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I. Introduction. 

Fon n101·e than t",renty years an ir1teresti11g pelagic worm has beer1 
f1·ef1t1e11tly captt1red at the N e\tvport Mar·ine ·Lal>o1~ato1·y. It was })1·oba
hly first seen by Dr. Alexa11der Agassiz, who e11cot111terecl it as ea1·ly ::Ls 

1870., I-Iis first 1·eco1·cled observatio11s, made it1 1871, as well as l1is 
Sltbseq t1e11t stt1dies, have 1·emai11ed, howeve1·, in the f or·m of unpllt)l ished 
11otes and drn\vings, which were placed at my disposal i11 Jt1ne, 1891, 
,vbe11 I began the present stt1dy. Two of these drawings, \\'llicl1· illt1s
trate n1ost clea1·Jy the external rtppea1·a1.1ce, and sl1ow also some of' the 
i11ter·11al orgft1ls, flre 1·ep1·0(1 uc~d 011 Plate I. Figs. 3, 6. 

111 18 7 3 Prof esso1· A. E. Verrill pl1 l)l isl1ed) ll ndet· t 110 title '' ge1i. i12clet., '' 
a sl1ort descri ptio11 of two specir11e11s ca11tt1red 111 to\vi11g 11ea1· ,v ood's 

1 Contributions frorr1 tl1e Zoological Laboratory of tl,e Museum of Comparative 

Zovlogy, under tl1e c1irectio11 of E. l..1 Ma1·l{, No. XXXII. 
VOL. X.Xl ll, - NO 3, 10 
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Holl, Massacl1 usetts, ancl i11 I 8 79 he estal)] ished a new gen us Nectortema 
witl1 the ty1)e species N. a.gile, 1 1·egarding it, as a Nematode of u11certain 

systematic position. 
Dr. J. W. Fe\vkes ('83, p. 201) was the fi·rst to figt11·e this form; he 

also gave a short acco,111t of its external a11atomy. But unfortt111ately 

both text and figt1res are so mew l1at inexact. 
Last summer tl1ere appeared a paper· by Dr. 0. Blirge11 ('91) on the 

anatomy and histology of N ectonerna, w l1ich !)laced beyo11d question its 
affinity to tl1e Nematodes, and for tl1e first time fu11 nished evide11ce as 
to the details of ir1ternal structure.. I-Iis wo1~lr ,vas based on material 

• 

collected at Newport in 1885, bt1t, as he l1i1nself suys, it consisted of 

onl}" a few specimens, and tl1ese we1·e not i11 good histological conclition. 
'l"'he gaps in his descriptior1, as -vvell as tl1e errors, which were la1·ge1y 
dL1e to insufficient and poorly prese1~ved material, i11flt1enced me to ca.r1·y 

011t n1y worl{, whicl1 was already well aclvanced befo1·e tt1e 1·eceipt of his 
paper. For the sake of comparison it will l)e more advantageot1s to 

consider under the appropriate topic the various poi11ts of structt1re 

which he describes, ratl1e1· than to give a conr1ected 1·es11,1tie of· his paper 

at this place. 
The material at command for· tl1e f'ollowing study consisted of fot1r

teen specimens, collected and preser·ved witl1 g1~eat care at N·ewpo1·t last 

summer, besides those received f1·on1 ott1er per·sons. From Dr. E. A. 

Andrews I 1~eceived five, which he l1ad collected at Wood's Holl in 
1890

7 
and from Dr. W. M. Woodworth one 1 whicl1 was obtained at tl1e 

same place i11 l 888. Professor Verrill, at the solicitation of' Dr. Agassiz, 

very l~ir.1dly sent n1e his enti1·e collectior1, co11sisti11g of tl1irtywfive speci• 
mens taken i11 Vineyard Sound between 1875 and 1883. For all tl1ese 

k.indnesses, and especially to Professor· Verrill for· }1js courtesy in supply
ing me ,vith personal ir1forrnation 011 nt11nero11s q11estions addt·essed to 

l1im, I desir·e to return my sincere thanl{s. To Dr. Agassiz I am deeply 

ir1debted for the hospitality of the N e\vport Marine Labo11 atory last 

s11mmer, and for permission to l1se his 11otes rtnd drawings, as ,vell as 
fo1· many otller favors. To Professo1· E. L. l\t1a1·k I O\ve mt1cl1 fo11 valu

able st1ggestions, and fo1· his contint1ed personal interest in the prog1·ess 

of the work. 

METHODS. 

N ectonema is ce1·t.air1ly a11 animal ,v hich it is clifficltlt to p1·eserve 
well. ~rl.1is is lar·gely d11e t<) its resistent cr,ticl1ll1., wl1icl1 l1inders tl1e 

l 1.V. agLi2·s, Verrill, '79) {>. 187. 
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passage of most fluids. It sho,vs, furtl1er, a str·ong tcnde11cy to curl in 
the killi11g flt1id, tl1t1s render·ing it less se1·viceable for sectio11 cutting. 
There is·no reager1t wl1ich does 11ot in some cases prodl1ce a collapse of 
the body wall arid consequent disto1·tion or mace1·ation of tl1e inte1·11al 
organs. N <> reagent gave u11if 01·n1ly good 1·est1l ts; the best \Ve1·e ( l) a 
sa,tt1rated aqueous solution of cor1·osive st1bli1nate, and (2) Perer1yi's 
flt1id, heatecl to a ten1perature of abotlt 60° C. Picro-nitr·ic acid gave 
nearly as good results. The ct1rling of the specimens may be lai·gely 
prevented l)y straigl1tening tl10 worm ge11tly with tl1e fir1gers, a11d drop
ping it st1ddenly into the warm l{illing 1·eage11t. Fle1nmi11g's chron1-

osmic-ac0tic r11ixture made the mate1·ial very br·ittle, eve11 after s11bse
q_u0nt treatment witt1 lVIei-·kel's fluid, and is not to be recor11me11ded. 
Mater·irtl preserved si11.1ply in alcohol, l1owever ca1·efully, is t1sef'ul for· 

little more than topographical wor·lc. 
B1irger n1entions the diffict1lty experie11ced in stai11ing the n1aterial 

satisfactorily, and I agree with him fL1lly. I expe1·i1nentcd mo1·e tha11 
a n1onth be·for·e obtaining a really satisfactory n1etl1od of preparation; 
it may therefo1"e be ad visiible to review tl1e methods err1pl<>yed. Tl1e 
011ly carmine soltttio11 of those (8) tried ,vhich will stain it at all is 
Mayer's hydrochloric ticid carmi11e, a11d this 0111y after prolonged immer·
sion. All l1oom~1.toxylin solutio11s stai11 it fairly well, but req t1ire 1no1·e 
time than 1.1s,1al. Bohme1~'s and El11·lich's give b1·illia11t 1·est1lts, bt1t on 

the whole tl1e latter is more reliable and can be l1ig·hly recom111e11ded. 
,.fhe 11 esults obtained hy Pfitzr1er's safrar1it1 are also good, and var·iot1s 

:).11iline dyes are nearly as sat.isft1ctory. 
In embedding in paraffin it is 11ecessary to lteep the temperatt11--e low. 

~·eries Cl1t i11 paraffir1 C)f 50° -52° (~. were i11 all respects most successft1l. 

Tho i11filtr·ation must be cornplete, but a long imme1·sion in par·affin 

render·s the objects very brittle. 
Mace1·ati<)11 was tried on p1·eserved material with little s11ccess. 
Great assistance was de1·ived from tl1e stt1dy of' po1·tio11s of the lJody 

clefl-1~ed i11 clove oil lJefore stai11i·ng. 011ly in tl1is way was it possible to 
obtai11 a clea1~ idea of the structu1·e of tl1e two e11ds. 

II. Systematic. 

Since none of the previot1s obser·ver·s l1ave given an acct1rate descr·ip
tion of tl1e female, if i11dced it l1as beer1 seor1 at all, [tnd si11ce a n1ore 
e:xtended stt1dy has modified some of the J)Oir1ts gi vcn i11 tl10 orig·inal 
descriptio11 of tl1e gent1s and species, I l1avo det01·1nincci to restrttc l1cre 
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tl1e cl1aracters in sy11optic form. Tile original clescription (Verrill, '79) 
has been followed as closely as was compatible with the changes necessi-

, 
tated by the di~cove1·y of the female, ar1d ·by a more pe1·fect acq uai11tance 

witl1 the a11atomy· of the male. 
Necto1iema, Verrill, cliar. emend. - Body long, slender·, near·ly rour1d. 

Cuticula finely ringed, on the median lines often deepl3r infolded and 

bearing on eaoh li11e two rows of hair-lilte bristles. Bristles hollow, 

super·ficial a11d u11c611necte<.l witl1 each other. I-lead witl1out arJpen
dages, obtusely rouncled or blt111tly co11ictt.l witl1 a st1allow dorsiventr·al 

fl1r1·0\v on its ante1·ior .aspect. Nloutl1-opening in the centre of this fur

row, mi11r1te. In tr1e male the tail is ct1rved ventrad, a11d terminates in 
a. small conical ir1tromittent organ. Fen1ale sn·1alle1·, the poster·ior e11d 

slightly e11larged, abruptly truncate, with te1'minul vaginal (rl) ope11ing. 

Alin1ent·ary tract rudir11er1tary arid itr1us wanting in b<>tl1 sexes. 
Nectonema agile, type species. - A long, sle11der, and excee<lingly 

active rou11cl \vorm, resemblir1g in form arid rnotions a Gordius, fou11d 

swin1rlling at the surface of tl1e sea with a rapid undulato1·y motio11. 
IntegL1ment firm, opaq tie, smooth, except for many minute circular ridges 

interrupted at the 1nedian lines, w l1ich are themselves often th1·0,vn 

into larger, dee1Jer folds, locally very prominent. Body i11 life l'Ot1nd, of 
r1early uniform .size thro,1ghout, tapering sligl1tly close to the head, and 

somewhat n1ore towards tl1e posterior e11d i11 tl1e male. Each◄ 1nedia11 

li11e is disti11gl1ishecl by t,\.·o narrow longit.udinal ban<ls of mint1te dots 
l>etvvee11 wl1ich stand two long·itudi11al ro\vs of l1air~lil{e bristles~ rrhe 

worm unclergoes torsio11 in the ante1~ior third of the body, so tl1a1~ the 

mediar1 li11es appear lateral i11 tl1e posterior two tt1irds of the body. The 
• 

do,1l)]e 1·ow of' bristles extends fr·om a potnt l or 1.5 mm. bel1i11d tr1e apex 
of tr1e head to abot1t the same distance fron1 t·he posterior ext1~emity of 

t.11e body. The bristles are 0.3 mrn. i11 ler1gtl1, opposite to eacl1 other, 

hr>llO\\', 11nC()11nected l>y any web, entirely st1perficial, t\11d he11ce easily 
detached Ft11d often injured or lost over considerable stretcl1es of the 
body. rl,he l1ead is marl{ed antel'·io1~Iy by the prese11ce of a sl1allow 

median dorsi,Tentra1 ft1rrow, on eacl1 Ii1.tera1 edge of' whi~h ar·e 0110, sc>me

times t\vo, lo\V rounded papillw.. The a11terio:r por·tion of t.he body ia 
sen1j-transpa1--er1t, exter11ally not sepa1·ated by any co11striction fro111 tl-10 

resi: <)f the 1)ody; bl1t ir1te1·nally an anterior charr1ber· is divided from tl1e 

general bocly cavity by a par·t.itic>11 wl1ich is concave anterior·ly. The an

te1~io1· cha1nl>er is t1~avcrsed by tl1e resophagt1s, and cont.ains ventrally tl1e 

l>r·r1.ir1, w l1ile tl-1e d<)rsal space is fi lied by fotlr large co11ica1 cells \\7hich 
sc11(l r)rocesses down i11to the 11cr·vous n1atter of tl1e brain. '1,110 msopha-
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gus is •lined by a minttte chitinous tube, which is intracellular in position, 
and after forming a loop opens out into an intercellula1· intestine that is 
l1ighly deger1erate posterio1·ly and in the adt1lt Iacl{s a termi11al opening. 
The posterior end of the n1ale is a vent1·ally curved co11ical i11trornittent 
organ with a te1·mi11al opening. The female is provided with a termi11al 
bulb ha·ving a central cloacal (~) opening. Thf small spherical eggs are 
filled with large refrac!tiv~ yollr grant1les and protected by a sl1ell, the 
thickenings of ,vhich become long a11d pointed spines on coming in con .. 
tact with the water. The eggs meast1re 36-40 µ. i11 diame·te1· without 
tl1e spines, which a1·e 8 to 10 µ. long. Color of the animal in life gr·ay
ish t<) yellowish white witl1 transparent a11terior end. The median lir1es 
each show two narrow longitudinal bands of dark slate coJor .. 

Length of the male, 50 to 200 mn1. ; of the female, 30 to 60 mm. 
Diarr1eter, 0.3 to 1 mm. 

I-Iabitat: Narragansett Bay, I{. I., A. Agassiz (1870-90), J. W. 
Fewl{es (1883); Vineyard Sour1d, Mass., S. I. Smith (1871), A. E. Ve1·1·ill 
(1879); Wood's Holl, Mass., W. M. Woodworth (1888), E. A. Andrews 
(1890). 

III. Biology. 

Up to the present time N ectonema has l>een .. ~eported from two places 
onlJr, Newport, R. I., and Wood's Hol], Mass., and the south shore of 

• 

New England may fair·ly be considered as its l1ome. Here it is ·not so 
rare as has been supposed, for by systematic sea1"ch fifteen specime11s 
were sect1red in one s11m1neI·. Tl1e dates of capture of some sixty-five 
specimens show that it n1ay be fot1ncl from the last of J u11e to the first 
of October, 1 witt1 t,vo maxin1a, one in J t1ly and a second in September·, 
n1ore than two tr1i1·<.is l1owever having been caught at tl1e earlier date. 
It is notewor·tl1y that, of tl1e fifteer1 individt1als captl1red at Newport last 
s11mmer, all ,vere talren while tl1e tide "'·as going ot1t, a11d on evenings 
when tl1ere was no moon, the ordinary tirne of towing bei11g betw~en 
8 and IO J>. M. 11 he liitter circt1n1stance seems to indicate that tl1e 
worms are Sltsceptible to light ; t.l1e possible sig11ificance of tl1e former 
,vill l,e disct1sse<l later. It js also a11 interesting fac·t, that they were 

cat1ght in towi11g near the s11011 0, two in fact having been dipped 11p 011e 

evening i11 J t1ly wl1e11 filling a pail witl1 water f\,t th.e landing of the 

1 I do not believe that towing l1its been done in tt1is region witl1 anJ" reg11larity 
at other tin1es of tl1e year, so tl,at tl1ese dates cannot be accepted as fixing +lie 

tin1e of its occurrence. 
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laboratory, which is located on a small cove near the mouth of Narra
ga11sett Bay. 

When fi1·st caught they were very active, swimming vigorously from 
side to side of the vessel into which the tow was emptied, and trying 
alternately the surface and the bottom of the water. Their motions are 
of two kinds ; first, a rhythmical move1nent, evidently caused by pro
gressi11g waves of muscular contraction alternating on the t\vo sides of' 
the animal; and, secondly, a more violent motion, which consists i11 first 
coiling the body into two large St 1 ~cessive loops, and then straightening 
it suddenly and coilir1g it at once in the opposite dir·ect,ion. In this 
way the worm ass11mes mt1ch the general appearance of a figure a,. 

By the first l{ind of motio11 it makes rapid and definite progress ; but 
the purpose of the latter did not seen1 to be loconiotio1i ; it. was r::itber 
relief from some irritation, wl1ich on one occasion was apparently a n1ass 
of foreigq matter which had accumulated on the bristles. These, to
gether constituting what has been called the lateral fins, can orclinarily 
be easily seen even during the motion of the animal, and evidently are 
not actively concer11ed in its moven1ents. 

N ectonema al ways swims ,vith the translucent end, which, as will b.e 
seen later, is the head, in advance. How long the activitJr exhibited at 
first persists, I do not know. The animals captt1red in tl1e eveni11g were 
usually found on t.he following morning resting on tl1e botton1 of the 
dish, a11d exl1ibited only occftsional fits of activity. This may have been 
due to the effects of light or .of captivity. I am inclined to Gonsider it 
to be the rest1lt of the latter, since usually before noon ot~ the first day 
after capture the worms voided into the water masses of' eggs or sper
matozoa w bich we1·e often unripe, and then became mor~ and more 

' 

sl,1ggish. But the material • as too valuable to warrant the rislc of its 
b0coming injl1red for histological pt1rposes by longer delay, and ol)serva
tions were therefore termi11ated at this point by killing the animals. 

IV. General Morphology. 

1. Ex'r ERN AL. 

N ectonema is in life of a11 opaque grayisl1 w bite with sen1i-transparent 
ends. The body is pe1·fectly 1·ound and the median lines sho,v no trace 
of the flattening described by Verr·ill and Fewl{es, and so often seen in 
the preserved specimen. 'l1his condition is unquestionably the result o·f 
collapse. Tl1e general surface of the body is smooth, ~xcept fo1--the many 
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fine circt11ar striations whicl1 are so cl1aracteristic of Nematodes in general. 
I-I ere however the striations are inte1·rupted by the median '' lines,'' 1 

whose smooth surface is marl<ed oft' more or less regt1larly by deep fur-
1·ows which extend t,1·ansversely, yet only ac1·oss tl1e li11e itself. These 
lines may be seen to sta1·t near the anterior end of the body on its dorsal 
and ve11tral surfaces. Owing to a g1·adual torsion of the a11te1--ior third of 
the body, tl1ey a1--e brougl1t at the end of this portion into a ·lateral posi
tion, wl1ich they preserve th1·oughot1t the rest of their course, i. e. t1p 
to a short distance f1·om the posterior end. This appare11t cl1ange in 
positior1 is diag1·ammatically rep1·ese11ted in Figu1·e I a. They are really 
the media11 lines, thougl1 their position thr·oughotlt tl1e greate1· part of 
tl1e body cat1sed then1 to be described at first as tl1e lateral lines. Eacl1 
of tl1em is limited on either sjde bjr a narrow darlr-colored border whicl1 
under a high power resolves itself into a c1~owded mass of deep-seated 
dots (Fig. 7). Between these two ma1·gi11al bands, on the ligl1ter portio11 
of each media11 li11e, are located in a double row the characteristic 
bristles. 11heir arrangeme11t and st1·uctt1re will be considered later. 

It is tl1e deep furrows in the median lines together· with tl1e dark 
borders they tra,nssect which produce the '' sqt1a1·es mat·lred in outline 
by bl.ack pigme11t '' descr.ibed by Fewl{es ('83, p. 20 I). The transverse 
furrows appear and disappear with the movements of the animal, wl1ile 
the squares va1·y both in form and size (Fig. 7) and are d11e mere]y to 
the folding of the lines necessi·tated by the contraction of the adjacent 
mt1scular areas, as Blirge1· ('91, p. 636) has shown. They have, then, 
11othing to do witl1 internal segmentation, but are purely mechanical in 
their origin. 

The length of the males that I have examined varies f1·om 32 to 
130 mm. 2 Of the seventeen which were n1easured ex}1ct.ly, only three 
were less thftn 55 mrn. long, and the same nl1mber were ove1· I 00 mm., the 
most of the rest being close to the average, 68 min. The diamete1~ of 
tl1e male varies at the head from 0.32 to 0.65 mm., at the middle from 0.4 
to 0.75 mm., and jl1st in front of tl1e termi11al papilla from 0.2 to 0.4 mm. 
The three females ca1.1ght meast1red 34, 38, and 40 mm. in length, and at 
the 1·egions of the body me11tioned above on tl1e average 0.35, 0.45, and 
0.25 n1m. i11 diamete1~. Thus, excepti11g the impe1·fect specimen men-

1 Tl1e name '' line '' ~eems to be peculiarly inappropriate as a designation for 
tl1ese broad bands, but I l1u ve used it in the tQ.chnicitl sense in whicl1 it l1as been 
employed for Ne1natocles in g·eneral. 

2 Tl1ere was but one male less tl1a11 45 mm. in length, and tl1is one mt1st also 
have been •nearly as long, si11ce tl1e head a11d a portion of tl1e body were gone. 
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tioned above, they are shorte1· tha11 any of the n1ales, thol1gh i11 dian1-
eter intermediate between the ext1~emes of the latter. The only female 
a1nong the specimens sent by Professo1~ Verr·ill measu1·ed 60 mm., which 
still is shorter t,han the average male, and fRr below some of tl1e large 
males in that collection, one of which reacl1ed even 200 mm. in lengtl1. 

