NOTES ON NEMAS*

(1) Segmentation of Their Organs, IHustrated by three new {ree-living marine
genera. (2) Intravitam Color Reactions, (3) the Nema population of Beaeh
Sand, (4) Locational Terms for the Cytology of Descent, and
{5) Funetions of the Amphids.

By N. A. Cosn

CONTRIBUTIONS TO 4 SCIENCE OF NEMATOLOGY V.

1
SEGMENTATION IN NEMATODES

OsservaTioNs BEARING oN THE UNsETTLED QURSTION OF THE
Reramoxsme oF NEMATODES To OrHEr BRANCHES OF
THE AxmMAL Kinepox

I have long been impressed by certain evidences of segmentation
in nematodes. My first impressions arose from a study of the dis-
tribution of the setac on agquatic forms. This distribution was in

—these days, and is even yet, described as irregular; the setae are said to
be “seattered” on the body. Charting all the setac on a given speci-
men led to the conclusion that they were not seattered (“zerstreut”);
that, rather on the contrary, they constituted a series of more or less
harmonious groups. The cephalic setae, it is well known, have an
orderly arrangement. The study of a large number of cases leads me
to the eonclusion that those setae, some distanee bchind the cophalie
setae, denominated subeephalie setae, are also orderly in arrangement,
and might, in some instances at least, be regarded as repetitive of the
cephalic setae,

Later I was able to show that the transverse strine of the cuticle
are retrorse on the posterior half of the body, and the reverse on the

front half. (See Fig. 1.) , : : -
This reversal in the cuticle % .~ _ =
at the middle of the body, Fig 1

or thereabouts, occurs in  Wig. 1. Disgram of the reverssl of the strise of the cuticle
s ) of a nematode. The reversal is shown just above the letter ¥,
a very wide range of gen-

era, is independent of age and of sex, and seems a character of funda-
mental significance.

*Waverly Press, Baltimore, May 8, 1017,
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Recently I have discovered that the prinecipal cephalic organs are
made up of segments which, while stmple in character, hear no small re-
semblance to correspond-
ing features in segmented
organisms. The nature of
these segmented append-
ages will be more easily
understoed by consulting
the illustrations in Fig. 2.

. The articulations in the
Fig. 2. Cephalic seta of a nematode, showing segmentation. 3 = onf
Twé)gdiﬁmmp a?tiltudes of the same seta, (‘ephz.hc organs 01. DEmas
are not easy to discover,
owing to the small size of the organs and the transparency of the tissues.
Seme of these segmented organs are under museular control, and ean
be extended and inflexed.
This is true of some of the o ol it
labial organs, which un- |\
fortunately are usually so
small as to be diffieult to
observe. The eephalie
setae, however, are larger,
being particularly well de-
veloped on some marine
forms, and in this ease ob-
servation on living speci-
mens affords evidenee of
the artienlations when they
might be overlooked if
they were sought by other
methods; for if a seta 1s
obstructed it takes on the
attitude natural to an or- "
gan composed of ﬁexxblc- X 1200 5ot ph y, st b
joints and more or less in-
flexible segments, as shown
in the upper illustration,
N pp() . u. . Fiz. 3. Pomponema mirabile nyg., nsp., & nems with
Flg. 2. I{e]‘(’ 2galn, once jointed cephalic organs, and resembling Cratholaimus, but
& . g with 3 onchi, more complicated amphids, long, jeinted,
havmg estabhshod the faet Ilsbial palps, wings as in Spilephere, spicula ss in Cyathola m-
us, with 20 chromaderoid, male supplementary orgsns,
and learned how to make Characters of P. mirabile, type species, given in the illustra-
3 2 tions and formula,
the observations, it proves
that the setae of a wide range of genera are jointed, though the
number of segments is often reduced to only one or two.
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One recalls that a number of observers have noted the presence
of longitudinal series of repetitive organs in the lateral ficlds of nem-

set ol subm sotlh set cph ft ; ;ﬂm’ Sl set cph sulhg

tm o

Fig. 4. Scapirello cinecla n.g.
n.8p, 1 and 2 illustrate re-
spectively the inflexed and ex-
tended attitudes of one of the |
jointed mendibles. Scapirellc
has the general a g)peurunce of |
Azonolaimus de Man 89, but
has jointed mandibles, cireular |
amphids, a eingle ovary, and |
epiculs with only faint accesso- |
ries, No supylemenmryorgam
,har&cm of 8. eincts, type
pies, given io formulas and '
lustmmons Formula explain- )
ed onp. 7.

