XX.—OLIGOCHATOLOGICAL RESEARCHES.

By Gustav EISEN.

INTRODUCTION.

In the beginning of the present year (1879) I had the honor to pre-
sent to the Academy of Sciences of San Francisco, Cal., and also to the
Royal Acz_xdemy of Sciences of Stockholm, Sweden, preliminary reports
on the same subject of which I now propose to treat more extensively.
Neither of these reports, however, 1s as yet published, and this will ex-
plain why in the following no mention of them has been made, and 1o
citations from them quoted.

The theories advanced in them I have had little opportunity to
change. Only in few instances have further investigation and access to
a greater number of specimens necessitated any material modification
of my former views, and whenever any such change has been made, I
have always called special attention to the same.

My investigations have been confined principally to the characteriz-
ing of the species and to the anatomical structure of the generative
organs. The following treatise, therefore, has no pretension to being
exhaustive, even if such a word could properly be applied to any
work in natural science ; but, on the contrary, I must freely confess that
many an important point pertaining to this subject has here been only
lightly touched, or even not at all enlarged upon—mostly the result of
a limited time and library.

The many new forms here described for the first time may perhaps
to some degree compensate for the above defect, and, as I trust, call a
more general attention among zoologists to the fresh-water oligocheeta
—a class which, I am sure, will in the near future be found to contain
thousands of forms.

My field of investigation has been limited to Sweden and California,
and in both countries to comparatively few localities.

In the following I propose first to give a description of all the species
found by me, and afterwards to treat more minutely of some points in
their anatomy and physiology.

(1 ) 879
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A.—DESCRIPTION OF THE-SPECIES OF TUBIFICIDZA.

Oligochwtous, limicolide worms, with spines in fascicles, of which
four in each segment. One ventral and one dorsal longitudinal vessel,
the latter of which is pulsating. Both vessels are connected by trans-
versal gastric or perigastric vessels. Receptacles of the spermatozoa,
two in the ninth setigerous scgment. Efferent ducts, two in the tenth
setigerous segment. Kach duct furnished with only one efferent funnel.
The oviduct is invaginated by the penis. Habitat: Fresh or brackish
water. Two subfamilies, viz:

Telmatodrilini : Atrium furnished with several prostata glands; penis
and penis sheath united at apex.

Tubificini : Atrium with a gingle prostata gland ; penis and pems
sheath not united.

IL—Sub-fam. TELMATODRILINI, nov. fam.

Atrium is surrounded with several prostata glands, not connected
with each other.

The penis is connected with the penis sheath at its exterior apex.

Oviduct is large, muscular, and opaque.

The receptacle is situated in the ninth and the efterent duct in the
tenth setigerous segment.

Nervous system.—The two lon gitudinal parts of the ventral nerve trank
are connected by anastomosing, minute commissures.

The spines resemble those of Enclytreide in general form, but are
more numerous in every fascicle and all of the same length. In young
specimens they are indistinctly forked.

Of this family as yet only one species and genus is known, viz:

Gen. TELMATODRILUS now. gen.

No distinctly pulsating or differentiated hearts, but the secondary
vessels in the sixth to tenth setigerous segments are indistinctly pulsat-
ing, without having the shape of distinct hearts. The ventral vessel is
not strictly ventral, but pushed towards the dorsal side of the body, and
80 near to the dorsal vessel that both seem to run close together; the
ventral vessel not pulsating, the dorsal vessel pulsating.

Only one species is as yet known, viz:

TELMATODRILUS VEJDOVSEYI %0v. §p.

(Pls. 1 and I1; Figs. la to k.)

Vascular system.—The ventral vessel is forked in the fourth setigerous
gegment. The transversal or secondary vessols are of two kinds in
avery segment, viz, gastrie and perigastric. The perigastric vessel i8
sitnated close to the posterior end of the segment; it sends to the integ-
ument of the body numerous minor tertiary vessels, forming together
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a denso dermal vascular net. The gastric vessel embraces the aliment-
ary canal at the middle of each segment; its many minute, tertiary
side branches form a dense gastric vascular net.

The perigastric vessels in the sixth to tenth setigerous sogments form
a kind of weakly pulsating heart, however without being distinctly
differentiated. The largest pair is found in the tenth setigerous seg-
ment, the smallest in the sixth segment. The perigastric vessels form-
ing the Licarts are cxtremely long and relatively narrow, being thickest
near the dorsal vessel, and from there gradually decreasing in size to-
wards the ventral vessel. The blood is yellowish red.

Nervous system.—The cerebral ganglion is very unlike that of Tubificini;
nor does it in fact resemble that of any other known Limicolide. 1ts
general shapo is somewhat triangular, furnished with a large posterior
projection. Its sides are concave, with two anterior projections tov rards
the cephalic lobe. The ventral ganglion ewmits one pair of nerves in each
segment ; its swelling in each segment is inconsiderable.

Gastric system resembles that of Tubificini to a great extent. The
a’sophagus is long and narrow, extending to the eleventh segment; is
from here considerably clongated and forming the commencement of
the intestine, which is here hyaline, not furnished with hepatic cells.
In the fifteenth segwent the canal contracts considerably, and is from
here to the end of the body covered with dark brown, glandular, hepatic
cells.

Gencrative system.—Litterent duct, atrium, and penis are well charactor-
ized,  The efferent duet is unusually narrow ; its interior end is gradually
increasing in size, forming a pear-shaped funnel. A bundle of sperma-
tozoa is often found in its opening, considerably protruding, as is the
case in Enchytreide. The atrium is crescent-shaped, eylindrical, and
furnished with a set of about ten or more globular and well-defined
prostate glaunds, surrounding the atrinm on all sides. Both atrium
and penis consist of two ditferent layers. The prostate glands and also
the efferent duct are apparently developed from the interior one of
these layers. This explains why the atrium in Zubificide is ““double,” as
it has Leen described by Claparéde,* Udekem and others (PL I, Fig. 1e).
This oxterior coat of the atrium was originally ouly a coutinuation of
the oviduct, and is so yet in the younger stages of the worn. (About
this see further aliead in this paper.)

The penis is large, its upper part being of somewhat the same shape
as the atrium. Its lower end is first somewhat swelled and afterwards
immediately tapering, forming a real external penis. This external part
of the penis is furnished with afunnel-shaped penissheath (Fig.1¢,p. sh.).
But, contrary to what is tho case in Tubificini, this sheath is counected
with the apex of the penis. The sameis the case with the penis sheath
in undeveloped specimens of Tubificini, but as the worm develops is the
sheath wholly separated from the apex (Fig. 18 ¢, 4, g, k). The penis
consists of two layers; the interior one is i continuation of the inner-

* Itecherches Anotowiques, p. 23, and others,

H. Mis, 67——56
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most layers of the atrium. The exterior one, of the socond layer of
atrinw. Thbe third layer of the atrium is not in continnation with the
layers of the penis. The penis sheath is very pellucid, and difficult
to discover; especially so is its upper margin. Its lower interior sides
are covercd with numerous diagonal museles, one end of which is at-
tached to the body of the penis. 1In the center of both atrinin and penis
is found @ continuous row of spermatozoa. The penis is only external
in fully matured specimens.

The oviduct consists of a heavy muscular coating or sack, one end of
which is attached to the body wall, the other free in the neighborhood
of the lower end of the atrium. This oviduet is extremely heavy which
makes it often impossible to discover the nature of the organ covered
by the same.

The testes consist of two oblong amorphous bags, situated in the cighth
and ninth setigerous segments, one on each side of the ventral nerve.

The ovaries consist of two rounded, sack-like bodies, situated between
the ninth and tenth segments, their anterior ends being attached to the
body wall of the ninth segment and part of their body to the dissepi-
ment between the ninth and tenth setigerous segwments. The ripe ova
are always found in the broadestend of the ovary, the stallest or least
developed ones in the narrowest part of the same (Fig. 1g).

The receptacle cousists of two minute oblong sacks, one on cach side
of the ventral nerve in the ninth setigerous segment. Their exterior
porus is found on the body wall between and somewhat in front of the
ventral fascicles, not in front of one of them, as in Tubeficini.

No spermatoplores are found in this species, the spermatozoa being
simply agglomerated together in pear-shaped or globular balls. 1u the
atrium they form a continuous row in the middle of the inmost cavity
(Fig. e, spz).

The segmental organs resemble those of Tubificini in their general
structure. The whole tube of the organ is surrounded by large pellucid
cells, sometimes of a globular, sometimes of a wore oblong shape
(Fig. 1k). In the majority of these a large nucleus is plainly visible.
The above cells are found not only surrounding the segmental organs
in front of the efferent duct, but also on those behind the same.

The exterior aperture of the organ is the largest one, and fromn here
the tube tapers gradually towvards thie interior aperture, at the lower
end of which is found two sack-like appendices. The aperture i$
strongly ciliated (Fig. 1¢).

The integument of the body is very thick, and the body accordingly
not very flexible. The worm, when found, therefore, resembles more &
small pointed stick or straw, the tail being the most flexible part of the
animal. In this respect this worm is unlike most of' the other species
of Tubificide, which, with few exceptions, are lively and very movable
animals.

Body.—The length of the same in alive specimens is generally from
35mm to 50mm and the width between 1™= and 2»=. The anterior part
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is the thickest, the body gradually tapering towards the posterior end.
The color of the body is fleshy, brownish red, rather opaque, with the
vascular system plainly visible.

Seta are found, as usual, in the family, in four fascicles in every seg-
ment, every fascicle containing numerous, or from eight to fifteen,
spines. These arc in adult specimens entire, considerably curved, and,
generally speaking, not unlike those found in Enchytreide. In young
specimens the spines are found to be indistinetly forked (Fig. 1d).

Habitat.—California, Sierra Nevada, in Fresno and Tulare Couuties,
at an altitude of from 6,000 to 10,000 feet.

It lives in the marshy meadows, and is sowmetimes found in decaying
wood, sometimes again in the bottom mud, most frequently where the
water is very shallow. In small hollows, where manure has been de-
posited, this worm is most certain to be found ; in poor ground it will,
with certainty, be looked for in vain.

This worm is decidedly of a nightly habit. In day-time it is never
found above the ground, but in night-time its tail is always seen pro-
truding in the water above the same. '

Adult specimens found in August and later.

I1.—Sub-fam. TUBIFICINI.
KEY TO THE GENERA.

I.—More than one kind of spines present, viz, hair spines, comb-like
spines, and forked spines, two of which kinds are always present (except
Hemitubifex.)

4. The cephalic ganglion anteriorly furnished with a large conical processus. Sperma-
tophores extremely long and spirally coiled. Oviduct single.
SPIROSPERMA.

B. The cephalic ganglion is not furnished with an anterior processus. Spermato-
phores short and broad, not spiral.
a. The efferent duct is comparatively short and broad, not longer than the atrium
and copulative organs together.
ILYODRILUS,
b The efferent duct is comparatively long and narrow, always longer than the
atrium and copulative organs together.

1. The base of the receptacle is furnished with glands. Efferent duct or
atrinm furnished with @ (@ and o) ¢ vesioula seminalis.” Hair spines
and forked spines, but the former not always present. No comb-like
spines. The middle part of atrium is glandular.

' HeMIruBIrex.,

2. The base of the receptacle is not furnished with glands; a “vesicula

seminalis ” present. The middle part of the atrium not glandular,
Three kinds of spines always present.

PSAMMORYCTES.

3. The base of the receptacles not furnished with glands. No “vesicula

seminalis.” Two kinds of spines always present. viz, hair spines and

furked apines,
TuBIFEX.



884  REPORT OF COMMISSIONER OF FISH AND FISHERIES. (6]
11.—Only one kind of spines, viz, forked spines.
1. Penis and oviducts not surrounded by spiral muscles.

LIMNODRILUS.

2. Penis and oviducet surrounded by spiral muscles.
CAMPTODRILUS.

Gen. SPIROSPERMA nov. gen.
(Pl. 11 and 1II; Fig. « to g.)

The cephalic gangloin is furnished with a large conieal frontal proces-
sus, which does not branch itself in the cephalic lobe.

The posterior margin is concave.

The spermatophores are Jong, narrow, and spirally coiled.

The spines are of three kinds, viz, hair spines, forked spines, comb-
like spines, ‘

The integument is covered with dark, convex papilla.

The whole of the atrium.is glandular, no vesicula seminalis, and no
glands at the base of the receptacle. Of the forked spines we can in
reality distinguish four varieties, with from two to four prongs. This
genus is one of the best characterized in the family, As yet only one
species known, viz:

SPIROSPERMA FEROX, 2. §p.

Nervous system.—The cephalic ganglion is cordate, conical in front,
emarginated behind. The conical part is about as long as the rest of
the ganglion. The posterior side-lobes are well rounded. The gan-
glionic cells are comparatively numerous and closely packed. (Fiy.
2 q.)

Generative system.—The efferent duct is long and narrow, resembling
that of other genera except Ilyodrilus. The atrium is crescent-shaped,
its lower end long and narrow, and in some specimens terminating in 2
helix-like swelling, sitnated immediately at the upper end of the penis$
proper (Fig. 2h, h. s.). Penis proper has the form of « long and broad
cylinder, somewhat contracted at the middle, and with the lower end
terminating blunt. The upper half of the penis is surrounded by &
chitinous peuis sheath, the upper and lower openings of which are
ncatly of the same size, That part of the penis which is covered by the
sheath is of different structure than the lower free part. While the
former seems to be merely an unmoditied part of the atrium proper, and
consisting of numerous small, massed cells, the latter, on the contrary,
iy found to consist of very large, often angular cells, more regularviy ar-
ranged. The oviduet consists of a large, narrow-walled tube, or rather
sack, 43 it scems more muscular than chitinous, inclosing the penis and
its sheath to their whole length,  Bxteriorly the oviduet is surrounded
by longitudinal muscles, connecting the same to the body wall (Y-
2, mse.).  The receptasles are of an enormous size, extending through
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several segments. Its main vesicle is oblong and sack-like, supported on

a stem of its own length. The receptacle containg a few (two to three)

sperinatophores of unusual form and size. The latter can nearest be

compared with the tongue of a moth, when coiled in a spiral. It is
nearly eylindrical, slightly thicker at the middle, with both eunds con-
siderably tapering and pointed (Fig. 2{). When more highly maguified
it is seen to be divided in large diagonal segments of nearly equal size
(Pig. 2k). The tails of the spernatozoa are seen to be protruding all
along the upper third of the whole length of the spermatophore, the
other two-thirds being perfectly smooth (Fig. 2i). The ovaries are large,
oblong bodies, with the ripe ova situated at the free extremity. The.
interior of the ovary contains undeveloped ova of diffcrent sizes, mixed.