Not only is the female sn1aller tl1an the ma]e, but also far less IJler1ti
ful. An1ong the sixty-five specime11s which I have examined, tl1e1~e we1·e 
bl1t four females, a propor·tion so small as to suggest that it -i.s d11e iri 
part to other causes than the greater number of males prodt1ced. Possi
bly the female, being the less active of the two, is not so often at the 
surface, and co11seq11ently is less freq11er1tly caught. 

From the general exter11al appearance one easily recognizes three 
main parts of the body, a sho1·t semi-transparent ante1·ior portion, a very 
long opaque middle region, and a ·terminal part, which resembles in 
transparency and length the anterior portion. The anterior reg·io11 goes 
over into the body proper withot1t any externa] demarcation. Tl1ere is 
no/ constriction at this point in tl1e living anirnul, a11d although one is 
usually found here in alcol1olic specimens) it is st1rely the result of con
traction or collapse. If, however, the Ii ving a11imal be studied u11der a 
compressor (Fig. 2), or still more clearly if the anterior part of the body 
of an alcol1olic specimen be examined in clove oil, this clear portion is 
seen to be cut off from the gene1·al body cavity by a t1 1 ansve1·se parti
tion (Plate I. Fig. 8), thus forming an anterior chamber, which will be 
conside1·ed in detai] later. 

Following this the body proper is unifo1·mly. opaque in appearance, and 
constitutes the greater part of the entire length, passing over i11sensibly 
near the posterior end of the body into the r>osterior t1·ansluce11t 1·egion, 
which is ho\\.,ever by no tneans so clear as the anterior pa1·t. '11he body 
terminates i11 tl1e female abruptly, l,·ut in the male it is pro]onged i11to a 
ventrally curved conical organ with a te1~1ninal opening. 'l,l1e general 
appeara,nce of the worm is shown in Figt1re 1, wl1icl1 r·epresents in its 
natural size one of the largest specimens captt1red. 'l,he difference be
t\veen the posterior end of the mn1e ar1d that of the female is easily seen 
hy comparing views of the two a.s seen under a dissecting miscroscope 
(Plfl,te I. Figs. 4, 5). 'l,he female is represente·d in the [tct of discharging 
eggs. '1

1
l1e end of the body of the male differs greatly in aJJpearance in 

different individuals .. It may be nearly straight with 011ly the int·ro
mittent organ turnecl sligl1tly ventrad (Fig. 89), or for a greater or less 
distance anterior to this point it may be flexed ventrally or even coiled 
(Fig. 1.). The end of the ferr1ale is on the othe1" hand nea1·Jy stra,ight, 



• • • 
MUSEUl\I OF COMPARr\TI\ 7E ZOOLOGY. 143 

slightly e11larged, a11d blunt. The centre of the blu11t surface shows the 
te1·rninal or·ifice, frotn w hicl1 ·the eggs are being· voided. 

Tl1e general external surftice, n101~e particula1·ly on the lines and about 
the rows of 1)ristles, is often cover·ed " 1 it,h .-mi11ute algoo and dit·t. A 

similar rx1ass fr·et1t1er1tly e11veloJJS the poste1·ior end, n1alring the deter
mi11ation of' its cl1ar·acter rt diffict1lt matter, especially in the case of the 

. 
f'emale, if an eg·g mass be 11rotrudi11g fro1n the opening. It may have 

been such a11 appearance which cat1sed vr et·rill ('79, p. 187) to desc1·iLe 
the fen1al·e as possessi11g a sm,1.ll terminal papilla. 

2. INTERN AL. 

The general plan of the i11te1·1lal a11aton1y may be easily understood 
frorr1 a11y cross sectior1 (Fjg. 11 ). Ptlssing from tl1e st11·face inward, the 

tl1iclc cuticula is followed by a thir1 l1y'podermis, beneath wl1ich is the 
highly 1~ef1·active musct1lar layer. 1"'he p1·otoplasn1ic ends of the rnuscle 

cells, together ,vitl1 othei-· eleme11ts, fo1·rn the laye1· immedit:itely sur1~ound

i11g the body cavity. Do1·sally and vent1·ally the 111uscultir layer is 
b1·oadly in·tet·rupted by tl1e pron1ine11t n1edian li1les. Tl1e body cavity 

contai11s in a varyir1g positior1 the alimentary ca11rtl, \iVl1ich is striki11gly 
sm:111 and sometimes wanting. A sac-lil(e orgar1 varying in size hangs 
f'rom the dorsal lir1e into tile body cavity, which may also be tilled with 

generative products. The ve11tral lir1e e11closes the ve11tri~,t ·~1ei've co1·d. 

A compa1·ison of the variot1s figt11~es will sl1ow the vttriation i.11 the pr·o

portions of the vent1·al line at diflerent poi11ts in the ~ody and in. the 
two sexes. 

V. Anatomy and Histology. 

1. BODY WALL. 

Ir1 treating of the finer anatomy I shall consider first the structt1re 
o·f tl1e part llnder· consideratio11 in the male only, and 'at the end of each 
sectio11 give a Qom para ti ve accot1nt of its character i11 the female. 

a. C uticula. 

The cuticula, which covers the entire body and is continuous with the 

lining of the oosopl1agt1s and of the terminal sexual ope11i11g, is of neat·ly 

eqr1al thicl{ness throughout, averaging 3 µ, on tl1e side of the body, being 

however perceptil)ly thicker (about 4 p.,)-tW'er tl1e median lines. On top 

of the anterior cht1mber it is only 2 p., ·tnfcl\, which partially explains t.lte 
t1'anspa1·ency of tl1at 1·egion. At tl1e f1·011t of the head, on the other 
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hand, it measures from 5 to 10 ~ in thiclrness. It is highly refractive, 
and sirnilar to chitin, altho11gl1 11ot identical in composition with that 

• 

substance, since it may be easily dissolved in boiling KOH. Occa .. 
sionally one notes a fib1·ous or lamellar strticture, the layers being pa1~
allel to the surface. In rnost places an outer extremely thin layer may· 
be easily disting11ished ·from the s11bjacent portion by its higher refract
ive power. '11l1e • inner surface of the cu ticula is not· al ways even a11d 

clearly marked off fron1 the hypodBr·mis, b11t frequently shows a jagged 
outline with l1nderlyi11g gra11ules, which decrease rapidly in size towa1·d 
the musct11ar layer. 

On the front and upper surface of the head one finds occasional fine 
pore canals, arid in total preparatjons short hairs were seen, but no 
connection between the two co11ld be establisl1ed. In the hollow pro
duced by the ventral flexion of the posterior end, tl1e ct1ticula displays a 
curious peculiarity. The highly 1~efractive outer layer remains intact, 
b11t the inner layer is, as it were, bored ·with conical holes, i11to which 
the hypodermal tissue projects. rrhese probably represent sensory or~ 
gans, but in spite of the proximity of the anal ganglion a nervous supply 
could not be demo11strated. 

'l,here are present as structures of undoubted cutic11la1· origin the 
hairs or brist]es of the lines and peculiar scales found along the posterior 
portion of the body of the male. 

The bristles (Fig. 72) form a do11.ble row along the dorsal and ventral 
lines, beginning only 0.2 mm. behir1d the tra1Jsverse J)artition which cuts 
off the anterior chamber, and extending to within 0.5 mm. of the pos
terior end of the body. The two rows are' only 15 to 25 µ apart, 
a11d the bristles stand opposite eacl1 other (Plate II. Fig. 12) at regular 
intervals of 10 µ,. Normally they are enti1·ely unconnected by any web 
of tissue or muc11s. They are, moreover, b11t Jightly attached to the 
cuticula, and hence easily hr(>ken off, so that even in the living animal 
it is rare to find any considerable t1·uct pe1·fect. One can ·ust1ally see the 
scrtrs that have been left, and apprehe11d from these the normal rela
tion of the bristles. Each bristle is, when perfect, abo11t 0.3 mm. long 
and hollow, havi11 g in cross section (Fig. 13) an external diameter of 5 µ 
and ar1 internal one of 2 µ. The base is slightly e11larged, and rests on 
the ,._ Jtic~la (Fig. 13), f1·om which in sections it is separated by a defi
nite line of demarcation. From the base the bristle tapers very grad
ually to a, fine point. Its cavity is simply rol1nded off at the base, 
being sepatated from the cu ticula by a thin layer; toward the poi11t its 

I 

cavity gradt1al]y disappears. These structures are, then, enti1~e}y supe1'-
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ficial, and evidently cannot be actively moved by the animal. They 
are in all respects ca1·efully to be distinguished from t-he' setre of An
nelids, with which they have nothing in common. Burger ('91, p. 634) 
called attention to the' fact that the hairs a1·e hollow, and are purely 
cuticular structures. 

Scales. - One finds on the sides of the male near the posterior end 
11u1ne1·ous scale•like cuticular outgrowths. My attention was fi.1~st at
tracted to tl1em in tra11sverse sections, where they present the appear
ance of a ·tooth (Plate II. Fig. 14). Seen from the su1·face (Fig. 18) they 
have n1uch tl1e shape of a clam shell. They are found scatte1·ed over 

• 

both lateral aspects of the a11imal, in spots so thickly that from one to 
seven 'are cut ir1 eacl1 transverse section (Fig. 14). They vary much in 
size, ·the smallest occurring near the beginning and end of the a11 ea, 
whereas tl1ey are interspersed· with larger ones at the centre. The area 
which they occt1py begins abot1t 1.2 mm. from the posterior eud of the 
body, a11d extends over 5 to 10 mm. In general such a scale may be 
said to resemble a narrow clp,m shell a,t.tached along the hinge side 

' 
(Fig. 18). The line of' attachment is always parallel to the long axis of 
the body, bt1t the concavity of the scale is directed ir1discriminately 
<,lorsad or ventrad (Fig. 14 ). 'fhe length of the scale is abol1t 40 µ, its 
height averages 15 µ, a.nd the thickness varies from 7 to 8 µ. 

In most transverse sections the external layer of the cut·~iJula is con
tinuous over the e11tire su1·face of the scale (Fig. 15), and oi1Jy ip cer
tain eases car1 one see that it is inter1·upted by a minute opening 
(~.,ig. 16), wl1ich is connected with a fine canal. On accou11t of its 
111inute size this canal can be traced through its entire length only in 
exceptional cases', and usually appears as a g1·oove at the outer or in
ner n1argin of tl1e scale (Fig. 17). I was unable to find either gland cell 
connected with the ca11al or sensory filament passing throt1gh it. 

rl,l1e core of tl1e scale is formed of a substance which stains I ike the 
i1.1ternal layer of tl1e cuticula, bt1t which is in nearly all sections well 
n1arl:ced off· f'rom that layer. If the scales be t1~eated with caustic potash, 
the core is brolren up i11to lamellro by li11es which radiate from the apex 
of the scale. In tra11sverse sectio11s, l1oweve1·, the core is n1at·l(ed by 
fil)res par·allel to tl1e central canal, a.nd thus 11early perpe11dict1lar to tl1e 
fibres of the i11ternal layer of the ct1ticula elsewhere. '11his difl'e1·ence in 
the di1·ection of the compo1Jent fibres serves to separate the core of the· 
scale from tl1'3 i·nternr1l layer of tt10 outict1la in and near the plane of 
the cent11 al canal (Fig. 17), whereas 0lsewl1ere one finds no definite line 
of demarcation betw0e11 tl1e two (Fig. 15) 



146 BU LlJE'l'lN OF TIIE 

It is difficult to believe tl1at this canal represents merely the cer1trc1l 
protoplasrnic core llpon ,v hich tl1e scale was formed, since, if tl1is "11 erc 

the case, it ""ould be closed terminal]y by at ]east a thin layer of cutic
ular substance. But this is not the case. The openi11g is al vvays larger 
a11d })lai11er than tl1e ca11~tl itself, ,vhich is too r1arr·ow to be meast1red. 

Tl1ese strt1ct,1res are entirely lacl{i11g i11 the female. rrheir oc·currenco 

in the n1ale alone, arld over only a limited area near tl1e posterior e11d, 

suggests con11ection in some way with the sexual act. If it be tl1e case 
here, as in Gordius, that the male grasps tl1e female during copt1la-

• 

tion by windi11g itself about the J>osterior portion of l1er body, the 11se of 

these scales in holding <)11 to the cutict1la, which differs from tllat of 
Gordius in being smooth, is at once suggested. rr11e canal may tl1en 

be either the duct of a gland or a tactile organ. 
The cuticula of the female is nowhere more than 1 µ, thick, and pre• 

eludes thus n,11y profitable study of its structt1re. Tl1e t)ristles are p1~es

ent, and do not differ materially from those of the m~le. "l,hey a1·e, 

however, sorr1ewhat more slender and shorter. rrhe scales of the n1ale 

are entirely lacking, and no analogous structu1"es were f'ound. 

b. Hypodermis. 

The hypodermis, or Sl1bcuticula, as it is often called in N emat()des, 

forms immediately under the ct1ticula a la,yer of co111par·atively 11niforn1 

tl1icl{ness a11d structt1re, being, l1owevo1~, peculiarly modified ir1 tl1e an

terior chamber, in the median lines, and i11 the terminal 01·ga11 of tl1e 

male. Its modificatio11s ,vill be consitlered u11der the orga11s in tl L1est~io11. 

Sometimes 110 trace of this 1ayer· can be fot111d, bt1t in tl1e rnajo1·ity of 

sections it can be den1onstr·ated in some pl~1ces. 
~['he hypoderrr1is (Fig. 20) normally appears as a 1Jarrow grant1lar layer 

7 µ i11 t.hicl~ness, without cell walls, but conta.ining n,1merot1s pr·ominent 

11t1clei arra11ged somewhat regt1lar·ly, a1Jd characterized particular·ly b_y 
the indefinite distribution of their cl11·omatic 1natter and tr1e f'aint, 

1111certain way in wl1ich they a1·e stai11ed. It is sepat·ated from tho 

under·lying n1uscular layer hy a delicate basement 1nen1brane, "\\'llicl1 
ordi11arily cannot be demonstrated, bt1t whicl1 is easily seen ,vl1er·e the 

musc1e cells are shrl1nk apart 01" tc)rn away. 
Median Lines. - rrhe l1y1)oclermis appears to be higl1ly difl'erentiated 

in two regior1s, the dorsal and ventral lines, ,vher·e it l)ecorr1es so n1t1ch 

tllicker as to ct1t <lown i11to the m t1scular layer· a11d separate it int,o. two 

1Ft.teral areas. These lines were regarded by Vert"ill and Fewl~es as 

Iater·al ; b11t, as Burger l1as clenrly shown, tl1oy t111dot1 l>tedly co1~rcspo11d 
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to the median lines of other Nematodes. The curious torsion, by w hicl1 
i11 the normal position of tl1e body they come to lie laterally for the 
larger portio11 of its length, has already been described. 

The two lines, dorsal and ventral, are very similar in form and struc
ture ("Plate VIII. Figs. 101, 102), except tl1at tl1e vent1·al li11e contai11s 
the pr·ominent ventral 11er·ve cord, which will be descr·ibed in connection 
with the other portions of the nervot1s system. 

The dor·sal l·£1ie car1 fi1 .. st be seen distinctly immediately behind the 
partitio11 which ct1ts off the ar1terior chan1ber. In f1·ont of this I fi11d no 
dorsal diffe1 .. entiation of the hypodermis, and consequently 110 dor·sal line. 
At its anterior end the do1 .. sal line has a thickn~ss of 20 µ,; passing poste
riad, tl1is gr·adually increases to 40 µ,, and. this thiclcness 1·emains nearly 
C()nstant u11til witl1in a short distai1ce from the end of the body, ,vl1ere 
it becomes gradually red11ced and finally disappears. 1'he li11e is sepa
rated from the body cavity by a prominent basement memb1·ane, tl1e 
direct co11tinuation of that which separates hypode1·m a11d ml1scular 
layer. The elements whiclt mal{e tip the dorsal li11c (Fig. 102) appear 
both in longitt1dinal and in transve1·se sections as a row of elongated 
cells, the walls of wl1ich are us11ally fi1·st visible a short distance below 
the ct1ticl1la, n,lthot1gh i11 one specimen preserved in Flemming's mix
ture they could be traced even 11p to the lower surface ot· the ct1ticula 
itself. The nuclei a1"e oval, poor in cl1rorr1n.tic substa11ce, hence !)ale a11d 
not at all promi11ent. They lie with the long· axis perpe11dicular to tl1e 
surface of the body, nearly or qt1ite filling tl1e entir·e diameter of the cell. 

' 
In most cases tl1ey are found at about the same level in the. different 
cells, which thus fo1·n1 a regt1la1~ epithelial layer. Tl1e deep e11ds of 
the cells are p1·olonged into pr·ocess~s which extend do,vn to the base
ment membrt1ine th1·ot1gh a 1nass of fil)res ,vl1ich cross in every di1~ection. 
Among this net-worl( of fibres i11 the lower portion of the line one finds 
occasional cells with bra11ching pt·ocesses (*, Fig. 102), which rnay be 
11ervous. 1.,here is however 110 defir1ite nerve cord extendi11g th1·01.1gh 
the lir1e, and no evidence was fot1nd of the connection of these cells with 
ot·11er parts of the nervot1s system. 

The vent,,.al line is similar in structure to the dorsal line, in that it 
consists lilrewise of a la-yer of high cells of an epithelial cl1a1·acter i1n
mediately t1nderlying the c11tic11la (Fig. 101 ). Their deep ends are also 
prolo11ged into processes, whicl1 are hor·e bent a1·ot1nd tl1e ver1tral nerve 
cord, whicl1 lies in the cc11t1~e of tl1e line. Bet\veen the cord a,11d t}1e 
basement meml)rane l)elow is seen again a confi1sed mrtss of fil>res, 
into wl1ich, as in tl1e case of the dorsal line, the deep ends of the cells 
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pass. The boundaries of the epithelial cells extend in this case also 
only to "\\ .. ithin a short distance of the cuticula ; they ca11not ordi11arily 
be traced up to it, except, as i11 the case of the dorsal line, in material 
preserved in Flemming's mixture. The entire ventral line is separated 

. 

from the body cavity dorsally, and frorn the muscularis on both sides, by 
a basement membrane. 

In the adult female t.he lines do not exceed 8 p, in width, and are con.-
• • 

sequently difficult to study, but I think the sarne elements can be seen, 
though not so clearly as in the case of the n1ale. 

Burger ('91,~p. 636) believed the collection of 1011g cells at the apex 
of the head to be a part of the dorsal line. I can find no special con
nectior1 between the two regions, and no striking similarity in strt1cture. 
The shallow groove which he believed characteristic of the external 

. 
surface of the dorsal line is not present in the living animal. It is 
undoubtedly the effect of collapse, since it is found only in preserved 
specimens. I did not find the large cells which he says occur at regular 
intervals in the dorsal line. Perhaps they are found only in individuals 
of a certain age, or they may be co11nected with the formation of the 
hairs. Proof of the existence of a columnar epithelium, which he con
jectured to be present, has been given above. 

c. Muscular .Layer. 

In cross sections of the body the muscular layer presents two sharply 
marked portions, a peripheral, radially striated zo11e (Plate I. Fig. 11) 
and a deep protoplasmic region. Along the li11e of t1nion of the t,vo 
lies a double or triple row of tl1ickly crowded nuclei, and in some 
regions, or under certai conditions, other nuclei are found scatte1·ed 
through the protoplasmi portion.. The relative thicl{ness of tl10 two 
zones varies greatly. In the most of the specin1ens which I cut they 
were of nearly equal breadt.h, b11t in some the protoplasmic zone was 
more than twice as wide as the striated portion, and in other cases not 
half so wide. These conditions are rep1'"esented somewl1at diagran1-
matically in a number of transverse sections (Plate II. Figs. 23 to 26), 
which are taken from differer1t individt1als. 

The ge11eral mea11ing of the two zones is at one~ apparent. The 
gtriated portion is made up of the co11tractile fibres of the n1uscle cells ; 
che protoplasmic area r~presents the non-differentiated portio11s of the 
same cells together with certain otl1er elements. I met with indiffere11t 
success in attempting to make mac~rations of this region a:µd I am not 
able to affirm definitely what proportion of the protorJiasrnic zo11e is 
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made up of the ends of muscle cells and to wl1at extent it is formed of 
other elements. Cer·tain it is that this zo11e con tributes to th.e forma
tio11 of at, least a certain number of other· elements: this may be by a 
differer1tiation f1·om t.he l)rotoplasmic r)ody of the muscle cell, or it may 
be that the elerner1ts have 110 ge11etic co11nection with the muscle cells. 
In order to discuss this question it will be ~ecessary first to consider 
careflllly tl1e st1·ucture of the individual muscle cell. 

