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.
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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