The smnallest ones are not always found nearest the pgint of attachment
to the dissipiment (Ig. 2f).

Segmental organs consist of long and narrow tubes, not covered with
any globular cells. At different places we find the tube enlarged, formn-
ing large more or less circular chambers, which, however, are not far-
ther differentiated (IFig. 29*). Such chambers I havo also found in the
segmental organs of several species of Limnodrilus. If they are tem-
porary or constant is difficult to decide upoun.

The integument of the body is covered with numerous mmute, oblong
and elevated papillee, which seen by the microscope, present 2 dark,
opaque appearance (Figs, 2¢ and 2d4). They are absent in the tenth
setigerous segment, which containg the efferent duet, &e. The longi-
tudinal axes of the glands are all running in the direction of the widih
of the body. Somewhat similar papillie are found in Enchytraide, but
T have observed them nowhere else in this family.

The spines are of six different kinds, viz, hair spines, comb-like spiues,
and four kinds of forked spines. The hair spines occur in numbers of
three to five all along the upper side of the body, and mostly alternat-
jug with the comb-like ones, at least i the segments anterior to the ciu-
gulum. The prongs of the comb-like or fan-shaped spines are very little
separated, and the membrane forming the comb or fan between them
very pellucid and often difficult to discern (Figs. 20 and 2m). The forked
spines are of two principal kinds: a, spines behind the cingulum, and
partly even in front of the same, have the lower prong much broader
and longer than the upper one, and the aungle between the same nearly
a right one (I'ig. 20; b, the spines in front of the cingulum have the
upper prong miuch longer and even somewhat broader than the lower
one. The lower prong is sometimes single, but more often double or
even triple (Fig. 2%, 2n, 2p). Similar spines are not found in any
other species of the family. :

The length of the body, about 15mm, by 1™ wide. Thefront part of
the body is the thickest, and from here it tapers cousiderably and grad-
nally toward the 1)0sterlm end. Only the vor) frontal begmentq are

Fig. 2g at * shows ane of thoqo C]l'lmbels in optlwl scctlon
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tapering.  The tenth segment is thicker than any other two segments,
and forms a well defined-cingulum in adult specimens.
Habitat.—Europe, Sweden : Motala River, in shallow water, together
with Hemitubifex and Lumbriculus. Professor W, Lilljeborg has also
kindly communicated specimens taken in Ifo Lake, in Scania; here, how-

ever, found at a depth of 25 fathoms.
The specimens from both places were pretty much alike, except in

regard to the helix-like swelling of the atrium, which was absent in the
specimens from Ifo.

It may be possible that a worm described by Kessler,* under the
name of Nais papillosa, is identical with our present species. The
length of the body and the “papille” are similar in both species. Kess-
ler’s deseription is, however, so insufficient that nothing can be decided
with any degree of certainty, except by autopsy. External character-
igtics are in no way sufficient to distinguish one species from the other,
and have only a relative value as u help in classifying and’arranging
the specimens in a collection, when it oftentimes is of the highest im-
" portance that said work can be done quickly and without destruction
or mntilation of the specimens.

Gen. ILYODRILUS nov. gen.

The cephalic ganglion emarginated both iu front and behind.

The efferent duct is, compared with the same duct in other genera of
the family, short and broad. Its length does never exceed the length
of the atrium and penis together. The whole of the atrium is glandu-
lar and its lower end is comparatively broad and short. No vesicula
seminalis. No glands at the base of the receptacle. No spermato-
phores. The oviduct is funnel-shaped, the upper end being the widest.
The spines are of three kinds, viz, bair-spines, comb or fan-like spines,
and forked spines. The gap between the prongs of the fun-like spines
is comparatively narrow, and the striated membrane between the prongs
not always present. 1n other respects this genus resembles Tubifex
and Psammoryctes. The form of the efferent duct is the most prowmi-
nent characteristic of the genus.

Only three species are as yet found, and which may easily be classified
as follows:

1. True comb-like spines present. The receptacleis bent; oviduct is double; cephalic

ganglion abont as broad as long.
IL. PERRIERIL.

. Pseudo comb-like spines. The receptacle is bent; oviductissingle; cephalic gan-

w

glion is broader than long.
IL. sODALIS.

3. Pueudo comb-like spines. The receptacle is not bent, but globular and inflated;

cephalic ganglion about as broad as long; oviduct is single.
IL. FRAGILIS.

* Beitriige zu der Abhandl. der Petershurger Nat.-forsh. Versaml. 1868, pp. 103 to
108, Leuckarts Bericht, 1871,
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The pseudo comb-like spines are similar to the comb or fan-shaped
ones, but the membrane, between the prongs, is absent. It is evident
that the comb-like and pseudo comb-like spines are only modifications,
oue of the other. To the simply forked spines they are not closely

related.
JLYODRILUS PERRIERII 2. sp.

The cephalic ganglion is about as broad as long, and its anterior end
is not broader than the posterior one (Fig. 3d).

The offerent duet is shorter than the atrium and penis together, but
nearly of the same length as the atrinin alone, The penis has no chiti-
nous sheath, is very short and conical, and pointed, gradually tapering
towards the apex. The oviduct is double, the interior one being chiti-
nous, extended, fununel-shaped and somewhat bent, gradually tapering
towards the exterior porus (Figs. 3¢ and 3f). The exterior oviduct is
inflated, sack-like, very broad at its base, and from here irregularly
tapering towards the exterior apex. It is surrounded by numerous
longitudinal muscles, which are connected with the body wall (Fig. 3e).

The receptacle is bent, its top being sack-like and not globular (Fig.
39); nospermatophores. The ovaries form two large bodies in the tenth
setigerous segment. The testes are comparatively small in the three
first segments behind the cingulum, or in the cleventh, twelfth, and
thirteenth setigerous segments.

The integument is darker and thicker than in the following species.
The membrane between the prongs of the comb-like spines is very pellu-
c¢id and difficult to perceive. Both prongs are bent in the same direction.
The comb-like and hair spines are found all along the upper side of the
body (Figs. 3h; 34; 3%). The integument is flesh-colored.

Length of the body, 10mm to 12mm 5 width of the same about 1. The
anterior part is considerably the thickest, and from here the body tapers
gradually towards the posterior end (Figs. 3a; 3 ¢; 3.¢).

{labitat.—TFresno County, California, in irrigation ditches sparingly.
In ponds in King’s River more frequently met with. I have never found
this species much above the Yevel of the prairie, or about 300 feet above
the sea.

This species is easily recognized by the thickness of the anterior part
of its body. '

ILYODRILUS SODALIS #. sp.

Nervous system.—The cephalic ganglion is much broader than long,
the posterior margin being lined with several (6) ganglionic swellings,
of which the two on each side are globular. The two middle ones are
oval or conjeal, const.it-utihg the posterior apex of the ganglion (Fig. 5 ().

Vascular system.—No differentiated pulsating bearts, only indistinctly
or weakly pulsating perigastric vessels, beginning in the ninth setiger-
ous segment and extending towards the cephalic lobe, one pair in every
segment; but the nearer the cephalic lobe the smaller are the vessels
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and the weaker the pulsations. No dermal vascular system. The gas-
tric secondary vessels are rectilinear.  One perigastric and one gastric
vesselin every segment. The perigastric vessel isbranched, and situated
behind the latter near the posterior margin of the segment.

Generative system.—The efferent duct is about one and a halt times
longer than the atrium and copulative organs together; its width is
about the same as in the other species of this genus (Fig. 5¢).  Atrium
is very short and broad, nearly crescent-shaped (Fig. 5 g), and the apex
of the penis is globular and very much larger than its base. No penis
sheath. The oviduet is single, bell or cone like, the lower or exterior
end being the widest. The whole organ is full of small spicule, some-
what similar to those found in the same organ of Dsammoryctes umbelli-
Jer* The testes are situated in the 10 sctigerous segments, beginning
in the twelfth and extending to the twenty-second setigerous segment.
The ovaries are found in the nineteenth to the twenty-second segment,
entirely covered by the testes. The receptacle (Tig. 5 14) is somewhat
irregular, has two main sack-like lobes,supported on a short narrow
stemn, at the base of which is found a comparatively large accessory
gland (T'ig. 5 1, gl.).

Numerous perigastric cells of a civeular form, and containing numer-
ous globules. The spines are of three kinds, viz, hair spines, forked
spines, and pseudo comb like spines, the latter with no membrane be-
tween the prongs. The prongs themselves, however have their inner
surface striated (Figs. 5¢ and 5 f).

Similar or nearly similar spines are found in Ilyodrilus fragilis. The
forked are somewhat similar to the above, but the prongs are not ser-
rated (Fig. 5¢ and 5d).

The length of the body is about 25mm;: the width of the same about
1= or more. The integument is reddish-flesh colored.

Habitat.—California, San Francisco, in a spring emptying into the
Marine Hospital lake. I have not found the worm in the lake itself.

Ilyodrilus sodalis is a very distinet species, characterized by its
cephalic ganglion, receptacle, efferent duct, and pseudo comb-like
spines. Its eopulative organs are extremely pellucid,

ILYODRILUS I"RAGILIS n. sp.
(1. V; Figs. da to g.)

Nervous system.—The cephalic ganglion is longer than or as long as
broad, cordate, with the posterior ¢nd considerably narrower than the
anterlor part (Fig. 4¢).

GQenerative system.~—The efterent duct is long.,er than the atriwm, but
not longer than the atrium and penis together. The atrium is shorter
and ﬂuckel than in the preceding species; t]m penis is lonp:er than in

* Vey]ovnk_y, /elim:h.f w. Zoolozie, Bd xxvii, page 1 i7
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Il Perrierii, but of about the same length as in Il Sodalis.  The dis-
tance between the ventral ganglion and the external generative porus
is comparatively great, or about as long as the length of the penis and
oviduct together (Fig. 4d). The penis is not furnished with any penis
sheath (IFig. 4¢). The oviduet is single, chitinous and somewhat fun-
nel-shaped.  Both penis and oviduct are narrowed a little below the
middle, but from here they increase in size, and the apex of both are
considerably swelled (Fig. 4¢). Numerous longitudinal muscles ave
attached with one end to the interior surface of the upper end of the
oviduct and with the other to the body wall (IFig. 4e, ms. ¢l.). Tbe recep-
tacle is straight, the top inflated, very large, globular, supported by a
small narrow stemn of less length than half the diwmeter of the iuflated
top. The walls of the receptacle are extremely pelucid, much more so
_than in the preceding species. No spermatophores found.

The integument is more pellucid than in any other species of the
genus. The body is of a fine red flesh color, and in size its anterior
part not much thicker than its tail,

The spines are of three kinds, viz: hair spines, pseudo comb-like
spines, and forked spines (Fig. 4¢). The prongs of the pseudo comb-like
spines are only very slightly serrated.

The length of the body about 15™m (Fig. 4a).

The segmental organs are covered with large oblong inflated cells,
especially their inner free end (Fig. 4 g).

Habitat.—California, Fresno County, Sierra Nevada; in ruuning water
in meadows, at an altitude of from 5,000 to 7,000 feet.

Gen, HEMITUBITEX, nov. gen,
(Pls. V1L and VIIT; Vig. 6.)

Nervous system.—The cephalic ganglion emarginated both in front and
behind.

Generative system.—The efferent duct is very long and narrow, as in
Tupgexe.  The upper end of the atrium is enlarged, and forms a globular,
so®lled “vesicula seminalis,” upon which the prostate glund is grafted.
The lower end of the atrium is glandular. I'he penis sheath is chitinous,
shorter than the oviduct. The oviduct is double-sheathed, both sheaths
being chitinous and funnel-shaped, and the outer one surrounded by
longitudinal muscles. The base of the receptacle is furnished with
accessory glands. The spermatophorves are short, thick, and inclosed
in a pellucid bag.

The integument is not covered with opaque papille.  The spines are
of two kinds, viz, forked spines and hair-spines. The latter, however,
are not always present, as some individuals are found without them.
Whenever found they are only sparingly distributed on the npper side
of the body. No comb-like spines.

The shape of the atrium, the double oviduct,and the irregularity of the
number of the hair-spines are characteristics distinguishing this genus
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from any other in the family. The nearest allied one is evidently Psam-
moryctes ; but this genus has large and distinctly fan-shaped spines,
which are entirely wanting in Hemitubifex. As yet only one species
known, viz:

HEMITUBIFEX INSIGNIS 7. sp.
(Pls. VII and VIII; Fig. 6.)

Nervous system.—The cephalic ganglion is vearly square. 1ts anterior
margin is deeply concave; the lobes of the posterior margin are well
rounded, and the sinus between them deep and narrow (Fig. 6g; Pl.
VIII).

Generative system.—The efferent duct is about one-half longer than
the atrinm and penis together. The atrium is comparatively narrow,
except its upper part, which is globular, forming a ‘“vesicula sem- -
inalis,” upon which the prostata is grafted. This globular part of the
atrium is of cxactly the same consistency as the lower part of the
atrium itself, and differs in this respeet from Psammoryctes, which
genus is said * to have a non-glandular atrium proper. The globular
chamber of the atrimin can more properly be called a receptacle for the
mucus of the prost-a-ta‘gla.nd, when it is mixed with the spermatozoa,
descended from the efterent duct. The penis proper is extraordinarily
large, thickest a little below its base, and from here gradually tapering
towards the exterior apex, which, however, is somewhat swelled and
rounded. The penis sheath is chitinous and covers only a part of the
penis, leaving the swelled apex and the larger portion of the upper part
uncovered. The oviduct is double, both its sheaths being chitinous,
funnel-shaped, and about twice as large as the penis sheath (Fig. Ge,
ovd). Numerous muscles are attached to the interior upper surface of
the oviduet and penis proper, biuding them to the interior of the body
wall. The receptacle is supported by a long, narrow stem, at the base
of which are several wing-like glands. The spermatophores are thick
and short, generally bent, each one surrounded by a pellucid memhrane
(Fig. GL).

