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weanisis, animal as well as vegetable, o th:ll‘; at the end of a perind
lnse it is no exaggeration to say that the sand through which the water
vorcolates swarms with them.  To state a definite case quantitatively,
ti Las been shown during these examinations that such filter-hed sand
may contain hundreds of millions of nemas per acre in the top three
inches. Fach of these nenws is exereting material of which the soluble
portions inust pass into the eity's water supply, and if in the course

of 15 passage through the filters, flumes, and delivery pipes this soluble
matter is not precipitated or otherwise altered, it is present in every
glass of dvinking-waicr.

FLAVOR OF DRINKING WATERS

Drinking-water Connoisscurs? The cxereta of any given filter-bed
organism must be different from that of any other, and though the
differences may be slight between similar organisms, there arc good
reasons for thinking that the differences among the organisis of the
filter-beds of different cities are greut enough to cause material dif-
ferences in the natureof their excreta.  Such soluble parts of the exercta
as pass into the drinking-water must play a role in lmparting to the
water its flavor mld_gtl_lcl_‘q_tlalities. This is enough to make one wish
that we had connoisseurs to assist us in the sclection and control of
drinking-water, as we have connoisseurs in wine and tea,—connoisseurs
or experts capable of distinguishing minute differences in the flavor of
drinking-waters. At first thought this may seem too fine-spun, and yet
when we think of the care exercised in sclecting wines, teas, and other
beverages, and compare thicir actual importance with that of drinking-
water, it may not be going too far to suggest that consideration be
given to the possibility of determining the qualitics of drinking-water
by flavor and other tests in addition to those now in use. I think
experienced persons with a delicate sense of taste will bear out the
~tatement that the drinking-water of cach city has its characteristic
favor. If half a dozen glasses of fresh drinking-water could be assem-
bled from the water supplics of as many cities, I have little doubt that
a person with a delicate sense of taste would be able to tell one from
another blindfolded, at any rate where the: differences were most
pronounced.

In this discussion it matiers little that the amount of the dissolved
substances thus suggested as a possible cause of differences in the physi-
ological action of drinking-water is minule, for it is a well-established
fact that very minute quantitios of various substances may have a pro-
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Frirer-pnb NEMAS:
NEMATODES O THE SLOW SAND .FIL’J‘ER-BEDS
OF AMERICAN CITIES

(Including new genera and specices)
WITH NOTES ON HERMAPHRODITISM AND
PARTHENOGENESIS*
CoNTRIBUTIONS TO A Screxce oF NEMaTOLOGY, VII

By N. A, CosB  /9/%

United Stute: Department of Agriculluie

The nemas here deseribed were coliceted from the ﬁ}ter«bfzds‘o
several American cities, incident to a rather extensive investigatior
of nemas of economic interest. A study of them has afforded me suufl
an interesting and suggestive glimpse of the biological con‘chtmm i1
slow sand filter-beds that I venture to think an account of it may ‘b(
of some slight use to sanitarians, and to engineers f:OnllCCted with -mt)
and town water works., The biological observatlol}s, more particu
larly those on the vanishing series of spfe%'matozoa in syngones, ma;
prove of interest to zoologists and geneticists.

NATURE AND NUMBER OF THE ORGANISMS FOUND

Few Green Organisms. Comparatively few green organisms occu
in covered slow sand filter-beds, espeeially if the water passes througl
a subsidence reservoir before entering the beds. Practically all th
living forms found are colorless or nearly so, an.cl mo§t of the larger one
arc animal. To me the most striking organisms in every sample o
sand examined were the nemas. -

Period of Use. Rencwal. Trom time to time a fc“" inches of th
topmost sand of slow filter-beds is rencwed; the old sand is .mmovcd anf
fresh sand spread in its place. The period of use, the time betwee
any two successive rencwals, varies from f'Lfe\V weeks to a few month:
according to the practice of the engincer in charge. Towm:d the en
of a period of usc the number of nemas in the topmost three mchcs'of
bed often mounts to hundreds of millions per acre, and sometime
exceeds a thousand millions per acre. At this latter ﬁg.ur-e cach gla:
of drinking water must percolate through sand containing at lea:
about a thousand nemas. ) :

Dozens of Species Found. Often the nema population is of a mixe
character, but sometimes it is comparatively homogencous. O

* Waverly Press, Baltimore, Jan. 11, 1918.
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of the nemas to consist of but a single species. About thi'rt): species
were found inhabiting the various beds examined, twenty-five species
heing found to inhabit the beds of one city. My observations make
no pretence of being exhaustive, and I presume further research may
easily double these numbers. Most of the species are of only oceasional
occurrence; those figuring prominentlyin the activitiesof the heds are only
about half a dozen in number, and of these not all are equally important.

THE MORE COMMON SPECIES

Conunonest Spectes Carnivoro?sx,7 Of the four more important species,
(1) Mononchus longicaudatus, (2) Ironus ignavus, (3) Tripyla monohystera
and in a lesser degrec (4) Ironus longicaudatus, I have shown that all
are carnivorous, that they feed upon a variety of living organisms,
and that no one of them confines itself to a single kind of food. Mon-
onchus longicaudatus, for instance, feeds upon several species of nemas,

upon rotifers, and upon a variety of protozoa. The same is true of -

Tripyla monhystera. In the struggle among these filter-bed organisms
it appears that sometimes one species may almost annihilate others.
This accounts for such cases as that in which 3/ ononchi‘s‘longicaudatus
constituted ninety-six per cent of the nema population of a bed.

ROTATION OF THE FLORA AND FAUNA

Seasonal Fluctuations. I know little about the seasonal fluctuations;
merely that they exist and that sometimes they are very marked.
For instance, on January 6 samples of sand were gathered from various
locations on a Washington filter-bed. This bed had been in operation
about six months, a period longer than in the case of any previous
examination (summer colleetions). About the same range of species
was found in this sand as had been found in all previous experience
taken together, but the smaller nemas, including Monhystera, were
much more abundant in this than in previous collections, and seemed
to be thriving. A large Dorylaimus that had been extremely rare
in previous collections was fairly common in this January collec-
tion. Aclhromadora minima was also more common. Finally there
were one or two small species not hitherto found, Cylindrolaimus ob-
tusus and a Rhabdolaimus. Whether these faunal differences were
due to the winter season or to the long time the bed had been in use
remains in certain instances undetermined,—very likely some of them
were due to both causes.

Economic Bearings. Apart from seasonal f{luctuations, there is a
rotation in the fauna and flora incidental to the management of the
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specics, c.g? bacteria and 13_'1_*9&07.0:{, having a short life cycle and su%ted
to the new conditions, first make their appearance; these multlply
and become the food of succeeding species, which in' thei.r tt%rn give
place toqot_l_]e_r_s. The problems presented are of grea't biological interest,
and may not be without some bearing on public health. Beyc.md
doubt they have a more or less important relation to the economical

and effective management of the filter-beds.

DETERMINING FACTORS OF FILTER-BED POPULATION

Organisms other than Nemas. Many other kinds of organisms are
found in flter-beds, some of them in far greater numbers than the nemas.
Bacteriaé(fungi and protozoa occur, of course, in abunclauce{ and are,
I believe, the organic basis on which is built up the later animal pop-
ulation consisting of organisms o)f( larger size, such as the nemas.
Rotifers are not uncommon. Small oligochaetes,—earthworms,—occur,
especially after long use, but never in such myriac.ls asin sewage. Small
crustaceans, such as ¢aphnia and eyclops, sometimes oceur, l.)ut I have
never scen them in large numbers. Occasionally”aquatic mse(.;ts.z}re
found. The filter-beds of cach city present hiological pecqlmn!nes
dependent upon the source of the water sup‘ply, for the biological
characteristies of filter-beds depend to a considerable extent on the
climatic and geological conditions prevalent on the water-shed from
which the;supply is drawn.

