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A GENUS OF FREE-LIVING PREDATORY NEMATODES
CONTRIBUTIONS TO A SCIENCE OF NEMATOLOGY VI
(With 75 illustrations in the text)2
" By
N.A _Coss 1817

INTRODUCTION

Mononchs are Predaceous

No free-living nematodes have gained more in interest during recent
years than those constituting the genus Mononchus; this is because the
latest discoveries have led to a complete change of view concerning their
economic relationships. Careful examination, here recorded, of ‘a large
number of specimens belonging to many different species of Mononchus,
has fully demonstrated the predaceous character of certain common and
widely spread soil-inhabiting species—which are found to feed on other
small animal organisms, such as protozoa and rotifers, and, most interest-

2 Reprinted from Soil Science, May, 1917, with renumbering of pages and errata, (p. 184).

2 For the most part the illustrations were prepared under the author’s personal supervision by
Mr. W. E. Chambers of the Bureau of Plant Industry. Many features set forth in them cannot
be seen in the natural object except with the aid of tbe best immersion lenses skillfully used
under favorable conditions. Frequently no further allusion is made to facts thus elucidated . So,
too, inforn:lation contained in the key may not be repeated elsewhere;

80, their source is indicated. The species figures are all at th
reader may judge of the relative sizes of the nemas. Explanato.

amp—ampulla

amph—amphid

an—anus

an gl—anal gland

ar dnt—denticular area or rasp

cav som—body cavity

¢l int—intestinal cell

¢l msc—muscle cell

¢l nrv—nerve cell

cl nrv“subm—submedian nerve
cel

col erd—cardiac collum

erd-—cardia

est ph—pharyngeal rib

cut—cuticle -

det—duct

det gl cdl— duct of one of the
caudal glands

dnt—denticules

fix ovr post—flexure of poster-
for ovary

gl—gland

gl an—anal gland

gl cdl—caudal gland

gl oe—asophageal gland

Brn—granule

gl sal—salivary gland

mR—ingested material

Ing nematod — ingested nema-

. tode

Int—intestine

Inc—junetion

lam Th—lahial lamina

1b—lips ‘

lum int—lumen of intestine

lum ce—lumen of ceesophagus

lum som—body cavity

ms an—anal muscle

msc oe—asophageal muscle

msc som—body muscle

mur ex—external wall

mur int—intestinal wall

mur ph——pharyngeal wall

mur ut—wall of uterus

nel—nucleus

ncl ¢l int — nucleus of intesti-
nal cel

nel lat—Ilateral nucleus

ncl ov—naucleus of ovum

nrv—nerve

urv r—nerver ring

oe—asophagus

oes lum—aesophageal lumen

on dsl—dorsal tootb

on rtr dsl—retrorse dorsal
tooth

on rtr subm-—retrorse submed-
ian tooth

on subm dxt—right submedian
tooth

on subm snst—left submedian
tooth

org—organ
ov—ovum

ov dct—oviduct

ov frt—fertilized eggq
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the key should therefore he

illustrations are original; when not
¢ same magnification, so that the
ry abbreviations follow.

ov im—immature egg

p ex—excretory pore

ph str—pharyngeal striae

por—pore

por gl oe—pore of ceeophageal
gland

ppl—papilla

opl ecdl—caudal papilla

ppl intr—interior papilla

onl Ib—Iabial papilla

ppl 1b extr—exterior labial
papilla

ppl subm—submedian papilla

opl subm sec — secondary sub-
median papilla

ppl trm—terminal papilla

rcpt sem—seminal receptacle

ret—rectum

reg vnt—ventral field

set-—seta

Spm—spermatozoa

spn—spinneret

stt mur ph——striz of pharyn-
eeal wall

subcut—subcuticle

sut Ib—Iahial suture

teg ov—egg shell

trm ovr—hlind cnd ot avarv

ut—uterns

vag—vagina

vag msc—vaginal muscle

vlv—vulva
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ing of all, on other nemas—and has made it practically certain that all
are predaceous. -
mo?::::mic .’Ijuportance. 1f, as is often thf: case, the nemas destroyed
by the mononchs are nemas injurious to agrlculture,. the:n the mononchs
are beneficial to man. The first definite instance of this kind was reported
in the Journal of Agricultural Research in Septembex-', 1914: Mononchus
papillatus was shown to feed upon Tylenchulus senujze.netrans, t.h.e latter
.2 nema infesting the roots of citrus trees. Since .that time the writer h.as
observed many similar instances, fourteen of which are record‘ed herein.
Formerly mononchs were considered harmful to vegetation. The
basis of this opinion was twofold: first, they were known to congregate
about the roots and between the leaf sheaths of .pl.ants, especially succu-
lent plants, in sufficient number to justify the opinion that they would be
harmful, provided they were vegetarians; second, vegetable matter was
und in their intestines. -

Oftelx\lli:)e careful investigation, however, has disclosed other fac.ts incom-
patible with this opinion that mononchs are harmful to v‘egetatfon. The
food-habits of mononchs have now been more carefully mvestlg.ated, as
lerein recorded, and each species so studied has p.roved‘ to be carnivorous.
The presence of vegetable matter in a'mononch’s intestine proves to be no
very definite criterion of its food habits, appearances tp the cont::a.ry not-
withstanding. A deception has arisen that
is now easily explained. The occurrence of
vegetable organisms in the intestine of. a
mononch is merely incidental; in many in-
stances it would be impossible for the mon-
onch to devour its prey without at the same

Fic. 1
A mononch
about to seize
its victim,
The bead is
drawn from
nature and
is exact in

'crvheer’bg;;ﬁih time swallowing vegetable matter. For in-
;'::ed,“'}?: stance, suppose a mononch to bolt, as one
strong teeth | of its victims, a monhystera—a common
:l:g‘;:’i:u':: occurrence. Monhysteras are vegetar'ia.ns,
™ hows. some of them feeding almost exclusively

upon diatoms, others upon other kinds qf
unicellular algz. Both on account of their
LI peculiar structure and their bright green
! color, these diatoms and other alge are very
conspicuous objects in the intestine of the
monhystera. Imagine now the appearances
presented by the body of an ingested mon-
hystera, swallowed wh%lre,dor neacrllly so, and

ing lengthwise in the intestine of a mononch. Under su circum-
l)t';.rnliel, v%t}lxlich are entirely normal, the diatoms and other algz in the
intestine of the monhystera may be observed through the colorless tissues

4y rrtrs o —————tm s i s o ewes
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of both the mononch and the monhystera, without the body wall of either
nema being very plainly visible: it is somewhat as if one looked through
the walls of two glass tubes, one within the other, to view comparatively
conspicuous objects in the inner tube. Such an observation might easily
lead to the conclusion that the mononch had been feeding upon unicellular
algz. The deception is heightened after the body of the monhystera is
partially digested, for then all vestiges of the monhystera become practi-
cally invisible, and there are left as comparatively conspicuous remains
the less readily digested vegetable matter, lying loose in the intestine of
the mononch,—the frustules of diatoms for instance, which of course
are wholly indigestible. Taking everything into consideration, it is not
in the least surprising that hitherto observers have been deceived as to
the food habits of mononchs.

As nematologists heretofore have not carefully studied the food habits
of mononchs, particular attention was given them in the course of these
investigations; but in spite of the care exercised much remains to be dis-
covered. The mouth parts and digestive organs have come in for special
study, since it is mainly here that we get clues, faint and puzzling though
they be, that help interpret the little we can glimpse of the food habits of
these organisms in their. natural .state. Soil mononchs live in darkness
and, as might be expected, behave in a wheolly unnatural way when placed
in water on a microscope slide and brought in a drowning condition
into the blaze of light necessary to a microscopic examination. The dif-
ficulties and delays attendant on such a line of research are manifest.
Nevertheless, certain fundamental facts have been established ; new or-
gans have been discovered and light has been thrown on the true nature
and function of organs not hitherto understood. It has seemed best to
dwell on the various habits and functions while describing the structures
with which they are associated.

As we gain familiarity with the food habits of nemas, it becomes pos-
sible on this new basis to make comparative anatomical studies, the results

of which may be applied in determining the food habits of newly discov-
ered genera and species.

- : I
STRUCTURE, FUNCTIONS, AND DISTRIBUTION oF MONONCHS
The mononchs constitute a genus of free-living, predatory nematodes

inhabiting soil and fresh water, as well as the above-ground parts of cer-
tain plants. The average form and size of a mononch is indicated by the

followi £ ula 2.2 7.4 25. ‘632 92.7
o] 1n, verage rorm H
owing average 1o 2.1 2.6 3. 3.2 2.

® This formula, which is now coming into more general use, is simply a decimal method of
t ;84’ ly the y The formula is fully exp{ained in the appendix,
. 184, 4

2.4 mm.*
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‘which - corresponds very closely with that of the type species of the
: genus, M. truncatus Bastian, and espec-

bm...... - .

n ially with M. papillatus Bastian.
i E Ty Skin or Cuticle
B iR Strie. While the skin of these nemas

e S is usually described as smooth and

without striations, yet minute trans-
verse striz are probably always present,
though difficult of resolution except in
the new species reversus and similis.
Using a good objective of the highest
power under favorable conditions, I
have almost invariably been able to see
these striz, and as my examinations
have embraced the great majority of
- the known species, it seems probable
" that any specimen will reveal them if
examined with sufficient care. These
transverse striz, all alike on a given
specimen, are never sufficiently marked

Fig. 2.— Female
o of a typicalmononch,
... pr Mononchus lon gf-
caudatus, a syngonic
#4 orm. This individ-
e pzrual had been feast-
ing on other nemas,
the remains of
which are shown in-
side the intestines
¢l Only the anterior
o balf of the sexual
organs can be seen
in the illustration;
an entirely similar
branch is hidden on
\ account of the coiled
attitude of the body.
The lettering of
the illustrations is
similar  throughout
and is explained at
the bottom of page
129. The anatomy
and histology of
various newly dis-
covered features are
shown:—
(Esophageal glands
(gl sal.), the pore
through which the
" glands empty into
© .- thecesophagus (por.),
= syngonic sperm
. (spm.), formation of
. polartbgdy (Olz-offofb)!;
e rotoz.
xarz e, 9

: .om agl o ..
‘\___,.jkw sdr g al ..

to disturb the plain, even contour of the body. It is rarely possible to

=
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resolve the striz into components; occasionally, however, they are resolv-
able into rows of excessively fine dot-like elements, as for instance in
bathybius, reversus and incurvus. Lateral wings to the cuticle are almost
unknown, and the striz are not perceptibly altered on the lateral fields;
papillatus and macrostoma furnish a slight exception to this rule. 2

Though the muscles of the body wall are relatively powerful, their
attachments to the subcuticle are not a conspicuous feature; hence longi-
tudinal striee due to this cause, though of rather common occurrence, are
not very readily observed. There are no longitudinal striations in the
cuticle proper. This apparent complete absence of dermal markings often .
imparts a glassy appearance to living mononchs when examined casually
under the microscope, an effect that is heightened by the fact that the
colorless body wall is, as a rule, of more than average thickness. Despite
their rather thick cuticle, mononchs are very flexible. They coil and un-
coil themselves with facility,—a useful gift in a struggle with active prey.

Moulting. From researches on a considerable variety of genera, Mau-
pas concluded that nematodes undergo four moults, and that, correspond-
ingly, the life of each individual is divided into five periods. He exam-
ined no mononchs. The accompanying sketch of a portion ;
of the pharynx of a moulting Monochus brachyuris, from
Arlington, is therefore of interest, as indicating that this
specimen had yet to moult three times; and since it was
already half-grown (0.8 mm. long) it is fair to presume it
had already moulted once, although of course there is no
proof of this. The sketch shows four successive dorsal  Fic 3.—Head
onchi, numbered in chronological order, each the represent- & oo o bt
ative of.a separate cuticle. The fourth onchus is in a very fnomwes® 5
rudimentary state. This record accords with the observa- '*™1-%3%4
tions of Maupas, and indicates the probability that mononchs also moult
four times.

Strength and Activity. Various features of the cuticle and body-
muscles seem to stamp the mononchs as powerful nemas, and when they
are taken from their natural haunts and placed in a glass of water for
examination, their active serpentine movements fully justify the infer-
ence. Though less agile than species belonging to some other genera,
they are anything but sluggish. The movements of the anterior extremity
are especially striking, a certain suppleness of neck enabling them to
dart the head suddenly here or there in almost any direction,—a faculty
enabling them with ease to capture their prey, even though it be active.

Nemas Sometimes Float

Distribution by flotation. Ditlevsen notes a very interesting trait of
his Mononchus spectabilis, namely, that of floating on the surface of
water. A number of free-living nemas belonging to other genera are

U
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known to have this faculty, which is due to repulsion between the cuticle
and water; de Man found it to exist in the case of Oncholaimus viscosus,
and the writer has observed it in the case of the larvae of Diplogaster
aerivora, although a second larval form of this same species does not
exhibit the property, nor do the adults. Ability to float is known also of
a number of other species, and, as Ditlevsen’s observations show, is not
absent in the genus Mononchus. Whether flotation plays any part in the
economy of such nemas is not known with certainty. Floating on the
surface of moving water, nemas would doubtless sometimes be quickly
and widely distributed, and it is therefore easily conceivable that flotation
has some definite bearing on the life history of species exhibiting it.

: The surface of a mononch seems almost
entirely destitute of setz and papille, if
we except those on the lips. Neverthe-
less, future researches will probably re-
veal superficial nerve-endings hitherto
overlooked. In rare instances a few fairly
well-developed sete occur on the tail, as
in the case of M. sigmaturus; papillz also
occur sparingly on the tails of the males
) of various species, and near the vulva on
M‘F:Sn;;'_l;‘:;;’::if; If.li’; n ";;:: the females of a number of species. No
the lips are nearly closed, but the dor- pores are known to occur in the cuticle,
. 521 tooth and ’E’:g:”'.}:: scenthroweh  except, of course, the spinneret pore, and
of papillz arc seen to good advantage. the pore observed near the nerve-ring and

The large dorsal tooth shows faintly
through tbe two upper lips. supposed to be the renette pore.

General Form of Body

Neck and Head. The various mononchs are considerably alike in
external form. In front the body tapers but little; the neck is nearly
always more or less cylindroid, and almost invariably ends in a head not
set off from the neck in any way, though there is usually a slight expan-
sion at the lip-region, due to the strong development of the labial papilla.

Tail and Spinneret- The posterior portion of the body usually tapers
from some distance in front of the anus, but in the pre-anal region the
diminution is slight and very gradual. The tail may be either simply
conoid, or first conoid and then cylindroid, and usually ends in a spin-
neret, though in about one-fourth of the species the caudal glands and
spinneret are absent. When the tail is conoid the spinneret is usually a
simple structure, whose existence is indicated mainly by the fact that the
terminus is sub-truncate in form, and presents an inconspicuous axial,
or sub-dorsal, or sub-ventral pore. This form of spinneret appears to be
entirely unarmed, though inconspicuous innervations probably occur.
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X\S/h:lrll th]e post.erior porFion of the tail is cylindroid, the terminus is
1;1 ¥ almost imperceptibly expanded, and the spinneret is then some-

wi t;t differently developed, and is usually armed

with obscure, innervated bmedi i

o , submedian papille or

Head

Lips. 1In the view usually obtained the six lips
appear to be more or less confluent, and if it were
not for their papillz it would be difficult to count
them ; but when thrown apart, an attitude in which
however, t'hey are seldom seen, they are more easil): :
f:ount’e’:d., since in this attitude the refractive “cerat- iy sslgﬁ?xféetm&-f
;nous nternal elements of the lips are separated gg;"%‘s’?‘.‘sw&ise"ﬁg‘x:’t:’a;
\{,;r:ne:ﬁ)l; zthtc; and' mc;)re readily distinguishable, asvglhv'gvi}n’ in figure 1

ed, these six, ro_ad, flat lips meet together in .s'ﬁc'h; a wa .
311: ii?;;islléagzdﬂlilo;?nfiefn;;g 11isu(z;11y11ies in a slightly depréssed ar};athc:

1 e head. In som i e i
i;i{fs aret strongly “ceratinized,” and may bee sgee:;;;pgzie ilnri:;els.i:vcv ?-liihce)f

ite, re ror§e, subacute points, which, in assaults on other animals
Is)tlell;vr; :}s{.grapplmg hooks, and act in opposition to the dorsal tooth of the'
]essLabzle fa(nllce. Each lip. is supplied with at least two, usually more or

conical, innervated papill; one on the outer margin and somewhat
;:It;\i:;r;rin%olgltmg, :he oftht:' situated about half way between the outer
€ centre of the head, and forward- inting, The f f

ﬂ}e head therefore presents two circlets of pa illale)O on o' its wdte Tt
gm,r:ndl onec1 more closely surrounding theme:)uth’-opeeniox:lg,l tzso‘slltleorwr;airr:
plg:; rfo c::s 121 :nd many others. These papille may be so flat as to
pa picuous part in the external conformat_ion of the head, or
Yy may be conical and raised, so as to give to the front of the head a
\r:‘;?—;eszx;r::\s:h:g;llzg ;:ntour. 'fl:ie ﬁp:apillae are slightly mobile, and hence

L arance at different times on the same specimen
matter depending on the attitude of the lips. i ith
relaxed lips present a slightly different a;;pesarax]i;ovf:-x;iil tShP(:CImt;ns ;Vlth
been fixed for examination by means of chemicals, e
]ipsSrc;r;e }:)afvzhe 1m.1e1rvfation.s that frequently occur on the head near the
i hyb specia unctlon's. Strusturally they are sometimes indis-
nguishable from the subordinate labial papille, The species fi

show the location of some of these innervations. One pair of ﬂlfrir?s
very near th? amphids—the only nerves so far observed to be deﬁnitel1s
associated with the amphids. These particular papille are so uniform it}l’

their occurrence that it se i
: ems likely they have a speci i
nected with the use of the amphids. 4 e e

e —————
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Mononchus: Number of Labial Papillz in the Outer Set

14 10 6 Doubtful: said to be 6

acutus bathybius muscorum var, | brachyuris dadayi obtusicaudatus
macrolaimus

bracbylaimus brevicaudatus  obliquus lacustris digiturus parvus -
dentatus consimilis radiatus megalaimus dolichurus punctatus
gracilicaudatus | denticulatus reversus minor exilis rex
major gerlachei sigmaturus palustris fovearum spectabilis
monhystera incurvis subsimilis sparsus gymnolaimus studeri
muscorum longicaudatus  angustus teres index tenuicaudatus
papillatus longicollis trichurus tunbridgensis intermedius tridentatus
rapax micrurus vorax japonicus truncatus
regius macrostoma zschokkei

Comparative morphology of the cephalic papille. The outer set of
cephalic papille is the morphological equivalent of the circlet of cephalic
setze often to be seen on other free-living nemas. In harmony with this
fact, the submedian papille of this outer set are sometimes two or three
in number to each lip, the numerical and morphological factors harmoniz-
ing with the law of arrangement of the tactile cephalic setz of nemas,
namely :—when six are present one is found on each of the two lateral
lines and one on each of the four submedian lines; when more than six
are present the increase occurs first on the submedian lines, the common-
est number being ten,—one on each lateral line and two on each of the
four submedian lines; when the number is in excess of ten the increase
is again more commonly found on the submedian lines. Illustrations of
this law of arrangement are seen on the heads of many mononchs. The
secondary submedian papille of mononchs are sometimes minute and
more or less difficult to detect.