The segmental organs are long and narrow. The interior aperture is
surrounded by two nearly equal lobes; no inflated cells and no enlarged
chambers, as in Spirosperma.

The integument is very smooth, and the body of the worm resembles
much that of Limnodrilus or Tubifex. The spines are of two kinds,
hair-spines and forked spines. The Jatter are regularly dispersed two
and two in each faseicle, except on the upper or dorsal side of the body,
where we occasionally also find a few hair-spines. The distribution of
these is very irregular. In one specimnen they were found in the third,
fourth, seventh, twelfth, and thirteenth segments, but even here not in
all the upper fascicles. In another specimen from the same locality 1

* Vejdovsky, Zeitsch. f. w. Zoolozie; Bd. XXVII, page 138,
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found no hair-spines at all. Of the forked spines the lower prong is
mach wider and longer than the upper one, and the angle between the
prongs is nearly a right one (Fig. 6 C.).

The length of the worm is about 30™m, and the width less than 1w,
" The cingulum is small and hardly perceptible.

Habitat.—Sweden, Europe, Motala River, in shallow water near the
shore, :
Gen. PSAMMORYCTES Vejdovsky, 1877.

SYN. 18068, Senuris, Kessler, Beitrage zud. Obhandbung. d. Petersburger Nat. Forach.
Versaml., p. 108.
1871, Tubifex, I'. Ray Lankuster, Aunals & Mag. of Nat. Hist., vol. vii, 1871,
pp. 90,101.
1875, Tubifex, Ed. Perrier, Syr. ). Tubifex ote. Arch. Zool. exper. et gon. tom,
iv, No. 1. Notes ot Rovue, p. 6, 1875.

1877. Psammoryctes, Vejdovsky, Zoitschr. f. wiss. Zoologie; Bd. xxvii p. 147

TFrom the descriptions of the above authors the following seem to be
the main characteristics of the genus: The atrium is furnished with &
large globularc hamber called vesicula seminalis, upon which the pros-
tate gland is “grafted.” That part of the atrium which is situated
between this chamber and the penis proper is not glandular, but trans-
lncid, narrow, and sometimes furnished with small circular chambers.

The comb-like spines are fan-shaped, the membrane between the
prougs being very plainly visible.

For further particulars about this genus I beg to refer to the above
cited authors.

Only one species as yet known, viz:

PSAMMORYOTES UMBELLIFER (Kessler, 1868).

SYN. 1868, Senuris umbcllifcra; Kessler 1. c., p. 108,
1877. Psammoryotes umbellifera Vejdovsky.l. ¢., p. 137.

Species characteristics the same as for the genué. The spines are
of three kinds, viz, hair-spines, comb.like spines, and common forked
spines. Of the latter we find two varieties.

Habita\f.—Europe, Russia, Bohemia, England, &c., in fresh or brack--
ish water, as it seems very widely distributed.

Further ahead, when speaking of the general organization of the
oviduects and penis sheath, I will return to this species and give some
reasons why I think that said organs have been in this as well as in
some other species erroneously observed or misunderstood.

Gen. TUBIFEX Lamark, 1818.

Nervous system.—The cephalic ganglion emarginated both in front

and behind. ) )
Generative system.—The lower end of the atrium is comparatively

broad; not so broad, however, as in Ilyodrilus. Both oviduct and
penis sheaths present. The oviduct is wide and short.
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Integument furnished with only two kinds of spines, viz, hair-spines
and forked spines.  Tau-shaped or pseudo comb-like spines never pres-
ent. .

As can be seen, the above charaeteristics are neither very pointed
nor at all sufticient to fully characterize the genus, but the deseriptions
ot the different species belonging to this genus are mostly so inade-
quate that no better genus-characteristics could at present be compiled.
Of the four species kuown I have seen only one, viz, Tub, companulatus.
Tub. Bonneti is sufliciently described by Claparide, and seems easily
distinguished from any other. Of the remaining two species, I have
seen neither specimens nor deseriptions, and must, in regard to them,
trast to the anthority of the respective authors.

Tusrrex rivuLoruM Udekem, 1853,

SYN.: Tubifex rivulorum.
D’Udekesn, J. Hist. Nat. d. Tub. riv. Mem. Cour. par. PAcad. d. Belgiguo,
Tom, XXVI, 1855

TUBIFEX COCCINEUS Vejdovsky, 1875,
Y,

SYN.: Tubifex coccineus Vejdovsky.
Sitzungsl, Mathend, Nat. vissenscl. Clagse d. Bohn, Gesellseh Wessenschaft,
Oct. 29, 1875, p. 3.

This and the following species, Tub. Bonneti, are said to have the
receptacle in the tenth, and the sexual pore in the eleventh segment.

Tub. rivelorum .imd Tub. campanulatus, on the contr ary, have the same
organ in the respective segments, 9 aund 10, or in one segment ndaver
to the cephalic lobe. I can hardly account for this seceming differenco
in any other way than that the respective investigators have counted
the segments in different ways. It is natural that when every investi-
gator has not only had his own way of counting the segments, but also
changed that way at different times, tiiat muoh confusion will ensue.
For our purpose it is materially indifferent if we count the cephalic
lobe as a segment per se, or if we, as the first segment of the body,
assign the lirst setigerous one, if we only can agree to one or the other.
Myself and @’Udekem count the first setigerous segment as the first
segment of the body, and accordingly we find the receptacle to Le sit-
nated in the ninth and the sexual porus in the tenth segment. Clapa-
rede and Vejdovsky, on the contrary, consider the first Setigerous seg-
ment to be the second segment of the body, which, of eourse, places the
sexual porus in the eleventh segment.

I have, to prevent further complications, and in order to immmensely
simplify the counting of the segments, here adopted the plan to name
the segments surrounding the oral orifice, respectively the cephalic lobe
and the duccalic segment ; and, further, to assign the name of the first
segment only to the first setigerous one. And, to avoid any possible
misunderstanding, it would, when speaking of th(, segments, be well to
add “wetigerous.”
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TuBIFEX BonNurI Clap. 1868.

SYN.: Tubifex Bonneti, Clapartde, Recherches Anatomiques, ste., p. 13.
The most characteristic feature of this species is the vase-like form
of the oviduct, which latter is of about the same length as the penis.
Habitat.—Iiurope; Switzerland.

TUBIFEX CAMPANULATUS %. 8.
[Pt. VIII, Fig. 7.]

Nervous system.—The cephalic ganglion is longer than broad, and in
front considerably broader than behind, where the emargination is deep
and narrow (Fig. Ta). )

Generative system.—The penis is broadest at the middle, and from
there tapering toward both ends. 7The penis sheath is of the same form
as the penis, only broader and longer (Fig. 7¢). The oviduct is bell-shaped,
the widest end being turned towards the exterior penis. The length
of the oviduct is only half that of the penis, but its width at its lower
end is nearly three times that of the penis (Fig. 7¢). The exterior ovi-
duet is membrane-like, and surrounded by two large trunks of longitu-
dinal muscles, which connect the oviduct with the body wall. This ex-
terior oviduct is twice as long as the interior one (Fig.7c). The recep-
tacle is bent in the shape of an S, with the upper end enlarged and sack-
like (Fig. 7d).

Spines.—The two prongs of the forked spines are of nearly the sawme
size, and the angle between them is less than a right angle.

Length of the body about 15mm,

Huabitat.—Iiurope, Sweden, Christianstad.

Tubifex profundicola. Verrill (American Journal of Scienco, 3d series,
vol. ii, p. 450, 1871) is evidently no tubifex at all, if the spines are
correctly described. Those of the véntral fascicles are said to be longer
than those of the dorsal ones. All the setw are hooked or forked—char-
acteristies which place the worm in or near the genus Limnodrilus.

Gen. LIMNODRILUS Olaparéde, 1862.

SYN. ¢ Limnodrilus Clapardde 1. c., p. 25, 1862,

Nervous system.—The cephalic ganglion emarginated both in front and
behind.

Generative system.—The lower end of the atrinmis generally long and
narrow, and comparatively narrower than the corresponding parts of
Tubifex and Iiyodrilus. :

The copulative organs are not surrounded by spiral muscles; gen-
erally by longitudinal, seldom by circular ones.

Integument.—Only one kind of spines, viz, forked spines.

The principal characteristic of this genus Is evidently the total ab-
sence of hair spines and fan-shaped spines. " Ju other respects this genus
scems to resemble Tubifex. It is, however, likely that when a Iarger
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number of species has been studied new aund more distinet character-
istics may be discovered. A prominent feature of the genus is also the
elongation and narrowness of the copulative organs. In all other genera
except Camptodrilus said organs are much shorter, especially so the ovi-
duct. In Tubifex we find the shortest and widest oviducts; in Limno-
drilus and Camptodrilus the longest and narrowest.

[n the following synoptic table the three species, L. Hogmeisteri Clap.,
L. Udclemianus Clap., and L. Claparédianus Ratzel, are not classified. 1
have not had opportunity to see those species myself, and as some points
in the description of their reproductive organs, &c., are wanting, it has
as yet been impossible to arrange them systematically among the other
species.  They seem, however, to be nearest related to L. monticola and
alpestris :

A. The oviduct is single.  The upper end of the penis sheath furnished with a crown
of gtar-like concretions.
LIMNODRILUS ORNATUS.
B The oviduet is double. The upper end of the penis sheath not furnished with
star-like concretions.
1. ‘The penis proper projecting outeide the ponis shewth and here forming a
globular head. Inner oviduct muscular,
LiMxopriLus STEIGERWALDIL
2, The penis proper not projecting outside the penis sheath, and its lower
end not forming o globular head. The inner oviduet is not muscilar,
but chitinous.
@. The lower ¢nd of the penis proper is truncate and somewhat wider, The
lower end of the interior oviduct is wider than its middle.
LIMNODRILUS MONTICOLA.
C. Tho lower end of the penis sheath is. pointed. The lower end of tho interior
oviduet is widor than its middle.
LIMNODRILUS ALPESTRIN.
¢. The lower end of the penis proper is pointed or rounded. The lower end of
the oviduct is much narrower than its middle or upper part.
" LIMNODRILCS SILVANL

ILIMNODRILUS ORNATUS n. 8p.
(PL IX; Fig. 8.

Nervous system.—The cephalic ganglion is broadest posteriorly, the
two lobes being well rounded and separated, but the sinus between them
is rather shallow (Iig. 8¢). .

Generative system.—'The penis is long and slender, broadest af its
upper end, and from here gradually tapering towards the apex, whieh,
however, is not tapering, but cylindrical. The penis sheath is long,
eylindrical, trumpet-shaped at both ends, and slightly narrowest at the
middle. Its upper end, at the entrance to the oviduct, is furnished with
a crown of star-like concretions, of a brown, chitinous consistence (Tig.
8d ern.) The oviduct is single, sack-like, and longer than the penis
sheath. In the same no cellnuclei are visible. Surrounded by longi-
tudinal wuscles,  The receptacle is elongated, and of u flask-like shape,
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sometimes constricted at the middle (Figs. 8¢; 8f). No spermatophores
are found.

The segmental organs arc iong and very narrow ; not surrounded by
bladder-like cells (Fig. 8h). '

Integument is hard and tough. The spines are short, and their ex-
terior end not mueh curved. 7The opening between the prongs is nar-
row, and the upper prong is longer than the lower one. '

Length of the body, about 30"w; width of the same, about 1 or
less. '

Habitat.—California, San Joaquin River, in a pond, found attached
to decaying wood floating on or immersed in the water.

The principal chavacteristics of the species ave the star-like couere-
tions round the upper end of the penis sheath. The brown color of the
coneretion fades when the animal has been preserved in glycerine. The
generative organs are comparatively minute, or of about half the size
of those of L. alpestris.

LIMNODRILUS STBIGERWALDIL 2. sp.
(L X; Fig. 9.)

Nervous system.—The anterior part of the cephalic ganglion is the
widest, and emitting several large ganglionie Jobes toward the cephalic
loboe of the body. The posterior margin is abruptly emarginated, and
the whole posterior part of the ganglion is nearly globular (Fig. 9¢).

Generative system.—The generative organs are, in proportion to the
great length of the body, comparatively short. The lower end of the
penis is globular, the globular part being situated outside of the penis
sheath, within which it ¢cannot be retracted.  The penis sheath is ehiti-
nous, about: cight times as loug as wide. Its form is cylindrical, with
trumpet-shaped ends, the lower one being the widest (Fig. 9¢, ps.).
The oviduct is muscular, thickest at the middle, round the globular
swelling of the penis, from here gradually tapering toward the exterior
orifice. The exterior orifice is sack-like, mueh wider and with thinner
walls than the iuterior one. In its walls the cell nuelei are all plainly
visible. The atrinm is unusaally small, and the lobes of the prostate
gland minute and globular. The ovarics are much bent, tapering toward
the extremities. The ripe ova are found on the middle of the ovary
(Fig. 9f). The receptacle is nearly straight, broadest at its inner apex.

Segmental organs are not furnished with globular cells, except their
juner orifice, which is surrounded by globular swellings, increasing in
size toward the orifice itself (Ifg. 9¢). The orifice is surrounded by two
lips, the upper one of which is furnished with a long vibrating epithe-
lium (Iig. 9e).

The length of the body in large specimens 30™*; width of the same
from 0.75 to 1™m,  The body tapers gradually toward the posterior end.

Habitat.—Sierra Nevada, California, in the hettom of muning springs,
in mweadows, at an altitude of 7,000 feet.
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The principal characteristic of the species is the enlargement of the
lower end of the penis,

LIMNODRILUS MONTICOLA n. sp.
(PL. X1, Fig. 10.)

Nervous system.—The cephalic ganglion is nearly square, the posterior
lobes well rounded but not much projecting (Fig. 10c¢).

Generative system.—The generic organs are comparatively minute.
The lobes of the prostata are not globular and not much elevated, the
whole gland being larger and more compact than in the preceding
species. The penis is nearly cylindrical, and only slightly widening
toward the exterior truncate end. The penis sheath is also cylindrical,
slightly widening toward both extremities. Its exterior end is not
deflected, sometimes rather the contrary. The penis and penis sheath
are of the same length. The oviduct is double. The interior one
is chitinous and resembles closely the penis sheath, being only wider
but not much longer. Its lower extremity is sometimes deflected and
plate-like, especially in very matured specimens (Figs. 10¢ and 107).

