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1. Distribution: Varieties: Habits.

Tue common lugworm and its eoiled castings of sand are
familiar objects on almost all the sandy and muddy shores of
Western Europe, but the exact geographical range of the
species is doubtful. It has been recorded from the shores of
North Siberia, Spitzbergen, Iceland, and Greenland (Wirén,
1883 ; Levinsen, 1883). On the north-east coast of America
it has been found from the Bay of Fundy to Long Island
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2 F. W. GAMBLE AND J. H. ASHWORTH.

(Verrill, 1881). On both sides of the Atlantic, latitude 40° N.
marks approximately the southern limit of Arenicola
marina. South of this it is replaced in the Mediterranean
by A. Claparédii, Lev., and by A. cristata, Stimps., the
latter also ranging on the west side of the Atlantic from Cape
May (N, J.} to the Caribbean Sea. Tts reputed occurrence on
the north coast of Alaska (Murdoch?), at Vancouver Island
(Marenzeller, 1887), Coquimbo, and South Africa requires
confirmation.

An abundant, widely ranging, and undoubtedly old form
such as Arenicola, might be expected to vary considerably
in its habits and structure, though it has not hitherto been
ascertained how far this is the case. Having paid special
attention to this point, we have found that there are {(at least
on the Lancashire coast) two varieties of A. marina, differ-
ing in habits, structure, and times of maturity, and that there
is, in addition, considerable individual variability.

(1) From high-water mark down to the beginning of the
Laminarian zone, the common shore lugworms (or “lugs,” as
fishermen call them, in contradistinction to the second variety,
or “worms ™) sink their U-shaped burrows to a depth of from

" one to two feet below the surface. One end of the burrow is
marked by a casting, the other by a ‘“countersunk’ hole,
through which the head of the lugworm is protruded when
the tide comes in. The size and colour of the animal vary
with the amount of muddy organic matter in the sand. Where
there is comparatively little mud, the Arenicola average
about seven inches in length and are somewhat transparent,
so that the superficial blood-vessels can be clearly seen through
the thin body-wall. The gills, which are not very strongly
developed, are composed of nine to eleven branches, each pro-
vided with three to five pairs of short lateral twigs (PL 1,
fig. 3). The proboscis and prostomium are only slightly
pigmented, and being very vascular, appear red in colour.

Where, however, the amount of organic matter is consider-
able, the worms are usually about ten inches long, and their

! ¢ Proc, U, 8. Nat. Museum,” Washington, vol. vii, 1884, p. 622.
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prostomium, proboscis, gills, and epidermis are black. The
gills are better developed than those of worms living in purer
sand. These differences are probably due to more abundant
nutrition. The time of maturity of both these forms of the
littoral variety on the Lancashire coast is the summer, while
at 8t. Andrews they are found mature from February to
September.

(®) The second variety occurs on the Lancashire coast
at the upper part of the Laminarian zone. Almost all the
Arenicola from this zone (which can accordingly be obtained
only at low spring-tides) are of this kind, which when fully
mature, as it 1s from February to May, is probably one of the
largest Polychaets of our shores, measuring as much as fifteen
inches in length and three in girth. It is almost blaclk, the

- prostomium, proboscis, and the base of the gills being markedly

8o, The tail is shorter in proportion to the length of the

le length, three feet or more, and are not U-shaped,
mply vertical. Like those of the littoral variety, they
by a greenish coating of mucus. The dark “ worms

0 summer,—at least, during the winter of 18934 large
'8 were thrown up on the beach at Blackpool.
ost distinctive character, however, of this “ Lami-
variety is the gill (Pl. 1, fig. 2), which presents a
ure hitherto only known in Arenicola cristata,
timps. - Instead of the somewhat simple gill seen in the shore
vorms, there is in the  Laminarian” variety a highly
developed pinnate structure, consisting of about twelve

ranches united by a connecting membrane at their bases, and
bearing ten or more pinnules on each side of the main axis.
Such a gill is undoubtedly a much more efficient respiratory
Fo"rgan than the gili of a shore lugworm, though it does not
_appear to possess the same power of contractility as the latter,
"and hence probably does not contribute so much to the move-

5 “ment of the blood. In some old specimens the gills lose many

of their finer branches, perhaps owing to friction or to the
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attacks of enemies,! and in such cases there is an approxima-
tion to the type of gill seen in the littoral variety, though a
certain amount of difference is always observalle.

Thus there appear to be two varicties of the common
Ingworm on the Lancashire coast, distinguished by their
habits, external features, and periods of maturity, but there
are no important structural points of difference.

The habits of Arenicola marina at the breeding season
are still to a large extent nuknown, and developing eggs have
not hitherto been obtained, It has Leen stated that, when
mature, the animal is in the habit of swimming [reely (Bhlers,
1892, &), but we ave unable to coufirm this. The post-larval
stage, however, appears to be, for a short time, pelagic (Benhamn,
1893).

The curved burrow of the shore lugworm is formed by the
combined action of the proboscis, the swollen anterior region
of the body, and the waves of musenlar contraction which pass
along the body from behind forwards. Wlen the proboscis is
everted and pressed into the sand, the prostomium is slightly
retracted into the body. The proboscis is withdrawn full of
sand, again everted, and the body is thrust forward, partly by
contraction of the lougitudinal muscles, partly by a peristaltic
wave produced by the circular ones. The anterior end is in
this way vendered swollen and tense, and is able to cularge the
burrow, and thus a pussage is gradually caten through the sand,
smoothened by contact with the skin, and lined by the mucous
secretion of the epidermis. The gill vegion being narrower
than that which precedes it, is thus, to a certain extent, pro-
tected from friction, while, as if to ensure this, the notopodial
pencils of bristles are directed so as to protect the gills, After
burrowing vertically downwards for a depth of from one to
two feet, the worm forms a horizontal or oblique gallery, and
then a second vertical one which ends at the ¢ countersunk
lLiole, through which the anterior part of the worm may pro-
trude, and so bathe the gills in fresh sca waler.

! See the curious account of he vaviges of Gorvopliwm longicorue,
by @Orbiguy, “Journal de Physique,” 1891,
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The amount and value of the work done by lugworms las
been estimated on the shore of IToly Island by Mr. Davison
(1891), and has also been adverted to by Mr. Horuell under the
name of ““ cleansing of the littoral.”” Mr. Davison finds that
the castings are larger and. more numerous above than below
half-tide ; and as the result of several estimates and measure-
ments he calculates that on the Holy Island Sands, the entire
layer of sand, to a depth of two feet, passes through the bodies
of the lugworms which live in it, once in twenty-two months,
and that in a year the average volume of sand per acre, which
13 brought to the surface in the form of castings, is 1011 tous,
representing, when spread out, a layer of thirteen incles in
thickness over the surface of the sands.

2. External Features.

Segmentation.—The body is divided into an anterior
chzetigerous portion, a middle branchial one, and a posterior
caudal region or tail. The first region begins with the pros-
tomium, and is followed by a short aclictous portion (fig. 1,
MET), which in many specimens appears to be composed of
four annuli, divided, Liowever, by secondary circulay markings,
The first chietigerous annulus Is produced into a strongly
marked ridge, just behind which the notopodial sete (Chnt)
are inserted, the corresponding neuropodia (Vi) being very
short and containing only a few setwe. The intervals between
the cheetigerous annuli are subdivided into rings, of which
there are, in the “ Laminarian *? vaviety, 2 2 o o o |
in the littoral variety 23444 . . respectively.

?he cheetigerous annuli do not mark the true somites into
:nlud) the body is divided. Trom 5 consideration of the
internal anatomy (see ). 10) we have
that, in the middle region of the 1
. behind each chaetigerous annulus marks the boundary between

the somites. A somiteis, therefore, composed of a clistigerous
_‘umuius together with three annuli iy front ‘of, and one behind,
it. The parapodia are 1ot situated at the beginning, hut

slightly behind, the middle of the somites to which they

., aud

reasous for believing
vody, the second groove
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belong, thus confirming Benham’s observations on the post-
larval stage (1893).

The anterior region of the body is thus composed of the
prostomium, six chetigerous somites, and a region between
these, made up probably of two somites, but the exact number
is somewhat doubtful. (See Plate 1, fig. 1, and explanation,
p. 39.)

The second or branchial region of the body is composed of
thirteen somites, and is distinguished by the presence of gills,
a pair of which are attached to a slight fold of the skin just
behind the notopodia. The first gill is variable, usually fairly
well developed, but always smaller than the rest and sometimes
absent, The gills about the middle of the branchial region
are frequently, but not always, the largest. Both the gills
and notopodia are very sensitive, and are retracted from time
to time on the application of stimuli, such as a strong light.
This contraction of the gills proceeds sometimes as a wave
down the body, and as Milne Edwards (1838) pointed out in
his classical paper, considerably assists the circulation of the
blood. The neuropodiain the branchial region extend towards
the mid-ventral line, so as almost to meet, and are ouly
separated by a groove which marks the line of the nerve-cord.
This groove is continued on to the prostomium by a pair of
diverging arms (“ Metastomial grooves”) underlying the cir-
cum-cesophageal nerve connectives (Pl 4, fig. 19, C. ML.).

The tail, which is devoid of setze and gills, is marked by a
large number of secondary annuli, crowded together at first,
but arranged in distinct somites of about five each, towards the
hinder end. The caudal region varies much in length; some
specimens have about thirty somites, but the number is not
constant, possibly owing to the tendency of the worm to throw
off the last few segments when irritated.

There is no change in the internal organs to mark the
somite which bears the first gill, but the transition from the
branchial to the caudal region is accompanied by the loss of
parapodia, oblique muscles, and branchial vessels.

External apertures.—The mouth (Pl. 4, fig. 19, C. M0.),
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when the proboscié is withdrawn, is a slightly crescentic trans-
verse slit, bordered by papillee and somewhat overhung by an

- upper lip. The anus, which is terminal, is often protruded,

and the thin vascular swollen lips of the aperture project
behind the last caudal segment.