PHYSIOLOGICAL SIGNIFICANCE OF FILTER-BED NEMAS

Illness from Change of Water. It is a well-ncce})tcd idea among
physicians, as well as laymen, that a change of d%‘mlung—wat-er may
cause intestinal disorders; why they are thus caused is not al\\'a,'ys clear.
If the waters in question are widely different in composition, f01: instance
one soft and the other hard, it is easy to understand how intestinal
derangements might follow a change from onc to the ‘other; })ut are
the derangements due to change of water always associated with such
marked chemical differences? Do not intestinal disturbances fol'low
changes of water in which the usual tests would show but very slight
differences? N

Soluble Excreta in Drinking-water. Is it possible tha o oquantt es
of organic substances found in drinking water and of 1 character \1
yet unknown, might, under some cireumstances, exerb a 1)0\\.%-1\1
physiological influence? If this question he ;1115\\'(;1-'ed :1[1.11'mutl.vcly,
a wide field of investigation is opened up in connection with potable
waters, and it is in this connection that the present researches are

(¢t



SULIIU CLICUL W JIVUEL U0 JIULIIAI WL (i iladile BLILIL LN LI LM LW LG Dug

gestion that the study of filter-bed organisins is one that should be
prosecuted morevigorously. We havedeveloped afewexcellent chemical
tests, and, so far as it goes, an excellent system for determining the
bacterial content of drinking-water. Why not go a step farther and
make at least an attempt to determine the nature of the minute quan-
titics of soluble organic substances of physiological significance which
may be present, and the origin and nature of these substances.

POSSIBLE CONTROL OF FILTER-BED ORGANISMS

If it should be found that the presence of a particular micro-organism
in filler-beds is dcleterious, is it possible so to manage the beds
as to exclude the micro-organism, or counteract its effect? Already I
feel sufficiently conversant with some of the facts to predict that such
control will prove feasible, at least in some instances. In the case of
Mononclus longicaudatus for instance, as soon as we know the natural
distribution of the Mononchus; its relationship to the scasons of the
year, if it has any significant relationship of that kind; the period of
its life ¢yele; its rate and method of reproduction; its food; its enemies;
then, almost beyond doubt we shall be able to suggest means for its
control. o with other organisms. ’

To sccure a reliable filter-bed census it is necessary to examine the

sand as soon as collected.  After a short period under laboratory con-

ditions the population begins to change: e.g., sand which at the time
it was removed from the bed contained many specimens of ifononchus
and a few of Tronus ignavus, after ten days yielded no Afononchus, though
it continued to yield Ironus, and'in addition a few adult specimens of
Tripyla and Monkystera,—differences no doubt due in part to the fact
that in stagnant collections Aononchus longicaudatus is subject to the
attacks of a variety of fatal diseases caused by fungi and microbes.

. NXEMAS A CLUE TO THE FLOW '

Nanas Unequally Distributed in Beds.  The distribution of organisms
in filter-beds is not uniform. Yor example, if a series of samples be col-
lected, one cach from near the main drain-pipe, uear a lateral, between
the laterals, and at the margin of the bed, the nummbers and kinds of
nemas will be found to differ in the various samples. This unequal
distribution is doubtless a function of the flow of the wuter, for where
the flow is_rapid the biological environment differs from that where it
is slower; there is a greater supply of oxygen, a greater supply of water-
soluble food, and a greater supply of such free micro-organisms as may
pass hetween the grains of sand. Tt follows that to sonie extent the
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and nature ot the hiltration. o intestine of Woanonehare Tamoa oo dop o D 7 N i

The general appearance of the sand in any particular part of the bed is B Renetfe. When this well-known mononch was L R j’li

a clue to the rate and nature of the filtration there, but this rough method i ’ sm&md;"{m "i‘“.”" with trypan blue, the ampulla  #---o- oo o
is capable of refinement through the aid of a biological census. The ' 2: di:l?r:((:’:ltyp:é;:]ozso:oli]eca(‘].-u“] of the m“}ftte was & g1
difficulty is we do not yet know what signiﬁcance to atiach to the | doubt that this portion of etl‘:emrc::s:eltlfessttig‘t‘;:: Jordt i
presence or absence of particular species. Should an attempt be made : is normal. I am inclined to think that the duct " ==
to devise and apply such a method, it might be found that the presence soon takes a lateral turn, and possibly becomes 747 -
or abscnee of a few species would constitute a sufficient test. i connccted with the lateral field; thus far it hasnot - -we. ..

' . ‘ , been possible to follow it more than a distance awhi.. . .-

PARTIAL LIST OF THE NEMAS FROM AMERICAN SLOW SAND : onehtius st :
) TILTER-BEDS* i a very interesting

nema, found in

] . the Washingt
dctromeldora minina Cobb.....Washinglon, D. C. Mononchulus rentralis n. g., n. sp. b ﬁltccr-bc(ﬁ."m;rzg -
Actinelainus radictus Cobb....Waschington, D. C. Washington, D. C. ! = i lateral fields are
Aplanclermus Toeeeieeneiiiinnnia,, Philadelphia ™ Afononchus longicaudatus Cobb | /m-’ R Z]hco‘,x‘::c::fth gtrhcé“'
ATAenelhiuS 8D unnnennreceernienseannns Pit{sburg Washington, D. C ) 4 are made up o)f'
Allenchus EDeeeneenienieeienrennns New Bedford ; o . ] about three rows
. R Moronchus sp.cveverinienennnnnnnnn. Philadelphia : of cells, ¢! ar lat
CephelobUus FP..ovvvivnennnenaiinnnnn Philadelphia Plectus e o - ' cac(]:e Shc '161 at, s
Culinérelaimus cblucus Cobb.. . Washington, D. C. "_c us “"f”m Bastian W nshmgu.m, D. C ) | (‘gg-‘s}(]::;p(\:lvl n::ﬂ ol
Dorylaimus fecundus Colb...... Washington, D. C. Pnsmt.:lolaxmua 13 T Philadelphia 74 ‘ cleus, nel ar lat, Eaay l# !
Dorglaimus &p..venenn.. ...Washington, D. C.  Rhabditissp......ccoovueninnnnninn.. Philadelphia N ; Th°] . intlcs}in:\l i oyot ot
Dorlaimus EDceveseensneeseeaneaenns Philadelphia ~ Rkabdolaimus sp. ..Washington, D.C. ) ln S?c:?:;n:sizz.)?l‘:: it
Dorslaimus FPovieineniieieeineienan. Philadelphia  Spilophora sp......covivivniiinrnnnnn. Harrisburg 1 shown darker. ’
Dorylaimus EPuecrveerneneaennn. Washington, D. C.  Teratocepholus 8P...oeennnvenennnenn... Pittsburg \ ; Ocsophageal — mu
R ol redm T) (R o o HEEIIE BFeevesecraveceon. \ I glands, sal, as in T
Jola simile n.6p .oeoeee --Waslington, D. C. rritobus longus Leidy................ Philadelphia. ) I Mononchus. The wldald & ml
Ironus amcricanus Cjobb.. ..I’lnlnde]phls Tripyla monokystera de Man.. . Washington, D. C. . ' small  posterior e
Ironus ignevus Bastian......... Washington, D. C. . \ gonad, appar- o a bt o dd
: S Tylenckolaimus sp......uo..... South Bethlchem, cntly serving as - mard ..
Ironus longicaudatus de Man.. . Washington, D. C. Dittsb a tes is shown ’ .
Monhy:tcra subfiliformis n. sp..Washington, -D. C. 1 . s e . A attst. Nearly the el d it
Menbystera disper Bastian..... Washington, D. C. Tylenchus filiformis Bitschli (7) ol N wholeof the testis
Monkystera sp Philadelphia Washington, D. G. / ' ;s sthown in thc};]-
hys 2 TSN k . N ustration.
Monhystrella plecloides n. subg., n. sp. Tylenchus P.eeeiiieneeniiiinennnnn. Philadelphia \ spinnerot is unu)s?
Washinzion, D Xiphinems americanum Cobb........Philadelphia / ually large, and
igton, D. C. o for 4
gives us for the
* The larger number of species froin the Washinglon beds is due to the examination of a lurger nume g’;f;’ t;’;’;ﬁ! Sﬁl’;";
ber of samples than from beds elsewlicre.  The more important of these speries are described below. ture and me-
The drawings are from nature and were made under the author’s personal supervision by Mr, W. E. chanies of this
Clambers orglnn. 'I'hef (]!]e-
y . }:n sare n‘)Ol:(‘ u‘_ y ;
MONONCHUS Bastian 1865 Mustrated in Vig. J 9o
2. For abbrevia-
tions see p. 212, L2 g U l._r.l_ylnl .