I◄~or this stL1dy the rcgio11 near the dorsal or ventral li11e is very favor
able, since here the cells are shor·ter and broader ,tl1a11 elsewhere, and 
thtts it is easier to trace tlle cell wall8. Cross sectio11s of this regio11 
(Plate TI. Fig. 21) sllow with perfect clearness tl1at each muscle cell is 
composed of two portions, co1·respondir1g in appearance and .position to 
t l1e two zones of the nJ usct1lar layei·. ,-f he higr1ly refractive peripheral 
po1·tion is seer1 in 1011gi tt1dinal sectiot1 ( Fig. 22) to consist chi~fly of 
fibrillre; tl1ese are, hc,wever, cleveloped only at the periphe1·y of this 
portion of the cell, the core of whicJ1 is con1poscd of a finely granular 
protoplasm. Tt1e lattet'· is <lif·ectly co11tinuous with the grant1lar proto
plt1sn1 of \vr1ich tho deep-seated pa1·t of the cell is excl11sively composed 
and i11 "vl1ict1 tr1e ryucleLts is located. ,-fl1is is tl1e condition of the typi
ctil mt1scle cell of the '' Ccelon1yaria.'' In tl10 cer1tre of tl-10 muscu
lar· layet", i. e. in tl1e lateral walJs of tl1e body, the cells diffe.. only in 
being much decpel'' ar1.d 1no1~e flattened. F1·on1 macer·ation preparations 
('Fig. 22) it n1ay be seen that the i1111er or deep 111argin of the bar1d of 
fi hrillre is bou11ded lJy a ,,ery tl1i r1 layer of prot.oplasrn whicl1 at i11ter
vals is contint1ed dow11vvard j11to tl1e elongated cell body. This is also 
r:,ee11 ir1 t1~a11sve\·se sectior1s (Figs. 28-30). It· \vould seem (Fig. 22) as if 
eacl1 mt1scle cell l1ad more than one J)rotoplas1nic prolongation, but si11ce 
I ,vas-11nal>le to ascertair1 tl1e lengtl1 of the indi vid t1al cells this cannot 
l)e positively asse1·te(i. 

'l,l1e 11t1clei us,1ally lie jt1st below the contractile portion of the cell. 
'l"l1ey are ovtt1, and each l1as a tl1icl~ r1 t1clear memb1·ar1e, which stains 
de01)ly, l)ttt e11closes very little stainable substa11ce, the nun1erous nltcle
oli bei11g r11i 11 tl te a11d faint. 'I1here are also at tin1es t111c1 ttestio11ably ns 
many tis two 11t1clei in eacl1 protoplasmic project.ion, a11d in certain speci
n)ens i·t \Vas comrnon to fi.nd nt1clei far· down to,vi1,rd the deep er1lt of 
tlie cell. 

I must crill atter1tion in tl1is connectio11 to sorno very pect1liar n11clei 
wl)ich were f'ot111d an1on~ the 11t1clci <>f tl1e 1nt1scle cells, l)llt which differ 

• 

from tl-1cn1 strikir1gl .. v ([1.,ig. 27). ']1 J-1ey were tistinll,Y lc>cr1.ted rathet· n1ore 
• 

distally than tl1e otl1crs, and encl1 sl1c,,ved a tail of V<tr·yi11g Ier1gth, ,vhich 
VOL. XXIII. - NO. 3. ] 1 
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projected far up among the contractile fil>rillro. 1,ailed nttclei have 
been fot1nd by variot1s observers., a,nd sometir1)es the forrr1 l1as l,een 
attributed to mechanical in.jury in c11tting. But tl1is cannot be the ca,se 

. 
l1ere, since they were plainest in sections 20 p, tl1ick at a level distinctly 
between the two surfaces of the section. r,rom tl.-10 general appearance 
of the sectio11s I doubt the probat>ility of the form being clue to pres .. 
sure in killing or pre1Jaring, and am ir1clined to regard their form as 

. 
normal. Such nuclei l1ave been explained as 11ervot1s; the only argu-
n1ent which can be said to favor tl1at view in this case is their position, 
and the absence of other knovfn r1ervous terminations in the muscular 
layer. 

Tl1e striated zone is narrow i11 tl1e anterior cl1an1 her a11d at the pos
terior end of the body, but is else,, 1 he1·e of nearly t111ifor1n width in any 
one specime11. It remains entirely color·less in carmine stair1s, but takes 
u1, hrematoxylin with avidity and does not give it ttp in acid flt1ids. 

1"'he protoplasmic portion of the muscular cell is higl1]y gra11t1lar and 
ordinarily does not stain at all. In the protoplasmic zone, l10\veve1", tl1er·e 
are cells whicl1 stain in eosin rr111cl1 deer)~r than tl1e remair1ing elerr1ents 
(Fig. 29, x). The conte11ts of' these cells are so finely g1·ant1la1· as to 
appear almost homoger1eous. Lying in the body cav'ity near these cells 
are corpuscles, w hicb in general appearance and ftfnni ty for stain n.re 
identical with tl1em. It ,vill appear probable, I thinlr, frc)n1 the figures 
giver1 (Figs. 28-3_0), tlJat these corpt1sc1es are derived by abstriction 
from the deeply staini11g cells of the protoplas1nic zone. rrhey a11 e 
fot1r)cl of all sizes, btit r1ever i11 very great 11timlJers. 1,11ere is some evi
dence to show that tl1e deeply staining cells are the proxin1r1,l ends 
of certain rr1 uscle cells, the con ten.ts of which a1·e pc1"haps cl1erl1ically 
nltered; the corpuscles, however, never· cor1tain r1uclei, so far as I l1nve 
see11. 111 view of the evident correlation l)etween tl1e tl1icl{r1ess <)f 

t.he m11scl1lar wall <)f tr1e bociy rtnd the sexual matt1rity of tl1e a.r1i
rnal, it is ,possible t}1at tl1e ft1nction of these corpt1sc]es is n t1triti ve. 
'J"'~lis will be discussed ir1 cor1nect,ion witl1 tl1e <lescri ptior1 of t!1e sexual 
organs . 

. Evider1ce ,vi1ich goes to prove the formation of tr11e cells fron1 this 
Ja.yer is obtained fr·om tl1e stt1d_y of tr1e fen1alo in which tl·10 eggs "-·er·e in tho 
most immatt1re condition <)f any whjcf-1 I l1rt(l. Jier·e (PJctto IV. l~ig·. 59) 
sections sl1ow tlle bod.Y wall to be com1Josed of tllc layer·s alrcrtdy <:le
scribed, except that tlJe p1·otc>plasmic porti(Jn Clf tl1e ml1scle cells is 
rnt1ch sl1orter, and there scern to be proportio11nlly fewer 11l-1clei rtnd 
fewer cells tt1nn in the soctio11s p1·cviot1sly described. J11 n,dcliti()Tl 
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to these there is, however, the ren1nant of a deeper layer. Certain 
cells (*, F,ig. 59) pr·oject into ·the body cavity; they are homogeneous 
and lightly stained, i11 oppositio11 to the mt1scle cells whicl1 remain un
stai11od, a11d they cor1tai11 nuclei at tl1e p1'oximal end of the cell. In 
the body cavity of' tl1is specin1en we1·e found, in addition to the eggs, 
cells of a very •similar appearance to tl1ese, and at points along tl1e wall 
of the body cavity flatter1ed cells had a1·ranged themselves in the form 
of an epitheli 11m. All these points 11tttt1rally st1ggest tl1at this layer is 
co11co1·11ed in the p1·odt1ction or nourisl1ment of' tl10 sexual cells, and that 
the remnant of' tl1e layer is in process of f or1ning itself into a secondary 
epitheliL1rn. Tl1e evidence is ,however too incornplete to justify mo1·c 
than a st1ggestio11; bt1t it points st·rongly to the existe11ce of .mo1·e than 
one lri11d of' histological eleme11t in the proto11litsmic zone of the mt1s

ct11ar· layer . . , 
The fo1,.egoi11g description of tl1e muscularis differs essentially from 

tl1at given by Burger ('91, p. 635). Especirtl attention mt1st be called 
to tl1e ft1ct that tl1e relative thiclrness of p1~otoplasr11ic and contractile 
portio11s as he gives it, narnely, 2 : 1, is t1·ue in 011ly one of the . sectio11s 
110 figures ('l.,af. XXXVIII. Fig. 5), w }1creas othe1·s of his sectio11s 

( li'igs. 3, 4) represent exact,ly the opposite extreme. 

2. ALI}JENTARY CAN.t\L. 

a. (Esopliag1ts. 

A ttentio11 has al1·eady becr1 C}1lled to ·the fact tl1at one finds a sl1al
lo,v dor·si ver1t.r·al g1·oove (F"ig. 2) at tl1e front of' tl1e l1ead, a11d tl1at the 
111i11t1te rnoutl1 opening is loc,i.ted at tl1e centr·e of' this groo,rc (Plat,e V. 
Fig·. G 3). Tt1e ct1ticula, w l1icl1 is cxt1·err1ely tl1icl< at this poi11t, is 
l1ere inf'<)ldcd; tho deep lriyer· cxter1ds bl1t n, sho1·t clistrt11ce, ,vl1ile tl1e 
exter·nal layer is contint1ed bacl{wrir·(l to fo1~m tl1e msophng·eal ttiue. 
Ilere as else,vhore this laye1· is l1igr1ly refr·ac·tive, and J-1as walls 2 µ, 

t11iclr, cnclosi11g a lt1men only 3 µ, i11 dian1cter. rl.,he cieep layer, wl1icl1 
Stlr1·ot111ds tl10 l>egir1ni11g of tl1e msopl1agen.l tt1l)c, m-east11·cs 9 µ i11 thicl{-
11ess. After tl1is lt1iyer st<)ps, the cl1 iti11ot1s mso1)l1ageal tt11)0, w l1ich is 
tl1e co11tin t1ritio11 of tho exter11al layer, beco111es some:v l1at tl1iclter, and 
it is seen tl1at the ont.i1·e tllr)o is co11trti11ed witl1in a cell of small dinm .. 
eter (Pl::ite III. }-,ig. 32). F,r·om lo11g·itt1di11al sections it is sce11 that tho 
cell is coextc11sive ,vith tt1e t11l)o ; at lenst tt1e1·e a11 0 110 t1·n11sve11 se cell 
l>ot111clri1·ies, tl1011gl1 tl11·ot1g11ot1t1 its le11gtl1 011c fi11cl_s 1nrt11y 11tlclei ,,,l1ich 
lie closely pnc1red togctl1c1·. 111 t1·u11svc1·so scctio11s t l1e 11t1clea1" matter 
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appears fragmented, a11d usually has a more or less conccntl'·ic form 

surrou11di11g tl1e tube (Fig. 50). Tl1at f'ace o·f tl1e n t1cleus ,v hicl1 is 
turned toward tl1e tt1be is less regt1lar that1 the otl1er, tlr1d ust1ally shows 

a broken and less sharply ma1·l(ed contour than elsew l1ere. 'l1he an1ot1nt 
of chromatic substance, lt1rge in proportio11 to tl1e some\vhat meag1·0 

supply of protoplasm ir1 the cell, is also noticeable. 
The oosophageal cell with its cor1tair1ed tt1l)e traverses the ante1·ior 

chamber; from tl1e moutl1 opening it first passes tl11·ol1g·h the hypoderm, 

then it lies in a groove on the do1·sal surface of' the 1:)rai11 (Plate V.I. 

Fig. 73), and later is spanned by the dorsal commissure (Fig. 80), di
rectly behind which (Fig. 8 i.) it extends a short distance f'1,.ee until it 

reaches and pierces the trans,rerse partitio11 (Plate I. Fig. 8). It is 

enveloped throughot1t its course by the sa.n1e perito11oal 1nembr·ri110 
,vhich li11es the anterior cllambor. The occasional fifttte11ed r1L1clei ·,.)f 

this membrane n1ay be seen at inter·vals 011 tl1e outside of tl1e msopt1a

geal cell, even where the latter is surmot1nted by the dorsal comn1isst11"e 

of the brain. 
Before tracing the ft1rther modifications of the rosopl1ag·cal coll, it is 

' 
i11teresting to note one 01· two poi11ts of variation i11 tl1e po1·tion rtl1·e:.:-idy 

described. Altl10L1gl1 the t·ube is com111only of t111ifor1n caliber a11<.l ope11 
from end to· end, this is 11ot always the case. J:1~igur·e 50 (l::>]ate r1·r.) 
shows a cross sectio11 of tl1e oosophagoal cell 0.1 mm. from tl1e apex of 
the head. Here the tube is of the t1sual appea1·a11ce, b11t a few sections 

farther bac·k not 011ly lumen, but tube as well, htis disappe~1red (Fig. 51 ). 
Some distance f'artl1er poster·iad the tube appertrs agai11, l:)t1t as a solid 

cord, which, however, acqui1·es a lume11 at a r)oi11t 0.4 mrr1. f1·om the 
apex of the head, and from this place on preserves its 01·d i11nry cl1n,r·t1-ctor. 

Ft1rtr1errr1ore, varin,tions i11 the diameter· of tho 1l1111c11 a1·e cotnmo11. 

Tl10 importa.nt pl1ysiological l)en,rjng of these fe,ttl11·es will lJe discussed 

su bseq11e11tly. 
The oosophngoal tuhe a11d cell enter the pn.1·tition a11ll r>n.ss t111"011gh 

with or11y a slight expansion in the size of tl1e coll (J>Jftte V. l;"ig. 63). 

Bu1.~gcr has figured and c~tlled ~1.ttontion ('91, JJ. 643) to tllc })rcscnce of 

a strong dorsal bc11d of t·hc t11be withi11 the rJartition. ']'J1is is r1.ssl1redly 

abnormal, si11cc it is fo11ncl b11t rarely. It is 011ti1·ely \\1a11ting i11 tllo 

other indivjdt1al figl1red 1>y l1im (~l1rif. XXXVIII. Fig. 1). \\Tl1en prcso11t 
it is proba,'bly on, n<Jt i1i, the partition, ar1cl is cviclcr1ily <lt1e to tl1e "'"1011t.1·rtl 

flex ion of the resophngoa.l cell ancl t11L>0 rcst1l ti11g from. tl1e forci11g f'or

ward of t,he partiti0rt in prcscr\rntic1r1. 'l1l1is wrtll is in lifo concave rt11to
riorl y, a11d i·t will be clear at 011 co, f'rorn n gln11cc at E"'igLt1·c 3, tI-1nt, if' flt 



' .. 
l\1:-USEUM OF COMPARATIVE ZOOLOGY. 153 

any time in the cou1·80 of' n1a11ipulation a change to a denser fluid be 
made too suddenly, the result will be to force the partition forwa1·d, and 
conseq t1e11tly to bend the resophagus in tl1e space between the brai11 and 
tl1e pL1rtitio11, wl1ere it is free fi·om supr>orting tissue. Exactly this is 
shown· to have happened, only in a less degree, in my Figt1re 8. 

Fo]lowi11g now the cot1rse of the oosopl1ageal cell afte1~ it· emerges from 
the partitio11 into the general body cavity, 0110 finds a second cell along
sie,le of it (Plate III. Fig. 33, cl. in. I.), which resembles it ir1 the entire 
absence of tra11s,rerse cell boundaries and in the presence of many nuclei, 
bl1t is t1nlike it in the higl1ly granular condition of the p1~otoplasm a11d 
in the shape a11d appea.ra11ce of the nuclei. Si11ce the intestine ha11gs free 
in the body cavity, the position of' the cells can be deter·mined 011ly in 
a general way. '11l1e new cell, which n1ay be named the first intestinal 
cell, lies approxin1ately lateral to the oosopl1ageal cell (Fig. 33). It be
gins at abo·ut 0.8 mrn. from the apex of the head; abot1t 0.4 mm. far
ther bacl{, a second intestinal cell ( cl. in. II., Fig. 34) is ~dded. • This 
lies nearly ve11tral. A third cell (cl. i1i. III., Fig. 35) begins 1.3 mm. 
from tbe apex of the l1ead, and a fourth ( cl. i1i. IV., ]"'ig. 36) 0.1 mm. 
fa1·ther 1)osteriad. ,This completes the r1umber. The oosophageal cell, 
which may be recognized by the presence in it of the cross section of 
the chitinous tube, now lies lateral to the fout" intestinal cells (Fig. 36), 
but soon wedges itself in between two of them until it reaches the centre 
of the gt·oup (Fig. 43), and the11 Sl1ddenly ends, leaving a cavity (Fig. 44) 
st1rrot1n.ded by the fou.1~ intestinal cells which have accompanied it a 

longer or shorter distance f'rom their origin. 
It is 110w necessary to asl{ how the chitinous tube is concerned in these 

cl1a11ges. Up t.o the point where the fourth intestinal cell is added, it 
remains a straight simple tube. Shortly beyond that poi11t it makes a 
complete tl1rn t1pon itself (Plate I. Fig. 8), and fro1n a lateral position 
with 1·efere11ce to the fou1· intesti11al cells it reaches a median one • 

(Plate III. Figs. 37-43). . Hence the loop lios in that po1~tior1 of the 
• 

msopltagefl1 cell ,vhich is wedged in between two of the ir1testinal cells 
(l?ig. 38), and almost completely fills the space. The tt1be proceeds 
a short dista11ce ftt1·ther, 60 µ only, tapers to an exceedingly fine point, 
and ope11s ot1t ir1to the space whicl1 has arisen between tl1e four intesM 
ti11al cells (Figs. 8 and 44). '1_111 is space is t.he ir1.testine proper, and 
jt1stifies t.he n,-l)l)licatior1 <)f. tl1e nfttne '' intesti11hl cells'' to tl1ose elements 

' 

,vl1ich, thougl1 orjgi11ating fttrt,her forward, were destined to bound it. 
These relations, wllich ~1.1·e evident ·i11. every complete series ·th1~ot1gh tl1is 
region, are represented in a s1.tccession of figtlres tal{en from one series of 

• 
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transverse sections at sl1ort intervals (~.,igs. 31-44). Tl1e ge11eral forrn 
of the tube may also be see11 in the optical section represented in 

Figure 8. 
'fhe rosophagus varies from 0.75 to 1.5 mm. in length, being from -fo 

to fo of the total length of the wo1·m. The loop ,v hich occurs 11ear its 
posterior terminatio11 measures from 50 to 100 p, in length, and from 20 
to 30 p, in width.. · It lies nearly in the sagittal plane, and vent1·al to 
the gene1~al course of the resophageal tube. The absolute u11iformity of 
its occu1·rence and the normal appeara,nce of' the adjoinir1g intestinal 
cells preclude the idea that tl1is is a.n accidental fold. It xnust be 
regarded as a normal yet v_ery curious featt1re of the resophagus. 

b. Intestine. 

The intestinal cells, wl1icb, as l1as been shown, are fi1·st encountered on 
the resophageal cell just behind tl1e partition, a.re four i11 number at 
the· point where tl1e intestinal cavity is formed and the rosophagl1s 
opens into it. These four l1owever clearly .constitute two pairs which 
are 11nlike (Fig. 37). rr11e contents of one pair is a coa1·sely grar1t1lar 
plasrna, ,vhereas that of the other pair is finer. The first remains 11n
stained i11 hoon1atoxylin, but takes up enough hydrochloric acid car
n1ine to give the plasma a reddish tinge. The reverse is t1·ue of the 
otl1er pair of cells. Occasionally the gran t1les in the first pair of cells 
become very coarse, and then appear lilte excretory secretions. As 
already mentioned, there are 110 transve1·se partitions dividing the cell 
(Fig. 52), although a ve1·y large number of nuclei are present, ust1ally 

' 

several in each section (Fig. 39 ). Only two of the four cells are repre ... 
sented in Figure 52, which is a surface view. The differences in the 
character of the nuclei are well shown in tl1e figure. 

The walls of the i11testinal .cells are very strong, perhaps even ct1ticu
lar, since they remain intact 1011g after tl1e cell contents l1ave been 
completely n1acerated out. There is l1owever, no special chitino11s lir ' 

ir1g for the intestine, such a.s Btirger has figured ('91, Taf. XXXVIII. 
Figs. 25, 29). This appearance is probably due to the pai·tly macer
ated and detached mem l>ranes of the adja,cent cells • 

. 
The portion of the intestine bol1nded by fot1r cel]s is relatively short. 