The opening of the ““nuchal organ® is a fairly wide slit on
the upper and hinder border of the prostomium (Pl. 4, fig. 19,
sand B, N}V.). Through thisaperture, sea water (or a mixture
of sea water and the secretion of the surrounding glandular
cells) is probably introduced.

The openings of the otocysts are difficult to see. They lie
behind the prostomium on each side of the anterior end in the
position marked OT. (Pl. 4, fig. 19, 4 and 8), Each is placed
at the point of intersection of the first transverse groove
following the prostomium, with the oblique “metastomial ”
groove which marks the position of the nerve commis-
sure, ;

The nephridial openings (fig. 1, INO), six in number on

" each side, though not so distinct as in some species (e.g. A.

Claparédii), are not difficult to find. The first is placed
behind and at the upper edge of the fourth neuropodium, and
the other five in corresponding positions on the succeeding
somites, They are minute slightly oblique slits, sometimes
exhibiting tumid lips.

Skin.—The skin is subdivided into raised polygonal areas
separated by corresponding shallow grooves, and is noteworthy
in being devoid of special glands. Wirén (1887) has shown

" that the grooves are composed of columnar cells containing
© pigment granules, the raised areas being made up partly of

larger cells containing still greater quantities of pigment
granules and partly of clavate mucus-forming cells, which

produce the slimy covering of the animal with which the

burrow is lined.

The 5 per cent, formalin solution of the epidermal pigment
is fluorescent, but does not yield any absorption bands, merely
_cutting off the rays at the blue end of the spectrum. In suc-
cessively thicker layers of this solution, first the violet, then

v
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the blue, and lastly the green portions of the spectrum were
cut off.

MacMunn (1889), however, has shown that the aleoholic
extract of the integumental pigment shows a band in the blue
and green (A 5083—468); that the residue of this solution if
dissolved in ether or chloroform yields two bands, X\ 508—474,
and X 465—446; and that the residue of this solution again
being dissolved in nitric acid gives two bands, A 500—468,
and A 472—443, so that a chlorophan-like lipochrome is
present. It is probable that the pigment (melanin) of the
skin is derived from the lipochrome of the yellow “glandular”
tissue of the stomach, since the aleoholic extract of the latter
yields a similar absorption spectrum.

Further investigation will be required to show in what way
the transference of the pigment from the yellow peritoneal
cells to the epidermis is brought about, and whether the darlk-
coloured, hairy-locking investment of the ventral vessel and its
branches (Pl. 2, fig. 5) contributes to the melanin of the
skin. In this connection the intermuscular extension of the
ccelom, bringing it almost into contact with the epidermis at
certain points, must be borne in mind (see p. 29).

Sete.—The notopodial sete are long capillary structures
averaging 6 mm. in length, and bearing several rows of minute
free and pointed hair-like processes (Pl 8, fig. 10). The
neuropodia in the anterior somites, which at first coutain few
setze, gradually extend by addition of new ones at their ventral
edge, so as to almost reach the mid-ventral line (P 1, fig. 1),
By isolating the entire band of the setee the different stages
in their development may be seen. The youngest seta are
always at the lower end of the series; the point of each seta
is formed first, then the toothed ridge, and lastly the shaft.
The fully-developed ventral seta is frequently almost smooth,
owing to the wearing down of the tceth behind the apex.
The middle of the shaft is straight, the inner end bent ven-
trally, and the outer end bent slightly dorsally, ending with a
finger-shaped process bordered on the convex side by a toothed
ridge, while on the concave side it is slightly produced at one
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point into a minute process (PL 8, fig. 12, proc.). This
process is more constant in the Laminarian than in the littoral
variety. Tt appears to correspond, in position, to the charac-
teristic tuft of hairs on the ventral sete of the Maldanide.

According to the age of the specimen the ventral sete
differ in shape, and iu the development of the toothed ridge.
In setee from a small specimen (17 mm. long) the apex was
bent more sharply on the shaft than in old examples, and the
teeth were very prominent (PL. 8, fig. 9). Apparently the
production of fresh ventral setsw goes on slowly throughout
life, and the form which they assume before being cast out of
the body, varies at different ages. Their size of course varies
with the age of the worm to which they belong (see Pl. 3),
but in a worm of average size their length is about 5 to
‘8 mm,

3. General Anatomy of the Tuternal Organs (Pl 2).

In opening the body-cavity by a dorsal incision, the middle
part of the alimentary canal is usually forced out through the
cut by the pressure of the somewhat viscous ceelomic Huid.
Normally this portion of the canal, heing longer than the
section of the ceelom in which it lies, is swung to and fro hy
the movements of the body. 'This freedom of motion is ensured
by the absence of mesenteries, by the absence of any vessels
running from the hody-wall into the dorsal vessel, and by
the length and flexibility of the branchial and nephridial
vessels, which are the only conncetion hetween the stomuch
and the body-wall. _

The ceelom is exceedingly spacions, and continuous from one
end of the body to the other. In front it is divided trans-
versely by the origins of the huccal retractors (B. 84.), which
form a sheath round the proboscis, and by three septa or
diaphragms (Pls. 2 and 8, figs. 5 and 6). The first of these

“septa (Dphm.) is placed obliquely, arising below behind the

level of the first neuropodium, and being inserted dorsally in
front of the first notopodial sacs. The result of this arrange-
ment is that between the first and second diaphragms two pairs
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of setal sacs occur, caused by the forward shifting of the upper
edge of the first diaphragm (fig. 5). The second and third are
inserted both above and below, opposite the second groove
behind the second and third chetigerous annuli. Between the
first and second diaphragms, dorsal and ventral mesenteries
occur, supporting the corresponding vessels; and it will be
noticed that the dorsal mesentery ends in front, exactly where
the first diaphragm would be inserted if it corresponded with
the other two. The third diaphragm is perforated by the
funnels of the first nephridia. There are, then, three diaphragms
and not, as so often stated, four, and, while affording valuable
evidence of the extent of the first and second chetigerous
somites, they do not help in determining the number of seg-
ments which compose the achwtous portion following the
prostomium.,

Behind the last diaphragm the body-cavity is unsegmented
up to the base of the tail. The segmental arrangement of the
organs, however, can be recognised by taking the funnels of
the nephridia as marking the anterior ends of the somites.
The slight amount of connective tissue supporting the long
afferent and efferent vessels (segmental vessels) (Pl 2, fig. B)
of the nephridia and gills, may be regarded as the remains of
the septa. Allied species of Arenicola fully confirm this
view.

At the level of the thirteenth pair of notopodial sacs, the
segmental afferent and efferent blood-vessels, which have
hitherto run nearly parallel across the ccelom, diverge. At
the base of the tail, the connective tissue between them in-
creases slightly in amount, septa forming which are continued
down to the end of the body (fig. 5, C. Sp.).

4. Musculature.

The muscles of the body-wall are arranged in (1) an outer
circular sheath, subdivided in the anterior and middle regions
of the body into hoops, which cause the annulation of the
skin; and (2) an inner longitudinal sheath of considerable
strength and thickness divided by the nerve-cord and lines of
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insertion of the notopodial saes into three parts, two ventro-
lateral and one dorsal (Pl 4, fig. 28). The intermuscular
spaces are filled by ccelomic fluid, and are probably lined by a
delicate peritoneum.

In the anterior region of the body there are a few circular

- muscle-bands which are stronger and more obvious than the

rest (fig. 5, M. Circ.).

The oblique muscles, which divide the ceelom longitudinally
into three compartments, commence ‘behind the third dia-
phragm, and disappear at the base of the tail. These muscles
are arranged in thin broad bands, arising at the sides of the
nerve-cord, and are inserted right and left into the body-wall
at the level of the notopodial sacs. They partly cover the
nephridia, and in some specimens a muscle-band is attached
to each nephrostome.,

The musculature of the buccal mass consists of a strong
sheath of fibres derived from the longitudinal layer just behind
the first diaphragm. This sheath, which is loosely attached to
the proboscis by slips which run through the ceelomic space
between the two structures (Pl. 8, fig. 6, B. 4 .), is inserted into
the anterior part of the proboscis. Pressure of the celomic
fluid at this point causes eversion of the buccal mass, which
is withdrawn by the contraction of its muscular sheath.

The prostomium is retracted by a small sheet of muscle

“which arises partly from the longitudinal layer dorsally, and

partly from the muscular covering of the circumeesophageal
connectives ventrally, and it is inserted into the ventral surface
of the brain, and the ventral and hinder edge of the nuchal
organ (Pl. 8, fig. 6, Nu. Tr.).

The parapodial muscles are modifications of the longitudinal
layer. One, the retractor of each notopodium, is remarkably .
long, reaching to the side of the nerve-cord (Pl. 8, fig. 13,
Rn.). The protractors (Pn.) of the notopodia are six to eight

_in number, three to four being placed in front of, and three

to four behind, the setigerous sac. They arise from the body-
wall just below the dorsal longitudinal vessel, and are inserted
into the base of each sae,
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The position and relations of the three anterior septa or dia-
phragnos, of the dorsal and ventral mesenteries between the
first two of these, and the presence of regularly arranged septa
in the tail region, have already been noted. Tt may be added
that a pair of outgrowths from the first diaphragm lie under
the cesophagus, opening anteriorly into the ccelomic space in
front of the first septum. They are very vascular, and con-
tract rhythmically every three or four seconds during life, and
are doubtless of use in everting the proboscis (PL. 2 and 3, figs.
5 and 6, Dph. Ph.).

In the caudal region the intestine is attached both above
and below to the body-wall by mesenteries, in which the dorsal
and ventral vessels lie.

5. Alimentary Canal (Pl. 2).

This consists (1) of an eversible buccal mass (Buce. M.),
of a pinkish or greenish-brown colour, which lies in front of
the first septnm ; (2) of an esophagns, of a light brown eolour,
provided with a pair of glandular pouches behind the third
diaphragm ; (3) of a gastric region, with yellow glandular walls,
extending from the level of the heart to about that of the
twelfth or thirteenth notopodium ; and (4) of an intestine, of a
dark brown or almost black colour, folded in a concertina-like
manner by the candal septa, and opening at the terminal anua.