1. Mononchus longicaudatus Cobb (Sce p.161). The fceding habits of M onon-
chus are distinctly different from those of either of its frequent companions, I about equal to the radius of the n2ck, so that the
Tripyla and Ironus. In capluring food Mononchus dependslargely upon the ) size and structure of the glandular part remain “H -
grip of its powerful jaws. Tripyla depends vpon its agility and its flexibility, unknown.

el vla....

wygad. . ... .
and possibly coils itself about its vietim, after the manner of a boa constrictor. ) I,I:;’H
Mononchus and Tripyla bolt their food, but Ironus feeds in an entirely different MONONCHULUS gen. nov. i -
way; attaching its lips to its food, it rips a hole in the external layers by the AUIT s
outward stroke of its three, extremely sharp, radially acting onchi. As these Characters. Possessing the form and general  Hdal...o
move forward their points move outward, and two or three such movementsserve appearance of Mononchus, but having the spinneret 1l ed. .
partially to imbed the head of the Tronus. 1t would appear that then the more on the ventral side of the tail near the terminus, -
or less fluid parts only are imbibed, for the contents of the intestine of Ironus and the pharynx 5‘)"1“61‘ and narrower with thicker [l
hardly ever present optically identifiable substances. It is manifest, however, walls, and with forward pointing onchi or teeth, of &b
that the contents of the.intestine are animal in character, and so it scems beyond which a subventval one dominates. The labial %39 pya_
reasonable question that Ironus is carnivorous. I have never found the con- papillag are smaller than is usual in Mononchus, in fact are barely vis

tents of the intestine to respond {o the starch test.
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Anterior gonad reflexed. Posterior gonad outstretched, very small, producing
spermatozoa. The development of the oteytes follows about the same course as
that of the spermatocytes, which they resemble to a certain extent, though
they are larger. Occasionally the obeytes so closely resemble the spermate-
ocyles that it is rather difficult to make a clear distinetion.  The very youngest
stages of the female gonad have not been scen, but in the youngest stages ob-
served there were no indications of spermatozoa;—yet at the same time sper-
matozoa were developing in the minute posterior straight gonad.

. 1.6 9. 20, 'reuud 69. - . B
2. Mononchulus ventralis n. sp. 33 5., 3.8 5.8 7' - The thick

layers of the transparent, colorless, naked cuticle appear to be devoid of any
but the very finest of transverse striae; but longitudinal striations are visible
throughout the length of the body. Six rather thoroughly amalgamated lips
of consgiderable thickness arch together over the pharynx and normally nearly
close the mouth opening. There are six slightly spreading inconspicuous papillae
searcely inferfering with the rounded contour of the front of the head; in addi-
tion, surrounding the mouth, there are six forward pointing papillae. There
are no eye-spots. Very inconspicuous amphids occur opposite the middle of the
largest pharyngeal tooth in the form of small semi-circumferences opening back-
ward and having a breadth about one-fifth as great as that of the corresponding
part of the head. The anterior main thick-walled portion of the pharynx is
about s long as the head is wide. When the pharyngeal organs are at rest
this front cavity is comparatively well filled by the large, acute, forward
pointing right submedian tooth. There are two other teeth, a small dorsal, for-
ward pointing tooth having its apex near the middle of the pharynx, and an ex-
ceedingly minute inward pointing tooth, or spur, in the left submedian portion
of the cavity near the base. Opposite the antierior portion of the main tooth
the walls of the pharynx are armed with several dozens of minute, rasp-like
teeth or dentieles. -

Close serutiny of that part of the wall of the pharynx immediately behind
the rasp-like area discloses that it is transversely striated to near the base.
These pharyngeal striae can be seen only with the highest powers of the wmicro-
scope under favorable circumstances. Bchind this anterior portion of the
pharynx is a narrower, unarmed portion, of equal length, making the total length
of the pharynx about twice as great as the diameter of the head. The cells of
the thick walled, narrow-lumencd intestine contain seattered brownish granules.
There are three unicellular eaudal glands; two opposite cach otherdmmediately
behind the anus, and a third, more or less dorsally located, behind and between
the first two but emptying through a submddian ampulla and hence really sub-
median. The single reflexed ovary, except when pushed forward by the presence
of an egg in the uterus, reaches nearly bhack to the vulva.

Iabitat: This interesting digonic speeies has been found in peat soil, west
of Fort Lauderdale, Ila.; along a canal for drainage of land formerly covered
with water, and at Miami, Fla.; in the sand of the filter beds at Washington, D.
C.; and also in the Potomac River.

A species that appears to belong to the genus Vonomhulus is described by
Daday under the nam: | Prismatolatmnus nodicaudatus, n. sp., in his *‘Nikro-
skopische Siisswassertliere aus Deutseh Neu Guinea,”
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[ am not aware that anyone has ever attempted to explain the mechanis
the spinneret of nemas.  Manifestly the flow of the caudal scerction is contr
at will.  Watehing this operation as performed by a free-living nema, o
foreibly reminded of the facility with whieh spiders regulate the operatio
their spinnerets, and, as in spiders, so in nemas, there must be a definite
trollable mechanism for pc:lfoun'n"' these operations. The structure of
spinneret in Monanchulus ventralis may at least suggest the mcclnmc'ﬂ ]
ciples exemplified. .

The Needle-Valpe. As a rule the nem: spinneret is so extremely minute
its details cannot be deciphered. In ononchulus veatralis the- spinner
rehtn‘el) large and its cleinents more or less resolvable, but-since it-is ve:
in this species instead of terminal, as is usual, its form may not be entirely ty
In M. ventralis we find the duct of the spin-
neret to end externally in a conical depres-
sion near the end of the tail. This conical
depression leads to a short oblique tube
terminating internally at the valve of the
spinneret, ele-vlp, Fig. 2. The valve belongs
to the class known as needle-valves, and the
needle, if such it be called, #s an acute, fusi-
form affair, duplex in cross scction, and
neuarly half as long as the terminus of the
tail is wide. It is placed at an angle of
about 45 degrees with the axis of the tail, and
while its acute free distal end lies loose in a
cavity of obverse mold, its more or less
cephalated proximal end is conneeted with
the dorsal side of the tail by means of oblique
muscular fibres. The proximal part of the
valve is located in the midst of a vesicle (?)
to the dorsal side of which its proximal ex-
tremity scems to be attached; the embryo-
logical development has not been investi- .
gated, but conceivably the needle is formed *2600
by an invagination of the wall of the ““vesi-  Fig. 2. Spinneret of Mononchulm
cle.’” TInto the base of the more or less !1'-',',]:‘.,‘f:tch,sc;?,:‘:]'\“gg(ffir,,‘&]?ﬂeit:c
ellipsoidal “‘vesicle” the ducts of the caudal is pouring out. The three ampullac ¢

. into a common sparce round the prc
glands empty. The operation of the needle- part of the spindle-shaped  valve
valve is now casily understood. The internal :{fn']y’\.)];o'\ l?it-dutcy ‘:ll)x(clsyellx):f.c,‘f; »
body pressure will of itself keep the needle. surrounding parts, (erg. clust) Lold

A spinneret valve shint except when
valve closed. Contraction of the muscular pulled o open by the muscle, mec th
fibres already described serves to pull the ;';i;g‘,,‘",f,{;‘“?f,‘,‘;fl‘,‘,’:‘;gﬁ};;,';“S‘Lf,“
needle loose from the mouth of the valve,
and so permit an outflow of the sceretion. The ‘“‘needle” is composed o
elongated, ceratinous lateral clements joined side by side, and the orifice ¢
valve is composed of three clements, disposed in the form of a hollow
about the distal half of the ncedle.