One of the finely granular cells 1 d ivind1es down to a point ( Fig. 45) 
and a new one takes ·its place. This p11shes itself obliqt1ely u11der the 
adjacent coa1"sely granular cell on one side) so that tl1e latter is excll1ded 

1 Owing to a break in the se1·ies figurecl, I am unable to state positively which 
one of the original four is the first to disappear. 
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from participatir1g in the boundary of the lume11, :·which is now limited 
• ' 

by only th1·ee cells, one dorsal and two ventral. '']~he cell, tht1s for·ced 
back from the lumen, dwir1dles aV\ray, ti.nd is not replaced by another. 

A lun1e11 bounded by three cells persists for some dista11ce baclrwai·d, 
but finally another cell disappeat"S a11d the lumen lies bet,veen two cells 
( Fig. 49). I did not succeed in finding the exact spot wher·e the dis
a1)pearance of the tl1ird cell takes place, and am hence 11t1able to give the 
details of the process. From this place post,eriad all further change is 
of· degree and not of kind, since the intestine simply grows smaller, the 
lt1men all but disappears (Figs. 46-48), an•i fir1ally the -vvhole strt1cture 
va11ishes (Fig. 9) shor·tly befor·e the end of the body is reached. Iu 110 

case, either· in e11ti1·e prepa1·ations or i11 sections, was I able to trace it 
nearer than witl1i11 a _few n1illimeters of the posterior end of the body ; 
and since it was entirely free at its termination, no clt1e was given as to 
its relation to tl1e terminal orifice of the body. Si11ce this orifice is 
clear·ly connected with the sext1al 01·gans, as will l>e demonstrated 
later, it remains doubtful whether it is a cloacal opening, or whethe1· 
the end of the i11testine is to be found elsewhere. Certain it is that 
i11 the i11testine we have a highly dege11erate organ, so that from a 
study of the adt11t alone no light can be gained as to its termi11ation. 
It is interesting to note that the resopl1agt1s is intracellular, the intes
tine however clearly intercellt1lar. 

No mesenteries were fou11d bindi11g the intes·tine to the body wall, and 
co11sequently its position varies ir1 diffe1·ent individt1als. It was more 
of'ten ve11tral than dorsal, and late1·al tl1an median. In tl1e female 
(Plate IV. Fig. 58), l1owever, it exte11ds directly th1~ough the middle of 
tl1e mass of nearly r1 pe • eggs. 

11 l1e desc1~iptio11 ofl the strt1ctu1'e of tl1e alime11tary canal already given 
for the male, holds good f'or the fernale as well~ except that, the lengths 
of the vario11s parts are somewhat less thar1 those of the male. The 
n11terior· charr1ber is much smaller, and tl1e parts co11tai11ed in it 1nore 

con1p1·essed. 
Bu1·ger ('91, p. 643) described i11 ge11eral the four intestinal cells un-

der the somewhat inappropriate name of resopl1ageal cells. I-Ie failed 
to • .recog11ize the cellt1la1· nature of the real oosophageal cell, since he 
speal{s only of tl1e t,1be and of a fibro11s e11velope. He seems to have 
entirely o·verloolred the loop in tl1e t11be, which p1·o·bably existed in 
sections bet"·een those 1·epresented in l1is Figt11·es 22 a11d 23, and. uat ... 
urally was able to give but little on l1istological struct,1re. I do 11ot 
believe it is advantageot1s to speal{, as l1e docs, of tl1e intestinal cells as 
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cell-rows. There certainly a1·e no transverse cell walls a11d no very 
1·egular distributio11 of 11uclei ; and \V hile they r11ay be potentially eq ui y ... 
alent to 1·ows of cells, they ce1·tainly are not the same as the st1·uctures 
in the Trichot1·achelidre l,nown as cell-rows. 'l"o use the expression, 

' 

then, is to emphasize a 111orphological relationship which, if it exist, is 
mt1ch mo1·e distant tl1a11 the use of this word would lead one to st1p

pose. Burger also desc1·ibed the regions of the intesti11e bounded suc
cessively by four, three, and two cells; but i11 spite of l1is stro11gly 
ex1)ressed dot1bts on the subject, lie ,,vas led to 1·egar·d the termi11al 
orifice of the papilla as the a11us, follo\ving tl1e description of Verrill 
antl Fewkes. It must have been poo1·ly preserved material which gave 
the appearances shown in his !figures 25 and 29, for I am convinced 
tl1at the 8upposed cuticular lir1ing of' the i11testir1e does not exist. I l1ave 
found nothing w hicl1 supports his claim, set forth at length,, that tl1e 
intesti11al 1 tl111e11 w he11 t1ppa1·e11tly boL1nded by tl1ree cells is really 
formed at tl1e exper1se of 011ly ot1e, and belongs to th.at cell al<)ne. 

3. ANTERIOR CHAMBEJt . . 

The anterjor chamber is a pron1ine11t and characteristic featl1re of the 
anatomy of N ector1ema. · Even in the living a11imal one can ust1~1,lly dis
ting~is~ its main featl11·es (Fig. 3) u11der a compressor. '11he scn1i
trar1sparent area extends as ftir as tl1e trans,Terse partitior1 which, at 
about 0.3 to 0.4 mr.n. from the apex of tl1e l1ead, cu.ts off' this po1·tion, 

' 

from the gene1·al body cavity. ] r1 the living animal this pat·tit.ion is 
concave anteriorly, and apparently slightly tl1icl<:er· at tl1e centr·e ; on 

' 

sections it is seen to be covered on its anterior face by a thi11 peritoneal 
men1brane, whose flattened nuclei (Plate VII. Fig. 95) may be easily 
discerned at intervals. I am not su1·e that tl1is same peritoneal mem
brane lines the entire anterior chamber. It car1 easily be dernonstrated 
over the lateral surfaces and Rrou11d the cesopl1ageal cell, where similtir 
nt1clei m.ay be demonstrated even t1nder tl1e dorsal comrr1isst1re of tl1e 
b1·ain and farther forward. On the do1·sal Sllrface of t lie l,rai11 I have 
searcl1ed in vain for the nuclei or the mernbrane ; yet it is eq uully im• 

possible to find wl1e1·e it stops, if it does not line the entire chamber. 
In alcoholic specimens ml1ch of the r·egt1la11 character of the J)artition 

is lost, and it is usually fot1nd to be more or less distorted, as tl1e effect 
of the vario11s processes tl1ro11gh which tl1e material has passed. The 
fibres of ,v hic}1 it is composed rt1n in all directions, cl1iefly radiating 

fr·om the centre toward the 1Jody wall. They show frequent pale nt1clei 
(Fig. 05 ). 'fhe partition is pierced by the resophagus alone, and it 

, 
' 

• 
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encloses tl1e oosop11ageal cell, so that 110 SJ)ace is left 011 any side. rl"lle 
dorsal lir1e does 11o·t extenci as fa1· fo1·\va1·d ~ts tl1e partitio11, l'>t1t the ve1lt1·al 
line, wl1ich tal{es its origi11 f1·on1 tl1e b1·ai11, passes tt11der the partitio11, 
tl1e fib1·es of which sp1·ead ot1t above it. 

1'he a11terio1· wall of the cl1an1ber is grooved exter11ally, a11d this media11 
gr·oove, already n1e11tio11ed, is supplied witl1 011c, 01· often two, low papillftr 
clc~vt"ttions 011 each side. The cutict1lu 011 the a11te1·io1· face of' the l1ead l1as 
al}otLt t\vice tl1e thicl<.ness of tl1at over ·the body in general. r11 he l111derly~ 
i11g hypocle1·mis fron1 tl1e mot1th openi11g tlpward ove1· tl1e ante1~io1· do1·sal 
a~rJect of the l1end is com p()sed ()f l1igh 11arrow cells, w l1icl1 a1·c co11tin
uecl basally into one ot· 1nore processes that a1 .. e pt·obrtbly conr1ected vvith 
r1erve f1l)rcs. rrl1eso 1·ela tions are l"ep1·eser1 ted i 11 Figu1·e 9 2 ( 1> l rite VI I.), 
wl1icl1 sl1ows a somevvhat obliqt1e section near tl1e a1)ex of tl10 l1cad. 
It is tl1e do1·sal a11cl lateral cells t}1at iir·e in qt1estio11, n11d tl1ey sl10\v i11 
some places very clearly the basal processes. '11 wo sucl1 cells 11101·0 

highly er1la1,.ged n.1"e show11 i r1 Figt11·e 93. rJ1he fi br·ous mtisses on eitl1c1· 
side ir1to \V l1ich the processes pass are the anto1·io~ prolor1gatio11s of the 
fibrotlS mass o·f the b1·ai11. !{Urger ('91, p. 637) hns desc1·ibcd tl1cso 
cells as 1·oundcd t:tt the deep end, and l1e did 11ot find thci1" co1111ectio11 
witl1 the 11ervot1s system. 

Alor1g this IJn,1··t of tl1e head a11d further vent1·ad 011 the anteri9r face 
mir1Ltte pore canals i11 tl1e ct1tict1lti are l)y no means 11ncomn1or1, a11d 

once or twice i11 total J)repa1·ations fine hair·s ,,,ere seen ir1 tl1is ~·cgion. 
Wi tr1o·L1 t l1a vir1g de1nonstrated a11y co1111ectio11 bet wee11 tl1e cnr1nls rt11d 

hairs, I believe tl1ey a1·e 1·ertlly tt11ited, and il1at the mass of cells ,,·hicl1 
is l1e1·0 co11nccted witl1 the t>r·rtin is sc11sory i11 ft111cti<>rt. J t1st dot'Sftd 
to the mottth oper11ng ther·e Vt1 ns fol111d ir1 throe specimens ~ srr1[tll per· .. 
fectly regt1lar ct1tict1l:-1r· pocl{et ~tl)ot1t 30 µ i11 dia111etcr. Its 11attt1·e t111d 

Vftl t1e co t1 ld r1ot l)e determ i 11ed, Lut, if at ttl 1 sig·r1i fict1,r1t, it is p1·ol>aul y 
tl1e 1·en1nant of n, larval orgn.11. 

rfl)e stril{ing tra11spa1·ency of this 1.~egio11 i11 tl1e livi11g animal is dlte t() 

the tl1i11ness of its walls. ]~verywlle1·e l>tLt tit tl1e ext1·en1e anterior· encl 
the ct1ticttla js tl1i11, arid, altl1011gl1 the m11sct1lt~r ]n_yer· begins i11 tl1is 
1·egio11, it is lnsig11ifica11t. Or1ly 011 tl1e ventral st1rf~1c0 docs 011c fl11ll a 
mass of' ·tiss11e, t.l1e b1·ai11 \Vitl1 its capstlle. The d;1.1·l{ st1·eal( ,-v11icl1 i11 
the livi11g a11i1nnl cr·osses t·he a11terior cl1aml)er jt1s·t i11 and al,ove tl1js 
1nass is the C£SOJJl1rtg·t1s al1·eac1y dcsc1·il>ed. r11 l1e cl1aml,c1· is filled ,vitl1 a 
fltlid ir1 ,vl·1icl1 ·float s·1nrtll scntterec] c<Jl'pt1sclcs o·f g1·cat i,1·rt11sp:11·ency. 
~.,wo such a1·e sho\vn i11 Fig1t1·0 95) irr1n1cdiatc]y Lelo,v tl1e ga11glior1ic 

cell, cl. gri. V. 
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1"t1e most prominent object,s i11 the anterior cbaml)e1·, l1owever, are the 
f<Jur· big celJs which, in tvvo pairs, an anterior and a poste1"io1·, fill al1nost 
tl1e entire space above tile br·ai11; a11d se11d tl1eir processes ve11trad into 
its st1bstancc. rl'l1ey aJ·e the cells ,vl1icl1 Fewl{es ('85, Ex1Jl. of Plates, 
p. 208) desig11ates as '' ova (1)," ar1d which Btirge1· ('91, J). 646) s11p

posed to be salivary glands. Neitl1er l1ypothesis l1as n1ucl1 i11 its f~:ivor, 
and I sl1all present evider1ce w l1icl1 I t)elieve s110\vs tl1em to be clearly 11er
vous, i. e. ganglion cells. Accordingly, tl1e description of~ tt1eir st1"uctt1re 

a11d 1·elations will be defe1·red until the cor1sideration of the ganglion 
cells in tl1e brain. 

. ' 
' 

4. BODY Ca VITY. 

1.1 he main l)ody cavity extends f'1,.om the posterior fa.ce of the partition 
,v l1ict1 cuts off the anterior charr1ber to th·e extreme 11oster·io1· end of the 
lJody. It var·ies muclt i11 size ir1 differ·ent indiviclrtals (Plate II. Figs. 23-
2G, Pli1,te IV. Fig. 58, a11d Plate VIII. Fig. 96) and can l1a1·dly be said 
to ha·ve a definite f<)rm. It js smallest i11 immature ir1clivic]t1als) a11d 
most car)acioLtS afte1· sext1al matLtrjty. It, differs sornewl1t1.t fr·on1 th<:~ 
lJody cavity of the anterio1" chamber. The 1~1tter, as has l>ee11 shown 
alr·ertdy, js lined, ir1 great part. at least, by a peritoneal membrane, l)11t the 
gene1~a1 l)ody cavity shows no trace of suc}1 a lining. The protoplasmic 
enc1s of tl1e muscle cells ter1ninate at va1~iable depths, tllt1s givirig it an 
irregl1lar bo11n(Jf:l.ry, w h icll sl1ows 110 sign of an e11dotl1eli un1. 111 the 
l)ody cavjty one fi11ds nei·ther· dissepiments nor mesenteries; the i11tes-

, 

tine ft()ats free, or at reg1i,lar ir1te1~vals i11 its course is grown fast to cells 
i11 some part of' the Locly ~w?,ll. 

Ir1 the male one alway§: finds a sac ro.01·e or less developed hangir1g 
• 

fr(Jffi tl1e dcJr·sal ]100, ancl iaryir1g· i11 ·for1n a11cl strt1ctt1re. 'fl1is \vill 1>e 
111c>re fully described uncler· the sext1al 01~gans, to ,vhich it u11question4 

ably belongs. 
Ther·e is often a s1nall arnot1nt of' coag1-1lated substa11ce in t.l1f~ l)ocly 

cavity whicl-1 cc)r1tai11s scattered corr>11s<j}es sin1ilar t<) those of tl10 ar1te
rior chamber. 'l1 t1ey are very pale, entirely 11nstai11ec:l, an<i of a spo11gy 
text11re. One finds varioLts sizes, ar1cl tl1ei1· orig·in from t l1e prot<)plasmic 
ends of the n1l1scle cells l1as a]1~eacly beer1 mai11tai11ed. Tl1ey ar·e by r10 

n1eans abt1nc1ant, and tr1e a1nol1-i1t of coagt1lt1m foLtnti i11 tl1E, l)o<1y cuvity 
is also sm[1ll. 111 aclditio11 to tl1esc one always finds j11 tl1e l)ocly cavity 
of the male fr·cc spe1:-matozoa i11 g·reater 01· less nt1ml>ers. I11 all vf~ the 
females obtaine<l tl1e body cuvit,y was nertr·ly 01· qt1itc fillecl ,vitl1 eggs. 
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5. NERVOUS SYSTEM. 

a. B1·ain. 
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Tl1e anterior ga11glionic n1ass, 01,. br·ain, forms tho ltirger portion 
of the floor of the antet·ior cl1::in1ber· ( Plate V. E,ig. 63 ). 111 ge110I·al 

it is son1ewhat wider· tr1an lor1g, bei11g frorr1 0.16 to 0.28 mt11. i11 \Vidtll, 

arid fr·om 0.12 to 0.2 mm. i11 ler1gth, and has an ave1,.rige thickness of 

011ly 0.14 mm. (Figs. 3, 8, 63, 72-88). Its a11ter·ior litr1it is tl1e 0110 

most difficLtlt to maltc ot1t,, since the br~iin st1bsta11ce goes ove1· g1·adt1ally 

into the tisst1e in front of it, f1·on1 w l1ich it is 11ot separated by any 

pr<>111ine11t capsule. Tt1e n1iddle of the dor·sal surf'ace is n1arlced by 
a longitt1dinal g1,.oove, i11 ,vl1ich the msophagt1s lies. Bel1ir1ci tl1e na.r·

ro,v 111eagre cereb1·al commisst1re tl1e oosopl1agus is separttted from tl1e 
brain by a cor1sideriible space, and l1er·e the dor·sal gt·oove in the lat
te1--is wider· a11d less defined tr1ar1 fartl1cr· f'orward. (Cf'. Plttte VI. Figs .. 
72-88.) Later·itl1y tl1e lirr1its of the ganglio11ic n1ass ar·c mo1·c distir1ct, 

althougl1 110 e11velope of connective tisst1e sepa1,.ates it plctinly from tl1e 

adjacent cells. 111 f,tct, tllet·e does not seetn to be a definite capsl1le 

anywhere, eve11 011 tl1e dorsal st1rface. 111 places tl10 li111its of the 111ass 

are so sl1arp ~is to st1ggest a cove1~i11g mem b1·ttr1e, but I "vas llnable to 
find any corresponding nuclei. 'I,l1e co1111cctive-tisst1e fib1·es whicr1 bou11d 

• 

t,110 ventral 11er·ve co1~d dorsally are fi1·st appa1·e11t behir1d the last pair of 

lrirge ganglior1 cells of' tl1e brai11. 
a. Ga1iglio,1, Cells. - On t.l1e whole the brai11 is poo1~Iy Sllpplied ,vith 

gtinglion cells; of tl1ose fou11cl, 0110 can nevertl1eless disti11g11isl1 two 
kinds, ,,~11.icl1 represc11t extremes i11 size. 'l1he first a11d smaller l(i11d is 

or1ly moder·ately abt1ncla11t, l)tlt tl1ey fa1~ exceed in ntltnber the seco11d. 
No app1·eciable atnot1nt of cell pr·otoplttsm can be see11 abo1Jt tl10m, l)tlt 

t,hcy ar>pear every,vhere simply ns sn1all oval 11\1cloi ('Plate V. Fig. GS) 

011ly 4-5 µ ir1 dinirneter. rr11ese nuclei stain deeply, arid s110,v a tl1iclt 

nL1clear 1ne1nb1·a11e with r1t11ne1"ot1s chrorr1atic grn.11,tles, of which one, 

or occasionally t\vo, are ve1"y 1)ron1i11e11t. 111 general trloy corresr>011cl 
closely to tl1e norvot1s nt1c1ei (N ervenlrer11e) l1esc1·ibed by va1--iol11::> ol">• 

server·s for d iffo1~e11t gr·oltl)S o·f ar1imals. A ft1rther poi11t of 1·esen1 bltt11ce 

is fol111d in tlleir position, for tl1ey lie en1bcdded i11 a mass of fiLros, 
arid, althol1gl1 it js diffict1lt to decide \vhether· certai11 of t}1e fil>1·es a1·e 

con11ected witl1 them, appearances clecideclly favor tl1is vie,v. Cells of 

tl1is l<i11d a,1,.e n1ost nl)t1nda11t 011 the rtr1te1·ior frtco of tlte ga,11glio11ic nJrtss, 
n11cl around the st:1llts ot~ t,he do1~sal cells. I11 tl10 fibrot1s rnrtss of tl10 

br'ain they occu1~ 01·dina1·ily 011ly at tl10 ve11t1·rtl st1rfttce, a11d i11 0110 01~ 
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two defi11ite lines whose significa11ce will be considered later. (Cf. Plate 
VI. ltigs. 72-88.) 

. 

rJ1he large ganglior1 cells so far surpass in size tl1ose of tl10 fir.st ki11d 
tl1at they rnight well be called giant cells were it not t,ht1t, tl1e nam~ 
irnplies a, l1omology wl1ich I do 11ot wisl1 to aflirm. rl1 l1ere are in all 
ii ve pn.irs of tl1ese large cells, which a1·e nearly constant both i11 positio11 
a11d ir1 size. Figt1re 94 (Plate VIII.) represe11ts thetn diagrainmati
cally a11d f1·om a comparison of tl1is with Figl1re 63 (Plate V.) the dif
fe1·ent cells may be recognized at 011ce. It will l,e co11venie11t in the 
clescri ptio11 to desig11ate them by 1111merals, begir111i11g with the rnost 
a11te1"ior pair. 