Method of Hunting

Senses of Smell and Taste. Obv1ously mononchs hunt by the aid of
some other sense than that of sight, since both they and their prey usually
live in subterranean darkness. It is, therefore, exceedingly likely that
the nerve endings on the head, terminating in the labial papille of the
inner row, serve as organs of taste and smell, and that it is by the aid of
these senses that they trail their quarry.

Picture these ferocious little mononchs engaged in a ruthless chase in
the midst of stygian darkness. We may imagine them taking up the
scent of the various small animals upon which they feed, among which
almost anything they can lay mouth to seems not to come amiss, and
pursuing them with a relentless zeal that knows no limit but repletion.
How many acres have tneir organic balance determined by their millions
of prowling mononchs?
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Pharynx

The six powerful lips arch together over a large characteristic
pharynx, consisting of a rather simple, ellipsoidal or elongated cavity,

whose cross-section is more or less irregularly cxrcular, a.nd of which

there are two distinct types. -
Types of Maw. Teeth. In one type, characteristic pf -the larger

species, there are longitudinal ribs, sometimes simple, sometimes duplex,

situated mainly on the median and submedian
lines (subgenus Jotonchus).® When these lon-
gitudinal ribs are well-developed there is a
tendency for the dorsal tooth or onchus to be
farther back, and for the submedian teeth,
smaller still, to be located toward the base of
the pharynx, and in extreme cases all three
teeth may be located actually at the base of
the pharynx, or indeed be quite vestigial. The
farther back the teeth, the smaller they are,
and when located actually at the base of the

pharynx they are often exceedingly small. I i xs0
In the other type of pharynx the dorsal  Fu 6 Dorsal view of the
tooth is usually strongly devel- show the arrangement of den:
. ticles (dnt.) characteristic of
oped, and is located midway or the subgenus Prionchulusy they

farther forward; in which case pare with Fig. 7.

the wall of the pharynx is strongly reinforced along the dor-

sal line, while the submedian longitudinal ribs are lacking,
or at any rate are faint. However, there often occurs on
each of the two ventrally submedian lines in this type of
pharynx an onchus of smaller size, located a
little farther back than the main onchus; ex-
ceptionally these submedian onchi may be
nearly as large as the dorsal onchus. In
several species the onchi are retrorse (sub-
genus Anatonchus®), and when of this char-

Fic. 7.—Above, profile and front 2Cter are sometimes more slender, even some-

view of the same series of denticles Sort
in the throat of M. muscorum, Be- what dlmtate'

low, two cross-sections of the same N 3
i e Shew of “the Fangs. Denticles. The onchi act as fangs,

game i?g'fgg' df)‘rs;f“m;‘tf (S;lf;‘v‘jg and are used in conjunction with the power-

black): at right the section is above ins 1 171 1 \
the tgoth The denticles are shown ful llpS In seizing and holdmg the prey In

in the upper part of these two lower H H
fures. The twp joints shown in cross. these maneuvers they are aided by minor

section impart a slight degree of inen on
mobility to the pharyngeal walls. phar)ngeal StTUCtures’ promine t am g

Compare with Fig. 6. which in some species are two submedian

8 Jotonchus, insignificant tooth; ¢ Prionchulus, a small saw-tooth; 8 Anatonchus, reversed tooth.
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areas, armed with minute denticles arrméed in transverse rows like the
teeth of a rasp (subgenus Mylonchulus®). While these denticles are
usually distributed in two distinct areas, the two sometimes coalesce on
the ventral line, so that the denticulated area, or rasp, is continuous and
bilaterally symmetrical. As a rule, however, there is a distinct, narrow,
ventral interruption, so that the right and left rasps are rather clearly
separated from each other. These rasps are widest near the ventral line,
and become gradually narrower as they recede, and usually end near the
lateral line, or near the dorsally submedian line. On the margins of the
rasps the denticles are arranged in distinct rows; elsewhere the arrange-
ment is more or less irregular, though in certain species the arrangement
is rather orderly throughout. Each rasp is composed of about six rows

of denticles, except in the species denticulatus, where the number of rows -

is about twice (?) as great, and in the new species sparsus and reversus,
where there are only one or two rows. Often at the base of each rasp
there is an exceedingly minute submedian onchus.

Method of Attack. When used in conjunction with the strong dorsal
tooth and the powerful lips, the rasps are remarkably efficient organs.
The mononch glides up to its quarry and makes its onslaught by a quick
snap of the head, throwing its jaws suddenly wide open, and grappling
its prey by means of the inner armature of the lips. As the jaws close in,
the victim’s body is jammed against the point of the dorsal tooth, as well
as against the rasps, and in this way is at once both punctured by the tooth
and lacerated or milled by the rasps. In most cases the onchj seem to be
solid bodies, containing no duct through which venom could empty. If
any poison is injected into the victim it would seem to be derived from
cesophageal glands emptying into the pharynx by some other road. The
axial element sometimes seen in the onchus is probably a nerve ending.

Minutic of the Wall of the Throat. In general the wall of the pharynx
is well developed and strongly refractive, and is usually thickest on the
dorsal side where it gives support to the dorsal onchus; often it is very
finely transversely striated. In many species this striated appearance
seems to be due to a transverse lamination of the pharyngeal wall. The
striation, or lamination, may be so pronounced as to give rise to transverse
ridges on the interior surface of the pharynx like those of the teeth of a
mill-saw file, and no doubt these ridges have somewhat the same function
as the rasps just described. The onchi are sometimes seen to be longi-
tudinally striated. The striz of the pharyngeal walls are most clearly visi-
ble during the moulting period. In the original species-figures to follow,
what appears merely as shading on the pharyngeal wall is a carefully

worked-out chart of the position, number and direction of these lami-
nations.

8 Mylonchulus, a small mill-tooth.

[

PHARYNX (S.8.441) 139

Contour of the Maw. The contour of the Pharynx differs somewhat
in the various species. If the dorsal onchus 1s.strc.mgly de}reloped, the
profile indicates a roughly goblet-shaped or elhpsou.ial cavity, and. th;.
onchus extends well into the cavity so that its apex lies near the axis o
the head, sometimes up front and close to the inner margins of. the 11?5.
If; on the other hand, the dorsal onchus is weak, and especially in species

1 li.
F16. 8.—Female of M. _paplllaty:, 3 common cOSmOpO
tax{’soil-inhabiting beneficial species, known to fecg u;()oi
plant-infesting nematodes. :I’he eesophageal glands .1:
oe.) are well deve]opcddin ghl‘s‘]rr;)opor:tch;i:hgzrie:pttielxzc(;
sophagus and no doubt *lubricate !

g}es:alll:)wiig. This mononch is also syngonic. _Sperm ]of
female origin is shown in the uterus at spm. For expla:
nation of lettering see page 129.

Wit

agy!
T

X400 * .
where the wall is not much reinforced by longitudinal. ribs, the c.ontqur of
the pharynx tends to be more or less oblong, so tha.t its floor, lying in the
anterior end of the cesophagus, though irregular, is likely t.o be, on the
whole, more nearly flat. Opposite the dorsal onchus there is frequen.tly
to be seen a faint transverse seam, most prominent along the ventral side

ety
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of the pharynx, indicating a division of the wall into anterior and posterior
elements. Sometimes this pharyngeal suture is rather prominent,

" Jaw Muscles. The pharyngeal.muscles of various species of mononchs
have been observed, figured and commented upon by one or two investi-
gators, but only in a vague way. Much remains to be learned concerning
them. The following incomplete observations have been made in the
course of these investigations.

Under suitable conditions, and especially in some species, long, slen-
der muscles may be seen passing from the lip region backward and out-
\\:ard, so that their proximal attachment is to the body-wall a short
distance behind the pharynx. These muscles are the flexor muscles of

Fi1G. 9. — Side view of
the head of M. regius.
The lips and their ap-
pendages are well shown.
The flaps (Jam. 1b) are
tbe same organs so well
seen in figure 4. The
amphid (amph.) extends
to the bottom of the
pharynx and beyond. The
labial muscles (msc.) are
so attached as to pull the
lips both inward and out-
ward about the stiff exter-
nal ring as a fulcrum.
Traces of this ring are
shown arching along the
margin of the anterior
part of the head. Com-
ing up from the interior
of the cesophagus toward
the right is seen a light-
colored duct; this empties
into the pharynx at its
base. In this way appar-
ently the secretion of the
aesophageal glands has a
direct passage to the
throat.

the lips. It is certain that each lip, probably each pair of adjacent lips, is
connected with a muscle whose function is to pull the lip toward the b(;dy
axis about a fulcrum near the surface of the head. These muscles, then
shut the mouth. It seems likely that the elasticity of the various parts:
_composing the frame-work of the lips and pharynx may play some part
In mastication and deglutition, and act in opposition to some of the mus-
cular elements of the pharynx. The extent to which a mononch can
throw its jaws open is shown in the sketch, figure 1, made from a pre-
served specimen. This act is accomplished by the aid of a second similar
set of muscles acting on the outside of the same fulcra. It is unlikely
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that the sketch represents the maximum gape, for the effect of chemical
fixatives seems to be to lock the jaws tightly rather than leave them agape.
When examined alive mononchs are seldom seen to move their mouth

parts.
The Mononch and Its Victim

Fate of Victim. So far as I am aware, the struggle of a mononch
with its victim has never been witnessed by human eyes. A struggle it
must be, for mononchs are sometimes discovered that have gulped down:
other nemas nearly half as long as themselves. Such a dénoument must
be the result of a dramatic conflict. A similar_gastronomic exploit on
the part of a man would be the gulping down of a string of bologna sau-
sage several feet in length. In one instance in the course of my experi-
ence, a mononch was caught with its quarry, another nematode, still
gripped in its jaws. Seized by its middle, the victim had been bitten
nearly in two. This is a common fate. Sometimes, however, the ingested
nema is but little mangled. I imagine the mononch swallows its prey
somewhat as the python does, though less deliberately. As the cesophagus
seldom occupies over one-fourth of the length of the body, and as the
mononch sometimes swallows other nemas nearly half as long as itself,
manifestly in such cases one end of the victim’s body must reach the
mononch’s stomach before the other end has disappeared down its
throat. )

Gluttonous Appetite. While many mononchs bolt their food, it is
evident that the food of some among them receives :
a certain amount of mastication, for the body of
the victim is bitten into fragments and swallowed
piece-meal. In some cases the degree of mastica-
tion may be greater still. Figure 10, for instance,
shows the head of a preserved specimen, in the
mouth of which lies a portion of the “gizzard” of a
rotifer, which has been almost completely denuded
of the muscular tissue originally attached to it. It
is the thick-lipped species like M. muscorum that g5 15 —hanmx ith

masticate their fnod in this way. pertion of the ~gizzard

masticated.
Esophagus or Gullet

Lining of the Gullet. Salivary (f) Glands. The cesophagus is more
or less cylindroid, a form of cesophagus common in nemas that engorge
relatively large objects. The anterior end of the cesophagus, where it
receives the base of the pharynx, is usually about one-half to two-thirds as
wide as the base of the head, and is occasionally somewhat swollen, so
that one may speak with propriety of an obscure pharyngeal bulb. The
cesophagus has nearly the same diameter throughout the greater portion of

———————————
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its length; it may diminish a trifle in the vicinity of the nerve-ring, while
in the posterior half it usually expands a trifle, so that finally it is one-
half to two-thirds as wide as the corresponding portion of the body. The
refractive lining of the cesophagus is strongly developed, and is of such a
character that its longitudinal optical section often occupies as much as
one-third of the diameter of the whole organ, sometimes one-half, excep-
tionally even more. The radial musculature of the cesophagus is strongly
developed, and usually appears coarser posteriorly than anteriorly.

Esophageal Glands. In some species, very likely in all, among the
interstices of the cesophageal muscles there exist glandular tissues, which
empty their secretion into the lumen of the cesophagus through minute
pores in the lining, situated from place to place throughout a considerable
portion of the length of the organ. Sowne of these glands appear to
empty into the pharynx, but the best developed ones occur in the dorsal
section of the cesophagus near the middle.

De Man and Micoletzky mention structures in the wall of the pharynx
of Mononchus, about the nature of which they seem doubtful, but sug-
gest the possibility that they are pores. My observations lead me to the
conclusion that some of the more minute so-called “teeth” or denticles
of authors, at the bottom of the pharynx, and even some of those higher
up, are in reality elevated pores connected with glandular structures in
the anterior part of the cesophagus. These pores appear to me to be the
homologues of the pores which I have demonstrated undoubtedly to
exist farther back in the cesophagus, and to be the outlets of glands
located in the interstices of the radial muscles. See fig. 9.

It is easy to believe that the cesophageal glands are salivary glands, and
that they serve the mononchs in gorging down food in somewhat the
same way as do the glands of serpents. This surmise
is based upon the structure and position of the
organs rather than upon definite and extensive physio-
logical experiment; intra vitam stains, however, have
shown that the secretions of these glands are alkaline,—
evidence supporting the surmise.

Intestine

Cardia. There is usually a flattish cardia consist-
i ing of 20 to 50 small characteristic cells that stain

Fic. 11.—Portion of . . . . A
cross section of in- Tather strongly with acid carmine, and manifestly dis-

testine of M. longi- o e . . . N o
caudatus to show col. charge a distinct function. The intestine, which is

e arutute °f invariably separated from the cesophagus by a deep and
testine, col . . e

prominent constriction, becomes at once about three-
fourths as wide as the body, and is usually made up of cells of such a
size that about 8 to 20 are required to build a circumference. These cells

contain numerous granules of somewhat variable size, often so arranged

are %2500
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about the large central nucleus as to give rise to a beautifully regular
appearance simulating tessellation. As a rule, the columnar lining of the
intestine (fig. 11) is not very refractive. Owing to the low visibility of
this lining, and the difficulty of seeing through the mass of granules con-
tained in the intestinal cells, the lumen is usually hard to decipher; to-
ward the anus, however, it may become more distinctly visible. Occasion-
ally, the granules are so few or so transparent that the contents of the
intestine can be seen with ease, but this is rather exceptional.

Granules. The structure and arrangement of the granules in the
intestinal cells of Mononchus lacustris may be taken as somewhat typical.
The granules of this species are numerous and packed rather closely in
the cells, and give rise to a more or less distinct tessellation. Specimens
fixed with Flemming solution, and mounted in glycerine jelly, show many
of the granules as refractive shells, enclosing a relatively large inner
spherical mass, which appears dark or light according to the nature of
the focus of the microscope. This structure is characteristic of some of
the smallest, as well as some of the largest, granules. These appearances
are not uniform throughout the intestine, the shell-like structures being
more apparent in the posterior part than elsewhere, and less apparent
through the middle portion of the body, where the granules are largest
and most abundant. i

These intestinal granules play an important role in the economy of
the nema—some of them are in fact indispensable intracellular organs.
Little as we know about their functions in detail, it is
already certain that they have to do not only with the
secretion of various digestive fluids, but also with the
transformation and storage of the digested matter. The
granules in any given cell may be of several kinds, doubt-
less serving entirely different functions. These facts
the author has demonstrated by intra-vitam staining.