The exterior oviduct is, as usually, sack-like. Its upper part covers
the interior oviduct closely; its lower end is wider, with plainly visible
cell nuclei, The receptacle is straight, sometimes constricted at the
middle, generally found containing spermatophores of usual shape (Figs.
10¢ and 10k).

The spines are very slender, curved, the upper prong of the fork
slightly the longest (IFig. 10c).

The length of the body 30™.; width of the same 0.75™ (Fig. 10a).

Habitat.—California, Sierra Nevada, at Seven Spring Meadow, on the
cast side of the North Fork of King’s River. Numerous specimens found
in or between decaying wood submerged in the water. Altisade about
9,000 feet.

The principal characteristic of the species is the cylindrical form of
the penis and its truncate end. The other species of the genus have
the extremity of the penis either globular or pointed, or preseut other
forms easily recognizable.

LIMNODRILUS ALPESTRIS n., §p,
(PL X1I, Fig. 11; PL XVIL Fig. 115 Pl XVII], Fig, 18,)

Nervous system.—'Che posterior part of the cephalic ganglion is the
broadest, sometimes farnished with tlnee wellrounded lobes. The
swellings of the ventral ganglion are almost civenlar.  In not fully de-
veloped specimens the cephalic ganglion is two-lobed (Fig, 91a).

Generie system.—Of the generie orgitns, the penis and the oviduet are
comparatively longer than in any other species ol the genus,  The lower
extremity of the penis is slightly swelled and pointed. The penis sheath
is trumpet-shaped at both extremities, the exterior one being the widest.
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The interior oviduct is of nearly exactly the same form and size as the
penis sheath ; if anything a little shorter. The exterior oviduct does
also inclose the penis sheath and interior oviduct securely, and is only
sack-like at its lower end, which is rather muscular and unusually short
(fig. 110). The atrium is of somewhat variable form, its upper part
sometimes being rather unusually swelled (fig. 11, Ox). More gener-
ally the atrinm tapers toward both extremities, The reeceptacle is en-
larged at both extremities, the upper one being bent and helix-like (Fig.
11d). The testes are found in the tenth to fourteenth or -fifteenth setig-
crous segments. The spermatophores are numerous, iind of variable
form (Fig. 11e¢fy).

The segmental organs are comparatively short, surrounded by a hieavy
mass of granulated matter, but not by any globular cells {Fig. 112).

The length of the body about 252m by 0.752m wide. The integument
is very tender, causing the worm to easily break.

Habitat.—California, Sierra Nevada, in the mud of running springs,
at an altitude of 7,000 fect.

The principal characteristic of the species is the length and form of
the penis sheath and oviduets, also the form of the cephalic gauglion.

LIMNODRILUS SILVANI 2. sp.
(Pl XIII, Fig. 12; Pl XIV, Fig. 12.)

Nervous system.—The form of the cephalic gangliou is variable. In
large specimnens the ganglion is much wider than long, and sometimes
furnished with three posterior lobes; in smaller specimens the ganglion
is much longer than broad and never three-lobed (Figs. 12¢ and 12f).
Between these two forms intermediate ones are found but rarely.

Generative system.—The lower end of the penis proper is rounded and
somewhat swelled. The penis is only half as long as its chitinous sheath
and-only slightly thicker than the lower end of the atrium (Iligs. 12p
and 12¢).

The penis sheath is seen from the side gradually tapering towards
the exterior apex, with the exception of an abrupt enlargement at the
" middle, just at the end of the penis proper. Seen from the front, how.
ever, it presents a very different appearance. It then nearest resembles
an arrow-head or trowel (Fig. 12¢, p. s.).

The oviduct is double. The interior one is about three-fourths as
long as the penis sheath. Seen from the side, it resembles an arrow
quiver. Seen from the front, its lower end is found to closely inclose
the lower, or an arrow-head resembling part of the penis sheath, but its
upper third is wider than the upper half of the penis sheath. The ex-
terior oviduct is more sack-like, and somewkat loosely incloses the
interior generic organs. 'The efferent duct is extremely long; the wros-
tate is very irregular, but rather compact.

The receptacle consists of three parts, viz: One middle part, which

H. Mis. 67——5b7
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is narrow. and the two extremities, which are swelled and sack-like,
especially the upper one. The latter and the middle part are bent over
and cover the lower part sometimes entirely. In the long form of the
worm the receptacle was found always more or less straight (Fig. 12¢).

The spermatophores are nuwerous and of various forms. The ovaries
are long and comparatively very narrow, developing the ripe ova at
their middle (Fig. 12r). '

The segmental organs are lonyg and narrow (Figs. 12n and 120); not
surrounded by globular cells.

The integument is very tough. The spines are slightly curved ; the
angle between the two prongs is in the anterior spines nearly a right
angle, but in the posterior spines of much smaller aperture. (Iig. 12,
c. d.)

Of this species exist two different sized forms. One is about 18°®
long and 2" broad. The other is only Hem long by 13mm to pum
broad. Both forms are found fully matured, and both differ some-
what anatomically from each other. Intermediate forms are found, but
not vory nnmerous. In one of two neighboring ponds both forms are
found, and intermediate ones between them. 1In the other pond or lake
I have as yet found only the smaller form, and no intermediate ones
(Fig. 12a and D). .

Habitat.—California, San Francisco. In Laguna del Mercedes only
the smaller form. In Mountain Lake or *Marine Hospital Pond” both
forms are found. In * Laguna del Tache” only the smaller forms.

The following species are sufficiently well described to be recognized,
but not sufficiently enough to enable me to arrange them systematically
in the genus. For their characteristics 1 must refer to their respective
describers. :

LiMNODRILUS UDEKEMIANUS Clap.

8YN.: L. Udckemianus Claparinle, Recherches anatomiques sur log Oligochmtes, prz.
27, Geneva, 1862,

LIMNODRILUS HOY¥FMEISTERI Clap.
8YN.: L Hoffmeisteri Clapardde, I. c., prz. 32.
LIMNODRILUS CLAPAREDIANUS Ratzel,
BYN.: L. Claparidianus Ratzel, Z. f. wissenschaftl, Zoologie, Bd. x.;'iii, 8. 563 to 5Y1.
All of the above three species are found in Europe,
Gen. CAMPTODRILUS nov. gen,

Nervous system.—The cephalic ganglion is both anterior] v and posteri-
orly emarginated, and in this respeet resembling all other genera except
Spirosperma. ,

Generative system.—The copulative organs are much clongated, and
partly surrounded by spiral muscles, one end of which is attached tn
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the exterior oviduct, the other to the interior surface of the body wall,
near to the genital porus. In other respects this genus resembles
Limnodrilus. Generally it may be said that the copulative organs of
this genus are comparatively longer and narrower than-those of any
other genus of the family.

The spines are only of one kind, viz, forked spines.

Camptodrilus is well distinct from all other genera; from most of
them by having only forked spines, and from all of them, especially
from its nearest allied Limnodrilus, in having spiral muscles wound
round the copulative organs. '

Only four species a8 yet known. .

A. The oviduct is double; the interior one chitinous; the lower end of the penis

sheath suddenly increasing in size, deflected and plate-like.
' ’ C. BPIRALIS.

B. The oviduct is single, not chitinous.
a. The anterior margin of the cephalic gauglion is broader than the posterior:
one. Tbhe oxterior end of the penis sheath is suddenly expanded and

plate-like.
C. 1GNEUS.

b. The cephalic ganglion is nearly square, broader beliind than in front. The
exterior end of the penis sheath is very gradually increasing in width,

and not suddenly expanded nor plate-like.
C. CORALLINUS,

¢. The posterior margin of the cephalic ganglion is the broadest, and \\'c?ll
rounded. The oxterior end of the penis sheath is suddenly increased in

width, funnel-shaped, but not plate-like.
C. CALIFORNICUS.

CAMPTODRILUS SPIRALIS %, 8p.
(Pl. XVII, Fig. 15.)

Generative system.—The spiral muscles surrounding the copulative
organs are finer than those of any other species known, and may some-
times be easily overlooked. Tbhe penis sheath is.long und narrow, and
nearly perfectly straight. Its exterior end is suddenly increasing in
size, deflected, but not plate-like (Fig. 15, a). The oviduct is double,
The interior one is of the same shape and general size as the penis
sheath, only wider in both extremities. The exterior oviduct is sack-
like at its lower end, and somewhat resembling the same organ of Camp-
todrilus igneus. The receptacle is long, sack-like, and bent at the middle.

The segmental organs are not furnished with globular cells, and their
interior apertures are not surrounded by glandular agglomerations
(Fig. 15, 4). ,

The spines are slightly curved, and the angle of the prongs is larger
in spines from the posterior segments than in those from the anterior

ones (Figs. 156 b and ¢).
The body is about 25=™ long by 1™ wide, and of a steel blue color,

When touched the animal coils itself into a spiral, and accordingly al-
coholic specimens are never found extended. The integument is tender,
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Habitat.—California, Sierra Nevada, Fresno County, at an altitude
of 7,000 feet, in stagnant water in the meadows; never in the very
stream.

CAMPTODRILUS IGNEUS 7. 8p.

(P1. XIV, Fig. 13.)

-Nervous system.—The cephalic ganglion is broadest in front ; its pos-
terior margin is deeply emarginated, on both sides surrounded by very
pointed lobes. The frontal lobes are each covered with several globu-
lar swellings (Fig. 13, b). ' o

Generative system.—The penis sheath is long and extremely narrow,
its lower or exterior end is suddenly expanded, deflected, and rather
plate-like. From behind this deflection the penis sheath gradually in-
creages in thickness towards the upper or inner end of the sheath (Fig.

- 13 cand 13 g, PL. XVIII). The oviduct is single sack-like, of a very
elongated form. The lower end of the oviduct is very much the widest,
and in the same the cell nuclei are plainly visible. The spiral mnus-
cles surrounding the copulative organs are very strong and distinct,
unlike those of the preceding species, C. spiralis. The receptacle is
bent and sack-like, not found containing any spermatophores (Fig. 13, d).

The segmental organs are in all the segments furnished with a coat-
ing of perfectly globular cells, with plain cellnuclei situated close to
the tube of the organ (Fig. 13, e).

The perigastric cavity contains free and floating perigastric cells of
somewhat variable form (Fig. 13, f).

The integument of the body is extremely tender. Color fiery red,
under the niicroscope yellowish. Size of the body about 30=w by 0.75mm
wide.

Habitat.—California, San Francisco, Oakland, Santa Clara Valley and
neighborhood. Adult in March.

This species is especially remarkable for its fiery color, which gives
to the borders of the ponds wherever it is found a very vivid appear-
ance. The shape of the cephalic gunglion and the plate-like extremity
of the penis sheath are distinct characteristics of the species.

CAMPTODRILUS CORALLINUS, %. &p.
(PLXVI, Fig. 14; Pl XVII, Fig. 14; PLXVIII, Fig, 14.)

Nervous system.—The cephalic ganglion is nearly square, and its pos-
terior emargination rectangular, or nearly so (Fig. 14 q).

Generative system.—The penis sheath is gradually increasing in width
towards its exterior extremity, which is considerably bent, not much
deflected nor plate-like. Figs. 14 ¢ and 14 I represent the reproductive
organs as generally found. Figs. 14 7 and 14 % represent the lower end
of the penis sheath, with a small deflection of its margin, as it some-
times is found. The oviduct incloses the penis sheath tightly, except
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at its lower end, which is sack-like and extending beyoud the same.
The cell nuclei in the sawe are not plainly visible. The ovaries are
short, bent in a right angle, in which latter the ova are developed (Fig.
14g). The receptacle is short, wide, and sack-like, and the stem which
supports it is much smaller than in any other species.

The segmental organs in front of the cingulum are all furvished with
globular cells, but those in the segments behind the same have no globu-
lar cells. No glandular agglomerations round the interior aperture of
the organ. ,

The color of the body is yellowish red, with a light or not colored band
between every segment, giving the worm somewhat the appearance of
a string of red corals. The last posterior segment is five or six times
longer than the segment preceding the same. The length of the body
is variable, the general size being from 25™® to 30w, but sometimes it
reaches from 60™™ to 70mm, with o width of from 1mm to 13»=, The in,
tegument is tough. giving some tenacity to the body.

Halbitat.—California, Fresno County, in ponds, or even in the running
waters of King’s River, Dry Creck, &ec., always near the level of the
prairie.

CAMPTODRILUS CALIFORNIOUS, . $p.

(PL XVIII, Fig. 16.)

Nervous system.—The cephalic ganglion is nearly square, posteriorly
well rounded, with a shallow emargination. .

Generative system.—The copulative organs are all strongly built, and
the spiral muscles heavier than in any other species of the genus. The
penis sheath is at its lower end suddenly increased in size, deflected,
but not plate-like. The oviduct is single, surrounds the penis sheath
tightly ; its lower end is, however, more saclk-like, resembling in this re-
spect the corresponding part of C. corallinus.

The segmental organs are not furnished with globular cells. .

The body is of about the size, color, and tenacity as that of C. igneus.
The tail is distinctly segmented, and the last segment not longer than
the preceding one.

Habitat.—OCalifornia, San Francisco, Oakland, Lagunitas, Russian
River, &c¢., in ponds or étagn ant water, only seldom in the streams them-
selves,

As the species of this genns are somewhat difficult to distinguish the
oue from the other, the following comparison of their principal charac-
teristics may prove useful.

0. spiralis has a double oviduct. Its penis sheath resembles that of
C.igneus, but is comparatively shorter. The copulative organs have also
some resemblance with those of I.. alpestris, but this species has no spiral
muscles.

.C. igneus has a single oviduet, and is further distinguished by the
plate-like deflection or enlargement of the lower end of the penis sheath,
above which it is snddenly decreased in size.
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C. corallinus has also single oviduct, but the penis sheath is gradually
increasing in size from the middle toward its lower or exterior end.
This species is somewhat larger than any other in the genus, and the
integument of its body tougher.

C. californicus has the exterior end of the penis sheath suddenly cx-
panding and deflected, but the deflection is not plate-like, only trumpet-
shaped. The whole organ is also comparatively shorter and thicker than
in O. igneus. The oviduct is single. The copulative organs of this genus
are comparatively longer and narrower than those of any other genus,
Limnodrilus excepted.