Si rice tl1e cl1ief cha1·acteristic of the cells of tl1e second class tal{en as 
a wl1c)le is tl1e 11t1cleus, I shall bcg·i11 \Vith a description of this st1·uc
tt11·c, ,vr1ich is relatively very lar·ge and sorriewhat irrogttln,1· in fo1·m 
( Plate V. Fig. 6 9). It never stains deeply, a11d sho,vs 0110 01· more clear 
vac1Joltited areas. rrhe nuclear 1nembrane is delicate, a11d t:he cl1romatic 
substar1ce fir1ely distribL1ted i11 li11es or 1·0\'\rs of dots. rl,he nt1cleoli vary; 
sornetimes (Pl. VII. Fig. 95, cl. gn. III.) 11one are present, and agai11 
the1·e are (Fig. 95, cl. g1i. V.) one or t\vo ve1 .. y p1·orr1inent ones, c>r i11 

otl1er cases ( [)l. V. Fig. 69) a number o.f' smaller 0110s. F1 .. eq ue11tly, one 
fir1ds withi11 the nucleus strt1ctures (Fig. 69) of' a11 irregL1lar appeara11ce 

• 

st1r1·0L1nded by tt clear space of varyir1g V\1 idth, and bour1dcd exte1·11ally 
f1"(>m the su1·1 .. oundit1g 11uclear ma·tter by a very definite line. lt Rip
pears as if the i1"regt1lat· bodies l1ad origi11ally filled the clear space or 
vact1ole, a11d had sl1r1111ken away frotn tl1e e11 velopi 11g nucle,lr n1atter in 
t,l1e process of' pres0rvatiot1. Exactly si milur st1"uctures occt1r i11 the 
11t1clci of tl1e dorsal cells to be desc1"ibed,, as ,vell as i11 the nuclei of the 
1ar·ge cells ju the a11al ganglion : wt1atever the 11ature C)f these enclost1res 
may be, t11ey seem to be characte1~istic at least of tl1e larger gar1glion 
cells. I do 11ot l(now that similar b()dies have been fot1nd in ganglionic 
cells <)f other rt11imals. 

Tl1e amot111t c>f p1·otoplasm which st1rrour1ds the nt1cleus i11 tho five 
pai17s of Ja1·ge ganglio11 cells varies, somewhat i11 relation 1~o tl1e position 
occl1pierl by tt1e cells. The cells <J·f tho r11ost posterior pair (b,ig. 95, 
cl. ,q1<,. V. ), whicl1 protrude al)ove tl10 mass of the b1~ai11, }1[tve a cor1sid
crn.1">1o rtrl1ot1nt c>f cell pr·otoyJla8m ; tl1ose (Jf the tl1ird pai1· (E"ig. 05, 
cl. ,r;1i. Ifl.), wl1icl1 nre only f)ftrtly s11r1~ot111clod l)y f1bres, sl1ow tt lesser 
f]llftnt1t, 1,, ,\,l11le tr1e othe·rs, ,vl1icl1 }1r·o deorJly omboclcled in tho fil)rot1s 
s11 l>str111cc) have n101~0J y a tl1it1 rna1.1t1c of IJrotoplasm st11·r·o l111<li11g tl1e 
nucleus. 
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Altt1ough n11merous fi11e pr·ocesses p~ss ofi', f'rom the cell body i11 v::tt·i
ous directions, each cell llas 0110 prom i 11et1 t pt·occss, w 11 ich may t1st1ally 

' 

be followed without diffict1lty. rl,·hey tire, hence, reitlly t1nipolar cells. 
Of these cells the first and fiftl1 11airs (Fig. f>4) ltr·e much larger tl1an 
the otl1ers, the third is i11termeuiate i tl size, ~1,11d the seco11d iind f ou1·th 
at·e considerably sn1aller, tl1ot1gh near·ly eq tlal in size to cacl1 other. All 
tl1ings co11sidered, each of these cells l1as st1ch a characteristic appear
ar1ce that after study it is possible to r·ecogr1ize at or1ce a cell from any 
pair•. 

One also find·s a fe1vv cells about l1alf as large as those of tl1e second 
clas~; they vary in position and seemingly in tlumber in different speci
n1ens. A p~ti1· of these are sh()Wn in I?igl1rA 84 (Plate VI.) between the 

' 

nuclei of tl1e fifth pair of large cells. 'l1 hes0 cells a1·e too i11defi11itc it1 

number and positio11 to l>e rega1·ded as cons ti tt1ting a tli i 1·d class. They 
resemble the cells of tl1e seco11d class in genet·al ar>pea1·ance, clifferir1g 
from the latter only in size. At 1nost one finds two pairs c>f such cells 
ver1tral to the ·fourtl1 pair (Fig. 84 ), a11d a11other pair anteriot· to tho 
third pair of larg·e ganglio11 cells (~,ig. 76). 11 hey co11stitute perhaps 
an appe11dix to the cells of t}le secon<i class. 

It is ·r1ecessary r1ow to ascertain the exact position and relatio11 (>f 
these cells to other parts c>f t.he r1ervous system. ~--igt1res 72 to 88 
(Plate VI.) 1·epresent a series of st1ccessive trar1sverse sect.ioris it1clt1dir1g 
the er1tire brain. By comparing them ,vitli Figt1rcs 63 ancl 04, one may 
deter·mi11e the exact positio11 of the ]arge cells, ,1t1d f<)llovv t.hcir processes. 
In tl1e cross sections or1ly tt1e. nt1clei a1·e rer,rese11ted, since the cell body 
is t,oo sn1all and too pof)rly marl<ed off f'rom the st11·roundir1g tisst1e to 

l>e seen under this power. 
The first pair (Plate V. Fig. 63, <'l. gri. T .) lie farthest n.nt.et"ior, as 

well as most ven~ral of al½. They 11sual]y ap1)roacl1 t1r1e medirtn 11la11e 
of tl1e body very close1y, being separat,ed from each other lJ.Y ot1ly a 
narrow space. Occasionally one of thon1 lies a little lligher· tbnn the 
other in the fibrot1s mass of the brai r1. '1.,l1ese cells are pea1~-sl1aped 
(Plate VII. Fig. 94), \vitl1 the Jor1g diamete1· pn.rallel witl1 tl1e chief 
axis oft.lie animal. Each possesses a 8itlgle lar·ge pt·ocess, ,vhicl1 11asses 
di1·ectly backward. As tl1e two proces8es fr()ffi trlese cells pass poste
ria1d tl1e_y a,pp1·0~1ch eacl1 other a11cl rise sligl1tly, by wl1ici1 tho,y corr1e t,o 
lie i 11 tl1e centr·al v .. sl1aped po1·tion <Jf the ventrt1l ner·ve C<)rd (l)late VI. 
~~ig. 88). 

The second of the five pairs of lai·ge cells iF, somewl1at smaller· than 
the first, and its position vai·ies witl1in nat·row lirr1its (Plate VII. I◄,ig. f>4). 
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In ~-,igl1re 75 (Plate V[.) the 1eft cell of tl1is pair is rerJresented; the 
correS[)Onding rjgl1t cell 11:1s fallen ot1t or is aborted in this series. '11he 
g·e11er·al position <>f t,bese cells may be said to be midway bet\veen the 
first and third pairs, as well in l1eight as in antero•JJoster·i<>r relat.ion. 
'fl1ey may ir1 some cases lie nearer the median pla110 tl1an the following 
pair, as \veil as fartl1er from it in other cases. 'l,f1e exti·emes of va1·ia-

• 

tion in botl1 directio11s are shown in Figure 94 ( con11)are the right with 
the left). It was very diffict1lt to follow t1he processes of this (second) 
pair, arid I ca11 only say I tl1i11k tJ:1ey pass into the dc>rsal con1misst11·e, 
a11d through tl1at to tl1e opposite side of the body; bt1t t,l1e-ir fur·ther cour·se 
could not be n1ade <>ut. It is close to tl1is pair of cells that the stall{s 
of the ,tnteriot" dorsal cells ente.r the l)r·ai11. (Compare Figt1re 94, pd. 

' cl. <l., the a,r1ter·ior <)f t.he t'1vo stalks.) 
The third pai1" of large cells may pt"<)perly be called the commissural 

cells, on accot1nt of t11eir ir1tin1ate connection with the dorsal commis
sure. rr hey are !)ear-shaped cells, and lie on the extreme upper st11·face 
of tl1e brain, and r1ear the median plane, as may be seen .in cross sections 
( Fig. 77). ,.1,heir J)osition with reference to tl1e comn1issur·e is so mew hat 
varial)le. S01netimes tl1ey are ·rocated well to one side i11 tt1e bt"ai11 mass 
(left side, Fig. 78), but again they are found ,vell u1> on tl1e commissure, 
even so far tl1at the apex of the cell reacl1es the median pla11e, and tr1e 
er1tir·e cell is dorsal to tl-1e oosopl1ag11s (Plate VIII. Fig. 99, cl. coms.). 
As has already been intimated, the processes of these cells cross through 
the commissure to the opposite side of tl1e body. After leaving the 
commisst1re, they bend at once sharply to the rer1,r, and rnay be followed 
sorne, distance. They were t1ltimately lost to view near or alo11gside of 
the fifth pair; not because they ~1re in any \vay connected with tt1osc cells, 
bt1 t rather becattse tho size of the latter ter1ds to obscttre the 11eighbor-

• 

ing ])rocesses. I believe tl1at the processes pass 0110 i11to each lateral 
bt1nclle of the ver1tral nerve cord, but this point could not be estab
lished with abs<>lt1te cer·tninty. 

Tl1e foui·th pair of cells (Figs. 63 a11d 94, cl. gn,. IV.) malres its ap-, 

peara11ce several sectior1s l>ttcl{ of tl1e third. 'fhey n,1·e i11termediate i11 

size .hetweer1 tl1ose alread.Y descrit)ed, and possess near·1y spherical r1t1clei , 
(Plate Vf. ·Fig. 82, 1il. _qn. IV.). 'fhey occt1py the dorsal portion of the 
ganglionic rnass near it$ postet·ior end (Fig. 63 ), and are sitt1ated only a 
sr1ort <1 ist,ance from the rne<iirtn plane. 'I.,hei r processes pass sharply ven-
tr~icl Rn(l to\vard the mec1ian plane, where tt1ey 11ltimate]y come to lie 
near· tt10 J)rocesses f>f t,l1e fi1"st pair of cells i11 tllo central t1npaired por
tion <.>f the ventral n01·vc co·rrl. Ir1 spite of tl1e diflere11ce i11 size between 
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the fi1·st and fourth pt1-i1~s of cells, tl1eir processes ca1111ot be distingt1isl1ed 

fro1n e~1ch other in size (pr' c. gn .. , Fig. 88). 
'fl10 fifth pair of~ cells lies far·thest la,teral arid dor·sal of all (Plate V. 

Fig. 63), forn1ing as it were the poster·ior ot1ter cor·11e1·s of the ganglionic 
mass. rr11ey are the largest of' tl1e five pairs of cells, on accou11t of the 

larger an1ot1r1t of protoplasm which st1rrot1nds their· nuclei, a11d they lie 

wholly without the fibrous mass of the ga11glio11 (Fig.· 63) ; in fact, they 
often project above the gene1"al level of tl1e l)rttin (Pli:ite VI. l?ig·. 85). 

The processes of these cells are the most p1"omi11e11t of al], having a 
diameter twice as groat as those fron1 it11y otl1er 11air of cells. They 

pass directly backward i11to the co1·res1Jo11di11g 1~1-teral bundle of tl1e ve11-

tral nerve cord, arid for a 1011g dist~1nce occt1py tl1e centre of th.is portion; 
bt1t f':11·ther l>aclr they can11ot be distingt1ished among tl10 11u1nerous pro

cesses wl1ich occupy this portio11 of ·the cord. 
~. Dorsal CYells. - rrhe prol1able r10rvot1s natur·e of the dorsal cells has 

already bee11 referred to, itnd to malre tl1is clear it is necessary to con

sider i11 detail their strL1cture and relations to the brt1.i11. +11 life they 
appet-ir spl10rical wl1er1 viewed frorn itbove (Fig·. 2), but whe11 seen f1·om 
tl1e side (~-,ig. 3) tl1ey ar·e evidently cor1ical. rr he t\VO co11stitt1ti11g tl1e 

a11terior pair· lie in juxtaposition at the median pla11e, the post,er·ior ones 
fartl1e1~ apart a11d in co11tact vvith tl1e posterior and laterrtl po1·tions. 

of tl1e first. No partict1lar structure can be made ot1t in tl-1e Ii ving 

coll f't1rthe1· than tl1e preser1ce neat· the stallc of a darlr body, presLtrnably 
tl1e n11cleus. The stalks pass ve11tr·ad and sligl1tly posteriad i11to the 

s t1 bstance of tl10 br·ain, where tl1ey ar·e seen to be11d decidedly baclcwards 
(Fig. 3), and are then lost to vi01vv. N otl1i11g ·furtl1er wrts determi11ed 

from the li vi11g anir11a1, since the possibility th,1.t they 1nig·ht be ner·ve 

cells diti. not fore<➔ itself 111)0Il 1ne t111til tllllCh ln,te1·. 
In preserved specimens the sh.ape of tl-1e cells· is mucl1 altered, Tl1ey 

are usuall.Y shr·ivelled and distot·ted; 01", ag<1in, tl1ey of'ten contai11 a 
ht1ge vacL1olo on one side (Plate Vl II. Fig. 98). U nstai11cd sp0cime11s 
cleared in clove oil se1"ve or1ly to confirm \vhat is see11 in tl1e Ii ving ani

mal, a11d sl1ow q Ltite distinctly that the stt1ll~s of tlJe cells ar·e 11ot con

nected either '1vitr1 the oosopl1rtg11s or tl1e external c11tic11la at a11y point. 
There is also cle,11~ly a1,parent i11 tl10 cell a fi110 11etvvo1·l<, wl1icl1 talces it8 

origi11 fr<)m tl1e stall~ ( compn.re Fig. 90), and fills tl10 wl1ole cell witl1 a 
1nass of mi11l1te mosr1es. If r1ovv ,vo exan1i110 sections tl1rot1gl1 this ' . 

region, tho peculia11 cl1arttcte1· of tl1e cells bccotnos n1or·e nr>pn,t•e11t 
(Fig. 09). Eacl1 is su11 rot1nded l)y i1,r1 extremely 11110 n1err1l)rrt11e, whicl1 

i~ co11tin uccl <)fl t,o tl1e stn,11( as ft, clolic0,te SllIJer·ficirtl lftyc1· l1tt1·dly 1·ocog-



164 BULLETIN OF TI~IE 

nizal>le. The dorsal end of the stallc projects a perceptible distance 
(Irigs. 99 and 6 71) \vitr1i11 the rnembrane into the cell, a11d seems to be 
resolved ·into a 11t11uber of fine bra11c~cs, ,vhich mal{e their way in all 
dir·ections through the cell, a11d give off still finer processes, which anas
tomose to fo1"m a net\vorlc of finest fib1·ils. These are highly refr·active, 

I 

a11d, like the stalk:, take 11p stair1ing fluids slightly, so ti1at the ·coarser 
bra11ches assume a decided tint i11 well stained specime11s. 

Near the stallr in the lo\ver portior1 of the cell lies a stai11able l,ody, the 
11ucleus (Plate VI. Fig. 78, ril. d.) ; this is of such a IJeculiar character as 
to mal{e its right to the name nl1clet1s apr>ear at first sigl1t qt1estionable. 
It is irregt1lar in form, and often has a very indistinct contot1r (Plate V. 
Figs. 64, 65), since a nuclear membrane can be seen only ir1 places. 
'11l1e larger branches of the net\vorl{ already described co11nect directly 

' 

with the projecti11g angles of the nucleus, so that tl1e latter often see1ns 
to be prolonged some distance out into the cell. In the grot1nd sub
stance of tl1e 111.1cleus, vvhen lightly stained, 0110 sees a networlc similar 
to thnit al1'eady described as existing in the cell plf1sma, and with which 
it seems to be connected. rrhere are, besides the networl{, at least two 

disti11ct so1"ts of enclosL1res in the nuclet1s : first, compartitively regt1lar 
bodies (Fig. 64, 1ill.), nearly spherical in shape and abo11t 5 µ in diamet.er, 
wl1ich are 1.1r1iformly a.nd dec1)ly stained, and which in every 1·cspect 1·0-

semble nucleoli;· secor1dly, irregL1lar bodies (Fig. 64, x), whic11 are always 
surrot1nded by a lighter area of varying width, and ,vhich tl1us l1ave the 
appear·a11co of being shrunken. These do not stain either lilce tl1e first
mentio110d bodies or lilce the rest of the nucleus itself, but i11 dcptl1 of 
color are half-way between tl1e two. Wl1at these enclosL1res may l)e I do 
not l<.now, bt1t I believe the· larger mas~ itself to be the nucleus, despite 
its peculiarities, and I reg,1rd the dark rou11d bodies e11c1osed ,vithit1 it as 
nucleoli. It may be urged in this coi1nection, t·hat tl1e ve1·y irt·egL1lar 
fo1·m of tl1e nt1cleus makes it impossible to ct1t tl1e st1rface pe1·pe11dicu
l,trly for more than a sho1·t distance, a11d that an ol1liql1e cut wo11ld mal(e 

' 

the mem1>ra11e very indistinct. This IJrobably acc()t1nts for its ap1J[-t1·ent 
absence i11 places. 

It is IJossible, I thir1lr, to fu·rn ish nt least, a l)artial explanation of 
' 

these pec11liarities. Evidently tl1e cells cor1t~1i11 a highly flt1id plasma. 
1"his is shown by the sn1a11 qt1a11tity of solid matter fou11d i11 those that 
have been '' fixed," and by their variatio11 in size. This conditior1 might 
ir1<1ccd l)e oxpocted 011 p11rely IJhysicc1l grounds, since tl1e cells floa·t e11 .. 
tir·oly fr·ee ir1 the iit1id which fills tho a11te1"ior cl1arnber. If ho,.vcvor 
cell a11d nl1clc11s contain more fl1.1id tha11 or·dir1arily, the ct1riot1s n-r>pea1·-
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ance, especially of the latter·, car1 be easily understood : the nt1clet1s has 
been sh11 unl( by dehydr~ttion in the course of prese1·vation. This shri11k
age was pr·event.ed. in a n1easure at certain point.s where the strong 
threads of tl1e networlr were connected witl1 it. It is in1portant in this 
connection to call atter1tion to tl1e fact, that in th<>se cases where the 
cells were unusually small the nt1cleus was most nearly regular in shape 
(Fig. 66). No particular atter1tion was paid to this point when study
ing the living ani1nal, but in the sl~etcl1es made a,t the time I find that . 
the nucleus, which i11 ge11eral size a11d position agrees with this struc-
ture, was d1·ttwr1 with a regular oval outline (l?ig. 2). This n1ay well 

be its shape i11 life. -
Tl1e stalks of these follr cells prese11t a t1nifor1n appert,ranee. They, 

or at least their initial po1·tions, stai11 more deerJly thn,11 ar1y other tisst10 
both in hrematoxyli11 and in ca1·mine solutions, and l1cnce are easily 
traced so far as the stained portion e:x.te11ds. U 11(ler a l1igh 1>0,ve1· the 
stallr exhibits in places a faint longitudinal striation, a11d son1etimes 
sl1ows lines of minute vact1oles between the striatio11s. 1,he metl1od of 
termination in tl1e cell has already been descr·ibed. From the cells the 
stalks pass directly into the brain, those of the first· pair e11tering just 
lateral to the second lt\1·ge ga11glion cell on either side, and those of the 
second pair just antet·o-lateral to the fifth pair of large g·anglion cells in 
the brain (Plate V. Fig. 63, pd. cl. d.). Tl1e processes, wl1ich in t1·ans
verse sections appec1r to be dir·ected toward the median plane, show in 
lor1gitudinal section (Plttte VII. Fig. 95, pd. cl. d.) a bacl{wa1·d tenclency 
also. Tl1ey mrty in this way be followed f'ot· a ve1:·y few sections; in tl10 
last, in which they a1·e prominent, one sees a splitting or branching of 
tl1e process in various directiot1s, but beyond this tl1e parts car1 be 
traced at n1ost a cot1ple of sections. r:r,he more compact cha1·acter of the 
mass a11d tl1e large number of otl1er fibres n1ake it diffict1lt to say 
,vl1ether any part of the pr·ocess extends farther, or whether the whole 
is s1)lit t1p at this poi11t into fi11e fibrillro. 'l-,he place whero the splitting 
begins is surrot111cled by a considerable number of srnall ganglionic cells 

(Plate. VI. Figs. 78, 82). 
Burger ('91, p. 639) describes two pairs of large gnr1glion cells arid 

two subordinate pairs ir1 the brain. IIis descr·iption is not i11 all points 
clear, and ·to j t1dge from appearar1CBS tt1e figures do not cor·respond to 
his interpretation. Of the strt1ctt1res wl1ich he calls '' giant cells,'' tl1e 
anterior pair is rny third or commisst1ral p~tir; liis posterior pair corre
sponds to my fifth pair. Of his sut.>ordinate cells, the pair whicl1 lies 
close to t·he com1nisst1rc co1·responds perl1aps to my seco11d pair, nnd 
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those described as lyir1g bet,ween the two pairs of giant cells are my 
f·ot1rth pair. His figures do not ft1lly agree with tl1is, however. I-Iis 
Figure 2~ Gz, shows the '' anter~or giant cells," which are clea1·ly my 
commiss11ral cells; Figure 11, Gz, which he regards as one of the same 
pair, has more of the appearance and position of a cell of tl1e fifth pair .. 
The dorsal cells are described as salivary glands ( Spdz, Figs. 1, 2, 11 ), 
and it is curious that he has nowhere rep1·esented the pro1ninent pro
cesses ( stallrs) of tl1ese cells, u11less, indeed, they are the st1·uctt1res 
labelled Gz F (Fig. 12). Although the position is some\vhat pec11]ii1,r, 
they certainly look more like the stall~s of the doi·sal cells thar1 like 
processes of the cells 1narked Gz in the same figure, ·which is l1is inter
pretation, since the latter usually extend diI·ectly backward. 