Digestion

Food Remmnants. The digestive fluids of the mon- :
onch must be well fitted for dissolving ceratin, suppos- _ Fi: 3 g d At
edly the main component of nematode cuticle, for the showing vulvar pa-
cuticle, as well as most other parts of the ingested victim, it
disappears completely in the course of digestion. The parts that resist
digestion longest are the spicula of male nemas and the oral spears of the
spear-bearing sorts. These organs, the spicula and the spear, are com-
posed of relatively thick layers of solid “ceratin,” and furthermore are
protected from the action of the digestive fluids because of their situation
in the interior of the ingested nema, and hence are among the last to be
dissolved. Such an undigested remnant, a spear or a spiculum, consti-
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tutes one of the most frequent, as w.ll as most reliable, bits of \ id
concerning thz food-habits of mononchs. ’ i
IVoracity. Mononchs are voracious. Often the remains of several
oth.er nemas are to be seen in the intestine of a single one of them. The
writer once had under observation a specimen that had swallowe(.i four

large rotifers in quick succession, all tail-end first. The file of rotif
. could be clearly seen in the intestine of the mononch. Aquatic mono;:;s
are fon.d of rotifers. The characteristic “gizzards” of the rotifers, bei 4
rather indigestible, are often found in the posterior part of the in';estil:eg
Re.ctum. From the slightly depressed anus, the lips of which are.

sometimes rather pronounced, the refractive rectum, usually about
long as the anal body diameter, extends inward and fc;rward and is s "
arated frc3m the intestine by a distinct constriction. Ther;. is no e
r:c.tufn, though the contrary impression is sometimes created by a (1:);1::
(s) frl;:(;o:ez:;;e.d by a mural commlss.ure (?) some little distance in front

Feces. From the region of the anus relatively powerful transverse

muscles pass obliquely backward to the body wall, and find their proximal -

attachment in the dorsally submedian regions. These anal muscle

more s'Erongly developed in mononchs than in most nemas. A owserag:l3
defeca}tlng apparatus is needful to such gluttons, since tileir fices ar
.somet.lmes bulky, owing, apparently, to the fact that the contents of the
1nte§t1nes of their victims often prove indigestible. Probably this i die
gestible mf:lterial is to a considerable extent vegetable in itsynatureu'1 ;
any rate, it frequently happens that the feces are bulky, and this %a;clt
Is;zrsr:j e‘;o account for the strong development of the rectum and the anal

Caudal Glands; Spinneret

The Cement. The caudal glands, when present, are always three i
number, .and are arranged in a cluster or series opposite to c)J,r imrnedlin
ately behind the anus. If the tail is short, the foremost gland is usuzll-

d'orsal while the two submedian glands are arrangez
side by side; if the tail is long all three may be ar-
ranged tandem. Apparently there are always three
separate ducts, one from each gland, each having a
separate ampulla; these latter are arranged side by
:;?e in i group a’c1 the spinneret. Often, however, the
Fio, 13— Monench inneret is simple in form and presents ducts th
E,?;:‘?Eggﬁi t:%::rzs fl:;n;n?ly indistinct afnpullae. Some idea of the ma:a;E
‘(‘}';f.)_“‘  Spinneret, e ;ate of secretxfm czf the caudal glands may be
ey : rom an examination of the a 'jacent illustra-

» which shows a spiral mass of the cement substance secreted by them.

This spiral mass w ; sqs .
Y iy as coagulated by the fixing fluid in which the specimen

—omes
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Action of Spinneret. The structure of the spinneret is very similar
to that of Mononchulus, a related genus whose unusually large spinneret
has proven especially favorable for detailed study, and may be described
as follows. The three somewhat elongated ampullz at the ends of the
caudal ducts empty into a single sac located in the spinneret. From the
front wall of this sac there projects backward into its cavity an elongated
element whose free conical distal extremity fits into the outlet of the
spinneret, where it acts as a plug or valve. Apparently, this valve must
arise through an invagination of the sac during development. The plug
is withdrawn by muscles attached to it and to the dorsal body-wall near
the end of the tail. A contraction of these muscles elongates the sac con-
taining the caudal secretion and draws the plug away from the aperture
of the spinneret, thus allowing the secretion to flow out through the termi-
nal pore. The plug appears to be returned to its position and held there
either by the pressure of the secretions in the sac, or by the general in-
ternal body pressure exerted on it through the sac. Figure 5 shows the
similar spinneret of a mononch.

Use of Spinneret. In any genus consisting of many species most of
which have caudal glands, aberrant species usually occur in which these
organs are absent. This is true of Mononchus. A spinneret would ap-
pear to be a particularly useful organ to a predaceous nema, permitting
it at will instantly to cement itself to a relatively fixed object, and thus
more easily master an active victim; nevertheless, about one-fourth of the
mononchs have no trace of such an organ.

The lateral fields are always comparatively well-developed, and are
usually one-third to one-fourth as wide as the body. The cells composing
them often contain spherical granules not differing greatly in size from
those of the intestinal cells. No cuticular pores have ever been seen con-
necting elements of the lateral fields with the exterior.

Renette

Nothing is known about the structure of the renette—in fact, it is not
yet definitely known to exist in mononchs. In most species there is a
ventral pore immediately behind the nerve-ring, which bears a close re-
semblance to the excretory pore of nemas possessing a well-developed
renette; but no internal structures have as yet been found to connect
with this pore.

Central Nervous System

The nerve-ring surrounds the cesophagus somewhat squarely near the
front end of the middle third of the neck. It is usually well developed
and easily seen— a distinct refractive collar with groups of nerve cells
both in front of it and behind it. Otherwise than this very little is known
about the central nervous system of M ononchus.
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Nerve Commissures. A constriction in the intestine i§ sometimes Pb-
served at a point not far in front of the rectum, say at a distance equaling
3 to 5 body diameters. This constriction is sometimes so pronounced as
to cause the posterior portion of the intestine to simulate the pre-rectum
of Dorylaimus. There is here, however, no true pre-rectum. T%lé con-
striction seems to be caused by mural commissures surrounding the
intestine. The writer c.an P i " dﬁ’f.'ul 4'?1{‘5?31;0‘2{; ,:K
only suggest the possibility D g ane ovary. The
of the existence of special il is very long andglen
nerves at this point, which mdf more or less prehensile
leave the ventral field, pass
slightly backward, then al-
most immediately become
squarely transverse, encir-
cling the intestine until they
are very near the dorsal

field, where they turn sud-
denly backward.
Amphids B
It is almost certain that o ok @;{Q N
: A

small amphids occur on all =y

1 i i " ~ -
mononchs; the writ- mwa_ = —

. T

er found them pres- ,, = ww&vzgj‘%p/

ent on three-fourths
of the known spec-
ies. As their gen- a
eral characters have
never been adequate-
ly described, their
form and position
are specially noted
here, as well as more
explicitly in the var-
ious illustrations, waf

R

tions of the amphid u

are always located
on the lateral lines somewhere between the base of the lips and a point
opposite the middle of the pharynx. The periphery, which in some cases
may be unclosed behind, is usually more or less elongated or elliptical in
form, its long axis lying transversely on the head. These amphids are
seldom more than one-sixth as long as the head is wide, and are usually
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very difficult of observation. They are most easily detected when viewed
dorso-ventrally, and then appear as refractive oblique elements leading
from the surface of the head inward and backward through the trans-
parent cuticle, as shown for instance in the cases of subtenuis and regius
(p. 167 and 140). They can seldom be followed more than a short dis-
tance inward, and their ultimate internal connections are unknown. A
nerve-ending is nearly always to be seen in the cuticle immediately behind
each amphid.
No Eyes

Mononchs have no definite organs of vision.
Female Sexual Organs

Organs Mostly Double. Eggs. Owaries and Ova. From the slightly
elevated and rather small vulva, the prominent refractive vagina leads
inward at right angles to the ventral surface about one-third the distance
across the body. Though comparatively small in size, the vulva is usually
easily located on account of the refractive nature of the walls of the
vagina. In nine-tenths of the species, the internal female organs are
double, and symmetrically reflexed, though in some cases the posterior
branch is somewhat smaller than the anterior. In the exceptional species
the single ovary is also reflexed (fig. 14). The ovaries occupy relatively
less space than is usual in nemas—Iless than one-fourth of the length of
the body. Owing to the comparatively great length of the neck, the vulva
is usually located somewhat behind the middle of the body even when
the sexual organs are double and symmetrical, and may occur as far
back as the junction of the third and final fourths. Each of the two uteri is
about twice as long as the body is wide, that is to say, of a size to receive
one or two eggs only. These latter are nearly always smooth, thin-shelled,
ellipsoidal or elongated in contour, and appear about twice as long as the
body is wide, though they are sometimes somewhat shorter, and more
rarely longer. Only in a single species are the shells known to be sculp-
tured. The shells are thick in obliguus. In all the species examined by the
writer, the eggs are deposited before segmentation begins, and this is
presumably true of the great majority, if not of all the species. The
reflexed ovaries extend one-half to three-fourths the distance back to the
vulva and contain a score or so of ova, which near the blind ends are
packed in several rows—ova that by increase in size come, each one in
turn, to occupy the whole of the width of the organ in its proximal half
near the flexure. The ovaries are rather broad, and taper relatively little.

Syngonism. A considerable number of the mononchs are syngonic,
and it is probable nearly all of them are so, since the males, if found at all,
are nearly always rare. Only on a single occasion, so far as records go,
have males been found to be as common as the females. Of most species
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the males never have been seen. At a time previous to the development
of the vulva the gonads of the female produce minute spermatozoa, which
are sent forward and stored in a special portion of the uterus next the
proximal end of the ovary. In the only species so far carefully examined
in this regard these minute spermatozoa are known to be functional, at
least to the extent that they enter the ova, which then proceed to form
polar bodies and begin to segment. However, these particular investiga-
tions, made by the author and further recorded in figure 2, have been
confined to the single species M. longicaudatus. Possibly the phenomena
are different in other species.

Male Sexual Organs

Spicula. The tail end of the male is invariably like that of the female
in general form and size, except that it is more strongly arcuate; it
differs however, in some instances, probably in all, in the possession of
P Rl comparatively well-developed papil-

M. obiusus after Bitschli. lee, and particularly and universally
The spicula in this spe-

cies are exceptionally long
and slender. The male
papillz (ppl.) and supple-

in the existence of a ventral row of
8 to 20 more or less equidistant sup-

mentary oOrgans are Vvery . . .
well shown. The spicula plementary organs immediately in
;az;cidepgog;ld:gnedeﬁngcci: front of the anus. The two well-
sory pieces half as long .
as themselves—also develoged arcuate spicula are of
‘ equal size, and are always accompa-
nied by two distinct though small accessory pieces, a
right and a left. Only exceptionally are the spicula
long and slender; usually they are somewhat uniformly
arcuate, and appear to be subacute and of somewhat
uniform width throughout, at least when viewed in
profile, and about one and one-half times as long as the
anal body diameter. Usually each is strengthened by a
median longitudinal refractive piece. They are never
prominently cephalated. The accessory pieces are lo-
cated some little distance inside the anus, alongside the
spicula, which they may appear to cross when viewed
in profile. These accessory pieces are usually a little
narrower than the spicula, and 2 to 4 times as long as
wide. Distally they usually end in two subacute points,
often so arranged as to form a small U-shaped figure. When at rest the
accessory pieces usually appear as if at about right angles to the axis of
the body. They are not cephalated.
Supplementary Organs. Sperm. The supplementary organs vary in
number up to twenty. The hindmost is located immediately in front of
the anus, and may be a little farther removed from its nearest neighbor
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than is usually the case in the remainder of the series; thence forward

the organs are about equidistant.

Usually they are more or less con-

tiguous, though occasionally they are separated by short spaces, especially

anteriorly. When most highly de-
veloped, each is a convex-conoid,
innervated, very minutely papil-
lated or echinulate, more or less
protrudable organ, connected with
the interior by an oblique, indis-
tinct element along the axis of
which a nerve passes inward and
forward to join the ventral nerve
of the body (v, fig. 16). It would
appear that these organs are partly
tactile and partly excitatory in
function, and act as the comple-
ments of the vulvar papille of the
female. There is no bursa. The

Fi6. 16, — Mononchus ma-
jor. I—Side view of male,
II — Side view of head of
same, III—Front view of
head. IV—Side view of tail
V.—Details of male supple:
mentary organs.

a, mouth

b, lip-papilla

¢, lip

d, cesophagus

e, nerve-ring

f. pharyngeal tooth .

, innervated papilla of skin
i, eesophagus
i, base of pharynx
1, cardiac collum
k, intestine
I, flexure in testicle
m, blind end of testicle
u, vas deferens
o, lip
¢, mouth opening
g, ejaculatory duct
r, spicula
s, ejaculatory duct
¢, accessory piece

u, post-anal papille

N H _ v, spicula
series of oblique copulatory mus- 3 2008 = guct

cles is always coextensive with % yentral row male papillz
the series of supplementary or- # three anal glands

gans. The rather short testes seem to be invariably two in number and
are outstretched in opposite directions. The spermatozoa of males are

minute and present a more or less vermiform nucleus.

Self-Fertilizing Females; Syngonism

Males Rare. Conjugation of Syngonic Gametes. No trait of mon-
onchs is more interesting than the capacity of the female to reproduce
without the intervention of a male—by a peculiar sort of hermaproditism
called syngonism. Of most of the species no males are known; in the
remaining species, almost without exception the males are very scarce,
and only in exceedingly rare cases are they present in anything more
than small numbers. Usually hundreds, and even thousands, of speci-
mens may be examined without the discovery of a single male. How
then do the females reproduce? The answer is singularly interesting,
for, as already explained, the females fertilize their own eggs by means
of spermatozoa which they themselves produce in the same gonad. In
the mononchs these spermatozoa produced by females are so exceedingly
minute that they have hitherto escaped notice (fig. 2). Notwithstanding
its small size, the syngonic sperm cell appears to be functional. It enters
the egg, expands, and approaches the nucleus of the egg, which mean-
while throws off polar bodies and later proceeds with segmentation.
Observations have not yet extended beyond this point, but it seems alto-

gt =2
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gether likely that these minute spermatozoa produced by mononch
syngones act in what would be called a normal manner, and as the sperma-
tozoa are known to do in other syngonic nemas in which they are of much
larger size, e. g. Rhabditis. :

Abundance; Distribution

Frequency of Mononchs. Long ago Bitschli declared mononchs to
be among the commonest of nemas, an assertion that has been corrobo-
rated by all investigators in this field, hardly any of whom have failed to
note a number of species, occasionally new ones. Our knowledge of the
genus has been augmented in this way by de Man, Micoletzky, Ditlevsen,
Steiner, Hofménner, Menzel, Daday, and the writer, until at the present
time about sixty species are known. Doubtless this number will be very
largely increased by future researches.

Geographic Distribution. Variety of Habitet. Mononchs are found
in all the habitable regions of the world. They inhabit the soils and
fresh waters of every clime, occurring even at great depths in lakes and
at very high altitudes on mountains. While we have only just begun to
learn the details of their geographic distribution, it is already manifest
that some species are cosmopolitan. Several species occur both in Europe
and in North America, and a few of these same species are known also
from Australia. Considering the small number of observations hitherto
made along this line, it seems safe to predict that many of the species
will be found to be cosmopolitan. Some species adapt themselves to sur-
prisingly varied conditions. Mononchus longicaudatus, for instance, is
known from the tropics, from temperate regions, and from very cold
regions, and inhabits both soil and fresh water. Another species, Mon-
onchus brachyuris, is known both from warm springs and from cold
Alpine lakes. s

Abundance in Arable Soil. Mononchs occur in great numbers in
arable soil. On one occasion the writer estimated that at least thirty
millions of mononchs per acre were present in the top six inches of a
field of maize in New Jersey, and the actual number present may have
been much greater. They are regularly present in practically all arable
land of a sandy or loamy nature.

The very numerous introductions of living plants into the United
States, through the agency of the Office of Seed and Plant Introduction
of the Department of Agriculture and other agencies, has brought about
simultaneously the introduction of many species of Mononchus. Nemas
existing in the soil about the roots of introduced plants are often
placed under favorable conditions for propagation in this country. It is
therefore certain that an unusual variety of mononchs exists in the soils
of the United States.

TP
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Interplay of Organisms. There are regions where certain nem.atode
diseases of crops are very destructive, while other regions, the climate
and soil conditions of which are apparently similar, suffer but little, or .at
least to a lesser degree, so far as we know. In such cases it is permis-
sible to suppose that the nematodes in the area where the lessFr damage
is done are held in check by some as yet unknown agent. Is it not pos-
sible that the mononchs play some such réle as this, and that just as cer-
tain insects hold other insects in check, so certain nemas hold other nemas
in check?

We know relatively little about the life history of most of the mon-
onchs, and as yet very little about the possibility of controllir.lg Fhelr
growth. One species, Mononchus longicaudatus, occurs at certain times
;1 almost inconceivable numbers in the sand of the slow filter beds of the
water works of cities. Near the end of the period of use the top layers
of the sand in these filter beds sometimes become in reality a huge cultm:e
of this species. The observations suggest at least the possibility of culti-
vating this species on a large scale, should it prove desirable to do so.

The discovery that the genus Mononchus is very large and to a con-
siderable extent composed of common and cosmopolitan species that feed
upon injurious plant-infesting organisms, suggests so many new lines of
research in soil biology as to make it desirable that a clear and connecte.d
account of the members of the genus be available to investigators. This
need is increased by the fact that the literature is a scattered and frag-
mentary one, difficult to assemble. To these facts it must be added that
most of the new observations herein recorded have been made upon

species previously unknown.
II
GeNus MoNoNCHUS BasTiaN, 1866

This genus is composed of non-marine, free-living nemas, with naked
cuticle and obscure amphids, and having a plain cesophagus preceded by
a broad—that is, non-tubular—pharynx, armed with 1 to 3 more or less
immobile teeth of which the dorsal is largest, and supplied with 6 power-
ful papillated lips. Ovaries reflexed, usually two. Testes two, out-
stretched ; spicula two, equal, simple, as are their small accessories; there
is a pre-anal ventral row of supplementary organs.

GENERA SIMILAR To MoNoNCHUS, WITH DISTINGUISHING CHARACTERS

Oncholaimus Marine; sometimes found in brackish soils. Has cephalic setz.
Anonchus’ Has spiral amphids, and cephalic setz,

Microlaimus No thick muscular lips; amphids circular,

Ironus Pharynx tubular; teeth movable radially.

Nannonchus Has spiral amphids and cephalic setz.

