurus cerebralis (or the cystic stage of the dog-taenia, 7.
coenurus), which gives rise to the disease known as “gid” or
“gtaggers.” It is found in various parts of the brain or spinal
cord, and the symptoms differ according to the position of the
parasite. If this presses upon one hemisphere the sheep describes
circles and finally falls: if on the optic lobes, the eyes are
affected : if the pressure affects the cerebellum the movements
of the sheep are uncertain and incoordinated. Four or six
weeks after the appearance of the symptoms, death results from
cerebral paralysis, or from general debility, and the loss of sheep
incurred by this disease (happily less frequent in England than
formerly) has been calculated by Youatt at a million for France
annually ; at 35 per cent of the flocks for England in bad seasons ;
and about 2 per cent for Germany. Besides sheep, which are
most subject to “gid” during their first year, various ruminants
—~Goat, Ox, Moufflon, Chamois, Roe, Antelope, Reindeer, Drome-
dary—are attacked in the same way. A similar form, Coenurus
serialis Baill, is common in the wild rabbit in this country, and
in Australia in the hare and squirrel. It forms large swellings
in the connective tissue of various parts of the body, but usually
does not affect the health of the host. It is not known in what
carnivore Taenia serialis Baill. normally occurs. Experiments
have, however, shown that it develops rapidly in dogs.

The preventive measures which are steadily diminishing the
prevalence of the Cestode parasites in man in some parts of
Western KEurope cannot be dealt with here, but it may be
noticed that the Jewish observance with regard to swine is the
surest preventive measure against taeniasis and trichinosis.
Careful inspection of meat and general cleanliness, are the lead-
ing measures that in these hygienic matters secure the greatest
immunity from disease.
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Table of the Life-Histories of the principal Cestodes of
Man and the Domestic Animals.

Cestode, Final host. Larva, Intermediate host.
Taenio.  serrata Dog { Cysticercus prisi- Rabbit, Hare, Mice (liver and
Goeze S \ Jormis Zed. peritoneuni)
T. marginata [ Cyst. tenuicollis ~ Monkeys, Ruminants, Unygu-
Batsch {I)o" ol | Rud. lates (i’n peritoneum)

7. w‘/nmta Goemf
wmedio-4 Man

Cyst. bovis Cobb.  Ox, Giraffe (in muscles)
cmwll(dn Kiich.) l

Cyst. ccllulosac[Man, Monkeys, Bear, Dog,

T. solium Rud. Man Rud. (2 Cyst. Cat, Black Rat (in various

acanthotrias
Weinl.) organs)
T. crassicollis Cat and other Cyst. fasciolaris .
Rud. Felidac, Stoat  Rud. { Rat, Monse, Bat (liver)
e cere jBrain of Sheep, Ox, Guat.
T. cocnurus Kiich. Dog, Arctic Fox bralis Rud N Dromedary, Camel, Ante-
: lope, Horse
T. serialis Baill. 1Dog . . .{C"]’S’;‘ﬁ"s scrialis {Rabbit (connective tissuc)
Echinococcus poly- ( Man, Monkeys, many Car-
: . morphus Dies. nivores, Rodents, Ungu-
T.‘.cclsnisﬁc e, D(,’J%cglng\%o[f (incl. E. multi- lates, " Ruminants.  amd
e . u locularis found Marsupials: also in Turkey
in Man) and otlher birds

Migiff,m cxpanse Sh:tecp, Ox, Goat, { UnknowT

Thfﬁz%“gﬁiﬁm'{ Sheep, Cervidae . Unknown

Stilesia globipunc- { Sheep . 4 . Unknown

tata Riv.
Anoplocephala

perfoliata Goeze{ Horse . . . Unknown
Dipylidium cani-

num L. (= Cysticercoid larva

Taenia cucume- v (Fig. 43), Cryp- | Body-cavity of Trichodectes
rina  Bloch = | Man Dog, Cat tocystis  tricho- and Pulex of Dog
78 elliptica dectis Vill.

Batsch)
. Cercoeystis  Vill.!
H,;/];I:ZZ?II‘ZPE . { Mouse, Rat (develops in{ Usually absent
. parental host)

H, nana v. Sieb. Man . ! . Unknown

H. déminuta Rud. Meal-moth, Asopia (Piralis)
(=Tacnia flavo- { Man, Mouse, Rat  Cercocystis Vill. Sarinalis;  also  certain
punctata Weinl.) Orthoptera and Coleoptera

1 For description of the Cercocystis-larva see Villot, Ann. Sci. Nat. (Zool.) (6), xv.
1883, Art 4 ; and compare Leuckart's eriticism of this paper, * Parasiten,” p. 974
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Cestode. Final host.
Drepanidotaenia  Duck, Goose, Wikd
yracilis Zed. Duck
D.anatinaKrabbe Duck .
D. sctigera Froh.  Goose .

D.  infundibuli- { e
Jormis Goeze lCommou Fowl

Dicranotaenia {
coronula Duj. 1Duck :

Darainea proglot- Fowl
tina Dav. :

D. madagascari- )
ensis Duv. { Children

D. friedbergeri
v. Linst.

{ Pheasant

Mesocestoides line-
atus Goceze { Dog

Bothriocephalus
latus Brems.

{Man, Dog, ?Cat

Larva,

Unknown

Unknown

Unknown

{ Cercocystis Vill.

Plerocercoid,

solid,

bladder

elongate
larva, with no

Intermediate host.
The Ostracods Candona ros-

l trate and Cypris compressa,

and also Cyclops viridis

Cypris incongruens, and also
Perch

Cyclops brevicaudatus

House-fly
Cypris ovum

? Limazx cinercus, L. agrestis

? Ants

tebrate host, which is eaten
by Pike, Perch, Trout, ete.

{ Probably first enters an Inver-

Structure and Development of Cestoda.'—Of the unseg-
mented Cestodes, Caryophyllaeus mutabilis, from the intestine of
carp and other Cyprinoid fishes, is the most easily accessible form.

g

“"’Ili

Fia. 40.—A, Stickle-
back (Gasterosteus
aculeatus) infested
Ly an advanced
larva of Schisto-

cephadns  solidus
Crepl. B, The
larva. All x 13
(From  specimens

in the Cawbridge
University  Mu-
seunt )

T'rivenophorus nodulosus, which is very useful for the study of the
excretory system, occurs mature in the pike. In the body-cavity of
the Stickleback (Fig. 40) a large, broad, yellow worm may sometimes

1 Moniez, ““Sur les Cysticergues,” Paris, 1880 ; Zd. **Sur les Cestodes,” 1881 ;

Zschokke, ““ Recherches sur ia structure anatomique ¢t histologique d. Cestodes,’

Gieneve, 1888,
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be found, the larva of Schistocephalus solidus Crepl, which occurs
in the intestine of Terns, Storks, Mergansers, and other birds.
Species of Ligula are found in the same birds. The intestine
of a ZLophius or Cyclopterus (“lump-fish ”) contains, usually,
the early and intermediate stages of various Cestodes, while
the alimentary canal of Elasmobranchs often contain many
peculiar Tetrarhynchidae and other forms. For the study
of development, the Taenic anatina from the duck may be
used. The ripe proglottides are collected, and the eggs placed
with Cypris ovum in an aquarium, with the probability that
some of the embryos will enter the Ostracod, and the peculiar
Cysticercoid may be bred! Cysticercus pisiformis and Coenurus
serialis, which occur commonly in rabbits, are also suitable
objects for examination.

A Cestode such as Calliobothrium (Fig. 36) is divisible
into head and proglottides. Moniez has suggested that the
head is really the morphologically hinder end of the body, in
which case the formation of proglottides would closely resemble
the mode of segmentation of an Annelid larva. The close
similarity, however, between the Cysticercoid larva (Fig. 43, F)
and the Cercaria of a liver-fluke, seems to show that the anterior
end is the same in both cases, and since it bears the central part
of the nervous system, we may reasonably call it the “head.”
Moreover the hinder end of a Platyhelminth usually possesses
the chief excretory pore. Another difficulty is the determina-
tion of dorsal and ventral surfaces. Authors are agreed,—on
the analogy of Trematodes, in which the testes are usually dorsal
and the ovaries ventral,—that the dorsal and ventral aspects of a
Cestode are determined by the position of these organs, although
the often radially formed “head,” the lateral or superficial posi-
tion of the genital apertures, and the variability of these features,
render it a matter of considerable doubt whether “dorsal” and
“ventral ” are more than useful conventional terms. The
suckers and hooks are borne on a muscular cap, the “ rostellum,”
which is only slightly developed in the Ichthyotaeniae. The
body is solid, and is divisible into an outer muscular coat—
enveloped in a (possibly epidermal) investing membrane—and
an inner parenchymatous tissue containing the chief part of the
excretory, nervous, and reproductive systems. One or two pairs

! Schmidt, Archiv f. Naturgeschichte, Jahrg. 1x. Bd. 1, 1894, p. 65.



86 PLATYHELMINTHES—CESTODA CHAP.

of longitudinal excretory vessels are present, usually connected by
transverse ducts and opening by a single terminal pore. Occa-
sionally a regularly paired arrangement of lateral or secondary
pores is present (Figs. 38 and 41, for.sec). Flame-cells occur at
the end of the fine tubules (Fig. 38), and the whole system is
well developed, but may undergo degenerative changes in the
older proglottides. The central nervous system varies according
to the degree of differentiation of the rostellum ; and, owing to
the difficulty of staining the nerves and the contradictory state-
ments of authors, we do not yet possess a fully reliable account
of the mnervous system even of the commoner Taeniae. Free
nerve endings and other sensory terminations have been recently

Fi1a. 41.—Diagrammatic transverse section of Schistocephalus solidus Crepl., from the
Wild-dnek, illustrative of the Cestodes with uterine aperture (ufo). x 12. cs,
Cirrus-sac ; for. sec, one of the paired lateral openings of the excretory vessels ; I,
longitudinal nerve; ov, ovary; ovd, oviduct; par.m, parenchymatous muscles ;
r.sem, receptaculum seminis ; sh.gl, shell-gland ; te, testes ; wf, uterus; wio, uterine
pore ; vag, vagina; vd, vasa deferentia ; yd, yolk-duct; yg, yolk-glands (black);
4, male, ¢, female genital aperture, (After Riehm.)

stated to exist in the cuticle of Cestodes and Trematodes, If
true, this would tend to show that the parasitic mode of life of
these animals demands a complex nervous system comparable
with that of the Turbellaria.

The reproductive organs, unlike the preceding systems, are
discontinuous from one proglottis to the next. The male and
female organs and their mutual connexions, especially in the
unsegmented Cestodes, may be compared in detail with those
of Trematodes, but the difference between the arrangement of the
generative organs of various Cestodes is very great! The penis
(Fig. 41, cs) is evaginated through the male pore (Fig. 41, d),
and inserted far into the vagina ( ,vag) of the same or another

! For example, the genitalia in Dipylidium caninwm are duplicated in each
proglottis, Other differences are noted in the following table (pp. 89-90).
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seqment of the tape-worm. From this fact and the anatomical
relations of the vagina, it is hecoming increasingly probable that
the so-called uterus of Trematodes is an organ corresponding to
the vagina of Cestodes, and not to the uterus of Cestodes. The
latter opens to the exterior in Schistocephalus, Bothriocephalus,
and some other Cestodes of fishes by a special pore (Fig. 41,
uto). Through this, some of the eggs (which in these genera
give rise to ciliated larvae) are enabled to escape, and need not
wait for the detachment of the proglottis, as must happen in the
Taeniidae, where the uterus is closed. This uterus, a true physio-
logical one, is probably the homologue of the “canal of Laurer”
(“ Laurer-Stieda canal,” or “ vagina ") of Trematoda. The fertilised

B

F16. 42.—A, Free-swimming, six-hooked larva of Bothriocephalus lafus Brems. (the
Lroad tape-worm of Man), still enclosed in a ciliated (possibly cellular) double
membrane or mantle, In this condition it may continue to live in water for a week
or more, but eventually throws off its ciliated coat (as in B) and commences to
creep about vigorously by the aid of its hooks, in search of its first host, which is at
present unknown. (After Schauinsgland.) x 600,

ovum and yolk are brought together into the “ootype,” where
the shell-gland forms the egg-shell around them (Fig. 41, sh.gl),
and the egg is then passed into the uterus. The ovum segments
to form a minute six-hooked larva, which may (Bothriidae, Fig. 42)
or may not (Taeniidae) be ciliated. Thus in Zaenia serrata the
proglottides are shed with the faeces of the host (dog), and they
protect the young from the desiccating influence of the surround-
ings. If inadvertently eaten by a rabbit along with herbs, the
proglottis and larval envelope are digested, and by its six hooks
the tiny larva bores through the gastric wall into the portal vein,
and so into the liver. Here the hooks are thrown off, and the
solid mass of cells becomes vacuolated. At one pole an invagi-



Fra. 43.—Stages in the de-
velopment of Dipylidium
caninum L. (= Taenia
elliptica Batsch, T. cuen-
merine. Bloch), the com-
monestof the Dog-"Taeniae ;
compare Fig. 44. A,
Six - hooked larva (now
often spoken of as an
“Onchosphaera”); B,
larva elongating ; forma-
tion of a central lacuma;
C, larva further advanced ;
D, distinction between
body and tail is visible ;
E, invagination of the
rostellnm is commencing ;
F, Cysticercoid larva with
four suckers, invaginated
rostellum, and excretory
vessels. ¢, Calcareous con-
cretions in cells of the
larva ; ex.o, excretory
aperture ; ex.v, excretory
vessels ; irv, invagination
commencing ; r0st, rostel-
Tum j s¢, suckers, (After
Grassi and Rovelli; highly
magnified.)

Fi1c. 44.—Schematic longi-
tudinal sections
through the larvae of
Dipylidium  caninum
L. All these stages
are passed in the
body - cavity of the
Dog-flea (Pulex serra-
ticeps). (Compare Fig,
43 for further details.)
A, Six-hooked larva
with developing rostel-
lum (shaded) and
suckers (black). In
this species the invagi-
nation(C, invag.)occurs
after the formation of
these organs, and not,

as in most Taeniae, before it. B, Invagination commencing; the hooks are developing
above the rostellum, while beneath it the nervous system (dotted) is seen. C, The
invagination has now carried the suckers inwards. The tail has become distinct, and
the whole larva at this stage is known as a Cysticercoid. Ak, Larval hooks ; invag,
mouth of the invagination ; n, central nervous system ; 7ost, rostellum and hooks ; sc,
suckers, of which only two can be seen in a longitudinal section ; four are really
present. (After Grassi and Rovelli.)

A
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nation occurs, at the bottom of which the rostellum, suckers,
and hooks are gradually formed, but inside out as compared with
the head of the Taenia serrata. At this stage the larva (Cys-
ticercus pisiformis) has usually issued from the liver and attached
itself to the omentum. The invagination projects into the cavity
of the bladder, within which a watery fluid accumulates. Thus
the “bladder worm ” is formed, the head of which is evaginated
if the larva be introduced into the digestive system of a dog. The
bladder and neck of invagination are digested, while the head,
protected by these, remains, and forms the neck, from which the
proglottides are afterwards segmented off. In Taenia (Hymeno-
lepis) murine the whole development may take place in the
parental host, the larva living in the villi, the adults in the
cavity of the same rat’s intestine (Grassi). The different forms
of Cestode larvae depend largely upon the presence and degree of
development of the caudal vesicle or bladder, which in Scolex
polymorphus (Fig. 38) (the young stage of Calliobothrium filicolle
Zsch.) is practically absent. If the bladder be small, the larva
is known as a Cysticercoid. For example, the common Dipylidium
caninum, which lives in the dog, has such a larva, the develop-
ment of which is explained and illustrated by Figs. 43 and
44. The bladder becomes exceeding capacious in Coenurus and
Echinococcus.

Table for the Discrimination of the more usual Cestodes
of Man and Domestic Animals.’

I. Scolex in most cases with hooks ; uterus with a median and lateral
branches ; yolk-glands simple, median ; genital pore single ; dorsal
excretory vessel narrower than the ventral, without a circular com-
missural trunk ; eggs without pyriform apparatus (processes of the

ovarian membra.ne) . Gen. TAENIA L. (s str.)
A. Genital ducts pass on the ventral s1de of the nerve and of the twe
longitudinal excretory vessels 3 T. erassicollis Rud.

B. Genital ducts pass between the dorsal and vem.ral longitudinal vessels.
a. Nerve present on dorsal side of genital ducts.
a. Head armed . g 3 b . T. solium Rud.
B. Head unarmed 3 T. saginata Goeze.
b. Nerve on ventral side of gemtal ducts.

! See Stiles, Centralbl. f. Bakt. u. Parasitenkunde, 1893, xiii. p. 457 (conf.
note, p. 90).
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230u-260u long?; genital
pore very distinct

Bifid hooks, T. serrata Goeze.
which are ] 136¢—157u long ; genital
Many proglottides ; pore not very salient
strobila  several T. serialis Ball.
centimetres long; 1801-220x long ; length of
1 small hooks with mature segments double
RS TALE 3 guard Entire large thei width_
Single hooks, which T. marginate Batsch.
Head armed ; o 150u-1 'I.O;L loug ; length of
. mature segments treble
genital pore their width
m 3 rglnal \ T. coennrus Kiich.
e 3-4 segments ; a few mm. long . T. echinococcus v. Sieb.
Double and bilateral . 2 5 Dipylidium caninun L.
Head unarmed ; two genital pores on ventral surface . Mesocestoides lineatus Goeze.

II. Scolex without hooks ; one or two transverse uteri present; one or two
genital pores and yolk-glands, the latter never median ; genital ducts
pass on the dorsal side of the nerve ; eggs with pyriform apparatus.

A. One transverse uterus present.

a. Uterus with bullate egg-sacs ; pyriform apparatus without horns ;

genital ducts between dorsal and ventral vessels
THYsANOsOMA Dies.
«. Head large (1'5 mm.); square lobed testes in median field ;
posterior margin of segments fimbriated ; genital pore double
T. fimbriata Dies.
B. Head small ; no fimbriae; pore rarely double . T. giardii Riv.
b, Uterus without saccular dilatations; segments short, thick, and
slightly imbricate . . AworrocErHALA E. Blanch.

No posterior lobes A. plicata Zed.

Four posterior lobes A. perfoliata Goeze

l [. Head small, without posterior lobes A. mamillana Mehl.

B. Two uteri and two genital pores present ; horns of pyriform apparatus

well developed ; genital ducts pass on the dorsal side of the longi-

HogsE- J a. Head very large{
TAENIAE.

tudinal vessels’ . ) Moxiezia R. BL
a. Interproglottidal glauds3 arranoed in linear series (planissima
group) . . Al planissima 8. and H.

M. benedeni Mz. M. newmani Mz.
b. Interproglottidal glands saccular (expansa group) M. expansa Rud.
M. oblongiceps S. and H. M. trigonophora S. and H.
¢. Interproglottidal glands absent
3 M. denticulate Rud.
(donftoutatasgroup) { M. alba Perr.
C. Uterus single or double, without spore-like egg-sacs; eggs with a
single shell ; genital pores irregularly alternate ; strobila narrow ;
testes absent from median part of the field . SrLesta Raill

! Taken from Neumann, Parasites of Domesticated Animals, 1892, p. 448.
=1o'ss millimetre.
3 For a description of these glands, and for further diagnostic details and litera-
ture, see Stiles and Hassall, U. . Department of Agriculiure, Bureau of Animal
Industry, Bulletin 4, 1893,
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«. A transverse uterus in middle part of median field ; head 2 mm.

diameter | . 8. centripunctata Riv.
b Two lateral nteri in each segment head less than 1 mm. in
diameter . 8. globipunctata Riv.

IIL. Scolex almost mva.nably provuled w1th hooks ; genital pores on left
border of segment ; eggs with three shells but no cornua. Segments
broader than long ; posterior angles salient. HymMENoLEPIS Weinl.

a. Scolex with a single series of 24-30 hooks, each 14-18u long
H. nana v, Sieb. H. murina Duj.
b. Scolex very small, unarmed 8 5 H. diminuta Rud.
IV. Scolex provided with two elongated muscular pits. Body segmented ;
three genital apertures in middle of ventral surface
BoraRrIocEPHALUS Rud.
Body 2-20 metres in length . B. latus Brems. B, eristatus Dav.
(doubtful gpecies). B. cordatus Leuck. B. mansont Cobb.
(= B. liguloides Leuck.)

Classification of Cestodes.—The following -classification,
which, so far as the Taeniidae are concerned, follows that
employed by Railliet, Blanchard, and most recent writers, in-
cludes only a few representative genera :—

1. Fam. CestroparRnpaE Mont. (Moxozoa Lang).
Gen. Caryophyllaeus, Archigetes, Gyrocotyle, Amphili
2. Fam. BOTHRIOCEPHALIDAE.
Sub-Fam. 1. Bothriocephalinae. Gen. Bothriocephalus, Schistocephalus,
Triaenophorus (= Tricuspidaria).
Sub-Fam, 2. Ligulinae. Gen. Ligula.
Sub-Fam. 3. Solenophorinae. Gen. Solenophorus, Duthiersia.
Sub-Fam. 4. Diphyllinae. Gen. Echinobothrium.
3. Fam. TETRARHYNCHIDAE.
Gen. Tetrarhynchus.
4. Fam. TETRAPHYLLIDAE.
Sub-Fam. 1. Phyllobothrinae. Gen. Phyllobothrium, Echeneibothrium,
ete,
Sub-Fam. 2. Phyllacanthinae. Gen. Calliobothrium, Anthobothrium,
ete.
5. Fam. TAENIIDAE.
Sub-Fam. 1. Cystotaeninae. Gen. Taenia s. str.
Sub-Fam. 2. Anoplocephalinae. Gen. Montezia, Thysanosoma, Stilesia,

Anoplocephala.
Sub-Fam. 3. Cystmdot.aenmae Gen. Dipylidium, Hymenolepis, Drep-
idotaenia, Dicr Echinocotyle, Davas

Sub-Fam. 4. Mesocestoidinae. den. Mcsoce;tozdea, Dithyridium.
Sub-Fam. 5. Ichthyotaeninae. Gen. Ichthyotaenia, Corallobothrium.



CHAPTER IV

MESOZ0A

DICYEMIDAE — STRUCTURE — REPRODUCTION — OCCURRENCE :
ORTHONECTIDAE —OCCURRENCE—STRUCTURE : TRICHOPLAX :

SALINELLA.

THE Mesozoa are an obscure group, the position of which in the

animal kingdom is still doubtful. The

cal F name Mesozoa was given to the group by

its discoverer, E. van Beneden! as he

‘5@% 5 concluded that they were 1nterme‘dlate
0! between the Protozoa and the higher

S

O Yo}

s

1

F16. 45.—A, B, C, Stages in the

Invertebrates. Recent authors, however,
haVe called attention to the resemblance
existing between them and the “sporo-
cysts” of Trematodes, and though we
still are ignorant of certain important
points in their life-histories, the Mesozoa
are most conveniently (and probably
rightly) considered as an appendix to the
Platyhelminthes.

The animals composing this group are
minute and parasitic, and are composed
of a small number of cells. They may be

development of the vermi- _, °, . o g 5
formlarvain Dicyema typus divided into two families: the Dicyemidae,
van Ben. (After Ed. van < c i i ol

Beneden)) cal, « Calotta~ ; which oceur exclusively in the kidneys
ge,germinal cell ; n,nucleus of certain Cephalopods (cuttle-fish); and
e = the Orthonectidae, which live in the brittle-

star Amphiura squamota, the Nemertine Nemertes lacteus, or the
! Ed. van Beneden, Bull. Acad. Roy. Belgique, 1876, p. 85.
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Polyelad Leptoplanc tremellaris. In addition to the undoubted

Mesozoa, certain anoma-
lous forms— Trichoplaz
adhaerens and Selinelle
sulve—may be referred
to this group.
Dicyemidae.—If the
kiduey of KEledone mos-
chuata, a  Cephalopod
common on our south-
western shores, be opened,
anumberof fine,yellowish,
hair-like filaments may
be seen attached at one
end to its inner surface,
floating in the fluid con-
tained in the renal cavity.
These may be Dicye-
mennea  eledones Wag.,
although another form,
Dieyema moschatum
Whit., also occwrs in the
same host.  D. eledones
(Fig. 46)is 7 to 9 mm.
long, transparent, and is
composed of one large
inner cell with a simple
nucleus (Fig. 46, n.end),
and of an outer layer of
ciliated cells, mnine of
which form the *cal-
otte” or pole by which
the animal is attached.
Within the former (en-
dodermal) cell the for-
mation of wrn-shaped
“ infusoriform embryos ”
takes place (B and C),

Fi1c. 46.— Dicyemennea eledones Wag., from the
kiduey of KEledone moschata. A, Full-grown
Rhombogen with infusoriform embryos (emd) ; B,
one of the latter developing; C, fully formed ;
D, calotte, composed of the upper nine cells
shown in the figure. (After Ed. van Beneden and
Whitman.) emb, Infusoriform embryo ; g, part of
endoderm-cell where formation of these embryos is
rapidly proceeding ; a.ect, nucleus of ectoderm-
cell ; w.end,nucleusof endoderm-cell ; p, “calotte.”

the fate of which is not known, but they are possibly the males.
The individual which produces these larvae is called a “ Rhom-
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bogen.” Other individuals which produce a more clongated
larva (“vermiform larva,” Fig. 45) arve called “ Nematogens,”
and Whitman has described a third kind, which produce first in-
fusoriform, and then vermiform, larvae (Secondary Nematogens).!
The occurrence of the known species of Dicyemids (a group
which has not been investigated on our coasts) is as follows :—

Species. Host.

Dicyema typus van Ben. : . Octopus rulyaris.

D. clausianum van Ben. . d - 0. macropus.

D. mierocephalum Whit. . . O. de Filippi.

D. moschatum Whit. . . . . Eledone moschatu.

D. macrocephalum van Ben. . . . Sepiola rondeletii.

D. truncatum Whit. { fozis el S"I.”.”'
elegans, S. officiualis.

D. schultzianum van Ben. E . . biseralis, Octopus valyaris.

Diciemenneaiiledines \Wag, . ) { Eledom'. moschuta, E. aldro-
vandi,

D. wiidlert Clap. . . . . . E. cirrosu.

D, gracile Wag. . . . . . Sepia officinalis.