During life the buccal mass (or “ proboscis”) is constantly
being everted and withdrawn, carrying sand into the cesopha-
gus. During eversion several rows of curved, pointed, vascular
papilize (B. Pap.) are first extruded. These papille (PL 8,
fig. ¥) in old specimens are tipped with chitin, and recall the
armature of the proboseis in certain Sipunculids (e. g. Phas-
colion collare!). Then the more globular portion of the
buceal mass, covered with minute rounded processes, is pro-
truded. Finally, when fully everted, the bucecal aperture is
surrounded by a few pointed pigmented papillze, which are
continuous with the lining of the first part of the esophagus.

! Selenka, ‘ Die Sipunculiden,” 1883, pl. vi, fig. 74.
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he esophagus! itself is slightly looped behind the second
iaphragm. It is a thin-walled distensible tube, the first part
which is lined by non-ciliated mucus-forming cells. The
niddle portion is lined by a cuticle, and the posterior part by
ls resembling those of the stomach in bearing cilia. The
ophageal pouches (Oe. GL) are somewhat flask-shaped, and
open .into the cavity of the cesophagus by a short tubular
stalk. They are usually greenish in colour, but have a slight
-reddish tinge on account of their very large blood-supply.
T_l;eir blood-vessels are connected with the lateral esophageal
and dorsal vessels. The cavity of the pouch is subdivided by

enty-five to thirty incomplete partitions, produced by in-
folding of the wall of the pouch, and therefore covered on each
side by the epithelial lining of the pouch (Pl 4, fig. 22).
Between the epithelial lamelle is a blood-sinus, which is
slightly enlarged at the inner end and slightly thickened at the
ge of each partition. The esophageal pouches are lined by
liated epithelium, covered with a fairly stout cuticle, and
contain glandular cells. The walls of the w@sophagus are
marked by longitudinal and circular muscular impressions,
_ The stomach, marked out by the patches of yellow tissue
on its walls, extends from the level of the heart to about the
twelfth notopodial setze. As we have already stated (p. 9),
. the stomach is bent upon itself and loosely attached to the
body-wall. The patches of « chlorogogenous ” tissue are at
- first arranged in symmetrical oval areas right and left of the
. dorsal blood-vessel, while more ventrally they are placed in
two or three less regular series, and are separated from one
another by a network of blood-vessels.®? About the level of
the tenth setz these yellow areas all become subequal and
arranged in a spiral manner, ending at the level of the four-
teenth sete.

Stomach and Tuntestine.~The muscular wall of the

' The histology of the alimentary canal las been carefully investigated by
Wirén (1887, p. 31). Our results agree very closely with his,

2 This network is considered by Wirén aud others to be parts of a con-
tinuous sinus.  We are not convinced, however, that this is really the case,
and our reasons will be found on p. 17 infra,
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gastric region is exceedingly thin, and composed purely of
cireular fibres, which appear to confer very slight powers of
peristalsis upou the stomach,

The mucous lining is strongly folded, and is composed of
several kinds of cells. Some of the cells in all parts of the
stomach are ciliated, others arve appareutly digestive, and a
large number appear to secrete a mucus similar to that of
the wsophagus, the cells themselves being discharged into the
mueus which they help to form,

Commencing about the middle of the stomach (that is
between the ninth and tentl segments) is a ventyal groove
formed by a couple of folds of its inner au( lower swrface.
This groove! (P, 4, Hg, 23, Gu.) is provided with specially
long cilia, which produce a current of mucus from betore bhucl-
wards, There are other smaller grooves on the side walls of
the stomach and the anterior part of the intestine, whose
general direction is dowuwards and backwards, and whicl
open into the wedian ventral groove. T'he direction of the
current in all these is from before backwards.  The ventral
groove is continued back to the anus. The intestine is dayk
brown or nearly black in colonr externally,  Tis mincous lning
is somewhat similar to that of the stomacly, but is covered by
a thin euticle, and is not ciliated.

The process of digestion in the lugworm has not heen at all
fully investigated, but the series of events appear to be some-
what as follows. The sand or mud is mixed with the mucous
seeretion of the @sophagus, and is slowly carried backwards Ly
peristaltic contraction. At the Junetion of the stomacl and
esophagus the secretion of the wsophageal pouches is poured
upon the sand. Wirén regards the conteuts of these poucles
as acid and digestive. In several cases we have fouud the fluid
neutral.  In the stomach several changes oceur.  The secre-
tion of the gastric cells proper is probably digestive, and this,
together with a further amouut of mucus, is mixed with the
sand, and shaken together by the swing of the loose gastric
loop.  In this way the food, which apparently counsists of the

' This groove has ouly hitherto been noticed by Wirén (1887),
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organic substances! in the sand, is brought into contact with
the digestive secretion.  The ciliary action of the lateral and
veutral grooves probably separates the digested substauces
from the sand and carries them slowly downwards and back-
wards. The lining of the stomach is very thin, and the lateral
and ventral grooves are in specially close contact with the
blood-plexus, in which the flow is, probably, slowly forwards,
more rapidly in the sub-intestinal vessels. It seems probable,
therefore, that the blood in the visceral plexus conveys the
nutritive material to the hearts, which pump it along the
ventral vessel to the various parts of the body.

The action of the chlorogogenous tissue round the stornach,
and particularly of that in the neighbourhood of the veutral
vessel and its branches, is uncertain.

6. Vascular System (Pl 2, fig. 5).

The blood-vascular system of Arenicola attains a high
degree of perfection. The large size of the chicf vessels,
the great development of the capillary system (especially
on the walls of the alimentary canal), and the mechanism
for promoting the flow of the blood, are features that dis-
tinguish it.

There are two chief vessels running, oue ahove, and the
other below, the alimentary tract from end to end,—the dorsal
vessel, which contracts fairly rhythmically from behind for-
wards ; and the ventral vessel, which is feebly, if at all, con-
tractile. The walls of the gastric and intestinal portions of
the gut areenclosed in a blood-plexus,and the @sophageal vegion
is supplied by lateral vessels. The gastric vessels are conuected
with the ventral vessel by a pair of ““ hearts”’ placed a short dis-
tance behind the wsophageal pouches (fig.5, V). These Learts
drive the Llood from the gastric vessels into the ventral vessel.

The dorsal vessel (D V) arises near the anus, and as it rans
along the intestine gives off' in each somite a pair of branclies

! Buint Josepl found in an Arenicola a whole Nereis almost digested.
“ Ann. 8ci. Nat.,” series vii, t., xvil, 1804, p. 127.
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whivh wro el tashad to thanutortoe Tooe of The onudal napln, ad
whioh vuu downwards nnd forwards Lo opon into Lha venteal
vessel (L2, fig. b).  OF Lhese Lheve may be Lweuty-seven to
thirty pairs. In front of the caudal region each of the last
seven pairs of gills returns an efferent branch to the dorsal
vessel, and between these there are three or two pairs of
smaller branches which run round the alimentary canal from
the ventral vessel to open into the dorsal one. From the level
of the twelfth sete to the cesophageal pouches the dorsal
vessel does not receive any segmental vessels from the gills or
nephridia, nor does it open directly into the heart (fig. 5). It
merely receives numerous branches from the gastric plexus.
In frout of the heart it receives on each side a branch from the
third nephridium and the fifth setigerous sac; a branch from
the cesophageal pouches ; and one from the second nephridium
and fourth setigerous sac. Tt then runs on and, piercing the
third diaphragm, receives a branch running on the anterior
face of the diaphragm from the first nephridium and third
setigerous sac. On reaching the second diaphragm it receives
a branch from the second setigerous sac, and after piercing the
first diaphragm receives a branch from the muscles forming
the buccal sheath. Thence the dorsal vessel breaks up into
capillaries around the buccal musculature, prostomium, and
otocysts. From these capillaries the ventral vessel takes its
origin. It gives off a small unpaired branch running in the
first diaphragm and to its pouches; a paired branch arising
about midway between the first and second diaphragms to the
neural vessels and second setigerous sac; a single small vessel
supplying the second diaphragm and the neural vessels; an
unpaired vessel to the third diaphragm, to the neural vessels
in that region, and to the first nephridia; a pair of branches
to the neural vessels and second nephridia; and lastly, a pair
to the neural vessels and third nephridia. From this point
ouwards the ventral vessel supplies the sctigerous sacs, body-
wall, nephridia (if present), and gills by large segmental vessels.
The ventral vessel is very large and turgid in the gastric region,
and is surrounded by tufts of dark brown chilorogogenous tissue,
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: rwhich are also found in older specimens on the vesscls running
“to the body-wall. This chlorogogenous tissue is first seen on
th?ventral vessel about the level of the eighth pair of scte.
n'the tail the ventral vessel ends in the obliquely placed
mtestinal vessels which encircle the intestine, and which form,
long with the capillaries from its median terminal portion,
commencement of the dorsal vessel,
: ’l‘_‘fisceral Plexus.—Wirén (1887) maintains that the in-
“testine and stomach are enclosed in a blood-sinus, thickened
along certain lines which have been called the dorsal, gastric,
“and subintestinal ““ vessels.” We are, however, of the opinion
hat the so-called sinus is a close plexus of vessels, some of
‘I;rphi()h appear to have a distinct cellular lining. The dorsal
‘_v_é's_sel is, at any rate, a perfectly distinct structure with
proper walls,
The subintestinal vessels (fig. 5, S. 7)), which commence
Just behind the heart and run backwards, are moderately large
the level of the thirteenth sete, but theu taper rapidly
;grgdually disappear. They each receive seven segmental
la. The first of these comes from the fourth nephridium,
'second from the fifth nephridium and the first gill, the
d ﬁgm the sixth nephridium and second gill, and the other
“from the third, fourth, fifth, and sixth gills, The sub-
£stinal vessels open through the plexus into the lateral
es, and so into the heart,
ably slowly forwards.
gastric vessels give off from the auricle,” into which
pand, & lateral esophageal vessel (Oe. Lat.), which, after
‘Off a stout branch to the esophageal pouches, runs
wards to the buccal mass, supplying the wall of the ceso-
gus, as it does so, with numerous small branches,
ural Vessels.—These are a pair of small vessels lying
© on each side of the ventral nerve-cord, and accompanying
om one end of the body to the other. They arise round the
e-connectives from the brain from capillaries of the dorsal
vessel, and receive several branches from the ventral vessel (1)
idway between the first and second diaphragms, (2) from
 VoL. 41, parT 1.—NBW SEg.