Burger expresses a dol1bt that tl1e posterior gia11t cells (i. e. my fifth 
pai1·) lie opposite each other. If not, it was because of some defoi·mity 
or twisting of the head, as they evidently are opposite each other in my 
preparations (Figs. 6 3, 85). Ins·tead of being neare1· ·togetl1e1· than the 
other cells, as he maintains (p. 640), they are cert,ainly farther apart 
than the compor1ents of ar1y other pair ( see n1y Figs. 63, 85). 

Y· Fibrous Mass. - The central fi br·ous portion of' tl1e brain shows 
few definite points of structure. The fibres rt1n in every direction _; 0110 

finds few commisSllI'al bands, and in general no fixed ar·rangement. At 
two poi11ts, ho,vever, one notices (Fig. 99) vertical bands of fibres wl1ich 

. 
divide the brain irtto three parts, a central and two lateral portions, 
which ir1 positior1 correspond to the tl1ree divisions of the ver1t1--al nerve 

. 
co1·d, which will be described later. ,.fbe dorsal commissure (Plate VI. 
Fig. 80, coms. ce.) is very rneagre, being cut in only two or three sections. 
The number of fibres in it is co11seq t1ently srnall, b11t there ar·e at least 
four large ne1~ve processes ; two belo11g to tl1e third or corn1nissural pair 
of cells, the other two perhaps to the second pair. A few finer fibrils 
accompany these. 

In the female the brain measures only 0.08 mm. in le11gth, and 
0. 1 mm. in ,vidth. In consequence of its more con1pressed form, the 
cells sta.nd closer together, and are more difficult ·to study. One fi11ds 
exactly the same number of large ga11glion cells, a11d they occupy corre
sponding locations. It may, then, be fairly assumed that the processes 
are distrib11ted in the sarne ma11ner, although I was unable. to follow 
tl1em a,s clearly as in the male. 

Ir1 total preparations (Fig. G3) one often sees groups of fibres passing 
a1Jter·iad from the brain ir1to tl1e front wall of the anter·ior chamber. 1\s 

l1as boo11 sl1own f1·on1 s-ections, l1oweve1·, tl1is is all solid tisst1e iri fr·ont of' 
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the brain, ar1d these g·roups of fibres a.re apparent merely by ,ri1·tue of a 
different refractive powe1·. They are • son1ev.r hat irregula1·ly a1·ranged, 
and yet correspo11d very nearly on the tvvo sides of· the body. I 1·egard 
·then1 as groups of ne1·ve fibr·es. Tl1ey r11ay be secr1 to ·tt111 n dorsad 
(Plate VII. Fig. 92, rl. a.) i11 the tisst10 of tl1e wall, arid probably ,inner--, 

vate the nume1"ous se11sory cells found in this wall. : 

b. Ve12.tra l Nerve Cord. 

The ventral ne1·ve cord extends directly poste1·iad from the bt·ain 
through the enti1·e bocly. It is located i11 the ve11tral line just• above 
the epithelial layer, and appears i11 cross sectior.1s 11ear the middle ot· 
its lengtlt as a rot1ghly cordiform mass (Plate VIII. Jj_,,ig. 101), which 
is scpa1·ated by jnternal divisio11s into three a1"oas. rrl1ese a1·eas repr·e
sent the three ner·ves of which the cord is composed. Tl10 median 
aren, (I:>late VIII. lfig. 101, 1i. m.) is tria11gular, witl1 its apex directed 
ven·trac1, and is, so to spealt, wedged in l1etwee11 the t.wo oval lateral 
are~1s. N oar the bx·ain the fo1·n1 of the vent1·al nerve cord is some-

. 

wl1at difl'ore11t, and gives a l1int as to its 1·elation to the brain, wl1ich 
ca11 be easily t1·aced jr1 a11y series of sectior1s which ir1clt1des the brain 
and the following portion of the body. The ·first trace of a· partition 
in tl1e fi brot1s 1nass is found well forward in tl1e brain, and is shown in 
tl1e arrangement o,f the small nervot1s nuclei, a11d of the dorsoventral 
groups -of nerve -fibres alr·eady me11tioned ; these indicate a division of 
tl10 brain into a co11tr·al mass qu1:1,drangular in cross sectior1, a11d two 
lateral masses mo1·e or· less 1·ot111ded off on t.he ot1ter side (Plate VI. 
Fig. 86). At the position of' tl10 fou1·th pair of large cells a row of 
small cells, alr·eady mentioned, mal<:es tl1is division more apparent, ar1d 
even before reaching the ventral nerve cord one sees tl1e sepa1·ation of 
the th1·ee porti<)ns by fibrot1s l>a11ds wl1icl1 cross the b1·air1 vertically. At 
the beginnir1g of tl1e nerve co1~d tl1e tl11"ee portions a11 e of about equal 
size; g·radually the late1"al aretts pt1sh tl1ernselves i11 t1nder the ce11tral 
portion ,111til trle latter has bee11 com1)ressed into a t1--iang·t1lar sl1ape, 
wi·tl1 the late1·al ar·eas almost tot1cl1i11g in the median plane l)e11eatl1 it. 
This relation, ~~ith slight modifications, is p1"eseI·ved tl1r·o11g·11ot1t the en
tir·e length of tl1e anima.l, and I do not find, as Burger (p. 641) has 
maintained, that tl1e media11 portior1 is mo1"(;} p1~ominont in the anal 
ga11glio11 (Plat,e ·vIII. Fig. 96, 11,. m.). The central and lateral portions 
seen1 to be, so far ftS I can find, alilre in strt1ctl1ro. The 11umbor of 

. 
faintly stained hor11oger1eous processes i11 the tliroo portions is noa1"ly 
equal ; in tl1e posterior pa1·t of the body tl10y are perhaps more 11umer-
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ous in the lateral portions of the cord. Eacli pa1·t also contrtins nerve 
fibrillre, and tl1e relation of the ganglion cells to each appears to be the 
same. 

There are, moreover, ganglion cells in the ventral nerve cord ; they may 
be conve11iently treated of in two g1·<)t1ps, which correspond in gene1·al 
to those of the ·brain. The first are simple nervous 1111clei, distinguished 
from .the nuclei of the surrounding con11ective tissue especially by tl1e 
ir1tensity with wl1ich tl1ey take up stains. They are small oval nuclei, 
measuring 4-5 p, by 6-8 µ in diameter, and possessing a prominent nu-

" 
clear membrane, but not provided with a11y appreciable amount of sur-

, 

rou11ding protoplasm. They are found along the dividing lines between 
the areas of the cord (Plate VIII. Fig. 101) and also 011 the external 
boundary of the latter, usl1ally closely c1·owded together; in cross sec
tions they appear as a single or double row; in longitudinal sections 
they are collected into a certain area (Fig. 97). They are about eq,1ally 
distributed throughout the length of t,he cord, a11d produce the da1·k 
dotted rows seen 011 the ventral line in the living a11imal (Fig. 7). 

The large cells of the ventral cord form the second class, and i11 ma11y 
' 

cases are equal in size to those of the brain~ Though 11ot plentifL1l, 
they are scattered along the whole ler1gtl1 of the cord. I was u·n~ble to -7' 

• 
find, however, any regl1Iarity of distribution, si11ce the interspaces vary 
considerably in extent. Furthern1ore, they are not plainly paired except 
in rare cases. Usually the s11ccessive cells are separated f1·om one another 

• 
• 

by a distance equal to the thickness of ten, or even twenty, cross sections 
(100 to 200 µ). Burger (p. 641) has described these c.ells u11der the 
name of median cells. I do not think that they begir1, as he 1naintains, in 
the brain; but I agree with him in regarding them as u11paired. These 
big cells are 01·dinarily found wedged in between the two lateral ar·eas 
and immediately below the ventral portion of tlle cord (Plate VIII .. 
Fig. 101). So far as I have seen, these cells possess each but a single 
process, wl1ich passes dorsad bet,veen the median and one of tlle 'late1~a1 
areas, but its ultimate fate I was unable to dete1·n1ine. Ra11 ely <>ne fir1ds 
a large cell below the lateral area 011 one side or the other. 111 tl1is cttse 
the 11ucleus is m11ch flattened dorsoventrally. Burger rega1'ds these 
cells as bipolar. I have seen appearances such as he represents in l1is 
Figure 13, but do not regard this as decisive, since the two processes are 
not show11, so that, while I have no .positive contradictory evidence, I 
am also urJable to confirm his statement . 

• 

The form of tl1e ventral nerve C<)rd may be much altered by collapse 
of the body, which flattens the cord betwee11 tho two lateral musct1lar 
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areas. By this process the elen1e-nts of the ventral line, as well aR those 
of the cord itself, are so changed as to give rise to ab11ormal appear
a11ces even in otl1erwise well preserved specime11s. St1ch a crushed con
dition of tl1e cord is figt1red by Btirgc1'" (Fig. 19). 

Strictly spealring t.here ar·e no 11erves arisi11g frorn the cord. '1
1

he 
fibres whicl1 brancl1 from it are now here collected into a group wortl1y 
the name of nerve.. In every second or th i1·d section 011e finds a few deli
cate fibrils a1·ising from the nerve cord ; some emerge from the dorsal 
surft1ice and some from tl1e median ventral cleft, and in both cases they 
pass off towti1·ds the lateral hypo(ler·mis (Fig. 101). rrr1ey may be traced 

• 

as far as the begin11i11g of the hypode1·mis proper, bt1t their 11lti1nate fate 
is unlc11owh. If these are not nerve fibt·es·, I am at a loss to explain 
them, or to. find other branches wl1ich may be nervous. Or1ly 011ce did 
I .find a11y evidence of a large process leaving the cord; in one cr·oss 
section a process like tl1ose found cut transversely in the cor·d was ct1t 
longitt1dinally; it passed 011t from ·above tt1e lateral area a11d followed 
the course of~ the fibr·es already descr·ibed, as far as tl1e hypodermis • 

Biirge1~ has shown (p. 638) that the anal ganglion far exceeds tl10 

brain in, size, and is in no se11se a small local tl1ickening of the ven-
. tral ner·ve cord, but that it is a gradt1al diffe1·e11tiation of its poste

rior portion. In a total vie'1v (Plate VI. Fig. 89) 0110 is unable to see 
any defi11it0 line of demarcatio11 bet'\iveer1 tl1e ventral nerve cor·d a11d 
the ganglionic enlargement w hicl1 terminates it. There is seen to be 
rather a g1·adt1al i11crease in the size of the cord extending over a dis
tance of about 1.2 mn1., and c11lminating at the posterior end, where the 
ganglion is ab1~uptly ro11r1ded off. In some specimens the differe11tiated 

' 

portio11 of the cord is deeply cut by cross ft1rrows wl1icl1 give it a meta-
meric appearance. Althot1gh th€se ma,y be present at times wl1en no 
external foldi11g of the cutic11la can be :fot1nd (Bu1~ger, '91, p. 638), tl1ey 
certainly do not indicate any metameric cor1dition of tl1is organ, since 
they vary in size and si11ce there is no corresponding strt1ctt11·e in tl1em. 
The fl1rrows nre entirely wanti11g in most woll preserved specime11s 
(Fig. 9)) arid ,vho11 prese11t are simply dt1e to a folding of the cord, sucl1 
as occ,1rs in othe1~ portior1s of its lengtl1 as well, but is more promi11ent 

l1ere on accou11t of the tl1icl{ness of tl1e orga11. 
A cross section th1~ough the anal grtnglion (Plate VIII. Fig. 96) shows 

at once that the in.crease i11 size is dt1e cl1iefly to the adllit,ic>11 of a peripl1-
eral layer of cells above tl1e cord p1·ope1·. On acco11nt of tl1is i11crcase 
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in size it is r10 longer possible for the ve11tral line with t11e entire nervous 
mass to be retained in its usual position. It is therefore forced up 
wa1:·d into the body cavity., and fills a considerable portion of it (Fig. 9). 
In fact, near the end its diameter is half' as large as tl1at of the body 
at that point. 

Seen in cross section (Fig. 96) tl1e nerve cord itself prese11ts little' 
here tl1at is different from its general char::-1cter thi·oughout the body. 
It is the peripheral layer whicl1 demands particular attention. This 
is crescent-shaped, a11d composed of a dense matt·ix in which are embed
ded many nuclei. A~ong its periphery the matrix is finely striated per
pendicularly to the suJ·face, and is separated fron1 the 11nderlying ne1--ve 
cord by a narrow spac~ filled with loose fibrous tis~tte (Fig. 97). Tl1e 

. ( 

ho1·ns of the crescent are turned ve11trad around the nerve cord, and are 
' con11ected with the tissue lying below it. In these hor11s 011e sees a 

fi11e l()ngitt1dinal striatio11 ; occasionally more pla.inly n1arl{ed fibres, 
coming from the cells above, may be traced into them. The matrix, 
which usually takes a faint stai11, contains nt1merol1s oval n11clei (Plate 
V. Fig·. 71) with a sharply defined nt1clear membrane. The 11uclet1s in 
general does not talre 11p the stain, so that tl1e one or two large nucleoli 
stand out in strong contrast to the rest. One ciin neitl1er find any cell 
bot1ndaries in the n1atrix, nor determine how ml1ch, if any, of the stir
rounding protoplasm belongs to each n11cleus. In fact, the fibres which 
one finds often appear to extend fro1n the n11clet1s itself aroL1nd into the 
l1orn of the crescent. 

In addition to this thick periphera] layer, w l1ich I rega1~d as nervo11s, 
there are in the anal gar1glion a few large cells. Some are wedged i11 

below the middle portion of the cord lilte .those ·which have ~lready been 
described. Othe1~s may be fot1nd in tl1e space between tt1e peripl1eral 
layer and the cord (Fig. 96), with the process clirectecl vent.rad. These 

•• 

cells clo not as a rt1le appear to be paired. 
At the extren1e poster·ior end of t]1e cord one finds some\v l1at different 

co11ditions. He1·e there is a mass of large ga11glionic cells of va1"ied size, 
closely crowded together, and with their processes (Plate VII. Fig·. 90) 
mostly directed forward into the ve11tral nerve cord. The space between 
the cord and the peripheral layer does not exist, and, cu1~iously, the 
ganglion cells of the latter have nearly al\vays · two nl1cleoli instead of 
one as is 11st1al elsewher·e. The relation of the cells and processes is very 
com1)licated hero, and the gradations of size are so fine that with the 
material a·t rny cornmand I wa,s t1nable to determine the exact nt1nl ber 
of cells, or the 1)la11 on which tl1ey arc arranged. rrl1e r1uclei,. of these 

' 

I 
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cells recall those of the brain. One _finds (Plate V. Fig. 70) the sutoe 

distributio11 of chromatic substance, hut with more nt1merous nucleoli, 
a11d the same sort of enclosed bodies. One edge of the nucleus shown 
in the figure is very indistinct, because it was cut obliquely. It recalls 
the appearance presented by tl1e nucleus of the dorsal cells. 'fhe same 
is true of the nuclei of the large ganglion cells in the ventral nerve cord 
seen in longitudinal section. 

The female does not show any sucl1 extreme modification of the pos
terior e11d of the ventral nerve co1·d as "Tas found in tl1e anal ganglion of 
the male. The only specimen favorable for the study of these relations 
shows (Plate IV. Fig. 5 7) a slight swelling in the ventral nerve cord 
just at its end, which lies below the termir1al bulb. The1·e appear to be 
a very few large ganglion cells at this point, and yet it is an unimportant 
modification as compared with that of the male. Tl1e peripheral layer 
of ganglion cells, so cl1aracteristic of the anal ganglion in the male, 
seems to be entirely lacking in the fetnale. 

6. SEXUAL ORGANS. 

a. Male. 

In all males one finds a sac suspended from t,be dorsal line and fill .. 
i11g a la1·ger or smaller po1·tion of the body cavity. It shows tl1e char
acter of its walls best when almost empty. Then one sees a fine· outer 
boundary (Plate IV. Fig. 54), with occasional elongated deeply stained 
nuclei. From this fibres radiate through tl1e cavity of the sac to 
form a delicate ,large-meshed 11etworl{, oI· t.he sac may in places be en
tirely empty. These details a1~e all hidden whon the organ is filled ; 
even the walls cannot be demonstrated, altl1ougl1 their presence may be 
inferred from tl1e regt1lar outline of the mass. In this case the sac is 
enlarged so as to fill a considerable portion of the !1ody cavity. Tl1is is 
true of the ante1~ior or middle regio11 of the body; farther posteriad 
the saclr seems to become crescentic in cross section, the two hor11s of 
the crescent being fastened to the late1·al body walls. When tl1e sao 
here is filled, it occupies the entire space do1·sal to the anal ganglion 

(.Plate VII. Fig. 90 ). 
In 1nost cases the sac is filled with minute oval bodies of uniform 

size, 011ly 1 µ in diamete1·. No ot,her structures are .constantly preser1t, 
so that their ab11ntiance, minuteness, and unifo1·mity in size and appea1 .. -
anc~ render it practically certain tl1n.t tl1ey are spermatozoa, and that the 

sac is the mule generative orga11. 
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In some specin1ens cross· ·sections_ through the ~niddle or anterio1· 
region of the body s11ow that the sac is moderately filled witl1 cells 
whose nuclei sta11d close togethe1· apd are in a kinetic conditio11. I-Iere 
the vent1·al boundary of the dorsal line seems to be wanting in places, 
as if the cells in the sac were directly connected ,vitl1 those of the dorsal 
line, while the wall of tl1e sac is laterally directly contint1ous with the 
basement membrane, which covers the line ventrally. One can some
times find among the cells in this region stages w l1ich seem to show a 
t1~a11sition between the lrinetic nuclei and the groups of spermatozoa • 
fou11d among them ; but tl1is condition was encountered in 011ly a single 
specimen, and the n1aterial was not in st1fficiently perfect l1istologicul 
condition to allow a study of spermatogenesis. This anterio1· portion of 
the sac I regard therefore as testis, a11d tl1e posterior orescent-shaped 
portion as at 011ce receptact1lun1 and vas deferens. 111 the stage in w r1icl1 
the kinetic nuclei were found in the anterior portio11 of the sac, the walls 
of the posterior portion we1·e collapsed, and ha1"dly a .sing·le spe1·1natic 
elen1ent was to be fo11nd i11 it. rfhis is the yo11ngest stage whicl1 I have 

studied. 
In another, older stage the sac was filled fron1 end to end with the 

deeply stained highly refractive spermatozoa, and so enlarged tl1at it oc
ct1pied nearly the entire body cavity. ::B.,i11ally, in tl1e oldes·t sta.ge fo1111d 
the sac (Fig. 11) appears in the anterior part of tl1e l)ody as a n1e1·e 
remnant "\\·it,h collapsed walls co11taining an occasional spermatozoon. 
At the tail, however, a small quantity of spern1atozoa was collected 11ear 
the terminal orifice.. '11 he diminisl1ed thickness of the pt"otoplasmic zo11e 
in the body wall shows this i11dividual to have been co1nparatively old. 
In one specimen in which the sac was thus collapsecl, however, the body 
wall was moderately tl1icli. In these cases cop11lation seems to have 
taken place, and the few spermatozoa are me1·ely rcmna11ts of the original 

contents of the sac. 
Tl1e orga11 described by Burger on pages 646, 64: 7, is evidently the 

sarr1e as this, a11d his l)elief that it was a testis rather· thl1n an ovary is 
confirmed by the precedi11g acco·un·t. 'I,he description lie gives of tl1e 
organ either shows that the specimen studied by l1im was ir1tern1e<.liate 
between the first anrl seconcl stages here descr·ibe<l, or else was based 
upon different in{lividuals a,nd represents differe11t stages. 