B.—GEOGRAPHICAL DISTRIBUTION.

Our present knowledge of the distribution of the genera and species
of Tubificide is so very limited that any general comparison between
the countries and the species inhabiting the same can haidly be ex-
pected. Tubificides are as yet known only from Europe and North
America, but there is every reason to believe that we will find them dis-
tributed all over the globe wherever ponds, streams, lakes, or wells can
be or are found. I have as yet not seen any permanent water, aud
hardly any larger temporary ones, where Tubificide could not be col-
lected.

The above list of species wust by no means be considered as in any
way exhaustive; on the contrary, the few species known can only con-
stitute a small portion of what in reality exists, and I feel fully satisfied
that hundreds, if not thousands, of species will be found, when the dit-
ferent waters of the continents and islands are thoroughly searched.

Here, then, will we find a class of animals, as yet hardly investigated
and very insufficiently known, which in the uear future may furnish a
rich supply for the student of natural history.

The study of the geographical distribution of the species of Oligochetee
must also be in the highest degree an interesting one, cven more 8o
than the geographical distribution of most other classes of animals,
such as birds, reptiles, and mammalia. While the latter have nuwmer-
ous ways of transportation on land, through air and water, the slowly
moving Oligochates are mostly confined to the very element in which
they live, and outside of which they and their eggs would soon perish.
The fauna of terrestrial animals, with their various means of locomo-
tion, may have changed many times, while the Qligocheies in the earth,
relatively secure from enemies and less subject to climatic changes, may
have survived for ages. Thus the study of the distribution of the’
Oligochata, especially the purely terrestrial ones, wmay not only be of
value in considering the former councction of continents and islands,
bat also in the study of the climatic changes they bave undergone. So
have I, for instance, been led to believe with a reasonable degree of cer-
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tainty that the climate of California, dry as it is, is gradually changing
to a damp oue, and that for the following reasons:

If Middle and Southerw California in former, not to say distant, ages
had enjoyed a moist and rainy clitate, its soil in favorable places would-
most likely contain numerous earth-worms. I naturally judge this
from analogy, as there is no country which is not absolately dry for any
length of time where earth-worms are wanting. If now, therefore, the
climate of California began to get drier, the worms formerly distributed
over the whole of the country would naturally recede to the remaining
moist land around the water-courses, and, finding here the necessary
conditions for existence, remain to the present day.

But in Middle and Southern California I have hunted in vain.for
native Lumbricides, and even soin the always moist earth around King’s
and San Joaquin Rivers, places at present climatically isolated. From
these facts I draw the conclusion that even in forwer time no climatical
connection existed between the said river valleys and other countries in-

.habited by earth-worms and that the climate, if changing at all, is get-
ting moister, being formerly an arid one.

Around San Francisco and other cultivated places throughout Cali-
fornia we find in the gardens several imported Kuropeun species of
earth-worms and only one single species which at present is known
only {from California.

If similar conclusions can be drawn from the study of Lumbriculide
or terreswrial Oligochwta, it may also Le reasonable to suppose that
even the geographical distribution of the Limicolide worms will en-
lighten us upon subjects related to a country’s former geographical
and climatological connections,

It is, of course, as yet too early to speculate further upon these points,
or to draw any conclusions from the few with certainty known facts, |
but I have here only wished to call attention to the importance of the
geographical distribution of this elass of animals, and, which of c¢ourse
is partly the same, to the study of their different species.

While many classes of animals exhibit both more attractive features,
more gorgeous colors, and are more easily studied, they therefore in no
way are any more valuable to the science of natural history, and it
would even be well if scientific expeditions and private collectors would
more generally and with more generosity divide their attention betwoeen
the popalar and not popular classes of the animal kingdom.

But, returning to the geographical distribution of the species, we
find that about 22 species of Tubificide arve as yct known, and about
equally divided between Europe and North America, provided we only
consider species which are sufficiently well described to be recognized
and classified.

Amohg species as vet insufficiently known 1 consider Senuris abys-
sicola, Senuris limicola, Tubifer profundicola, Clirodrillus larveeformis,
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and Chirodrillus abyssorum, all of which are American species.- It is
even very doubtful if Chirodrillus ean be considered a Tubificidee, it
having six fan-shaped fascicles of set® on each segment.

The species from Russia, described by Kessler, Nais papillosa, Nais
gigantea, Scenuris longicauda, may all be what we call good species, but
as vet we know too little of them to enable us to properly clagsify them.
Of a supposed identity of Nais papillosa and Spirogperma I have spoken
under the heading of the latter species. _

Besides the above species, we know from Europe the following 10, viz :
Spirosperma, 1 species; Hemitubifex, 1 species; Tubifer, 4 species;
Limnodrilus, 3 species; and Psammoryctes, 1 species. )

The rest of the species are all from California. From the eastern
part of Ameriea I bave not seen any species of Tubificidee, but have the
authority of several zoologists for their numerous occurrence.

The following table will better show the distribution of the species:

E Bohemia.
. Switzerland.

| Germany.
France.
Belginm.
England
California.
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C.—SPINES.

The most prominent external characteristics of the species of this
family are derived from the spines. We can of them distinguish five dif-
ferent kinds or varieties, viz: ‘

1. IEntire spines.

2. Forked spines.

3. Hair spines.

4, Fan-shaped or comb-like spines.

b. Pseudo-comb-like spines.

* Verrill, in extract from report of S, I*. Baird, Commissioner of Fisherics, Part I,
Rep. for 1872-"73, pp. 697-699.
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‘The entire spines resemhle those of Enchytraide. They are found
ouly in Telmatodrilus, and occur here in fascicles,of which four are found
in every segment. In each fascicle we find nine or more spines, all of
nearly equal length. In very young individuals the exterior end of
these spines show a tendency to forking, which, however, entirely van.
ishes by advanced age.

Nearest related to these spines are the forked spines. They resemble
the former, except in regards to their exterior apex, which is forked.
Such spines occur in all the species of Tubificini, The angle of the
fork and the length and form of the prongs are important characteristics
of the species. The fork of the spines is oftentimes different in dif-
ferent segments of the same species. Such is the case in Psammoryctes*
and in Spirosperma (Fig. 20; 2 n.)

Generally the prongs of the spine are only two, but in Spirosperma we
find three or sometimes even four (Iigs.2 n,2 o, and 2 p). Such spines,
however, are only found in the interior segments of the body.

The forked spines are generally found in fascicles by themselves, bgt
sometimes also, as in Tubifer and Hemitubifex, alternating with hair
spines in the same fascicle on the upper side of the body. Iorked
spines and fan-shaped spines are never found mixed or alternating in
the same fascicle. In Limnodrilus and Camptodrilus we find only foyked
spines, but in all the other genera we find at least two kinds of spines,
viz, forked and hair spines.

The hair spines are characterized by their length, oftentimes exceed-
ing the width of the body of the worm. They are only found on the
upper side of the body, and generally only in the anterior segments.
In Tubifex and Hemitubifex they are found alternating with common
forked spines,butin Ilyodrilus, Spirosperma, and Psammoryctes wi-th fa}1-
shaped or pseudo-comb-like spines. The general number of SI)H‘les m
such a fascicle is fromn five to six of each kind, varying, however, in the
different segments. ’

The fan-shaped or comb-like spines are peculiar to the genera Psam-
moryctes, Spirosperma, and Llyodrilus. They are characterlze(.i by hav-
ing a finely striated membrane stretched between the prongs of a forked
spine. There is, however, a difference between the prongs of a purely
forked spine and a comb-like one. Those'of the former are a.lwaiy § mere
curved than the latter, which sometimes even are beth bent either in-
ward,as in Psammoryotus, or outward, as in Spirosperma. The comb-like
spines are only found in the upper side of the segments, and always alter-
nating with hair-spines. )

Ag pseudo comb-like spines, I have designated spines the prongs of
which resembled those of the former class, but which were not con-
neected by any membrane whatever. The inner side of t'he prongs pre-
sented a strougly striated surface, evidetly the first beginning of a dis-
tinct striated membrane. Such spines I have found only in the genus
Ilyodrilus (IFigs. 5 ¢, 5 f).

* Vejdovsky, Ucber Psammoryctes, page 140.
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D.—VASCULAR SYSTEM.

The vascular system of Tubificide takes an intermediate place De-
tween those of Enchytreeide and Lumbriculide, 1t is more complicated
tban in the former family, but less so than in the latter.

The main truncs are found to be a ventral vessel and a dorsal one.
The former is forked in the fourth setigerous segment, the latter con-
tinues entire to the cephalie lobe of the body. Only the dorsal vessel
is pulsating. Besides the above primary vessels we find three other
kinds, viz, gastric, perigastric, and dermal.

" The gastric vessels, again, are of two kinds, viz, secondary and tertiary.
The secondary gastric vessels are in every segmwent two, and situated
near the anterior dissipiment of the segment, one on each side of the
body. They are found to closely embrace the gastric canal, hence their
name, and serve to directly connect the ventral and dorsal vascular
truncs.

From these secondary and gastric vessels we find numerous others,
very winute ones, spreading and branching ou the alimentary canal;
they serve eminently to carry the blood to this organ, and are most
likely present in all the species of the family.

Of the perigastric vessels we also find one pair in every segment, but
situated behind the gastric pair. In the same way as this latter it
connects the ventral and dorsal vessels with each other, but is narrower,
longer, and its windings are more irregular.  As their name implies,
their chief function is to supply the perigastric cavity witb blood, aud
partly, also, the sexual orgauns suspended in the same cavity. Thus
we find always the perigastric vessels much larger and longer in those
segments which contain receptacles and testes, &c., and their windings
are oftentimes inseparably united with the latter organs.  Such is
especially the case in Telmatodrilus and Ilyodrilus.

The perigastric vessel in the seventh setigerous segment is generally
considerably dilated, shows a strongly pulsating movement, and takes
evidently the function of a heart. Of such hearts | have never found
more than one pair in each worin.

.In Telmatodrilus and Ilyodrilus, however, the perigastric vessels are
not dilated, and no distinct hearts can be said to be existent in those
worms, A substitute is, however, found in the great extension of the
perigastric vessels in some of the anterior segments, In Telmatodrilus
it is the perigastric vessels in the tenth to the sixth setigerous segments
which are thus unusually long. Those of the tenth setigerous segment
are the longest, and that part which is situated nearest to the dorsal
vessel the thickest; that part, again, which is nearest the ventral vessel
is vanishingly minute, and any pulsation in this part nearly impossible.
Each anterior pair of those perigastric vessels is smaller than the poste-
rior pair, and in the fifth setigerous segment the pair has again assumed
its normal size.

In Ilyodrilusthe perigastric vessels in the nine first setigerous segments
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are all slightly pulsating, but none dilated nor differentiated enough to
be called a heart. The most posterior of them iy the longest and the
most anterior one the most minute, just as in Telmatodrilus.

The dermal vascular system is always composed of tertiary vessels,
mostly emitted from the perigastric vessels, and from them branching
into ungd between the dermal and muscular layers of the body. The
dermal vessels in Limnodrilus Hoffmeisteri ave said to originate direct
from the ventral vessel, and from here extend between the layers of the
integument.* 1 have observcd a dermal vascular system in Telmato-
Arilus, and in Camptodrilus corallinus, and Claparéde in Limnodrilus
Udekemianus and Hoffmeisters.

The blood is always yellowish red, more or less dark in different
species,

‘ E.—~NERVOUS SYSTEM.

The nervous system of Tulificide resembles the same system of Lum-
briculide and Enchyireide, the former, however, more than the latter.
Along the ventral line of the body and closely attached to the same we
find the ventral verve trunk, in the buccal segment branching itself,
forming the wsophagial commissures, again to connect on the upper
side of the body in the cephalic lobe with the suprapharyngial or
cephalic ganglion.

This ventral ganglionic trunk is composed of two longitudinal and
parallel fibrous nerve truncs, more or less fused together, and in every
segment surrounded by a ganglionic swelling or agglomeration of cellu-
Iar ganglionic globules.  The cellunclei in this ganglionic substance are
mostly round and regularly defined; only in Telmatodrilus we find them
more irregular, both in regard to their general forin and to the smooth-
ness of their inclosing membrane. In every segment we find one pair
of lateral secondary nerves projecting from the ventral nerve cord.

In Tubificind the fusioun of the ventral fibrous nerve cords is nearly
perfect, and the longitudinal space between them, when such oue exists,
is never traversed by transversal comInissures, so coumon in the true
Polycheta.  In Telmatodrilini, however, those nerve trunes are every-
where connected by numerous trans: ersal and ramitying commissures.
Both truncs, however, are surrounded by the same ganglionic swellings,
nodivision in the same being perceptible (fig. 1 k3 PL II).

The most important differences presented by the nervous system of
Tubificide result from the varying form of the cerebral ganglion, and
especially its anterior and posterior margius. The concavity of the
anterior margins seems in this family, as well as in Zumbriculide, to by
the rule, and in the species 1 have had opportunity to investigate 1 have
met. with ouly one exception. In Spirosperma we find thus the anterior
margin to be considerably projected, the gaunglioni¢ matter here form-
ing a large conical processus, rivaling in size the rest of the cerebral
gaup;hon.

“CIapa; cde, Rc(‘]l(,r(‘heq Auutomlqueu, p. J.{
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[n Telmatodrilus the posterior margin of the cephalic ganglion projects
in a very sharp angle, and the processus formed is partially forked, per-
haps the result of being attached to two different muscular bands,

In all the other species of this family both margins of the cephalic
ganglion are concave in smaller or lesser degree, and the differences in
the ganglion of the different species are mostly actuated by their own
size and form and by that of their lateral cephalic projections.

In some species, such as Limnodrilus Silvani and Limnodrilus alpestris,
the posterior upper partof the eephalic ganglionissometimes three-lobed.
The third or the middle lobe, however, was not present in all the speci-
mens, and never in immature forms,

The lateral globular swellings of the cephalic ganglion of Ilyodrilus
sodalis are also worthy of mentioning, but for this as well as other minor
variations of the ganglion I must refer to the deseriptions given under
the headings of the different species.

F.—GENERATIVE SYSTEM.

In no class of animals are the generative, or especially the copulative,
organs 80 complicated and so remarkable for their delicate structure as
in the family of Tubificide. These organs consist here, as in other
families of Oligoch®ta, of two classes, viz, reproductive and conductive.
Each of these classes can further be divided into male and female.