The flow in these vessels
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the vessel running in the second diaphragm, (3) from a vessel
just behind the third diaphragm, (4 and 5) from the vessels to
the second and third nephridia. Near the middle of each
somite the two neural vessels are united by eross connections,
which also supply the nerve-cord (Pls. 2, 8, fig. 13, N. V.,
NG V.

Behind the third diaphragm the neural vessels supply the
oblique muscles by branches which run the whole le‘ngt}? of
the bands, and are connected with the outer longitudinal
parietal vessel (fig. 13). '

Vessels of the Body-wall,—This parietal system of true
vessels is highly developed in Arenicola m.aljin a. ;[t con-
sists of two longitudinal vessels, (1) the nephridial longitudinal
vessel (fig. 22, N. L. V.) running just below the levell of 'the
nephridiopores, and (2) the more important dorsal longitudinal
vessel (fg. 18, D. L. V7.), which runs just above the .Ieve} of
the insertion of the notopodial setal sacs. Both arise just
behind the first setwe, and increase in size as they pass ba}ck-
wards. The former receive vessels from the nephridia, just
behind which they taper and disappear. T.he latter, whl.ch
may be traced to the anus, and are largest in the branchial
region, receive branches in each somite :.(1) .from rthe segmental
vessels; (2) fromits fellow of the opposme' side. The body-wall
in the dorsal and lateral regions derives its bleod-supply from
the nephridial and dorsal longitudinal vessels, z’md in the
ventral region from the neural vessels. Th'ese parietal vesse'ls
(Par. V.) run just within the layer of cn'(fula]: muscles in
almost every groove between adjacent 'Iongltud}nal 'muslcle—
bands of the body-wall, are chiefly longltudmfxl in direetion,
but at frequent intervals there are cross connections. B%'anches
from these vessels ramify between the bases of the epidermal
cells, and are accompanied by extensions of the ceelom.

Hearts.—The hearts are a pair of muscular bulbous swell-
ings connecting the visceral plexus with tl.lB ventral vessel on
each side. Each commences with the thin-walled expansion
of the gastric vessel (“auricle,” fig. 5, Av) which, after
giving off the lateral cesophageal brancl, opensinto the ventricle
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*(¥). The cavity of the ventricle is small and broken up by
a spongy mass of cells. The ventricular walls are muscular,
and contract from above downwards, forcing the blood into
the ventral vessel. (We have sometimes seen an apparent
versal of the heart’s action.) The spongy cardiac body
rises by ingrowths from the wall of the ventricle, chiefly in
the'middle and ventral regions. It gradually encroaches on
the blood space, so as to reduce it considerably (Pl. 5, fig, 36,
Card. B.) in an old specimen. The cardiac body in a young
specimen (fig. 38) is much smaller, and extends obliquely across
‘the heart, its general direction being downwards and back-
“wards. The cells of the cardiac body in an old specimen
which we have examined are loosely arranged, so as to cause
- the formation of a large number of intercellular spaces, some
~of which are of considerable size, and which are in life filled
© with blood (Figs. 36—88, B.S.). Between the cells there are
“numerous fibres, which are probably muscular., The cells are
apparently of two kinds, which, however, merge into each
“other: (1) cells whose protoplasm has a very vacuolated appear-
“ ance, and which contain few or no granules ( Pac. C.); (2) cells
which contain a large number of yellowish granules in the
protoplasm (G. C.). These latter cells are possibly glandular,
and correspond to those found in the cardiac body of other
‘?“Polychaets. The function of the cardiac body may be, as
Schaeppi (1894) suggests, to prevent regurgitation of the blood
from the ventral vessel into the heart when the diastole com-
mences. The “cardiac body ” of Polychwmts, as hitherto
described, is an unpaired structure lying in the dorsal vessel.
That of Arenicola, however, is paired and in no way con-
ected with the dorsal vessel. Hence a strict homol
reely probable.
‘Blood.—As Professor Lankester was the first to point out,
blood of Arenicola is strongly impregnated with hemo-
in, but there has been no thorough investigation of the
ents of the plasma. Krukenberg (1882}, it is true, made
éiperiments which led him to believe that there were no

0gy 1s
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webo A o o wbeviog vondd i bon, o brenh maominnbion e very
desivable. A lurge quuuntity of albmmen is certainly present,
which when the specimens arc lixed becomes very hard and
brittle.

We have seen small cells (4 u in diameter) in the blood-
vessels of the nephridia, but it is doubtful if these are the
blood-corpuscles, which we have not been able to demonstrate.!

General Remarks on the Circulatory System.—No
other system of organs shows the true segmentation of the
body of Avenicola so well as this. The lines of demarca-
tion between the somites from one end of the body to the
other are marked by the segmental vessels passing from the
ventral to the dorsal vessel and breaking up on their way in
the body-wall, nephridia, or gills. Throughout the gastric
region, however, this arrangement is somewhat disguised, owing
to the loss of the connection with the dorsal vessel, an altera-
tion caused probably by the nccessity for leaving this part of
the alimentary canal freely moveable.

Wirén evidently believes that there is no capillary system
except in the gills and the alimentary canal. He suggests
that the assimilation of food and oxygen by the tissues is
effected chiefly through the mediation of the ceelom, which le
points out is parcelled off in the intermuscular spaces, by
a channelling out of the subepidermic connective tissue, into
“periheemal canals.” Though this suggestion is a valuable and
correct one, we have found a very perfect system of capillaries
in the skin in all parts of the body, and in the nephridia and
septa the same is the case. The extension of the eelom into
the intermuscular and subdermal spaces has, however, all the
appearance of acting as the equivalent of lymph-spaces of
higher forms., The transformation of the constituents of the
blood into ceelomic fluid takes place in all probability with
especial rapidity in the neighbourhood of the dark chlorogo-
genous processes of the ventral vessel (cf. Cuénot, 1891),

! Bince writing this we have discovered that these small cells are the
blood-corpuseles.
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7. The Gills (Pl 1, figs, 2—4),

The general characters of these organs have been mentioned
. 1y the introductory part of this paper, and little remains to be
~added.

: There are thirteen pairs of gills from the seventh to the
nmeteenth chztigerous somites inclusive. The shape varies
om the short dendritic type of the littoral form to the delicate,
chly-branched gill of the Laminarian variety. The gills are
llow, being outgrowths of the body-wall enclosing an exten-
ion of the celom, and what little evidence we have of their
evelopment (see Benham, 1893) points to their being inde-
“pendent structures, and not modified dorsal cirri.

i The walls of the gills, though thin, are muscular, and there
- are also muscular bands stretching across the cavity of the gill
(fig. 23); and Milne Edwards has pointed out that the contrac-
ion of the gills, which often proceeds like a wave from hefore
backwards down the sides of the body, must exert a powerful
amﬂuence in propelling the blood partly into the efferent vessels,
n partly to the parietal capillaries.

The wventral vessel supplies all the gills with their afferent
:ncheé. The first seven pairs return the blood to the sub-
‘Intestinal vessels, and so to the heart; while the efferent
of the remainder open into the dorsal vessel.

' ;“system is composed of the brain, the oesophageal con-
8, the ventral nerve-cord, and the nerves arising from
‘We have not been able to demonstrate a visceral

The brain (P15, figs. 25, 26) is placed in the prostomium, of
fiich it forms the chief part, bemg only separated from the
idermis by blood-vessels lying in extensions of the celom,

13 a small elongated structure, measuung 75 mm. in length
rdmary shore lugs, and 1 mm. in the large *“ Laminarian **

ety. At its anterior end the brain is divided into two stout
ua (4. Cr.), separated hy a cleft containing blood-vessels,
ut the mlddle of the brain the cornua unite, but only for a
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very short distance, a second connective-tissue partition divid-
ing the smaller posterior cornua (P. Cr.), which gradually taper
off and end at the hinder edge of the nuchal organ (Pl 5,
fig, 25). ' '

Sections of the prostomium of the littoral variety of
Arenicola (immature specimens, 4’ long) exhibit a thick
covering of ganglion- and glia-cells, forming the dorsal surface
of the brain (fig. 24); a central fibrous portion; and a strong
ventral membrane, into which the greater part of the pro-
stomial muscles are inserted, though a few fibres are attached
in frout of and between the anterior cornua (PL. 5, fig. 25).
In older specimens, and particularly in mature examples of the
“ Laminarian” variety, the ganglion-cells are more scattered,
and in other ways the brain shows greater differentiation. The
anterior cornua, for example, are uot only deep and thick, but
give off from their dorsal surface short stout branches, along
which the ganglion-cells are scattered, and which supply the
prostomium. The central fibrous part of the brain also grows
out ventrally in these large examples, separating the hitherto
compact layer of cells and earrying them outwards or leaving
them in clumps, and not evenly arranged as in young Areni-
cola.

From the anterior cornua a large nerve arises on each side,
in front of the origin of the esophageal connectives. It passes
out to the under surface of the epidermis, and supplies the
papille on the upper surface and the sides of the month. The
epidermis of the prostomium itself is in close contact through-
out its whole length with the ganglionic covering of the pro-
cesses arising from the dorsal and lateral surfaces of the brain,
The posterior cornua seem to be specially connected with the
nuchal organ, against which they lie and terminate (Pl 4,
fig. 21).