Oionchus Pharynx filled by single tooth, which is really spear-like.
Mononchulus Quite similar. Has much larger (ventral) spinneret; strongly developed

lateral fields; smaller pharynx; female organ single.
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Mononchus Bastian, 1866

DORSAL TOOTH midway in pharynx or higher, usuall i
Tooth not opposed by denticles; subg, A?ON'ONCH()J'Smaft;ﬁ
type, M, truncatus Bast.; pharynx about 2 to 3 times as
long as wide, goblet-shaped or “ellipsoidal; wall smooth or
;gaonstv;rs];:_l{hsmatqd; kspnnncret usually present; males of
ut ha e species known;
N Dman!hy:tera) peci nown; fc;nfle organs double (except
orsal tooth faced by 2 yentrall i
2 Teeth retrorse ..i..lbl:‘{‘-‘ Y SubmoBanitecth
Teeth not retrorsg,, 4 [YTLN
¢~ Tail conoid, thén cylindroid; b;&g 7 mm. long
lo

AR es s ererenssstassasnsines

\L"I ‘_{bJJal;Jw.'r

Tail simply conoid; body 3 mm! )|
Spinneret and caudal glands abst:x?tg ﬁ“'-"/&.s'?'?'
Spinneret and caudal glands present ..
Contour of the hé.‘xﬁ- angular; labial papillz 16
Pharynx fonger {Hin the'teall 72 w
\ Pharynx 8iife' 45Yong 'a"s?'t')lﬁe h‘e{ﬁd wxde.(.m-.".?l.)
2
Ovary 1; pharynx (n6t mnch;ibnges t wﬁé%..........
Ovaries 2; pharynx téwar, g
Tail simply conoid, 8 pertcent “or less'
Spinneret npne if, 1/, s Lae
Pharynx not over half as wide as the head
Length about 1 mm.; tooth midway, small, digitate
Spinneret present
Body 2 mm. long
M tJ_N\ . Form of the tail somewhat irregular
Body 3 to 4 mm. long

Contour of s the, head ;rounded;, labial .papillz 12
e, 4 ¥, L 3@4&
Dorsal tooth not faced by submedjan tcstﬂ [1
twicg “as long as w&,‘d‘e’~ .
t,
( Pharynx bvet half as 'wide as the h%a‘d ............
id;m: o
W\.ij{;: NN Length 1.5t0o 2 mm.; tooth}_e%d midway, massive
{
Form of the tail regulap ...icvvevieeriennnannes
Tooth midway, amphids a little behind the lips

Y/ ) Tail Too'ah 1a_nd am;)'hi(iis %t thbe baseoof the lips.......
R7 g0 = e Tail conoid, tnen cylindroid, about 1
T i Esophagus 15 per cent ...7. ::T....?.ef.sc.x:...iﬁ.g

Esophagus 22 per cent ‘or more,
Buccal cavity toward 2 times as long as head is wide
Spinneret armed with 2 very small set=........ .e
Spinneret not armed with set=..... oL s
Buccal cavity only about half as long as head is wide
bial papille setose ... 7 .. . i eiiiiionnnn -
Labial papille, at least the outer, not setose
harynx 14 as wide 3§ héad; body 1.5 mm. long
Pharynx 14 as wide as head or more; body 2
) to 3 mm, . .
Cavity about 2 times long as wide; tooth acute
Cavity about 3 times as long as wide; tooth
sub-acute »
Inner labial papillz large; tail' sub-conoid. .
Inner labial papille normal; tail finally
cylindric ..... PO secosvecans cses
Tooth opposed by numerous denticles on opposite wall AT RNTY
Arrangement of the denticles i ; characters otherwise
as in_ Mpylonchulus; subg. nov. SPORONCHULUS;
et Tk A
by (ot G5 e tooth behind midway; spinneret present; anus at 92; ‘f
IV IM. The tooth \lgsf_mnt,of midway; no spinneret; anus at 96;
1 Denticlesabout 20; pharynx half as wide as the head; o
) Denticles about 50: pharynx one-third as wide as the head
: W ue 8 Arﬁang.cr;mnt 1cof the denncle}s orderli_d“1 h ;
SN j = enticles along a ventral, Tongitudinal pharyngeal rib;
£ ) M subg. CHULUS Cobb: type Pr.—miuscorum
(Dui.) Bast.; pharynx ellipsoidal, about 2 times long
as wide; males of one species known; female organs
R double; no spinneret [2: 278 orve!
(i, Eggs punctate or echinulate ..... ceererctsetecnsnanes
* "Eggs not punctate or echinulate .
Length 2.5 to 3.4 mm.; vulva at 65 per cent; anus at
94 per cent b At

Gy d s G0N

Braunsv -

fepty G b sy

1o s
ETIV R W

1dTH 2.3 per cent; denticles inward pointing.. R

Length 4 mm.; vulva at 55 per ¢ent; anus at 97 per cent
Denticles in transverse rows on 2 sometimes confluent, su

e median, rasp-like arefs, often with 2 very small sub-

i median teeth at théir basesi subg. MYLONCHULUS

Cohb; type M. minor Cobb; pharynx goblet shaped,

tooth more or less arcuate; rnalller species c¢. which

Mojioh Y Sleris l(w/*\‘l"
o Feadiane y N ket ) Nl

c’lb.é oy Vl}-a

Subgenera
and
Species
1, JMONONCHHS
(tridentatus de Man 1876) 43
(rex Cobb 1904) 51
exilis n. sp,
radiatus n, sp
palustris n. sp.
teres n. sp.
wmonhystera n. sp.
vOorax m. sp. 6
parvus de Man 1879 7
papillatus Bastian 1866 8

intermedius Cobb 1893 9
tenuicaudatus Stefanski 1914 10

maior Cobb 1893 11
gerlachei de Man 1904 12

fovearum (Dujardin) Bastian '66 13

megalaimys n. sp. 14
macrostoma Bastian 1866 15
obtusus n. sp. 16
tunbridgensis Bastian 1866 17
truncatus Bastian 1866 18
dadayi Micoletzky 1904 19
longicaudatus Cobb 1893 20
2. SPORONCHULUS
R
recessus n. sp, 21b
dentatus n. sp. 21a
decurrens n. sp. 21c
3. PRIONCHULUS
L
punctatus n. sp, 22

Width 3.6 per cent; denticles forward pointing..... {muscorum (Duiardin) Bast. '66 28
-L;onzicolﬁs n. sp.

4
pectabilis Ditlevsen 1911 25

G, i O

v A N e

. )
7_;«;.141@ {JWJ) (17’“"%7 o)) 5\1\,\ o Al

N

dro At
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(Jf KEY TO GENUS MONONCHUS

|

the males are unknown (except tesuis); female organs
double [(except index and reversys); spinneret present
(except similis) ‘/ ,

Ovary 1; tail rapidly diminished, thien digitate

Vulva in front of the ovary; denticles few......... o
Ovaries 2; tail not digitate (Ex. perhaps sigmaturus)
Dorsal tooth somewhat digitate, relatively small
Refractive ring about pharynx in front of tM.
Refractive ring abotuif pharynx not prominent.<?
Dorsal tooth massive, not digitate ~——
Head rounded, denticles in about 12_rows..... PP
Head truncate, denticles in 2 to 6 rows
Rows of denticles 2 ....ovvvmvnneen sessorsasasne 5
Rows of denticles 4 to 6
Denticles about 4 rows; spinneret small..........
Denticles shout 6 rows; spinneret larger

Tail bent ventrally near the middle wunsu ol |4 vLedy A 1})7

Caudal setz none; tail conoid ... .
T C]auda] sete (3 pair]sl) ;{lresent; tail ml:;‘conmd
ail arcuate or_straighti Lo~ dATUL .
Width of adults 2.3’Fe%ctr'it ...... St
Width of adults 2.7 per cent or more
Caudal glands and spinneret absent...
Caudal glands and spinneret present Ve
Fggs thick shelled Fava Uiallb, m
Eggs thin shelledyy, k&.}: dyhel w
Buccal striz { if _any; -anus 94 to
96 per cent C . (

Xy

Species aquatie
Species not aquatic ....... .00 3o
] Buccal striz more, pron(\)unced; anus 98
per cent }iyylgwut)
Spirneret finally dorsally recurved..
Spinneret Tiot dorsally recurved

DORSAL TOOTH and others small, basal or nearly so (Exc. 44)

J‘Ei ;LLULE'J/_JOng, and__often’ ﬂm%er;

k.2

ot

Teeth retrorse,
ANATONCHIS ] la
species with'fobiny ‘elongated pharynx and smailish retforse *
teeth; tail Jong und usually becoming cylindroid; female
organs double; males of most of the species known "

Body 2 to 4 mm.; teeth equal, midway; anus 90 per cent....

Body 5 to 6 mm.; teeth sub-basal; anus 80 to 85 per cent
Submedian teeth equaling_the_dorsal; body 6 mm.........
Submedian teeth smaller than the dorsal: bodvy 5 mm.....

Teeth not retrorse, small; ot even minute; subg.'IOTQNCHUS
Cobb; type I.°gvmnolaiiiiis Cobb: laree species with roomy
elongated -harynx having longitudinal ribs: tail rather

males of more than half 1

species known: female organs double or  sitigle;™ rfiost

species with spinneret b=

small, basal, exceptionally midway; - subg.
S Cobb; tvpe A. tridentatus de Man; largen

3 I\_P/A H
obtusicaudatus’ Daday 1901
. bgggh_yuri_s Biitschli 1873

S
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4, MYLONCHULUS

Vulva beliind the ovary; denticles normal....cceeeeoses index Co

reversus n. sp.

Aot (02

denticulatus n. sp.
sparsus m. Sp.

micrurus n. sp. .

incurvus n. sp.
sigmaturus n. sp.

subtenuis n. sp.
subsimilis n. sp.

obliquus n. sp.
lacustris Cobb 191§
minor Cobb 1893

brevicandatus n. sp.
japonicus n. sp.

wdl

Aty

ceseecsesvaioeassses ) polonicus Stefanski 1915

s. ANATONCHUS
r

tridentatus de Man 1876

gracilicaudatus n. sp.
dolichurus Ditlevsen 1911

by <L

;u,w: k

6. JIOTONCHUS
SR

Ovary single; 1 to 3 rudimentary basal teeth = .
Tail digitate:jﬁit%ﬂs%x_eigsﬁal teeth...... e - , digiturus Cobb 1893
Tajl not digitate- orsal tooth, remainder faint or none 3 .l falHl s 0.

Posterior extremity setaceous |
Posterior extrmmity slender but fiot setaceous R
Pharynx as long as wide: submedian denticles. ..
Pharynx about 2 times long as wide; faint submedian
teeth T);

tnchvums n. Sp.

-

(bathybius Micoletzky 1913)
(e Wit 10

Amphid simnle; buccal wall thin, transversgystnated gvmnolaimus Cobb 1893

Amphid duplex; buccal wall thick, not striated.....
Ovaries 2; 1 t~ 3 small, sub-hasal teeth
Body 4 to 7 mm.; tail finally cylindroid; 3 teeth . '*('J‘
Spinnere: present; lips rather plain, &Juish A w i
Lengtk 4 mm.; anus 90 per cent; the 3 teeth subequal
Length 6 to 7 mm.; anus 80 per cent; submedian teeth
smaller R
Spinnere: none; lips striated lengthwise :.LU..."_.‘ ...... sese
Body 1 t 4 mm.; tail conoid; T t6oth; sometimes denticles
Anus ~* about 86 per cen&‘ tail conoid, or @ last sub-
cylindroid, | 19 vdd | A W)l " .
Lips not_set” 6% ‘by constriction; onchi unequal or one
Onchus with sma“hcoanuamons: Ec:ﬁ mum'tle.dt i
Onchug ane onlyg head truncate; pharynx striated...
I.insq ﬁ]iﬁ‘_‘%’\?“a_ﬁce‘ﬂ" conistriction; onchi three, equal
Anus it about 94 per cent; tail simply conoid
Porsal tooth small, others basal, minute, indefinite. ...
Dorsal tooth distinct R
Buccal cavity half as wide as lona; tooth sub-basal..
Buceal cavity as wide as long; main tooth basal
Spinneret present ...eceecesccccnns eesssersesen

cecesacessssstsemseese s Ve DY

Spinneret none

‘

[ll,{}'\j\/(f{, =R

consimilis n. sp.

rapax n. sp.

rex Cobb 1904
regius n. sp.

bathybius Micoletzky 1913

similis Cobb 1893
fasciatus n. sp.

studeri Steiner 1914
zschokkei Menzel 1913

brachylaimus n. sp.
acutus n. sp.

26

28
29

30
31
32

34
35
36
37

50

51
52

53
53b
54
L]

56
57

ot

e e ——— =

-
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I. M. exilis, n. sp. The cylindroid neck ends in a rounded head with a dis-
tinctly expanded lip region. The large pyriform pharynx is armed with three sub-
equal teeth. The wider anterior part of the pharynx is two-thirds as wide as the

* head. The apices of the teeth are midway,
1.8 6.2 27. <7815 gg.2 the dorsal one being a little the farthest for-
1.6 1.8 2. 2.3 1. <™ ward. Arohids somewhat behind the lips,
1.8 8. 24, -u-38 gg, but farther forward than the teeth, consisting

1.6, 1. 2, 2.2 Lz 2 of somewhat rectangular markings one-fifth
as wide as the head, longest in the transverse direction, and with the lateral and
front margins plainer than the posterior. Lining of the asophagus not so promi-
nent as in most mononchs. Intestine greenish, finely granular, obscurely tessellated.
Cardia long and plainly to be seen through the flat, colorless pseudo-bulb at the
beginning of the intestine. The rectum has a thick lining of highly refractive
ceratin, and is a prominent crgan one and one-half times as long as the anal body-
diameter. Terminus about one-fourth as wide as the base of the tail. The very
broad vulva is only slightly elevated. Posterior sexual branch only two-thirds as
long as the anterior. On the male there is a row of about 14 equidistant, rather
closely approximated ventral ridges in front of the anus, extending forward a dis-
tance equal to 3 tail-lengths. These do not bear any prominet papille. The body
is somewhat thicker in the region of these ridges. Spicula linear, uniformly § pin
diameter when seen in profile, the proximal end being in no way distinguished from
the rest of the shaft. The accessory pieces appear to rest rather closely against the
distal halves of the spicula, .

Found about the roots of moss, Moss Vale, New South Wales, 1894, Examined
in water after fixation with osmic acid. e

2. M. radiatus, n. sp. The 3.3 o, 30. 74' g5.
amphids of this rather small 2.2 2.8 2.8 2.3 2.2 0™
but elegant species are minute and inconspicuous,—about one-
eighth as wide as the corresponding part of the head. The
granules of the intestine are largest posteriorly, where they are .
about one-half as wide as the spinneret. The intestine is not
tessellated. The tail is markedly arcuate, its spinneret about
one-fifth as wide as its base. Anus very slightly raised. Caudal
glands rather small, elongated. Sexual organs apparently double and symmetrically
reflexed.

Description derived from a single young specimen from a cranberry bog in New
Jersey, U. S. A. Flemming solution to glycerine, Fig. 17.%*

3. M. palustris, n. sp. Intestine 12 to 15 cells in girth, more or less distinctly
AT wm B 2.7 8. 30. +g2015 go. N tessellated. Tail are-
A T 2, 2.3 2.8 2.7 1.8 7 14 ™ ate, its rather conoid

spinneret about one-fifth as wide as its base. Caudal glands
broad and saccate, their ampulle occupying most of the
posterior half of the tail. The elongated eggs are about
twice as long as the body is wide, and occur one at a time
in each uterus. The rather small, tapering ovaries contain

8 to 10 ova arranged more or less irregularly.

From a white cedar swamp, Jefferson County, Wis-
consin, U. S. A. Feeds upon rotifers and probably upon
other nematodes, which it appears to masticate (page 443,
fig. 10). Sublimate to balsam. Fig. 18.

* This decimal formula for nemas is explained in the appendix.

**® The species figures have the same magnification throughout, so that the reader may guage the
relative sizes.
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i bmedian

4. M. teres, n. sp. This comparatively small, simple form 1hztson 1-sauﬂmr e

teeth of equal size. Walls of the intestine with numerous g}:atr]l-,l;:z RN
form size, giving rise to a faint tessellation ; the granules su

Y
required to span one of the 3.9 1:,6 33.5 eg - Bg.TA_B -
1 i ly 3.4 . . N . .
amphids. Tail rather strongly . ) .
arcuate, its fairly well developed spinneret about one i-:nfth a:uwbut
as its base. Caudal glands someschat .elongated, thex.r sn;ifth i
rather conspicuous ampullze nearly filling the posterior

e tail. ' 1
) om a single, more or less shrunken speci

Description prepared fr > |
men, found in the sphagnum of a pot in which blueberry plants

i i L
ere being cultivated. Bears a general resemblance to pap.tllatus, b‘ut. dtlfferls é:ﬁne‘
P:)rm of the pharyngeal teeth and of the terminus. Flemming solution to gly
Fig. 19. :
5. M. monhystera, n. sp. Amphids not see ;
intestine rather distinct and refractive. Intestine only

en. Lining of the rectum and of the
faintly tessellated, if at all.
Tail arcuate, rather

3.3 9.7 27. ¢7819 o4, 32 o TtheeeE=
3. 3.3 3.8 3.2 2.3 blunt,

neret. From the rather conspicuous, more or less elev;tefi
vulva, the vagina, which is two-thirds as long as thefbo ,y :15
wide and tubular, extends obliquely inward and orv\atll'-I e.
Nothing definite is known with regard to the eggs or
ovary. )

fogzugfi :}ll)i)ut t]:Z roots of orange t.rees, Bahia, Brazil. 1Bea;i
a general resemblance to M.' papillatus, but.has c’mtyonoto
ovary. This species is nemativorous. Flemming soluti
glycerine. Fig. 20.

6. M. vorax, n. sp. This vor?cious spe
cesophagus is therefore at first slightly swollen.
not tessellated. The 5.4 g, 27, 7122 92,

i 7 2.6 1.6
terminus of the arc- 2.1 2.3 2.7 [
uate tail is about one-seventh as wide as its base. The

elongated eggs are about twice as long as the'body is
wide. Each ovary contains about 30 developing ova,
arranged irregularly. Small sperm cells. were seen in
abundance at the flexure, in a condition indicating that
the species is syngonic. ) ) ) )
Found in soil from a white cedar swamp in Wlsscoz.
sin, and from a cranberry bog in New Jersey, U. S.
This is apparently a voracious feeder on other nema-
todes. Remains of Dorylaimus :
and Jronus were seen 1In theg |
intestine. Resembles M. mac- i ]
rostoma, but the tail is conoid and has no spinneret. Sub
imate to balsam. Fig. 21 :
11"; M. parvus de Man. De Man mentions the pr;ser‘:ce
: , the be-
i at the base of the pharynx, near
S ginning of the cesoph-
$:1- 9.5 29, 60 % 4t agus. Lining of the
3. 3.8 4.7 5.2 3. . X bout 10
cesophagus well developed. Intestine apparently abo
to 12 cells in girth, tessellated. Rectum somewhat shorter

than the anal body-diameter. Tail arcuate; its terminus only about one-eighth as

cies has a large mouth cavity 'and. the
Intestine 12 to 20 cells in girth,

—yre—

—h

=
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wide as its base. An egg seen in the uterus measured 100 p in length. Tt is not
certain that caudal glands are present,

Knowledge of this species rests very largely on the observations of Dr., J. G. de
Man, who says that it is an active species, common in sandy soils of the dune dis-
tricts of Holland. Occurs also in Germany, according to Brakenhoff, whose speci-
mens, however, have the dorsal tooth close to the lips instead of midway as in the
type form. Fig 22, previous page (after de Man).