In one of my individuals wl1ich, to judge from the thiclc11ess of the 
body wall, rnust have been young, tl1ere were clt1ste1·s of polyhedral cells 
he1·e and there in the anter·ior portion of the bod_y cavity, a,nd these 
clusters were crowded fttll of spe1·matozoa in small buncl1es, as i-f' tl1ey 



• 
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had 01·igi11ated there. The dorsal sac was moderately large, and co11 ... 
tai11ed n11t11erous spermatozoa, which were, l1owever, scattered, and not 
in grot1ps. I do not l{now how to explain this case, unless indeed it be 
due to a rupture of the dorsal sac i11 places, and the consequent evacua
tion i11to the body cavity of a par·t of its cor1tents. Altl1ough I did 11ot 
find a11y poi11t at which this cot1ld be shown to be unmistakably tr11e, 
yet there vtere many places wl1e1·e the wall could not be distinguished ; 
furthermore tlie body was in this ·case m11ch distorted in lrilling. Eve11 
w.he11 the outlines of the sac a1·e plai11est, one alwaj,.S finds spermatozoa 
in the body cavity in greater or less n.~n1bers; so, for example, in the 
cavity of the termi11al organ (Plate IV. Fig. 53:). This, so far as I 
know, is the only fact which favors the view that their place of origin 
is in tl1e body cavity; aside f1·on1 this, the evidence points to the dorsal 
sac as testis. A further study of additio11al material is necessary to 

., 

deter·rnine finally this point, as well as n1a11y othe1·s. 
'11he external sexual organ of the male consists of the te1·minal pa

pilla to which reference has ofte11 been made. It has much the shape 
of a slightly curved tr·uncated cone (Fig. 53) with a11 opening at the 
smaller base, a11d with the larger base joi11ed to tl1e body obliquely, so 
tl1at it nat11rally turns ver1trad. The ler1gth and ct1rvature of the organ 
vary a little, as can l,e see11 ft·om the different figl1res (Figs. 4, 9, 53, 89, 
90). The esse11tial featu1·es of its strt1cture car1 be made ot1t fr·om a total 
preparation in clove oil (Fig. 53). The mt1scular l::1.yer of the body wall, 
wllich for some distance has bce11 gr<)wi11g tl1i1111e1·, stops Sltddenly alo11g 
a well defined line. Beyo11d this 011ly the hypoderrnis lies betwee11 tl1e 

' 

cuticula a11d the body cavity. The cuticula, whicl1 is he1·e a little thicker 
than usual (see also Plate VII. Fig. 90) is i11folded at tl1e end of the or .. 
gan and runs for\\"ard as the lining of the cavity f~o1· a va1-iable distance. 
I was at first inclined to believe tl1at tl1is infolded IJ01·tior1 cot1ld be to a 
limited extent extruded and then drawn i11; but fl11~ther stt1dy seems 
to sl1ow that it ca1111ot. rl1 he tl1icl( ct1tict1la is t.oo stiff to be rolled in 
or out without being folded somewhere, yet 011 sectio11s it is always 
smootl1 ; moreover, there is no m11scular provision for n1oving the orgctn 
in this ,vay. At its ante1·ior ond the ct1tict1lar infoldi1lg is co11ti11ot1s 
with a stic ( va. df.) havi11g delicate walls, tt11d this is in tt1rn connected 
with the dorsal sac previot1sly desc1~ibed (Fig. 53 tiucl ·Plrlte VI. Fig. 89, 
va. df.). Altl1ot1gl1 I plai11ly saw a11d drew in sever::tl cases the walls of 
this connecting portion fron1 clove oil prepa1~ations, yet they are so deli-

, 

cate that in sections they wc1·e not or1ce prese1·ved except as loose shreds 
' 

of tissue. I was co11sec1t1011tly t1nable to ascertain whetl1c1· thero was 

• • 
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anywhere the trace of a connection with the intestine. On general 
grol1nds one would be inclined to believe that the single ter1ninal oper1-
ing was that -of a cloaca; but no evidence of any connectiori between 
the end of the intestine and this thin-walled portion comn1unica·ti11g 
with the dor·sal sac was obtained. It mt1st then ren1ain for future 
investigatio11s to decide whether this is morphologically a cloaca or 
merely a vas defere11s. 

The l1ypodermis in the terminal papilla is composed of a single layer 
of aprJroximately cubical cells (Plate VII. Fig. 90). Tl1is is the 011ly 
portio11 of the body wall in which the bou11daries of the l1ypodermal 

cells ca11 be seen. 
The spermatozoa are t1sually found in such enormous numbers that 

it is difficult to make ot1t their true shape. Tl1ey appear mt1ch lilre 
micrococci, and when seen alone (Plate IV. Fig. 55) are slightly oval, 
higl1ly refractive bodies 1 µ in diameter. The merest i11dication of a pro
toplasmic envelope surrounding tl1en1 is found in the sl1ape of a very 

I 

narrow light peripl1e·ral zone. They stain very deeply, and their mint1te 
size renders it impossible to recognize any structure in them. It is 
probable that, as in other Nematodes, the spermatozoa undergo some 
metamorphosis after bei11g introduced into the body of the female. 
From one individual spe1·matic masses were voided into the sea-water 
in "\\7hich it was l{ept. There \Vas no sig11 of motio11 in the mass when 
fiattened ur1der a cover glass, and ,v hen dried on a cover glass a11d 
stained nothing besides the oval sper1natozoa cot1ld be seen, exce1Jt a 
certai11 amount of' coagulated fluid. 

There may be found in the dorsal sac as well as in the body cavity 
of certain male specimens peculiar pale bodies, not easily sttiinable and 
varying greatly in fo1·m. They are probably the same as t.hose which 
Burger (p. 64 7) speaks of as '' ovale Gebilde von matte in Glrtnze, a11 
denen nicht zu errathen war, ob sie gleichfalls Ker11e oder Einlagerungen 
bedeuten." Macerations sl1ow that they are prolJably IJarasitic Grega
rinida, the various appearances obtained from sectio11s being due to 
their having beer1 ct1t in differe11t planes (Plate VII. Fig. 91 ). 

b. Female. 

I do not believe that a11y of the previous observers ·have had a fe
male. Verrill ('79) described the posterior end in the ''female'' as 
'' s11btrt1ncate witl1 a smftll terrninal pa1)il]a." 11his applies exactly 

to some ··males, a11d, as Figure 56 (Plate IV.) sl1ows, is very unlil{e the 
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female. 1 Ft1rthern101·0, in the entire collection which Professor V e1·1·ill 
lrindly placed at my disposal there was only 0110 female, that 0110 bei1Jg 
found coiled t1p i11 a rnass of twe11ty specimens. 

Burger (p. 64 7) describes one form whicl1 differs materially in struc
tt1r0 f'rom all others stu(lied by him; he was incli11ed to 1~egard it as a 
female. Re fot1nd a sac "ri·th flt1ttened walls l1anging from the dorsttl 
line. Tl1e description and figures given by him 1·esem ble strongly an 
i1nmatu1·e test.is, - certainly it cannot be an empty ovary. But the ter
mi11ation which he describes for it is so ext1·ao1·dina1·y that one must 
doubt the 1101·111al natl1re of the specim_en or tl1e accuracy of tl1e obser
vations. Certainly 11either in n1ale nor female does one find anytl1i11g 
lilre the tt1be and cells which he describes as lying on the vent1·al cord, 

• 

except the cesophagus. It is impossible, howeve1~, that he has mistaken 
f\1',•\,\ 

the anterior for the posteri6} end of' the worm, because 110 1nentions tl1e "' • head of this specime11. rl,here are cert'ttin points in his description of 
tl1is individttal, especially the lack of an anal ga11glio11, which recall the 
fen1ale, yet in vie,v of the rr1any problematic points ~hich cannot be 
referred to either sex, I am of the opinion that this must have bee11 a 
very abr1ormal specime11. I shall give ~ desc1~iption of the sexual orga11s 
of the fen1ale without any further refere11ce to l1is work, describing only 
tl1ose conditions whicl1 I believe to be normal. 

The tl11·ee females obtained present three st::iges in tl1e grovrth of the 
egg, 'bt1t 11nfortunately all are too far adva11ced to give any clt1e as to 
the place or method .. of 01·igin of the egg cells. In tl1e first stage the 
body cavity is al1~eady l1alf filled witl1 well developed eggs, and no trace 
of ovaries or of the walls confining the ova is preser1t, b11t the ova 
seem to lie free in tl1e bodjr cavity. Each egg (Plate IV. Fig. 60) l1as 
a firm ot1ter 1nembrane, highly granular p1"otoplasmic conte11ts, and a 
large irreg11lar nucleus, which has" a very thin nuclear· membrane and 
is strilri11gly poor· in cl11"on1a.tic substance.: ~:Betwee11 a11d arot1nd the eg·gs 
one finds a gra11u'iar s11bsta11ce, and more rarely small 11uclei. 

!11 tl1e next older stage tl1e body cavity is more nea1"ly filled, and tl1e 
eggs are very similar except that the nt1cleus is smaller and more deeply 
stained. One finds also a1·our1d each eg·g a11 exter11al covering of mint1te 
quadratic bloclrs, \V hich seem to be easily separable fron1 the egg and 
from one another. 

Th" oldest stage observed differs f1·om tl1at just described in some 

l I sl1ould not neglect to mention that a female witl1 protr11ding egg rnass 
( see Fig. 10) woul<l corresponcl g·enerally to this description; but sucl1 a state 
would l1ardly be a,·ailable for identification. 

' • 
' 

• 



'i 76 BULLETIN OF THE 

small particulars. The nl1cleus (Fig. 61) is now so small as to be fot1nd 
with difficulty among the large opaque yolk g1·anules, the external mem
brane is firmer, and the blocks with whicl1 it is covered are more promi
nent. In this stage tl1e eggs fill the entire b<Jdy cavity (Fig. 58), being 
l"0\1ghly arranged in nearly concentiric layers. It was from this individ
ual that eggs were discharged into the water and later preserved. At 
first sight (Fig. 62) s11ch discharged eggs appear very different f1"om 
those previo11sly described, being armed with a thick covering of 1011g 

conical spines. An examination of the posterior end of this animal, 
wl1ich was killed while tl1e eggs were being discharged, showed tl1at tl1e 
eggs which were still in the body and those in tl1e mass outside possessed 
not a trace of these spines, but simply the blocl{s on the exte1·nal mem
brane, as already described. Fu1,.ther investigation showed that 1iot all 
the eggs which had been laid were already provided with long spines. 
In some cases the spines were very short and thick ; indeed, all stages 
were found from this condition llp to the one first described. 'l

1
he prob

able explanation of tl1is phenomenon is, that the block-lil{e tbicl{enings 
on the membra11e of the immature egg are swollen by the soo-,vater, first 
into sl1orter, ther1 into longer spines, which at the beginni11g are proba
bly soft and become rigid later. Certainly in alcoholic specimens they 

are rigid. 
• I 

In alrnost every transverse section one finds a delicate membrane 
stretching from the ventral line to the egg mass (Fig. 58). This 1nay 
represent a mesentery, as it is too uniform to be rr1e1,.ely accidental. In 
01ily 011e case (Fig. 57) was there anytl1ing present in the body of tl1e 
female which had the appearance of spermatic elements, bt1t tl1e poor 
bistc>logical condition of this specimen prevent~d an accurate determina-

tion of the matter. 
Tl1e body of the female ends (Fig. IO, and Plate IV. Figs. 56, 57), as 

already mentioned, in a sligl1t bulbous e11largement with a ce11tral ter
minal opening. rrhe cuticula turns inward fot" a sl1ort distance, as in 
the male, but in the specimens at my command there were 110 inter11al 
organs connecting with this opening. rrhe mass of' eggs filled the l)ody 
cavity up to the tissue of tl1e terminal bt1lb. The same question recurs 
here which suggested itself in tlle case of' the mrtle, as to the mo1·phologi
cal value of this opening, - ,v~etl1er it is or is not a cloacal orifice; but 
I have no evide11ce to present on either side <)f the question. The bulb 
is made up of' elongated cells conta,i11ing pale nuclei, and passing off at 
right angles to the i11folded ctttict1la. These cells l1ave rr1ucl1 tl1e arJ

pearauce of unstr·ipeu muscle cells, a11d seem to be able to affect the 
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caliber of the opening (Figs. 10, 56), and thus to facilitat(1 the passage of 
the egg mass. The hypodermis can hardly be followed arot1nd the bend 
under tl1e infolded cuticula. If it exists the1·e, it is certai11ly a very 

' 

much attenl1a~ted layer. I do not think that the elongated cells of the 
bulb can be rega1"ded as modified hypodern1al cells. 

VI. Discussion. 

1. DORSAL CELLS. 

The nature of the dorsal cells is not definitely determined, yet I have 
little doubt as to their nerv<)US character. The interpretation of the1n 
as gland cells (Burger, '91) seems to me untenable for many reasons . 

• 

The cells do 11ot have at all the appearance of gland cells, there is no 
trace of any secretio11 ir1 the cell or its process, nor anything in this pro
cess which st1ggests even remotely a duot, and finally one. finds no con
nection of the stalk with the ititostine or with the exterior. Against the 
possibility that they may be degenerate gland cells, functional in larval 
life, it n1ay be urged that there is absolutely no evidence of degeneration 
in the appearance of the cells. 

I' 

. If the positive evidence on the other side be. examined, it will be 
found to be almost equally strong, and in favor of thei1· 11ervous charac
ter. l11 the first place, tl1eir nuclei are like tl1ose of the la1·g0 ganglion 
cells i11 c1ffinity for stains, in tl1e possession of· one 011 two larg~ homo~ 
ger1eot1s nt1cleoli, and in the curiot1s unstained e11clos11res already 
described. On the other hand, it cannot be denied that the nuclear 
membra11e is more irregular, and seems to be connected with the fiores 

I 

of the cell substance, a condition which was not seen in the la1·ge gan-
glion cells. 

Tl1e sta]lrs of these cells .. certainly resemble nervous processes opti
cally, as well as i11 their relation to the cell body, and in their. termina
tio11, wl1ich l1as been considered in detail. Unless 011e regards the stalk 
as diftere11tiated i11to a stainable and a 11on-stainable portion on accot1nt 
of some unknown difference in the che1nical natt1re ot' the parts, it mt1st 

be granted, I tl1i11k, from the evidence previously p1·oduced, that tl1e pro
cess branches at or near its termination in the brain. This branc.hi11g 
seen1s to me to be an insuperable objection to the interpretation of these 
cells as gland t1lur, and indeed to render it almost certain that they are 
nervous. Tl1eir e11ormous size and extremely fluid contents may bo 
due to the freedom for growt;h which tl1ey er1joy i11 an unrestricted space, 
and, in part at least, to osmotic conditions . 

• 
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Since in the ripe individt1al the n1ass of sexual prodt1cts whcl1 fills 
the body cavity would exert a dangerous or e,.,en fatal pressure on cells 
so delfcate as these, it is evident tl1at tl1e partition is absolutely neces-

. . 

sary for tl1eir developrr1er1t, and may be so for the protection of the br·ain. 
Wl1ile the presence of the partition is essential to the exister1ce of' these 
cells as tl1ey are, it is impos8ible from the evidence at hand to form any 
idea of the cause which led to its development. 1-Iowe,rer, the pa1·titio11 . 
being forrr1ed, I believe it is possible to understa11d how the lai·ge cells 
may have attained their size and position. 

It has already been mentioned that the dorsal cells var·y co11siderably 
in size; an early slretch of a living a11imal, made before the str11cture 
was well u11derstood, sl1ows in a dorsal view, not two, but three st1cces
sive pairs of large cells. There were, 110,vever, in this case, actually 
011ly t,vo pair·s of dorsal cells, and the supposed third pair was the most 
posterior pair of large ganglion cells in the brain. It has al1·eady been 
said of tl1ese tl1at they are located, 11ot in the mass of the brai11, but in 
great part above it. Now, given tYvo pajrs of lateral cells located on the 
upper surface of the brain anterior to the fifth pair of ganglion cells 
near the place where the processes of the do1·sal cells enter tl1e brain 
·mass, it is easy to co11ceive how they may have becorne larger and larger, 
and finally may have risen entirely above the brain into the free space 
dorsal to the resophagus, where no obstacle is offered to their further 
i11crease in size. At the same time, the s·talk would be prodt1ced as a 
n1ere mechanical result of the lengthenir1g of the cell r)rocess to accom
pany this migratio11. Once free in this cavity thet·e is eve1·y reaso11 to 

. 

believe that the cell might continue to clevelop in size until, with its 
companions, it sl1ould occlll)Y tl1e entire space, wltich is aprJroximately the 
})resent conditio11 of affairs. The fifth pair of large ganglion cells in the 
b1·ain, half p1·ojecting, as they do, above its st1rface, ,\·ould then repre
sen·t the first stage in the migration w hicl1 the dorsal cells liave already 
accomplished. Attention must be called to the fact that tl1e three pairs 
of cells which have been comrJa1~ed i11 this hypotl1etical staten1ent of tl1e 
case are not similar in one important particular; fo1·_ wl1ereas the p~o
cesses of the fifth pair of ganglion cells are 11nbra11cl1ed and may be 
traced fcir posteriad through the ,1 entral nerve co1~d, the fJrocesses of the 
dorsal cells are branched and car1 be traced 011ly a comparatively short 
distance. I do 11ot see, however, that tl1is difference greatly affe(~ts my 
explanati<)n, - which is purely mechanical, - since the cell and not 
the process is directly concerr1cd. The nt1clei of both l{inds of cells are 
r1ea1·1y eqt1al in size a11d alil<e ir1 strt1cture. Tl1e great difference be~ 
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tween the two is due to tl1e preponderance of the cell body in tl1e dorsal 
cells, which I have assumed to inc1·ease by virtue of its changed surround
ings. A similar difference i11 tl1e size of the cell body is found between 
the fifth pt:1,ir of ga11glion cells, half projecti11g above the surface of the 

• 

brain, and the first pair, wl1ich is deeply embedded i11 its substance. 
One further poi11t of interest suggests itself. It has al1·eady been 

mentioned that the con1missu1·al cells vary in positio11, bei11g i11 many 
cases higher on the con1missure than in otl1ers. If tl1e:r·e be a tende11cy 
toward a more dorsal position in this case as well, - which on the basis 
of free space for development is more pt·obable than the opposite move
me11t, -·then tl1ere a1·e two distinct ways in wl1ich originally ventral 
elements may reach a do1~sal position ; first by the independent do1·sal 
migration of superficially located ganglion cells, and secondly by a move
ment of comr11issural cel]s dorsad along the con1misst1re. The fi1·st method 

• 

is illustrated in the case of the dorsal cells, the second in the case of the 
commissu1·al cells ( the third pair). In both instances the cause of tl1e 
n1igration n1ay well be gain in 11ourisl1ment and vigor as such cells 
advance more and more into the fr·ee space above the b1·ain n1ass. If 
s11ch a cl1a11ge in position involve a gain in vigo1--on the part of t~1e 
cells co11cer11ed, tl1e11 the origin ot· a c..iors,al ganglion from a simple coin
missur·e by tr1e dorsal rr1igration of elements -either indeper1dently or 

, 

along tl1e co1nmiss1lre may be easily co11cei ved, si11ce arou11d the ganglion 
. ' 

cells ,v hich have act1uired tl1is ·position otl1e1· 11ervous elements will col-
lect with the increase in t.he amour1t of 11ervous matter accon1panying 
tl10 development of the nervous system. In this \Vay, then, late1·al and 
dorsal ganglia mt1,y a1·ise. 

If tl1e brai11 of N ecto11ema shows dista11tly l1ovv tl1e l1igher develop
me11t may be reacl1ed, it sho\tvs still more clearly its immediate rela.
tio11 to the ve11t1·al nerve cord. Tl1e a11te1'io1' ganglionic mass may l)e 
viewed as a diffet·entiation of tl1e ante1·ior portion of the cord. The 
agreen1ent betwee11 tl1e portions of tl1e bt'ftin a11d the three bt111dles of 
the C()rd has already been emphasized. It 1·emains to call attention to 
tl1e cor·respondence in the locatio11 of ganglion cells. As it \\7 as tr·ue 
of the cord that ga11glion cells \\'ere fo11nd on the borde1·s of the three 
fibrous tracts, so it is correct to st1y of the brain that tl1e ganglion cells 
are developed on the edges of the correspo11di11g tracts. 'l'his will bo 
easily see11 if, in a comparison of li"'ig·ures 72-88 (Plate VT ) , one pro-

• 

ceeds f'rom behir1d forward ; a~d\ it is still more evident· wlie11 the ver-
, \ ' 

tical. bands of fibres are talce11 ii);~c.cou11t ; . the fibres ar·e, however, n<•L 

represented in tl1ese figures. 