The most remarkable histological feature of the brain js the
close contact hetween the large ganglion.cells of its upper
surface and the sensory epithelium of the prostomium (figs. 20
and 24). Racovitza (1896) has figured (PL 5, figs. 48 and 49)
a similar condition in Clymene. It is only at this point

HABfTS AND STRUCTURE OF ARENICOLA MARINA. 23

that the nervous system of the adult Arenicola marina can
be said to have an epidermal position. Blsewhere it is separated
‘ff'om the epidermis by the circular musculature.

The circum-cesophageal nerve-connectives arise from the large
anterior cornuain the form of two thick cords, covered on their
outer surfaces by ganglion-cells (figs. 20, 21, 25, Oe. Comm.).
From them a pair of short nerves (fig. 26, OT. N.) arise supply-
ing the otocysts, and several longer ones are distributed to the
oral papilla of the ventral region of the mouth. The line of
“the connectives is marked externally by the ¢ metastomial
groove” (PL. 4, fig. 19, C.), and the commencement of the ven-
al‘cord by the Junction of these grooves, which occurs on the
ntral surface just in front of the frst cheetigerous annulus,
be- nerve-cird is protected by a delicate connective-tissue
ith; a thin sheath of circular muscle, and a thin layer of
rmis. Though nearly circular in section it is somewhat
ed from above downwards, but exhibits scarcely a trace
egmentation externally or internally. The ganglion-cells
arranged in two ventral groups, while the fibrous portion
e cord is dorsal. In the tail the ganglionic masses in-
se in size, and are separated from the skin by a thicker
er of circular muscle-fibres. Two “giant-fibres” are
ent in the branchial region, a single one only in the
rior and tail region.

i From the cord a paired series of nerves is given off with
-"‘t'regularity, one opposite each groove separating the annuli
[ the somites, so that there are five nerves on each side of the
-in each somite. These lie in the body-wall just beneath
reular layer of muscle, and, in some places where this layer
ecomes obsolete, they lie just under the epidermis, Dorsally
hese nerves thin out and become very difficult to trace.

: f-_ nse-organs.—There is no doubt that the prostomial
s, the nuchal organ, and the otocysts are sense-organs ; but
are, in addition, certain other structures, such as the
. of the notopodia and some of the buccal papille, which,

i
A

elzius has desoribed free nerve-endings on these setz. * Biologiska
gens Forhandlingar,” Bd. iii, Hefte 4—6, 1891, p. 85.
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on account of their position, movements, and the nerves ending
In them, mey be considered as probably belonging to this
category. '

Professor Ehlers’ (1892) account of the nuchal organ and
otocysts is an almost exhaustive description of these organs in
Arenicola. We have worked over the whole subject again,
however, and are able to add a few points to this important
paper.

The nuchal organ belongs to the prostomium, whereas the
otocysts belong to the metastomium. The prostomium and the
nuchal organ are found, in varying degrees of complexity, in
nearly all Polychats ; the otocysts, however, occur in few and
widely separated families.

The general appearance of the prostomial lobes and the
opening of the nuchal organs have already been described.
Seen from the dorsal surface the former consists of a small
median papilla and two larger lateral prominences (Pl. 4,
fig. 19), which together correspond with the single prostomial
papilla of allied forms (cf. Racovitza’s figure of Leiocephalus,
1896, pl. v, fig. 5). In young Arenicola these lobes are
transparent, and therefore red from the underlying blood-
vessels. Tn old specimens they become dark-coloured and
opaque from the deposition of pigment in them. In no species
of Arenicola have eyes been discovered, although they are
known to oceur on these lobes in many related genera.

The prostomial epithelium is a complex of several distinet
kinds of cells,—unaltered columnar elements, fusiform sense-
cells, each ending in a conical prominence, glandular cells, and
apparently also ‘ wandering cells ” from the body-cavity,
Underneath the epithelium is a connective tissue continuous
with the supporting tissue, the neuroglia of the brain, which
binds together the large ganglion-cells of the cornua of the
brain. The prostomial sensory structure thus formed is very
sensitive to light, but what function it subserves has not been
determined with accuracy.

Nuchal Organ.—To the outer side of the lateral prosto-
mial lobes is a depression guarded externally by a fold (just
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 above Nu., PL. 4, fig. 19, B.). These two pits form the beginning

of the nuchal organ and indicate its paired origin. Turther
back they unite to form a transverse groove (bordered by the
hinder edge of the prostomium), which is continued inwards as
a deep pit to the hinder margin of the brain (Pl 5, fig. 25).
From the posterior cornua of the latter the nuchal organ is
innervated.

In its paired form and under the names “ Wimperorgane,”

. “ Wimpergriibschen,” the nuchal organ is well known in
*" almost all families of Polychats, and a similarly placed organ

is found in Sipunculids,! not to mention other more distantly

- related groups. Tt is always associated with the posterior lobe

of the brain, and arises as a pair of pits from the surface of
the prostomium. Of its development in Arenicola, however,
we have no evidence, but the two depressions in front of the
main part of the organ, together with the paired nerve-supply,
point to its double nature.

The epithelium of this deep, pigmented pit (P14, fig. 21, Nu))
is composed of long columnar ciliated cells, glandular cells
which secrete the mucus in which the cilia work, and slender

~ sense-cells. It seems probable that the whole organ is olfae-

tory in function.

Otocysts.—The otocystsof Arenicola marina are a pair
of flask-shaped structures projecting into the body-cavity close
to the outer edge of the w@sophageal nerve-commissures.
They open externally by a couple of apertures (Pl. 4, figs. 19, 4

and B, OT.), at that point on the *“ metastomial groove > where
. the latter is crossed by the first groove of the body following

the prostomium. The body of the flask is placed at an angle
with the “neck,” and contains the otoliths, It is lined by

-non-ciliated columnar sense-cells and supporting cells, which

are surrounded by the nerve-fibres and connective-tissne fibrils,

figured by Ehlers (1892, pl. xii). The neck of the otocyst is

made up of a columnar epithelium covered with a thick cuticle,

which gradually merges into the epidermis of the external

surface, and ciliated cells only occur in its lower portion. A
! Ward, * Bull, Mus. Harvard,” vol. xxi, 1891, p. 143,
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short nerve from the cesophageal commissure supplies the
otocyst.

If the otocyst of a fresh shore lugworm be rapidly dissected
out under sea water and mounted, the sand-grains will be seen
to execute a most extraordinary movement. Each one is
rotating slowly and jostling its fellows, so that the whale
contents of the flask are in a state of commotion.- The flnid
in which the otoliths move is slightly viscous, and is a secretion
of the walls of the otocyst, mixed with a little sea water. The
sand-grains are covered with a distinct layer of some chitinoid
substance soluble in boiling potash. Acids have no appreciable
effect upon these grains, and under the polariscope they react
as quartz does. Hence it seems clear that the otoliths of
Arenicola marina (the other species of the genus differ
most remarkably in this respect, as well as amongst them-
selves) are quartz grains covered by an organic film, and sur-
rounded by a fluid which is not merely sea water.

Large specimens of the ¢ Laminarian’’ variety were examined
without being opened under sea water, and the otocysts were
mounted by us in ecelomic fluid. No movement of the oto-
liths was observed even in specimens which were perfectly
healthy in all respects. The otoliths sometimes filled the
expanded part of the organ, and it is possible that they had no
room to turn round. But it appears to us more likely that if
we assume the cause of the rotation to be the diffusion caused
by liquids so different as sea water, in which the preparation
was first mounted, and the somewhat viscous, perhaps albu-
minous fluid inside the otoeyst; then if we mount the otocysts
in the same kind of fluid which they contain, no movement
should occur; and the experiment showed that in these cases
no movement did occur. The whole matter is one of very great
interest, especially in view of the probable functions of such an
organ as the otoeyst. Ehlers has suggested that the movement
is due to the cilia at the bottom of the neck of the otoeyst;
but the same extraordinary movements are seen in the otocyst
of A. Grubii, which is closed and has no cilia. We quite
agree with Ehlers that there are no cilia in the expanded part
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. of the otocyst where the movement has been noticed, but we
., are of the opinion that the quivering motion of the otoliths is

not a normal phenomenon, but is due to diffusion currents.

9. Nephridia.

There are six pairs of nephridia, belonging to somites 4 to 9.
Of these the first pair seems to be unrepresented in any other
species of Arenicola, and its variation in A, marina points
clearly to a gradual degeneration which it appears to be under-
going at the present time. It is not only the smallest of the
series, but is sometimes represented merely by a funuel or by
the secretory and terminal portions. Very rarely both the first

* nephridia are mere funnels, and again one may be fully

developed and the other rudimentary, but they are never abso-
lutely wanting. Their small funnels, which are of a bright
pink colour, are placed on the anterior face of the third
diaphragm with the long axes vertical (Pl 2, figs. 18 and 14).
One lip (the outer) is produced into processes corresponding to
the dorsal lip of the other nephridia. The secretory portion is
elongated, narrow, and usually brownish in colour, and the
terminal portion opens just above the fourth neuropodium
(PL 1, fig. 1) at a decidedly lower level than is the case in the
succeeding nephridiopores.

The remaining five pairs are always in adults fully de-
veloped. They are attached to the body-wall partly by connec-
tive tissue, partly by the broad bands of oblique muscle
which obscure them at first sight (P1. 2, fig. 5). The nephro-
stomes are very long, and bent upon the rest of the organ.
The narrow slit-like aperture has a dorsal vascular lip bearing
finger-shaped or spatulate ciliated processes, and an entire
ventral one. The cilia just within the mouth of the funnel
are exceedingly long, and produce a current tending to carry
celomic fluid and corpuscles into the cavity of the organ.
The middle or secreting portion is brownish (in old worms
almost black), owing to the excretory granules which are
formed in its cells. The terminal rosette-shaped bladder, which
is slightly lighter in colour, opens by a minute slit-like aper-
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ture through the body-wall, which thins out at this point
(Pls. 1 and 4, figs. 1 and 22, NO.).