Conocyema polymorphum van Ben. . . 8. officinalis, Octopus vulgaris.

Orthonectida.*—Two species of Orthonectids are fairly well
known, Rhopalura giardii Metschn. from Amphivra squumata,
and R. intoshii Metschn. from Nemertes lacteus. The latter appears
to be very rare, the former occurring in 2 to 5 per cent of the
number of hosts examined. The parasites occur in a granular
“ plasmodium,” the nature of which is uncertain. Metschnikoft
regards it as formed by the Orthonectids, and he considers that
the cellular envelope, by which it is sometimes enclosed, is
developed from the neighbouring tissue of the host. These
granular, sometimes nucleated, plasmodial masses, which can
perform active amoeboid movements in sea-water, occur attached
to the ventral part of the body-cavity of Amphiura, and between
the gut-branches and body-wall in Nemertes. Should these hosts
be infected by great numbers of the Orthonectids, their sexual
organs degenerate (as is the case with pond-snails attacked by
sporocysts ), and it is possible that the remains of these organs
may constitute the “ plasmodia ” (Braun).

1 Whitman, Mittheil. Zool. Stat. Neapel, Bd. iv. ; see also Brauu, in Bronn's
Thierreich, Bd. iv. p. 253.
2 Braun, loc. cit. p. 281 (with literature).

3 Giard, ‘‘La Castration parasitaire,” Bull. Sci. d. France et de Belgique, 3 sér.
i. 1888, p. 12.
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Rhopalura  giardii is of distinet sexes. Either males or
females are found in one Amphiura. Two kinds of females,
flattened unsegmented, and cylindrical segmented forms, are
known. They consist of a ciliated ectodermal layer enclosing an
endodermal mass of eggs, between which is a fibrillar layer
usually considered to be of a muscular nature. The cylindrical
female gives rise to eggs which develop, probably exclusively, into

. Fic. 47. — Rhopalura
giardii Metschn,
(from the brittle-star
Amphivra squa-
mata). 3, Full-
grown male ( x 800) ;
9, flattened form
of female (x 510);
99  cylindrical
female (x 510).
(After Julin.)

males. The flattened female produces eggs from which females alone
arise, though the origin of the two forms of this sex is not well
ascertained. The males contain spermatozoa which fertilise the
eggs of the cylindrical female, whereas the ova of the flat form
probably develop parthenogenetically.

Trichoplax.’—This anomalous animal has only been found
in aquaria, originally in the marine aquarium at Graz by

1 Schulze, Abh. Akad. Berlin, 1891, p. 1.
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Nemertines for the most part closely resemble one another in
all essential points, though they differ considerably in size,
colour, and external details. They vary in length from less
than an inch to thirty yards, this
extreme size being attained by
Lineus marinus.

Nemertines are common on the
British coasts; about forty species
have been recorded from this area.
On turning over a stone on a sandy
or muddy shore in a pool left by
the receding tide,
there may often
be seen a coiled
mass, having the
appearance of a
uniform  slimy
string  twisted
into a compli-
cated knot. If
it he carefully
removed, the
ends can gener-
i ally be made
Fio, 13 Liews e out, one blunly

living specimen in rounded and the

ggsﬂ:ﬁ‘,‘lc"id;t“"(’, other  slightly

Anterior end ; b, tapering (Fig.

[Losteriorend. 48, aand d). Oc-
casionally there may be seen attached
to the Dblunter end a fine thread,
which moves about freely. This
thread may, by an instantaneous
movement, be drawn into the body,
uo trace of its existence being left g
except at the tip of the head, m;sfc'i;el;; ";“:‘";fﬁb;.‘“;'g' n'{f, e
where a small pore is visible; this expanded condition. —«, Anterior
is the orifice througli which it was iR O et
withdrawn.  Shortly afterwards the thread may be again shot
out, the process being instantaneous and often accomplished with
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great force. This thread (¥ig. 50, p) is the proboscis, a very
important and characteristic organ in Nemertines.

Most Nemertines are marine ; they are
mostly indifferent to climate and to the
nature of the soil on which they live.

A few forms live on land (e.g. Tetra-
stemma  agricola! Geonemertes palaensis?
and G. chalicophora®) or in fresh water
(e.g. Tetrastemma aquarium duleium* and
T. lacustre®) in various parts of the globe.
There are also parasitic forms; the best
known of which is Malacobdella® A
pelagic form, Pelagonemertes] has been
described by Moseley.

External Characters,— A typical
Nemertine possesses an elongated worm- F";‘o focjrsggia‘?;‘;ugf (]"fl"l‘l
like body (Fig. 49), which is wusually  crura)tristis Hubr, show-
thrown into numerous close coils (Fig. 'If,';"'pt]];: oo porects
48). In section it may be either round  fromaspiritspecimen. c.

d Cephalic slit ; m, mouth ;
or more or less flattened, with the lateral "\ jhoscis.
edges in some cases quite thin and almost
fin-like. One or two broad, flattened, and leaf-shaped forms are
known, but such a condition is exceptional, and the forms in
which it occurs have probably assumed it owing to the adoption
of special modes of life.

In the ordinary forms the posterior end of the body is pointed
either bluntly or sharply. The head is somewhat broader than
the rest of the body, and often assumes a spatulate form. Eyes
(Fig. 51, ¢) are usually present either in one or several pairs, or
in symmetrically-arranged groups on each side of the head. The
mouth (Fig. 58, m) is situated near the front end of the body
on the ventral surface, and is usually rendered conspicuous by
being surrounded by thick tumid lips. It varies in form from
being slit-like to elliptical. ~ At the anterior end of the body a

! R. von Willemoes-Suhm, 4nn. Nat. Hist. ser. iv. xiii, 1874, p. 409.
% Semper, Zeitschr. wiss. Zool. Bil. xiii. 1863, p. 538.

3 L. von Graff, Morphol. Jahrb. Bd. v. 1879, . 430.

+ W. A. Silliman, Zeitschr. wiss. Zool. Bd. xli. 1883, . 48.

5 du Plessis, Zool. Anz. vol. xv. 1892, p. 64.

¢ J. von Kennel, Arb. Inst. Wiirzburg, Bd. iv. 1877-78, p. 305.

7 H. N. Moseley, Ann. Nat. Hist. ser. iv. vol. xv, 1875, . 165,
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F1. 51.— Amphi-
porus lacti-
Sloreus Johust.,
drawn from the
living specimen,
from the dorsal
surface. Ply-
mouth, x 2.
¢ Eyes 5 g, gen-
erative organs ;
n.g, herve gan-
glion 5 p.p, pro-
boscis pore; p,
proboscis.

which latter it

small terminal pore occurs; this is the external
opening of the proboscis (Fig. 51, p.p).

Nemertines are often very diversely and
brilliantly coloured, the hues most commonly
found being white, yellow, green, deep purple, and
various shades of red and pink. The ventral sur-
face is usually paler in colour than the dorsal,
and the latter is often marked by longitudinal and
transverse stripes (Fig. 59) in contrasting colours.

The whole animal is enveloped in a layer of
mucus, which sometimes Dbecomes hardened to
form a tube, and this may be still further
strengthened by an admixture of particles of
sand or earth.

The body is capable to a great extent of con-
traction and extension, a Nemertine many inches
long being apt, when irritated or alarmed, to
contract itself to the length of not more than
half an inch. Hence, unless the animal is kept
and carefully watched, a very erroneous idea may
be conceived as to its size.

Anatomy.—The body-wall consists of several
layers (Fig. 52), which in a typical highly-
developed Nemertine are as follows :—

1. An external epidermic layer (ep), consist-
ing of ciliated cells, among which are placed
numerous unicellular glands. These glands pro-
bably secrete the mucus in which the Nemertine
is usually enveloped; their contents when in the
body are very highly refracting. The epidermis
rests on a basement membrane (b.m).

2. The two or three muscular layers, arranged
as either an external circular and an internal
longitudinal, or an inner and an outer circular
separated by a longitudinal layer, or, as in the
figure (c.on and L), two longitudinal separated
by a circular layer.

3. A fairly thick connective-tissue layer often
found Dbetween the epidermis and the muscles, into
gradually merges (s.2).
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The Digestive System.—The mouth is placed on the ventral
surface near the anterior end of the body (Figs. 53, 58, m).
It leads into a straight oesophagus (Fig. 53, oes), whence passes
off the intestine (in£), which is continued as a straight
non-convoluted tube to the anus (), situated terminally at
the posterior end of the body. The intestine is thrown out
throughout the greater part of its course into paired lateral
pouches.

The alimentary canal is lined throughout by a ciliated

F1a. 52.—Diagranmatic transverse section of a Nemertine (Schizonemertea) through
the middle region of the body. &6.m, Basement membrane; c.on, circular muscle
layer ; .h, dorsal blood-vessel ; ep, epidermis ; g, generative organs ; in#, intestine ;
1.b, lateral Llood-vessel ; I, longitudinal muscle layers ; a.c, lateral nerve-cord ;
., nerve plexus ; p, proboseis ; p.s, proboscis sheath ; .7, subcutaneous layer.

epithelium. The oesophagus has, in addition to this layer, an
outer thick coat of large granular cells, which probably have a
glandular function.

Proboscis,—The most characteristic organ of the Nemertines is
the proboscis (Figs. 50, 53, 54). For many years its disposition
and function were misunderstood, and it was supposed to bLe a
portion of the digestive system. The probosecis, which lies dorsal
to the alimentary canal, opens at the extreme anterior end of
the hody by a small pore (Figs. 51, 53, 58).  When retracted it is
sometimes considerably folded, and lies in a long pouch or sheath.
To the walls of this sheath it is attached vound its anterior
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end ; and strong mustles unite its pos-
terior extremity to the sheath a short
distance from the posterior end of the
latter.

The proboscis seems to be exclusively
a tactile and protective and defensive
organ, for which functions it is emi-
nently fitted by the great ease and
rapidity with which it is everted or
thrust out from the body. It consists
of two distinet regions (Fig. 54, gp
and mp). In the retracted state the
anterior part is a hollow tube with
very thick muscular walls made up of
several layers. At the base of this part
in many of the Nemertines there is
situated a sharp-pointed spine project-
ing forward into the lumen, and several
smaller stylets situated in a pair of
vesicles close to the base of the central
spine. The position of the spines in
the everted proboscis is shown in Fig.
57. The posterior part of the pro-
boscis is also a tube, but instead of
being muscular, its walls are glandular.
This posterior glandular part is never
everted.

The eversion is effected by a turn-
ing inside out of the anterior part of
the proboscis (Fig. 54). The process
whereby the proboscis is retracted has
been very aptly compared to the effect
which would be produced by the inver-
sion of the finger of a glove, accom-
plished by pulling a string attached to
its tip on the inside, the anterior mus-
cular part being comparable to the
finger and the glandular part to the
string. It is thus obvious that in the
everted condition the stylet will form the anterior tip of the

a, Anus;

¢.s, cephalic slit ; g, generative organs ; inf, intestine with its lateral diverticula ; m, mouth ; n.c, lateral nerve-cord ; n.g, nerve ganglion ;

oes, oesophagus ; p, proboscis ; p.p, proboscis pore ; p.s, proboscis sheath,

Fia. 53.—Diagrammatic drawing of a Nemertine from the dorsal surface to show the position of some of the principal organs,
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proboscis, and will there be in a position for offence or defence
(Fig. 5%, 8).

Nervous System,'—The brain is composed of two ganglionic
masses (Fig. 53, ng) lying at the anterior end of the body, one
on each side of the proboscis, and united by commissures passing
round it (¥Fig. 55, d.c and ».¢). Each ganglionic mass is often
partially divided into a dorsal and ventral lobe (ng4.d and
n.g.v). From the brain a pair of cords pass off backwards
along the sides of the body (n.c); these cords, which have

P mp P

F16. 54.—Diagrammatic representation of the proboscis, (A) in the retracted condition,
{B) in the everted condition. g.p, Glandnlar portion of the proboscis ; #, muscle
attaching the proboscis to its sheath ; su.p, muscular portion of the proboscis ;
2.p in A, proboscis pore ; p.p in B represents the position of the proboscis pore in
the retracted condition of the proboseis ; p.s, proboscis sheath.

no ganglionic swellings, in some forms unite with one another
above the anus. Anteriorly nerves are given off from the brain
to the eyes and front part of the head (an). A nerve to the
proboseis is given off from the commissure which unites the two
halves of the brain dorsal to the proboscis (d.n).

In two out of the three groups into which the Nemertines are
divided, the lateral nerve-cords are in connexion with a network
or plexus of nerves lying between the muscular layers of the body-
wall (Fig. 52, nl), and in some forms constituting a compara-
tively thick layer. In these two groups there are no definite

1 See Hubrecht, in Verh. Ak, Amsterdain, vol. xx. 1880 ; and in Quart. J. Mier.
Sei. vol. xx. 1880, p. 431.
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nerve branches except the anterior ones to the head. In the
third group of Nemertines the lateral nerve-cords lie within the
muscular layers of the body-wall, and in this case paired nerve
branches are given off at
definite intervals throughout
the whole length of the body.
These branches divide up
among the organs to which
they pass, and mno nerve
plexus is present.

The lateral cords vary in
position in different cases.
Sometimes they lie laterally,
at others the cords tend to
approximate to one another
in the median dorsal or in
the median ventral line,
though in every case they
remain distinctly sepa-
rated.

Sense Organs. — Sense
. , S organs are usually present in
Fre. 55.—Diagram to show the relations of

the nervous system, circulatory system, the fqrm of eyes arranged at

gl prohouisshathf the auteor end o the gides of the head (Fig.

from M°‘Intosh. «.n, Nerves to anterior 51, 0), sometimes as a smgle
part ?f body and eyes ; d.c, dorsal commis- pair and sometimes in one
sure ; d.n, median dorsal nerve ; d.r, dorsal

vascular trunk ; Lo, lateral vascular trunk; Or more groups on each side.

ri el eveconts 1.0 dersl o The structure of the eyes

nerve ganglion ; p.p, proboscis pore; p.s, varies from a simple pigment

ﬁz?bf:ifﬂ:ge,ﬁ;;O:':;l;':l'.]_ml COMMISNI®S gpot to an organ which re-

ceives a special nerve-supply

from the brain, and possesses a refracting body answering to a

lens, and behind this a pigment layer and a layer of rods. Some
forms are devoid of all traces of eyes.

A pair of simple auditory capsules has been found in some of
the Hoplonemertea, where they occur as small vesicles on the
brain.

The whole surface of the body appears to be remarkably
sensitive. In a few forms small tufts of tactile hairs are said
to be present in the region of the head. while in others there
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are a few long hairs scattered sparsely among the cilia of the
epidermis.

Frontal Organ~—In many Nemertines there is present at the
anterior tip of the head a disc-shaped group of cells bearing long
hairs or bristles. On this disc open the secreting ducts of a
nunber of gland cells lying in the head. It seems possible that
this frontal organ may function as an organ of taste.

Side Organs—In the Carinellidae there is a pair of circular
epithelial patches lying oune on each side of the body in the
region of the excretory pore. The cells composing them are
richly ciliated and provided with a plentiful nerve-supply. The
function of these epithelial patches is not known, but it has been
suggested that they may be anditory organs.

Cephalic Slits and Cerebral Organs.—In most Nemertines
there is a peculiar pair of organs (Figs. 50, 53, ¢.s), sitnated in
the head and in close connexion with the brain. The function
of these organs is not known. Hubrecht has suggested that they
may be respiratory, while Biirger® conjectures that they may be
organs which are used for discriminating the condition of the
surrounding medium. In an external examination of the
head, the cephalic slits may usually be seen as a pair of lateral
furrows or pits. Their form and direction vary considerably :
they may take the form of shallow circular depressions, or they
may lie longitudinally and be slit-like in shape (Fig. 50), or
the slit may lie at right angles to the long axis of the body and
be beset with short transverse furrows. In some forms these
slits are merely superficial depressions, but in others they are
continued into ciliated duets, which pass inwards and penetrate
into special lobes, consisting of glandular tissue and ganglion
cells, in close connexion with the brain. These lobes are called
the cerebral organs.

In many forms the nervons system is charged with haemo-
globin, which gives to it a bright red colour.

Circulatory or Blood-Vascular System.—The circulatory
system consists of three main longitudinal vessels, a median
dorsal and a pair of lateral ones. These are connected together
posteriorly by a transverse trunk, and also throughout the whole
length of their course by branches, which are given off at
regular intervals, Anteriorly the three longitudinal vessels

1 ¢ Nemertinen,” Fauna und Flora G. von Neapel, "2 Monogr. 1895,
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either all unite and form a collar (Fig. 55, v.s) round the
oesophagus, or they break up into a number of lacunar or open
spaces in free communication with one another.

The blood is usually colourless, but in some cases the cor-
puscles are coloured red by haemoglobin.

Excretory System.—Max Schultze® found in Zetrastemma
obscurum, on the outer side of, but near to the lateral blood-vessels,

Fia. 58.—Excretory system of Nemertines. A, Drepanophorus spectabilis Qtrf., part
of one of the lateral vessels encircled by branches of the excretory organ, x 585 ;
e, main canal of the excretory system: B, D. crassus Qtrf., a terminal branch of
the excretory system, x 585 ; f, ciliated flame : C, Malacobdella grossa O. F. Miill.,
eutire animal, slightly magnified, showing the excretory system (black) and the vas-
cnlar system ; e.q, excretory aperture ; d.v, dorsal vessel ; L, lateral vessel. (From
Biirger.)

a pair of canals. He observed ciliary movements in the canals,
but could not discover flame cells. Further contributions to our
knowledge of the excretory system were made by Semper,’ von
Kennel? Hubrecht,* and Oudemans.® The latter states that the
excretory system consists of a pair of canals situated laterally near
the anterior end of the body. FEach canal communicates with
the exterior by one or more ducts having lateral regularly-
arranged apertures. In some cases he was unable to make out
any communication with the vascular system, but in others

! Beitrdge zur Naturgeschichte der Turbellarien, Griefswald, 1851.

2 Arb. Inst. Wiirzburg, Bd. iii. 1876, p. 115.

3 Ibid. Bd. iv. 1877, p. 305. 4 Zool. Anz. vol. viii. 1885, p. 51.
5 Quart. J. Micr. Sci. vol. xxv. 1885, suppl. p. 1.



v EXCRETORY AND GENERATIVE SYSTEMS 109

a direct communication, by means of open connexions with the
lacunar blood spaces, is said to occur.

Silliman' in Zetrastemma agquarum duleium describes the
excretory vessels as ending in numerous capillary branches, at
the blind terminations of which cilia are present. He states that
there is no important difference between the excretory systems
of Rhabdocoeles and Nemertines.

Biirger,? as the result of recent investigations on the excre-
tory system in Nemertines, finds that the minute branches end
in flame-cells (Fig. 56, B) lying on and among the blood-vessels,
but having no open connexion with them.

Generative System.—The Nemertines are for the most part
dioecious, only a few certainly hermaphrodite species having been
described, e.g. Tetrastemma (“ Borlasia ) kefersteinii Mar.®

The generative products in both cases are contained in sacs
(Figs. 52, 53, g) which lie 1 the lateral region of the body
between the pouches of the alimentary canal. The ova and
spermatozoa are conveyed to the exterior by short ducts. Most
species are oviparous, though a few viviparous species are known
(e.g. LProsorhochmus claparedii).

Classification, — Nemertines were divided by M. Schultze*
into :—

1. Enopla, in which the proboscis is armed with stylets.

2. Anopla, in which the proboscis is unarmed.

Although this classification was fairly correct as far as it
went, since many other distinctive features were correlated with
the presence or absence of armature in the proboscis, still there
are several primitive forms belonging to the Anopla, which
possess characters such as render it necessary to class them
together in a separate group.

For this reason Hubrecht divided the Nemertinea into three
Orders — Hoplonemertew, Schizonemerted, Palaeonemertea ; the
first of these Orders corresponding with the Znopla, and the
other two with the dnopla.

! Zeitschr. wiss. Zool, Bd. xli. 1883, p. 48.

* Ibid. Bd. liii. 1892, p. 322, and Founa wnd Flora G. von Neapel, 22
Mounogr. 1895.

3 dAnn, Sei. Nat. (5) vol. xvii. 1873,

4 Zeitschr. wiss. Zool. Bd. iv. 1838, p. 178.
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Order I. Hoplonemertea.

The proboscis is armed.  The epidermis rests on a thick layer
of connective tissue plentifully supplied with glands, helow which
is a prominent basement membrane.
The muscular layers of the body are
two in number, an outer eircular and
an inner longitudinal.  The nerve-
trunks lie within the muscular layers
of the body and give off regularly-
arranged  branches. There is no
nerve plexus. Each of the cephalic
slits generally opens by a pore situated
in the centre of a transverse groove,
which is beset along one side by a row
of shorter grooves at right angles to it.
Fic. 57.—Anterior end of the The apparatus consists of a eciliated

everted “proboscis  (Hoplone- g0t spprounded by nerve tissue, and

mertea).  g.p, Glandular por-
tion of the proboseis ; L.s,lateral passing into lobes of tissue which are
f,‘:ﬁimf{;“,‘ﬁigl‘t‘ff,,f‘g;!“‘31; ’;,’,f;‘ connected with the brain by thick
Lﬁ:ﬁi‘ };of&;tu)?ft gt;i:,t.srmwm nerve-cords. The mouth opens rather
far forward in front of the brain.
The intestinal pouches are symmetrically arranged. Auditory
organs are said to exist in some forms, consisting of vesicles
containing otoliths.  The vascular trunks are connected an-
teriorly by closed vessels and not by lacunar spaces.
The prineipal British genera and species ' ave :—

Amphiporus bioculatus M‘Int,, A. dissimuluns Riches, 4. hastatus M‘Int.,
A. luctifloreus MInt.,, A. pulcher Johnst.

Drepanophorus rubrostiiatus Hubr, (= A. spectalilis Qtrf.).

Tetrastemma embiguum Riches, T. candidum O. F. Miill., T dorsale Abildg,,
T. fwidum Ehrenb,, 7. tmmutalile Riches, T. melanocephelum Johust., 7.
nigrum Riches, T. robertianae M‘Int., T. vermiculatum Qtrf.,

Prosorhochmus claparedii Keferstein,

Nemertes carcinophile Kiill,, V. grucilis Johnst., N. ncesi? Oerst.

Malacobedelle grossa O. F. Miill,

! Our knowledge of British species is mainly due to M Intosh (British Annelide,
Ray Society, 4to, 1873) and Riches (Jowrn. Mar. Biol. Ass. vol. iii. 1893-1895, . 1.
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Order II. Schizonemertea.

The proboscis is unarmed. The epidermis is separated from
the layer of connective tissue by a thin base-
ment membrane, hence the glands in the
connective. tissue are more deeply situated
and have long ducts. The muscular layers
are three in number, an outer and an inner
longitudinal layer between which lies a layer
of circular muscles. The lateral nerve-cords
lie between the outer longitudinal and the
eircular muscle layers. They are connected
throughout the body by a nerve plexus, the
only definite nerve branclies given off leing
those to the brain, oesophagus, and proboscis.
The cephalic slits are a pair of deep longi-
tudinal grooves at the sides of the head.
From each groove a canal passes inwards
into a posterior brain-lobe. The mouth .
opens behind the brain, and is an elongated slit gy 58 Head end of
bounded Dy corrugated lips.  Auditory organs  Cerebratidus margin-

a . atus Ren., from the
have not been observed. The longitudinal — yentral  surface.
vascular trunks are connected anteriorly by ﬂ:‘i';ef‘mm & :I)‘;f:‘
lacunar spaces, and not by closed vessels. X1 e Cephalie

‘rineci riti 5 jos e slit ; m, month ; p.p,
Principal British genera and species : Rt my

2 ki,

Lincus lilineatus Ren., L. lactcus Mont., L. marinus Mont. (= L. longis-
simus Gunnerus), L. gesserensis O. F. Mull. (=L. obscurus Desor and L.
sunguineus M'Int.).

Dorlasia elizabethae M Int.

Cerebratulus angulatus O. F. Miill,, C. fuscus MInt., C. pantherinus Hubr.

Micrura avrantiace Grube, M. candide Biirger, M. fusciolata Ehrenb., M.
purpurea J. Miill.

Meckelia asuleates M*Int.

Order III, Palaeonemertea.

The proboscis is unarmed. The epidermis and connective
tissue form one layer, helow which is the hasement membrane.
The muscular layers are three in number, two circular separated
by a longitudinal layer. The nerve-cords lie altogether external
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to the muscular layers, and are connected together throughout by
a plexus. No mnerve branches are
given off. The brain is not divided
into lobes. The cephalic slits are
only represented by a shallow depres-
sion on each side of the head, and
no canals have been observed leading
from them. The intestine is straight,
and the pouches are usually absent
or rudimentary. The circulatory sys-
i J __tem is largely made up of lacunar
F‘G'B‘ﬁ_z;r,— df:‘f,‘[fefli‘;m"'t‘l’,;“{ff;:'g' spaces, the closed system being but
specimen, slightly contracted. little developed.
E},‘,;z}“ﬂ:{ Kﬁ':;‘}f:a"é}fd':'n%' Principal ~ British gemera and
posterior end. species a——

Carinelle annnlate Mont., C. linearis (Mont., MS) M‘Int., (' macintosht
Biirger (Fig. 59), C. polymoiphe Ren.

Cephalothric bioculata Oerst., C. linearis Rathke,

Valencinia lineformis MInt.

A most important monograph by Biirger® on Nemertines has
just been published, but unfortunately it appeared too late to
he adequately considered here. He gives an elaborate account,
illustrated by admirable figures, of the present state of our know-
ledge of this group, and his work will be indispensable to future
students of the subject. The older systems of classification are
criticised, and the following scheme is adopted in their place :—

OrpEr I. ProTOoNEMERTINI (=part of the Palaeonemertea,
e.g. Curinella)—The brain and lateral nerve-cords lie outside the
muscle layers in the epithelium or below the basement membrane.
The body-wall consists of the following layers: epidermis, base-
ment membrane, circular museles, and longitudinal muscles. The
mouth lies behind the brain.  The proboscis is unarmed.