8. M. papillatus Bastian, Glands are present in the segments of the cesophagus,
and are most strongly developed in the posterior half, The secretion of the glands

3. 9.3 28. gp2? g3 in the dorsal segment

2.6 3.5 38 43 2.4 '™ pours into the lumen
of the cesophagus through a minute pore near the middle of

the neck, a short distance behind the nerve-ring, Under favor-
able conditions lenses of the highest power show transverse
striz to be interrupted on the lateral lines, where there are 2
refractive longitudinal striations very close together. What

appears to be an ordinary ventral renette pore is found a short
g distance behind the nerve-ring,

prove this species to be syngonic. The longitudinal r
3 in number,
subventral or submedian rib of the pharynx shows tra
denticles.
denticles.

muscorum, as mentioned by Menzel., .

A common, voracious, cosmopolitan, nemativorous species. Found in many parts
of Europe and of the United States, and also in Hawaii, Australia, South America
and Asia. Fig. 23. See also fig. 8

9. M. intermedius Cobb, Truncate head having 6 lips, each with 2 papille,
The elongated-oval amphids are half as wide as the base of the lip. The rather
long, goblet-shaped pharynx is half as long ;.5 7.4 24, <3335 g,
as the head is wide, and presents a mod- 2.4 2.4 2,8 3.3 2.4 1-9m
erate-sized dorsal tooth two-thirds the way from the base to the lips. The intes-
tine, whose commencement js marked by the presence of a pseudo-bulb, shows a
rather indistinct tessellation, What appears to be a ventral renette pore occurs -
just behind the nerve-ring. The lateral fields are one-fourth as wide as the body.
Caudal glands are present in the conical, arcuate tajl, Spinneret almost pointed.
Anus depressed, consequently conspicuous. Vulva conspicuous.  The reflexed por-
tions of the ovaries extend one-half way back to the vulva.

Found about the roots of sugar cane, Harwood, Clarence River, New South
Wales, Australia. Examined in water after fixation with osmic acid vapor,
+10. M. tenuicaudatus Stefanski, The lips are said to bear 6 large, spheroidal

papillz. A transverse element is said to traverse the wall of the pharynx opposite
7?21, 504 g4, 2.2 o the apex of the
R A 4. 7 ) dorsal tooth, and
to bear 2 slightly curved projections. The esophagus

is muscular. At first the taj] diminishes regularly in
diameter, but presents 2 swellings in the posterior part.

Found among alge, in the Rhone River, Switzer-
land. This species is said to resemble M. macrostoma
Bastian in the form of the buccal cavity, but to differ
from that species in the details of the structure of
the mouth, as well as in the form and length of the
tail. Fig. 24, after Stefanski.
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11. M. major Cobb. Labial papille of the inner row each with 3 (?) ner\;;-
endir;gs. Amphids slightly- farther forward than the apex of the dorsafl tocl)-l .
small. Lateral fields one-fifth as wide as the body. Intestine composed of rather

mall cells

”, ™ 1.8 8. 18, 5526 g5, i s 3 ai;
Tl .6 2.2 2.8 2,9 1.57 showing

4 ' 45 indistinct tes-

5 6.8 10 -85 es. = i
.5 2.3 2.9 2.8 2.3 sellation.

L eggs are probably less than twice as l?ng as
wide. Each of the 12 rather conspicuous,
echinulate, mammiform accessory organs is
sitnated on the posterior side of a transvex:se
ceratinous ridge extending one-fourth the dis-
tance around the body. The anterior two or
three and the posterior one of these organs
are smaller than the others. There are 2. pairs
of ventrally submedian papille, also inner-
vated, on the anterior third of the tail, the
posterior pair being near the end of the an-
terior third, and the other pair half way be-
tween that point and the anus. There are
other papille faintly visible on the dorsal side
of the tail and elsewhere (fig. 16). The fltlz-
males of this species also present hpa;t:)illda near t;-npeos;rttélv;:e 3u1i-?a1:,}, evt;ntsll-laor):_
submedian papillz on each side of the body, one o e the ; ,in e AN
distance in front of it and another a short dlstance.behmd 1t,1an 5 aedug
tandem series of 3 papillz, both in front of and‘ beh.md the vulva, e xQHey
i ion and conformation of these papille is showr.: in ﬁg}xre 44 bt
::;? tl;lt;h?e::et;ogf other species possess similar papille. Fixed with osmic acid;
ined in water. ; 3
ex;l::l?ld about the roots of plants, in datmp 501.1, Mos_s Vale, If)lew tizu;};“::\ \::1::
Australia. Also about turnips in Tasmania. This species resembles
Fif.z:zs.M.' gerlachei de Man. Lateral fields about one-third as w:c:)e as etlhetli')licel:-.
In transverse section the buccal cavity, though' ne:.arly round, is othscu‘;al)l' ey
sided, and shows the existence of 3 small, longitudinal grooves in the

2. 5.2 18. +50'3  g2.5

3.7 mn 4
1.8 7 ? 3.7 2
2. 5.6 20, M- 85.5 5o
1.8 ¢ ? 3.7 2.3

pharynx, presumably so functionix}g as
to increase the elasticity and mobility of
the pharyngeal walls. What appears to
be a renette pore occurs immediately
behind the nerve-ring. Anal muscl.es
are well developed in the female. Spic-
ula arcuate, tapering both ways, about
one and one-third times as long as the
anal body-diameter, and in their widest
part about one-sixth as wicll)edas 'It‘}}l,e
i ody. e :
::::::g:; dl;?egceliolt::nachmtth:ne-tIJ:ird as long as the spiculzf, felat.xvely 2:-;1:11 ;r}zi
poorly developed, appearing to he parallel to them when viewed in profile.
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pre-anal ventral row of supplementary organs is essentially the same as in major
(fig. 16). According to Steiner’s observations the number of supple‘mentary organs
in this species may at times be as great as that noted in major. Steiner calls atten-
tion to the existence of a submedian row of pre-anal papillz, lying on either side
of the ventral row. The tail bears 3 pairs of papillz, one submedian or subventral
pair near the anus; a second subventral pair slightly behind the middle; and a third
dorsally submedian pair at the beginning of the final fourth of the tail. In the
male the slightly conoid spinneret is one-sixth to one-seventh as wide as the base of
the arcuate tail. The proportions are about the same as in the female, although the

tail of the female is slightly longer and more slender, and not so strongly arcuate..

Found among fresh water algz, Cape Van Beneden, Danco Land. It is rather
difficult to point out satisfactory differences between this species and major. The
pharynx of gerlachei is relatively smaller and is thicker wallec?, and its dorsal tooth
is slightly farther forward. The number of labial papillae—sxxteen—appeafs to be
the same in each. The amphids are perhaps slightly farther back in major tha.n
in gerlachei. The number of papillz noted on the tail of the male of major is

greater than that moted on the tail of gerlachei, but so far as the distribution of

the dorsal papillz on the tail of gerlachei is concerned, they appear to accord. very
closely with those of major. The two specie.s appear to be closely related. Fig. 26
on the previous page (after de’Man). -

13. M. fovearum (Dujardin) Bastian. This is an insufficiently known species
and may have to be declared nomen nudum. Head a trifle angular. Pharynx
angular, “armed with 2 to 3 straight pieces, each v 7 16. 50 83. , . o
(?) with a pronounced tooth in front of the ®~?7 7 . 7
middle.” Tail tapering at first but retaining the same diameter through its pos-
terior half, and ending in a sort of spinneret (?). Eggs in single series.

Found at Rennes, France, in a fresh water ditch, along with Branchipus, ento-
mostrica, Englena etc. De Man suggests that this species is related to tridentatus.

14. M. megalaimus, n. sp. Labial papillz obscure. Amphids obscure, half way
between the apex of the dorsal tooth and the anterior extremity. Cardia large and
2.9 %8, 28, +52238 gg, 1.5 no conspicuous, more oOr

1.8 2.6 3.1 35 1.7 less c¢ylindroid, three-
fourths as wide as the body. Intestine about 12 cells in
girth, more or less distinctly tessellated. At the end of
the anterior third the tail is one-fourth as wide as at
the anus. Spinneret slightly swollen, with 2 very small digi-
tate seta.

About the roots of plants, in a tamarack swamp, Wisconsin,
U. S. A. This mononch is peculiar in the relatively meager
development of the labial papille and the pharyngeal teeth,
and the weakness of the pharyngeal muscles, Flemming solu-
tion to glycerine. Fig. 27.

15. M. macrostoma Bastian. Inner set of labial papille inconspicuous; outer
set fairly well developed. The neck tapers but little. The head, however, is rather
markedly convex-conoid. De Man describes and figures 2 exceedingly minute
submedian teeth at the base of the pharynx. (Esophageal lining strongly devel-
oped. Intestine 12 to 15 cells in girth, tessellated. Posterior half or two-thirds of
“the tail of the female of practically uniform diameter, tapering but very slightly.
Spicula arcuate, very slender, about twice as long as the anal body-diameter. Their
proximal ends are not cephalated. They are accompanied by 2 accessory pieces,
hardly one-third as long, arranged parallel to their distal parts. Supplementary
organs, about 20, in the form of innervated papill, spread over a distance nearly
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equal to the length of the tail, the posterior member of the series being a short
distance in front of the anus. There are 3 pairs of somewhat ‘equidist:mt subven-
tral post-anal papille on the anterior part of the tail. There are also latcral
papille2 on the tail . ) -

This beautiful, ac- z";. :..6 ‘;' 5; : 8:' > 2. ma —
tive, rather common 2..6 ?" 25.' N ;2' y 9
species is found in 7 T 7 5 > !-9mm o b
the soils of meadows and marshes in many parts of T
Europe; it is also aquatic. The writer has followed
Dr. de Man’s rehabilitation of Bastian's macrostoma.
Corresponding females which the writer has found at
the Arlington Farm, Virginia, U. S. A, indicate the
presence of exceedingly fine transverse striz, and of in-
conspicuous wings. Amphids obscure, just behind the
lips, difficult to see except in dorsoc-ventral view. The
esophagus receives the basal fourth of the pharynx, !} ! (\
and in this region is very slightly swollen. The writer .
failed to see the minute basal onchi mentioned by de Man. The thin-shelled eggs,
which occur in the uteri one at a time, are about one and one-fourth times as long
as the body is wide and about half as wide as long, and are apparently deposited
before segmentation begins. The writer has no doubt this species is syngonic. A
female which had yet to undergo the final moult contained an egg which had its
shell completely formed, and was evidently in a state preparatory to segmentation.
Flemming solution to glycerine. Fig. 28 (after de Man).

According to Bastian the following differences exist between macrosioma and
truncatus; macrostoma is 50 per cent longer, and is relatively narrower in the ratio
of 3.5 to 5.3. Macrostoma tapers less in the neck, and has papillz, while fruncatus
has none. While macrostoma is the larger, its pharynx is no longer; the onchus is
a little farther forward. The intestine in macrostoma is less distinctly tessellated.
The posterior part of the cesophagus in macrostoma is figured as having an internal
expansion. These characters seem to the writer sufficient to separate the two
species. It is probable that papillz on the head of iruncatus were overlooked by
Bastian.. This would have been easy, for instance, if the papill2 on fruncaius are
similar to those on megalaimus. See figure 27, )

16. M. obtusus, n. sp. Papillz setose. The adjacent figure (29) is after

o 2.4 7 25, ‘504 87, Biitschli, whose
2.8 7 4.2 7 3.3 7™ fizures seem to

) represent a different species from that figured by de

o fh Man under the name macrostoma, notwithstanding the
’ P general resemblances. The proportions of the tail and

o & a4 of the spicula are different in the two forms; the dis-

tribution of the papillz on the tail is also different, and,
while the number and position of the pre-anal ventral
supplementary organs are about the same, their form as
shown by Biitschli is decidedly different from that
shown by de Man. In addition, Biitschli’s figure shows
b w 3 pairs of pre-anal, ventrally submedian papille coex-
tensive with the ventral row. Biitschli’s data may there-
fore, the writer thinks, be taken as establishing this new
species. Synonym, M. fruncaius Bastian of Biitschli.

Found in the River Main, Germany; common in mud
and in aquaria and among aquatic plants, in moving water not foul. See also fig. 15.
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17. M. tunbridgensis Bastian, The Tunbridge mononch is interesting histori-
cally as well as intrinsically, for it was an examination of numerous specimens of
this aquatic nema that marked the beginning of the classical researches of the
2.4 8.7 24, 52020 gg
2.1 2.8 3.6 3.7 2.3’.18m
2.4 7.8 23, 5324 gp,
2. 2.5 7.8 2.7 1.7
well-known English nematologist, H.
Charlton Bastian. The upper formula
is the average of glycerine specimens
from the Arlington Farm, Virginia,
U. S. A, while the lower formula is !
the average of the writer's balsam ||
specimens from Tunbridge Wells, Eng-
Jand. As a rule the head is rather suddenly contracted opposite the pharynx, and
this is perhaps the best distinguishing mark of the species. Bastian, who had an
abundance of specimens, emphasizes this character. The adjacent figures are those
of Dr. de Man, and show the pharynx relatively a little narrower than is usual. The
tails of the writer's Tunbridge Wells specimens accord rather with Bastian's figure
than with his description. As is often the case in other mononchs, the labial papille
stain more strongly with carmine than do adjacent tissues, so that the lip region as
a whole appears strongly colored. Opposite the dorsal tooth there is an exceed-
ingly minute, low, subventral projection. The form of the amphids is not fully
determined ; they are located nearly opposite the base of the pharyngeal tooth, and
have a width one-half to one-third as great as that of the pharyngeal cavity. Near
the cardia the cesophageal lining occupies about one-fourth of the optical longitudi-
nal section of the cesophagus. The intestine, which may present a certain amount
of tessellation, is about 10 to 12 cells in girth. The anterior two-fifths to one-half
of the tail is conoid in such a fashion that at the middle the diameter is about
one-sixth as great as at the anus. Thence onward the tail is nearly cylindrical, and
ends in a very slightly expanded terminus armed' with ofie or two very inconspicuous
papille. That a sticky substance often exists on the surface of the terminus of the
tail is evident from the accumulation there of minute particles of foreign matter.
Caudal glands appear to exist immediately behind the anus, but their nuclei have
not been definitely made out as yet. The lateral fields appear to be one-third as
wide as the body. Each ovary contains a score or more of developing ova, ar-
ranged in several tiers in the distal half of the organ, but single file elsewhere,
The somewhat elongated eggs are about one and one-third times as long as the
body is wide, and about half as wide as long, and occur in the uteri one at a time.

This seems to be primarily an aquatic species, though the writer has found it also
in soil in the vicinity of rivers and streams. Fig. 30 (after de Man).

18. M. truncatus Bastian. (Esophagus conoid, its lining well developed. Intes-
2.5 ? 25. ¢50+* 8. tine about 12 cells

3. 7 . 5.3 8.4 18m o girth, more or
2.5 7 25. M e2.. . less distinctly tes-
? T 7 1 7" sellated. Lateral
fields broad and distinct. It is a question whether to
retain this species on the basis of Bastian's original
description, or to accept Biitschli’s description as a
rehabilitation of Bastian's species. It is hardly likely
that any species of Mononchus is destitute of labial
(ﬁ/ papillz, and in this respect Bastian's description
PR xm0 Seems defective. The extreme reduction of the

1.3 na

R g WEPE

=T e

SUBGENUS MONONCHUS (5. 5. 463) 161

labial papill so far recorded is shown in megalaimus. Biitschli and later authors
describe and figure the papille of fruncatus as setose. It seems hardly likely that
Bastian would have overlooked setose papille such as those figured by Biitschli.
In that case Bastian’s fruncatus should be retained as a species, probably having
very inconspicucus labial papille similar to those of megalaimus, while the data
given by Biitschli may be taken as establishing a new species, for which the name
obtusus is proposed. (See No. 16.)

Found in a small pool, among decaying moss and liverwort, England. Fig. 31
(after Bastian). f(‘f

19. M. dadayi Mico]etz{-ry. A striking character of this species, “M. macrostoma
Bastian var. armatus Daday,” as described by its author, is the presence of 6 small,

v 7 22, 7 &gg. tooth-like cuticular spines close
———® ¥ 7 7 4.2 2.8 ""®® around the mouth. No such

() structures have been seen in other species, and accordingly

Micoletzky has proposed for the form the name dadayi.

This is a littoral species. The description and drawings
rest upon the examination of a single specimen. The original
mw description is very brief and the accompanying illustrations,
~ one of which is here reproduced, are meager sketches of the
head and tail ends. A more complcte examination of further

X790 specimens is desirable. Fig. 32 (after Daday).

20. M. longicaudatus Cobb. Opposite the apex of the dorsal tooth there are
refractive transverse thickenings of the wall of the pharynx in the ventrally sub-
median region, and in front of these thickenings there are a few transverse striz.
The lateral fields are two-fifths as wide as the body, and are distinctly to be seen.
since they have definite lateral contours, doubtless owing to the thickness of the
muscular layer. The lateral fields contain scattered, nearly colorless granules
somewhat smaller than those contained in the intestinal cells. In young specimens
the vagina is distinctly separated from the uterus by a deep constriction, and the
uterus itself is bulbous near this constriction and narrower farther away. Longi-
candatus is a syn- 3.° 6.7 26. <5523 gg, .
gonic species. In 2. 2.4 - 3. 3. 2.4 % m
the adult and egg-producing specimens the eggs are
seldom or never seen more than two at a time, one in
each uterus.