atodes, though attention has never been called to the fact that these
organs on opposite sides of the body may be symmetrieal to each
other. Sometimes they are exactly so
How is the prominent trilateral 4 o G L7
symmetry of the nematode head to : P e ¥
be expressed in terms of bilateral
symmetry? Selachinema and Cheir-
onchus assist in answering this ques-
tion. A second species of Selachi-
nema, not yet deseribed, has little or
no trace of the vestigial dorsal jaw
present in 8. voraz (p. 113), so that
the two projecting mandibles become
practically lateral, and are bilaterally
symmetrical. An even more com-
plete transformation oceurs in Cheir-
onchus (Fig. 5), where by a complete
disappearance of the dorsal sector of
the pharynx the submedian ones
have become truly lateral. In both
these genera the resulting transfor-
mation to a two-jawed animal gives
rise to symmetrical mandibles, acting &% {;’,wﬂlﬁ,’;’ﬁ;’l‘r‘ir&f’ PaT B LR 8 R
arisen from ths ventrally submedian socfors

from side to side. of the head at the same time that the dorsal

= 8! ts of th ha have disappeared,
It was, of course, conceivable that Ev?;“;o'f.j;,,i’,hm,ihfm’f:;’,‘&f‘mné’; S ach

= C t b t dorsal jaw, and
any such transformation might take frme Pl 0% uooynceal and cardice bilbs.

’ . . voraz,
the form of & union of the submedian FEacer o C a;‘é"};m"‘ﬁ';:m”' gived. i
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sectors, these united elements then aecting in opposition to the dorsal
seetor, the two jaws thus developed becoming one dorsal and one
ventral. There is no evidence of such a transformation.

2

INTRA VITAM COLOR REACTIONS IN NEMAS

We have slowly come to have great confidence in the specificity of
certain physiological actions. The known cases of specificity are
relatively few, and have been discovered largely by accident. We
do not know the exact nature or cause of this specificity. We intro-
duce into an organism certain substances, and definite results follow;
about the only thing we know in the matter is that these definite re-
sults follow with certainty. What the reactions are that bring about
the result we do not know, Our ignorance is so great that even our
theories are very vague. In such cases, if only we could see what it
is that happens while it is happening, it seems certain that important
advances would be made in our knowledge of nutrition, growth, and
decay,—of physiology, pathology and medicine.

If substances giving color reactions in living tissues could be applied
to small, transparent, varied and highly ecomplex living organisms,
under circumstances that would permit microscopic examination while
the reactions are in progress, we might hope for more light on this
exceedingly important subject. Experiments I have made lead to
the belief that many of the conditions requisite for suecess in this
line of investigation can be much better reslized than hitherto by
feeding colored substances, notably coal-tar dyes, to freeliving
nematodes.

These minute, transparent animals are comparatively highly organ-
ized; not only this, but alse extremely varied in their habitats and
mode of life. Some are exclusively vegetarian, others exclusively
carnivorous, and others omnivorous. They constitute a group com-
posed probably of hundreds of thousands of species, embodying an
almost inconceivable number of kinds of physiological action. Their
organs are enclosed in a thin transparent cuticle, and are strung out
so as to make them unusually suitable for intra vitam examination.
Under slight pressure the nema flattens out more or less without losing
its vitality sufficiently to preclude satisfactory intra vitam exami-
nation under the highest powers of the microscope. '
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Observing certain precautions, I find that a great variety of coal-tar
compounds and other colored compounds can be fed to nemas, ap-
parently without interfering materially with their normal metabolism,
Some nemas are resistant to chemicals that to most organisms are
poisonous. Often I have had the best results by cumulative action,
using small quantities of eolor dissolved in the medium in which the
nema lived, and allowing the dye to aet for days or weeks.