Nervous Apparatus of Valve. Most of the foregoing features are sho
Fig. 2. Neecessarily the apparatus is supplied with the appropriate senzory
motor nerves. The details of these latter have not yet been made out
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through a dorsally left submedian duct. Of the two longer and paired glands,
one, the left submedian, empties through a ventral ampulla, wlile the other
empties through a dorsally right submedian one; the details of the debouchment
remain somewhat obscure and no attempt has been made to indicate all of them in
the illustration. The three pores, however, are just in front of the “cquator” of
the valve. . )

Digonic. This species presents the unusual peculiarity for an hermaphroditie
nema of developing its ova in one gone, and its sperm in another gone of much
smaller size,—in a word is digonic. So great is the disparity between these {wo
branches of the sexual apparatus that at first glance one almost inevitably con-
cludes that the very small posterior branch is a mere functionless vestige.
A careful examination seems to prove that only ova are produced in the anterior
branch, while the very small outstretched posterior gonad functions as a testis;
the evidence for this latter conclusion being the occurrence of spermatozoa and
spermatocytes in small numbers arranged in the order to be expecied if the
organ were a small gonad devoted solely to the production of sperm. The cells
in this minute gonad are so few that their precise order is not a striking feature,
and yet an exanination of a series seleeted from among individuals in which the
ova in the anterior gonad are still quite young and small, enables one to demon-
sirate that the cells near the blind end of the small gonad correspond in structure
with primary spermateocytes, and that the succeeding cells, sometlimes as few as
two to three in nunber, represent successive steps in the development of the
sperinatozoa.  Oceasionally one finds here a pair of gonic cells lying side by side,
each containing about six chromosomes, practically as definite as those to be scen
in the testes of male individuals of {ypical free-living amphigonic nemas. Often
the perfected spermatozoa appear not to exceed eight to twelve in number.
There is an obscure {endency for them to be located in groups of four, such as
should exist if they were produced in situ in quartets in the manner character-
istic of the spermatozoa of nemas. Once an egg was observed containing near

_its equatorial periphery a body corresponding in size and staining properties to
coe of the spermatozoa o be scen free in the uterus. The nucleus of this egg
showed signs of being affected by the presence of the spermatozodn, though it
appearcd not yet-to have produced polar bodies. All these appearances are in
harmony with the supposition that the posterior branch of the sexual apparatus,
small as it is, functions as a testis.

TRIPYLA Bastian 1865

. 1.5 ¢ 6.7 w0, fgpr g,
3. Tripylanonohystera de Man. 17 1.9 T v 14t TFew nemnas

are more agile than this. Its movements are extremely rupid, especially those of
the head end. It is unusually flexible, coiling and uncoiling all parts of its body
with great rapidity. It is of a restless disposition, at least so appears when
brought under the microscope for examination.

I have often scen this Tipyle attach iteelf to glass and then exhibit the evolu-
tions characteristic of nemas possessing well developed spinnerets, but in spite
of careful examination of living specimens, and spceimens preserved both in
glycerine and balsam, I have seen no definite fraces of caudal glands. The
cephalic setae are segmented and consist of two or more joints,

Iuzbors a Parasite. Tripyla monohystera of the Washington filler-beds often
contains what appears to be a peculiar spherieal parasite. The parasites (?)
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in almost all cages where ther number
is few they are confined to the tail.
Sece Fig. 3. Thenee they scem to work
their way forward, especially along the
lateral fields, so that finally they may oc-
cur throughout the length of the body
in hundreds of thousands. These ob-
jeels are extremely minute and can be
satisfactorily examined only with the
aid of the highest powers of the micro-
scope. At first sight they appear {o be
ereseent shaped, a deception due to their
peculiar refractive properties. Careful
focusing shows that the greater portion
of the sphere, an ceccentric portion, is
but slightly refractive. The remaining

Fig. 3. Tripyla monohystera.  jmpnd iy
This active, voracious little nema
is wvery common in filter-beds.  pepjy
Often the remains of several other v
nemas are to be found in its intes- iz
tine. Tho specimen figured had
been feeding on a variety of miero-  7d it
zoa. To bLe seen in the intestine P
aro a nema, nemaled ing: the diw J
“gizzard" of a rotifer, rot ing; and E
a number of protozoa, 1ng. The (ad__ |
ezg shown has just received one of i
the syngonic sperm cellsep, and has iy
thrown off the first polar body, corp

plr I. 'The beginning of a sporo- /4
zeon (?) infestation is shown in the .
taijl, par. Therenclic of thisnema 4
(ren; ez p) has hitherto remained
unknown. An organ of consider- -
able size, but of unknown signifi-
cance, org ?,is alzo now for the first 7.
time shown to exist in the neck. -,.

For abbreviations seo p. 212, dig .. .2

portion is more easily scen, and, when
it comes into view in optical section,
presents the confour of a crescent;—is
thereforeinreality bowl-shaped. Ihave
made no serious attempt to classify these
objects and can only suggest that we
have here a new sporozoén. If so it
may be the cause of a serious disease of
the nematode; often 10 to 20 per cent

of the individuals appear to contain it. - °

In some collections it occurs in practi-
cally every individual.
Nemativorous. Nematodes having a

_plain oesophagus, such as Tripyla,

et e e,
Mononchus, and Monhysicra, ofien ex-
Fibit a marvelous capacity for_swallow-

ing relatively large objects. Some spe-

o arvie ..

Tdtar .

d wrwla,
durht. L2

ao ...

aies of Monhystera are able to swallow diatoms onc-half to two-thirds as w

themselves, and one-fifth to one-sixth as long.

Tripyla monhysteia is

(S



as wide as itself; and the partly di-
gested remains of several such may
somelimes be secen in its infestine.

(See TFig. 3.)

RONUS Bastian 1865

3.7 7.3 15, 13756t

4, Ironus longicaudatus de MaTQ’
. . es Ui

/1.6 1.9 2. 2.2

As regards the pronopnccd dorso-
ventral differences in the intestine of
Ironus longicaudalus, when specimens
of this species are stained in acid car-
mine it is noticeable that the large
granules characteristic of the dorsal
side take the stain. Trom an exami-
nation of living specimens one would

think these granules
probably fatty in their
nature. The fact that
they stain as they do
scems to exclude this
supposition.

No Spcrm Seen.  In
spife of very careful ex-
amination I was unable
io discover spermatozoa
in the females of this
species. Nevertheless I
am strongly inclined to
think - that further in-
vestigation will reveal
the presence of sperma-
tozoa, and show that this
species also is syngonie.
I have seen no males.

I believe the food-
habits of Ironus longi-
caudatus to be much the
same as those of Irunus
ignavus, but having had
less opportunity to in-
vestigate them I have
fewer data from which
to form an opinion.

1abitat: Washington
filter-beds; sometimes

abundant. Quite active.
4

“Rrm ari e :

:
B

Fig. 4. Ironus
lnngxcuudutus.

"he excretory
!\orc is at the lips.

The submedinn
salivary glands
empty  opposife
the wmphids, the
dorzal one farther
back. ‘The dor-
sul cells of the

: ¢ .t
intestine  differ

very much from —
the ventral,
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onchi are tissue tearers. The three onehi of Ironus ignovus are of unequal
and size. At first glance they appear equal, but even when the onchi are d
in and the head viewed in profile it is sometimes possible to see that the d
onchus differs from {he other two in being duplex.  When the onchi are exs
the expansion necessary to this operation throws the two apices of the d
onchus wide apart, and they ean then with ease be brought separately
focus. A front view of the head also emphasizes this double structure o
dorsal onchus.. Either half of this onchus when scen in profile scems to -
almost exactly the same size and contour as one of the submedian onchi.

action of the onchi in Ironus is like thatin some species of Diplogasicr, of
species of Axonolaimus and of one or two other marine genera, and is the

reverse of that of the onchi of Enoplus and iis relatives. The outward a
of the onchi in Ironus is adapted to tearing open the tissues upon which it f
the fluid and semi-fuid portions of which are then imbibed. In ham
with this is the liquid or finely divided character of the contents of the inte
in Ironus. Enoplidae, on the other hand, bolt their food. The moven
of the onchi do not appear to be so quick as those of the onchi of Diplog
The outward throw and return oceupied about one-quarter second in a spec
which though stained infra vitam with neutral red, yet appeared to be as a
as the average living speeimen.

Characteristic Intestinal Crystals. The doubly rcfr'u.llvc crysials foum
the intestinal cells of Ironus are different from those found in certain Rhabdil
which I have given the nmine Rhabditin. ‘I'he doubly refractive crystalsof J
are not spherical,—on the contrary are distinetly angular in contour and h
definite polyhedral form. These doubly refractive bodies are absent fror
anterior part of the intestine for a distance about equalling half the length «
neck, indicating a different physiological condition here. Some of the inte:
cells are very distinetly specialized. (See Fig. 5.)