Orper IL. MESONEMERTINI (=part of the Palaeonemertea,
e.g. Cephalothriz)—The characters of this Order are similar to
those of the Protonemertini except that the brain and lateral
nerve-cords lie in the muscle layers.

Orper III. METANEMERTINI (= Hoplonemertea).—The brain
and lateral nerve-cords lie in the parenchyma of the body
internal to the muscle layers. The layers of the hody-wall are

1 Fauna wid Flora (7. von Neapel, 22 Monogr, 1895,
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similar to those of the Protonemertini. The mouth lies in front
of the brain. Tile proboscis is armed. At the junction of the
fore- and mid-gut a diverticulum is given off which projects for-
wards beneath the fore-gut and ends blindly in front.

Orper IV. HETERONEMERTINI (=Schizonemertea, and the
genera Eupolia and Valencinia, placed provisionally by Hubrecht
in the Palaeonemertea)—The body-wall consists of the following
layers: epidermis, thick cutis, and an outer and an inner longi-
tudinal muscle layer separated from one another by a circular
muscle layer. The brain and lateral nerve-cords lie between the
outer longitudinal and the circular muscle layers. The mouth
lies behind the brain. The proboseis is unarmed.

Development of the Nemertinea.—The development of the
P’alaeonemertea is at present not known: in the Schizonemertea
a larval stage occurs; while in the Hoplonemertea the egg
develops directly without undergoing any metamorphosis.

There are two forms of larva characteristic of the Schizo-
nemertea, known respec-
tively as Pilidium and
the Type of Desor. The
Pilidium is  hatched
early and leads a free-
swimming existence,
whereas the Type of
Desor, though in many
respects resembling it,
never passes through the
free-swimming phase,

The Pilidium (Fig
60) is a helmet-shaped
larva bearing a tuft or
spike dorsally, and pro-
louge.d down\v:ards L F1e. 60.—Diagram of a Pilidium larva.  (After
ﬂlly to a palr of lobes. Salensky.) ¢ Tuft of cilia; m, muscle-fibres;
The whole larva 1is mo, mouth, seen throngh one of the lateral lobes ;

. i n, nerve-fibres; w.r, nerve-ring; n.g, nerve
covered with cilia, there ganglion ; oes, oesophagus ; s, stomach.

being a specially strong

band vound its ventral surface. The dorsal spike is composed

of a Lunch of strongly developed cilia or of a long flagellum.

The alimentary canal consists of a sac constricted into oesopha-
VOL. 11 1
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geal and gastric regions (Fig. 60, oes and sf). In this condition
the larva swims about freely in the water. The helmet-shaped
Pilidium-skin forms no part of the future Nemertine, the skin
of which is developed as ingrowths from it; these meet one
another and unite to form a complete covering round the
alimentary canal; the larval skin is then cast off, and by a
series of gradual steps the embryo develops into the adult.

Habits.—Nemertines are often found under stones between
high- and low-water marks, lying on sandy or muddy bottoms.
They are usually in the form of coiled masses, and are generally
in a state of quiescence. Hence it is probable that their period
of activity is during high-water, and that when left by the
receding tide they subside into a resting condition.

The large kinds, such as Lineus marinus, seem to be always
found living alone, but some of the smaller kinds, notably Zetra-
stemma dorsale and Prosorhochmus claparedii, have gregarious
habits and live in masses, the coils of the different individuals
being inextricably mixed.

Some species, such as Micrura purpurea, Amphiporus pulcher,
and Cerebratulus angulatus, frequent empty bivalve shells, while
Nemertines are often found in empty limpet shells adhering to
rocks in tidal pools. Other smaller forms resort to no such definite
protection, but live among seaweeds ; some of these remain naked,
while others secrete for themselves tubes of a membranous or gela-
tinous consistency. Borlasia elizabethae lives in a burrow of clay.

Nemertines are commonly dredged from a depth of six or
eight fathoms. They may sometimes be found floating on the
surface of the water, and some possess the power of swimming
rapidly, propelling themselves by a lateral motion of the tail,
the sides of which are in such cases prolonged into a thin fin-
like edge. This mode of progression is usually adopted by those
which frequent deep water. A pelagic Nemertine (lelagone-
mertes) was discovered by Moseley near the southern verge of the
South Australian current, being found in & trawl with deep-sea
forms from a depth of 1800 fathoms. This animal was leaf-like
in shape, bluntly pointed behind and rather square in front.

The power possessed by Nemertines of secreting mucus is
very great, their course being often traceable by the tracks which
they leave behind them Many of them glide along with great
rapidity, a mode of progression which is probably due to the
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cilia covering the whole outer skin, and to the extreme contrac-
tility of the muscles of the body-wall. In some locomotion is
effected by the proboscis; this is protruded and attaches itself
by means of its spines to some foreign body, after which the
body is drawn up after it. This has been specially observed in
a land form, Z'etrastemma agricola, discovered by Willemoes-Suhm
in the Bermudas. On solid bodies the movement is a kind of
crawling action, the head and mouth acting as suckers in much
the same way as in many Leeches.

Most Nemertines can be very readily kept in confinement.
The chief apparent effect of such a life is a loss of colour, the
animal gradually becoming pallid in hue. Owing also to the
absence of proper food they diminish very much in size, though
even when all food is kept away an animal will sometimes
continue to live as long as eighteen months.

Food.—Nemertines are carnivorous in their habits and are
very voracious, devouring any prey which comes in their way,
whether it be living or dead. No animal food seems to come
amiss to them, and they will devour creatures of considerable
size.  When in contact with its prey, the Nemertine dilates its
mouth to a large extent,and the anterior end of the oesophagus is
thrust out and engulfs the animal. Chaetopods form a favourite
food material, the whole animal being swallowed quite regardless
of the hard chitinous bristles and spines with which it is beset.
The soft parts are gradually digested, the bristles and other
indigestible portions being extruded by the anus. The larger
spines often pass out by perforating passages through the wall of
the intestine and through the body-wall. The aperture thus
formed appears speedily to heal after the foreign body has been
extruded.

The carnivorous habits of Nemertines even extend to canni-
balism, and when kept in confinement they frequently devour one
another. For this reason it is unsafe to keep large and small
kinds together, as the small ones speedily disappear, being used as
food material by the large. If one be divided into several pieces,
the pieces are very rapidly demolished by other individuals.

Regeneration,'—This power is, no doubt, of great service to
these animals, since injury, or even violent local irritation, often
causes complete rupture at the point affected. It seems that the

! See M‘Intosh, British Annelids, Ray Society, 4to, 1873.
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chief power of regeneration is situated in the head, as, if a very
short piece be broken off the anterior end of the body, it very
rapidly reproduces itself into a new individual. The hind
end of the original body often lives for a considerable time,
but it does not in most cases appear to possess the power of
reproducing a head, and after existing for a time it dies. For a
while, however, it so far retains its vital powers that the gener-
ative products continue to grow, and actually attain to perfection.
Severe wounds also heal very quickly and completely, and all
local injuries are speedily repaired.

Owing to the force with which it is shot out, the proboscis is
often completely severed from the body, and in such a case the
animal grows a new one in an extremely short space of time.
The proboscis thus broken off retains its power of movement
and contractility for a considerable time, and has been more than
once mistaken for a worm. This great vital power is probably
due to the great development of nervous tissue, the proboscis
being usually richly supplied with nerve plexuses.

One large form, Lineus samguineus, seems to possess great
recuperative powers. It shows a marked tendency to break up
into pieces, when not only the head end, but also the other
portions develop into perfect animals, each one growing a
head and all the organs belonging to it. Thus in this case an
animal may multiply by a simple process of transverse fission,
and form numerous complete individuals.

Breeding.—The breeding season only appears to cease in
the extreme of winter. Different genera and species seem to
mature their generative products at different times.

In the armed Nemertines the eggs are deposited separately,
and are not connected together except by such accidental mucus
as the animal deposits normally; but in the unarmed a special
mucous secretion forms a thick investment for the eggs.

M‘Intosh ! has observed the process of the deposition of the
male and female products in Nemertes gracilis. He put into a
¢lass vessel a male and female of this species in which the
products were apparently ripe. Soon spermatozoa began to issue
in wreath-like jets from the body of the male, at first from the
middle region of the body, and afterwards anteriorly and pos-
teriorly, until the animal was enveloped in a.dense cloud of sperma-

1 Loc. cit.
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tozoa. The whole process only lasted a few minutes. When all
the spermatozoa had apparently been given out, the female was
seen to protrude her head from the sand; she then passed to
the side of the vessel and deposited a group of eggs about three
inches distant from the spermatozoa.

With only a few exceptions Nemertines are oviparous. Prosor-
hochmus claparedii, Tetrastemma obscurum, and Monopora vivipara
have been observed to contain embryos at certain times of the
year. In other forms the eggs are laid when ripe, and develop-
ment takes place subsequently to their deposition.

Geographical Distribution.—Nemertines have been found in
all seas from the arctic to the equatorial regions. Many forms
are found in the British Isles both between tide-marks and also
at greater depths around our coasts. Some genera seem to
be confined to warm climates and others to cold ; while others
appear to be indifferent to climate, and to subsist equally well
under very various degrees of temperature. So far as is known,
the land forms are all indigenous to warm countries.

Land Forms.—Land forms, which occur on or in moist earth
under stones or decaying vegetable matter, have been discovered
and described by Semper, Willemoes-Suhm,' and von Graff!

The species found by Semper, and called by him Geonemertes
palaensis, lives under damp leaves and the roots of trees on
Pelew Island in the North Pacific. It is about 2 inches long,
of a reddish-white colour, with narrow, brownish-black, longi-
tudinal stripes on its dorsal surface. It possesses six eyes and
very small cephalic slits and cerebral organs. The proboscis is
armed, and opens by the mouth instead of by a special pore.

The same peculiarity as to the opening of the proboscis is
found in Geonemertes chalicophora, discovered by von Graff in pots
of Corypha australisin the palm-house at Frankfurt-on-Main. He
found specimens on and beneath the surface of the earth. Asit wag
only found in pots in which this Australian plant was growing, von
Graff thought it almost certain that it was a native of Australia.
Those found below the surface of the earth were surrounded by &
transparent tube in which particles of earth were embedded. The
animal is small, only about two-fifths of an inch in length. The
colour is milk-white, with a small quantity of red pigment ante-
riorly : there are four eyes, and the cephalic slits are absent.

1 References to these works are given on p. 101.
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The species which was discovered by Willemoes-Suhm, and
named by him ZTetrastemma agricola,lives under stones in damp
earth in the Bermudas. It differs from the other two in that
the proboscis opens by a special terminal aperture. It measures
nearly an inch and a half in length, and, like G. chalicophora, is
milk-white in colour. It resembles it also in possessing four
eyes, and in the absence of cerebral organs and cephalic slits.

Fresh-water Forms.—In most cases the descriptions of
fresh-water forms are so vague and incomplete that it is difficult
to determine whether or not they are different species.

They are probably more numerous than is at present known,
and are certainly scattered widely over the face of the earth, since
they have been found in Nicaragua, at Tashkend in Turkestan,
and at Philadelphia and Monroe in the United States.

A form of which we have a full description is 7etrastemma
aquariuwm dulcium, found by Silliman 1 at Monroe, under stones
in brooks in company with Planarians. It is a small worm of a
red or pink colour, about half an inch in length, and it possesses
usually three pairs of eyes. The proboscis is armed, and opens
by a separate aperture. The excretory system consists of a
vessel on each side of the body, each opening externally by a
pore, and internally dividing into numerous branches which end
in ciliated expansions. An individual of the same species was
found by Beddard in one of the tanks in the Botanical Gardens in
Regent’s Park, but as the tank is one in which tropical plants are
grown, it had almost certainly been introduced among the roots
of the plants, and cannot be considered as a British species.

A fresh-water Nemertine belonging to the genus ZTetrastemma
was, however, found by Benham? on the roots of some water
plants in the Cherwell at Oxford. The specimen was of a bright
orange colour and measured half an inch in length.

Du Plessis® found another fresh-water form on the lower
surface of stones in shallow pools on the shores of the Lake
of Geneva, and named it Zetrastemma lacustre. It is a small
animal, the largest specimens being rather over an inch in length.

Another European genus was found in 1893 by F. E. Schulze
in Berlin. It has been fully described by T. H. Montgomwery,* who
has given it the name of Stichostemma eilhardii.

1 Zcitschr. wiss. Zool, Bd. xli. 1885, p. 48. 2 Nature, vol. xlvi. 1892, p. 611.
3 Zuol. Anz. vol. xv. 1892, p. 64. 3 Zeitsehr, wiss. Zool. Bd. lix. 1895, p. 82.
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Parasitic Forms.—The genus Malocobdella was found by
von Kennel! in large numbers living on Cyprina islandica,
a Lamellibranch Molluse, in the harbour at Kiel; and it
has also been described by Riches? as a British form. It
is attached to its host by means of a large round sucker
situated at the posterior end of the ventral surface, while
the rest of the body waves about freely in the mantle-cavity.
It is perhaps hardly correct to describe this animal as para-
sitic, since it does not appear to obtain its nutriment
at the expense of the host by preying on its juices. The
advantage of its position is, however,
obvious, since a perpetual current of
water is kept up in the mantle-cavity
of the Molluse, and from the stream the #:3
Nemertine is able to pick out and take
for itself any food material which it
considers suitable. At the same time
it.is not subjected to the influence of the [ o . - .. il grosse
winds and waves, as the shell of the 0. F. Miill,, a large female
mollusc acts as a barrier to prevent the ?g‘:ﬁi‘:‘e"‘fm }l((i:lx;nel.)x Al’
entrance of disturbing elements. From the dorsal snrface ; B,

Malacobdella is short and broad, some- fromjthelyenialjssiaces
what flattened dorso-ventrally. The anterior end is bluntly
rounded. The mouth opens into a wide pharynx, which is con-
stricted behind and then passes into the intestine; this after a
few coils opens by the anus situated dorsally immediately above
the sucker. The proboscis opens into the pharynx.

Palaeontology.—Nemertines are unknown in a fossil state;
this is probably owing to the softness of their bodies, which would
render their preservation extremely improbable.

Affinities.— Until recently the Nemertines were regarded as
a sub-order of the Turbellaria. They were afterwards separated
from the Turbellaria and placed as a distinct class of the phylun
Platyhelminthes.

Some zoologists have considered them to be so different in
many respects from the other classes of the Platyhelminthes as to
justify their being altogether separated from that phylum, and
treated as a distinet group.

1 Arb. Inst. Warzburg, Bd. iv. 1877-1878, p. 305.
2 Journ. Mar, Biol. Ass. vol. iii. 1893-1893, p. 22.
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If, however, the recent work of Biirger on the excretory system
is to be relied upon, the existence of flame cells would be a strong
reason for classing them among the Platyhelminthes.

Hubrecht ! has instituted an interesting comparison between
Nemertines and Vertebrates. He compares the median dorsal
nerve of Nemertines to the spinal cord of Vertebrates; the lateral
nerve-cords to the nerve of the Vertebrate lateral line; and the
lateral swellings which constitute the brain in Nemertines to the
lateral ganglia of the cephalic region in Vertebrates. This view is
strengthened by the existence of transverse nerves connecting the
lateral and dorsal nerves of Nemertines, since these may be com-
pared with the spinal nerves of Vertebrates. He suggests that both
Nemertines and Vertebrates may have arisen from a vermiform
animal possessing a nervous layer in the form of a plexus of nerve-
fibres, the nerve tissue having become concentrated along three
lines to form a median dorsal and two lateral nerve trunks; the
former being specially developed in the Vertebrata and the latter
in the Nemertines. Hubrecht further suggests that the noto-
chord of Vertebrates may be a survival of the proboscis sheath of
Nemertines, while the proboscis of the latter may be represented
by the invagination to form the pituitary body in Vertebrates.

Certain authors® have suggested that indications exist of a
relationship between Nemertines and Balanoglossus.

The features which are supposed to indicate this are the
elongated vermiform shape showing no external signs of segmenta-
tion ; the ciliated smooth skin and the possession of unicellular
mucous glands; and the protrusible proboscis, which may be
comparable to the non-retractile proboscis of Balanoglossus, a
comparison which is strengthened by the fact that in some
Nemertines a sheath of nerve-fibres exists in the wall of the
proboscis corresponding to the nerve plexus in the proboscis of
Balanoglossus. In both cases an ectodermic nerve plexus exists
with local thickenings along definite lines, although these lines
are not the same in the two cases. Both possess a straight
alimentary canal, ending in a terminal anus and thrown out into
paired lateral caeca, between which are the paired metamerically-
arranged generative sacs.

1 Quart. J. Micr. Sci. vol. xxiii. 1883, p. 349 ; Ibid. vol. xxvii. 1887, p. 605.
2 Cf. Willey, Amphioxus and the Ancestry of the Vertebrates, Macmillan, 1894.
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succeeding parts. They are not provided with any appendages
or limbs, but sometimes bear a few bristles or hooks, and in rarer
cases suckers. The body, which is elongated and, as a rule,
thread-like and tapering at each end, is enclosed in a thick
cuticle or hardened secretion of the underlying cells. TIn no
Nemathelminth is there any closed vascular system, nor are
special respiratory organs developed.

In many respects the most remarkable peculiarity of these
animals is that, with the possible exception of the excretory
organs of the Acanthocephala, there is a complete absence of cilia
throughout the whole group. In this respect they resemble the
Arthropoda. The universal presence of these small flickering
processes of cells from man down to the simplest unicellular
organisms makes the absence of these structures most remarkable.
In many animals they are the sole organs of locomotion, and in
almost all they perform very important functions, both in bring-
ing food and oxygen to the body, and in removing waste matter
from it. At present there seems to be no adequate explanation
for their absence in the two large groups mentioned above.

Nemathelminthes are, with hardly an exception, dicecious—
that is to say, their male and female reproductive organs are in
different individuals. Their young do not differ markedly from
the adults, except in the absence of sexual organs, but the im-
mature stages are usually termed larvae, and not infrequently
either inhabit a different host from the adult, or are free when
the adults are parasitic, or vice versd.

Sub-Order I. Nematoda.

Anatomy.—The Nematode worms, or thread-worns, form by
far the largest and most important division of the group Nema-
thelminthes. The number of species is great, and although the
conditions under which they live are of the most varied kind,
there is, as a rule, little corresponding difference in structure,
and hence the determination of the species is attended with no
small difficulty.

With few exceptions the shape of the body is filiform (Figs.
66 and 71), the two ends being more or less pointed, and the
posterior end of the male, which is generally a smaller animal than
the female, is usually slightly recurved. The worms are, as a rule,
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white, or of the colour of polished ivory ; they may be opaque or
semi-transparent, but pigment spots are rarely developed.

Minute Nematodes abound in moist soil, around the roots of
plants, etc., and may easily be detected with the aid of a lens
wriggling about amongst the particles of sand and earth. Of
the animal parasites perhaps the most familiar is the “round
worm ” (Ascaris lumbricoides, Figs. 66 and 67), which inhabits
the alimentary canal of man; others are common in domes-
ticated animals, as 4. mystax in the cat and dog, and A4
megalocephale in the horse and ox. They are also found living
parasitically in plants (Fig. 77), causing the formation of galls
and other pathological growths; Anguillula (Tylenchus) tritici
causes in this way considerable damage to corn, and others
attack root-crops, cabbages, etc. The “ vinegar eel ” (Anguillula
acctt), which occurs so often in weak vinegar, is another familiar
example of this group. /

The Skin.—The body of the worm is encased in a relatively
thick, transparent, smooth cuticle, which is turned in at the various
apertures, and lines the tubes connected with them for a greater or
less distance.  The cuticle is in some cases raised to form spikes or
hooks, and in certain species, e.g. Ascaris mystax and A. trangfuga,
it is produced into two lateral fins, which are supported by a
thickened triradiate rod of specialised cuticle (Fig. 62); these
fins, however, do not run far down the body. As a rule the
cuticle is quite smooth, but it may be ringed, as in Filaria
laticaudata and in F. denticulata ; and the rings may bear back-
wardly-projecting teeth.

The skin of Nematodes consists of three layers—(i.) the
above-mentioned cuticle, which is presumably secreted by (ii.) the
sub-cuticle or epidermis which underlies it; the latter surrounds
in its turn (iil.) the muscular layer.

The nature of the sub-cuticle is one of the debateable points in
the morphology of the Nematoda. No cell outlines have been
detected in it, although nuclei are scattered through it; it is in fact
a syncytium, or protoplasmic mass in which cell limits caunot be
distinguished. Many of the cells forming it have broken down
into fibrils, and these form a close meshwork, which is occa-
sionally specialised, as, for instance, round the nerve-cords.
Along the median dorsal and ventral lines, and along the lateral
lines, this tissue is heaped up in such a way as to divide the
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enclosed muscle - cells into four quadrants. These thickenings
surround dorsally and ventrally a specialised nerve-cord, and
laterally the excretory canals.

According to Jammes® this lack of differentiation in the sub-
cuticular layer is caused by the early appearance of the cuticle,
which he thinks is necessitated, at any rate in many of the
parasitic forms, by the action which the digestive juices of the
host would have on the otherwise unprotected body-wall.

F1a. 62.—A transverse section through the body of Ascaris transfuga Rud., in the region
of the oesophagus: a, the muscular oesophagus with its triradiate lumen ; 3, the
cuticle ; ¢, the sub-cuticle ; d, the muscular layer ; e, the lateral nerves running in
the lateral line ; £, the excretory canal ; g, the dorsal, and %, the ventral nerve; i,
the triradiate rod in the fin.

The nervous system, according to the same writer, is of the same
nature as this sub-cuticular tissue, only it is more differentiated,
or perhaps we should say it has retained more of the primitive
cellular character of the embryonic tissue. The fibres of the
sub-cuticular tissue are closely connected with the fibrils which
compose the spongioplasm (Fig. 64, d) of the muscles,? and form
also the sheaths of the various nerves; in fact the passage of
these fibrils into the nerves is so gradual that it is impossible
to make any separation between them.

1 Ann. Sci. nat. 7, sér. vol. xiii. 1893, p. 321.
2 E. Rohde, SB. Ak. Berlin, 1892, p. 515.
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The Nervous System.—The central organ of the nervous
system is the circumoesophageal ring which surrounds the
pharynx, close to the anterior end of the body, in A. megalo-
cephala 1% to 2 mm. behind the mouth! Ganglion cells are
found in the ring, but they are not numerous, and are chiefly
aggregated round the points of origin of the nerves.

Six short nerves, three on each side of the median line, run
forward from the ring, a pair of these ending in each of the three
papillae which surround the mouth.

Behind, the nerve-ring gives off six main nerve trunks, of
which the dorsal and ventral nerves are usually the largest.

F1a. 63.—Diagram of the nervous system at the two ends of the body in Asearis
megalocephala Clog., 8. (After Hesse.) a, Circumoesophageal nerve-ring; b, opening
of excretory ducts; ¢, dorsal nerve ; d, dorso-lateral nerve ; e, ventro-lateral nerve
becoming the bursal nerve posteriorly ; /, the ventral nerve; g, cloacal opening ;
h, sub-cuticular nerves running from ¢ to / ; %, spicules.

These run in the median dorsal and ventral thickenings of the
sub-cuticular tissue, and are connected one with another by
numerous fine lateral branches running through the sub-cuticle.
The lateral nerves, which consist of two or four bundles, one
or two lying dorsal aud one or two ventral to each excretory
canal, have a double origin. The dorsal branches arise directly
from the nerve-ring, and at their point of origin there is a con-
siderable accumulation of ganglion cells, from which two com-
missures on each side run into the ventral nerve (Fig. 63, f).
The ventral branches arise from the ventral nerve-cord imme-
diately in front of the excretory pore. At the posterior end
the lateral nerves pass into the two branches into which the
ventral nerve divides. Just before the point where the ventral

1 R. Hesse, Zeitschr, wiss. Zool. Bd. liv. 1872, p. 548,
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nerve splits it swells out into an anal ganglion situated just
in front of the anus. In the male? this anal ganglion gives off
two lateral nerves which pass round the cloaca and form a
ring, and in this sex the ventro-lateral nerve, which is much
strengthened by fibres from the ventral nerve, and has received,
owing to the mistaken impression that it was a special nervus
recurrens, the name of the “bursal nerve,” gives off numerous
branches to the sense papillae which are found in this region of
the body and on the tail. The arrangement of these purts is
shown in Fig. 63.

Sense organs are but poorly developed in the Nematoda, as is
usual in animals which are, as a rule, either parasitic or live
underground. Eyes, consisting of masses of dark pigment with
or without a lems, occur in the neighbourhood of the circum-
oesophageal nerve-ring in some free-living forms. Leuckart huas
described some hollow vesicles with granular contents lying near
the left excretory duct, just where it bends in towards the pore,
which may possibly be of the nature of auditory organs; but the
chief sense organs are the papillae, of which in 4. megalocephala
there are two kinds, the lip papillae being distingunished from the
genital papillae by the fact that the nerve supplying them ends
in a fine point and pierces the cuticle in the former case, whilst
in the latter it swells out into an “end-organ,” which is always
covered by a layer of cuticle, though sometimes by a very thin
one.

Muscular System.—The muscular system is one of the most
characteristic features of the Nematoda, both as regards the
histology of the muscle-cells and the way in which the cells are
arranged.

Each muscle-cell is of considerable size, and is of the shape of
a somewhat flattened spindle produced into a process near the
middle. Each end of the spindle cell is said to be continuous
with the fibrils of the sub-cuticular layer?  The muscle-cell
consists of two portions, a contractile part which lies next the
sub-cuticle, and which usually, to some extent, wraps round the
second or medullary half. The latter consists of a fibrillar
spongioplasm, in the meshes of which lies a clear structureless
hyaloplasn..  The nucleus always lies in the medullary half.

! E. Rohde, Zool. Beitr. Bd. i. 1885, p. 11.
2 E. Rohde, Zool. Anz. xvii. 1894, p. 38.
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The contractile portion consists of a number of columns, very
regularly arranged in two rows and close together, but allowing
sufticient space between adjacent
columns for fibrils of the spongio-
plasm to penetrate ; and these be-
come continuous with the fibrils
of the sub-cuticle, which is thus
intimately connected with both
nervous and muscular systems.