Not infrequently the dyes prove to be highly specifie in their action.
Only certain cells, or only definite parts of certain eells, exhibit visible
regctions in the form of colorations. The results obtained by the
use of any given dye may be quite varied. It is evident in many cases
that the dye is digested and assimilated, thereby undergoing molec-
ular changes by which it is eonuverted into new compounds in a man-
ner analogous to the processes exemplified in chemical laboratories
devoted to the production of aniline dyes. Thus, a dye may give
rise to several different eolors, none of them like that of the dye itself,
and all of them very likely due to new compounds. I have seen con-
sidersble evidence pointing to the conclusion that in some cases the
dye fed is converted into colorless compounds during the proecess of
digestion (a reduction phenomenon?), and these colorless compounds
re-converted into colored substances afier they arrive at certain des-
tinations or conditions. The number of changes these “living lab-
oratories” ean ring on the moleecular strueture of a given dye must in
some cases be very eonsiderable. Two or more dyes fed simultane-
ously sometimes produce results more or less independent of each
other. The spectacles are very brilliant.

Using these methods I have been able to demonstrate within the
confines of a single cell the existence of an unsuspected number of
kinds of “granules,” manifestly playing different réles. After the
differences among these bodies have been shown in this way, it is
sometimes possible to pereeive corresponding morphological differ-
ences; but without the aid of the eolor reactions the differences would
never have been suspected,

The main thing to bear in mind is that on the basis of our present
more complete knowledge of the chemical and physical properties of
coal-tar eompounds these color reactions in living nemas may be made
the index of physiological characters possessed by the cells and their
components. In view of the great variety of the known coal-tar
derivatives, and the wonderfully varied metabolism of the free-living
nemas, it secems to me a very reasonable hope that researches directed
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along this line will lead to important results, and that the nemas may
become classical objects in cell and general physiology, as they have
already become in sex physiology.

A new and rather extensive nomenclature will become necessary,
It will be needful to distinguish between the results of intra vitam,
intra mortem and post mortem staining; for these three terms, the last
two new in this connection, represent as many different phases in the
reactions that take place during the course of the experiments. As
the cells lose vitality, new color reaetions oceur, and the death of the
cell is followed by further equally marked changes in the reactiouns.

The eell elements T bave mentioned vary in size, but most of them

are exceedingly small, many so small

, ‘ ) é‘/ ﬁ » oo o ey eye
— a 7,7 that they are on the limits of visibility

B oo using the very best instruments with
o S . s9ur= the greatest skill and under the most
g

0/

favorable conditions. On the other

H “cwndenser  hand, some of them are large enough

s0 that they can be examined in con-
siderable detail and their structures
made out. Among them are the bodies
eurrently referred to under the name
mitochondria, and other more or less
synonymous words.

As it will be some time before we
can establish a rational nomeneclature
for these numerous intracellular struc-
tures it is desirable meanwhile to adopt
terms that will permit intelligent dis-
cussion of our discoveries as they are made. While the principles un-
derlying such a nomenclature are easily defined, it is by no means
easy, in the present condition of things, to suggest suitable short and
expressive 100ts to be used as a basis, In the long run there’ll be
less confusion if meanings of the terms first employed relate to form,
size, and position rather than function.

Investigations of this eharaeter are not unlikely to stimulate further
research in connection with aniline derivatives. Present efforts are
directed toward the discovery of dyes of greater or less permanency.
Permanency, however, is of little moment in these investigations;
what is of moment is the chemical and physical nature of the dyes.
No doubt dyes of a greater range of composition ean be produced if

l; Pe—r \
™ conlerin g Screms 7

Fig. 6. Diagram of a paircf objectives,
the lower used a8 a condenser for the upper.
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permanency be disregarded. TFurthermore, as already hinted, eclor-
less compounds may be used if in the course of the metabolism they
are converted into colored compounds, The results of recent studies
of dyes as chemical indicators eome into play, and give valuable evi-
dence in determining acidity and alkalinity.

I am almost ready to express the opinion that a small army of in-
vestigators should be engaged on the problems opened up in this way.
The equipment needed by the investigator is as follows: (1) e must
be a good mieroscopist, versed in physiology, eytology, and histology.
(2) He should be eonversant with the chemistry of the coal-tar com-
pounds, not so much from the viewpoint of the maker of dyes as from
that of the broad-minded chemist, freed from the economic domina-
tion of the dye industry, for, as before remarked, fugitive dyes, and
even colorless compounds, are possible factors in such investigations
as are here under discussion. (3) He should have 2 working knowl-
edge of nemas.