Carnivorous. The following are strong reasons for regarding [ mm:s [
nivorous; (1) Recognizable plant remains are rarely if ever found in 1theinte:
(2) Ironus aboundsin places where there is little plant food of any kind, but-
animal food is plentiful. (3) The peculiar mouth parts can hardly b
plained in any other way than by supposing them to be special organs fo
ping open tissues of the food, and the only filter-led plants that could fu
adequate food for Tronus are cntirely too small to be operated upon by
mouth parts.

A very noticeable feature in the development of the eggs of Ironus ig
is the appearance in the ripening ova of numerous protoplasmic structures
stain rather strongly in acid carmine. Toward a dozen of these struc
may be seen in the full grown ovum when about to turn and passinto the w
The younger ovum immediately following it also shows these same siruc
more closely packed together, but of about the same size. After the eg
passed into the uterus these bodies sometimes completely disappear.

Newly Discorered Organs. Among the numerous new facls here broug
light in connection with Ironus none appear more interesting than the
nounced dorso-ventral differentiation of the intestine. In both ignavu
longiceudalus this ifferentiation is pronounced, ecspecially in the latter,
from one end of the intestine to the other the dilference in structure hetwer
dorsal and ventral sides is very striking. In fgnarus the same quality o


utente
Nota
c'=31


but the cells having
the coarser strue-
{ure are more secat-
tered. They never-
theless are here
also commonly dor-
sal or sub-dorsal.
What scems to
be a very long and
narrow tubular or-
gan (org 7) ecxists
inignavus. I have

been unable to de—

termine the func-
tion of this inter-
esting organ. The
mycelium of vari-
ous parasitic fungi
is not altogether
uncommon in the
bodies of fresh
waler nemas, and
sometimes presents
highly deceptive
app.earances, but it
did not scem possi-
ble to me that this
fubular structure
could be other than
an integral part of
the Ironus.

It is inferesting
to note that the
most common épc—
cies of Ironus in
American filter-
beds are identieal
with those of Eu-
rope. Ironus igna-
vus is widely spread
intheUnited States,
as I have collected
it from spring, lake
and river waters of
many of the north-
crnstates, from the
Atlantic as far west
as Colorado and
from widely vary-
ing altitudes.

longicaudatus, q. v.” ‘The differ-
entiation of the intestinal cclls
though marked is not so pro-
nounced as -in longicaudatus,
Common in filter-beds.” Sve p. 212,
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distanco in front of the nerve-
ring the cczophagus is dis-
tinetly thoushslightly altered,
A critieal review of the Men-
hysteras go far discovered and
described will undoubtedly re-
sult in the establishment of a
number of fairly well defined
groups, some of subgzeneric
rank, some of generie. The
divisions may be made on the
basis of the anatomy of the
male orzans as well as on that
of the mouth parts. These
anatomical differences are the
outward expression of differ-
ences in food habits, and of
special activities due to differ-
ences in habitat. The Mon-
hysteras constitute a huge
group, of considerable Liologi-
cal significance, Some specics
aro speeially adapted to sind-
jes of problems in genectics.
The mode of development of
the spermatozoa of certain
species is worthy of study.

.. ... ...

1 I SR
sibat ...
e ...
(17 g 7 S
s 94
Uy w. .

G
durar..... ... >

Q16 . D
7 .
L
00 o L
durht ... ..J|:

durd.. ..

e (UT SR
e O

Subgeneiic characters. 1
general form and appeara
Monhystera, but differsint
lowing respeets:—The phar
more clongated, somewhat
bling that of Cylindrolaim:
tapers slightly. The oeso,
is not quite of uniform dis
in this respect somewhat
bling that of Plcctus in th
rior part, but with all the
tions less pronounced, sot
first glance, the oesophagu
to be rather uniform in st
fromn the pharynx backwar
cardiac swelling. There
rather distinet pyriform
swelling, with clear indi
of the presence of glands
its muscular tissues. One
problematical umicellular
exist in the lateral Lelds ¢
side of the hody some ¢
in front of the anus. Ot
very much as in Mon
Possibly Monhysicra bulb
Man belongs to this sul

6. Monhystrellaplectoid

1.2 10, 17, tqa, 65
1.5 X ) 31 T

The rather thin, tran
colorless cuticle is trave
exceedingly fine transvers:
resolvable only with high
under most favorable cor
The thin-shelled eggs ag
be deposited before segm
begins.

Ilabitat: Sand, Wa:
filter beds; uncommon.
of the character represc
Monhystrella and Monliys
Targely, if not cntirely,
rian. As a rule they
abundant in covered s!
filter beds. On one «
however, after a long 1
winter use, I found suel
to be fairly abundant.
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where they appear to feed principally on green unieellular algae, which naturally
do not flourish in covered filter beds, since sunlight, direct or diffused, is
neceessary lo their growth.

IOTA Cobb 1933

- ) 12.5 20, 4. iy, 95.

7. Tota simile, n. sp. =g Tee Zew gt 658 The colorless layers of
the thick cuticle are traversed Ly ninety to one hundred plain, transverse
striac of such a nature as tojgive a relatively coarse serrate-crenate appearance
to the contour of the body. The annules of the cuticle are complete rings.
Only at rare intervals is there a trace of anastomosis; oceasionally it will
happen that two semi-annules on one side of the body are joined to one on the
other. The convex-conoid neck ends in a somewhat rounded head surmounted
by a flat lip region composed probably of six very flat lips placed in the slightly
depressed front surface of the first annule. The first two or three annules are
packed closely together, and the prevalent crenate-serrate appearance of the
contour begins probably with the fourth annule, possibly with the third. No
labial papillae have been seen. Nothing is known concerning the amphids.

Spear. The spear is rather more slender than in most Iotas, and tapers
throughout the main portion of the shaft, which constitutes fully two-thirds of
thelehgth.  Where it reaches its maximum development this shaft has a diameter
about half as great as the width of one of the neighboring annules of the cuticle.
Behind the shaft the hilt of the spear has a diameter only a trifle larger than that
of the main portion of the shaft. The hilt increases in diameter steadily
posteriorly, and finally expands suddenly into a large three-fold bulb nearly
one-fourth as wide as the corresponding portion of the neck. The central canal
of the spear is plainly visible, and is continuous with that of the oesophagus.

Oesophagus and Intestine. The oesophagus is about as wide as the base of
the spear, and appears {o present no very definite median bulb, though there
is a slight change near the middle of the neck which probably indicates the
position of some such structure. The details of the intestine are somewhat

obscure, but it appears to begin as a tube about half as wide us {he body, and to .

continue at this width for some distance. The anus scems to be located
between the fourth and fifth annules, counting from the posterior extremity.
The excretory pore is located near the twenty-sixth annule counting from the
head end where the annules first become distinetly developed; this means prob-

ably at about the thirtieth annule counting from the mouth itself. The tail is

conoid to the blunt terminus, which is destituie of a spinneret.

Sexual Organs.  The depressed valva is located ut about the seventh annule
from the caudal extremity. 'The vagina leads inward and forward a distance
fully cqual to the corresponding body width. Tn front of (his is the uterus,
whieh appears to be once and ovne-half to twice as long as the corresponding
body-dizneter. The ovary extends directly forward and its blind end lies
some lttle diztance behind the base of the neek. The eggs occur one at a {ime
in the uterus. They are thin-shelled, a little longer
Lody diameter and about half as wide as long.

abitat: Aberrant in filter beds, Wushington, D, C.; roots of grape-vine,
Herman, Mo, Synonymous with Jole are Ogma Sotithern and Criconcma Ilof-
miinner and Menzel.  [ola consists of many species. T have speeimens and full
MBS, deseriptions of a nuinber of new speeies colleeted during the last twenty
yewrs in widely different parts of the world. Al are -f and have the vulva
hidkdden smong the annules near the anus; tiny, wide nemas with retrorse annules.

than the corresponding
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. not wholly vegetarian. The various spe-

S. M. subfiliformis n. sp.

This form, which appears to be new, is closely
related to Monhysicra filiformis Bastian, but dif-
fers from the deseriptions given by various authors
in the following respeets:—There are 10 cephalie
setae on subfiliformis instead of six. The am-
phids are somewhat larger than given by most
authors for filiformis. In the cardiac region I
have noticed in the single specimen of the present
species so far examined, a very definite pscudo-
bulb. There is a definite renette, as shown in the
figure, with an excretory pore opposite the nerve
ring. The eggs are relatively larger than de-
seribed for filiformis. The anatomical details are
clearly shown in Fig. 7. "This species also shows
a certain amount of resemblance to Monlhystera
vulgaris, de Man, but differs in having setae on
the body, and in having 10 cephalic sctae, and in
the amphids being slightly different in position,
form and size. The tail of vulgaris also scems to
be more slender.