A predacious species, feeding upon other nematodes,
upon rotifers and protozoa. It is cosmopolitan, and is
found in rivers, ditches and pools, as well as in the
soils of swamps and meadows. It occurs, sometimes in
vast numbers, in the sand of the slow filter beds of the
water-works of cities and towns. Flemming solution
to glycerine. Fig. 33; also fig. 2, p. 132.

Longicandatus suffers from an internal disease caused
by a fungus having a branched mycelium. The width
of the mycelium is about half as great as the thickness of the body wall of the
nema, and the septa of the cells are separated from each other by a distance equal
to the diameter of the body. There are two other discases affecting this nema,
one of microbe origin, the other of fungous origin; they appear, however, to be
confined to the cuticle. One consists of short-styled, clongated-ellipsoidal elements
on the surface of the body extending outward at right angles. These have been
seen on the tail end. The microbe growth appears as a coating, sometimes of
considerable thickness, and occurs on various parts of the body. It has been seen

31
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at both extremities. The adjacent figure (34) depicts the tail end of a male found
in Hawaii about the roots of sugar-cane. The general resemblance to the male as-
signed by Biitschli to M. truncains Bastian is very striking, yet
the differences in detail are also pronounced, The number of
supplementary organs is 16 instead of about 20, and the organs
themselves relatively shorter and more plump. The spicula and
their accessory pieces have the same general proportions and size,
The tail also has the same form and proportions, but the * “rmi-
nal portion is more slender in the Hawaiian specimen, and the
distribution of the papille thereon is decidedly different, as will
be seen by comparing figures 15 and 34. Male mononchs are so
rare that the amount of variation that may exist in a given
species is a nearly unknown quantity, so that.it is not exactly
easy to make intelligent comparisons between the males in
these two cases. The Hawaiian male is supposed to be the
male of M. longicaudatus, the only one that has ever been
seen. It is interesting to note that when the spicula become
long and slender the accessory pieces also become long and
slender, but maintain their general form and are bifurcated at
the distal end. Fig. 33 (on the previous page) and fig. 34. It is
a curious fact that this, the only male of M. longicaudatus
ever seen among the many thousands examined, should have
come from soil, since longicaudatus is much less common in
soil than in water.

21a. M. dentatus, n. sp. This representative of a new subgenus is especially
interesting as a guide to speculation concerning the relationship of Mononchus to
3. 9. 2. g0l gg, 11 mm
2.6 2.8 3.3 3.3 1.8 °°
other genera. The scattered denticles are
paralleled in .certain marine nemas. The
arcuate tail is conoid from the raised anus.
The rather blunt terminus is about one- //

2o

fourth as wide as the base of the tail. There
is a pair of ventrally submedian, innervated
papillz a little in front of the middle of
the tail. The amphid is sometimes more elongated than shown in the illustrations.
Description of a young female, from roots of orange trees, Bahia, Brazil. Fig. 35.
For 21b, M. recessus, and 21¢, M. decurrens, see Appendix, p. 184.

22. M. punctatus, n. sp. This species is proposed for the reception of the
specimen described by Brakenhoff under the name M. papillatus  Bastian, which

appears to differ from 2.6 ? 25  +85'28 g3,
any mononch hitherto 2.2 7 ? 3.5 » 1.7 88
described in that the shells of
the eggs are echinulate. It is >
. Dlaced in the subgenus Pri- ol
onchulus, though with some
« doubt, principally because both
the description and the figure
of Brakenhoff show the pres-
ence of denticles on the ven-
tral rib of the pharynx. The
<o author says: “Hier findet sich
nimlich eine, in der Mitte (und an den 2 Seiten) fein gezihnelte Leiste. Diese
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Ziéhnelung erstreckt sich iiber eine etwa 0.016 mm. lange Strecke und beginnt
distalwirts etwa in der Hohe der Spitze des dorsalen Zahns.” The ellipsoidal
eggs occur in the uteri one at a time, are about as long as the body is wide, and
two-thirds as wide as long.

Found among the roots of Alopecurus denticulatus, as well as aquatic habitats,
in the bottom of ditches and lakes in Germany. Fig. 36 and 36a (after Brakenhoff).

23. M. muscorum (Dujardin) Bastian. The oldest, and one of the best known
species. Intestine tessellated. Tail conoid and arcuate. The reflexed ovaries, each
containing about a dozen ova arranged
more or less in single file, extend half way W EEXGil

"

2. 9. 24, 6532 gg, et 2.3 7.4 24] +80°25 | oz,
2.1 2.7 3.2 3.8 1.6 c-o-9-mm 2. 3.2 3]7 4.4 2.5

back to the projecting vulva. The eggs are one and one-half times as long as the
body is wide and three-fourths as wide as long. The alnterior sexual organ is
somewhat the larger. Fig. 37, left. p
. This is a beautiful and rather.common cosmopolitan speciks, occurring in swamps,
marshes, 1 edows and m?)%'r‘l'aﬁ?ds. It has been found in.various parts of Europe
and is not uncommon in the United States. It was first found by Dujardin in the
Jardin des Plantes, Paris, where it still thrives; the writer recently found it about
the T88tE0f some h¥ather imported thence. It feeds on smaller animal organisms,
among them other nematodes. The following is a variety:

M. muscornm (Dujardin) Bastian macrolaimus, n. var. Besides differing slightly
in proportions from the type form of the species, the variety has a somewhat larger
pharynx, with smaller denticles on the ventral rib. The submedian papille of the
outer sets are apparently double instead of triple, though at
some distance behind the outer submedian papillz there is a
special submedian innervation. Most of these minor differences
are set forth in figures 36 and 37. 23 - v¢ /7

Found in Cladonia rangiferina, tamarack swamp, Wisconsin,
U. S. A. Fig. 38, right. .

24. M. longicollis, n. sp. A species resembling M. wmus-
corum, but which differs in the proportions of tl'fe various parts

and in the conformation of 3.; 0. 27. y 3. Wi\i

.9 mn

the pharynx, the denticles 2.2~ 2.4 2.3 2.1 .g !-2P®
of which are irregular and inward pointing. Submedian papil-
lz of the outer row double, instead of triple as in muscorim. Amphids relatively
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larger than in muscorum. Striz very difficult of resolution. Found about the
roots of pitcher-plants and tamarack, in a swamp, Wisconsin, U. S. A. The differ-
ence between this and muscorwm may not be very important. Both are nema-
tivorous. Flemming mixture to glycerine. Fig 39 (at bottom previous page).

25. M. spectabilis Ditlevsen. The muscular acsophagus encompasses the proxi-
mal third of the pharynx, and has a conspicuous lining. The uteri may contain
. : 7 20, *55° 96.8 from 2 to 4 eggs,

T 7 ? 7 4 usually 2. The
S

? 2. M 17 acute conical tail
T o7y is strongly arcu-
2 ' ~ ate. The male is a little more slender than
the female, and increases in size from a point
where the supplementary organs commence, in
such a way that the body assumes a maximum
o & circumference near the anus. The copulatory
l muscles are strongly developed, and the num-
erous, prominent, supplementary organs appear
. to have a subventral position, forming two
a 2 longitudinal rows, between which is a groove.
‘ == Fourteen of these supplementary organs are
\/ figured by Ditlevsen—manifestly not the whole
o

; strengthening piece in their distal halves, are
about one and one-half times as long as the
e anal body-diameter. Their proximal ends are
- . not cephalated. At the widest part, toward
the proximal end, they are about one-fifth to one-sixth as wide as the body; thence
toward the distal end they taper gently. The obscurely bifurcated accessory pieces,
which in profile view appear to cross the spicula, are of the usual form, and are
about one-third as long as the spicula, and about one-third to one-fourth as wide as
long. Their distal extremities lie somewhat in front of the tips of the spicula and
toward the ventral side of the body. The elongated eggs are nearly one and one-

half times as long as the body is wide, and less than half as wide as long.
Numerous specimens, the males as numerous as the females, found at Hellerup,

e e

3.6 nn

I

series. The arcuate spicula, which have a

th”m’ ‘\\\\K

near Oresund, Denmark. This species exhibits the phenomenon of flotation. Dit- .

levsen says: “If some material (meadow soil) is spread in a flat glass cup and
water is poured over it, the mononchs will mount rapidly and be lying on the sur-
face dry and shining.” Fig. 40 (after Ditlevsen).

26. M. index Cobb. No striz seen. The neck diminishes opposite the base of
the pharynx to form a rather cylindrical, truncated head which is slightly expanded
at the lip region. Amphids, one-fifth as wide 2,3 8.8 30. <gol5 ¢5.8
as the head, are indicated by transverse mark- 2.4 3.2 3.5 3.8 2. ~-°
ings, bent backward at each end, and located opposite the middle of the dorsal
tooth. Denticles in about five rows, the outer rows more distinct. Pharynx half
as wide as the head, and about three times as deep as wide. (Esophagus more or
less conoid, with a massive lining occupying about one fourth of the optical sec-
tion. Cardia pointed. Intestine few cells in girth; rather obscurely tessellated.
Rectum half as long as the anal body-diameter. Longitudinal fields are visible
throughout most of the length, and are about two-fifths as wide as the body. The
diameter of the body increases somewhat just in front of the anus, and then dimin-
ishes suddenly at the anus, so that the beginning of the tail is very considerably
less in diameter than the portion of the body immediately in front of the anus.

okl 4317
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The diameter of the cylindrical portion of the tail is about one-fourth that of the
body at the anus. Caudal glands 3, egg-shaped, opposite the anus. Spinneret
slightly apiculate and apparently unarmed. The eggs are evidently of large size.
A single egg, not yet passed on to the uterus, was four-fifths to five-sixths as wide
as the body, and about three times as long as wide.

Common about the roots of sugar cane on various plantations on the island of
Hawaii. Flemming solution to glycerine.

27. . reversus, n. sp. This very interesting abnormal form possesses striz
that appear resolvable into rows of dots. Intestine about 6 cells in girth, faintly
tessellated. Tail more or ,, g4 26. 4017 o8.
less cylindroid in the pos- 2.2 2.3 2.7 3.4 2.
terior half, its terminus one-fourth to one-fifth as wide as
its base. Lateral fields two-fifths as wide as the body. The
eggs are of relatively large size, since an ovum not yet
passed on to the uterus is 5 to 6 times as long as the body is
wide. It is therefore likely that the eggs occur in the uterus
only one at a time. The relatively broad ovary tapers but
little; it contains about a dozen developing ova. X

Rio Janiero, Brazil, about the roots of Platonia insignis Mart. In general this
species resembles #ncurvus and minor, but is readily distinguishable by the form of
the sexual organ, and by the sparseness of the pharyngeal denticles, only a few of
which are to be seen. When the female sexual organs reduce to one, this remain-
ing one usually extends forward from the vulva. Here the reverse is the case;
hence the specific name. Flemming solution to glycerine. Fig. 41.

28. M. obtusicaudatus Daday. Tail conoid, slightly arcuate; toward the end

rather suddenly di-
o minished in size. The

spinneret well marked.

Found at Berlinhaven, Island of Salao, New
Guinea, in fresh water. It seems probable
from Daday’s description that there are 3
teeth in the pharynx, 1 dorsal and 2 smaller
submedian ones just at the base of the rasps.
Probably the junction between the posterior
and anterior elements of the pharyngeal walls
is unusually prominent; this would account for
the “bogige leiste” mentioned in the original
description and shown in the original figure
along the anterior margin of the rasp. Fig.
42 (after Daday). Assuming Daday’s drawing
to be more or less conventionalized, this species
might be regarded as identical with minor. -

29. M. brachyuris Biitschli,. Amphids appear as transverse slits opposite the
onchus. Lining of the cesophagus strongly developed. Cardia plainly to be seen.
Intestine tessellated. 2.2 8. 28, +«82'18 g5,
Rectum half as long 2.4 2.8 3.8 3.8 2.2
as the anal body-diameter. Caudal glands more or less
saccate, opposite the somewhat raised anus. Tail some-
what arcuate. Spinneret pore a little to the dorsal side of
the middle of the terminus. The vulva is a conspicuous
feature, owing to the thickness of the walls of the vagina,
which is one-half as long as the body-diameter. Series of

1.1 mn
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male supplementary organs, according to de Man, about 12, mammiform and appar-
ently protrudable except the two anterior and the posterior, which are more or less
rudimentary. Series about twice as long as the tail.
A cosmopolitan species. In Florida, the writer found this species feeding on the
larve of Heterodera radicicola, an extremely serious root pest. Fig. 43, bottom p. 467.
30. M. denticulatus, n. sp. Onchus opposed by two small subventral onchi
farther back, the left a little farther forward than the right.
Found in the Zambezi River, South Africa, among fresh
water algz, The peculiar form of the head and pharynx,
and the unusually large number of denticles are the promi-
nent characters of this species. Only a single mutilated
specimen has been seen by Dr. Micoletzky. As it is un-
likely that the large number of denticles shown in the
original figures can be due to moulting phenomena, it
would seem that this form differs distinctly from all others.
Fig. 44 (after Micoletzky). As neither Micoletzky's text
nor figure suggests moulting, the numerous rows of den-
ticles are assumed to be normal. .-
31. M. sparsus, n. sp. Each rasp consisting of but 2 rows of denticles, The
tail diminishes suddenly in size 2.9 2. 32. s5¢Y o4,
behind the elevated anus, and 3.4 4.3 4.2 3.8 2.7  ->™ A Z
tapers somewhat in the posterior three-fourths. The terminus 74" :
is about one-fourth as wide as the base of the tail. The cau- W&
dal glands (?) lie opposite the rectum. aph e \PP
Found in sphagnum from greenhouses, Department of Agricul- P’\\y/
ture, Washington, D. C, U. S. A. Flemming solution to glycer-  xwo
ine. Fig. 45.
32. M. micrurus, n. sp. This odd form appears to have no submedian onchi.
Rasps of only about four rows of denticles. Amphids not seen. Lining of the
cesophagus well-developed, occupying three-fifths of the optical longitudinal section.
3. 12. 33. Y 88 o Intestine about 5 cells in girth,
2.7 3.4 3.7 3. 2.27° not tessellated, or only faintly
so. Tail very short and strongly arcuate or bent. Spinneret
about one-fifth as wide as the base of the tail. Rectum some-
what shorter than the anal body-diameter; longer than the tail.
Caudal glands not clearly seen, probably opposite the rectum.
Ampulle of the caudal glands not very strongly developed.
Described from young specimens found about Litchi roots,

extremely small and very strongly arcuate tail. The
spinneret is sometimes turned nearly at right angles to
the axis of the tail. Flemming solution to glycerine.
Fig. 46. ’

33. M. incurvus, n. sp. Striz resolvable with difi-
culty and into rows of dots. Dorsal onchus opposed
by 2 inconspic- 2. 7.4 28 632 w2, ,
uous, ventrally 2.1 2.5 2.8 3.2 2.1 0 c4ome
submedian onchi of smaller size opposite its base.
The lining of the cesophagus is a prominent feature,
occupying about two-thirds of the apparent width of
the cesophagus. Intestine 12 to 15 cells in girth, not
tessellated, its granules numerous and fine. Caudal
glands 3, broadly saccate, opposite the anus, their
ampullz long and filling the posterior part of the tail,

Fukien, China. Resembles brevicaudatus. Characterized by the
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There is a flattish cardia. Anus raised. Longitudinal fields two-fifths to one-third
as wide as the body. From the more or less elevated vulva the vagina leads inward
at right angles to the ventral surface one-third the distance across the body. The
cggs are one and one-half times as long as the body is wide, and occur one at a
fime in each uterus. The ovaries contain about a dozen developing ova.

Sandy soil in a cranberry bog, Arlington Farm, Virginia, U. S. A. Also on the

margin of the spring that gives rise to Salt River, Jamaica. Flemming solution to
glycerine. Fig. 47 (at bottom of previous page).

34. M. sigmaturus, n. sp. Two very inconspicuous submedian onchi are found
opposite the base of the dorsal onchus, just at the base of the rasps. Intestine 10
cells in girth, comparatively distinctly tessellated. The rectum is about as long as
the anal body-diam- 2.3 12. 30. 8414 g8.3
eter, and is some- 2.4 3.2 3.3 3.5 2.4  1-2mp
what sigmoid. The anus is very distinctly visible on  ma__
account of its contour, and on account of the refractive
nature of the lining of the rectum. What appears to be
a renette pore exists immediately behind the nerve-ring.
The distinct lateral fields are about one-fourth as wide o
as the body, and are characterized by the presence in Strmrph g
them of scattered granules much smaller in size than
those of the intestine. The posterior part of the tail is
samewhat digitate, and the whole is slightly sigmoid. From the anus the tail
tapers rapidly to near the middle, so that if the posterior half were lacking the
tail would be rounded. The diameter of the tail at the middle is about one-third
as great as at the base. From the middle onward the tail for a short distance is
of uniform diameter, and then tapers rather rapidly in the posterior fourth to a
rounded or subtruncated spinneret. Small, somewhat finger-shaped setz are found
on the tail; one dorsally sublateral pair, a trifle in front of the anus; another dor-
sally sublateral pair near the middle of the tail but located on the more bulky part;
finally, a third ventrally sublateral pair a little in front of the digitoid part of the
tail. The caudal glands are opposite the rectum. The eggs are about two and one-
half times as long as the body is wide. The tapering ovaries contain 10 to 12
developing ova, arranged irregularly.