IruoMINATION

In order to distinguish with aceuracy among snfra vitem color re-
aections it is necessary to be very particular about illumination. The
most perfectly eorrected lenses must be used, both as condenser and
objective, and the light used must be as nearly white as possible.  The
best source of light known to me for these researches is bright sun-
light reflected from a plane, matte, white reflector. The reflector
should be several feet across, and placed at a distance from the micro-
scope several times its own diameter. It should be universally ad-
justable, so that it ean be set 1o refleet a maximum of light to the mir-
ror of the microscope,—all the better if it is heliostatie. A good
surface for the screen is made by whitewashing a rather finely woven
cotton cloth.

The best optical arrangement I have tried is the use of one apo-
ehromat ohjective as a condenser for another apochromat. I have
been using with . SO
success a 2 mm. g,
apochromat as a
condenser for a 2
mm. or 1.5 mm. _ Fig. 7. Microscope slide used for intra vitom examinations as indicated
apochromat  ob- o
jeetive. These precautions are necessary if fine eolor distinctions are
to be made with the greatest possible aceuracy. If these precautions

vund corergiass.
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are taken, it will be found that fine distinctions can be made with
sueh precision as to dispel all doubt as to the existence; side by side,
in the same cell, of bodies of quite different character that it other-
wise would be either, impossible or exceedingly difficult to distinguish
from each other. :

The use of an ordinary apochromatic objective as a condenser ne- -
cessitates the use of a special object slide, consisting essentially of
a carrier, and two cover glasses. The object is mounted between the
cover glasses. Such a slide is shown in the accompanying illustration.
The substage of the microscope should have a centering arrangement
and a rack and pinion, or screw focusing adjustment. A little ex-
perience with an apparatus of this sort, in which all known precau-
tions are taken to remove color from the optical system leads omne
to distrust the ordinary Abbé substage condenser when fine distine-

tions are to be made between colors in the mlcroscoplc object, espe-

cially if the colors are of similar character.
'NEMATODE POPULATION OF BEACH SAND ‘

Through the ecourtesy of the U. 8. Bureau of Fisheries I was able to
make quantitative observations during the .summer of 1916 on the
nemas of ordinary beach sand, between tide-marks, at Woods Hole,
Buzzard’s Bay, U. 8. A. Nemas were plentiful; it was ealeulated
that on one beach in the top 3 inches of sand there were at least 527
millions per acre. On another beach there were at least 1040 millions
in the topmost inch of sand. The nemas varied from a fraction of
a millimeter to 10 millimeters in length, averaging 2 to 3 millimetiers.
-On muddy shores where organic matter is more abundant, the nema-
tode population is much more dense—thousands of millions per acre.

Many of these nemas were strictly vegetarian, and fed on micro-
scopic plants present in the beach sand,—plants both green and eolor-
less. Experiment showed that a considerable amount of light pene-
trates average beach sand to a depth of £ inch, thus rendering possible
the growth of green protophytes and various algae at slight depths
in the sand. Some of the nemas were strictly earnivorous, feeding on
protozoa and other small animals,

On trial it proved that the top layers of sand, between high and low
tides, under ordinary circumstances, afford the nemas a habitat of
considerable stability, since the shifting of these layers during the
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rise and fall of the tides is so little as to interfere in no way with the
life activities of the nemss. On open oeean beaches, where the foree
of the breakers is greatest the nemas take on forms and aequire habits
that protect them from destruction,—a tougher cuticle, and the habits
of burrowing and of coiling themselves into a “ball.”

Beach nemas in their turn are devoured by the larger animals dwell-
ing in and on the sand, and thus form one of the links in a chain from
the most minute forms of life to those of largest size.

Beaeh nemas lead a very active life, winding in and out among the
grains of sand as do snakes in a pile of stones. The earth’s hundreds
of thousands of miles of beach sand, far from being barren, must be
reckoned as a produetive area of some Littie importance.