The blood-supply to the nephridia (PL. 4, fig. 18) is derived
from the ventral segmented vessels, which divide, one branch
going to the funnel of the nephridium and the other to the
body-wall. The former traverses the funnel, sending a vessel
into each of the ciliated processes, and giving off numerous
small branches to the lips of the funnel. After traversing the
funnel the vessel runs over the secreting portions of the nephri-
dium, supplying the genital strand in its course, and finally
ramifies on the terminal portion. The blood is collected again
into small vessels, which open into the dorsal longitudinal or
nephridial longitudinal vessels of the body-wall, from which it
1s returned largely to the dorsal or subintestinal vessels, but
In part passes into the parietal vessels,

In young specimens the funnels are naturally simpler, but
have similar positions and relations, as may be seen in figs. 16
—18, which show nephridia from worms 29'5 and 44 mm.
long, in which the processes on the dorsal lip are being formed.
In the post-larval stage (Benham, 1893) the nephridia have no
funnels, the development of which has still to be investigated.

10. Ceelom.

The ceelom of Arenicola is well developed, and continuous
in all its parts. Not only does it form the space between the
alimentary tract and body-wall from one end of the body to

the other, but it is carried along with the blood-vessels into -

the intermuscular spaces. Thus the blood-vessels of the pro-
stomium, of the buecal sheath, and of the body-wall generally,
are accompanied by ceelomic canals which very probably serve
as lymphatic spaces from which nutritive matters can be
absorbed by the surrounding tissue, and into which waste
nitrogenous substances may be excreted.

The segmentation of the body-cavity is very faintly marked,
Anteriorly three diaphragms, perforated just above the nerve-
cord, are present, whose position and relations are indicated
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The whole middle region of the
which, however, reappear on the last
: chial region, and are present through-
mplete form, though they are perforated to
srough circulation of the ccelomic fluid.
1 from the sand exhibits a series of peri-
3-body-wall from behind forwards, which
f the gonads are sufficiently developed to
lNings, which each wave carries forwards.
uid are probably of considerable physio-
hey assist the circulation of the fluid, the
and the developing reproductive cells. They
erior digging part of the worm, and thus assist
g." By their action the contents of the gut will
vel slowly backwards, the weak visceral muscu.
g probably insufficient by itself to cause the
ount of movement of the sticky sand: while in
he main agent is doubtless the pressure of the
uid on the intestine, brought about by violent con-
18 "of the body-wall.
Lhe celom is lined by a very thin layer of flattened cells,
fiieh undergo remarkable changes in certain parts of the
Wdysresulting in the formation of (1) chlorogogenous tissue,
T spermatozoa, (3) celomie corpuseles.
ceelomic fluid is a mixture of sea-water and globulins,
~which only paraglobulin has hitherto been detected
‘nkenberg, 1882, p. 87). We find that the specific gravity
the fresh fluid (including corpuscles) varies slightly, but is
he average 1:0288.
exposure to air this fluid coagulates, and a delicate
orous network is formed, binding the corpuscles together,
armine is injected into the celom, it is removed by the
omic corpuscles, by the cells lining the ceelom and by the

1 It was found to be least (1:0270) in specimens which had been kept for
some time in sea water, and greatest (1'0311) in those which bad been kept
"for thirty-six hours in moist seaweed only. The specific gravity of the sea
« water used was 10264,
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nephridia, and theve is no trace of carmine in the coclom after
forty-eight hours.!

Celomic Corpuseles.—These abundant cells occur in
two chief forms, which probably pass into one another. The
first varies from 8 to 20 u in length, is ameeboid, and nsually
contains yellow or brown granules of a very highly vefractive
character. The pseudopodia ave often grouped at the two
ends of the cell (P1. 5, fig. 24). The longer forms of this kind
of corpuscle pass into the second or spindle-shaped cells of the
ceelom, which measure as much as 50 . in length, and contain
no coloured granules, These fusiforn elements are most abun-
dant, and constitute the most characteristic features of the
cecelomic contents,

The chilorogogenous tissne of the ventral vessel and its
branches in the body-wall cousist of gronps of cells about 20
in length, full of large slightly yellow or deep brown granules,
which are not highly refractive. The tissne in old black
worms is immensely developed, so as to completely cover the
vessel by the masses of hair-like threads, cach thread consist-
ing of a small blind diverticulum of the vessel surrounded by
the chlorogogenous cells.

11. Reproductive Organs.

1

Thanks to the researches of Cosmoviei (1880), Cunningham
(1887), Kyle (1896G), and others, the true ovaries and testes of
Arcnicola marina are now known to arise by prolifevation
of the peritoneal covering of an exteusion of the blood-vessel
supplyiug the funuels of the nephridia. It is not certain that
there is a corresponding gonad on the first paiv of neplividia,
but o each of the following five pairs the gonads are present
during the breeding season. Inboth sexes the orgai is a mass
of cells, from which the ova or spermatoblasts hreak away at
a very early stage, to vipen in the ccclom. The rachis is con-
tinuous with the posterior augle of the nephrostome, and is
developed avronnd a backwardly projecting process ol the

b Belmeider,  Avbeit. Natwrf, Gesellschadr,” St Pelershurg, Bd, xxvii,
Hef 1, 1890,
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nephridial vessel which comes off segmentally from the ventral
| vessel (Pl. 4, fig. 18, G. V.).

E In large Arenicola, at certain seasons, the vascular process
has no gonad, and it is possible, as Cuénot (1891) suggests,
that a formation of the ameehoid corpuscles of the calom takes
place at this point when the animal is not breeding,

After passing through the earliest stages of their develop-
ment in the genital rachis, the young reproductive cells may
be found at the breeding season in all stages of development
in the ceelom. The ova do not exhibit any considerable changes
except in size in attaining maturity. They are nourished
either directly from the celomic fluid, or possibly (Cuénot,
1891) by the amceboid cells acting as follicle-cells, though
we have seen nothing to support this view. Dxtrusion of a
polar cell (?) has been observed by us in an ovum only about
half the definitive size (Pl. 5, fig. 85, a aud 8). Tn the spherical
ripe ova (which measure -16 mm. in diameter) a distinet but
very thin vitelline membrane is present, and a small quantity
of food-yolk in the form of very small granules in the proto-
plasm. The production of ova by the fertile vascular pro.
cesses of the neplrostomes must be extraovdinarily great,
since the spacious body-cavity of a large worm is eventually
filled to bursting with them by the eud of February.

; We have not followed the development of the spermatozoa
 in great detail. The voungest stage which we Lave found in
_the eelom contained eight spermatoblasts arranged round a
_ '*elfimlar-looking blastophore (PL 5, fig, 30).  PFurther division
ielongétion of the outer ends of the cells to form the tails
of the spermatozoa produces the stages seen in figs. 81 to 34
The masses of spermatids ave not splierical, but disc-shaped,
their thickuess being only about one quarter of their loug
diameter. They contain a cavity, the remains of the blasto-
phore, togethier with a small guantity of a slightly fibrous
coagulum in the centre of the cavity. Curionsly enough,
perfectly ripe males were comparatively rare in Marvch and May

of this year, when mature females were abundant.  In wmost
cases the body-cavity was full of spermatids in great hundles,
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as in g, 8L The rvipe spermatozon closely resemble those
of A, Grubii, which have been accurately ligured by Clapuréde.!
They measure <058 . o length, and possess a curionsly
shaped head, 00 L mm, inlength, aud an extremely long slender
tail (-084 mm, loug), The head (figs. 28 and 20) is ivisible
mto three regions,—a rounded dise-like eap (8.) at the anterior
end, which is purtially divided by a median groove ; the nueleus
(N, whieh is large and oval 1 shape ; and the ¥ middle piece ”’
(A1.), which bears posteriorly a depression into which the tail
is wserted.  This depression 1s formed ouly at the time when
the spermatozoa ave fully vipe.  The tail (77) in the spechens
which we have been able to obtain appeared to be a somewhat
stifi” ilament, which could ouly be beut to a comparatively
small extent.

The breeding seuson of the © Luwinarian ™ variety of Are-
nicolamarina lasts from Pebruary to May on the Lancashire
coust,  The large black ““worms® which may be dug out
o tides of these mounths ave then dis-

during the greal spring
tended with ova or spermatozon.  Males and females are not
distingnished by external characters, but owing to the shight
discharge of gonads from the nephridiopores consequent on
the teuse condition of the body, 1t 15 often possible to distin-
guish the sex of an example without dissection. It 1s af
present impossible to state how long these Avenicola live
and how many thaes they breed.

The ovdinary littoral lugworms ol” the Laneashive coasl and
of the Isle of Man are not mature in the spring, and coutain

at most a few very small cggs. In the summer (August) of

1896 we fonnd matwre spechnens, aud we believe that this
variety hreeds through the siumuer, commceuneing at about the
time when the decper water form has ceased.

Relation of the Nephvidia to the Reproductive
System.—As is well known, the ova and sperimatozoa eseape
by the nephridiopores, but it does not secem to have been noticed
before, that in both males and fewales the bladders of the last
five pairs of nephridia ave specially enlarged (P13, fig. 16, BL),
2,0

U Aunélides de Naples,” 1805, pl. six, lig.
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and contain mature ova or spermatozoa, so that upon irvitation
& simultaneous discharge through all these apertures may
oeeur. In one worm only eight inches in length the bladder
~of the nephridium was swollen with ova so as to measurc
Td'mm. 3a length and 6 mm. in width. During the discharge
of ova from the female the eggs are eanght by the slimy mucus
oovering of the body, and, owing to the movements of the
animsl, collect in strings round the body. We have not
observed the formation of gelatinous eapsules in which the
eggs may be luid, since we bave not worked at the oviposition
of this species, about which nothing is at present known. At
certain thoes of the year, chielly in the spring, the nots uscd
by shrimpers on the sandy coast near Lytham are alinost
choked by the balls of eggs, each moored by two ©“ cables ” to
the sand. Whether these eggs beloug to Arenicola remaius
to be seen, but their form differs from that of Phyllodoce
found so commounly in early spring.