Habitat: Sand, Washington filter beds; M?:FMZ:
usually uncommon. Of thé numerous foa sub-

R Siliformis,
species of Monhystera I have had occa- Uncom-
ity mon 1o

sion to examine with respect to their {17, 1%
food habits, all appear to be largely if beds.

cies speeialize to a considerable degree in
the matter of food. For instance, many
marine species feed almost exclusively
on diatoms. If the ilterbed Monhysteras
are not an exceptlion {o the rule, they
would seem to be dependent on fungi and
bacteria as a source of food, except in
open beds, where of course they would
find an abundance of green microphytes.

CYLINDROLAIMUS de Man 1884

Sexual Organs. Cylindrolaimus {ypi-
cally has but a single outstretched ovary;
from the obscrvations of various authors
it would appear that this may extend
cither forwurd or backward, usually for-
ward. As there is some doubt about the
shape of the organ in the type specics
cominunis, it is desirable that specimens 1,‘/:/11\
of that species be redxamined.  Inasmuch
as the male of only one of the six true
species of Cylindrolaimus has been scen, it
would secem that the genus is typieally /7
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is probably digonic; if it is syngonie we are confronted with the phenoracnon
of the ovary first acting as a ‘testis and sending over into the rudimentary
posterior part spermatoeytes, probably primary spermatocyies, there to con-
tinue their development.

9. Cylindrolaimus obtusus Cobb.

3.2 10. 22, a.56% W1, o . TFig. 8 cyl-
2., 2.6 3.3 .5 .8 indrolaimus ob~

The moderately thin cuticle i};ﬁi‘g‘;bg:ﬁ: o

is traversed by five to six hun- the sexual or-
. . ans 18 very

dred transverse striae, which do  faintly “shown.
not appear to be further resolv- fgg}’c‘":"‘gossng‘y'
able. In glycerine specimens syngonie.
tliere are very faint indications ¢k ol
of longitudinal striations, which
are more pronounced {oward the
anterior extremity; these may be
due merely to the attachments of
the somatic muscles. There ap-
pear to be no very distinet lips,
though probably minute lips are
present,—so small and so closely
amalgamated as easily to escape
observation. Occasionally six
excessively. minute papillae have
been seen innnediately round the
mouth opening; though no doubt
always present, these papillae
usually  escape  observation.
When the lips are closed the
small mouth opening appears as
a simple pore in the middle of
the front of the head, where
there is an exceedingly minute
depression.  Four submedian,
somewhat papilla-like, widely-
spreading cephalic setae occur
on the margin of the head about
half way between the anterior st
extremitly and the front of the i ya
amphids; each of these setae is
about onec-fourth as long as the corresponding diameter of the head. The
well-developed lateral ficlds are about onc-third as wide as the body. There-
do not appear to be any distinct wings.

Intestine. Ovary. The somewhat cylindroid cardia is of relatively large
size, and is separated from the oesophagus by a constriction; it is about two-
fifths as wide as the base of the neck, and is surrounded by about seven uni-
cellular organs, probably glandular in nature.  There is a snall posterior branch
of the sexual apparatus, extending backward a distance about equal to the length
of the body diameter, serving cither as a testis or sperinatheea, apparently the
former. The ellipsoidal, thin-shelled, smooth eggs are five-sixths as wide as

-
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10 tNe Uterus one 4t & tliue 4nu sCCill Lo be dcposited uelore seguentation vet
Habitat: Sand, Washington filter beds, early in January 1916, at the
of about five months’ use. Not common. No males scen.

PLECTUS DBastian 1865

: . 5. 9.9 _ %0, '8&°4g8%18 g9, .
10. Plectus cirratus, Bastian. =5 34~ 43 &6 e’ " Takingtl

scriptions and figures of de Man as the basis of his identification, M
made numerous and very careful observations upon this species; he
found males, and concluded from this and his other observations that the s;
ispurely parthenogenetic. As my own observations do not agree with th
Maupas, it is well o consider carefully whether the species observed by usa
same. My specimens came from the Potomac River near Washington, D.C., U
and in size and proportions agree in all respeets with the figures and deseri;
of de Man. The anatomy of my speeimens also appears to agree in all ess
respects with that set forth by de Man. There is a little uncertainty abo
number of cephalic setae as reported by de Man;—in one instance he says
in another six. DBastian’s original description, made from speceimens
long, says four. In the deseription in which de Man placed the number
his corresponding illustrations are possibly open to the interpretation tha
only were present. The Potomac specimens always present four cephalic
The caudal setac of the Potomac speciinens are not so prominent as indica
de Man's figures. My specimens present the amphids at precisely the
indicated by de Man, and of very nearly the same size. De Man does not
a very clear indication of the shape of the amphids, but I sce no reason to co
the two forms specifically or varietally different on the hasis of the shaj
position of the amphids. There exists, therefore, only the uncertainty
regard to the cephalic setae, and this may not in fact be a disercpancy. M
shows five eggs in each uterus. It is uncommon for the Potomace specim
present as many cggs as this in the uterus; the common number is one or iw
it may rise to four. Dellan describes the egg-shells as smooth; Maupas, ho
says they are covered with minute points. The Potomac specimens
with Maupas' description. I am therefore most strongly inclined to believ
the forms examined by Maupas and myself are the same.

Maupas, in his deseription of the devclopment of the cgg, notes the fol
points: In one case only among a large number of developing ova exs
did he sce more than a single nuclear figure. e considers this an imp
point in his demonstration of the parthenogenetic character of the dc
ment. 1Ie observed that when the cgg entered the uterus it lost its ¢
nucleus for an hour or more, and concluded that during this period the
hodies were formed, although, as he says, he never saw any polar bodic
observed amochoid movements in the ovum during the absence of the n
Maupas says that it was with much dificulty that he convineed himself {
spermatozoa were present in the sexual organs of this Plecfus, but that i
of carcful examination he never succeeded in secing any. Nor did he ¢
slightest trace of spermatozoa on removing the sexual organs and treatin
with acetic acid. ITe therefore took the species to be parthenogenetic.
theless, he noted ocecasionally in the distal end of the uterus refractive
of excecdingly small size. As will appear later, it is not at all improbal
these minute hodies were really sperimatozoa which he failed to recognize ¢




COnUILIONS, 1T 1§ POSSIbIC 10 see ine spermatozoa of Plectus cirrulus in living

Fig. 9. Plectus

o« cirralue,  which
like muny other
no. specics of Plectus
’ is eyugonic. An

I esgisceen in 2nd
maturstion  divi-
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specimens of the right age and
condition. The most suitable
age for such observations ap-
pears to be that at which the
spermatozoa are about to enter
the uterus,—the stage when the
sexual organs appear quite sim-
ple, and the uterns has the form
of a rather narrow empty tube.
On searching for spermatozoa or
spermatocytes near the large or
proximal end of the ovary it
will usually be possible to find
them without examining many
speeimens. It may be necessary
to view the specimens at a par-
ticular angle, and it may require
a number of trials to sccure a
favorable speeimen. Fixation
with hot corrosive sublimate,
followed hy an acid carmine
stain and long destaining, de-
monstrates the presence of sper-
matozoa at almost any stage
after they are formed, up to the
time when all have
been utilized. Using
such material, I have
been able to trace the
spermatozoon into the
cgy, and show that the
spermatozoon displays
about six chromosomes
at a time when its two
centrosomes appear on
the side next the egg-
nucleus, which under
its influence divides,
A;,,m, and forms two distinet
groups of ehromosomes

s ”;/: (‘O"Si"ﬁ."g of six cach.