The reproductive organs are—

1. Male: Testes.
2. Female: Ovaries.

The conductive or receptive organs are—

3. Male: Efferent duct and copulative organs.

4. Female: Oviducts and receptacles.
Of these the lower end of the efferent duct, or the copulative organ

proper, penis, is invaginated in the oviduct, and both form, so to say,
one single but rather complicated organ. Both will therefore be con-

sidered together.
TESTES.

These organs consist of one or several large, sack-like, amorphous
bodies, sitnated either in front or behind, or sometimes both in front and
behind, the cingulum (segment containing the efferent duct and oviduct).
In Telmatodrilus we find one pair of testes occupying the eighth and
ninth setigerous segments, one testicle on each side of the ventral
ganglion. In this genus no testes are found behind the cingulum.
In Tubificini the testes are generally situated behind the cingulum or
copulative organs. They consist either of one single sack-like testis,
extending through several segments, or of several small ones more or
less connected with each other. In Ilyodrilus sodalis the testes occupy
ten segments, begiuning in the twelfth and extending to the twenty-
second setigerous segment. They seem in this species not to be con-
nected with each other. In Ilyodrilus Perrierii they occupy four seg-
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ments, from the eleventh to the fourteenth, and in Ilyodrilus Jragilis we
find them not only in the three first segments behind the cingulum, but
also in front of the same.

In Spirosperma a large single testis is found in the ninth setigerous
segment, occupying that segment and a part of the next or the tenth
segment. But also in the eleventh, twelfth, and thirteenth segments
are found testes, but here not a single one, but one pair in each segment,
or, all in all, seven testes. .

In Psammoryctes, according to Vejdovsky®, testes are as well found in
the eighth setigerous segment as in the eleventh, extending as far back
as to the twentieth segment. The testes in this species seem to be single.

In Limnodrilus we find the testes generally behind the cingulum,
except in the two species described by Claparéde, viz, L. Hoffmeisteri
and L. Udekemianus, both of which have testes, one in front of the
cingulum, or in the eighth segment, and one or two behind the cingu-
lam, or in the tenth, eleventh, and twelfth setigerous segments.

In Limnodrilus Silvani we find one pair of testés in the cighth seg-
ment, and one single continuous testis' behind the cingulum in the
eleveuth to the fourteenth setigerous segment. In Limnodrilus ornatus,
as in most of the species, we find testes only behind the cingulum.

In Camptodrilus igneus we find one testis extending through the
eleventh to fourteenth setigerous segment, and one throngh the fif-
teenth and sixteenth ditto. In Camptodrilus corallinus the testes form
a continuous body from the seventh to the fifteenth setigerous segment.

In Hemitubifer we also find a continuous testis extending from the
eleventh to tho sixteenth setigerous segment. None in front of the cin-
gulum.

The exact number and position of the testes are oftentimes difficult
to ascertain, because the different testes scem, at least apparently, to
connect with each other, and every attémpt to dissect them will often
prove unsuccessful on account of their delicate structure. The exact
number and position of the testes is also of less importance as a char-
acteristic of the species. The most important point is to know if a testis
is found in front or behind the cingulum, or if the testis is single or
oceurs in pair. ‘

The single testis is the most common one. In pair the testes are
found only in three species, viz:

a. In front of the cingulum in Telmatodrilus and Limnodrilus Stlvani.

b. Behind the cingulum in Spirosperma feroz.

The testes in all the above species are not much lobed, but almost
entire or amorphous. Testes similar to those of Enchytreeus profugus
and nervosus and Pachydrilus Clapardéde are not yot observed in Tubi-
Jicint.

OVARIES.

The ovaries in Tubifioide resemble to a great extent those met with in

Enchytreeidee. They are mostly found in the tenth setigerous segwent,

* Ueber Psx‘t_nvnnm'yct-es, p.143.
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close to the cfferent duct, generally in front of the same. In Telmatodri-
lus they extend even into the ninth setigerous segment, and take the
form of pear'shaped, sack-like bodies, of a rather larger size than those
of other species.

In all the genera of Tubificini, except in Ilyodrilus, we find the ovaries
in the segwent of the several porus, but in Ilyodrilus they are situated
behind the cingulum, and in Ilyodrilus sedalis in the nineteenth to the
twenty-second setigerous segments, nearly entirely covered by the testes
in those segwments.

The shape of the ovaries, and the place in the same where the ova
develop, vary in different species, to some extent at least, but are not of
sufficient constancy to be considered as good genus and species charac-
teristics. In Spirosperma the ovaries are very long and broad, some-
times triangular, with an ova developing at their anterior and broadest
end. In Ilyodrilus we find the ovaries to be plate or dish like, concave,
covering the testes like a shell, and developing the ova in one of the
margins. "

In Limnodrilus ornatus the ovary is long, narrow, and ribbon-like; in
TLimnodrilus Steigerwaldi, broad, lobed, and tapering at both ends, with
the ova developing in the middle of the organ. In L. Silvani the ovaries
are extremely long and narrow, thicker at one end than at the other,
with the ova also developing at the middle of the ovary. In Camplodrilus
they are short and narrow, bent in a right angle, with the ova develop-
ing in thesame. The form, but seldom the place, of the ovary is variable,
and, however interesting and important from an anatomical pointof view,
is of little value as characteristics of genus and species.

EFFERENT DUCT AND COPULATIVE ORGANS.

From the many different opinions and theories, supported by as many
different authors, on the true nature of the oviduct and the invagination
of the penis into the same, it is pretty cvident that the subject is a
difficult and important one,and the wore interesting because being
unique in the animal kingdom. Such eminent investigators as von
Siebold,* d’Udekem,t Claparede,§ and Vejdovsky§ have all advanced the
opinion that the penis in Tubifex, Limnodrilus, &e., is invaginated in the
oviduet, and that accordingly both the spermatozoa and the ovh are
ejected through the same external porus by means of two different organs,
the penisand the oviduct. All the above investigators have seemingly
agreed upon the porus through which the ova should have been ¢jected,
but in regard to the iuterior opening ot the oviduct, through which the
ova should enter the same, not two of them have been of the samo
opinion.

e —————— e

*Vergluichende anatomie, p. 228,

t Histoire naturelle des Tabifex, p. 25,
! Reclierchiey anatomigue sur les Oligochustes, p. 23,

§ Ueber Psammoryctes Zoitschr, f, w. Zoologie, Bd. xxvii, p. 147.
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Other investigators, on the contrary, such as E. R. Lankaster,* op-
pose the above advanced theories, and state as their opinions that ovi-
ducts independent of the penis will eventually be found, being of such
a delicate structure that they have as yet escaped detection. In this
case all the organs considered as oviducts should only be parts of the
efferent duct and penis.

That the investigation of this subject is a difficult one is recognized
by both Claparéde and Lankaster, and both believe that we will always
remain in doubt as to the nature of the oviduct, because direct observa-
tions of the passage of the ova through the oviduct must be and are
extremely difficult to make. As yet I have not heard of any such ob-
servation. )

Before 1 begin to review the different opinions of Claparede, Vejdovsky,
and others upou this subject it will be necessary to first shortly describe
the different membranes sheaths, and musecles which I have found to
belong to the copulative organs, and some of which 1 believe must
belong to the oviduet.

The male organ consists in well-developed specimens of two different
parts, viz: :

a. Efferent funnel, efferent duct, atrinm with prostata and penis.

b. Penis sheath. . :

The different parts under a are all connected with each other, and
coustitute what is generally known as the *‘efferent duct.” Not so with
the penis sheath, which can be considered, in a fully developed speci-
men, as ai aceessory organ; surrounding the ' peunis proper at its lower
end, and being open at both extremities, is connected with the penis
only, if at all, by minufte muscles.

The efferent duct, with its funnel-shaped aperture, is, next to the

~atriuin, the least variable part of the copulative organ, and constitutes
always the upper part of the organ,-and is in our present family of
Tubificide always single. The middle part, or atriuwm, of the copulative
organ is always thicker and somewhat bent, and furnished with either
one single prostata gland, as in Tubificini, or with geveral ones, as in
Telmatodrilini. The eells of the atrium are generally large and distinct,
and quite different from those.of the efferent duct proper. The interior
of the efferent duct is coated with a ciliated epithelium, but in the
atrinm, or penis proper, this is absent.

The lower end of the atrium is tapering towards t
forming the penis proper. Tho penis is somewbat differentiated, the
cells sometimes having a more regular form and arrangement than those
of the atrium. Where, however, the atrium ends and the penis proper
Dbegins is impossible to decide upon, as the change from one e¢rgan to
the other is very gradual, and sometimes even none at all.  When the
atrium has eutered the penis sheath and the oviduct it may, however,
be considered as a true penis. "

Le exterior apex,

* Amn. and Mag. of Nat. Hist., Vol. VII, p. 90-100,
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The penis is sometimes, not always, surrounded by a penis sheath,
chitinous and generally of a cylindrical form, which, more than any
other, seems especially adapted to strengthen the organ and direct its
course at copulation. The penis sheath is situated outside the ,penis,
surrounding the same, and if any connection between them exists it is
only through minute muscles.

As female organ or oviduct I consider several sheaths surrounding
the penis sheath, and generally resembling this latter, both in form and
length, the width, of course, being larger. The interior of those sheaths
incloses always the penis sheath tightly, and resembles the same both
in form and size. It is sometimes chitinous, sometimes muscular, some-
times even entirely wanting. Both its extremities are free, neither con-
nected with the atrium nor with the body wall. Its interior surface is
never connected with the penis sheath, but both have evidently free
motion, one outside the other. I have called this sheath ¢ the interior
sheath of the oviduet,” or sometimes shortly ‘the interior oviduect.”
When it is absent I have called the oviduct ““single;” when present,
“double.”

The exterior oviduct generally consists of a large, sack-like organ,
surrounding the inner sheath entirely. One end of the same is always
attached to the body wall all around the genital porus. The interior
aperture is free in one respect, viz', that it is not directly connected with
any parts of the atrium, penis sheath, or interior oviduct. With the
body wall, however, it is nearly always connected by longitudinal, cir-
cular, or spiral muscles. This organ I consider as the true oviduet, and
its inner aperture, which is always to be found in the neighborhood of
the aperture of the inner sheaths, as the true inner aperture of the ovi-
duet, through which the ova enter the same, aftér having been freely
suspended in the perigastric cavity of the cingulum,

After having entered the inner aperture I have reason to believe that
they pass between the inner and outer sheaths of the oviduct towards
the exterior genital porus. The muscles, nearly always surrounding
the exterior oviduct, are often so numerous that they obscure that
organ entirely, or at least make it very difficult to discover its inner
aperture.

In the different figures appended to thls paper the following abbre-
vmtlons are used: p.=penis; p. s.=penis sheath ; ovd. =oviduct; ex.
ovd.=exterior oviduct; in. ovd.=interior sheath of the oviduct; dtl =
atrium ; eff.=efferent funnel; effd.=efterent duct; in. aptr.:iuterior
aperture; ex. aptr.—exterior a-perture ; pr.=prostate gland, and g. p.=
genital porus. As figures for reference I would suggest figures: le; 24 ;
3k; 5g; 6¢; 9¢; 10e; 10f; 12g; 15a; 16a, in which the different parts
of the copulative organs as described above are delineated.

After this preliminary review of the copulative organs as I have un-
derstood them, we may return to a perusal of the same organs as they
have been described by Claparéde and Vejdovsky.
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Claparede, in his celebrated and excellent work ¢ Recherches Anatom-
tques sur les Oligochétes,” describes three species of worms belonging to
the family of Tubificide. Of these, two species are named Limnodrilus,
a genus here for the first timne introduced, and oue classiied in the old
geuns Tubifer. Tubifex Bonneti, as being the best known species in the
genus, can evideutly serve as type for the same. This species is ulso the
best described and figured of the three, and for this reason 1 believe that
Claparéde studied the same last of all. _

If we turn to the above-mentioned work (Pl II, Figs, 1, 3, and 4), we
find here not less than three different delineatious of the copulative or-
gaus proper, and as far as I can judge his drawings of this species cor-
respond more with my general deseription of the copulative organs than
with his own. In the above Tig. 4, ¢ is evidently the lumen of the penis;
J the lower end of the penis sheath, the upper end of which is not seen;
[ is the lower or exterior orifice of the interior oviduct, the upper end
or interior orifice of which is plainly drawn, but not marked with any
letter of reference. Between g and b is seen a circular line, which 1 be-
lieve must indicate the exterior orifice of the exterior oviduct. The
upper end of this oviduct is not seen in the drawing. In Fig. 1, which
represents the sane organ, we find the interior orifice of both oviducts,
the exterior one being represented as seen in optic section. What L,
here have designated as the exterior oviduet is by Clapartde represented
as being a cloaca, and is in all the figures delineated as being continuons
with two longitudinal truuks of muscles outside the same, That they,
however, are entirely separated from the former is quite certain, and 1
have also figured them as such whenever they have been present, which,
however, has not been the case in every species. According to Fig. 3
the exterior coating of the atrium e ends somewhere near o', and does
not inclose the oviducts. This is also in conformity with my own ob-
servations of the development of the oviduct and penis (see Figs. 17 and
18.) .
If this is the case, and (in Clapardde figures) if ¢ does not inclose the
oviduet n, b, and g, why could not the true interior aperture be founq
at b, and the ova enter through the same? The aperture at blis evi-
dently there for some purpose, and it is most reasonable to con.sidex: it
the aperture of the oviduct. But, according to Claparéde, the interior
aperture should be looked for muel higher up, near the upper end of
the atrium, just at its junction with the efferent tube proper. A more
inconvenient and difticult entrance for the ova could hardly be found,
it not only being very small, but, worst of all, iscovered by the pros-
tate glands. It is true that the exterior layer of the atrium euds at
the base of the efferent duct proper, but I have not been able to see any
aperture here, and cannot imagine which power or which muscles should
convey the ova towards the genital porus. Further on I will explain
wly the exterior coating of the atrium ends here and is not ceu-

tinued round the efferent: duct.
. Mis. 67——58



914  REPORT OF COMMISSIONER OF FISH AND FISHERIES. [36]

If we now turn to Pl.I,"Figs. 4 and 1, we find here representations of
the copulative organs of two different species. It is most reasenable
to suppose that the copulative organs of the species in the same family
are formed in the same principal way, and that no very large variations
will oceur in nearly related gonera. If, therefore, the exterior coating
of the atrium in one species ends above the oviduct, it is also reasonable
to suppose that it will do the same in other species of the same family.