The medullary portion of the
cell varies greatly in size; it may
stretch far into the body-cavity,
which may be thereby almost oc-
cluded, or it may be flattened out,
leaving a large space around the
alimentary canal. At one point,
usually about its middle, it is
produced into a process, which
bends inwards towards the dorsal
or ventral nerve-cord, and by
means of this process the muscle
receives its nerve supply.

In most Nematodes there are
numerous muscle-cells to be seen
in any transverse section, forming g, g1 A, transverse section through
a layer within the sub-cuticle,  the centre of a wusclecell; B, the
and broken up Rto) fout qua d- same through a nerve fibre showing

) the sub-cuticular fibres running into
rants (Fig. 62) by the projec-  the sheath. (After Rohde) a,

. Cuticle; &, sub-cuticular fibres continu-
tion of the dorsal, ventral, and ous with d; ¢, contractile columms ;
lateral thickenings of the sub- ~ d network of spongioplasm ; e,
cuticular tissue. In some genera, S
however, such as Oxyuris, Strongylus, Pelodera, Leptodera, etc.,
there are but eight muscle-cells in a row, two in each quadrant.
Such genera are classed together by Schneider! and termed
Meromyarii (vide p. 137).

In addition to the characteristic muscles of the body-wall
there are others, such as those which move the spicules in the
male, which cross the body-cavity obliquely near the anus, and
such as sphincter muscles near the latter orifice, which have not

1 Monographie der Nematoden, 4to, Berlin, 1866.
VOL. 11 K
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the characteristic arrangement of contractile and medullary parts
described above.

The Body-Cavity.—The skin of a Nematode, as described
above, -contains most of the important organs of the body within
its thickness. The chief muscular system, the nervous system
with its sense organs, and the excretory organs are all embedded
in or form part of the skin, which in its turn encloses a cavity—
the body-cavity—in which the other two systems of organs
which are found in Nematodes lie. These are the digestive
system and the reproductive system.

The body-cavity is continuous from one end of the animal to
the other, and is in no case divided up into compartments by
the presence of septa or mesenteries. It contains a coagulable
fluid with numerous corpuscles; this is, as a rule, colourless, but
in Syngamus trachealis Sieb. (Fig. 70), which lives on blood,
the haemoglobin of its host tinges it red, though the colour is
said to disappear if the parasite be isolated and starved.

The morphological nature of this body-cavity affords an
interesting problem. It is not a true coelom, such as exists in
the earthworm, since it is not surrounded by mesoderm, nor do the
excretory organs, with the possible exception of one or two generu,
open into it, nor do the generative cells arise from its walls.
Essentially it is a space between the mesodermic muscle-cells
which line the skin and the endodermic cells of the alimentary
canal, and althongh in many of its functions it resembles the
coelom of other animals, its morphological character is quite
different.

There are no respiratory or circulatory organs in the Nema-
toda; possibly the fluid in the body-cavity acts, to some extent,
as a carrier of oxygen, but from the inert and almost vegetative
life of these animals it seems probable that their respiratory
processes are slow, and in fact Bunge® has shown that Ascaris
mystax, found in the intestine of the cat, will live for four or five
days in media quite free from oxygen, and that 4. acus from the
pike will live and exhibit movements in the same media for from
four to six days.

The Digestive System.—The mouth of the Nematoda is
usually anterior and terminal, and is surrounded by from two to
six projecting lips, the most common number being three. These

1 Zeit. Physiol. Chem. vol. xiv. 1890, . 818.
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lips are well provided with sense papillae. The mouth leads into
an alimentary canal, which with hardly an exception runs straight
through the body to the anus without twists or loops. The anus
is usually placed ventrally and is not terminal, but in Zrickina
and Trichocephalus it is at the end of the body, and in Mermis,
where the several parts of the alimentary canal are said not to
communicate, it is absent altogether. JIchthyonema, Dracunculus,
Allantonema, Atractonema, and other Filariae are also aproctous.

The alimentary canal is divisible into three parts—(i.) the
oesophagus, (ii.) the intestine, and (jii.) the rectum. The suctorial
oesophagus is a very muscular, thick-walled tube, lined with
cuticle continuous with that which covers the body, and like it
cast from time to time. Its lumen is usually much reduced, and
is almost invariably triangular or triradiate in section (¥ig. 62).
In many genera the hinder end of the oesophagus is swollen into
a muscular bulb, which is armed with teeth in Heterakis, Oxyuris,
Pelodera, Leptodera, ete.  Other species, such as Tylenchus, Aphel-
enchus, Dorylaimus, are armed with a spear, which in Onya,}
a genus recently described and allied to the last named, is borne
on a special bulb. The use of the spear is to pierce the tissue
upon the juices of which the animal lives. A gland lies embedded
in the thick walls of the oesophagus, and opens into its lumen
by a fine tube. This was first described by Schneider® in 4.
megalocephala, and more recently it has been found by Hamann®
in a number of Ascaridae and Strongylidae from the Adriatic, and
also in Lecanocephalus.

With a few exceptions, such as Mermis, where it is blind, the
oesophagus opens posteriorly into the intestine. This is a some-
what flattened tube, whose shape and position are often altered
by the development of the generative organs. Its wall consists of
a single layer of columnar cells, with large nuclei coated internally
and externally by a layer of cuticle. The inner layer of cuticle
is usually perforated Ly very numerous minute pores. In some
species the intestine is degenerate, in Mermis it is a closed tube
opening neither into the oesophagus nor into the rectum; in
Prichina spiralis and in the larva of Tylenchus tritici it consists
of a single row of cells perforated by a duct, but in the adult of

U N. A. Cobb, I. Linn. Soc. N.S. Wales, 2nd ser. vol. vi. 1891, p. 143,
2 Monographic der Nematoden, Berlin, 1866, p. 192,
3 Zool. Anz. vol. xvi. 1893, . 432.



F16. 65. — A longitudinal
section  through the
body of Strongylus fila-
rie Rud. (From O.
Augstein.l) A portion
of the body, on each
side of the excretory
pore, is seen in opti-
cal section. @, Mouth ;
b, oesopbagus ; ¢, intes-
tine ; d, excretory canal ;
e, excretory pore, and
the opening of the poison
glands, ¢, f, circum-
oesophageal nerve-ring ;
g, ventral nerve ; A, dor-
sal nerve ; %, unicellular
poison glands ; %, ovary,
with the ova separate ;
I, oviduct ; m, uterus,
the first egg in'the uterus
is surrounded by sper-
matozoa ; %, opening of
uterus ; o, inner end of
ovary with the ova un-
differentiated.

1 Arch. Neaturq. 60 Jahrg,
Bd. i. 1894, p. 255,
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the last named there are many cells in a transverse section. In
some genera, Leptodera and Pelodera, the lumen of the intestine
at any one level is bounded by two horseshoe-shaped cells, but
by far the commonest arrangement is a tube formed of fairly
numerous columnar cells crowded with granules and with large
nuclei.

The rectum 1s usually short ; its cuticular lining, like that of
the oesophagus, is cast at intervals. At its anterior end there
is usually a sphincter muscle, and its walls are divaricated by
muscular strands which run from it to the body-wall. The anus
is a transverse slit, which in the male Strongylidae is surrounded
by a funnel-shaped membrane.

The food of Nematodes seems to be almost entirely fluid, and
consists, at any rate in the parasitic forms, of the elaborated
juices of their hosts. Little is known about the nutriment of
the free-living forms.

The Excretory System.—The excretory organs are peculiar,
and, like many other Nematode structures, do not fall readily
into line with what is known of similar organs in other animals.
They consist of two canals embedded in the lateral thickenings of
the sub-cuticular tissue. The canals end blindly behind, but
near the anterior end of the body they bend inwards, and after
uniting, open by a common pore situated in the middle ventral
line, a little way behind the mouth. The lateral canals are in
some cases continued in front of the transverse branch, and they
then end blindly in the head. The walls of these canals consist
of an internal, structureless, refractive layer surrounded by a
granular layer with nuclei. They contain a fluid, but nothing
is known of its composition.

An interesting divergence from the usnal form of excretory
organ has been described by Hamann® in the genus Lecano-
cephulus,  Here there is only one canal, the right; anteriorly
this bends towards the ventral surface and opens by a small
median pore close behind the nerve-ring. Tosteriorly the canal
does not extend much beyond the middle of the body, wlere it
forms a coiled mass, and diminishing in size, opens into the
hody-cavity. The same author also states that both canals in
Dochmius have a similar internal opening ; these observations, if
confirmed, show a conformity to the ordinary structure of ex-

1 $B. Ak. Berlin, 1891, p. 57.
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cretory organs which was not supposed to exist in the lateral
canals of the Nematoda.
The Reproductive Organs.— With the exception of the

Fi6. 66.—Ascoris lumbri-
coides Cloqg. g, natnral
size, cut open along
the dorsal middle line.
«, Oesophagus 3 4, in-
testine ; ¢, testis; d,
vas deferens : h.lateral
excretory canals.

genera  Angiostomum, DPelodytes, and  of
Rhabdonema  nigrovenosum, which  are
physiologically hermaphrodite and self-im-
pregnating, the Nematodes have sepiurate
sexes. The males are, as a rule, smaller
than the females, and may usually he distin-
gnished by the posterior end of the body
being curved towards the ventral surface; a
genital bursa, and one or more spicules are
also peculiar to this sex. Further, the posi-
tion of the genital opening differs; in
the male the vas deferens opens on the ven-
tral surface of the rectum close to the anus,
bLut the oviduct in the female opens in the
ventral middle line, nusually near the middle
of the body, but sometimes close behind the
excretory pore, or in some Strongylidae just
in front of the anus. The tail of the male
bears very numerous papillae, which are of
considerable systematic importance.

With rare exceptions, eg. Filaria atten-
uate, where it is double, the wmale reproduc-
tive organ consists of a single tube divisible
into a testis proper, a vas deferens, a vesicula
seminalis, where the spermatozoa are stored
up, and a ductus ejaculatorius.  The tube
stretches through the body in a straight line
in the small free-living forms, but is thrown
into loops and coils in the larger parasitic
Nematodes. Within the testis the mother-
cells of the spermatozoa are attached to a

rhachis or axial cord : the mother-cells divide, and their products
ultimately form spermatozoa. The latter have a very peculiar shape ;
in accordance with the universal absence of cilia in the Nematoda
the spermatozoon has no flagellum, and at first consists of a
spherical nucleated cell, on one side of which a cap or covering
of some refractive substance appears. The cap elongates and
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hecomes conical, whilst the protoplasmic portion of the spermato-
zoon throws out psendopodia and
becomes amoeboid, but ultimately
rounds itself off again. The sper-
matozoa (o not attain maturity
until they reach the uterus of the
female.

The internal female reproductive
organs are, with few exceptions
(Trichina, ete.), double, bLut the
vagina, which is lined with cuticle
continuous with that covering the
body, is always single. They are
usually much coiled, and may be
divided into ovary, oviduct, and
uterus. The ova arise from a
polynucleated mass of protoplasm
or syneytium (Fig. 65, o) at the
upper end, and acquire distinct-
ness as they approach the oviduct.
Fertilisation takes place in the
uterus, but the segmentation may
not begin until some time after
the eggs are laid; in Dochmius,
however, it is well advanced at
this period, and in many genera,
e.g. Pseudalius, Trichina, Dracun-
culus, ete., the whole development
of the larva takes place in the
body of the mother.

Embryology. — The eggs of
many of the parasitic forms re-
quire a considerable degree of
warmth to develop. Those of
Ascaris  lumlricoides  require o
temperature of 20° C., those of
ZLrickocephalus 22:5° C.,, and those
of Oxyuris vermicularis, 40° C.
The latter develop in a few lours,
the eggs of Doclimius in a few days, whilst those of A. lumbri-

a, The muscular

rgans,

@
]
£
a
g
F
z
3
S
5
£
3
=
3
2
=
<

h, the intestine ; ¢, the ovary; d, the uterus; ¢, the vagina; f, the external ope

F1G. 67.—Ascoris lumbricoides Cloq. 9, natural size, cut open along the median dorsal line to show the internal o
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coides take weeks or even months, and the young of Iricho-
cephalus seldom develop within a year! The ova only develop
in a damp atmosphere, and they can be arrested at almost any
stage, and for considerable periods, by desiccation.

Our knowledge of the processes by which the fertilised egg-
cell develops into the larva is very imperfect. As a rule the
segmentation is complete and equal; it results in the formation
of a blastula, which may take the form of a hollow sphere of
cells—A. megalocephala—or the cavity may be reduced, and the
blastula may consist of a double-layered plate, as in Cucullanus®
The distinetion into cells which will form the three embryonic
layers, the ectoderm, mesoderm, and endoderm, is very early
evident,-—in the eight-cell stage. By the growth of one side of
the blastula and the tucking in of the other the blastula becomes
converted into a gastrula, which is a two-layered stage with a
cavity opening to the exterior by a pore termed the blastopore.
In Nematodes the blastopore is elongated and slit-like; it either
forms the mouth (Cucullanus) or closes from behind forwards, the
mouth ultimately arising at the point where the blastopore finally
closed (Rhabdonema nigrovenosum). The mesodermal cells lie
between the ectoderm and the endoderm ; they ultimately develop
into the muscles of the body-wall, the lateral excretory canals, and
the reproductive organs; the last-named two systems arise each®
from a single cell. The nervous system arises from the ectoderm,
which also forms the sub-cuticle, and is turned in slightly at the
mouth and anus; the remainder of the alimentary canal develops
from the endoderm.

The post-embryonic development, which is very variable, and
in many cases very extraordinary, will be dealt with under the
several families.

Classification, — The classification of the Nematodes is a
matter of very considerable difficulty; their structure is unusually
monotonous, and, owing perhaps to their largely parasitic mode
of life, they show practically none of those external features
which are so useful to the systematist in other groups. Schneider
in his Monograph divides the group into three subdivisions—(i.)

! Lenckart, The Parasites of Man, English Trans. by W. E. Hoyle, Edinburgh,
1886, p. 56.

2 Q. Biitschli, Zeitschr. wiss. Zool. Bd. xxvi. 1876, p. 103.

3 0. Hamann, Centrlb. Bakter. vol. xi. 1892, p. 501.
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the Polymyarii, in which numerous muscle cells are seen in a
transverse section; (il.) the Meromyarii, in which only eight are
seen, two in each quadrant; and (iii.) the Holomyarii, in which
the muscles are either not divided, or only divided by longitudinal
lines. This grouping has, however, to some extent broken down,
since Biitschli’ and others have shown that the third subdivision
is founded on insufficient observation, whilst the first two include,
in different subdivisions, Nematodes which are closely allied in
all respects except as regards their muscle cells.

The details of the life-history have been used by other
writets as a basis of classification. Linstow? enumerates fourteen
distinot modifications of the post-embryonic development (vide p.
159), and Orley® has grouped these under three headings. The
animals which fall under each group to some extent resemble one
another in structure. Orley’s groups are :—

(i.) Nematozoa.—Thread-worms with free Jarval life, the
mature forms being parasitic in animals. Enormous numbers of
eggs are produced, and the development is indirect. The genital
organs are comnplicated by many convolutions.

(ii.) Rhabditiformae.—Small, as a rule microscopic, thread-
worms, usually living free, but rarely parasitic. They become
sexually mature only in decomposing organic substances, or in
earth saturated with such substances. They live gregariously and
do not produce immense numbers of ova. The metamorphosis is
slight, or is complicated by sexual metamorphosis. The oesophagus
has two dilatations. The genital tubes are simple and not
coiled.

(iii.) Anguillulidae.—Small microscopic thread-worms, with a
free existence in mould or water, throughout all stages. They
produce large eggs. They are provided with a caudal sucker
and Dbristles, sometimes with eyes and other structures charac-
teristic of a free life.  Genital tube simple and not coiled.

The disadvantage of such a system is, that to accurately place a
specimen in its proper class we must be acquainted with its life-
history, and this is known in but few cases.

The determination of the species to which a Nematode belongs
is a matter of considerable difficulty. Amongst the more important
features for purposes of classification are the arrangement of the

v Zeitschr. wiss. Zool. vol. xxiii. 1873, p. 102, 2 Ibid. vol. xlii. 1883, p. 708.
3 Aun. Nat. Hist. 5th ser, vol. ix. 1882, p. 301.
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muscles, the character of the tail in the male, especially when
papillae are present, the number and the size of the spicules, and
the arrangement of the lips and mouth-parts generally.

Cobb! has recently devised an ingenious formula in which
measurements of different parts of the body appear as percentages
of the whole length of the body. The nature of this will be
understood by reference to Fig. 68. Such a formula should,
however, be used with caution, since it rests on the assumption

Fic. 68.—Diagram to explain the descriptive formula used for Nematodes. (From
Cobb.) 6,7, 8,10, 6 are the transverse measurements, while 7, 14, 28, 50, 88 are the
corresponding longitudinal measurements. The formula in this case is

714285088

67 8106
The unit of measurement is the one-hundredth part of the length of the worm.
The measirements are therefore percentages of the length.

The measurements are taken with the animal viewed in profile ; the first is taken
at the base of the oesophagus, the second at the nerve-ring, the third at the cardiac
constriction, the fourth at the vulva in females and at the middle in males, the
fifth at the anus.

that the proportions of the various parts of the body are constant
in different individuals, and it is by no means eertain that this
is the case.

Taking everything into consideration, it has seemed advisable
in the following systematic account of the Nematoda to abandon
the larger groups, and to deal directly with the families. Claus
distinguishes seven of these, and the diagnoses given at the head
of each are mainly taken from his Grundziige der Zoologie.®

I. Family Ascaridae.

Body rather stout. A dorsal and two ventro-lateral lips,
bearing papillae.  Buccal cavity distinct, seldom provided with
chitinous armature. The oesophagus often has two dilatations.

1 Macleay Meinorial Volume, Sydney, 1893, p. 252 : and Proc. Linn. Soc. N.S. V.

2ud ser. vol. v. 1890, p. 449,
2 4th cdition, 1880.
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The tail of the male is ventrally curved, and usnally there are
two horny spicules. The Ascaridae are found in the intestines
of their respective hosts.

Gienera = Ascaris, Heterakis, Oxyuris, Nematoxys, Oxysoma, and
many others.

Von Linstow! enumerates over 250 species of Ascaris, of
which it will only be possible to mention here one or two. They
are all parasitic in Vertebrata.

A. lumbricoides Linn. is one of the largest known Nematodes
(¢ = 4-6 in, ¢ = 10-14 in.; Figs. 66 and 67). It is a
common parasite in man, and has been found in the ox. It is
now gencrally recognised as the same parasite which inhabits the
pig, and which Dujardin regarded as specifically distinet, and
named A. suillae. In the lutter host, however, it never attains
the dimensions it does in man. It inhabits the upper and middle
parts of the small intestine, and has been known to escape into
the body-cavity and set up abscesses there, or to make its way
into the stomach, and to be voided through the mouth. It is
practically cosmopolitan in distribution, and is very common in
Japan—DBaely found it in twenty-one out of twenty-three post-
mortems—and in Tonquin and tropical Africa. Heller ? states that
no one is free from these worms in Finland, and they are common
wherever there is a plentiful water supply, as in the marshy
districts of Holland and Sweden. In Iceland alone they seem
absent. When examined alive they give off an hrritating
vapour which seriously affects some observers, causing catarrhal
symptoms, which in DBastian’s case lasted six weeks. The
usual number found in one host is small, one to six or eight, but
cases are on record where many hundreds occurred in one
person.

The details of the life-history of this form are not yet com-
pletely worked out. The eggs leave the body of the host with
the excreta, and formerly it was thought they re-entered the
alimentary canal in drinking-water, ete., and there developed into
the adult withont change of host. This view has been combated
by Leuckart, who failed to rear the Nematodes by direct feeding,
and it lias been noticed that the youngest parasites found in the

b Compendium der Helmintholoyic, Hannover, 1878, and Nachirag, 1889,
2 A. Heller, ““ Darmschmarotzen” in v. Licmssen’s fandb. d. sp. Path. w. Ther,
vol. vii.
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intestine are already 2 to 3 mm. long. Von Linstow has recently
suggested that the larval stages may be hatched out in the body
of the millipede Julus guttulatus, whose habits might easily lead
it to eat the eggs of the parasite in manured gardens, ete., and
which is itself sometimes unconscionsly eaten when hidden in
fruit or vegetables. This would account for the frequent presence
of the parasite in pigs, and also for the fact that in man it is
commonest in children who are apt to eat windfalls, and in
maniacs and people with perverted tastes.

A. megalocephala, which is found in the horse, ass, zebra, ox,
ete,, attains even greater dimensions than the foregoing. The
male rarely exceeds 7 inches in length, but the female some-
times reaches 17 inches. They are found in the small intestine of
their hosts. Cobbold ! succeeded in rearing larvae which attained
a high degree of organisation when the eggs were placed
amongst moist horse-dung, and it seems probable that the larvae
pass into the body of their hosts in drinking water; at any rate
no intermediate host has yet been found, and Davaine, who fed
cows, and Leuckart, who fed horses with the unhatched eggs, both
failed to infect the animals they experimented on. A. mystax,
‘which lives in cats, dogs, and other Carnivora, has also been
found in man. It is provided with fin-like extensions on the
side of its head (ef Fig. 62), and varies much in size in different
hosts. When first found in man it received the name of A.
alate. It becomes sexually mature in about three weeks.

One of the most remarkable cycles of development amongst
the many curious life-histories met with amongst Nematodes, is
that presented by Rhabdonema (Ascaris) nigrovemosum. The
free form of this, formerly known as a distinet species, Rhabditis
nigrovenose, lives in the excrement of frogs, and attains sexual
maturity in a very short time. The sexes pair, and the fertilised
ova give rise to embryos which hatch out within the body of the
mother, and then begin to devour her internal organs. After the
destruction of ‘the mother, the embryos escape and live in water or
slime, and sometimes burrow into water snails, but they undergo
no change until swallowed by a frog. Then they make their way
into its lungs and grow enormously, attaining a length of almost
an inch. This form, parasitic in the frog, is a protandrous
hermaphrodite, which first produces spermatozoa and afterwards

1 Cobhoid’s Parasites, London, 1879, p. 246,
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ova; the latter are fertilised by the sper-
matozoa, and give rise to rhabditiform
embryos, which escape by the alimentary
canal and form the free-living sexual
stage mentioned above. Thus in the
life-history of this form we find an alter-
nation of generation, a sexual free-living
form alternating with a hermaphrodite
parasitic form.

Of the enormous number of other
species of the genus, only a very few can
be mentioned. 4. transfuga Rud. in-
habits bears; A. leptoptera Rud., lions;
A. ferox H. and Ehrbg., Hyracoidea; 4.
depresse Rud., vultures; 4. rubicunda
Schn,, pythons; 4. sulcata Rud., turtles;
A. mucronata Schn., the cod and pike;
A. incurva Rud., the sword-fish.

Oxyuris is Meromnyarian (see p. 137),
and is characterised by the long capillary
tail of the female. It includes another
human parasite, 0. vermicularis, and it is
one which it is difficult to get rid of.
The female has the characteristic tail
and is about 10 mm. long. The male is
smaller. They are found in the caecum
and rectum of man, and cause great irri-
tation and sometimes serious functional
disturbance. The eggs are laid in immense
numbers but perish in water. If whilst
still in the egg-shell the larvae are
swallowed on fruit or raw vegetables, etc.,
they are set free in the stomach and
small intestine by the action of the
digestive secretions. The distribution
of this parasite is universal. Besides
numerous species that inhabit the ali-
mentary canal of Vertebrates, such as O.

Fic. 69.—A male and female
Ozyuris diesingi Ham. in
copula. x 60. «, Anus;
b, oesophagus ; ¢, bulb; d,
testis; ¢, intestine; f,
ovary. (From Galeb.!)

ambigua Rud., found in hares and rabbits; O. curvule Rud., in
1 Areh. Zool. caper. 1 sér. tom, vii. 1878, p. 283.
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the caecum of horses; O. megatyphlon Rud., in iguanas; several
species inhabit the rectum of insects, such as O. blattac, O. diesingt,
0. blatticole, found in the cockroach; O. spirotheca, and O.
hydrophili in the water beetle Hydrophilus!

The genus Nematoxys has the most complex arrangement of
muscles of any Meromyarian, and forms a transition to the
Polymyarian type. The whole body of both sexes is covered
with numerous irregularly scattered papillae. The members of
this genus have hitherto been found in snakes, Amphibia, and
eels; there are but few species.

Oxysome i3 another small genus with but three species, found
in the intestines of opossums, frogs, and turtles respectively.

II. Family Strongylidae.

Mouth surrounded by papillae ; an armature of teeth or spines
often present. The chitinous lining of the intestine projects into
the interior as ridges. No oesophageal bulb. The male orifice at
the posterior end of the body is surrounded by a bell-shaped bursa.

Genera: Fustrongylus, Strongylus, Doclhmius, Sclerostomum,
Cucullanus, Syngamus, Pseudalius, Ollulanus, and others.

The genus Eustrongylus includes two species, E. gigas Rud.
and E. tubifex Nitsch. The former attains in the female the
gigantic length of 860 mm., with a breadth of 7 mm. and a
weight of over 40 grs? The male is a quarter to a third as long
as the female. This parasite inhabits the kidney capsules of carni-
vorous animals, especially of those that eat fish, such as dogs,
seals, etc., and has occasionally been found in man, the horse,
and the deer. It frequently destroys .the substance of the
kidney. The worms are red in colour. The eggs die when
exposed to desiccation for a few days, but have been kept alive for
fifteen months in water; it is believed by Schneider and Leuckart
that they are eaten by fish, and that the larvae form the Filaria
cystice found in the peritoneal membrane of the fishes Galazias
seriba and Symbranchus laticaudatus, and that they pass into
their final host, where they become sexually mature, by the latter
eating vaw fish.  E. tubifex is found in aquatic Dirds, eg. ducks,
grebes and divers, ete.