It has generally beeu assumed that the number of nephridia
and gonads occurring in Arenicola marina is typical or
fairly typical of the genus, and it is usually stated that the
number of hoth these organs is a small one (Hve or siy).
An investigation of several other speeies of Arenicola, the
results of which we lope shortly to publish in full, have
shown that A. Grubii and A. Claparéedii have five pairs of
mephridia, and apparently the same number of gonads, whercas
A. ecandata Las no less than thirteen pairs of wephvidia,
twelve of which bear large and complicated gonads ol u sizs
nad complexity which is scarcely equalled by any other Poly-
2hiet.  What relations exist between A marviva and the other
species of the genus caunot be discussed here, hut it muy be
stmted generally that the genns exhibits greater variety in the

- dewelopment of several systems of organs than has been hitherto

suspected, aud that it is no longer possible to cxcmplily the
. tharacters of Arcuicola as a genus by using their particulur
gude of development in A, mavina as a type,

woL, 41, PART 1.—NiLW sLL.
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12, General Sumwmary.

The following 1s o veeapitulation of the new points which we
Lave fonnd In Avenieola marvina,

1. On the Lavcashive coast, aund probably elsewhere, two
well-marked varieties of Arvenicola warina oceunr, differing,
as the following table shiows, n general appearance, in their
hiabits, in the structure of their gills, and pertods of maturity.

Caluur,
Nine, abital. SO S

| Gilt Brecding
5 wlilE: Stagun.
Aduldi, Youuoy

|
“shore lugs,”The sandy and mwddy Greendsh | Bewi- | Moderately lJl{i_,‘.,
or littoral | shores of bays, estu-hrown or transpa- - developed. | dugust.,
variely, 6—58"| wrics, and hurhm:_r;, reddish renl, -Y“L_. ]Slmn‘cln s
lung, excep- | extemding from high|  black luwlah' or, \Vllli‘.i—fjn
tionally 107 | water mark to und brown | Palrs ol .
sometfimes  heyond gill-plumies

low tide level
Burrow U-shaped

Cdunnry

“Worns,” orfUhe sandy shore ex- Black  orfDavk red, Very well i Tt
|

Taaninarian | posedab extreme low very dack’ opagque  developed.

vavicty, | spring tides, occa-| brown ! ]_mmclmﬁ :
E—15" in | stonally  extendin : wilh usn:dqu
lenglth f abuve Lhis, i about 12
Burrow a verlical : pairs of di-
Cshall i ! cholomous-
‘ ! . Ay arranged
! i I plunics

&

2. The eilin luing the cenlral or gastrie vegion ol the

alimentury canal are specially arranged (1) on the sides of a
ventral g;‘l)n;\’e which is continued to the anus, and (2) on
curved shallow grooves ruuning downwards and  backwards
into the furmer.  The current cansed by the action of thesc
cilin carries a stream of muens aud of digested food slowly
backwards and away frem contact with the mass of sand in
the gutl.  As these grooves are in close connection with pavts
of the viseeral plexus, absorption way take place from them.
While the ventral groove is morphologically equivalent to the
shmilar structure of Oligognathus (described by Spengel?),
VeOligonathus Bowelliw,” * Mitl, Zool. Stal, Neapel,” i, 1582,

&
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and probably to the “siphon ¥ of Capitellids, we have sceu no
reason for regarding it or any other part of the alientary
canal as “ respiratory * in function,

3. In the cirenlatory system the two hearts cacl contuin
cardiac body. This structure is composed of wasses of granalar
and vacuolated cells, projecting into the cavity of each ventricle.
Functionally they may be regarded as glandular valves pro-
venting the reflux of blood into the gastrie sinuses.  \While
previonsly unknown in Arenicola, the “ cardiac hody ” lias
- been long known in allied genera  (Oplielia, Troplionia,
Chlorhama), but as an unpaired structure in the dorsul vessel
{(8chaeppi, 1894). 1ence, though histologically similar, it is
very doubtful whether the paired structure of A reuicola,
which las 1o connection with the dorsal vessel direetly, is
homologous with the wupaired organ of other Polychits,

Contrary to Wirén (1806), we regard the dovsal vessel as a
distinet structure, the gastric blood-system us u plexus, and
we find that the nephridia and body-wall, as well as the wills,
are well supplied with eapillarics.

4. Both the large pinuately-branehing, and the smaller
dendritic, types of gill occurin A, marvina, The usual state-
ment that the latter type of ¢ill chiuracterises this specics, and
that the former type is characteristie of A. cristata, musl
therefore be modified,

5. The brain is divided by a narrow cleit throughout the
greater part of its lencth, The anterior eornua supply the
prostomium, the hueeal pupillic, and give off the wsophagoal
aerve-conncetives.  The middle vegion of the hraiu stipplies
the upper part of the prostominm, and ihe posterior coruua
mmervate the nuchal organ,

In young specimens the almost uniforn covering of ganglion-
oells of the hrain is in close contact with the peculiar and
epmplex seusory epithelinm of the prostomium, but in old
wpocimens of the “ Laminavian ” variety fibrous oulgrowths
from the dorsal aud luteral surfaces of the brain scutler this
grogliovated covering.
€. The nuchal orgun, thougl, apparcntly single, shows traces
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of i dowbile ovigin, 1t is probably an olfactory organ, and is
developed from the posterior region of the prostomium.

7. ''he otoliths consist ol quartz graius surrounded by a deli-
cale chitinoid film, as Khlers stated.  'The peculiar commotion
observed in olocysts mounted in sca water was not noticed 1o
others examined i cwlomie fuid.  Ience the motion is
probably a result of dilfusion currents.

8. The Giest paiv of neplridia ave in process of reduction.
Tu the others the form of the fmuel ab an carly stage is
deseribod and fgured. I aduls examples the terminal
portions of the noplividia act as receplucles for the ripe ova
or spermatozodu.

9. The specific gravity of the ceclomic fluid varics slightly,
but is on the average (ineluding the corpuscles) 1-0283, thus
being only very slightly denser than sea water (1-0261).

10. The general analogies of Avenicola with certain other

limnivorous Chatopods ave very striking. With the Sipunecnlids’

the Arenicolidie agree in the chitinous spines tipping the pro-
Losels p.qnllw the buceal papillie, the strong yetractors of the
¢ prohoscis,” the capacious and largely ansegmented ewlom, the
general eh.n.u,tvr of the museulature, the thin-walled looped
alimentary canal with its ciliated ventr al grovve, the action of
the body-wall i producing waves of colomice (huid ‘uimh.uy Lo
the process of burrowing and deficcation, awd lastly, the pig-
wented nuchal orgau.  1f we acknowledge the many points
ol agrecnient, which have for the most part arisen mdepen-
dently, between these two distantly related families under
similar  conditious of life, the true relationship between
Arenicola and other genera of Polycheets can only be ascer-
tained by exercising the greatest caution in not confusing
convergent adaplational characters with true geunetic resem-

blanees.
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EXPLANATION OF PLATES 1-5,

Tlustrating My, T, W. Gamble’s and Mr, J. L. Ashworth’s
paper on ““The Habits and Structure of Arenicola
marina.”

Liast or RererevceE Lerrers.

A. Cr. Anterior cornua of the brain. s, Anus.  Aw, “Auricle” of Lhe
lieart. B4 Bladder or terminal pavt of the nephridia.  Blpk. Blastophore of
spermatoblasl, B, Pap. Papille of the buccal mass, Br, Gills. Br. Af.
Branchial allevent vessels. 5. £, Branchial ellevent vessels,  BR. Brain.
B8 Blood spaces in the heart, B, Sk Sheath of retractor mlfscle en-
closing the buccal mass.  Buee. M. Buccal mass,  Curd. B. Cardiac body.
Chi. Ziss. Chlorogogenous lissue on (he stomach and ventral vesscl: Cho.
Notopodial chatee. €. F Gardiac fibres. €. Sp. Caudal septa. D, L. V.
Dorsal longitudinal vessel. D, Apk. Dorsal lip of the nephrostome.  Dph. Ph.

i g o S
Diaphragmatic poneh.  Dphwm. =% Diaphragms or anterior septa,  Ep. Lpi-,

dermis. @ Refringent granules in cwlomic cells.  Ga. Ganglion-cells of
the brain.  Gust. Lab. Laderal  gastrie vessel.  Gast, P Gastric vessels.
G % Giant Gbres.” @4 Op. Opening ol the sophageal glands fnto the
wsophagus, @ 8 Granular cells of the heavt. . VCI\.[.I‘ELI groove of ali-
mentary canal. ¢V Gonidial vessel.  Zud . Infestinal vqsst:!s. M.
“Middle picee” of spevmatozoon, A, Cire. Girenlar museles.  Ales. D). and
Mes. 47 Mesentervies supporting the dorsal and  ventral vessels belween
the frst and sceond diuphragms.  MEZ. ¢ Metastomium,” or achalous
portion of the body immediately following the prostominm. AL Long, Lmlgi-
tudinal muvseles. /0. Mouth. AL 04. Oblique museles. 3L Par. Parapodial
muscles. AL P, Relractors of the prostomivm. N, Nueleus. N, 47
Afferent vessel to the neplridia. N €. Ventral nerve-cord, N, Cup. Ne-
pliidial capillaries. N 470 Ellereat vessel from the nephridia, I\‘DL.V. Ne-
phridial longitudinal vessel. N, ' Neuropodia, _E‘.'a. =6 Nephridiopores.
Npgiove Nephridia, NP Nephrostomes, 8 Nervous elements and
comneclive tissue round otocysl,  Ne. Nuchal organ.  Nw. T Retractor
musele of nuchal organ, N, V. Newral vessels. Ov. (Esophagus.  Oe. Comu.
Sirewmeesophageal nerve-counectives,  Oe. @4, (Bsoplageal glands. Oe, G4V,
Vessel of wsophageal glands, Qe Zwd, Lateral wsophageal vessel. 0. O
Lixternal opening of otocyst, O Otocysts. 02", Neck of otocyst, 0t
Owolith.  OF. &, Nerve o ofoeyst.  LPar. 27 Darietal vessels.  P. Cr. Posterior
cornma of brain.  Pa. Protractor of notopodivm.  Pr. Prostomial lohes,
fie, Retractor of nelopodium. 8 Cap of spermalozoon. 8. #. Sub-
intestinal vessels, 2 'l'ail of spermatozoon. V. Venlricle of the lLeart,

b4}
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Vae. Vacuole.  Vae. . Vacuolated cells of the heart, V. Nph, Ventral lip

of nephrostome. V. V. Ventral vessel, 7. I7, ITJ. IV, &e. Somites beginning
. with the first chetigerous.