' Indefinite bodies are

..... wul f()l'lllcd in ”10 \'icinity

'”: ‘,’ of theeggnueleuswhich
PP N

appear {o have the sig-

nificance of polar bodies; see Fig. 9, where one is shown faintly at corp plr (I).
Syngonic. My observations leave me without the slightest doubt that this

Plectus is syngonie, wnd that the spermatozoa. are functional.

Rather casual

observations 1 have made on other species of Plectus prove that syngonism is

2ot




or their cquivalent,—and we MIZNT THEICIONE CAPLLY SUGLL URES VU 10y wo vy ey
“resistant’’ to sperm. Whether or not this suggestion has a basis of fact, the
theory of cryptogencsis harmonizes with what is known about the incomput-
hility of parthenogenesis and fertilization. Of course ova may be too young
& be fertilized, or too old to be fertilized, and their parts may be so acted upon
By 2 variety of forces as to bring them into a more responsive or less respon-
3ive condition; ncedless to say, thesc various facts must also be taken carcfully

into account in any such speculation as the foregoing.

Abbreviations Used in the Illustrations

mp, smpulla
amp sal dct, ampulla of
salivary duct

amp subm, submedian ampulla
amp ont, ventral ampulla
amph, amphid
an, anus
an gl, anal glnod
apie, apiculum
ar dnt, tasp
or la2, lateral field
ar vnt, vontral field

Ba.s ph, base of pharynx
blb crd, cardine bulb

Cm.- som, body cavity

) chrsm, chromosome

o ar lat, cell of the luteral feld

el crd, call of cardia

¢l int, intestinal cell

ol lat, lateral cell

el 'msc, muscle cell

¢l nre. nerve cell

o nro an, anal nerve-cell

e nro cdl, caudal nerve—cell

el nry crd, cardiac nerve-cell

ol/nry dsl, dorsal nervecell

d'nry lat, lateral nerve-cell

d ml-f subm., submedian nerve-
ca

¢l nro vnt, ventral nerve-cell

cnér, centrosome

corp pol I, 1st polar body

eph ppl, cephalic papilla

eph set, cephalic seta

erd, cardia

est pA, pharyngeal rib

cut, cuticle

Dc!. duct

dct gl edl, duct of caudal
gland

dct ren, renette duct

det sal dsl, dorsal salivary duct

div red, reduction division

dnt, denticles

Ex p, excretory pore

FL: o, flexure of ovary
).lz orr post, floxure of pos-
terior ovary

Gl, gland
gl an, anal gland

ol edl, caudal gland

gl cdl subm, submedian caudal
gland

ol o¢, oesophageal gland

gl sal, salivary gland

gng, ganglion

grn, granule

graint, intestinal granule

grn int maj; larger intestinal
granule

grn int min, smaller intestinal
granule

Ina. ingested material
tng nematod, ingested noma-
tode

int, intestine

int cryst, intestinal crystal

int lum, intestinal lumen

Jnc. junction

Lum b, lubial lamina
1b, lips

b ppl, labial papilla
lum, lumen

Lum in!, intestinal lumen
lum oe, oesophageal lumen
lum som, body cavity

Mx’l, mitosis figure

msc an, anal musclo
msc oe, ocsophagus muscle
msc ph, pharyngeal muscle
msc som, body muscle
msc talo, valve muscle
mac vlv, vulva muscle
mur tnt, intestinal wall
mur phk, pharyngeal wall
mur ul, wall of uterus

¢cl, nucleus
ncl ar lat, nucleus of lat-

eral field,

nel ¢l int, nucleus of intestinal
cel

nel ¢l nrv, nucleus of nerve cell

nel gl edl, nucleus of a caudal
gland

ncl lat, lateral nuclous

ncl msc, nucleus of muscle

ncl nro, nerve nucleus

nel oe, oesophageal nucleus

ncl or, nuclous of ezg

ncl oo im, nucleus of ovum

necl ren, renette nucleus

ncl ut, nucleus of an uterine cell

ncl tlr. nerve nucleus of valve

ncl n!, nucleus of the ventral
field

nr, nerve

nro, nerve

nro af, afferent nerve

nrp r, Nerve ring

nro vat, ventral nerve

Oz. oesophagus
oes lum, oesphageal lumen

on, onchus

on'dsl, dorsal tooth

on rtr dsl, retrorse dorsal onchus

on rir subm, retrorso submedian
tooth

on submd rt, right submedian
tooth

on subm snst, left submedian
tooth

odcyt, obeyte

org?, organ of unknown signifi-
canco

org elast, elastic organ

org int, intestinal organ

ov, oviln

op det, oviduct

ov frt, fertilized ocgm

ov im, immature egg

ovr rud, rudimentary ovary
op uf, uterine egg

P spn, mouth of spinnoret
par, parasite

ph, pharynx

ph str, pharyngenl striae

por or p, pore

por gl oe, pore of oesophugeal
glond

por sal, mouth of the salivary
gland

por sal dsl, mouth of dorsal sal-
ivary gland

ppl, papilla

ppl cdl, caudal papilla

ppl cph, cephalic papilln

ppl intr, interior paoilla

ppl lat, lateral papilla

ppl Ib, 1abial papilla

ppl'lllb extr, exterior labial pa-
pilla

ppl subm. submedian papilla

ppl subm sec, secondary subme-
dinn papilla

ppl trm, terminal papilla

cht sem, seminal receptacle
ret, rectum

reg vnt, ventral field

ren, renette

rot, rotifer

rot ing, ingested rotifer

Sal. salivary eland
sal dct, salivary gland duct
sal dal, dorsal salivary gland
sal gl dsl, dorsal salivary sluud
sal subm, submedian salivary
gland
sec, secretion
sec cdl, caudal secrotion
sel, seta
get cph, cophalic seta
set sub-cpk, subcephalic sota
sp, spiculum
spm, spermatozoa
apn, spinneret
spndl, spindle
spthe, spermatheca
str mur ph, strine of pharyngeal
wall
aubcut, subcuticle
sut Ib, labial suture

rm, terminus
trm oo, terminus of ovary
trm orr, blind end of ovary

Ut. uterus

ag, vaginn
tag msec, vaginal muscle
valy, valve
tlr, vulva, valve
vstbl tag, vestibule of vagina

other species, UL TNUS 14T L NUVE 11U PrOUL VLY LU LUESE ULHET SPECLes the sper
tozoa are functional. These results lend additional emphasis to my suggest
made in previous papers, that parthenogenetic species in general be regéxami
with a view to ascertaining whether some of them do not present spermate
of minute size. As in the present case, species hitherto regarded as parthe
genetic may prove to be syngonic. Probably thousands of nemas are syngo

Hermaphrodilism in Nemas. Dr. E. Maupas in 1900 summarized to that ¢
a list of 3¢ hermaphroditic species belonging to 12 different genera, as follow
Rhabdilis, Diplogaster, Cephalobus, Plectus, Allantonema, Bradynema, Mi
laimus, Angiostomum, Strongyloides, Dorylaimus, Aphelenchus, and Alaimu
four of them parasitic, the remainder free-living. These 34 species repre
varying degrees of hermaphroditism,—from species with two sexes, both fi
tional, but presenting also females capable of developing their own spermato
to those in which only female forms are known, but in the gonads of which
spermatozoa then ova are produced, the spermatozoa serving to fertilize
from the same gonad. Of these 34 species, over half belong to Rhabditis.

Syngonic Forms.* I have recently taken occasion to look somewhat caref
into the embryology of a number of species, all of which prove to be syng
or digones. These are the filter-bed species Mononchus longicaudatus G
Ironus ignavus Bastian, Ironus longicaudatus de Man, Plectus cirratus Bas
and Tripyla monohystera de Man, all species that have been repeatedly inv
gated by different observers in various parts of the world. To three of t
males are unknown; in the case of the fourth, Ironus ignavus, the males have
seen but rarely. In addition I have examined an interesting new genus, Mo
chulus, also hermaphroditic. In the course of my investigations exter
series of individuals have been examined, in nearly every case several hunc
all of which proved to be syngonic females (digonic in dononchulus). 4
most of the other hermaphroditic nemas, the spermatozoa are produced ir
young gonad and are early sent forward,—often to a special receptacle,—w
they await the arrival of the ova.