4
LOCATIONAL TERMS FOR THE CYTOLOGY OF DESCENT

There is no satisfactory locational terminology connected with par-
thenogenesis, hermaphroditism and bisexuality; in other words, with
the space relationships of the reproductive cells and their essential
elements,—a. terminclogy enabling us to answer sueccinetly such ques-
tions as, “How are these cells and their elements loeated with reference
to each other?” Such nomenclature as we have for this purpese has
accumulated, bit by bit, through successive eontributions of more
or less independent investigators, and, naturally enongh, has heeome
a very heterogeneous mixfure of terms and phrases.

Aside from standing open to the eriticism of being inadequate and
an incongruous mixture, such terms as are in current use, at least a
considerable portion of them, date from a time when our knowledge
of the ehromosomes and their relationships to each other and to hered-
ity was either non-existent or much less complete than at present.
Most of these terms, therefore, are based on the sssumption that the
body or soma is the prineipal or predominant feature of the organism,
and, philologically speaking, they take little or no account of the mod-
ern view of the importance of the gametes and of the réle they play.

As we seem in need of a more adequate and homogeneous set of
terms based on the relationship to each other in space of the gonads,
the gametes, and the chromosomes and other intra-cellular elements,
1 eall attention to the following series of terms, positional rather than
physiologieal, T have been using to meet this need: Just as we have
“cone” and “conic” evolved from the Greek sovos, I derive the
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words “gone” and gonie” from +vyores. Primarily the word “gone”
g )
refers to the generative portion of a sexual organ. By metonomy
“oone’” designates an organism or species having gones; thus we have
g & £ §
two kinds of organisms—‘“gones” and “agones.”
From “gone’ come the verb ““to gone,” and the substanfives “syn-
g ’ A
gone,” “digone,” “amphigene,” ““homogone,” snd “heterogone.”
From syngone come the words *syngonic,” syngonically,” and “syn-
gony;” and eorresponding words from digone, amphigone, homogone
and heterogone,

Gone. To produce gones.

Gonie. Of or relating o 2 gone.

Syngonic, Having marere-{“female”) and miero-{"male’’] gametes in the same
gone; e.g. a8 in many nemsas,

Digonic, Having maero-{“female’’) and micro~(*male’’) gametes in separate
gones in the same individual; e.g. 28 in many hermaphrodites.

Amphigonic. Having macro-(“female’”) and micro-(“male’”) gametes in sep-
arate gones that are in separate individuals; c.g. as in all bisexual forms.

Homogonic. Iaving gones all of the same kind.

Heterogopic. Having gones of various kinds; e.z. as in 2 speecies presenting
both syngony znd amphigony.

Syngone. A gone bearing both macro-(“female’’ ) and miero-(“male’”) gametes.
By syneedoehe syngone also designates an organism or species confaining,
or charaeterized by, syngones; similarly with the following four terms.

Digone. A digonie individusl or speeies.

Amphigone. An smphigonie speeies.

Heterogone. A species presenting both amphigony and syngony, or beth di-
gony and amphigony, ete. A heterogonie species.

Homogone. A species or individual presenting uniformity in the space rela-
tionships of its gonie cells. A homogonic species.

Kinetogone. A gone whose gametes are artive, aggressive, or “male.”’

Statogone. A gone whose gametes are passive or ‘“female.”

Entering now a more or less theoretical domain whose permanency
will depend on the results of future investigations, and earrying the
analysis a step farther by taking into consideration the space relation-
ships of the chromosomes and other intra-eellular elements that ae-
cording to an increasingly prevalent modern belief themselves carry,
or determine the factors of descent, and using the Greek word xworos as
a basis, I derive, as may be necessary, “syneyst,” “amphieyst,” ‘het-
erocyst,” ete., and their adiective, adverbial, and substantive deriva-
tives { e.g., syneystie, syneystically, syncysty) to aid in expressing
positional relationships. Thus the word “synecyst” refers to a gonie
cell, such as a parthenogenetic ovum, containing all the elements
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factors, or determinants necessary to the production of an individual
{exeept, of course, the environmental ones), of which the chromosomes
are the familiar example, expressed in some physieal form, often,
though not necessarily, of definite eonformation. It is assumed that
these factors belong to two classes, having opposite, vital, chemieal,
or physical properties. By syneedoche the word syneyst may also
designate a gone, individual or species containing, or characterized by
syneysts; similarly throughout the series of terms. In dieysty the
inheritance mechanism is such that the full complement of factors
necessary to the produetion of an individual is distributed to fune-
tional ‘cells of two kinds, the macro-(“female”) and miero-{*male’’)
gametes, neither normally capable of producing an individual, but which,
pairing, form zygotes capable of produeing an individual.