PLATE 1.

F16. 1.—The anterior end of a large specimen of the ¢ Laminarian”
T_l‘liety seen from the left side, to show the external features, the seg-
_mentation of the body-wall in relation to the internal metamerism, the
apertures, and the commencement of the branchial region. The
sietous region following the fully everted buccal mass (Buce. 1) extends
forwards as far as the groove indicating the insertion of the first diaphragm
‘dom!!y (Dphm.}). We have considered the first chaetizerous annulus and the
annulus hehind this, as composing the first chatigerous somite (I, althaugh
we are fully aware that, owing to the obliquity of the firs! diaphragm, and the
absence of landmarks in the achwmtous region in front of this sepium, it is
somewhat hazavdous to delimit this first chitigerous somite. x &

5,
F1e. 2.—View from the right side of two somites from the anlerior part of
the branchial region of a specimen of the “ Laminarjan variety 7 inclies long.
The fourth gill is shown in detail, while the third and fifth arc cul down to
the base of the main branches. The large size of the spreading branches
and the somewhat pinuate arvangement of the lateral Lwigs distinguish the
gill of this variety of A. marina from that of the ordinary shove lugworn
seen in figs, 3 and 4. The webbing at the basces of the hranches is generally
much more marked in old black examples than in iwmabure dark red
specimens such as the present. x 14.

Fie. 3.—Fifth gill of the right side of a shore lugworm 8 incles long, to
show the features cliaracteristic of the lilloral varielty of Arenicola
-marina.  The branches are united by extensive connecting membranes,
- between which the blood-vessels of the gill are faintly visible,  x 14.

- 'Fre. 4.—The first gill of the right side from the same specimen as Fig. 3.
The veniral branches are apparently the last to develop, and are only just

budding off the secondary leaflets, x 14,

PLATE 2.

Fia. 5.—Dissection of a large “Laminavian” variety, Lo show the general
. eharacters of the inlernal anatomy (conf. pp- 9 to 10). The body-wall las
‘been cut along the mid-dorsal line, the flaps pinned back, and the alimentary
- eanal turned over to the left side. The special features shown are Lhe
wascolar system, the nephridia, the septa, and wuscles. % 2,

bl
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PLATE 3.

6. 6.—View of @ verlical lungitudinal section of Arenicola marina
tihen somewhab to the lelt of the middle line. P thickness of the Ludy-
wall is esaggeraled,  The stowach bus been ent away behind the hear,
fo show the oblique wuseles and the sceomd nephridinm. Phe main blood-
vessels ouly are inlicaled, the object of the figure being to show the exact
position of (he three diaphvagms (HOpla. '), of the buccal or proboseldal
sheath (24,854, aml the velations of these to the external segmentalion. % 3.

P, 7o—Clitinoid spines eovering the bueeal papille of Lhat part of the
praloseds which is tirst protded during eversion, Tlhey way be compared
with the figires ol hooks” Trow the probuscls ol Sipunculids (e. g, Phaseo-
fon) shown in Seleuka, © Die Sipuneuliden.’ Caustic potash preparation.
AL

i, Go—Dapiilic in situ on the base of e probaseis of young worm.
A8,

P, 9e—A gronp of nenropodial selw fromaovery yowig Avenicola
maring 16w long,  The shape and strongly-toothed vidge distinguish
ese selie rom those af The adult (igs. 1 aud 13), The youngest sele are
on the Left side ol the ligure. 0 300,

1, 10— Notopodial seta 6w dong, % 16,

P, 10y, —The tip maguiticd, < 80

Vi, 10m.- The touting on the nolepodial sela highly magnificd. < 450.

P, 1= -Newropodial sela (< 20), and endarged (x 1200
seliw in situ in the newro-

P, 12—A group of developing nevcopodial
s G Proe.ds relerred Lo on

podiin (Vi) of & Faminarian” spechnen.
p. U

e, 15——The fourth and Gfth chwligerous segments of the lelt side of
o large walure Lavainarizn 2 specimen.  The fivsk two nephridia are 5hgwn.
Phe figwic is a study of the blood-vessels of the nerve-cord, of the obligue
muscles, and of ihe conncelion between the nephirostomial and the dovsal
longitndinal vessels (4, 4. #). = 8%,

Fii, dd—The fiest uephridiam from the specimen shown in fio, 13,
seen fron e dorsal swiface, to show the gonidial vessel (G 1y bearing
Wlind, vascular processos.  Lhe gonidiul vessel on his nepleidivm is stevile,
Ao

PG, 15, Vilth vighl neplvidinm of an adult male, to show the bladder
distemled wilh spermadozoi. The nephrosiome s widely open. Seen on
Pebruary S4th, I8t X L

Piu, 16, - The sceond nephiidin of the right side of 2 specimen 29°5 mm.

ey

HABITS AND STRUCTURE OF ARENTCOLA MARINA. 41

. lBong, seen from the dorsal surface, to show the gonidial vessel (6. 1), the
| otmumenting processes of the dorsal lip, and the position of the esternul
‘@WE {No.F) with regard to the neuropodium (¥w?). ‘Ihe venteal lip
wf the sepbrostome (V. Mplt) is seen through the dorsal one. < 60.

e L—-,F‘ﬂmb‘l of the first left nephridium from the same specimen s
B, 18, sven from the right side, (o show the vertical position of the neplre-
whoms and the sommencing processes on the anterior lip.  x 90,

X g

PLATE 4.

Wy, TR~The second right nephridium from o specimen 44 mm. long.
Dl wiew, 1o show the remarkably complete capillary civeulation wnd the
. exdension of the vessel of the dorsal lip to form the gonidial vessel (¢ V0).
© My sentaal lip (V. Npht.) is seen by trauspareney. 63,

Fag. 19.~Three views of the anterior end of a specimen § inches long
(littorsl variety), fo show the prostomium, nuchal organ, copenings of the
aefoegste, and the socondary mimulation of the skin. 4. Irom ihe left side.
& Trom above. c¢. From below. x 12

Fi1g. 20, —Transverse seclion across the middle of the prostominm fo show
he brain, the three prostomial lobes, and the rich blood-supply of this region.
The bruin lies in the central prostomial lobe, and its covering of ganglion-
oelis s closely applied to the overlying sensory cpithelium.  The seelion is
out seross in the region of the posterior cerebral cornua (£, €}, X 05.
6. 91, —Transverse scelion of the same series as Mig. 20, across the
wachul organ, N, the Linder cornna of the brain, and one olocyst, with its
ooniuined otoliths.  x 65,

Faw. 82 —Transversc scelion of the body a short distance helind the third
disphragm at the level of the openings of the wsophageal pouches (G, Op.).
The external aperiure of the second nephridium is shown on the right side.
The subdivision of the body-cavity into three longitudinal porlions, and the
strutiure of the wsophiageal pouches, are well scen. X 38,

P16, 23.—Transverse seclion of the body in the branchial region at the
fewed of & parapodivm.  The newropodium ds cut through its cntive length on
the left side. On one side of the nerve-cord a retractor muscle from (he
ustopodium arises, on the other an oblique musele.  The vaseular supply of
ihe body-wall, seiw, and gills is well seen. % 38,

PLATE &.
" Ti6. 24.— Amaboid and spindle-shaped cells of the ceelom.  x 1000,

o, 25.—S8agittal seetion of the brain slightly to the left of the middle
lize, {from & young littoral form about 8 inches long.  The mass of ganglion-
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wind gliz-cells vderlying the epithelinn of the prostomivm is distinet ; some
ol the eulls of 1he lalter are shown bearing sensory processes,  The nuchal
organ, Ny is eul at ifs full depth. % 85,

I'r6. 26.— View of a dissection of the brain, cesophageal connectives, oto-
eysts, and the buceal sheath.  Phe commencement of the neural vessels from
capilluvics of the wrgans just wentioned, is shown. Seen fron the dorsal
surlace,  I'he buceal wass, cut trawsversely, lics in the cenlee of (he ligure,
B,

Fra, 27 —An oloeyst with the ololiths composed of quarts grains. The
sensovy epithelivm and the suerounding wervons and suppurting eells are seen,”
X L6o,

Fic. 25, —Otoliths to show the ehitinoid covering of the quartz grains.
RO,

Vi, 20— Ripe spermalozoon seen on March 101h, 1897, Length of head
4 gy length of tail 54 0. % 3000

i, 290 —Head aud portion of tail of an innsubure spermalozoon scen
on February 22ud, 1507, % 3000,

Fias, 034 —8Blages in (he developmenl ol the spermalozaa,

Fig. 80 ~The S-celled stage, in which (he spermuloblasts leave the
festis. X BOIL

Figs, 31 and 32, Tater stages. 3¢ 500,

Fig, 33.~="I'wu eells lvom a slage mueh later (han the preceding, showing
the comuencement ol the tail. 2000,

Fig. 3L —Discoidal muss of almost vipe spermatozoa, 3 500,

Frao Gb—Doeveloping ovac (v and 6) show a polar body (8) % 250.
(<) is o ripe ovom enlarged 125 thines.

Fro. 86, —Longitudinal scetion of the hearl of an Avenicola 250 .
in length, To show the eardine hody. 3¢ 39,

Fia. 8i-Histology of a portion of the eardiae body of fiw. 86, = 600,

M1, 35~ Longitudinal section of (he hewt of a young Avenicola 65 mm.,
i Length, to show the cardine body af an carly stage of developent. 3 50,
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