Potency of Syngonic Sperm. 1In the fight of recent researches on the fe
zation of the ovum several interesting questions again arise in connection
the origin, development and function of these spermatozoa produced by g
which simultaneously or subsequently produce ova. Are these spermat
functional? That is to say, do they fertilize the ova in the ‘“‘regular’”’ mart
Do the syngonic spermatozoa enter the egg and behave in every respect like t
produced in a separate male organism, or do they behave in some other °
To answer these questions, among other things the history of the chromos
throughout the ripening of both sperm and ova should be accurately kn
and then compared with the corresponding facts in typical amphigonic spe

Vanishing Series of Spermatozos. Mainly, previous researches have ¢
us the records of species in which the spermatozoa produced by syngonic fen
were of the same size and form as those produced by the few males that
occurred, thatis to say relatively of very considerable size. In some specie
males of which are unknown, the recorded spermatozoa, found in the fes
are relatively small and difficult to observe. My own rescarches have le
to cases more and more difficult to decipher, owing to the smaller and sm
size of the spermatozoa discovered, and ended in cases in which T was left
pletely in doubt as to the existence of spermatozon; I could find none, bu
nature of my expericnce did not permit me to conclude that therefore

¢For the terminology used in the following discussion, seo pp. 126, 127.



vren duuer tie Dest or conditions and with the best instruments used by ex-
perienced observers, as {o lead me to begin to question the adequacy of the evi-
dence upon which we base our belief in some cases of alleged parthenogenesis.
May it not be that sperm cells, small and difficult to observe, have escaped notice?

Polency. As to the efficacy of these small spermatozoa, in all the cases I
have observed there seems to be a fair volume of evidence that the eggs are fer-
tilized by the entrance of a body so closely resembling one of these small sperma-
tozoa as o leave cither no or little doubt that, so far, the phenomena are identical
with thoseof bisexual fertilization. Spindlesand polar bodies are formed, though
sometimes the evidence is not complete. Unfortunately, in most of the cases I
have observed, the chromosomes are so small and crowded as thus far to preclude
exact counting; I am therefore unable to say, on the basis of fully satisfactory
abservations, that fertilization always takes place in the same manner as in the
case of females fertilized by copulation with males. I ean only say that my
evidence, as far as it goes, points that way in a considerable number of species.

In view of the present developments this would seem to be a matter in which
itiswell to keep clearly in mind that no amount of not seeing a thing proves that
it does not exist. It is no longer the case, as it formerly was, that non-existence
of males may be regarded as proof of parthenogenesis. We must prove that
there arc no functional spermatozoa produced by the females themselves. Has
thisalways been done? I think the answer must be ““No,” or ““Not satisfactorily.”

Road to Parthenogenesis? With Maupas one may suspect syngonic nemas to
be on the road to parthenogencsis. This suspicion may be justified on the
ground that we find species producing two groups of sexual cells, one male, the
other female, variously arranged with respect to cach other all the way from
amphigony 1o the most intimate syngony, a series at once suggesting the hypoth-
esis that bisexual nemas may be evolving along this road to parthenogenesis.
What would be the ulterior (post-parthenogenctic) steps in such an evolution?

Consider for a moment the origin of the gonic cells in a syngonic nema: At
some time in the growth of its gone all the future ova and spermatozoa exist
in the form of a single or primary gonic cell, destined to give rise both to sper-
matocytesand odeytes. Thespermatocytes usually take theleadin development
and give rise to spermatozoa that are lodged in the uterus. In some cases almost
simultancously, in others only a few hours later, the odcytes begin to develop,
and give rise to ova, which in turn pass onward to be fertilized by the sperma-
tozoa already produced by the same gone. Admitting the crudeness of the
questions,~—Is not this conceivably a wasteful method? Under the cireum-
stances might it not be more “‘economical’’ to produce only one kind of cell,
cach such cell to contain both male and female elements? Why separate these
complements only 1o bring them together again so soon? These queries are of
course merely suggestive, and are not meant to outline the whole subject.

The original gonic cell of a syngone gives rise to both spermatozoa and ova;
hence there exist in it, among other things, both male and female potentialities:
these must have some physical embodiment,—of course not necessarily dis-
cernable.  Should these potentialities, male and female,* beseparately embodied
in the original gonic cell in numbers suitable cach to each, why might they not
there and then, in ways harmonious with those familiar in amphigony, segre-
gate their parts and regroup them, and afterward develop in the form of some
fructional number of syneysts? Is this anything more than following to what
would appear {o be a logieal conclusion, the tendencies apparently existing in

* “Potentialitios, malo and fenuale™, being, of course, morely members of a series of potentialitios
subject to heredity.

siggested the name eryptogenesis,* will place parthenogenesis in a new light.
Evidence for or against cryptogenesis should be sought in the structure and be-
havior of the “odeytes” and “ova’ of syneystic forms.  From some forms of Sy n-
gony it would appear to he hardly more than a few steps along this road to par-
thenogenesis, itself perhaps, as it were, a waystation cn route to eryptogenesis.

There have been three main theories of natural parthenogenesis:

1. Owen’s, that not all the germinal matter is necessary for the production
of the new organism, and that after the new organism has matured,a left over por-
tion of the germinal matter within it proceeds to develop new organisms.

2. Huxley’s, that the parthenogenetic “cgg’ is not in reality an ovum, and
that its development is comparable {o the growth of an organism from a bud.

3. Hertwig's, that parthenogenesis is a degenerate fertilization.

Parthenogenesis as commonly understood may be said to be of three kinds:

. @, The resultant generation is all female (homocystic). b, The resultant genera-

tion is all male (homocystic). ¢, The resultant generation is heterocystic. Fur-
thermore it may be divided into thiee cases:

1. The parthenogenctic gencration alternates strictly with a bisexual one.

2. Several parthenogenctic generations oceur between the bisexual ones.

3. Pure syncysty; i.c., no reproduction other than parthenogenesis is known.

A common supposition is that the parthenogenetic gamete is an ovum -or
macrogamete pure and simple. It seems more difficult to explain the three kinds
of parthenogenesis on the supposition that the gamete of the parthenogenetie
organism is essentially or only an ovum or macrogamete, than on the supposition
that this gamete is syncystic; for this latter supposition makes it easy to imagine
the different results of natural parthenogenesis to arise by processes similar to

_ those already familiar in heterocysty.

Cryptogenetically considered even parthenogenesis may be conceived of as a
concealed, (often perhaps unseeable or at least hitherto unseen) but more or
less ‘““normal’’ genesis.

A strict construction of the phase of cryptogenesis discussed rests on the
supposition that what we have been calling parthenogenesis is one phenomenon,
and not a collection of more or less related phenomena. My own present view
is that this latter clause probably comes nearer the truth, and that partheno-
genesis as we have broadly understood it may possibly cover cases in accord
with most of the theories that have been proposed.**

Cryptogenesis may not exhibit all the phases investigation has disclosed in
heterocysty; the suggestion is rather not only that all the results accomplished or
supposed to be accomplished in natural parthenogenesis may be explicable along
the lines of ordinary fertilization, but that parthenogenesis, and eryptogenesis
if it exist, is not so much a distinet method of generation, or even a degenerate
fertilization, as an evolved amphigony.

There is a certain amount of evidence often interpreted as showing that
fertilization cannot be superimposed on parthenogenesis,—e.g., parthenogenetie
cggs may “‘resist’’ sperm of the same species. In normal fertilization onee an cgg
entered by a spermatozoon it thereafter “resists” the entrance of other sper
matozoa. If what we have been calling parthenogenesis is, in any given cice
in reality cryptogenesis, then the parthenogenetic eggs may be regarded -5

* This conception differs from earlier ones in its space-and time-limits, (time, antecedent; space
the confines of ancestral gonic cells), and in that jts methods and mechanisin are extended 1o passibly

include all the phases known for, or postulated of, tle forms of genesis from wnich it is supposed to he
evolved.

** Here we seem unconsciously dominated by our terminology, some of which is outgrown and, as ap-
plied, even misleading. The faets and ideas need eritical analysis, as well as the benefit of an adequate
terminology, as Sir E. Ray Lankester has just indicated in the August number of *Nature' (1917).