Syncystic. Of, or relating to, a gonie cell eontaining all the factors necessary
to the production of an individual,—as in the parthenogenetic ovum. The
word syneystic may also be applied to a gone, individual, or speeies bearing
syneysts. Syneysty,—state of being syneystic; and so with the following
five words.

Dicystic. Of, or relating to, a gone bearing in separate cells the different fac-
tors necessary for the preduetion of an individual; as in syngones. The
word dicystic may also be applied to individuals and species,

Amphicystic. Of, or relating to, on individual in which the difierent groups of
tactors necessary for the production of a new individual creur in separate
eells that are in separate gones; as in many hermaphrodites,

Telecystic. Of, or relating to, amphieystic species in which the different groups
of factors necessary for the produetion of an individusal are borne in separate
cells in separate gones that are in separate somas or individuals; as in all
bisexusl forms,

Homocystie. Having or produeing gonic calls all of the same kind,

Heterocystic. Having or producing gonic eells of mors thar one kind.

Synecyst. A gonie cell; or by syneedoche, 5 gone, individual, or species, present-
ing syneysty.

Dicyst. A gone, or by syneedocke, an individual or species, presenting dieysty.

Amphicyst. An individual or species presenting amphieysty.

Telecyst. A species presenting teleevaty.

Heterocyst. An individual or species presenting both amphieysty and syneysty,
or both dieysty and amphieysty, ete.

Homocyst, A speecies presenting uniformity in the space relationships of its
different kinds of gonie intracellular reproduetive elements,

Kinetocyst. A gonic cell whose elements are active, aggressive, or “male.”” A
“male’”” gamete; a spermatozoon.

Statocyst. A gonic cell whose clements are passive, or “female.”” A “female”
gamete; an ovum,
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Digones, amphigones and heterogones, and many syngones, are
dieystic. The word syneysty and its immediate relatives may be
used to designate the conditions present in parthenogenetic organisms,
in which single gonie cells (not zygotes, at least not in the ordinary
sense of the word) contain all the factors necessary to the production
of an individual. My (thus far theoretical) eryptogenectic organisms
are syneysts.

b

FUNCTIONS OF THE AMPHIDS

My published observations emphasize the junction of each amphid,
by means of a duet, with a chain of internal lateral organs. Biitsehli
and de Man each record an instanee of definite outflow from the am-
phids. I now find this outflow in many different genera, when speci-
mens are fixed with Flemming solution; from a definite part of each
amphid there issues a eoiled, or irregular “string” or “ribbon,”’ the volume
of which precludes attributing it to an evagination. Occasionally an
“axis” is seen in the “string,” but nothing warrants the belief that
this “axis” is other than a coagulation phenomenon, just as it is in the
similar eoagulation “strings” occasionally seen at the spinneret. I
mention cvagination because some investigators declare the amphids
to be supplied with speeial nerves, and because it is conceivable that
death spasms might so act on a nerve organ as to eause an evagination.
However, my numerous observations do not at all support the idea
that the appearanees I have studied are evaginations. In mMany eases
I have traced inward and backward from the amphids structures
whose histology In no way suggests nerve organs, but does correspond
in every respect with the histology of duets, especially those of nemas.

These new observations of mine afford, I think, a better basis for
speculation as to the funetion of the amphids, and lead away from the
idea that they are simply organs of sensation. I observe in Monon-
chus, and other genera, that invariably there is an innervaied papilla
very elose to the amphid. May not econfusion have arisen here
through different observers having studied similar-looking, but un-
related structures?

I have instances of amphids so obseure that it would have been im-
possible to discover them had it not been for the issuance from them
during fixation of the fluid matter described.