Y Areh. Zool. exper. 1 sér. tom. vii. 1878, p. 283.
2 Balbiani, dnat. Physiol. 7th year, 1870-71, p. 180.
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The genus Strongylus is easily recognised by its conspicuous
genital bursa, strengthened by variously arranged ridges which are
of specific value. There are numerous species, found for the most
part in mammals, but also in birds and reptiles. Some species
inhabit the intestine, others form aneurisms in the large blood-
vessels, and cause considerable mortality amongst horses; others
live in the tracheae and lungs of cattle and sheep, their presence
often causing great loss to the farmer. No intermediate host has
been satisfactorily demonstrated ; the larvae live in damp earth,
and it seems almost certain that they pass directly into their
host with its food.

Dochmius (Ancylostomum) duodenalis, called by Neumann'®
Uncineria duodenalis, is one of the most dangerous parasites that
attack man. It lives in the duodenum and jejunum, and the
fertilised eggs leave the body of its host with the excreta, and in
damp earth develop into larvae in the course of a few days.
These at first eat voraciously, but after undergoing several moults
they cease to take food and pass into the resting stage. If now
they are swallowed with drinking water, they come to rest in
the small intestine of their host, and in a few weeks become
sexually mature. They cause great harm by burrowing in the
intestinal walls and destroying the capillaries. They are found
by hundreds, and even thousands, in the same host, and pro-
duce profound anaemia, which is frequently fatal to miners,
and was the cause of a great mortality amongst the workers
in the St. Gothard Tunnel some fifteen years ago. This
species is very widely spread over the face of the globe. Doch-
mius trigonocephala Rud. and D. stenocephala produce similar
diseases in dogs and cats, and D. cernua Crep. is found in sheep
and goats.

The genus Cucullanus exists in the adult form in the intestines
of fishes, and more rarely of reptiles. C. elegans Zed., which live
in fresh-water fish, ey. the perch, is viviparous; after birth the
young pass into the water and make their way into the aliment-
ary canal of the small crustacean Cyclops, and thence into its
body-cavity. Here they undergo two moults, accompanied by
certain changes in structure. If this second host be swallowed
by a fish the parasites are set free,and develop generative organs.

1 A Treatisc on Parasites and Parasitic Diseascs. English Trans. by G. Fleming,
London, 1892.
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Ollulanus tricuspis Leuck., which in the adult state is found
in the cat, chietly in the intestine but also in the bronchi and
other parts, gives rise to larvae which are of enormous size
compared with the parent; these leave the body, and if eaten
by a mouse encyst in its muscles, and if the mouse be devoured
by a cat, they complete their life-cycle by becoming sexually
mature.

The genns Syngamus infests the trachea and bronchi of birds,
more rarely of mammals. The red- or forked-worm, Syngamus
trachealis Sieb., is common in poultry and
game Dbirds, and causes the disease known
as gapes, which is especially common in
young birds, and often gives rise to exten-
sive loss. The peculiarity of this genus
is that the male is permanently attached
to the female, its genital bursa Dbeing so
closely adherent io the opening of the
oviduct that two specimens cannot be
separated without tearing the tissues. The
ova are not laid, but escape from the body
with fully-formed embryos in them, by the
decay or rupture of their parent’s body.
They hatch in damp earth or water in
from one to six weeks according to the
temperature. When swallowed by a fowl
they develop into adults, which reproduce
eggs in less than three weeks. No second
host is needed, but the embryos remain

. alive in the alimentary canal of earth-
Fm.(dti‘(;).gi'{?ﬂ:zm':guc:{; worms, and these doubtless to some extent

and magnified four dia- serve to spread the disease.
meters. The small 4 is
permanently attached to
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This family is characterised by the anterior end of the body
being produced into a long whip-like neck. The mouth is small
and devoid of papillae. The oesophagus is very long, and it
traverses a peculiar strand of cells.

Genera: I'richocephalus, Trichina, Trichosoma, and others.

! Journ. Roy. Agric. Soc. 3rd series, vol. iv. 1893.



vi NEMATODA—TRICHOTRACHELIDAE 145

Trichocephalus dispar Rud. (hominis Gmel) is common in
man, and also occurs in
some speeies of monkey.
It does mnot live freely
within the intestine, but
buries its long whip-like
anterior end in the mucous
lining of the caecum or
colon.  The eggs pass out
of the body of the host.
The development of the
cmbryo is slow, lasting
many months; whilst still
in the egg-shell the em-
bryos are swallowed, and
give rise to the sexually-
mature parasite without
the intervention of an
intermediate host.  They
are by no 1means uncom-
mon. Davaine calculated
that about 50 per cent of
the inhabitants of Paris
were infested with them,
but they give rise to little disturbance, and only very occasionally
cause serious harm. 7% qfinis Rud. infests sheep; 1% erenatus
Rud. the pig; 2. depresstuseulus Rud. the dog; and 7% ungui-
culutus Rud. the hare and rabbit.

The genus Zrichosoma, with many species, is as a rule found
in birds, but it oceurs also in mammals, as 7% plice Rud. in the
bladder of the fox and wolf, 7. felis cati in the bladder of the
cat, 1. acrophilum Duj. in the trachea of the fox and marten.
The chief interest of this genus is that, at any rate in 7%
erassiccuda Bel.,, which infests the rat, the dwarf males live two,
three, or four at a time within the uterus of the female, a eon-
dition of things which recalls the similar arrangement found in
the Gephyrean Bonellic.

Trichine spiralis is the cause of the well-known disease
trichinosis, whieh appears in two forms, intestinal and museunlar,
according to the habitat of the parasite. The mature forms of

VOL. 1T L

F16. 71.— Trichocephalus dispar Rud., attached to
part of the human colon. x 2.
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both sexes are found in the intestine of man and many other
mammals. They have been experimentally developed in birds,
though in the latter the larval forms have never been observed.
By keeping such cold-blooded animals as the salamander at a
constant temperature, Goujon and Legros succeeded in infecting
them, but the larvae perished as soon as the artificial heat was
withdrawn. Muscular trichinosis is unknown in fishes, but the
sexual form develops in their intestine.

The adult parasites of the intestine are scarcely visible to
the naked eye; the females are 3 to 4 mm. long and more
numerous than the males, which measure 14 to 16 mm.
The eggs are very numerous, a single female containing at
one time 1200, and probably producing ten times as many
during her life. The embryos are hatched out within the uterus,
and the larvae leave the body of the mother through the
generative pore. The minute larvae bore through the intes-
tinal walls of their host, and then, either burrowing in the
tissues or swept along in the stream of blood or lymph, make
their way all over the body, and come to rest most usually
in the muscles, but occasionally in other parts. ~When the
larva reaches its resting-place, it either pierces the sarcolemma
and establishes itself within the substance of the muscle-fibre,
or it comes to rest between and mot in the fibres. Here
its presence sets up the formation of
a spindle-shaped cyst which usually
contains but one larva, though any
number up to seven have been found
in one cyst. Within this the larva

| may remain dormant for years, the
F“"e Z:;ﬁ’:;ﬁ;ﬁ‘;ﬁ’"z‘agxﬁ walls of the cyst gradually undergqing
ousdeposit. Highly magnified. & fatty or calcareous degeneration.

o Lenckart) Almost any muscle may be affected ;
those most usually infested being the muscles of the diaphragm, of
the shoulder-blade, and of the lumbar region ; the larvae have also
been found in the heart. The ends of the muscles near their
points of attachment are always the most thoroughly infested.

The number of the encapsuled larvae in one host is enormous.
Leuckart counted between 12,000 and 15,000 in a gramme of
muscle, which would give a total of thirty to forty million para-
sites in one host; other estimates place the total even higher.
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When trichinised meat is eaten, unless it has been thoroughly
cooked, the cysts are dissolved and the larvae are set free. Within
three or four days they become sexually mature and their ova
begin to segment. The males after a time leave the body with
the excreta and perish, whilst the larvae of the new brood make
their way into the tissues of the host.

Man usually acquires trichinosis by eating uncooked or im-
properly-cooked pork, and the disease is so widely spread and of
such a serious nature that most civilised countries have adopted
rigorous methods for the detection of trichinised meat. The pigs
either acquire the disease by eating uncooked swine’s flesh, which
is frequently given therh in the form of offal, or by duvouring
rats, which are very susceptible to the disease.

IV. Family Filariidae.

Mouth with two lips, or without lips. Six oral papillae often
present, and sometimes a horny oral capsule. Four pre-anal
pairs of papillae, and sometimes an unvaired one as well. Two
unequal spicula or a single one.

Genera : Filaria, Ichthyonema, Hystrichis, Spiroptera, Dis-
pharagus, and others.

The genus Filaria is a very large one. Like Ascarts, it is
confined to Vertebrates, but usually lives in the tissues of the
body and not in the intestines. F. (Dracunculus) medinensis
Gmel.,, the guinea-worm, is well known as & human parasite in
hot countries ; it also occurs in the horse and dog. The female
has an average length of 50 to 80 cm., but gigantic forms with
a length of 4 metres have been described. The alimentary canal
is degenerate. In adult females the body is completely occupied
by a uterus crowded with eggs and embryos, which can only
escape by the rupture of the mother’s body, as the genital ducts
have disappeared. Its original home is tropical Asia and Africa,
but it has been introduced into South America with the negroes.

The female lives coiled up in the subcutaneous tissues, usually
in those of the legs. Its presence gives rise to painful tumours.
When these break the female protrudes, and may be withdrawn
from the body by very carefully rolling it round a stick or pencil.
This must be done very slowly, a few inches a day, as the rupture
of the body sets free the contained embryos, and may result in
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the death of the host. The embryos normally bore their way
into the body of the fresh-water Cyelops, and are re-introducerd
into their Vertebrate hosts with the drinking-water. Tt is
usually stated that the female alone is known, and that it is
uncertain whether it is hermaphrodite or whether hoth sexes are
present in the Cyelops. Recently Dr. Charles?! has described a
specimen found in the mesentery of a hwman subject, from an
orifice in the middle of whose body he was able to draw a much
smaller specimen, and he thinks this may be the long-sought-for
male.

Filarie immitis Leidy, the cruel worm, is common in dogs

Fic. 73.—A, View of the heart of a dog infested with Filaria imamitis® Leidy ; the right
ventricle and base of the pulimonary artery have been opened. @, Aorta ; 4, pulmonary
artery ; ¢, vena cava ; d, right ventricle ; e, appendix of left auricle ; f, appendix of
right auricle. B, A female F, immitis removed from the heart to show its length.
Natural size.

in China and the Kast generally. It is not unknown in America
and Europe. It oceurs in such large clusters in the right ventricle
that it is difficult to sce how the circulation can proceed. The
intermediate host is unknown, but from the prevalence of the

v Sci. Mem. Medic. Officers, Army of Dulia, vol. vii. 1892, p. 51.
2 Shipley, Proc. Phil. Soc. Camb, vol. viii. 1892-95, p. 211,
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disease in marshy country it is probably some aquatic animal.
The larvae are said by Manson to disappear from the peripheral
circulation of the dog during the day, but not to such a marked
extent as do the F. sanguinis hominis Lew., var. nocturne Man.
They were found by Galeb and Pourquier in the foetus of an
infested bitch, a fact which establishes the transmission of such
parasites through the placenta.

Filaria sanguinis hominis nocturna. — The female of this
parasite has been described as living in the lymphatic glands of
man. The embryos escape from it into the lymph, and thus
reach the blood. According to Manson the intermediate host is
the mosquito, in whose stomach the embryos undergo their larval
changes. When the mosquito dies the larvae escape into the
water, and then make their way into the alimentary canal of
man, where they are believed to pair, and whence the female
makes its way to the lymphatics. The presence of this Filaria
causes great functional disturbance. One of the most remarkable
features of it is that the larvae, which are very numerous in the
blood during the night, disappear during the day, and are not to be
found. Recently Manson® has described two new varieties: ¥ san.
hom. diurna, in which the conditions of things are reversed, the
larvae being found by day and not by night; and F. san. hom.
perstans, in which the larvae occur beth by day and by night. The
larvae are long-lived, and were found by Manson in the blood of
a negro who had not been in Africa, where it is endemie, for six
years. The same observer is inclined to associate the presence
of F. san. hom. perstans with the fatal disease known as “sleeping
sickness.” He also suggests that the mature form of the variety
diurna is the F. loa, which is not uncommon in the eyes of
negroes, and that its intermediate host may be one of the blood-
sucking flies so common on the west coast of Africa.

The genus Ichthyonema is confined to fishes. The male is
very minute and the female partly degenerate. It has no anus
and no external opening to its generative organs. The uterus
fills up almost the whole of the body-cavity. I sanguineum
Rud. is found encapsuled in the peritoneum of many fish.

Hystrichis and Dispharagus are confined to birds, where they
occur in the oesophagus and stomach, Spiroptera reticulata

1 «The Distribution, etc., of Filaria sanguinis hominis,” Trans. of 7th Inter.
Congress of Hygiene, vol. i. 1892, p. 79.
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Crep. occurs in horses, twisted in a spiral round tendons and
muscles, forming tumours which require to be opened.

V. Family Mermithidae.

Nematodes without anus and with six mouth papillae. Two
spicules in the males and three rows of numerous papillae.

Genera: Mermis, Bradynema, Atractonema, Allantonema,
Sphaerwlaria, and others.

As a rule the Nematoda show but little trace of their parasitic
mode of life, but in this family there is considerable degeneration,
and in extreme cases the body of the female is reduced to a simple
sac crowded with eggs. They are exclusively parasitic in insects.
In some respects their structure shows a transition towards
Nectonema and the Gordiidae ; especially is this the case in the
structure of their ventral nerve-cord.

The sexual form of Mermis nigrescens Duj! lives in damp
earth, and after storms and in the early morning is sometimes
found in such numbers crawling up the stalks of plants, as to
give rise to the popular idea that there has been a shower of
worms. The male is unknown ; the female lays her eggs in the
ground, and there they hatch out. It is not known exactly how
the larvae make their way into the grasshoppers in whose body-
cavity they live, but in an allied species, M. albicans v. Sieb.,
the larvae have been observed boring their way into small
caterpillars through their skin, and it seems probable that the
larvae of M. nigrescens burrow in a similar way into young
Orthoptera.

Bradynema rigidum Leuck.? is found in the adult stage living
freely in the body-cavity of a small beetle Aphodiusfimetarius, one of
the Scarabeidae, from two to three to as many as thirty being found
in one host, which does not seem much injured by their presence.
The parasite is without mouth, anus, or excretory pore. The
eggs hatch out in the uterus of the mother, and the larvae are
male and female; they make their way into the body-cavity of
the host, and here they pass an unusually long time, five months,
soaking in osmotically the nutriment contained in the blood
of the insect. Eventually they burrow through the walls of

1 v. Linstow, drch. mikr. Anat. vol. x1. 1892, p. 498.
2 zur Strassen, Zeitschr. wiss. Zool. vol. liv. 1892, p. 655.
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the intestine, and leaving the body of their host through the
anus, find their way to the earth. Here, according to zur
Strassen, the females die without playing any part in the per-
petuation of the species. The males, on the other hand, having
developed spermatozoa whilst in the larval stage (paedogenesis),
afterwards form ova, and are in fact protandrous hermaphrodites,
and become the mature parasites of the beetle, though how they
enter the body of the host is unknown.

Fie. 74.— Allantonema
mirabile Leuck. (From

-
=i

parasitic form, x 17,
showing at the upper
end part of the cap-
sule richly supplied
with the tracheae of
the host, a beetle ; C,
female Rhabditis stage,
sexually mature, x
100 ; D, the larva de-
veloped from the
Rhabditis form, x
102.

£ Leuckart.) A, Male
"n,‘g Rhabditis stage, sexu-
;i\ ally mature, x 100;
,‘ B, the mature female

g
it

The phenomenon presented by the hermaphroditism of Brady-
nema is, as far as we know, at present unique, as, though some
other Nematodes are hermaphrodite, in their case the her-
maphrodite form alternates with a bisexual generation. It is
further interesting as showing a means by which hermaphro-
ditism may arise, by the suppression of the females and the
assumption of their functions by the male. In the case of
Rhabdoneme nigrovenosum, no females appear in the alternate
generation.
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A similar protandry exists in the parasitic forms of Allantonema,
of which there are several species—A. mirabile in Hylobius pini,
A. sylvaticum in Geotrupes sylvatica, A. diplogaster in Tomicus
typographicus ; but in their case the male and female forms which
leave their host pairin the damp earth and give rise to larvae

F16. 75.— Atractonema gibbosum TLeuck. (From Leuckart) 1, Female with commenc-
ing prolapsus of the uterus and neighhouring parts, x 130 ; 2, a further stage, the
female being now sexually mature, x 15; 3, a still older stage, with commencing
degeneration of the body of the female, x 15.

which make their way into the body of the beetle-grubs. Here

they undergo very extensive retrogressive change. The body of the

female, which becomes the shape of a thick sausage, is encapsuled
and surrounded by a curious hypertrophied network of tracheae

(Fig. 74). As is usually the case with the degenerate parasitic

forms, there are practically no organs but the ovary, and this is

1 Rud. Leuckart, 4bh. Sachs. Ges. vol. xiii. 1887, p. 567.
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embedded in a fatty varenchyma which fills all the space within
the skin.

Atractonema gibbosum, which lives in the body-cavity of the
larva of Cecidomyia pini, has a similar life-history, but the parasitic
form has a structural peculiarity which merits attention (Fig. 75).
At the time of sexual maturity a swelling, which is caused by the
prolapsus of the uterus and vagina, appears at the posterior end
of the body ; this swelling increases until it equals the rest of the
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Fig. 76.—Four stages in the life-history of Sphaerularia bombi Dufour, ?. (From
Leuckart.) A, Beginning of the protrusion of the uterus (5), x 66; B, later stage,
x 66 ; C, later stage, x 12; D, the protrusion is complete, x 6. In each case «
represents the Nematode, and b its protruded uterus.

body of the Nematode in size. Even this is far surpassed by a
similar protuberance in Sphaerularia bombi, where the evaginated
sac grows with such extreme rapidity that in a few weeks its
length increases from *25 mm. to 15 mm. and its volume 60,000-
fold, the increase being due, according to Leuckart, to the increase
in size of the individual cells and not to their multiplication.
The Nematode which has produced this enormous growth gets
relatively smaller and smaller, and ultimately drops oft (Fig. 76).
The sexual larvae which arise from the eggs in this sac leave the
body of the bee in which this species is parasitic by the anus,
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and may live in damp earth, moss, ete., for months without taking
nourishment, until the autumn, when they become sexually mature
and, according to Leuckart, pair. The fertilised female is believed
to bore her way into the humble-bee whilst the latter is seeking
her underground winter quarters ; this accounts for the fact that
only queen bees are infected. The parasite is widely distributed
both in Europe and North America ; it is found in many species
of Bombus, but most frequently in B. lapidarius and B. terrestris.
The presence of the Sphaerularia affects the reproductive organs
of the host, and reduces their fertility, so that an infected queen
bee never succeeds in forming a colony.

VI. Family Anguillulidae.

For the most part free living and of small size. The oeso-
phagus has usually a double swelling or two oesophageal bulbs.
The male has two equal spicula.

Genera : Diplogaster, Mononchus, Rhabditis, Tylenchus, Anguil-
lula, and many others.

Many species of this family live in humus or decaying matter ;
others live on, or are parasitic in, plants; some, such as Anguil-
lula aceti, which is found in vinegar and in paste, live in organic
fluids.

The part played by the presence of these Nematodes in the
soil is not thoroughly understood ; sometimes they occur in great
numbers, and even when not directly parasitic in plants, probably
do them much damage. Cobb! has recently described from
Australia and Fiji over eighty species, one-half of them new, which
occur mostly in the earth, and many of them among plant roots.
They frequently crawl up on to plants, especially on to seedlings.
An instance of this is given as follows: “ The edible part of three
bunches of nice-looking celery bought of a Chinaman in Sydney
was cut off as far up as it was tender, nearly to the first leaflets.
It was washed by hand in a tin dish in tank water, free from
Nematodes. The washings gave about 200 to 300 Nematodes,
belonging to five different genera.”

It is very probable that many of the free-living forms which
have received distinet. specific names may ultimately turn out to
be but stages in the life-history of some-of the parasitic species.

1 Macleay Memorial Vol. Sydney, 1893, p. 253.
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Von Linstow! has pointed out that the free form of 4.
diplogaster, if found alone, would be placed in the genus Diplo-
gaster; similarly the bisexual form of 4scaris nigrovenosa is known
as Rhabditis nigrovenosa.

Those Nematodes which live parasitically in plants, e.g. many
of the genera Tylenchus and Aphelenchus and Heterodera, as
well ag those which only pierce the epidermis of the roots (the
remaining species of the above-named genera), are provided with
a spine which works to and fro through the mouth and assists the
animal to bore into the tissues of the plant. Tylenchus devastatriz
lives and reproduces in leaves and stems (never in the roots,
except in the case of hops?) of many cultivated plants, such as
rye, oats, onions, ete. “Clover sickness” is probably caused by
this Nematode. The plants become infected by the thread-
worms in the soil during the spring; their presence causes swell-
ings and often kills the plant, in which case the worms return to
the soil or remain in the straw.

Tylenchus tritici Need. is the cause of “ear-cockles” in corn.
These take the form of brown
or purple galls, which replace
the grains of corn, and which
contain hundreds of minute
Nematodes. In these galls
they are motionless, and are
capable of surviving in dry-
ness for at least twenty years;
but when moistened,—for in-
stance, by the gall falling on
damp earth,—they resume
their Vitahty and make their Fm'Sc{lf;ﬂ—dt‘;,b:galgf]?zllfwf{gemzzhmi:tg‘
way to the young wheat  ;'root; the head is still embedded in the
plants, and then, wriggling  parsmcbma o the st B e bt
up the leaves and stems, kind surrounded by the old skin, living as
find their way to the ear. an ectoparasite on the outside of the root.

¥ (From Strubell.)
Here they pair, and produe-
ing a gall-like growth in the flower, lay numerous eggs, from
which arise the Nematodes of the ear-cockle.

Heterodera schachtii ® Schmidt, is the cause of the “ beet sick

L Centrbl. Bakter. vol. viii. 1890, p. 489.  * J. Percival, Nat. Sci. vol. vi. 1895, p. 187.
3 A. Strubell, Bibl. Zool. Bd. i. Heft 2, 1888, p. 1.
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ness,” and forms galls or swellings on the roots of many plants,
in England especially on the roots of tomatoes and cucumbers.
The free larvae live in the earth and make their way into
the smaller rootlets; here the female larvae shed their skin, lose
their characteristic Nematode form, and become -citron-shaped
(Fig. 78, D). The male larvae undergo a change, and after
a period of rest cast their skin and, leaving the rootlet, seek
out the females. The female does not undergo this second
ecdysis, but its generative organs grow and mature in what is

Fic. 78.—A, Male He-
terodera  schachtii
strongly magnified ;
«, head lappets ; b,
mouth cavity ; ¢,
spine ; d, muscle
of spine; ¢, gland ;
J, oesophagus ; g,
bulb ; A, nerve-ring ;
%, excretory pore ; j,
intestine ; A, testis ; 7,
intestine ; m,muscles
moving spicule; =,
spienle: B, first mo-
tilelarva: C, second
imniovable parasitic
larvacastingitsskin:
D, a female with one
half of the body-
wall taken away to
show the coiling
generative organs ;
«, boring apparatus ;
b, oesophageal bulb ;
¢, excretory pore ; d,
alimentary canal ; e,
anus ; f, ovary: E,
a male shortly be-
fore casting its larval
skin,

practically a larval stage. The embryos develop within the body
of the mother, and, escaping through the uterus, ultimately cause
her death. They then make their way into the earth. The cycle
of the development takes but four or five weeks, so that, as in the
case of Tylenchus devastatriz, there are several broods in a year;
T. tritiel, on the other hand, has but one.

Vuellemin and Legrain® point out that while Heterodera is
injurious to cultivated plants growing in damp soil, its pres-
ence is advantageous to those that grow in deserts. It is very
common in the Sahara, and attacks many plants which are

1 C. E. Ae. Sci. exviii. 1894, p. 549.
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immune from it elsewhere, It causes the rootlets to swell out,
and the Dbladder-like extensions thus formed aet as reservoirs
for water.

Many other species attack plants; Tylenchus millcfolii Low
forms galls on Aehillea, T. dipsaei Kithn. on the teazle. They
all seem to have great powers of resisting desiccation. The
former species, when dried and placed in a herbariwm in May,
gave rise to active worms when moistened the following October ;
and the corn eel-worm is said to survive twenty-seven years in a
state of suspended animation. On the other hand, although these
Nematodes like moisture, they cannot withstand submersion in
water for any time. They can resist a considerable degree of
cold, and a species, Aphelenchus nivalis Auriv.! has been described
from Spitzbergen, where it lives in the snow amongst a small
red alga, Sphaerella nivalis.

VII. Family Enoplidae.

Small, as a rule free-living, usually marine Nematodes, with-
out a second oesophageal Lulb. Eyes and mouth-armature often
present.  Fine hairs and Dbristles sometimes surround the mouth.

Genera: Fnoplus, Dorylavmus, Enchelidium, and others.

The genus FEnoplus is exclusively marine, living amongst
Algae and Hydroids in shallow water and moving actively about,
but never coiling into spirals. De Man? describes Enoplus
brevis Bast. as Deing attacked Ly a plant parasite, probablly a
Bacterium, of a greenish colour, which infested the museles and
gave them a peculiar colour.

Numerous other species have been deseribed Dy De Man
from the coast of Holland. It is probable that some of them are
the free stages of parasitic forms; a brackish water species found
in the East Indies (Dorylaimus palustris) is regarded by Carter
as the larva of Filaria medinensis.  Oncholaimus echint Leyd. is
parasitic in the intestine of the sea-urchin ZEehinus csculentus.
Tricome eincta® has a strongly striated cutiele, which gives it
almost the appearance of segmentation. Fimbria fenuis has
numerous hairs on the tail, and the mouth is surrounded by
bristle-bearing papillac.

! Bihang Svenska k. Handl, viii. No. 11, 1883.