According to the drawings of Claparede this is, however, not the case.
In the figures last referred to the penis sheath is seen in both, but in-
stead of inclosing the penis, or lower end of atrium, it is represented as
inclosed in the same. The oviduct is seen as if connected with the ex-
terior coating of the atrinm, and any organ resembling the oviduct as
figured for Tubifex is not to be found. This, however, is in full accord-
ance with the description.

To wmne it appears that Claparéde, in studying the Tubifex, really dis-
covered the nature of the oviduct, but misunderstood it in trying to
reccncile its aspect with his old ideas and those of previous investi-
gators. Why the exterior coating of the atrium should be considered
as an oviduct I eannot readily see. Tt would be far more natural to
think that both the spermatozoa and the ova were captured by the same
funnel-shaped organ and conveyed through the efferent duct.to the
genital porus. Besides, if the exterior coating of the atrium is con-
sidered as the oviduct, what then are all the peculiar funnel-shaped
organs surrounding the penis and the penis sheath ?

The copulative organs of Psammoryctes, as described by Vejdovaky,*
exhibit some characteristics similar to those of T'ubifex, as they are un-
derstood by Claparéde. .

In Tig. 9, Taf. VIII, tbe ovd. represents evidently the exterior
sheath of the oviduet, and the lower bell-shaped organ surrounding the
penis and connected with the atrium is perhaps the interior sheath of
the oviduct. The interior aperture is, however, not delineated, and
must, I think, be sought for in the neighborhood of g b. If such an
aperture really exists, the whole organ resembles, to a considcrable
extent, not only the same of Zwbifer Bonneti, but also that of the most
of the new sp‘ecies described in this paper, especially so Tubifex Campa-
nulatus. According to the above figure the ova pass between the
exterior oviduct and what I have designated as the interior sheath of
the same. I have myself had no observation on this point, and must
reserve my opinion until some future time.

We will now again return to our new species, and more minutely
review their copulative organs and compure them with each other and
with those of formerly known species.

In a preliminary reportt on this subject I stated as my opinion that

* Zeitschrift f. w. Zoologie, Bd. xlvii. Ueber Psammoryctes.
t Preliminary report on genera and species of Tubificide, by Gustaf Eisen. Bibang
till k. Svenska Vet. Akad. Handlingar, Band 5. No. 16. 1879.



[37] OLIGOCHATOLOGICAL RESEARCHES. 915

the ost primitive and simplest oviduet was found in Telmatodrilus,
and that it here cousisted merely of a fold of the body wall.  Investi-
gation of a larger number of species, however, has led me to consider-
ably change my former views, and the discovery of a minute penis
sheath even in this species is evidence that the penis and oviduct here
are just us complicated as in the subfamily of Tubificini.

The oviduct of Telmatodrilus (Fig. 1, e, ovd.) consists of a large,
heavy, opacous,  muscular sack, inclosing the whole of the interior
penis. One end of the same is attached to tho body wall all round the
genital porus. ‘The other cud is free, but its aperture is not clearly
defined, and so surrounded by museles that all observation is very diffi-
cult. The oviduct in this species is single.

In Tubificini the oviduct always consists 'of a more or less sack-like
organ, extending from, the genital porus towards the interior of the
body. In the species of Zubifer this organ is broad and rounded; in
Camptodrilus elongated and narrow. In Limnodriles and Camptodrilus
the interior aperture of the oviduet is extremely narrow, inclosing the
atrium tightly, at least when the animal is dead, and the most caretul
observation is needed to detect it at all. In Hemitubifex, Tubifer, Spi-
rosperma, and also in some species of Ilyodrilus, this uperture, however,
is wide and easily detectable. In many instances the oviduct is funnel-
shaped, and sometimes the widest opening turned toward the body wall,
as in Ilyodrilus sodalis. In other species, such as Hemitubifex and Ilyo-
drilus fragilis, the contrary takes place. In Ilyodrilus sodalis the mem-
brane of the oviduet is full of very minute spicula irregularly distri-
buted. Such spicula are also found in the oviduct of Psammoryctes,
but here only at the upper end of the organ where it touches the atrinm
proper. The exterior oviduct is more or less chitinous, but also muscu-
lar, as in Spirosperma and Ilyodrilus Perrierit. '

An interior sheath between the oviduet and the penis sheath, or what
I have designated as a double oviduct, is found in many species. We
find it thus in all the species of Limnodrilus except in L. ornatus. In
Camptodrilus we find it only in C. spiralis, but not in any other species
of the genus. The oviduct is also double in Hemitubifex, Tubifex, and
Ilyodrilus Perricrii. This interior sheath of the oviduct is free at both
ends, and not directly connected with the body wall. In Camptodrilus
spiralis, Limnodrilus alpestris, and L. monticola this interior sheath is
chitinous, and resembles closely the form of the penis sheath, whicli it
incloses. In Limnodrilus Steigerwaldii it is decidedly muscular, com-
posed of numerous layers ot concentric muscles of apparently great
strength. In Hemitubifex the exterior and interior sheaths of the ovi-
duct are exactly of the sume formn as the penis sheath, or funnel-shaped,
but of course of different sizes, as the one is inclosing the other.

The exterior oviduct is always more or less surrounded by muscles.
Generally these are longitudinal, and attached either to the exterior
surface of the oviduct, and iii this case of a greater number, or to the
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upper and interior surface of the oviduet, but in this case consisting
only of two main longitudinal trunks. Such muscles are found in
Tubifex, 1lyodrilus fragilis, and Hemitubifex, but not in any species of
Iimnodrilus or Camptodrilus. '

In Limnodrilus Silvani and Hoffmeisteri we find the oviduct sur-
rounded by cirenlar or concentric muscles. In the former species, how-
ever, they are very few. In the genus Camptodrilus we find the most
characteristic feature to Le the large spiral muscles surrounding the
oviduet. They are of an enormous length, many times longer than the
oviduet, around which they wind themselves several times. The ex-
terior end of these muscles are attached to the body wall, near to the
genital porus, but the interior one to the 10wer part of the oviduct.
‘We get the Lest idea of these muscles if we to the blunt end of a lead-
pencil attach a number of equal threads and afterwards wind them
spirally round the pencil towards the pointed end and from Lere return
towards the blunt end again, always windiug the threads in the same
direction, or towards us.

In some instances it seems as if the spiral muscles were wound round
the oviduet several times; in others again as if only twice. |

The work such muscles can perform may be easily understood. The
upper end of the plexus is funnel-shaped, and, as it seems, eminently
adapted to capture the ova, and when once captured a few successive
contractions may suffice to push them towards and through the sexual
porus.

In different species said muscles are found to be of very different size.
In C. spiralis they are so minute and fine that careful searching is nec-
essary to deteet them; but in other species, however, their strength and
thickness make them ecasily discernible. The occurrence of such mus-
cles is unique, not only in the class of Oligochata, but also, as far as I
know, in the whole animal kingdom. :

EFFERENT DUCT.

The efferent duct is less subject to variation than any other part of
the copulative organ.

We distinguish of the same, however, two different types, viz:

« A short and broad tube, found in the genus Ilyodrilus, and similar
10 the same organ of Mesenchytraus of the family Enchytreide.

b A longer and more slender tube, found in all the other genera, and
corresponding in form to the same organ of dArchienchytraus and Neo-
enchytraus of the family above referred to.

In Ilyodrilus sodalis we find the form intermediate between the two,
not quite so broad and short as in the two other species of the genus,
but also far from reaching the relative length of the same organs of the
other genera of Twbificide. In Telmatodrilus the efferent duct is un-
nsually short, but also correspondingly yarrow.

The inner end of the efferent duct is always furnished with a large
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funnel-shaped orifice, especially adapted for capturing the spermatozox.
This efferent funnel is mostly covered along its inner surface with vi-
brating cilia, protruding tar outside its exterior margin., In Limnodrilus
alpestris and Camptodrilus spiralis,however, the cilia must either be very
minute or entirely absent, as I have repeatedly failed to observe them,
at leastin the margin of the funnel. The funnel cilia of Hemitubifex are
longer than the funnel. The exterior of the efferent funnel is in Tlyodyri-
lus Perrierii covered with dark oblong glands. In some species, such
a8 Spirosperma, ete., the cells composing the funnel are large and p]ain]y:
vigible; in others again, such as Ilyodrilus fragilis, only the cell-nuclei
can be seen. . -

The main body of the atrium consists of two separate layers or coat-
ings, one overlaying the other. Only the interior one of those extends
clear down to the apex of the penis. The exterior one, on the contrary,
* does not extend farther'than to the upper end of the penis sheath, an'd
ends here somewhat abruptly. Its lower continuation, from which it
was easily separated, forms the exterior sheath of the oviduct whoen
such a sheath is present. When not present, it must either have been
absorbed or, grown together with the interior oviduet, and forming what
I have here mentioned under the name of a single oviduct. Ful‘thel'
ahead in this paper I will endeavor to show how such separation has
taken place and in what way the oviduct has originated.

The form of the oviduct varies some in different genera, l?llt not
enough to furnish good geuusl characteristics,. In Telmato.drzlus the
atrium is c¢ylindrical, bent like a crescent, but not tapering toxyards the
ends. The atrium in this fanily is furnished with several distn.]ct pros-
tate glands, cropping out, as it were, on all sides of the atrigm. In
Tubificint the form of the atrium is less regular, and resembles more an
oblong sack, more or less tapering towards both ends, especially towar('is
the penis. In Tubifer this lower part of the atrium is shorter than in
any ofher genus. In Limnodrilus it is longer—longer even 'thau the
upper part, which is swelled. In Ilyodrilus the atrium is very 1rregu]ar
and its form incoustant. In the same species it is sometimes (:ons}(lex--
ably extended, sometimes again contracted in length, and (zpllst.xtxcte(l
in several different places, however withont forming anything like a
“oestcula seminalis.” '

From this general form of the atrium we meeb with t\x:() notable ex-
ceptions: the one in Psammoryctes, the other iu }Ienwttfb'fe% 1u both
these genera the upper end of the atrinm, which carries ‘thc pr.osFa.te
gland, is enlarged and perfectly globular, and at least in form dlstm(;t‘
from the other part of the atrium. 1 .Psammoryctes the lower end of
the atrium, or that part whick is situated between the ¢ globular cham-
ber” and the penis proper, is long, narrow, tube-like, and not glandular.*
But, according to B, Ray Lankaster, this peculiar tube should resemble
the corresponding part in Limnodrilus. If this is the case the tube must

———— = g R,

Yojdoviky, Uober Peamumoryoetes, p. 145,
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certainly also be glandular and be no exception to the rule, and the
difference should then only refer to the form or perhaps pellucidity of
the organ. According to Vejdovsky, who calls this organ « kittgange,”
anything similar should not be found anywhere else, not even in Lim-
nodrilus, and would in such a case, together with the globular chamber, |
form an accessory organ entirely distinet from the atrium. I am satis-
fied, however, that this is not the case, and think that the two parts
Jjust referred to, the circular chamber and the pellucid tube, constitute
nothing else than the atrinm proper. And that part to which Vej-
dovsky has given the name of atrium proper is evidently nothing else
than the upper part of the penis proper. When we in all the other
species of Tubificida assign the name of atrium to that part of the effer-
ent duct which supports the prostate gland, why should we give it an-
other name in Psammoryctes only because it here has a somewhat dif
ferent form? Is it not easier to imagine that an old organ has been
modified than to believe that a new one has been added?

In Hemitubifex we. meet with an atrium of somewhat similar shape.
The upper end of the same, close to the efferent duct proper, is also
globular and supports the prostate gland, and is, as far as I can judge
from figures and descriptions, entirely homologous to the same organ of
Psammoryctes. The parrower part of the atrium, however, is not quite
so regular and tnbe-like as in this latter genus, but the homology of the
organs seems evident. Also, in Hemitubifex this lower part of the
atrium is less glandular than the circular chamber, but this is also the
case in neaYly all the species I have investigated and is not characteris-
tic of the genus, That part of the organ which corresponds with what
Vejdovsky calls “atrium? is, at least in Hemitubifex, nothing else than
the upper part of the penis proper.

The figures will in every instance give a better idea of the organs in
question, and I must therefore mainly refer to them. (For Hemitubifex
see Pl. VII, Fig. 6 ¢.)

In Tubificini we find the atrinm furnished with only one single-lobed
prostate gland, the form of which only varies little in the different
species. It always takes the shape of a more or less sponge-like, or
even fan-shaped, body, the latter when seen in optical section. The
size of the cells composing the prostate varies in different species, but
not enough to furnish species characteristics. : :

It we now turn to the last remaining part of the copulative organ,
the penis proper, we will find it of considerably different form in the
different species.  The most common form of the penis is that of a long,
narrow cylinder, tapering towards its exterior apex. The exterior apex
of the penis iy either rounded, as in Camptodrilus and certain speeies of
Limnodrilus, or truncate, as in Limnodrilus monticole. In Iimnodrilus
Steigerwaldii the apex of the penis is considerably swelled; in Limno-
drilus Silvani the ponis is swolled above the apex. In Hemitubifex and
Psammoryotes the upper end of the penis is considerably enlarged above
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the penis sheath, and in the latter species this part has, as I think in-
correctly, been cousidered as the atrium proper. In Spirosperma the
lower end of the penis is composed of very large octagonal or rounded
cells, quite different in form and size from those which constitute the
upper part of the penis and lower part of the atrium, but more resem-
bling those of the upper part of this organ.

Penis is surrounded by a sheath of chitinous consistency in all the
genera of the family, except in Ilyodrilus. In Ilyodrilus Perrierii, how-
ever, we meet with a chitinous sheath, but it is difficult to decide upon
whether this sheath should be roferred to the oviduct or to the penis.

The penis sheath is nearly always free at both its ends, and never
attached to the body wall. The shape and relative size of the sheath
is always of the utmost importance as characterizing the species; but
as I bave in a former part of this paper more minutely described the
same, it will now suffice to point out the few principal forms under
which all other may be arranged.