Found in various parts of the United States andl Mexico. ' Resembles minor and
brachyuris, from which it may be distinguished by the form and structure of the
tail. . Flemming solution to glycerine. Fig. 48. [ ;

35. M. subtenuis, n. sp. Wall and dorsal tooth of the pharynx rather strongly
developed. When the lips are closed the pharynx is hardly half as wide as long.
Dorsal tooth slightly arcuate, its point located close to the base of the lips. The

1.5 5.8 28, 72022 g7, | submedian teeth
1.4 1.7 2.4 2.3 1.37 ¥ are easily con-
1.5 8.2 26 M e, . o fused with the
1.6 1.8 2.4 2.2 .87 "8 ™  denticles. Lining

of the cesophagus well developed, occupying one-fourth
of the longitudinal optical section. There is a small
conoid cardia. Intestine probably about 6 cells in girth,
not definitely tessellated. Anus raised and conspicuous,
y #  the anterior lip somewhat massive and “overhanging.
The arcuate, conoid tail ends in a spinneret one-fifth to one-sixth as wide as its
base.. The ovaries, of which the posterior is somewhat the smaller, appear to
contain about a dozen ova. Inconspicuous papille appear on the ventral side of
the female near the vulva. Two were noted behind the vulva and one or more in
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front of it. The tail of the male is somewhat like that of the female but dimin

ishes very suddenly behind the anus. Five pairs of innervated papille have been
seen on the tail of the male, two of them, however, exceedingly incor :picuous and
easily overlooled: Of the three more conspicuous, one ventrally submedian pair
is located a short distance behind the anus; a second dorsally sublateral pair occurs
a little behind the middle of the tail, and a third subventral pair occurs a short
distance in front of the spinneret. Of the two more inconspicuous pairs, one is
nearer the spinmeret than that just mentioned, and the other, lateral, and slightly
behind the middle of the tail. The arcuate spicula are about one and one-fourth
times as long us the anal body-diameter. At their widest part, near the middle,
they are about one-fifth to one-sixth as wide as the corresponding part of the
body and therce taper in both directions; they are not cephalated. The distal ends
are obscurely two-pronged. The obscurely bifurcated accessory pieces are of.
typical form and size, about one-third as long as the spicula and about one-fourth
as wide as lonig. Fourteen rather closely approximated, equidistant supplementary
organs occur i front of the anus, occupying a distance about three times as great
as the length of the tail. Internally the organs seem to be short, broad tubes of
slightly varving diameter; these are probably slightly protrudable. The protrudable
portion is not hispid as is the case in Af. major,—on the contrary, it appears to be
smooth. The anterior one and the posterior three of these organs are not so well
developed as the others, that near the anus being reduced to a mere innervation;
the distance beiween this latter and its nearest neighbor is about twice as great as
between any c:her adjacent members of the series. These organs give to the ven-
tral contour x crenate or serrate appearance. The anal muscles are prominently
developed. The ejaculatory duct is often filled with elongated spermatozoa, some-
what resembling those of Dorylaimus, and similar in form to those figured by
Dr. de Man for M. gerlachei. Each one may be one-fourth as long as the body is
wide, or thercabouts. There are two outstretched testes. The blind end of the
anterior is about as far behind the base of the neck as the latter is behind the anter-
ijor extremity. The blind end of the posterior seems to lie about twice as far in
front of the foremost supplementary organ as this latter is in front of the anus.
The spicula kave a median stiffening piece, and their proximal ends lie toward the
dorsal side of the body.

Found aboxt the roots of plants on the Arlington Farm, Virginia, U. S. A. Re-
sembles AL. #inor, but in the proportions of the pharynx there are notable differ-
ences. The w=lls are here thicker; the amphids are larger and farther back; the
lips and onckus are strongly developed, so that when the pharynx is closed the
cavity appears smaller than in minor. Opposite the anterior supplementary organ
there is a fid=ous ring, probably nervous. A similar structure has been noted in
other species. There probably exist at this point in the body special nerve com-
missures. Flzmming solution to glycerine. Fig. 49 (near bottom of previous page).

36. M. subsimilis, n. sp. Striz of the cuticle more or less
easy of resolution. Lining of the cesophagus strongly developed.
3. 10. 34. Yy  98. occupying three-fifths of the
3.1 3.8 4. 3.8 2.6 ‘2™ Iongitudinal optical  section.
Anus slightly elevated, especially the anterior lip. The scat-
. tered granules in the cells of the intestine are small, but varia-

N U ble in size, and do not give rise to tessellation. The more or
x70:100F N\l @8 legs arcuate tail is conoid to the blunt terminus, which is about
one-fourth 2= wide as the base of the tail. A ventrally sublateral innervated papilla
occurs on ezt side near the middle of the tail. There are no caudal glands. De-
scription derix-ed from a single young female.
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About the roots of banana plants imported from Paris, France. Resembles
brachyuris and minor, but differs in having no spinneret. The dorsal onchus is set
farther back in the pharynx than in either of those species, and there are no traces
of submedian teeth. The rasps also are less strongly developed. Flemming solu-
tion to glycerine. Fig. 50 (at bottom of previous page).

37. M. obliquus, n. sp. Two small, ventrally submedian onchi present, opposite
the base of the dorsal onchus. (Esophagus at first a little swollen; its lining well
developed, and occupy-2.8 8. 31. +63'%% g8,
ing one-fourth of the2.6 3.4 3.4 4.1 2.4 4™
optical longitudinal section. Intestine about 8 cells in girth,
as a rule not distinctly tessellated. The conoid tail is slightly
arcuate, and obliquely truncate at the spinnmeret, which is
about one-third as wide as the base of the tail. The three
caudal glands are located opposite the rectum, which ends
externally in a slightly elevated anus. The ampullz of the
caudal glands are well developed, and occupy the posterior
two-thirds of the tail. Though the vuiva is more or less con-
tinuous with the ventral surface, it is conspicuous on account
of the refractive nature of the walls of the vagina. The =
elongated thick-shelled eggs are two and one-half times as long as the body is
wide, and appear to be deposited before segmentation begins. The ovaries contain
about a dozen developing ova, arranged partly single file, partly irregularly. A pair
of ventrally submedian innervated papille were noted near the middle of the tail of
the female,

From soil from Germany, along with specimens of Heferodera schachtii. Re-
sembles brachyuris, from which it seems easily distinguishable by the large thick-
shelled eggs. Flemming solution to glycerine. The habitat led to the suspicion that
it was feeding on H. schachtii, but the writer was unable to establish the fact from
the few specimens available for examination. Fig. 51. )

38. M. lacustris Cobb. The amphids have the form of “slits,” 3 to 4 times as
long as wide, and are placed at the base of the lips nearly opposite the apex of
the dorsal onchus. They 2.7 8. 28, <63 98. . sl
are about one-sixth as 2.5 3.2 3.8 4.z 2.3 1™ / :
wide as the corresponding portion of the head. TIntestine
from 15 to 20 cells in girth, the cells closely packed with
granules of variable size in such a manner as to give rise
to a close and obscure tessellation. The well developed
lateral fields are one-third as wide as the body. The anus
is slightly raised. The lining of the rectum is distinctly
refractive. The tail is ventrally arcuate, and ends in a
blunt spinneret one-fourth as wide as its base, containing
a well developed, internally ceratinized spinneret. The
three caudal glands are arranged tandem in the anterior
half of the tail, the foremost being opposite the rectum. The spinneret appears to,
have a needle-shaped valve. A pair of ventrally submedian innervated papille has
been noted a little in front of the spinneret on the female. The eggs, which appear
to occur one at a time in the uteri, are about one and one-third times as long as the
body is wide and four-fifths to five-sixths as wide as the body.

Found in fresh water lakes, Michigan, U. S. A.; about the roots of ferns, Panama
Canal Zone; and in the Silver Springs, Florida. Resembles M. brachyuris Biitschli,
from which it differs in the form of the tail and spinneret. M. polonicus Stefanski
seems to closely resemble this species. Sublimate to balsam. Fig. 52.
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39. M. poltm/i;ls Stefanski. Two minute teeth are found at the base of the
buccal cavity. The conoid tail is somewhat arcuate from the raised anus, and ends
in a truncated spinneret one-fourth as wide as its base. The three caudal glands
are located in a tandem series in the anterior third of the tail

Description derived from young specimens found in vegetable detritus in the
Czarna River, Poland. Said by its author to resemble the next species, No. 40.

40. M. minor Cobb. There are 2 minute, submedian onchi, easily overlooked.
Amphids, only one-sixth as wide as the corresponding portion of the head, are
2.3 7.5 26. 80’18 g7 . present opposite the
2.4 25 2.5 3.4 217 '™ apex of the dorsal

tooth, and consist of arcuate, refractive markings hav-
ing their convex side toward the lips. They appear to
be about one-fourth as wide as the corresponding por-
tion of the head. There are excessively minute striz or
dentations of the inner surface of the margins of the
lips; these structures are so fine that they might easily
escape observation—much finer than the rasp-like teeth
of the pharynx. The lining of the esophagus occupies
nearly one-third of the optical longitudinal section. The
- cells of the intestine contain small, somewhat uniform,

rather evenly distributed granules. The anus is slightly raised, the anterior lip .

being a little more pronounced than the posterior. The conoid tail is rather
strongly arcuate, or even more or less bent near the middle. The comparatively
well developed spinneret is one-third as wide as the base of the tail, and pos-
sesses a valve similar to that found in Mononchulus. The caudal glands are
located opposite to, or a little behind the rectum. The lateral fields are two-
fifths as wide as the body.

This is a cosmopolitan species, found in tropical and temperate regions. It closely
resembles M. brachyuris of Biitschli, but is smaller and differs somewhat both in
the structure of the tail and in that of the pharynx. Osmic acid to water. Fig. 53.

41. M. brevicaudatus, n. sp. Walls of the pharynx unusually thick. Two ex-
ceedingly small, ventrally submedian onchi, opposite the middle of the dorsal onchus.

| e 2.7 9.3 32, +gg18 g, Lining of the eesoph-

: 22 27 3T 34 2z 5 g prominent, oc-
cupying one-third of the optical section. Intestine 6 to 8
cells in girth, faintly tessellated, Contour of the tail like
that of the head of a duck whose beak is very short; from
the anus onward having roughly an equilateral contour.
Spinneret more elaborate than usual. The ceratinjzed
walls of the vagina are plainly visible, The elongated
€gegs are two to two and one-half times as long as the
body is wide. The ovaries taper but little. About a dozen
females have been examined. No males have been seen.
Sperm has been seen at the flexure in the ovaries. The
species is probably syngonic.

Found about the roots of plants in a cranberry bog, New
Jersey, U. S. A. Resembles micrurus and brachyuris in its general form, but
differs in the details of the pharynx and in those of the tail. The species is nema=
tivorous, and also feeds upon rotifers. Sublimate to balsam. Fig. 54, in which, as
in many of the original illustrations used in this chapter, what at first sight appear

to be merely lines used as shading, are in reality carefully charted striz or lamina-
tions of the wall of the pharynx. X
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42. M. jafonicus, n. sp. The head is not set off in any marked fachion. Am-
phids present in the form of elliptical markings nearly opposite the apex of the
single dorsal tooth; the length of their long 2.1 8.9 30. g7 08,
axfs, which are placed transversely on the 2.4 2.8 2.8 2,7 5 > 1-2m
head, is probably about one-sixth as great as that of the diameter of the head. The
capacious pharynx is somewhat deeper than the head is wide; the anteilor portion
has a diameter more than half as great as that of the corresponding portion of the
head, while the posterior portion has a diameter about two-fifths as Ereat as that
of the base of the head. The single, highly refractive dorsal tooth hasg its apex
somewhat in front of the middle of the pharynx. The rasps consist of § to 6 TowS
of teeth, forming a group whose width is about one-fifth as great as the depth of
the pharynx. The wall of the pharynx is strongly developed, and g Very finely _
transversely striated in the posterior part. The lining of the cesophagus is an
exceedingly distinct feature throughout its length, and appears to océupy about
one-fourth of the optical longitudinal section. There is a small cardla, Intestine,
about 8 cells in girth, very obscurely tessellated. The short, blunt, arcuate conoid
tail is truncated at the terminus, which has a diameter about one-fourth as great as
that of the base. The lateral fields are about one-third as wide as the body, and
are composed of 2 rows of cells containing relatively large nuclei.

This species rather closely resembles a number of others, and it is iy no means
certain that it is not jdentical with some one of them, perhaps consituting a variety.
Curiously enough, it was found in Mississippi Bay, Yokohama, Japan, Sublimate
to balsam, IRt !

43. M. tridentatus’ de Man. At the base of the pharynx are 2 minnte denticles.
Amphids unknown. Pharynx more or less triquetrous, with three well developed,

2. 8.5 22, ¢g2228 gy, | m
2.1 2.6 3. a1 1.8 »2m

’f"\\
2. 8.5 22. N 9;:#2‘7!” w/

2.1 2.6 3. 3.4

double, longitudinal ribs reaching from o mie . .é

end to end. (Esophagus at first slightly N
swollen. Intestine distinctly tessellated. é

The arcuate tail is conoid to the termi- % ‘
nus, which is about one-sixth as wide as ,z' %

the base of the tail. Each of the slen- @ & | g

der, arcuate spicula is cephalated hy ‘z g

contraction and is supplied throughout
its length with a median stiffening piece,
and is crossed near its distal extremity . o
on the outside by one of the rather
broad, two-pointed accessory pieces,
which are one-halt as long as the spic-
ula. Supplementary organs 15 to 17,
apparently conical, 2 to 3 times as far ” . :
apart anteriorly as posteriorly, where they are nearly contiguous. The posterior
member of the series, the whole of which is about one and one-half times as long
as the tail, is somewhat smaller than the other members, and is 1o.ca|cd a short
distance in front of the anus. On the tail itself are a number of papillie, dorsal as
well as ventral; 2 pairs on the anterior half, ventral, and 2 pairs on the posterior
half, dorsal. It remains uncertain whether there is a spinneret and candal glands.
This striking species seems to be widesprgad in Europe in moist soil, and is
rather common. Fig. 55 (after de Man).
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44. M. gracilicaudatus n. sp. Intestine about 12 cells in girth. The anterior
fifth of the tail is arcuate conoid in such fashion that at the beginning of the second
fifth the diameter is about one-third to one- { ;, 4.5 2 N38 g5
fourth as great as at the anus. Thence on- 1:5 1:5 1:3 -1ja 1:3% 5.1 ma
ward the tail tapers very gradually through the middle third, the posterior portion
being cylindroid and somewhat narrower than the spicula. These latter are uni-
fc?rm]y arcuate, and about one and one-fourth times as long as the anal body-
diameter. At their widest part, toward the proximal end, they are about one-
ﬁfth as wide as the corresponding part of the body. They taper gently in each
direction, and are not cephalated. The small accessory pieces are of typical form,
only about one-fourth as long as the spicula. The series of 19 contiguous supple-
mentary organs is twice as long as the spicula, or equals 3 body diameters. Anteri-
orly t‘he organs are somewhat larger and also somewhat farther apart. The conical
exterior portion of each organ seems to be more or less protrudable. These organs
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are similar in form to those of major, though they are not echinulate. The anal
and post-anal muscles are strongly developed. The anal muscles are found through-
out the bulkier portion of the tail. The protruding muscles of the spicula extend
backward in the tail to near the point where the tail diminishes rapidly in diameter
and there join the ventral part of the caudal wall. The post-anal papille are con-’
fined largely to the more massive anterior fifth of the tail. On each side there is
a ventrally submedian row about as long as the spicula, consisting of 4 to 5 mem-
bers. Coextensive with them is a ventral row of 3 to 4 papille. A little distance
behind these, where the tail begins to be smaller, there aré 2 dorsally submedian
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innervated papille of smaller size. The supplementary organs are plainly inner-
vated and the nerves can be traced through the cuticle and through the body mus-
culature, and seem to be connected with internal more or less ellipsoidal cells whose
nature remains unknown. The spinneret is very inconspicuous. The nature of the
caudal glands remains uncertain.

Found in marshy ground, Arlington Farm, Virginia, U. S. A,, about the roots of
Impaticns, in black, clayey soil, with mud. Resembles M. dolichurus to a certain
extent. It is regrettable that only a few specimens have been available for exami-
nation, as it is a species well adapted to throw light on various features of mon-
onch anatomy. Fig. 56 (on the previous page).

Examination of the pharyngeal muscles of this species leads to a partial under-
standing of the mechanics of the lips. The muscles which move the lips are long
and slender, and pass from the lips backward along the surface of the pharyngeal
capsule. They join the body wall some distance behind the pharynx. There are 2
separate groups of muscles, extensors and flexors. Of the 6 extensors 2 are shown
in the illustration; these are furcated opposite the middle of the pharynx, one half
of each going to the lateral lip; the other half to a submedian lip, The joined
fulcra of the 6 lips form a framework encircling the head. The extensors pass
outside this framework. The flexor muscles are less clearly shown, but are mani-
festly better developed. A group of 3 is shown lying between the 2 extensors.
They appear as faint bands outside the pharynx passing forward, and beyond doubt
are attached to the lips inside the ring of fulcra. The musculature of the lips is
shown in the illustration and is further explained on page 140 in connection with
the general description of the head.

45. M. dolichurus Ditlevsen. Neck tapering but little. Pharynx probably

prismatic, and in transverse section somewhat triangular. About 7 denticles about

the base, or near the base, of the pharynx. The arcuate tail tapers to the terminus,
which is about one-eighth as wide
as the base. The author mentions g

1 25.  +80° 78, A &
? 8078, o -

? mi? ? 2.5 1.8

the presence of 3 or 4 inconspicu-
ously developed lobes at the base
of the cesophagus, and it would arp

appear from his figures that a spin-

neret and caudal glands are pres-

ent, the latter forming a tandem

series near the anus. Menzel finds

in the pharynx of Swiss specimens

of this species 3 teeth of equal size;

that is to say, the ventrally sub-

median teeth are equal in size to

the dorsal tooth. His specimens

are 4% to 5% mm. long, and this

probably represents the adult size.
Found in moist soil and meadow

land, Jutland; Switzerland. Fig.

57 (after Ditlevsen). Menzel shows

the papille as much less conspicu-

ous, and without the spherical tips.