2 Anat. Untersuch. . fredlebende Nordsce-Nematoden, Leiprig, 1886,
3 Cobb, P. Linn. Sve. N. 8. Walcs, 2nd ser. viii. 1893, p. 389.
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Here must be mentioned two families closely allied to the

true Nematodes.

(i) Chaetosomatidae.—This family
includes three genera: Chaetosoma,
Rhabdogaster, and Tristicochaeta. Ac-
cording to Metschnikoff;' although they
are not true Nematodes, they have
a great likeness to the group. He dis-
tinguishes them from the swimming
members of the group as “creeping
Nematoda.” Chaetosoma, of which
two species are known, C. ophicephalum
and C. claparedii, has a head distinct
from the body (Fig. 79). The mouth
is at the anterior end, surrounded
by a double semicircle of movable
spicules; the whole body is covered by

Fio. 79.— Mature female of Chae- i€ hairs, and on the ventral surface,

tosoma claparediiMetschni,, X  iyugt in fron 3 ble
57. (From Metschnikoff.) a, s Rt B e den
Oesophagus ; b, intestine; ¢, TOW of about fifteen cylindrical pro-

anus; d, ovary ; e, generative jections by
s

pore ; f; ventral bristles.

the animal creeps.

whose agency
The female C.

clapareditc i3 15 mm. long, the male
1'14 mm. They were found creeping
about on sea-weeds in the neighbour-
hood of Salerno.

The genus Z77isticochaeta® differs
from the foregoing in having three rows
of locomotor projections instead of two.

Rhabdogaster has no head distines
from the body, though the anterior
part of the body is swollen. A
second swelling occurs, as is also the
case with Chaetosoma, in the region
of the opening of the genital ducts.
The female in Rh. cygnoides attains a

Fic. 80.— Tristicochaeta inari-
mense Panceri, in one of its
most usual positions, showing
the triple row of ventral
bristles, x 100. (From Panceri.)

length of 036 mm. In this genus the hairs are confined to

L Zeitschr. wiss. Zool. Bd. xvii. 1867, p. 539.

2 Panceri, Atti Acc. Napoli, vii.

1878, No. 10.
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the dorsal middle line. The locomotor projections are hooked,
and are much finer than those of Chaetosoma, and they are

situated farther forward than in the last-named
genus.  Rhabdogaster occurs in the same
surroundings as Chaetosoma. Ch. ophicephalum
is recorded from the English Channel

(i.) Desmoscolecidae,.—The members of
this family are minute, and are characterised
by the presence of well-marked ridges
which surround the body and give it
an appearance of segmentation. The head,
which is somewhat swollen, bears four bristles,
and single pairs are borne by a certain num-
ber of the ridges, some on the dorsal and
some on the ventral surface. These hairs can
be moved independently of one another. Two
red eye-spots are described between the fourth
and fifth rings. The sexes are distinct, and
the internal organs generally have a marked
resemblance to those of the true Nematoda.
The Desmoscolecidae move by looping their
bodies after the manner of the Geornetrid
caterpillars, as well as by ereeping with their
bristles. The genus contains numerous species’:
D. minutus Clap. (English Channel), D. nema-
toides Greef, D. adelphus Greef, D. chaetogaster
Greef, D. elongatus Panceri, and D. lanuginosa
Panceri. They are exclusively marine.

Trichoderma  oxycaudatum Greef? is a
minute animal, 0'3 mm. long, which has no

Fig. 81.—Female Des-
moscolex  elongatus
Panceri, ventral
view, x 260. a,0vary.
(From Panceri.)

head or ventral spines, but whose body is ringed and covered with
long hair-like bristles. The male has two spicules, and the internal
organisation recalls that of other Nematodes; still its ringed body
has induced, some authorities to place it near to Desmoscolex.

The Life-History of Nematodes.

Although, considering the enormous number of species of
Nematodes and the remarkable diversity of the conditions under

3 Panceri, Atti Aec. Napoli, vii. 1878, No. 10.  ? Arch. Navurg. 85 (i), 1869, p. 112.
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which they live, their bodily structure shows a very striking
uniformity, the same is by no means the case with their life-
history, which exhibits an astounding variety. Von Linstow’
has arranged the various modifications, which occur under four-
teen heads. He includes in his list the Gordian worms, which
we have placed under a different heading.  The following account
has been taken from his paper, with a few alterations :—

1. The embryos develop, with a larval stage and without any
change of medinm, directly into the mature sexual forms.  They
live in fresh, brackish, or salt water, in plants, in the earth or
in decaying organic matter: examples, Dorylaimus, Enoplus,
Plectus, Monhystera.

2. The larvae live in the earth, the sexual forms in plants:
examples, Tylenchus tritict and 1. devastatriz, Hetcrodera schachtii
(Figs. 77 and 78).

3. The larvae live in animals, after whose death and decay
they are set free and develop into the sexual animals in the earth :
example, Rhabditis pellio.

4. The Dlisexual forms live in the earth, and the fertilised
females Dore into animals (insects), and here produce embryos:
example, Sphaeruvlaria bombi (Fig. 76).

5. The bisexual forms live in the earth; the females do not
develop, but the males make their way into Insects (Beetles),
and becoming hermaphrodite, develop ova which give rise to the
bisexual form: example, Bradynema rigidum.

6. The larvae live in the earth, the sexual form in Vertebrates :
examples, Dochmius, Strongylus.

7. The Nematode lives as a hermaphrodite in animals, the
offspring of this, by an alternation of generations, become sexual
in the earth: example, Rhabdonema in Frog.

8. A bisexual free form gives origin to a bisexual parasitic form
living in an animal : example, Leptodera appendiculata in Snails.

9. The eggs develop in the earth, and give rise to embryos
which are transferred whilst still in the egg-cell to the body of
an animal. The embryos hatch out and form bisexual parasites :
examples, Oxyuris, 1richocephalus.

10. The larvae live in insects, the sexual worms in water or
in the earth: example, Mermis.

11. The larva lives encapsuled and is passively transferred to

Y Zeitschr. wiss. Zool. Bd. xlii. 1885, p. 708,



Vi NEMATODA—PARASITISM 161

a second animal: examples, Ollulanus, from Mouse to Cat ; Cucul-
lanus elegans, from Cyclops to Perch; Spiroptera obtusa, from
Meal-worm to Mouse.

12. The sexual form lives for a short time in the intestine of
a Vertebrate, and produces larvae which bore through the intes-
tinal wall and Dbecome encapsuled in the tissues: example,
Trichina spiralis.

13. The sexual animal lives in the trachea of birds; the ova
containing embryos are coughed up and are taken into other
birds with food. They quit the egg-shell and wander into the
air-sacs, and finally into the trachea: example, Syngamus.

14. There are two larval forms; the first lives in water, the
second in the lungs of Amphibia, whence they wander into the
intestine and become sexually mature: example, Nematoxys longi-
cauda in T'riton alpestris.

Parasitism.

1. Effect of Parasitism on the Parasite.—The usual effect
of parasitism on the parasitic organism is that the various organs
necessary for a free life tend to degenerate, whilst there is a
multiplication and development of organs of adhesion, by means
of which the parasite maintains its hold on its host. There is
further an immense increase in the powers of reproduction, which
may take the form of an increase in the nwmber of fertilised eggs
produced, or the parasite may at some time of its life reproduce
asexually, by budding, or fission, or parthenogetically.

Of the various classes of animals which are more or less para-
sitic, the Nematcdes show less difference between the free-living
and parasitic members of the group than obtains in any other
class. With few exceptions, such as Sphaerularia, Allantonema,
and one or two others, the parasitic forms have undergone but
little degeneration. It is true that they have no eyes such as
the free forms often possess, but in other respects, such as in the
nervous, muscular, and digestive systems, they do not show any
marked retrogression ; further, the mouth-armature is developed
in many free forms, and is not confined to the parasites.

The group has developed no methods of asexual reproduction
by budding or fission, such as are found in Platyhelminthes ; and
the cases of an alternation of generations in which a sexual form
alternates with a parthenogenetic form, are rare, eg. Rhab-

VOL. 11 M
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donema nigrovenosum ; and it seems possible that even when
parthenogenesis has been described, further observation may show
that the parthenogenetic stage is really a protandrous hermaphro-
dite, in which case the alternation of generations in Nematodes,
.. the hermaphrodite alternating with the dioecious form, is a case
of heterogamy or the alternation of two sexual generations.

On the other hand, parasitic Nematodes produce enormous
pumbers of eggs. Van Beneden states that 60,000,000 have been
computed in a single Nematode, and this multiplication of ova is
absolutely necessary, for the chance of the embryo reaching the
right host, in which alone it can develop, is always a small one.

It is a common thing to find that parasites are either herma-
phrodite or that the male is degenerate, as is the case with many
of the parasitic Crustacea, but with one or two exceptions the
Nematoda are bisexual, and although, as a rule, the males are
smaller than the females, they show no other trace of degeneracy.

In spite of the fact that the class as a whole shows but few
special modifications consequent on a parasitic mode of life, it is
clear that the Nematoda are peculiarly adapted for such a mode of
life. Their elongated thread-like bodies afford little resistance to
the passage of the food, which, as it passes through the intestine
of the host, might tend to carry the parasites out of the body.
At the same time their shape enables them to pierce and wriggle
through the various tissues without making any very serious
lesions such as might prove fatal to their host. Their extra-
ordinary power of resisting desiccation both in the egg and in
the adult state vastly increases their chances of ultimately hit-
ting on the right host. They are capable of living in a state of
suspended animation for months, and even years when dried
(vide p. 136), and of resuming their activity on being moistened.

The great faculty this group shows for living parasitically is
evinced by the extraordinary variety of life-history presented by the
different species. There is scarcely a stage which may not be para-
sitic; the eggs, the larvae, the adults are all in some cases free, in
others parasitic, and in many cases first the one and then the other.

2. Occurrence and Effect of the Parasite on the Host.—Vou
Linstow states that the only law that can be derived inductively
from the study of the life-history of Nematodes is that those that
live in animals never pass through all their stages of development
in the same organ ; consequently, in considering the distribution of
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the parasites within the body of their host we have a double habitat
to consider. Many forms, such as Trichina spiralis, wander from
the intestine to the muscles; others, such as Filaria medinensis,
from the alimentary canal to the lymphaties or blood vessels or sub-
cataneous tissues. Others pass from the body-cavity to the intes-
tine, as the Mermithidae, which infest Insects, or from the stem and
leaves of a plant to its flower, as in the case of Tylenchus tritici.

With regard to their occurrence in the different classes of the
animal kingdom, they have been most frequently observed in
Vertebrates and in Insects. They are comparatively rare in
the other large divisions. Many genera are confined to certain
hosts : thus Adscaris, Filaria, Trichosoma occur only in Vertebrates ;
Spiroptera (with one exception) in Mammals and Birds; Cucul-
lanus in Fishes and Amphibia; Strongylus and Physaloptera in
Mammals, Birds, and Reptiles; Dochmius, Pseudalius, Tricho-
cephalus in Mammals ; Dispharagus, Hystrichis, Syngamus in
Birds; Nematoxys, Hedruris in Amphibia and Reptiles; Ichthyo-
nema in Fishes; and Isacts and Mermis in Insects.

Twenty-two species .have been described as parasitic in man,
of which perhaps the most dangerous are Filoria medinensis,
the three varieties of F. sanguinis hominis; Dochmius (Ancylo-
stomum) duodenalis, and T'richina spiralis. The Ascaridae, as
Ascaris lumbricotdes and Oxyuris vermicularis, though painful,
seldom cause death.

The enormous number of parasites harboured by one host is
shown by the fact mentioned in Leuckart’s Parasites of Man, that
Nathusius' took from a single black stork 24 specimens of
Filaria labiate from the lungs, 16 Syngamus trachealis from the
trachea, more than 100 Spiroptera alata from the coats of the
stomach, besides several hundred Trematodes belonging to several
different species (see p. 63). Even this has been surpassed in
the case of a young horse, in whose body Krause found 500
Ascaris megalocephala, 190 Oxyuris curvula, several millions of
Strongylus tetracanthus, 214 Sclerostomum armatum, 287 Filaria
papillose, 69 Taenia perfoliata, and 6 Cysticercus forms.

It is impossible here to enter into a full description of the de-
struction caused to domesticated animals and crops by the presence
of these parasites; full details will be found in books dealing

! Arch. Naturg. Jahrg. iii. Bd. i. 1887, p. 52 ; and van Beneden, Animal Para-
sites, p. 91. International Sci. Series.
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especially with this question, sueh as Neumann’s Parasites and
Purasitie Diseases of Domesticated Animals. A couple of cases will
show how important this matter is to the farmer. Crisp estimates
that Syngamus trachealis causes the death of half a million
pullets in England every year, and Mcégnin states that in a single
pheasantry 1200 vietims died daily; again, the loss of one-
third the erop of beetroot is by no means uncommon when it
is infested with Heterodera schachtii. These show the practical
importance of what at first sight seem quite insignificant animals,
and the neeessity for the minutest observation, for only when we
are fully acquainted with all the details of the life-history of a
parasite are we in a position to successfully eombat it.

Sub-Order II. Nematomorpha.

Until the last few years it has been customary to regard the
Gordiidae as a family of Nematodes. Although in external
appearanee and life-history they elosely resemble the members ot
this group, yet reeent research has shown so many important
morphologieal differeneces between them and the Nematoda, that
most zoologists are now agreed in
placing them in a different sub-
Order, the Nematomorpha, a name
first suggested by Vejdovsky.!

The Gordiidae comprise but
two genera, Gordius and Necto-
nema. The latter has but one
species, N. agile Verr, and is
marine ; the former, on the other
hand, is exclusively fresh-water,
and contains a very large number
of species. Gordian worms are
frequently to be found in ditches,

a female Gordius is twining and lay- POIIdS, or lnrge P“ddles) 1n0ving

ing eggs. @ ¢, Clump and string of with an  undulating  motion
eggs.  (From von Linstow.2) A

through the water, or twining and

writhing round water-plants ; they are scareer in running water.

In shape they are like a pieee of thin whip-cord, slightly tapering

v F. Vejdovsky, Zeitschr. wiss. Zool. BA. xliii. 1886, . 369 ; Zeitschr. wiss. Zool.
13, xlix. 1888, p. 188. 2 Arch, mikr, Anat, Bd, xxxvii. 1891, p. 239.
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at each end; the male, however, is easily distinguished from the
female by its forked tail (Fig. 89). Not unfrequently a con-
siderable number are found inextricably tangled together into a
knot, and the name of the genus refers to this fact. Where
nunbers have suddenly appeared in water hitherto free from them,
legends have sprung up which attribute their presence to a rain
of worms; in reality they have come out of the bodies of Insects
in which they are parasitic for the greater part of their life.

The genus Gordius passes through three distinct stages, of
which the first two are larval and parasitic; the third is sexually
mature and lives in water. The second larval stage closely
resembles the adult, but the reproductive organs are not developed.
The following account of the structure of this larval form and
of the adult is in the main taken from von Linstow.!

The whole body is covered with a well-developed two-layered
cuticle, which in the adult is marked out into areas, and Dbears
numerous minute sensory bristles, which are especially developed
in the neighbourhood of the cloaca of the male. Beneath this
is a hypodermis which differs markedly from the sub-cuticle of
Nematodes, inasmuch as
it consists of a single
layer of polygonal nucle-
ated cells. Within this
lies a single layer of
longitudinal muscle-cells,
which differ from the cor-
responding layer of Nema-
todes in having that
part of their medulla
which is not surrounded
by the contractile por-
tion directed outwards
towards the hypodennis, Fic. 83.—Transverse section through a young male

a Gordius tolosanus Duj. (From von Linstow.)
and not inwards towards Highly magnified. @, Cuticle; b, hypodermis;

—eavitv ¢, muscular layer ; d, parenchyma ; e, alimentary
the bOdy cavity. canal ; /> nervous system ; g, cells of the testis.

The body is in the
younger stages practically solid, the interior being filled with
clearly defined polygonal cells which are arranged in definite
rows; in later life certain splits arise in this tissue which sub-

v Arch. mikr. Anat. Bd. xxxiv, 1889, p. 248.
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serve various functions; between these splits strands of tissue are
left which form mesenteries, and some of the cells remain lining
the muscular layer (Fig. 86). These cells have been described
by Vejdovsky as a definite somatic, peritoneal epithelinum, but
this was not found by von Linstow. Besides forming the mesen-
teries, and acting as packing between the various organs of the
body, these cells also form the ova and the spermatozoa.

The splits which have appeared when the animal has reached
the second larval stage, are two dorsal and a ventral; the latter
contains the alimentary canal, and may be termed the body-cavity,
the former will develop the generative organs. The mouth is
occluded in the older larvae, and in the adults there is a dis-
tinet but solid oesophagus which passes into a tubular intestine.
The intestine consists of a single layer of cells surrounding a
lumen; it runs straight to the hinder end of the body, where it
opens in both sexes with the ducts of the reproductive organs.

The nervous system consists of a well-defined circumoesophageal
ring with two dorsal
swellings, and, arising
from this, & median ven-
tral cord which runs the
whole length of the
body. The cord consists
of three longitudinal
strands with ganglionic
cells below them ; the
latter, though they lie
within the muscle layer,
maintain a4 connexion
with the hypodermis.

I Behind, the nerve-cord
F1a. 84.—Section through a young female Gordius - h 1
tolosanus. (From von Linstow.) «, Cuticle; &, splits in the male, one

ll)'p?f]ermis; (2 muls?ular layer; d, parerlchyma; half passing into each

?m.; u}:e;l‘tv:g. canal ; f, nervous system ; g, egg- candal? # fork- In the

adult a pair of Dblack

eyes can be detected on the head; the only other sense organs

are the tactile bristles mentioned above. Excretory organs are
unknown.

The generative organs only attain maturity in the adult, which

is, in fact, exclusively devoted to reproduction. No trace of testes
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is found in the larva, though the two dorsal splits from the walls
of which the spermatozoa will arise are present. They are lined by
a definite epithelium (Fig. 83), and this serves at once to distin-
guish them from the body-cavity. Posteriorly the splits narrow
and become the two vasa deferentia which open one on each side
into the cloaca. The cells
lining the lumen give rise to
secondary cells, and these be-
come spermatozoa, the process
extending from behind for-
wards. The external organs
—bursa, etc.—described by
Vejdovsky were not found
by von Linstow.

In the female larva two
similar splits are present;
these form the egg-sacs. Pos- Fra. 85.— Section through a matnre female
teriorly they end in two short  Gordius tolosanus. (From von Linstow.)
oviducts which open into a  Lettering asin Fig. 84; g, egg-sac; h, ovary.
uterus, in which fertilisation takes place, and in which the secre-
tion arises which cements the eggs together. In the adult the
ovaries and a receptaculum seminis are found, in addition to the

. organs present in the
larva. The ovaries
are formed from
modifications of the
packing tissue ; they
begin close behind
the head, and soon
attain such dimen-
sions as to compress
the egg-sacs and
body-cavity to small

Fro. 86.—Section through a female Gordius folosanus slits. After a time
when the deposition of ova is almost complete. ¢, b, ¢, =
d, ¢, and f, as in Fig. 84; g, egg-sac; A, uvn’:ry the wall Detween the
almost empty ; 7, dorsal canal containing eggs; j, re- ovary and the egg-

ceptaculum seminis.

sacs  becomes ab-
sorbed, and the eggs grow into the latter. In the old females,
where the egg sacs are empty, there is a considerable space round
the exhausted ovary, into which eggs continue to fall off; there
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is also a median dorsal canal which contains a few eggs. By
this time the wall between the ovary and the egg-sac has again
appeared.

One of the most interesting points about the female is that,
according to Vejdovsky, the ovary is segmented, the cells which
form the ova being heaped up in segmentally-arranged masses.
This observation, if correct, is almost the only instance of sey-
mentation recorded in the group Nemathelminthes.

The only other genus which is associated with Gordius in
the group Nematomorpha is Nectonemu, of which there is as yet

Fic. 87.— Nectonema ayile
Verrill. A, Tlhe adult.
Magnified. (After
Fewkes.) B, Longitudinal
section through the head.
x about 20. {From
Biirger.) «, Mouth; &,
circumoesophageal  com-
missure (dorsal) ; ¢, cell
of salivary gland; d,
septnm cutting off head
from rest of body; e,
testis ; f, ventral cord;
g, oesophageal cells ; A,
Iumen of oesophagus; 7,
cerebral ganglion (ven-
tral).

but one species known, Nectonema agile Verr.!  Our knowledge of
the anatomy of this worm is due mainly to Biirger? and Ward?
Nectonema is a marine worm found swimming near the surface of
the sea with rapid undulatory motion. The males are from 50
to 200 mm. long, the females from 30 to 60 mm. The body is
faintly ringed, and bears two rows of fine bristles on each side.
Owing to a curious torsion of the body through a right angle,
the lateral bristles of the anterior third seem to be placed in the
ventral and dorsal middle line. They are very easily broken off.
The body is divided into a small anterior and a large posterior

P A, E. Verrill, P. U. S. Mus. vol. ii. 1879, p. 163.
2 0. Biirger, Zool. Juhrb. Anct. Bd. iv. 1891, p. 631.
3 H. B. Ward, Bull. Mus. Harvard, vol. xxiii. 1892-93, p. 135.
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chamber by a transverse septum placed a little way behind the
head.  The anterior chamber contains the brain and is lined by
a definite epithelinm, the posterior is not. The layers of the skin
correspond with those of Nematodes or of Gordius, but the hypo-
dermal cells show no cell outlines ; still they are not so modified as
in the former groqup. The hypodermis is thickened in the median
dorsal and ventral line, and the single nerve-cord lies in the latter.

The alimentary canal is degenerate, as in Gordius. A mouth
exists, but it is minute, and opens into a very fine tube lined
with chitin, which pierces through the substance of a single
elongated cell. This minute oesophagus, with its coextensive eell,
reaches Dack to the transverse partition, but behind this a few
other cells hecome associated with it, and ultimately the Inmen
of the alimentary canal is surrounded by four cells; but the
number diminishes behind, and soon only two cells surround the
tube at any one level, and the intestine dwindles away some little
distance in front of the tail. There is no sign of an anus. A
circumoesophageal nerve-ring exists, of which the ventral part is
by far the larger (¥ig. 87); it gives off a ventral nerve-cord,
which swells posteriorly in the male into a large anal ganglion, far
bigger than the brain, and larger in the male than in the female.

The testes consist of a dorsally placed sac, eontinuous behind
with a vas deferens; this opens at the posterior end, which is
pointed and slightly curved ventrally. The ovary is unknown;
but females have been found with their body-cavity crammed
with ova ; these escape, like the spermatozoa, from a genital pore
at the posterior end of the body.

Classification.—The separation of the Nematomorpha from the
Nematoda depends mainly on the character of the nervous system,
the absence of the lateral lines and of the dorsal line, the character
of the contents of the body-cavity, and the character of the reproduc-
tive organs. In Gordiidae the latter are always placed dorsal to
the intestine, and ovaries and testes open alike at the hinder end of
the body. The importance of the differences in the organs just
enumerated has been considered sufficient to justify the removal of
the Gordiidae from the Nematoda, and the establishment of the
special sub-Order Nematomorpha for their reception ; and although
Neetonema has a dorsal line, and is in sowme other respects
intermediate between the two groups, there can be little doubt
that it is more closely allied to Gordins than to any member



170 NEMATHELMINTHES CHAP.

of the Nematoda, and it must therefore be placed with it in the
Nematomorpha.

On the other hand, it ought to be mentioned that Camerano!
found that the chief details of the fertilisation and development
of the egg in Gordius closely conform with what is known of the
same processes in Nematodes, and he is of opinion that these
resemblances are sufficiently important to justify the retention of
the group among the Nematoda.

Life-History.—The life-history of Gordius comprises four
stages—the early development of the egg, the first larval form,
the second larval form, and the sexually mature form. Both
larval forms are parasitic, and during their life they are actively
engaged in feeding; the free form, on the other hand, takes in no
nourishment, and is exclusively engaged in reproduction.

Von Linstow ? gives the following account of the life-history
of @. tolosanus, a form which has been more
fully worked out than any other. In the
month of April numerous specimens of the
beetle Pterostichus niger were found float-
ing on the surface of the ditches and
small ponds in the fields surrounding
Gottingen. Some were found dead or dying;
others appeared quite healthy, and these
were swimming actively, endeavouring to
reach land. Within the abdomen of these
beetles, in about 20 per cent of those
collected, the second larval form of the G.

: tolosanus was found. The longest larvae
Fro.88.—Abdomen of Ptero- were 122 mm. in length, and very soft,
Slichus wiger with the artly smow-white and partly brown in

terga removed to expose
;l;j Gho?llwslgxar“\lxgﬁ colour; traces of the boring apparatus of
(p,fm 2 L;nsf,w,) “ the first larval form were still to be seen,
but in other respects the larva only

differed from the free form in the immaturity of its sexual organs.
Besides the parasite hardly anything was to be found in the
abdomen of the beetle, the larva having eaten up all trace of the
fat body and the generative organs of its host. The larvae bored
their way out of the body of the beetle and became adult animals.
It is rather difficult to say what brings these essentially

¥ Mem. Acc. Torino, 2nd ser. vol. x1. 1890, p. 1. 2 Centrib. Bakter. Bd. ix. 1891, p. 760.
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terrestrial beetles to the water, but von Linstow suggests that, as
they live partly on snails, and at this time of year there are not
many land-snails about, they may be in search of water-snails
such as Zimnaea. They may also be sometimes blown into the
water by wind storms, but, whatever the cause is, their pres-
ence in water is essential for the continuance of the life of their
parasites.

Once free in the water the Gordius is soon sexually mature;
the fertilisation takes place in April, and
then the female may be seen twisting and
writhing round the stems of water-plants
and laying the long bead-like strands of
eggs (Fig. 82). The first deposition ob-
served by von Linstow took place on 14th
April, the last on 2nd Angust, and the
period of egg-laying for each female ex-
tended over four weeks. At first the eggs
are snow-white, but within twenty-four
hours they turn brown in colour. Fia. 89.—The tail ends

The development of the first larva within ?,i) :née':a,l,fﬂfo(g'?:

the egg takes about a month. When it g@iﬁ:i-ss:e}]‘;l (From
emerges from the egg-shell it is minute, ‘065 o ;
mm, long, ringed anteriorly, and provided with a protrusible and
retractile boring apparatus consisting of three chitinous rods;
round the base of this piercing proboscis is a double crown of
papillae, each bearing a spine (Fig. 90).