The upper end of the penis sheath is always free; the lower end is
free in Tubificini, but is in Telmatodrilini connected with the apex of‘ th‘e
penis proper. That this latter is 2 more primitive form of the penis i
evident, as in undeveloped specimens of Tubificint the penis sheath is
always connected with the penis itself, and separates from the latter
first in a later stage of development. But to this I will return .furtl%er
on., In Telmatodrilus the penis sheath is funnel-shaped, the 1ntgr10r
end being the widest. In ZTwubificini the form of the sheath is either
that of a funuel, as in Hemitubifex and Ilyodrilus Perrierii, or Fube,
cylindrical, or trumpet shaped, as in the most of the species of pm:w-
drilus and Camptodrilus. In Limnodrilus Silvani we meet with an
aberrant form, its penis sheath taking the shape of an arrow-heaq, i.lt}
least when seen from the front. The upper end of the penis sheath.ls in
Limnodrilus ornatus turnisbed with a.ring of star-like glands, the func-
tions of which arc not understood. Generally the peais shea.th coverf
the penis clear to apex, but in Spirosperma and Limnodrilus Steigerwaldii
the penis protrudes considerably Leyond the sheath. '

In adult specimens of Telmatodrilus the penis appears to l?e con§tanltly
projecting through the genital porus, but in Tubificini this projection
takes place only during copulation. This sexuil porus 18 al}\*ays f(?llnd
in the tenth setigerous segment, and in Tubificini just in front of the
ventral spines, but in Telmatodrilini between the spine fascicle and the
ventral ganglion.

DﬁVELOPMENl‘ OF THE COPULATIVE ORGANS,

Vejdovsky,in his most beautiful work, Monographic der Enchywtrzde'n,*
gives ovidence of the development of the efferont duct and copulative
organ in that family. It is only nataral to snppose that the course of
development of such an important organ as the efferent duct should be
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about the same in two so nearly related families as Enchytreeide and
Tubificide, the much more so because if we consider the same devel-
opment of this organ to take place in both families it would at once
cxplain the invagination of the oviduct in u most easy and, as it would
seem, most natural way. The oviduct, once formed by an inturning of
the body wall, would easily have been invaginated by the efferent duct,
originated on and projecting from the septal tissues of a neighboring
segment. Jts exterior end, instead of connecting with the body wall,
would then merely remain suspended in the oviduct, or perhaps even
later be connected with this organ through accessory muscles.

However plausible such a theory may seem, and however easily it
may explain one of the most complicated anatomical facts, my own
observations have necessitated me to reject the same; and I will in the
following cudeavor to demonstrate the course of development of the
copulative organs in Tubificide. The species 1 have studied for this
purpose were Limondrilus alpestris, L. corallinus, and Telmatodrilus.
The first named of this species was especially fa.vorable for observation.

The first sign of the efferent duct I find to be a small glandular, or
at least ccllular, agglomeration, situated on the body wall of the tenth
setigerons segment, one on each side of the ventral nerve, and exactly
on the pluce where in a future stage of devclopment the genital porus
will be found. (Figs. 18 a and b.)

This cellular agglomeration is convex, and in shape somewhat reseni-
bling a raspberry. When viewed from above it will be found to con-
sist of two different layers, one exterior or cortical (Fig. 18 a: cr. 1), and
one interior (in'l). In the same specimens I looked in vaiu for any
agglomeration of cells on the septal tissues which could be considered
as the first beginning of the efferent duct.

In a further advanced stage this primary agglomeration is found to
have increased in size towards the perigastric cavity, and assumed the
form of an oblong body, tapering slightly towards its free interior end.
Both the interior and exterior layers are now more differentiated, the
former one being more or less transversely striated and the latter seem-
ingly composed of longitudinal tissues (Fig. 18 ¢). The cortical layer is
algso seen to be covered by a minute coating ot pellucid cells, and the
interior cellular mass is pierced by a narrow lumen or canal, the future
seminal duct. _

When this large glandular body has reached a certain size or a cer-
tain stage of development, it opens at the top and the interior matrix
grows out and forms a long and narrow tube, the future efferent duct
proper.

In more advanced specimens this tube is found to be connected with
the septal tissues, and its interior end furnisbed with a large circular
body, considerably flattened, and composcd of large round cells. This
round body is situated on the other side of the disscpiment, and evi-
dently the first beginning of the cfferent funnel (Fig. 18 J ). 'The way
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this efferent duct is developed from the interior matrix of the sexual
gland explains at once why it has one coating less than the atrium, the
exterior coating of the latter being the original cortical layer of the
primitive gland.

Thus the efferent duct snd copulative organs are exteriorly modeled
long before their interior parts are in any more advanced state of ditfer-
entiation. . In maturer specimens we find the first signs of such a dif-
ferentiation to be a bursting of the cortical layer gsomewhere midway
between its base and top (Figs. 18 d: x, 18 g: ¢, 18 k: ap. ps.), and shortly
afterwards a hoof.like line is perceived in the interior of the inner
matrix, the convexity of the line being turned towards the sexual porus
(Fig. 18 d: xx). At the same time another fissure is seen to extend from
the opening in the cortical layer towards the interior of the inner Jayer
or matrix, without, however, uniting itself with the hoof-like line (Fig.
18 d: f). This first-mentioned hoof-like fissure is only the outline of a
cavity, which, developing, shortly fills the larger part of the interoir
matrix, and as yet communicates with the exterior only through the
lumen leading to the sexual porus,

This cavity 1 consider as the beginning of the future oviduct. That
part of the matrix wlhich surrounds the cavity, and which is directly
inclosed by the cortical layer, is destined to become the oviduet proper;
that part, on the contrary, which is surrounded by the cavity becomes
the penis proper and its sheath (Fig. 18 g ca. = cavity, p. = penis,
ps. = penis-sheath, and ovd. = oviduct). .

When this cavity has reached a certain development all counection
between the oviduct and the penis proper is severed at the top (.)f the
former (Fig. 18 A : in. ap.), or just inside the first circular fissure in the
cortical layer. . .

Gradually a penis sheath is separated from the main body of the penis
by the further extension downwards of th® above-wentioned vertical
fissure (Fig. 18 g: f; Fig. 18 k: 7). To begin with, this fissure does ot
reach the cavity of the oviduet, and the primitive penis sheath remains
connected with the penis at the exterior apex. Further o, ho\?'?\—'.exz,
this connection is fully severed in species of the subfamily Z“ubtjwm?,
but in Telmatodrilini this connection remains even in the highest de-
veloped specimens, and forms one of the principal characteristics of this
family (Fig. 17 a: ps.). .

The penis sheath, when first separated,is very thick anq cellular, but
is finally partially absorbed and assuines a chitinous cqnmstency;. even
the oviduct decreases in thickness, at least iu the species ‘of Tubificini.
In species with a double oviduct, the cortical layer remalls sopurated
from the interior oviduct, and forms the exterior sheath of thfy oviduet,
but in species where the oviduct is single I believe the cortical !a,yer
and the interior oviduet to have grown together to form the final single
oviduet. Even the pellucid epithelium, which once Su.rrounded thg cor-
tical layer, is absorbed, leaving the entrance to the oviduct free (Fig. 18

h: in. ap.).
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The atrium and prostate gland are, to begin with, entirely surrounded
by the cortical layer, and the prostata evidently develops only from the
interior matrix. While developing they burst through the cortical layer,
which remains as the exterior coating of the atrium (Fig. 17 a: ps.).

From the above investigations, imperfect as they are, I think the fol-
lowing facts ¢an be considered as established :

1. The oviduct, atrium, and penis proper do not originate on the
septal tissues; but

2. Develop from a large gland which originates on the body wall.

3. The oviduct and penis are originally united.

RECEPTACLE.

The receptacles are found in the ninth setigerous segments, and con-
sist of two more or less sack-like bodies, one on each side of the ventral
nerve trunk, and are iu Tubificini attached to the body wall just in front
of the ventral spine fascicles, but in Telmatodrilini between the ventral
and dorsal fascicles. In Lumbriculide the receptacle opens behind the
ventral spines, and in Enchytraide between certain segments. Of the
receptacles we can distinguish three different forms, whick, however,
are connected by numerous intermediate ones. The most simple form
of the receptacle is that of a.sack, gradually increasing in size from the
external porus to the internal apex. Such is the form in Telmatodrilus
and in certain species of Camptodrilus and a few other genera. The
upper end of such a receptacle is sometimes bent.

In other species we find the receptacle to consist of two unequal parts,
the lower one of which is tube-like and narrow—a mere duct for the
spermatozoa. The upper or inner part, on the contrary, is generaily
enlarged and bent, and serves mainly as a rezeptacle proper. Such a
form is met with in Tubifexr campanulatus, Ilyodrilus Perrierii, Ilyodrilus
Jragilis, and in Spirospermﬁ, in which latter genus it reaches an unusual
size, extending as it does through several segments. In its highest
developed form the receptacle consists of three different parts, one upper
sack-like or receptacle proper, one middle narrow tube, and one lower
muscular part situated nearest the external porus. Such receptacle is
found in Hemitubifex insignis, Limnodrilus alpestris, and L. Silvani. In-
termediate forms are found in Ilyodrilus sodalis, Limnodrilus ornatus,
&e. .

The base of the receptacle is furnished with accessory glands only in
two species, viz, Ilyodrilus sodalis and Hemitubifex insignis. In the
former species we meet with only ope single gland at the base, in the
latter with three for each receptacle (Fig. 5% and Figh 6 e).

I have as yet found spermatophores only in few species, but am in-
clined to believe their occurrence to be the rule rather than the excep-
tion. Of the spermatophores we can distingnish three different forms,
viz:

¢. The spermatophore is shuttle-like, generally tapering toward one
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end. The tails of the spermatozoa extend outside of the main body of
the spermatophore.

In some spermatophores the tails are more numerous in one ond than
in the other. (See Limnodrilus Silvani and L. alpestris.)

In Tubifex campanulatus the spermatophore was surrounded by a large
pellucid bag, which, perhaps, also may be the case in other species.

b. The spermatophore is more cylindrical and not covered with the
tails of the spermatozoa. Such is the spermatophore of Tubifex cocct-
neus.» '

¢. The spermatophore extremely long and narrow, coiled into a kind
of spiral and surrounded by a large pellncid membrane. The exterior
is here seemingly divided in numerous obligue segments. Such a sperm-
atophore is found only in Spirosperma.

The form of the spermatophores is more or less variable, and can
only exceptionally be of any value as a specific or generic characteristic.
Only in Spirosperma the spermatophores appear to be of a more constant
form, and in fuct resemble each other closely.

G~—SEGMENTAL ORGANS.

The segmental organs in Tubificide, and in fact in all the families of
Oligocheeta, open in front of the ventral spines. They are found in all
the setigerous segments, except in 1st to 5th or 1st to 6th, and in 8th to
10th or even 8th to 11th. It is evidently this absence of segmen‘tal
organs in those segments which are occupied by the sexual conductive
organs which first gave impulse to the theory advauced by Clapartde
and others that the conductive sexual organs were nothing clse thafn
modified segmental organs. Vejdovskyt has, however, shown that in
Enchytraido the conductive sexual organs bave a quite independent
origin, and considers the same to be the gase even ‘in Naidide. Ib
seems out of the question to assume that the segmental organs fwd
receptaculum seminis are homologous anywhere in this class of Afnehda,
as there is little doubt as to their different origin, but concerning the
efferent duct the guestion must as yet remain open, no direct observa-
tions having been made on the origin and development of the seg'm('anml
organs of Tubificide. The efferent duct in this family seems to orl gm'ate
and develop on a quite different way from what it does in Enckytrwu?w,
and when this is the case the relationship between t‘hose lA‘especm?'e
organs and the segmental organs may also be quite diﬁere?ut in the dif-
forent familics, and in any case we mnst regard the qugsblon as as yet
unsettled and requiring a good deal more direct observat;on than I have
had opportunity to make. I hope at a future time to be able tp r.etuxfu
to this subjeet, and will at present restrict myself '(:o a description of
the orgaus in question as they ave found in this family. s

The segmental organs of Tulificidew roesemDble those of Lumbricnlide

——-e o

* Vejdovsky ;: Ueber Psamunoryctis, Taf. VIIL, Fig. 13,
t Monographie dor Enchytreiden, page 40, &o.
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and also those of Enchytraide, but those latter, however, to a lesser
degree. The general form of these organs is in the first two of the
above families exactly the same, and with Enchytreide the only difter-
ence is that the tube there is surrounded by one single mass of granu-
lated or glandular matter, giving the whole organ a more compact
consistency. In Zubificide, as well as in Luwmbriculide, the duct is
comparatively free, and only in Limnodrilus alpestris bave I found a
tendency to cellular agglomeration, as a few windings of the duct are
here surrounded by a common cellular matrix, ’

The tube of the organ is sometimes surrounded all along by numerous
oblong or round cells, more or less inflated, always pellucid, and some-
times furnished with a very conspicuous nucleus. Such globular cells
are found in Zelmatodrilus Vejdovskyi, Limnodrilus alpestris and L.
Hoffmeisteri, Camptodrilus corallinug, and C. ignews. In L. Hoffmeisteri
and Limnodrilus alpestris, and also in C. corallinus, they are found only
on those sogwental organs which are situated in front of the cingulum,
but in the other species also on those situated behind the same.

Such pellucid cells are also found attached to the segmental organs
of Rhynchelmis,* of the family of Lumbriculide.

The tube at the base of the interior aperture of the segmental organ
is sometimes surrounded by glandular agglomerations of mostly a
brownish or yellow color. Such agglomerations, however, are rarely
met with, and I have encountered them only in Camptodrilus igneus.
By Clarapéde they are described in Limnodrilus Hoffmeisteri and L.
Udekemianus.

In Lumbriculide they are found in all the gevera except Ochnerodrilus,
and in Enchytreide: in Enchytraus puteanus, lobifer, and Leydigii.

In Ilyodrilus fragilis the wall of the tube below the funnel-shaped
aperture was found to be cousiderably enlarged, or, perhaps, rather
covered by several large cells, each with distinct nucleus. But the rest
of the tube did in nothing particular differ from the general form.

FuEsNo, CAL., March 15, 1880.

Fejdovsky : Anat. Studien an Rhyuchelmis, page 346.