The original material consisted of
but a single immature female.
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- end to end of the pharynx,
i~ - Found about the roots of banmana plants, ¥ij
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46. M. digiturus Cobb. Amphids occur
pharynx. What appears to be a renette pore
The analregion ;50 5 .o a2 o5
is somewhat 2.8 3. 3.4 3.4 23 bim A
raised. Behind the anus the tail diminishes rapidly
in diameter, so that at the end of the anterior fowrth
it is about three-fifths as wide as at the anus,
Thence, for some distance it is cylindrical, hut be-
comes somewhat abruptly convex-conoid in the pos-
terior fifth and ends in a rather narrow, inconspicu-
ous spinneret. The lining of the cesophagus is a ton-
spicuous feature. Intestine not tessellated. ‘The
longitudinal ribs of the'.inner wall of the pharynx
are rather conspicuous features, and extend f;om

vpposite the anterior part of the
oceurs just behind the nerve-ring.
i

Fig. 58. -

v.-~47. M. trichurus, n. sp. This outstanding form' has an wsophagus that is

slightly swollen where it receives the pharynx, The lining of the wesophagus is

2.8 7. 21, +52M N prominent, occupying
2.3 2.4 2.8 2.8 1.8 2@ three-fifths of the op-
tical section. Longitudinal fields one-fourth as wide as the
body. Characters well sct forth in fig. 14, p. 146,

Found about the roots of orange trees, Bahia, Brazil
Bcears considerable resemilance to M. gymnolaimus. It ap-
pears possible from these investigations that the tropical
mononchs, when more fully known, will prove especially
interesting. Nearly all the more striking species here re-
corded are from the tropics. The warm soils of the tropical
regions teem with nematodes, many of -
them no doubt, especialy adapted to the
peculiar conditions found there. The
predatory mononchs in such soils will
nafurally enough have responded in
structure hot only to the climatic con-
ditions, but also to the form and habits
of their quarry. Fig. 59 (just above).

48. M. gymnolaimus Cobb. The -
more or{less triquetrous pharynx is
strongly three-ribbed. Cardia of such

2,6 8.8 24. +¢p7i5 gg, S oo g7 ;
22 2.3 2.7 2.5 1.8 cCE - i : ; N &

a nature as to give rise to a double
constriction in the cardiac region. In-
testine about 12 cells in girth. What
appears to be a renette pore occurs
immediately behind_ the nerve-ring.
The lateral fields are about one-fifth
as wide as the bodv. The tail tapers
regularly to near the terminus; it is, e
however, cylindroid for a short distance in front of the spinneret. Vulva not
prominent, The uterus is as long as the reficxed portion of the ovary, which
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reaches two-fifths the way back to the vulva. The ova are for the most part
arranged single file, : .

This nemativorous species will probably prove cosmopolitan. About roots of
banana, Fiji; of Platonia insignis, Rio Janeiro, Brazil; roots of various plants,
Arlington Farm, Virginia, U. S. A. Fig. 60 (on the previous page).

49. M. consimilis, n. sp. Amphids, unlike those of gymnolaimus, apparently
duplex, located a little behind the base of the lips; one-fourth as wide as the cor-
responding portion of the head. Wall of the pharynx strongly developed.

Rather closely resem- 3.2 9.1 26. 88' 88.
bles M. gymnolaimus, 2.4 2.7 2.7 2.2 2.1
but has the walls of the pharynx much more strongly cer-
atinized, and is of much smaller size. The pharynx is rela-
tively 50 per cent longer. The spinneret is not swollen as
in gymnolaimus. Description and figures derived from a
single, immature female specimen from about the roots of
Platonia insignis Mart., Brazil. The figure of gymnolaimus
shows, on the ventral side, near the front of the pharynx, an
inward projection, probably representing the optical section
of the junction of elements in the pharyngeal wall. No
such appearance was observed in consimilis. Fig. 6l

50. M. rapax, n. sp. Intestine-about 12 to 20 cells in girth, faintly tessellated.
The female organs are probably double and symmetrical. The conoid tail tapers
somewhat in front of the anus to a
plain, symmetrical, unarmed spin-

2.5 8.5 21. 81. 80.

2. 2.2 2.6 2.8 1.7
neret about one-sixth as wide as its
base. One and one-half tail-lengths
in front of the anus there is a con-
striction in the intestine, which ap-
pears to be due to the presence in
that region of commissures, as if,
possibly, nerves encircled the intes-
tine at that part.

Found about the roots of plants,
Arlington Farm, Virginia, U. S. A.
Nemativorous. Only young females
have been seen. As its name, rapaz,
indicates, this species is a rapacious
one, swallowing other nemas whole,
even when half as long as itself.
Fig. 62.

5X. M. rex Cobb, This “king” of the mononchs has low, broad, inconspicuous
labial papille that do not interfere materially with the rounded contour of the
front of the head. The lips are bulky and powerful. No amphids have been seen.
The pharynx is armed with very powerful 2, 20, <5837 g,
muscles. The intestine is tessellated. The 1.6 1.7 2. 2.2 1.4
lateral fields are one-fifth as wide as the 5 55 29, 50 g,
body. The conoid tail tapers more rapidly 1.5 1.8 2.1 2.3 1.5
at first, being nearly cylindroid in the posterior two-thirds, where it is about one-
eighth as wide as at the anus. The spinneret, which is slightly expanded, bears two
ventrally submedian papillz, after the manner of longicandaius, but slightly larger

1.1 mn

3.7 mm

8.5-7.na

> 6.5-7.mn

6t
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in proportion. Three caudal glands are present. Each uterus is capable of carryiug
one and possibly two eggs at a time. These are about one and one-fourth times as
long as the body is wide, and half as wide as long. The tail of the male tapers
more rapidly at first than that of his mate. Supplementary organs 17, prominent,
closely approximated, cquidistant, occupying a space equal to one and one-half
times the length of the tail " The spicula are about twice as long as the anal body-
diameter.

Found at depths of from about 200 to 1200 feet in Lakes Manapouri and Wak-
atipu, New Zealand.

‘63726 90'
Jam I ; o T4 &2m
[/ — N a3y e \ 52. M. regius, n.

sp. Amphids rela-
tively small, con-
nected with a nar-
row, internal, appar-
ently tubular ele-
ment passing back-
ward past the base
of the pharynx.
Pharyngeal muscles
strongly developed,

.

Ly

(/2 S—

se

i ph — extending backward

| | S § 1l from the base of

o sulmelt | oy NN the lips to the body

. B : A TR wall behind the

ansulmsn J 2 (1 i\ | pharynx. Each of

5 the six lips with a

il flat, flap-like outer

accessory part,

P b which is longitudi-
[/ P

nally striated at the
base. Onchi sub-
equal, the dorsal
slightly the stronger. Found about the roots of plants, Arlington Farm, Virginia,
U. S. A. Fig. 63. i -

53. M. bathybius Micoletzky. In the figure the onchus labeled [‘submedian” is
really a subdorsal onchus. In addition to this subdorsal onchus there are still
others, probably 49 10. 30. &3 sr. w
2 to 3 pairs, which 3.3 3.6 3.9 3.4 2.5 ‘5%
in profile view have a double contour. It remains aph
uncertain whether the other markings seen on the
wall of the pharynx are projections or pores.

The author considers this species to be related to o
M. gerlachei de Man, the lip region and vestibule of ]
the two species being similar. However, the armature
of the pharynx in the two species is quite different. wm

Found in mud at a depth of about 300 feet in the
Atter Lake, Austria. The description and figi .es rest
upon the examination of a single immature specimen, and it is probable that the
examination of further specimens will improve our knowledge of this interesting
form. Fig. 64 (after Micoletzky). For 53b, M. fasciofus, n. sp., and 53c, M.
similis Cobh, see Appendix, p. 184. = b Bl

w ..

¢

SWW‘M at the base of the pharyn-
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54. M. studeri Steiner. Wall of the pharynx presenting 5 longitudinal ribs,
four of them in 2 pairs, the fifth single. At the base of the pharynx numerous
small denticles, arranged in rows of from three to four. (Esophagus powerful
— 2.87 - 7 26. 87, 4., , on A little in front

? T 7 E T B of the posterior
2.87 7 27. N 85,4, end of the cesoph-
? 7t 32z 187 agus there are 3
powerful teeth which, according to Steiner, “are
wr b similar to those seen in Mononchus dolichurus.”
Tail of the male arcuate, conoid to the spinneret,
which is about one-fourth as wide as the base. The
three caudal glands form a tandem series in the an-
terior half of the tail. The slightly arcuate spicula
o? in their widest part are about one-sixth as wide as
the corresponding portion of the body. They taper
slightly at either end, and are about one and one-
third times as long as the anal body-diameter. They
are not cephalated. The accessory pieces appear to
] ¥ be of the usual character. The twelve short, tubular,
equidistant supplementary organs, occupying a space equal to twice the length of
the tail, do not interfere materially with the ventral contour. The internal tubular
parts are about as long as the spicula are wide. Distance from the anus to the
posterior supplementary organ is nearly twice as great as the distance between the
adjacent organs. Two pairs of post-anal papille were nnted.

Found on the island of Ufenau in the Ziirich Lake, under moss. Fig. 65 (after
Steiner).

55. M. zschokkei Menzel. This species, one male to each three to four females,
is found in various parts of the Austrian and Swiss Alps. Neck and cesophagus

3.7 7 25, 6B 95.
? ? ? 3.4 2.1 2.2-3.2 nm

2. m

X760

?_? 25, M 96. .
P 0 2.4 2.4-3.5 mn

3.8 .
tapering but little Small denticles

geal cavity. Uterus capable of con-
taining one or two eggs. The blunted
terminus of the conoid arcuate tail is
about one-eighth as wide as the base.
The slightly arcuate spicula are rather
slender, each, however, having a stif-
fening piece in its distal half. Acces-
sory pieces as figured by de Man for
his M. brachyuris Biitschli. Beginning
near the anus the 21 projecting, ob-
liquely conical, equidistant, contiguous
supplementary organs, each as high as

wide, occupy a space 3 times as long U/ Ll
as the tail 7

Found in the high Swiss Alps. Fig.
67, after Menzel, who considers that X750

of all the European mononchs at present known, zschokkei has close affinity only
with M. parvus de Man, from which it differs in the position of the onchus and
the relative abundance of males.

—r—
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56. M. brachylaimus, n. sp. There are two exceedingly minute, almost invisible,
apparently rudimentary, ventrally submedian, conical, forward-pointing toothlets at
the base qf the pharynx, These are not shown in the illustration. Three slightly
7. 21, 654 g, 3
2.4 2.8 3. 1.8 em

4
r

.3 7.4 19, 442 g, :
2 2.3 2.5 25 32 >°-5m

arcuate, duplex, longitudinal ribs
strengthen the walls of the phar-
ynx and reach from end to end,
one being dorsal, the other two
ventrally submedian. Amphids

strawphy gt A Y g3 | difficult to see. (Esophagus at
lifiNez e first slightly expanded. The ces-
P BT 3 o g Jh ophageal lining is not so promi-

nent as in many other species; its
optical section finds expression in
3 or 4 parallel lines, occupying
about one-fourth of the longitu-
dinal optical section. There is an
inconspicuous, flattish cardia. In-
| testine about 8 to 12 cells in girth,
| faintly tessellated. The tail is
7 2 ; conoid to the plain, unarmed con-
oid terminus. The base of the spinnerct is about one-fifth as wide as the base of
the tail. The clavate caudal glands form a close tandem in the anterior third of
the tail. The anus has rather conspicuous, with well developed, though not protrud-
ing lips. There is a pair of innervated lateral papille near the middle of the tail of
the female. Both.in front of and behind the vulva, especially behind, there are
inconspicuous papille, occupying a distance equal to twice to thrice the length of
the body-diameter. The two equal, arcuate, rather slender spicula are one and
one-half times as long as the anal body-diameter, and are of nearly uniform size
throughout the greater part of their length, However, beginning near the slightly
truncated tips they taper slightly in the distal sixth. The proximal ends are also
narrowed slightly and lie well toward the dorsal side of the body, at any rate when
the body is incurved. The two accessory pieces, each about two-thirds as wide, as
the spicula, are located opposite the distal portions of these latter. When seen in
profile they appear to lie nearly at right angles to the body axis, and seem to cross
the distal parts of the spicula. They are about two to three times as long as wide,
and their distal extremities are diminished and bifurcated, the two prongs of the
fork forming a U-shaped figure. When at rest these accessory pieces, as usual,
are well inside the anus, in fact appear as if lying immediately under the lateral
fields. In front of the anus there is a uniform series of about 16 equidistant,
closely approximated, innervated supplementary organs, occupying a distance about
equal to the length of the tail. When the tail end of the body is incurved, each
organ appears on the ventral contour s a flattish cone, at the apex of which is a
nerve ending, which from th_is point extends inward and forward. )
Brown, sandy soil, Arlington Farm, Virginia, U. S. A. This nemativorous mon-
onch is distinguished from all others Ly the relative broadness of the pharynx,
and by the position and size of the basal anchi. Especially well adapted to show the
structure of the lip muscles and other orpans of the head. Fig. 67.
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§7. M. acutus, n, sp. (Esophagus bulbous at first, the swelling being prolate.
Intestine about 10 cells in girth. The arcuate conoid tail is practically acute, Therc
is a pair of 2.8 7.5 22. 45+ g4, i
sublateral, 2.7 3.z 3.3 3.4 .z.8, 21 0®
innervated papille near the beginning of the pos-
terior third of the tail. Anus not raised. Fig. 68. awr

Found about the roots of rhubarb in loose,
brown, sandy soil, Arlington Farm, Virginia, )
U. S. A. Nemativorous. One specimen was ob-
served which had swallowed another mononch. sep,
This is one of the most instructive forms. It is .
desirable that the more minute structural details. .
of nemas be very carefully investigated with a view wdl_
to increasing our knowledge of their comparative
anatomy. The different parts of the digestive or-
gans of nemas, small as they are, are as pro- |
foundly modified in harmony with the nature of the xm Zoma) [

food as those of higher animals. Then'diée'sfion- of -starch re;quires a different
organic mechanism from that for digesting meat. The nemas have specialized to
a high degree in the matter of food, and ‘their ‘digestive organs are correspondingly

diversified. : L0 D L anMIULE enwy
. NEMAS AND SoiL FERTILITY. .}.0 jvi. .

No one with a grain of imagination can engage in such studies as the
foregoing without sooner or later asking himself questions of a general
nature concerning the biology of the soil, for he gradually comes to sec
how almost infinitely numerous and varied are the organisms inhabiting
it; a population in which the nemas are but an element. The answers to
these questions will lead to a new view of. soil fertility. .

The revolution wrought by Liebig’s ideas concerning the chemistry of
the soil spent itself only to show us that, grand as it was, it was little
more than an overture. Subtler forces and 'more intricate relationships
than any indicated in these earlier conceptions must be considered, We
now see, or are beginning to see, that the value of manure and of the ro-
tation of crops is to be explained not simply on the basis of the exhaus-
tion of certain elements in the soil, but also, and probably in some in-
stances mainly, on the basis of an opposite process, an accumulation of
certain organisms and substances in the soil. Who knows but that the
existence of annuals may be due in some measure to this latter fact? May
not these elaborate provisions for the distribution of the seeds of annuals
be in some measure a means of escaping these accumulated hostile forces
in the soil?

After all the word Agriculture is more or less of a misnomer. We
cultivate, not so much the field, as plants. What we are really after is
sunshine, for we are lost unless we can convert our infinitesimal part of
the energy of this nearest star into food, clothing and shelter. This we
do by utilizing the life forces of certain plants and animals, and these are
not so few as we dreamed in our older philosophy, for none of our
“domesticated organisms” can any longer be considered by itself. Every




180 (5. S. 482) THE MONONCHS

such organism is reared in the midst of a host of other organisms, visible
and invisible, and often it is these others that determine agricultural suc-
cess or failure,

The soil is the habitation of a vast community of beings with all the
attributes of other huge agglomerations of living things having varying
needs, instincts and aspirations; and it is just as inappropriate to look
upon it as inorganic as it would be to look upon a great city as merely an
agglomeration of hills, streets and houses. Here in the soil are beings in
enormous variety; multiplying, growing, dying; competing, fighting, co-
operating one with another, with an activity almost if not quite defying
the imagination, and we need what may be called soil biologists or geo-
biologists, who shall understand, as far as possible, this interplay of life
forces that gives us food, fiber and fuel. To a considerable degree our
progress in agricultural knowledge in the not distant future will be in pro-
portion to the firmness with which we lay hold of and act on this idea.

SuMMARY

1. The genus Mononchus is composed of scores, possibly hundreds,
of species, divisible into distinct subgenera. The number of known
species is hereby more than doubled. . !

2. The genus is of world-wide distribution, and many of the species
are cosmopolitan. Mononchs occur in all kinds of arable soil, sometimes
in hundreds of millions per acre.

3. Most mononchs, probably all, are strictly carnivorous. They feed
on a variety of living microzoa, prominent among which are other nemas.

4. Injurious nemas are devoured by mononchs, and it is desirable that
this trait of mononchs be carefully investigated with a view to utilizing it,
if possible, in diminishing the enérmous crop losses dué to plant infesting
nemas—Ilosses amounting to many millions of dollars annually.

5. The lips are moved by long muscles, connecting proximally with
the body wall behind the pharynx. These muscles lie along the outer
surface of the pharyngeal capsule and act in such a way as to pull the
lips inward and outward radially about a series of fulcra existing in a
framework encircling the head along the margin of the pharynx. The
lips. are the mechanical complements of the dorsal tooth and denticles.
While most mononchs bolt their food, some give it a certain degree of
mastication. The appetite is sometimes voracious.

6. Many mononchs, probably most, are hermaphroditic, even to the
degree of syngonism. In the typical case investigated the minute sperm
cells of female origin are functional.

7. Well developed glands, salivary in character, occur in the mon-

onch cesophagus, and empty di.ectly into its lumen, and both indirectly
and directly into the mouth cavity.
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8. What appears to be an excretory pore of the usual type seems
universal near the nerve ring.

9. The outer labial papille are the homologues of the ordinary cepha-
lic setz of other nemas, and are therefore most probably tactile in func-
tion. This leaves it probable that the inner papille are devoted to the
senses of taste and smell. ) ;

10. Amphids are always present in the form of small lateral more or
less elliptical structures near the lips, and are connected with internal
elements extending inward and backward.

11. A functional spinneret is present in a majority of the species.

12, The cuticle is always finely transversely striated.

13. Mononchs probably moult four times.
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