This first larval form breaks through the egg-shell and sinks
to the bottom of the water, where it moves about sluggishly and
awaits the arrival of the right host in which to take up its
abode. This host is the larva of the Alder-fly, Sialis lutaria Lin.
(vide vol. v. p. 444), and into this it bores and comes to rest in
the muscles or the fat body. It does not form distinet capsules.
It remains in this larva during the following winter, and
in the spring passes over into the imago Sialis. The com-
plete insect frequents the small plants growing along the water’s
edge, and falls an easy prey to the predaceous beetle Pt niger.
The larva is eaten, and undergoing a change becomes the second
larval form mentioned above. It remains in the body of the
beetle during the second winter, and finally returns to the water

1 Zeitschr. wiss. Zool. Bd. vii. 1856, p. 1.
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as the adult some eighteen or twenty months after it has been
hatched from the egg.

From the above account of the life-history of Gordius it will
be seen that the chances of an egg reaching maturity are com-
paratively small, and to compensate
for this a very large number of eggs
are laid. In addition to the risk of
the larvae not finding the right host
at the right time, and of the first host
not being eaten by the second, and
the second not being drowned, there
is the danger that the ditches and
ponds in which the adults live may
Fi6. 90.—Embryo or first larval dry up, and,‘ in fact,. grea!; numbers

form of Gordius tolosanus taken Of worms perish by this taking place.

from ‘(i‘in‘ﬁ, qroghly magni- - The sex of the adults may De told

ing papillae on the heal; ¢, from their colour, the males being of a

fl")‘; 'I"‘i’;is‘ég‘ffl’”‘““s' (From. lackish brown, the females of a light

clay brown; the former average 120
mm. in length, the latter 170 mm. The males are also more
numerous, the proportion being seven to three. Camerano® has
drawn attention to the fact that there is a certain polymorphism
in size, form, and colour which is especially common amongst the
males; dwarf forms with mature reproductive organs exist, and
he is of opinion that these differences depend both on the size of
the second host and on the duration of the parasitic life.

In addition to the larva of Sialis lutaria, the first larval stage
has also been found in the larva of Ephemera, Lanypus, Corethra,
and Chironomus ; the second in Carabus hortensis ¥abr., Procerus
(Carabus) coriaceus Linn., Calathus fuscipes Goeze., Molops elatus
Fabr.,, several species of Pterostichus, and a number of other
beetles, It is probable that its normal hosts are 8. lufarie and
Pt niger, but it is clear that it often comes to rvest in other
insects. The view that the Gordiidae have no special hosts, but
may either pass the whole of their life-history within one and
the same animal, or, on the other hand, may inhabit animals
belonging to very different groups, is held by Villot, who has
paid great attention to the subject. He finds the first larval
form encysted in the walls of the alimentary canal in fishes, such

1 Zool. Anz. vol. x. 1887, p. 602,
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as Leuciscus phoxinus, the minnow, Cobitis barbatula, the loach,
and Petromyzon planeri, the lamprey ; in the larvae of Diptera,
Ephemera, and heetles, in Planorbis (a
water snail), in Enchytracus (an Oligo-
chaet); the second larval form in all
kinds of insects, spiders, Crustacea,
fish, frogs, birds (Otis), and in man,
and these various habitats lead him
to the conclusion that “ Les Gordiens
n'ont pas d’hites specianx.”  On the
other hand, as von Linstow points out,
it is contrary to our knowledge of
parasites that a single species should
develop equally well in the hody of
warm and cold-blooded Vertebrates and
of Insects, and the explanation of the
presence of the larvae in these various FIG'Elgalf:}. o Tecly il of 5
forms may either Dbe that they Ue- two Gordius larvae (a, @) have
long to different species of Gordius or, E‘f";‘[‘:i‘;'sfe'n)m"g"iﬁed‘ (From
more probably, that they are acci-

dentally present, having passed into their hosts with drinking
water.

The number of species of Gordius is large; over 100 are
enumerated in the Compendium der Helminthologic! the great
majority of which inhabit insects.

The life-history of Nectonema is practically unknown; the
adults have been found swimming near the surface of the sea at
two places only: Newport, I.I,, and Wood’s Holl, Mass., on the
south coast of New England. It has been fished close to the
shore, from the end of June to the beginning of Octeber, when
the tide is going out at evening and there is no moon. This
seems to indicate that it avoids the light. When first caught
the worms move actively about, coiling themselves into figures of
eight and then uncoiling; at the same time there is a rhythmieal
movement caused by waves of muscular contraction passing down
each side of the hody alternately; by this kind of motion they
make rapid and definite progress throngh the water.

It scems probable that the adult Nectonema is preceded by one
or more larval stages, and what appears to he a young form has

! Von Linstow, Hannover, 1878, and Nachtrag, 1889.
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been obtained from the thoracic cavity of a prawn, Palaemonetes,
which has thus some claim to be regarded as the host of this
species, but nothing is known about its early life-history.

Sub-Order III. Acanthocephala.

The Acanthocephala, which form the third class of the Nema-
thelminthes, consists of but few genera; there are, however,
numerous species of very different size, varying from 10 to 65
cm. long in the female Gigantorhynchus (Eehinorhynchus) gigas,
to quite minute forms a few millimetres in length. The adult
stage occurs in the alimentary canal of Vertebrates, as a rule
in those which live in, or frequent water; the larvae are found
in the bodies of certain Invertebrates, very frequently small
Crustacea.

Anatomy.—The body of the mature forms can usually bedivided
into three sections—the proboscis, the neck,
and the trunk, but the middle region is not
always discernible. The proboscis is armed
with rings of hooks (Fig. 93) arranged in
longitudinal rows; they are usually of two
kinds, but in E. proteus of three. They have
a certain specific value, but not much stress
can be laid on the number of rings, eg. in

E. angustatus the number varies from eight

Fm;)f 920;"2‘2‘;;{:’8“‘;? to twenty-four. The recurved hooks serve to
teus Westrumb., with fasten the parasite very firmly to the tissues
their saterior ends em of the host. The proboscis is hollow and

bedded in the wall of
;1;: ililze:atinveﬂ tt;f 2 %hﬁ retractile; it can be withdrawn into the
(F,f:n Hamann.) " body by means of muscles attached inter-
nally to its tip. It does not, however, pass

straight into the body-cavity, but is retracted into a special
cavity—the proboscis sheath—with a double muscular wall
The proboscis sheath may perhaps be looked upon as a septum,
such as is found in some of the Nematomorpha, dividing the
body-cavity into two parts. It is inserted into the body-wall
at the junction of the neck and trunk or of the proboscis and
trunk. In addition to the muscles which withdraw the pro-
boscis into its sheath, there are two retractors running from the

1 H. B. Ward, P. dwmer. Ac. new ser. vol. xix: 1892, p. 260.
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outside of the sheath to the body-wall; these serve to retract the
whole sheath and its contents into the body-cavity of the trunk.
The structure of the skin is essentially like that of Nematodes,
hut the details are much more complicated. The whole body is
covered by a thin
cuticle secreted by
the epidermis, which,
as in the other
groups, breaks down
and forms a syncyt-
iumn called the sub-
cuticle. The minute
fibrils which pene-
trate this layer are
much more definitely
arranged than in
Nematodes; the
largest of them run

from  without in- FI6. 93.—A, Five specimens of Echinorhy acus Rud.
attached to a piece of intestinal wall, x 4; B, the
wards, others run proboscis of one still more highly magnified.

concentrically round

the body. Large oval or spherical nuclei are scattered in the
sub-cuticle, which is further honeycombed by a number of lacunae
or spaces which are described below.

Within the sub-cuticular layer is found a sheath of circularly-
arranged muscle-fibres, and within this again a sheath of longi-
tudinal muscles which do not extend into the proboscis; this
inner layer lines the body-cavity, there being no epithelium
within it. In their minute structure the muscle-cells resemble
those of Nematodes.

The canals in the sub-cuticle form a very curious system of
anastomosing spaces, in which a clear fluid containing fat globules
circulates. The extent to which the system is developed varies
in different species, but in all there 1s a pair of longitudinal
canals which are situated laterally, and which give off the sub-
sidiary channels in their course. The above description applies
to the lacunar spaces in the skin of the trunk ; those of the pro-
boscis are quite distinct, and there is no communication between
the two sets of spaces ; in fact, the sub-cuticle in which the lacunae
are formed is not continuous aecross the line of junction of the

B
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proboscis and the neck, or, when the latter is absent, of the pro-
boscis and the trunk, but it is interrupted by the ingrowth of a
thin ring of cuticle which reaches down to the muscular layers
(Fig. 94).  All the spaces in the skin of the proboscis open ulti-
mately into a circular canal situated round its base ; on each side
the canal opens into a sac-like structure which extends through
the body-cavity towards the posterior end of the animal. These
two lateral diverticula are termed the lemnisci.  They have

7 % ]

15 Fic. 94.— A longitudinal
:J section through the an-
terior end of Kehinorhyn-
chus haeruca Rud.  (From
Hamann.) a, The probos-
cis not fully expanded ;
b, prohoscis - sheath ; ¢,
retractor muscles of the
proboscis ; d, cerebral
ganglion ; ¢, retinaculum
enclosing a nerve ; f, one
of the retractors of the
sheath ; g, a lemniscus ;
k, one of the spaces in
the sub-cuticular tissue ;
4, longitudinal muscular
layer ; j, circular mus-
cular layer; %, line of
division Letween the sub-
cuticular tissue of the
trunk and that of the pro-
boscis with the lemnisci.

always attracted considerable attention trom the workers at the
group, and numerous functions have from time to time been
attributed to them. They are more or less hollow, and their
walls consist of sub-cuticular tissue surrounded with a scanty
muscular coat ; they contain the same fluid as the lacunae of the
skin of the proboscis, with which they are placed in commmmi-
cation by means of the circular canal; and it seems most prob-
able that, as Hamann! suggests, they act as reservoirs into
which the lacunar fluid retires when the proboseis is retracted,

U Jen. Zeitschr, Bd. xxv. 1891, p. 113,
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and whieh, by means of the contractions of their muscular coat,
force the fluid into the lacunae when the proboscis is everted,
and thus aid in its protrusion.

The parasitic habits of Echinorhynchus have had a deeper
influence on the structure of the body than is the case with the
Nematoda. All traces of an alimentary canal have disappeared,
and the animals live entirely by the imbibition through the skin
of the already elaborated fluids of their hosts. The power of
absorbing fluids is shown by the fact that they swell up and
become tense when placed in fresh water.

Until recently no definite excretory organs had been recognised,
and the function of excreting the nitrogenous matter was by
some assigned to the lemnisei.
In 1893 Kaiser® described
in @ gigas two organs
which he called nephridia,
placed dorsally to the ducts
of the male and female
reproductive organs.  Each
nephridium, which somewhat
resembles a cauliflower, con- &,
sists of a stalk or duct, A

opening at one end into gy, 95.—A, A longitudinal section through

the reproductive ducts, and the terminal twigs of the nephridium of
h hi Gigautorhynchus gigas. (From J. E. Kaiser.)
at the other branc mg Highly magnified. @, Nncleus. B, A ter-

and breakiug up into a minal twig more highly maguified ; 5, the
porous membrane.

number of secondary and

tertiary twigs. The end of each twig is closed by a mem-
brane pierced with a number of most minute pores, by
means of which it communicates with the body-cavity; on
the inner side the membrane bears a nwumber of long cilia,
which keep up an active flickering. The presence of these cilia
is interesting, as elsewhere they are unknown throughout the
Nemathelminthes.

The nervous system consists of a central ganglion situated in
the proboscis sheath; it is oval and flattened in shape. The
ganglion gives off nerves to the proboscis, and two main trunks
which pierce the proboscis-sheath and run backward surrounded
by a cluster of muscle-fibres, the whole being termed the

! Bibl. Zool. Bd. ii. Heft 7, 1893.
VOL. II N
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retinaculum ; in the male they are in connexion with a special
genital ganglion which lies near the ductus ejaculatorius.

Fi1g. 96.—An optical section through
a male Neorhynchus clavaeceps
Zed. (From Hamann.) e, Probo-
scis 3 b, proboscis sheath ; ¢, retrac-
tor of the proboscis ; d, cerebral
ganglion ; f, f, retractors of the
proboscis sheath ; g, g, lemnisci,
each with two giant nuclei; A,
space in sub-cuticular layer of
the skin; /, ligament; m, m,
testes ; o, glands ou vas deferens ;
P, giant nucleus in skin ; g, open-
ing of vas deferens.

With the exception of certain
sensory papillae in the neighbour-
hood of the male genital orifice, and
of three similar papillae mentioned
by Kaiser on the proboscis, the
Acanthocephala are devoid of sense
organs.

The Acanthocephala are dioecious ;
their generative organs are developed
in connexion with the ligament,
a cord-like structure which arises
between the inner and outer layer
of the hinder end of the proboscis
sheath and traverses the body-cavity,
ending posteriorly in connexion with
the genital ducts. The testes lie
in this ligament; they are paired
oval bodies which open each into a
vas deferens. The vasa deferentia
each bear three lateral diverticula,
the vesiculae seminales; and three
pairs of cement glands pour their
secretion into a duct which opens
into the vasa deferentia; the latter
unite and open by a penis which
is withdrawn into a genital Dbursa,
but is capable of being extruded.

The two ovaries are formed in
the ligament of the female in a cor-
responding position to that occupied
by the testes in the male, but at an
early stage they Dbreak down into
packets of cells, of which those of
the peripheral layer develop into ova
at the cost of the central cells, which

serve them as a food supply. As these masses grow and
increase in number they rupture the walls of the ligament, and
escape into the body-cavity, in which they float. The ova are
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fertilised whilst floating in the fluid of
eggs segment and the embryo is formed
whilst still in the body of the mother.

The embryos escape by means of a
complicated apparatus the details of
which vary in the different speeies, but
which, like many of the organs in these
animals, consists of very few cells with
very large nuclei. This apparatus con-
sists of three parts: the bell, the uterus,
and the oviduct. The bell is a large
funnel-shaped structure, which opens
into the body-cavity, and is connected
with the end of the ligament; near its
lower end, where it is continuous with
the uterus, is a second smaller opening
situated dorsally. By the contraction
and expansion of its lips the oval embryos
are swallowed and pass on through the
uterus to the oviduet, which opens at the
posterior end of the body. If the bell
takes in any of the less mature eggs
which are spherical in shape, they are
passed back into the body-cavity through
the above-mentioned dorsal opening, and
the same orifice permits the passage of
the spermatozoa even when the bell is
full of embryos.

Embryology.—After fertilisation the
egg swrrounds itself with several egg-
shells, three of which are usually dis-
tinguished ; the embryo is already far
advanced in its development by the
time it leaves the body of the mother
and passes out into the alimentary canal
of the Vertebrate host. It leaves the
body of this second host with the faeces,
and is eaten by the first or larval host,

the body-cavity. The

Fic. 97.—An egg of Echino-
rhynchus acus Rud. sur-
rounded by three egg-shells.
Highly magnified.  The
egg has segmented, and the
cells are differentiated into
a, the entoblast, and b, the
ectoblast ; ¢, spines. (From
Hamann.)

usually a small Crustacean or water-insect, but in some cases a
fish, within whose alimentary canal it casts its membranes and
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becomes actively mobile. By means of a ring of hooks developed
round the anterior end it bores its way through the wall of the
alimentary canal, and after some time—three weeks in E. profeus
——comes to rest in the body-cavity of its host. By this time
most of the organs of the adult, with the exception of the repro-
ductive glands, are already well established ; the latter only attain
maturity when the first host is eaten by the second, and the
larvae find themselves in the intestine of a Vertebrate.

Fia. 98.—A, A larval
Echinorhynchus proteus
‘Westrumb. further de-
veloped than in Fig. 97.
Highly magnified. The
entoblast has developed
inside it the proboscis ¢ ;
b, b, the giant nuclei of
the ectoblast. B, The
entoblast at a more ad-
vanced stage, the ecto-
blast is not shown. The
outermost layer of cells

-d will form the muscles
of the body-wall; the
body - cavity has ap-
peared ; @, proboscis ;
b, cerebral ganglion ; ¢,
body-cavity ; d, d, the
testes beginning to ap-
pear in the ligament ;
¢, cells which will form
the generative ducts,

Some of the details of the development are very remarkable,
and a short account of them may be given. The segmentation
of the egg is unequal; it results in the formation of a central
biscuit-shaped mass of small cells and a peripheral mass of larger
cells; the former is called by Hamann® the entoblast, the latter
the ectoblast. From the entoblast arise all the organs of the
body but the sub-cuticle and the associated lemmisci, which are
formed from the ectoblast. The latter has a remarkable history ;
the cells begin to break down and lose their outlines, whilst their
nuclei fuse together and form a small number of giant nuclei,
which lie scattered throughout the syncytium thus formed. The
syncytium surrounds the entoblast on all sides; by this time
the anteriorly-placed hooks have appeared; in E. proteus there

1 Jen. Zeitschr. Bd. xxv. 1891, p. 113.
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are ten of these, but the number is not the same in all species.
The syncytium is in a fluid state, with a few gigantic nuclei
floating in it; these now lose their spherical shape, and throwing
out processes become amoe-
boid ; in this way they bud
off small portions of their
substance, and from these
the oval nuclei of the sub-
cuticle and the lemnisci
arise. The rest of the syn-
cytium hardens into the
fibrillar matrix of the

F1a. 99.—A, The larva of Echinorhynchus proteus

sub-cuticle, leaving, how-
ever, scattered spaces which
form the sub - cuticular
sinuses of the adult. An
interesting feature of A

from the body-cavity of JPhoxinus laeris, with
the proboscis retracted and the whole still
enclosed in a capsule. B, A section tl\rough
the same; @, the invaginated proboscis; &,
proboscls sheath ; ¢, beglunmg of the neck ;

d, I Highly ifi (Both from

Hamann.)

clavaeceps and Arhynchus

hemignathi is that the skin of the adult retains the larval
features, and it and the lemnisci consist of a syneytium with a
very few giant nuclei scattered through it. Hamann counted
only eight in the skin and two in each lemniscus in the example
figured on p. 178.

The whole of the rest of the body is formed by the entoblast.
Within the latter a circular split arises which separates a single
layer of outermost cells from an axial strand of many cells (Fig.
98, B). The split is the future body-cavity; the axial strand
forms the proboscis, its sheath, the cerebral ganglion, muscles, ete.,
and the ligament with the contained genmerative organs; the
outermost layer of cells forms the muscular lining to the skin.
It is interesting to note that these cells destined to become
muscle-fibres are at first arranged as a single layer of cubical
epithelial cells lining the body-cavity; most of them become
circular musele-fibres, but a few are pushed inwards so as to
lie next the body-cavity, and these become the longitudinal
fibres.

Classification. — Until recently the Acanthocephala were
supposed to include but one genus, Echinorhynchus, with several
hundred species, but Hamann* has pointed out that these species

1 Zool. Anz. Bd. xv. 1892, p. 195.
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present differences which enabled him to divide the group into
three families, each with a corresponding genus To these I
have ventured to add a fourth family, to include a remarkable
species, Arhynchus hemignathi, described below. The char-
acters of the first three families in the account given below are
taken from Hamann’s paper.

Family I. Echinorhynchidae.—The body is elongated and
smooth. The proboscis-sheath has a double wall, and the pro-
boscis is invaginated into it. The
central nerve-ganglion lies in the
middle line, as a rule on the pos-
terior blind end of the proboscis-
sheath. The papillae which bear the
hooks are only covered with a chitin-
ous cap at their apex, and the hooks
have a process below. This family
is by far the largest; a few species
only can be mentioned. ZEchinorkyn-
chus proteus lives in its mature form
in fishes; the young forms, up to a
centimetre in length, are found living
freely in the intestine of numerous
fresh-water fishes. Those found in
Gobio fluviatilis, the gudgeon; Leu-
ciscus virgo; Lota vulgaris, the burbot
or eel-pout; young trout; Thymallus

F1o. 100—Fully formed larva of V%49a7s, the grayling, seldom surpass
Echinorhynchus proteus from this size, but those found in Acerina
the body - cavity of Phoxinus G 3
laevis. (From Hamann.) Highly ¢¢rnua, the pope fish; in dbramis
maguified. «, Proboscis ; b, bipunctatus; in Esow lucius, the pike,
bulla; ¢, neck; d, trunk; e, 9 q
¢, lemnisci. and in older trout, attain or surpass

double the length. As the parasites
grow older they bury their proboscis and neck in the wall of the
intestine, the inner surface of which is studded with the orange-
coloured bodies of the parasites. The proboscis is so deeply
sunk in the wall of the alimentary canal as to form a papilla
on its outer surface (Fig. 92). The larvae of E. proteus are
found in the body-cavity of Gammarus pulex, one of the Amphi-
pod Crustacea, and also in the same position in numerous fresh-
water fishes; they must have passed into this first host by the
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mouth and alimentary canal. If the liver of an infested minnow,
Leuciscus phoxinus, be examined, it will be found to contain on
its surface numerous spherical or egg-shaped capsules of an orange
colour, 2 to 2'5 mm. in length; these contain the larval forms of the
parasite. They develop into the adult form when the first host
is eaten by a carnivorous fish, but a complication may take place
when the larval form is found in Gammarus, as the latter, the first
host, may be eaten by a fish (intermediate host) in which the
larva does not become mature, and only develops sexual organs
when eaten by a carnivorous fish (second host). The larval form
is also found in Nemachilus barbatulus, Gobio fluviatilis, and the
sticklebacks Gasterosteus aculeatus and G. pungitius.

E. clavula Duj. is found in Salmo fario, Abramis brama,
Cyprinus carpio, Gobius niger, Lepadogaster gouanis, etc.; E.
linstowr Ham. in ZLeuctscus tidus, Abramis ballerus, Abramis
bipunctatus, and Acipenser huso; E. lutzit Ham. was found by
Dr. Lutz in Brazil in the intestine of Bufo agua ; E. angustatus
Rud. occurs in such numbers in the perch, Perca fuviatilis,
as to almost occlude the lumen of the intestine, and one out of
every three or four fish in certain districts is infested by it. It
is also found in the pike, Esox lucius, and the barbel, Barbus
vulgaris. The first or larval host of this species is the Isopod
Asellus aquaticus. E. moniliformis Brews. is stated to attain
maturity in the human intestine. Except for the fact that G
gigas has once been observed in the same place, this is the only
human parasite amongst the Acanthocephala. Its normal second
hosts are Mus decumanus and Myozus quercinus, and its first or
larval host, the larvae of the beetle Blaps mucronata. E.
porrigens Rud. is found in considerable numbers in the small
intestine of a fin-whale (Balaenoptera sibbaldii), and E. strumosus
Rud, in the small intestine of a seal (Phoca vitulina), and in
the body-cavity of the angler fish (Zophius piscatorius). E. acus
is common in the whiting, Gadus merlangus.

Family II. Gigantorhynchidae.—Large forms with ringed,
flattened, and Taenia-like bodies. The hook-papillae are covered
all over with transparent chitinous sheaths with two root-like
processes. The proboscis-sheath is muscular and without a
lumen. The central nervous system is excentrically placed below
the middle of the so-called sheath. The lemnisci are long twisted
tubes with a central canal,



184 NEMATHELMINTHES CHAP.

Hamann places three species in this family: Gigantorhynchus
echinodiscus, G. spira, and G. faenioides; but as he points out
that E. gigas resembles these in its more important structural
features, it seems advisable to include it here under the name
G. gigas. 'The members of the first family often present a trans-
versely ringed appearance after death, but the Gigantorhynchidae
are ringed when alive, and the circular canals in the skin show
a certain regularity, being arranged one between each two rings.
There is no lumen in the proboscis-sheath, which is not attached
to the boundary between the proboscis and the trunk, but to the
inner surface of the proboscis, and the whole can be retracted
within the anterior portion of the body, which is invaginable.
There are always eight cement-glands, and other differences exist
in the musculature, hooks, and position of the nervous systen:.

G. gigas occurs in the adult state in the small intestine
of swine; in Europe its first or larval host is believed to be the
grubs of Melolontha vulgaris and Cetonia aurata, but these beetles
are absent from America, though the parasite infests American
hogs. Stiles! has recently made some experiments which tend
to show that in the United States the source of infection is some
species of the beetle Lachnosterna, and he has succeeded in in-
fecting the grub of L. arcuata by feeding it on the eggs of the
parasite; from one larva he took 300 parasites six weeks after
feeding it. L. arcuata is, like M. vulgaris, phytophagous, but
the grubs of both the beetles are fond of frequenting manure
heaps and patches of dung, and thus are much exposed to the
dangers of infection.

G. echinodiscus inhabits the intestine of ant-eaters, having
been found in Myrmecophaga jubata and Cycloturus didactylus.
G. spire lives in the king vulture Sarcorhampus papa, and G.
taenioides in Dicholophus cristatus, a species of Cariama.

Family ITI. Neorhynchidae.—Sexual maturity is reached in
the larval stage. The proboscis-sheath has a single wall. A
few giant nuclei only are found in the sub-cuticle and in the
lemnisci. The circular muscle layer is very simply developed.
The longitudinal muscle-cells are only present in certain places.

This family includes two species, Neorhynchus clavaeceps and
N. agilis, which afford interesting examples of paedogenesis.
The sub-cuticle and the lemnisci are dominated by a few giant

Y Zool. Anz. vol. xv. 1892, p. 52.
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nuclei, which remain in the embryonic state and do not break
up into numerous nuclei as in other forms. The musculature is
but little developed and the longitudinal sheath hardly exists. The
proboscis-sheath consists of a simple muscular layer, and the short
proboscis has few hooks anq presents an embryonic appearance.

The sexually-mature form lives in the carp, Cyprinus carpio ;
the larval form is found, according to Villot! encysted in the
fat bodies of the larva of Sialis lutaria, one of the Neuroptera,
and in the alimentary canal of the leech Nephelis octocula, and
successful experiments have been made in infecting some species
of the water snail Limnaea. N. agilis occurs in Mugil auratus
and M. cephalus.

Family IV. Arhynchidae.—Short forms with the body
divided into three well-marked regions—head, collar, and trunk.
The head is pitted, the collar smooth, and the trunk wrinkled,
not annulated, in spirit specimens. There is no eversible intro-
vert, and no introvert sheath and no hooks. The sub-cuticle
and the lemnisci have a few giant nuclei, and the lemnisci are
long and coiled.?

This family resembles the Gigantorhynchidae in the length
and curvature of its lemnisci, and the Neorhynchidae in the
persistence of the embryonic condition of the nuclei in the sub-
cuticle and the lemnisci; but in the shape of the bedy, its
division into three well-marked regions, the absence of eversible
proboscis, proboscis sheath, and hooks it stands alone, though it is
nearer to the Neorhynchidae than to either of the other families.

The single species Arhynchus hemignathi was found attached
to the skin around the anus of a Samdwich Island bird, Hem:-
gnathus proceros. 'The bird is a member of a family Drepani-
didae, which is entirely confined to the Sandwich Island group.
Professor Newton tells me that it is probable that the “food of
Hemignathus consists entirely of insects which it finds in or
under the bark of trees,” hence it is probable that the second
host of this parasite, if such exists, must be looked for amongst
the Insecta.

1 Zool. Anz. vol. viii. 1885, p. 19.
2 Shipley, Quart. J. Micr, Sci. vol. xxxix. 1896.
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which is most prominent at the sides (Fig. 102, g); within
the hood the head bears from two to four rows of short
spines, and outside these a right and left row of sickle-shaped
hooks, the free ends of which in a state of rest converge round
the mouth, but when disturbed these hooks can be widely
divaricated.

The cavity of the body, or coelom, is divided into three dis
tinet chambers by the presence of two thin transverse walls or
septa, one situated between the head and the trunk, the other
between the trunk and the tail (Figs. 104, 105). In the head,
this cavity is much reduced by the presence of special muscles
which move the spines, hooks, etc. ; and in the small species, such
as Spadella cephaloptera, the other two cavities are almost entirely
occupied by the digestive and reproductive organs®; but in the
large species, e.g. Sagitta hexaptera, a considerable space is left
between the internal organs and the skin,and this is occupied by
a coelomic fluid. If the skin of one of these larger species be
punctured the fluid escapes and the animal shrivels up. A
longitudinal partition or mesentery, with numerous pores in it,
runs through these spaces, dividing the body-cavity into a
right and left half; in the region of the trunk this mesentery
supports the alimentary canal

In addition to certain muscles in the head, which move the
hooks, ete., there is a muscular lining to the body-wall. This is
divided into two dorsal and two ventral bands, much in the same
way as in Nematodes. The muscle fibres are striated.

The mouth, situated either terminally—Spadella marioni ?—
or below the head, leads into a pharynx ; this passes into an intes-
tine lined by a single layer of ciliated cells with a few glandular
ones intermingled. The intestine runs straight through the
body without loop or coil, and opens by an anus situated at the
junction of the trunk and the tail. In most cases the anus is
ventral or on the lower surface, but Gourret asserts that in Spadella
mariont it is on the upper surface.

There are no special respiratory, excretory, or circulatory
organs, unless a glandular structure described by Gousret in the
head of Spadella mariont be a real kidney.

The nervous systemn consists of a supra-oesophageal ganglion

1 0. Hertwig, Jen. Zeitsehr. Bd. xiv. 1880, p. 196,
2 P, Gourret, Ann, Mus. Marscille, tom. ii. Mem. 2, 1884, p. 103.



188 CHAETOGNATHA CHAP.

or brain situated in the head, and of a ventral ganglion lying
in the trunk; both these nérve centres are embedded in the
epidermis, and are connected with one another by means of two
stont peri-oesophageal nerves (Figs. 102, 104). The brain.
also gives off a pair of nerves to the eyes, another pair to the
olfactory organ, and a pair which ultimately meet one another
and so form a ring; on this are
certain ganglia giving off nerves which
supply the muscles of the head. Both
the chief ganglia give off numerous
nerves, which divide and split up into
a network of fibres which permeate
the whole skin.

The sense organs are comparatively
simple. A pair of very small eyes lie
in the skin of the head; they are of
complex structure, and to some extent
remind one of the simple eyes of
certain Crustacea. Behind the eyes
and also on the upper surface of the
animal is an unpaired organ which is
usually deseribed as olfactory in func-
A i tion (Figs. 103, 105). This is a
Fm.loz__HeofSagitmwpum_ ring-shaped modification of the epi-

tata. A, Dorsal view ; B, ven- dermis drawn out into different shapes

tral yiew. xabout 33. (From . g 2 .

Hertwig.) A, a, spines; b, in the various species. The modified

nerves to lateral cephalic gan- epidermal cells bear long cilia. The

glia ; ¢, hooks ; d, cephalic i .

ganglion ; e, olfactory nerve ; f, Yemaining sensory organs found in the

SEHclneYe ;vf;l:’&‘;déaz’gﬁ‘;’u"; group consist of clumps of modified

J, olfactory organ: B, a, ¢, cells scattered in round groups over

a0 g b Lponth; the surface of the body and of the fins.
The central cells of each group bear long tactile hairs, and are
surrounded by supporting cells.

The Chaetognatha are hermaphrodite, and carry the female
organs in the trunk, the male in the tail. In a mature specimen
the two ovaries occupy almost all the space in the trunk
between the alimentary canal and the skin, and each is supported
by a narrow lateral mesentery. The ovary is traversed by a
oviduet which often contains spermatozoa; it is not clear how
the eggs make their way into the oviduct, which seemis to have
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no internal opening and to act largely as a receptaculum
seminis, The oviducts open externally on the upper side at the
base of the lateral fin, close to the junction of the tail and the
trunk.

The cavity of the tail is divided into two lateral chambers by
the extension backward of the median vertical mesentery. In
each of these a testis and a vas deferens are found. The testes
are solid ridges formed by the growth of the
lining cells of this part of the body-cavity ;
the cells mature into spermatozoa, which
break off and float freely in the coelomic fluid.
At the breeding season the whole tail may
be crowded with masses of spermatozoa, which
are kept in a more or less regular circulation
by the ciliated cells lining the body-wall.
The vas deferens opens internally into the
space where the spermatozoa lie, and at the
other end into a vesicula seminis, which
opens to the exterior. The position of the
latter structure varies, and is of some syste-
matic value.

The eggs are laid in the water and as a
rule float at the surface of the sea. Spadella
cephaloptera is, however,an exception to this
rule, as it attaches its eggs by means of a
gelatinous stalk to sea-weeds. The segmen-
tation of the ovum is regular, and gives rise
to a two-layered stage or gastrula, which
opens by a pore, the blastopore. This does
not, however, become the mouth, but closes g 103 Spadettc ceppa-
up and the mouth arises at the opposite  loptera, Dorsal view.
pole. Terhaps the most interesting feature ,: 33;1,(}21?:' ?;’;{f;%, 2
of the development of Sagitta is that the bv°°m,misf“fe"°l}’e:’tml
cells destined to form the reproductive ﬁ;f&l?n&, c’ali‘ingl;tz:i
organs separate from the other cells of the  canalj e ovary; f; ovi-

. on g duct ; g, testis ; &, vesi-
embryo at a very early date, whilst it iS  cula seminalis.
still in the gastrula stage. There is no
larval form, but the young hatch ont from the egg in a state
resembling the adult in all respects but that of size.

Habits.—The Chaetognatha are essentially pelagic, and re-
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semble many other creatures that dwell at the surface of the
ocean in being almost completely transparent. Most species have
been taken far out at sea, but some are perhaps rather more
numerous near the coast, and one species, Spadella cephaloptera,
is littoral. They swim by means of muscular movements of the
whole body; the fins have no movement of their own, and seem
to serve as balancers, and not as locomotory organs. Although
usually found at the surface of the water, many species have heen
taken at considerable depths. Chun ! states that they are found
in countless numbers at depths of from 100 metres to 1300
metres. The commonest species at these depths are Sagitte
hexaptera and Sagitta serratodentata.  Sagitta bipunctata, accord-
ing to the same authority, confines itself to the surface. Whether
the change of depth is diurnal, or whether it has any relation to
sexual maturity, or to any other cause, has not been satisfactorily
determined.

The food of the Chaetognatha consists of floating diatoms,
Infusoria, small larvae, and such Copepods as Calanus finmar-
chicus, and small Amphipods as Phozus plumosus? At times they
also devour small Jarval or post-larval fishes, and owing to their
incredible numbers, they doubtless do considerable damage to sea
fisheries. It is also recorded that they eat one another, and
specimens have been taken which have ingested the whole body
of another Sagitte except the head, which hangs out of the
mouth of the eater, and gives it the appearance of a double-
headed monster® It has been said that they attack hydroid
polypes, but here at any rate they do not have it all their own
way. Masterman * has figured the apical group of five polypes
of Obelia, three of which are engaged in ingesting as many young
Sagitta.

They exist in incredible numbers ; Grassi describes the surface
of the sea at Messina on certain days as being literally covered
with them, and they must form the food supply of numerous
animals which prey upon the pelagic fauna. The immense
number of individuals is probably accounted for to some extent

by the fact that they lay eggs all the year round, and pass

1 Bibl, Zool. vol. i, 1888-89, . 1.

2 Seott, Annals of Seottish Natural History, 1892 and 1893,
3 E. Béraneck, Ecv. Zool. Suisse, vol. iii. 1895, p. 137.

4 Ann. Mag, Nuat. Hist. 6th ser. vol. xiii. 1894, p. 440.
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through a very short and rapid development.

known to be phosphorescent.

Classification.—The features of the Chae-
tognatha which have most systematic value
are the size of the adult, the relations of the
length to the breadth, and of the three divi-
sions to one another; the size, number, and
pusition of the lateral fins, and of the hooks
and spines on the head; the thickness of the
epidermis, and the structure of the olfactory
organ ; and, finally, the form of the reproduc-
tive organs.

Strodtmann,' who gives the latest and most
complete account of the species of Chaeto-
gnatha, arranges them under three genera,
which he characterises as follows :—

(1) Sagitta Slabber—Two pairs of lateral
fins, two rows of spines on the head. The
lateral thickening of the epidermis absent or
insignificant.

Under this genus are ihcluded nine definite
species and five others—S8. gracilis Verrill,
S. elegans Verrill, 8. darwini Grassi, S. dip-
tera d’Orbigny, and S. triptera d’Orbigny—
whose position, owing to the inadequacy of
their description, is of doubtful validity.

The distribution of the other species may
be mentioned. S. Zexaptera is the largest
Chaetognath known, and reaches in the adult
stage a length of 7 cm. It is very widely
distributed, being found in practically all the
temperate and warm seas, usually at the sur-
face of the water, though at times it is found
at a depth of one metre, or even deeper. S.
lyra, Mediterranean, very rare. S. fricuspi-
data, widely distributed. S magna, Mediter-
ranean and Madeiran, living at the surface.
S. bipunctate, the most frequently described
form, smaller than the preceding species, 1-2

They are not

Fic. 104.—Sagitta haz-

aptera. Ventral view.

x4. (From Hert-
wig.) @, Mouth;
b, hooks ; ¢, anterior
septum ; d, aliment-
ary canal ; ¢, com-
missure from the
brain to the ventral
ganglion ; f, ventral
gauglion ; g, ovary ;
h, oviduct ; 1, pos-
terior septum; j,
testis ; k&, vesicula
semiualis.

1 Archiv Naturg. 58 Jahrg. Bd. i. 1892, n, 333.
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em. in length, widely distributed, and as a rule living near
the coast line. 8. serratodentata, Mediterranean. S. enflata, on
the surface of the sea, Mediterranean and Madeiran. S. minime,
a very small species, 1 cm. in length, Mediterranean. 8. falcidens,
Atlantic, off the coast of New Jersey.

(ii.) Krohnia Langerhans.—A single lateral fin extending on
to both trunk and tail segment,
no lateral epidermal extensions
behind the head, only one row of
spines on the head. Trunk longer
than the tail

Krohnia has but two species :
K. hamate Mobius, with a length
of 3-4 cm., found in the North
Atlantic and at considerable
depths, 200 to 300 fathoms;
and K. subtilis Grassi, 1'5 cm.
long, with an extraordinary slender
body and a relatively large head,
found at Messina, but very rare;
as a rule only one specimen has
been found at a time.

(iii.) Spadelle Langerhans.—
A single pair of lateral fins; these
are situated on the tail segment.
Behind the head a thickening of
the epidermis extends down each

3 side of the body to the fin, or
Flﬂ-xlg%—a%”lf; (:f‘:‘\l:i 'y Domg; ;iel‘}'- even farther. Two rows of spines
i 8) & CPIAIC o1 the head. Small animals, not

ganglion ; b, eommissure between the
cephalic ganglion and the ventral ; ¢, longer than 1 cm.

:.3; ;c;lr:al.ﬂ;f;?h;?;r;r;g?,l Lfiaﬁlc‘tm f:hte 8. cephaloptera Busch is the
iie‘;:ig‘;’e;, % ite peyoud the duct); % smallest species of Chaetognatha,
attaining at most a length of *5

cm.  The body is not so transparent as in other species,and is of
a yellowish colour. It has been found from the Orkney Islands
to the Mediterranean. Strodtmann is of the opinion that the
three species S. mariana Lewes, S. batziana Giard, and S. gallica
Pagenstecher differ from the above-named only in size, or that
their description is too indefinite to permit of accurate character-

N
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isation. He recognises three other distinct species: S. pontica
Ulianin, from the Black Sea; S. martont Gourret, from the Gulf
of Lyons; and 8. draco Krohn, Mediterranean and Madeiran, and
from the Canaries.

Much confusion has been introduced into the classification
of the Chaetognatha by Grassi,! who calls some—but not all—
of what other writers term Sagitta, Spadella, and wvice wversd.
The following table was compiled by Strodtmann? but I have
incorporated in it two species recently described from Amboyna
by Béraneck® and called by him Suagitta bedoti and Spadella
vougai respectively :—

CHAETOGNATHA

[. Two pairs of lateral fins ; two rows of spines on the head ; slender forms.
(i.) Number of spines in posterior row greater than in anterior.
«. Border of hooks smooth, their point not curved.

a. No interval between the two fins on each side. 35 em.long ; 4-7
anterior spines, 8-11 posterior spines; olfactory organ lying
entirely on the trunk. The anterior nerves of the ventral
ganglion lie close to one another as far as the head.—SacITTa
LYRA.

B. A distinct interval between the two fins on each side.

aa. Adult animals large; hooks 6-7; anterior spines
3-4; posterior spines 5-7; tail ] or 1 of the total
length ; lateral areas relatively larger.—SAGITTA HEX-
APTERA.

bb. Greatest length 1-2 cm.

aa. Thickening of the epidermis behind the head ; pro-
minently projecting vesiculae seminales ; olfactory
organ very long ; hooks 8-10 ; anterior spines 4-6 ;
posterior spines 10-15.—SAGITTA BIPUNCTATA.

BB. No epidermal thickening ; two caeca on the an-
terior end of intestine ; length 1 em. ; hooks 6-9 ;
anterior spines 3-4; posterior spines 7-8 ; point
of the hooks somewhat bent round.— SaeITra
MINIMA.

yy- Epidermis thin; no caeca ; hooks 8-9, their ends

not bent; anterior spines 3-1; posterior spines
7-8 ; length 2 cem.; small head; trunk propor-
tionately thick.—SJsGITTA ENFLATA.

. Hooks 11-14, usually 12; length 1'8 cm.; anterior
spines 6-7; posterior spines 18.—SAGITTA FAL-
CIDENS,

2
=4

1 1 Chetognati, Flora w. Foune d. Golfes von Neapel, Mon. V. 1883,
2 Joe. cit. 3 loc. cit.
VOL. 11 4]
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ec. Hooks 7 on each side ; length 1'3 cm.; anterior
spines 8-10, posterior spines 18-22 ; no olfactory
organ.—SAGITTA BEDOTL
b. Edge of hooks toothed and their point bent round ; hooks 6-8 ;
anterior spines 6-8 ; posterior spines 10-12; length 15 cm. ;
slender; conspicunously projecting vesiculae seminales.—SAGITTA
SERRATODENTATA.
(ii.) Number of the spines in posterior row smaller than in anterior.
a. Anterior spines 3 ; posterior spine 1 ; hooks 8; length 35 cm.
—SAGITTA TRICUSPIDATA.
b. Anterior spines 4 ; posterior spines 3 ; hooks 10-13 ; length 4°1
cm. ; tail } of the total length.—Sac1TTA MAGNA.
II. One pair of lateral fins lying on the trunk and tail ; one row of spines;
body slender ; epidermis not thickened.

(i.) Hooks 8-9, bent like an elbow at the point, serrated in the young :
20-25 spines in a row ; ovary reddish ; length 3-4 cm.—KrouNIA
HAMATA,

(ii.) Hooks 8, broad at their base but very sharply pointed ; spines in a
curved row, about 18, with a constriction below like the neck of a
bottle ; body thin ; length 1-1'5 em.—KROHNIA SUBTILIS.

IIL. One pair of lateral fins, these lie on the tail ; body relatively very broad
in consequence of the thickening of the epidermis lying behind the
head ; two rows of spines; greatest length 1 cm. ; tail and trunk
usually the same length.

(i.) A great extension of the epidermis behind the head, consisting of very
large cells ; amongst these, at the level of the ventral ganglion, lies
a bundle of stiff hairs; tactile organ on papillae; hooks 9-10;
anterior spines 6-8 ; posterior spines 12-18.—SPADELLA DRACO.

(ii.) Lateral extension of the epidermis not so. conspicuous, and the cells
composing it smaller. Tactile organs in little depressions. Trans-
verse as well as longitudinal muscles in the trunk. Adhesive cells
on the ventral surface of the body. No interval between the lateral
fins and the tail fin. Two papillae on the head-hood elongated
into club-shaped tentacles. Hooks 8-9, slightly serrated ; anterior
spines 3-4 ; posterior spines 3-4.—SPADELLA CEPHALOPTERA.

(iil) Similar to the last-mentioned species, but the tail segment is larger
than the trunk ; in the above it is of the same size. No adhesive
cells. The fins are covered with papillae, and with a number of
serrated spines pointed at both ends.—SPADELLA PONTICA.

(iv.) Tactile organs and adhesive cells are unmodified epidermal cells.
Anus dorsal.  Orifice of oviducts ventral. No olfactory organ.
Epidermis colourless. Lateral fins without rays. A pair of ganglia
at the postero-lateral angle of the brain.—SPADELLA MARIONL

(v.) Tactile organs well developed on the head, trunk, and fins; tail
segment a little shorter than the trunk. Body short, length 3-4
mm. Hooks 9; anterior spines 4-5, posterior spines 6-7.—
SPADELLA VOUGAL









CHAPTER VIII
ROTIFERA, GASTROTRICHA, AND KINORHYNCHA
ROTIFERA—HISTORY—EXTERNAL FEATURES—MOVEMENT—ANATOMY

REPRODUCTION — EMBRYOLOGY — CLASSIFICATION— DISTRI-
BUTION—AFFINITIES—GASTROTRICHA—KINORHYNCHA

THE Rotifera are microscopic animals, the largest not exceeding
one-eighth of an inch in length. According to Hudson and
Gosse,! they are first recorded in an observation of the Rev. John
Harris, in 1696, of “an Animal like a large Maggot which could
contract itself into a Spherical Figure, and then stretch itself out
again; the end of its Tail appeared with a Forceps like that of
an Ear-wig.”? This was certainly a Bdelloid Rotifer.

In 1703 Leeuwenhoek?® gave a fuller description of a tubico-
lous form, probably Limnias, and noted the peculiar appearance
of the ciliary wreath as “ two wheels thickset with teeth as the
wheel of a watch.” He also noted a little later* the way in
which Melicerta (see p. 206) builds its tube, and was the first to
observe the revivification of certain species after drying®> Joblot,
a French professor of mathematics, in 1718 figured and described
a large number of new genera and species with more or less
fantastic details. Baker’s figures® are a considerable advance on
Joblot’s, and his descriptions of habits are still fresh and accurate.
Eichhorn found a number of new and interesting forms; and O.
¥ Miiller, influenced by the new discipline of Linnaeus, not

! The Rotifera, two vols. and supplt. London, 1886-89.

2 Phil. Trans. vol. xix. No. 220, p. 254 (abridged ed. vol. iii. 1705, p. 651).
3 Ibid. vol. xxiii. No. 283, p. 1304 (abridged ed. vol. v. p. 6).

¥ Ibid. vol. xxiii. No. 295, p. 1784 (abridged ed. vol. v. p. 175).

8 Ibid. No. 337, vol. xxviii. 1714, p. 160.

8 Employment for the Microscope. London, 1785.
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only figured many species, but gave good short diagnoses of their
characters. Ehrenberg in 1838 brought out his magnificent
Infusionsthierchen, which contains descriptions and figures of
what are now divided into Protophyta, Protozoa, Rotifera, and
Gastrotricha. Dujardin’s monograph on the “ Infusoires,” in the
Suites & Buffon! was in several respects an advance on Ehren-
berg, whose power of observation was so great as to render his
mistakes the more inexplicable. But Ehrenberg ever adhered to
his errors as firmly as to his facts.

The occurrence of Rotifers among microscopic plants induced
the botanists Cohn and Williamson ? to work at their structure;
the group has been studied by men engrossed in other profes-
sional cares, such as Gosse, Bedwell, Moxon, Rousselet, and
Maupas. Huxley® Leydig,* and Cohn® studied Rotifers in the
’50’s and early ’60’s with a precision the more remarkable when
we remember the imperfect methods then available. This period
was closed by the valuable monograph published in Arlidge’s (4th)
edition of Pritchard’s Jafusoria,® under the supervision of W. C.
Williamson.  Leidy began the study of the American Rotifers.
Eckstein 7 gave a careful and interesting account of the species
about Giessen in a richly illustrated paper. In recent times the
modern methods of histological and embryological research have
been applied by Vallentin® Plate? Tessin,'® and Zelinka," the
three Studien ueber Rotatorien of the last author being indispens-
able o every student, and containing a full bibliography.

Hudson and Gosse’s Monograph (1886-89) contains a history
of the class to which, as to the whole book, we are deeply in-
debted ; and a full systematic account of all published species.
C. Rousselet has introduced a method ™ of preparation of Rotifers
in microscopic slides which enables workers to preserve the types
they figure and describe for future identification and comparison.
Gunson Thorpe has collected and studied Rotifera in China and

1 Paris, 1841. Quart. Journ. Micr. Sci. vol. i. 1853, pp. 3-8, 65-76.

3 Trans. Micr, Soc. London, vol. i. (n.s.), 1853, pp. 1-19.

$ Verh. Ges. Wilrzb. vol. iv. 1854 ; Zeitschr. wiss. Zool. vols. iii. vi. 1851-55.

5 Zeitschr, wiss. Zool. vols. vii. ix. xii. 1856-58-63.

¢ London, 1861. 7 Zeitschr. wiss, Zool. vol. xxxix. 1883.

8 Ann, Nat. Hist. ser. 6, vol. v. 1890, p. 1; viii. 1891, p. 34.

? Jen. Zeitschr, Nat, vol. xix. 1886 ; and Zeitschr, wiss. Zool. vols. xliii. xlix.
1886-90.

10 Zeitschr., wiss. Zool. vol. xliv. 1886, p. 273.
1 Ibid. vol. xliv. p. 396 ; x1vii. 1888, p. 353 ; liii. 1892, p. 1. 12 See p, 228.
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Australia.
services of the late Thomas Bolton,
and his son of the same name,
both of Birmingham, and of J.
Hood of Dundee, who have found
and widely distributed living
specimens of new, rare, and in-
teresting species.

Definition of the Class.—We
may define Rotifera as a class of
minute bilaterally symmetrical
animals, with a chitinous integu-
ment, a soft terminal “disc”
fringed by a complex ciliary
“wreath,” an anterior or sub-
ventral mouth, and a dorsal
cloacal aperture, beyond which
the body is usually prolonged into
the ¢ foot” or process bearing
cement glands, and serving for
attachment, temporary or perma-
nent. The body-cavity has no
epithelial lining, and is traversed
by nerves and muscles. The
alimentary canal possesses a chit-
inous gizzard or mastax of pecu-
liar arrangement, and it usually
opens into a cloaca. The nervous
centre consists of a ganglion on
the dorsal side of the pharynx, to
which a second one on the ven-
tral side is sometimes connected
to form a complete ring; eyes
and bristle-bearing feelers are
usually present as sense-organs.
A paired system of remal tubes
serves for excretion, opening
through a median contractile

It would be unfair not te record here the invaluable

F16. 108.—Hydatine senta, ventral view.

(After Plate.) al, Lateral antenna ;
®l, bladder ; c¢i, cingulum; ¢, e, eggs
in uterus ; fg, foot gland ; g, gizzard ;
99, gastric gland ; gm, germarium or
ovary ; gr, ciliated lobes of “ groove " ;
4, intestine ; %, k, kidneys ; m, mouth ;
ns, nephrostome ; oe, oesophagus ; 7,
renal commissure, transverse tube unit-
ing kidneys above mouth ; s stomach
overlaid by reproductive organs;: fr,
trochus ; w, uterus; vm, vitellarium
or yolk-gland.

bladder into the ventral side of the cloaca. The sexes are distinet ;
but the males (Fig. 107), which mostly lack digestive organs, occur
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rarely, and the females are usually viviparous, or carry about
the eggs till they are hatched; while, owing to the rarity of
the males, parthenogenesis is habitual. Fission and budding are
alike unknown. The fertilised eggs are of the kind termed
“winter ” or “resting ” eggs, and resist conditions adverse to life.
The Rotifera are of cosmopolitan distribution; most of the
species inhabit fresh water, whilst some are brackish, and a few are
marine; 84 genera and about 700 species have been described.

Fra. 107.—Male Rotifers. (After Hudson.!) 1, Floscularia campanulata ; 2, Lacinu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>