\\ 

\ 

' ' ' 
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2. LARGE GANGLION CELLS. 

The large ganglionic cells of the brain and ve11tral nerve cord were 
called by Burger '' giant cells.'' So f'ar as mere size is conce1·11ed, 
the name is well chosen, but it has been pre-empted for the neuro
chord cells of higher grol1ps. rro avoid the confusion which has en-

• 

tered into other divisions of morphology owing to the use of a single 
name for a multiplicity of organs, this designation should not be ein .. 
ployed here unless there is some reason for regarding them as homolo
got1s with the cells of Annelids and Crustacea which first received the 
name. In comparing these large cells with the neurochord cells of 
Annelids, the first point of difference to be noted is the number of the 
former. There are, as we have seen, at least five pairs of such cells i11 

the_ brain and others alo11g the ventral ne1~ve cord. In the N emertines, 
as in the Annelids, there is only a single pair of neurochord cells in the 

' brain ; and those in the ventral 11erve cord are distribut.ed in pairs and 
at regular intervals, which does 11ot seem to be the case in N ector1ema. 

The second prominent point of dissimilarity has to do with the pro
cesses. The fibres of .these la,rge cells vary somewhat i11 size, and do 
not possess any very definite shape, being now nea1·ly round, now Rngt1-
lar, with a variety of form which may, however, be in part due to the 
effect of reagents. In optical appearance a11d in reaction toward stain ... 
ing flt1ids tl1ey recall strongly the neurochords or gia11t fibres of hig·her 
groups. They also extend for long distances, perhaps the entire length 
of the worm, i11 an. unbranched condition. Bt1t they differ from the giant 

' 

fibres in one stril{ing respect, -they have no sheath; in fact, it is very 
difficult to say that they are even enclosed by a delicate rr1embrane, so 
fine is the boundary between them and the surrounding tisst1e. On the 

' 
other ha11d, the sheath of· the giant fibres is the most str~l~ir1g pecu ... 

• 

liarity which they possess, and often exceeds in prominence the fibre 
itself. 

These seem to me st1fficie11t reasons for regarding the cells in question 
as not hon1ologot1s with the giant cells of other grot1ps. I have therefore 

' 

avoided using the expression '' giant cells '' to designnte them, in order 
not to suggest a false homology. It cannot be denied that these may 
represent tl1e primitive form of the giant cells, in which the fibres have 
not yet acql1ired th~ highly diff~rentiated sheath; bt1t until tl1is be
conies more probable by reason of evidence as yet lacking, it is better 

' 

to use the non-committal term, and to designate them as large gan• 
glion cells. 
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3. Rows OF, HA11is. 

The lateral rows of hai1·s are evide11tly developed in connection 
with the free life of Necto11ema. Moreover, tl1ey a1~e not st1~L1ctures 
without a parallel among the Nematodes. Many fo1~rns have been de .. 
sc1·ibed witl1 hairs dist1·ibuted i1·1·0gularly or regt1larly - sometimes in 
rows (11richoderma) - over· the surface of the l>ody. U nfortu11ately, 
in st1cl1 cases little or no idea has been given of the size and strt1c
ture of the ''hairs'' by tl1e at1thors who have mentioned tb0111. In 
011e fo1·m at least, the pect1liar f1·ee-living tnarine ge11 us Chretosoma 
( Gia.r·d et Bar·rois, '7 5), there is fot1nd a double row of l1airs alo11g a 
po1·tio11 of the ventral line. The setre are hollow and enti1·ely super
ficial, th11s agreei11g in seve1·al points \vitl1 those of N ectonen1a j they are 
not, ho\\7 ever, so extended i11 their distribution as in tl1e latter form. 

4. !\1 USCULAR LA YER. 
, 

The complete degeneration of the posterior portio11 of the al imer1ta1·y 
crtnal in the adt1lt, ,as well as its mi11ute size ir1 cornparison witl1 tl1e body 
of the worm, n1al{es it at, once evider1t that tl1is 01~ga11 cannot be ft1n~
tio11al in tl1e adult. The question the11 st1ggests itself as to tl1e source 
of not11·ishme11t dl1ring this period of life. As l1as been already noted, 
the protoplasrr1ic zone of the 1nt1sct1lar· layer is thiclrcr in the i1nmatt1re 
individual, and dimir1isl1es in tl1icl(ness wit.h the attai111nent of sexual 
mat,1rity. ·Tt1is decre~ise in volt1111e n1ay tal{e place i11 two ways, ._ by 
the fo1"mation .of corpt1scles directly f1·om tl1e cells of the layer, and by 
tho givi11g up of food mattc1--to 11eig·hboring cells or to tho coolomic fluid 

a11ci tht1s to all tisst1es of the bodv. 
ti 

As has been sl1o~v11, the co1"pt1sclos of the body cavity probt1.hly originate 
f1·on1 the cells of tl1is laye1· by a process of al:)st1·ictior1. rrl1is p1·ocess is 
neve1· ve1"y exte11sive, so fa1· as I l1ave b0e11 able to jt1dg0, and hence will 
l1ard.ly serve to explrti11 er1tirely the decrease in t,he voltLme of tl1e laye1·. 
0110 is, tl1ereforo, cornpelled to accept the second metl1od suggested, that 
of tl1e i11clirect transn1ission of food mat·te1· eit.l1er ·thr·ough r1eigl1bo1·ing 
cells to re1note tisst1es, or by mear1s of the flt1id i11 the body cavity. Tl1e 
l1nt1st10illy la1·go size of the 11:r·otoplasmic portion of' the n1uscle cells, and 
its gra11t1lar conditior1, are well expltti11ed or1 the sup1>osition that these 
cells have secondarily acc1rLired it1e ft1nction of storing up nourishme11t 

fo1· the suppor·t of the body dt1ri11g the period of adt1lt life. 

VOL, XXI l I. - N(). 3. 13 



• 

182 BULLETIN OF TIIE 

5. PARASITIO N A'fURE. . . 

N ectonema possesses neither eye spots nor sense organs, st1ch as are 
present in practically all case-s of free-livir1g, a11d especially of pelagic 
forms. The general structure of t,he alimentary tract, its din1inutive 
size as compa~ed with that of the animal 1 its occasional closure a11teriorl~y, 
the com1>lete d,egeneration of its poste1·ior po1·tion, and the abse11ce of 

~ ' . 

any functional anus, speak even mo1·e stl'·ongly against the possibility of 
regardi11g N ectonema as primarily a free forn1, and fJractically force one 
to the conclusion that it is a pal·asite, which passes its larval life i11 

some unknowr1 animal, wander·ing out of its host at sex11al maturity 
and passing the fi11al stage of its life histo1·y in a f1·ee condition, in which 
alone ;it is at present know11. ()n the a11i1logy of Gordius, the l1ost may 
bcl surmised to l)e son1e fish or cr·ustacean, ar1d, since N ectonerr1a is not 
so rare as has been supposed, it ought not to be difficult in its proper 
l1ome to discover its l1ost. 

There a1·e certain facts ,vhich should be mentioned in this connection. 

As has already been said, N ectonema was caught only on an ebbing tide 
and in the bay near shore, not in open water·. And although a large 
amot111t of truly pelagic material was obtained in the same manner, yet 
nu111erous Annelids which are l>y no mea11s tr11ly pelagic were fot1nd in 
the same towing. The latter forn1 part of the bf1,y or sl1ore faur1a which 
in towing near the land is habitually fou11d i11 the net. In tl1e same way, 
N ectonema, which is probably set fr·ee from some one or mo1~e o·f the 
small fish or Crt1stacea which inhabit the shores of the bays or shallow 
water in general, will liv'e normally in tl1e little coves ar1d qt1iet places 
along shore, but may be carried out by the tidal curre11ts even to some 
dista11ce. It is probably fou11d at or nea·r the su1·face at night only, arid 
at the bottom d11ring the day. The greater p1·on1inence of' tlJe contrac
tile portion of tl1e muscular layer· in the n1ale would seem to indicate 

that it is the more active of. the t\\ 10, and to this may be clue in part 
the much la1·ger number of males ca.ptured. 

VII. Comparison with other Forms. 
' 

N 11111ero11s l)ossible relationships ha vo been suggested f'or N ectonerna, 
many of which rest 11pon resetnblances of a supe1·ficial char·acter, s11cl1 as 
the comp:1r·ison \Vi tl1 Sn,gi tt,a 011 tr1 e ground that both pc>ssess lateral 
fi11s8 Blir·ger ('91, p. 650) t1tts s111nciently sl1own tl1e fallacy of any 
co1npa1·ison witl1 Eu boBtJ!i cl1 us, ,v 11 icl1 1·cso1n l>los N ccto11oma at n1ost in 
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possessing exter11al hairs ! It is an interesting and at once a significa11t 
fact that Cl1retosoma possesses a dot1ble 1·ow of l1ollow hairs or b1,.istles 

on a por·tion of tl1e ventr·al line. '11hese l1airs strongly r·esemble those of 

N ectonema, bt1t it is appare11t at once f1·om a compa1·iso11 of inter11al or
g~tns that the resemblance is pt1rely Sl1perficial, since Cl1retosoma is as 

like tlle Nematodes s. str·. as N ectonema is different fr·on1· tl1en1 ; tl1is is 
simply an interesting case of tl1e develop1nent of like structures in 

widely_ diff'er·ent forms, which may be traced perl1aps to similarity in 

their co11ditio11s of life. 
In n1 uch the same way the 1·esem.blance to the Trichot1·achelidre 

etnpl1asized by Burger· ('91, p. 649) is at n1ost ar1 instance of tl1e co11-
vergence of parasitic types. Tl1e resemblance is indeed close in the mus

cular· a11d digestive systems. '11 he latter is, however, the system 1nost 

im1nediately a11d directly affected by parasitisrn, a11d such 1·esemblar1ces 

n1ay easily have arisen indepe11dently ju any nt1mber of a11imals. Tl1e 
peculiar· strt1c·tt11·e of the msophug·t1s is sht1ired by the Mermithidre as 
"\vell ; and so far as the muscles c1re concerned this ·type is cornn1on to 

an entir·e g1·ou1) of Nematodes, the Ccelomya1·ia. On tl1e other hc1,nd, tl1e 
1·eprodt1ctivc a11d nervot1s systems of N ectonema and the Mer1nitl1idre 

' 
represe11t Of>posit,e extren1es in the class Nematoda. 

There is one cornpariso11, l1o'vveve1~, w hicl1 deserves more detailed cori

side1·atio11. Verrill ('73, p. 632) said of N ectonema, '' In general ap
peartt11ce wl1en livi11g a11d 1novir1g, it 1~esembles Gordit1s ''; a11d again 

('79, p. 187) l1e cR.lls atte11ti<)11 to tl1e exte1~11al sin1ilarity of tl1e living 

a1.1in1als. Bi.trger ('~·I, l'· 64~)) cnt1rrlerates tl1e poi11ts of agrceme11t be
twee11 tl1e tvvo as the abse11ce of late1·al lines ttnd tl1e positio11 of the 

' 

nervous system i11 the ver1tral line, and emphasizes tho difl'orcnce in the 

dig·estive system and in the st1,.ucture of tl1e rnuscles. This is not a suf

ficiently b1,.oad a11d acct1r·ate comptirison, and it \\rill l>e valt1able to enu

r11er:::tte l1e1·e mo1·e exactly tl1e poi11·ts of' agrcen1ent and diffe1·ence for tl1e 

vario11s syste111s of orgtir1s i11 order·. 
Tl10 c11tict1lrt differ·s botl1 ir1 thiclcness ::1,11d in the possession of rows of 

l)r·istles and scales i1.1 the 011e f()l,.t11, a11d of scatter·ed papillm and se11sory 

bristles in the otl1e1·. 'I'l1e st1l)ctttict1la has i11 botl1 tl1e cl1t1iracteristic 

N en1atode natl1ro.. The m11sc11lar eleme11ts sho\v at fi1·st sight a con
siderable difference i11 st1·uct11re, yet I am con·vi11ccd that t,}1is is more 

appare11t tllan reril. rrr1e mt1scle cells of N ecto11etna a1"e tl1ose of the 

typical Crol<)111ya1·irt11, i11 which tl1e n1t1scle :fil)1·illre are ar·ranged in a 

pe1·ipl101·al n-81) rt l}ell lrtyo1· ~l 1)011 t t 110 dis.taj edg·e of t.J-10 m llSCle cell. Into ~,. 

·tl10 11<) 110 vv of tl1 is co 11 t1·nctile 1)01·t 1011 •• extends a 1,1·oj ecti on f1·on1 t.l1e 

11lrtsr11atic 1)01·tio11 of tl1e coll ,v l1icl1 is fo11 i1d at ·tl1e 1n11cr t)o1·<lo1· of tl1e 
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contractile portion. If now we co11ceive this plasmatic 1)ortio11 to be 
reduced. to a minimum, the f'orm of' mt1scle cell cl1a1"t1cteristic of Gorclit1s 
will be reacl1ed; fo1~ in this ge11us the projectir1g protoplasmic portio11 is 
entirely lacl{i11g, tl1e layer of co11tractile fib1·illre st1rrot111ds the enti1·e 
cell, and the 11ucleus is four1d in the thin st1"ip of plasma which occu
pies the centre. Not or1ly do we find i11 a typical Crelomyarian cells 
in which the plasmatic cell body ha1·dly proje.cts beyond the contrac
tile layer, but I have also been able to find ir1 cross sections of Gor
dius sp. ? certain regions ,v l1ere the fi brillar layer in the proximtil 
portion of tl1e cell differs in thickness and in refractive povver from that 
in the distal })Ortion. I do not believe, therefore, tl1at the difference in 
the muscular systems is so gre~1t as has been maintai11ed. 

To co11sider tl1e second objection urged by Burger against tl.1e rela
tio11sl1ip of Gordius and N ectonema, namely, the st1~uctt1re of the ir1tes
tine, it will be necessary to make a short digression to co11sider tl1e 
structt1re of the alime11tary canal, and especially of the 02sophagus, in. 
Nematodes. Most text-books recognize only 011e t3Tpe of msophagt1s in 
tl1is group, a musct1lar organ wit,h a 111ore or less triangl1lar lumen 
lined with chiti11, fr(>m wl1ich muscle fil)res radiate perpe11dicularly 
to tl1e long axis of the tube. This organ evidently acts like a suction 

p11m1) in taking. u_p nourishment. 
If, ho,vever, one examines the literature on the gro11p, it is evide11t that 

the1~e are a nt1m·be1· of families to which this description will riot apply, 
and that tl1ere is really a second ,vell m.arlced type of resophag·us. Thjs 
cor1sists of a min1.1te cl1itinous tube exter1ding throt1gh :1 cell, or row of 
cells, wit,h which no muscle fibres are connected. Evidently there is he1~e 
no means of varying the size of the lt1rnen. I believe the 00s01)hag11s in 
every f~tn1ily of N en1atodes may be redt1ced to the one type or the other·. 
'11he lfl1·ger nlimber o·f forms show the first, bl1t in the Tric11otrachelidro 
a,nd Me1·mithidoo tl1e cesophagl1s is C<)nstructed on the second type, as is 
olso the case 111 N ectonema. In Gorc1i11s tl1is organ is f'ot1nd to be l1ighly 
deger1erate, a11d in certain species, or in specimens of a cer·tain age, has 
entirely disappea1"ed. I t,s co11dition appears to be different accordi11g to 
the desc1·iptions given ; bt1t in a specimen collected in Cam br·iclge the1"e 
is absolutely no trace of an msophag11s in a po1"fect series of tra11svorse 
sections. From the accot111t of VejdovRlry ('86, p. 404) it is at once evi
dent tha,t the rosopl1agtts docs not lJelong t.o the first type, and according 
to his descripti()111 a11d fig11res ('8G, p. 404, Taf. XV. Fig. 35) it bear·s a 

1 Vejdovsl{y says (p. 404) : '' Als l\1·ur11Jl1t>l1le lJezeichne ic:h <las cnge l(nn~ilc~l1en ,'' 
etc. ·rt is tl1is portion of ttie a)in1entn.ry ea11al lV 11icl1 I regard us tl1e rnorpl1ologi~al 
equivalent of tl1e resopl1itgus of tl1e se<~or1ll ty1)e . 

• 
• 
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stror1g resemblance to tl1e secon{l type. At a11y rate, I am l111able to 
see the st1·il{ing diffe1·er1ce in tl1is region 011 wl1ich Btirger lays great 
stress. As for· the intestine proper, it is 11ot of g1·eat importance· wl1ether 
the ltlmen be l)ou11ded by four or eight cells. There are evidently dif
ferences in the alimentary canal of the two fo1·ms; one of the most 
st1·iking is the degeneration of tl1e anterior portion in Gordius, and of 
t.he poste1·ior pa1·t in N ectonema. This is, howeve1", of minor impor
tance 011 the q t1estion of general relationship. 

At fi1·st sigl1t nothing could appear more unlilre than t.he reproductive 
systen1s in the two forms, and so far as external sexual organs are conceJ·ned 
there does· exist a great difference. The papilla arid terminal opening 
of the male N ectonema do not resemble in the least tl1e forked tail and 
st1btermi11al opening of Gordi,1s. The female organs bear ar1 external 
resemblance, bl1t i11ternally there is nothing in N ectonema parallel to 

' 

the complicated st1·t1ctt1re of the system in Gordius. T,~o little is k11ow11 
of ovaries 01· testes in N ectonema to permit of a comparison, but the 
apparer1t abse11ce of mesenteries arid the probability that the orga11s 
are not paired in tl1is case are ce1~tainly important differences. On 
tl1e other har1d, certain striking points of simila1·ity must be noticed. 
Tl1e position <)f the sexual orga11s. dorsal to the intestine is a peculiarity 
i11 N ecto11on1a ,vl1ich is sl1a1·ed 011ly by Gordi11s among all the N ema
todes at let1st. Tl1e same n1ay be said of the fact tl1at both male and 
fetnale sext1~il orga11s possess termi11al or subtern1i11al openings. If 
my co11jec·ture be correct that ir1 N ectonema this is a cloacal opening, 

I 

tl1e11 this featt1re is also common to botl1. Moreover, of all Nematodes 
these two families a11e the on]y ones in which spicula are entirely 

wanting. 
11 he bod)r cavity in the two forms differs in that a lining epithelil1n1 is 

p1·esent in Gordius, btlt prol,ably absent in N ect.onema, except in the 
ante1·ior chamber. The body cavity of both increases in size, however, 
by the cell masses which bound it talring part in the formation of sexl1al 
prodt1cts or the nourishment of the body; but it· is dol1btful if tl1is 
p1 .. ocess goes so far in N ectonen1a a.s in Gordius, where it leaves only a 

I 

thin row of cells, the peritoneal epithelit1m. This matter is, however, 
l1ardly cleared t1p for Go11dit1s, ever1 after the numerot1s investigations 
that have been ffiltde, and it ca11not be regarded as more than formu
lated for N ectonorna by the present st11dy. 

The lateral lines, as well aR the contained excretory canals which are 
so characteristic of all ot.her Nematodes, a1 .. e wart ting i11 both N ecto11ema 
and Gordil1s. In Gordius, moreover, no probable excreto1~y system has 

• 
• 
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been show11 to exist, and I l1ave looked in vain for evidence of one in 
N ectonema. The only indication o.f a dorsal line in Gordius is the 
median do1·sal i11terruption of the longitu.dinal muscles in the posterior 
po~tion of the body; in N ectoneina, on tl1e contrarJ-, this organ is well 

' 

developed. In both forms the ventral lin~ is prominent, and in both 
it contains the ventral nerve cord . . 

Of the nervous system it may be said that the brain is more highly 
developed in N ecto11ema, the dorsal cells as we11 •• as the correlated an
terior cl1amber being structures entirely without pa1·allel in Go1·dius. 
But the ventral nerve cord in the two ge11era shows a similarity not only 
in position, but to a certain degree in strt1cture, being made up in gen
eral of three portions, a median and two lateral. (Cf. Vejdovsky, '86, 

• • 

Taf. XVI. Figs. 51, 6 3, et al.) Like n1any other Nematodes, both forms 
possess an anal ganglion. 

Numerous lesser poi11ts of lilteness may be mere coincide11ces. Such 
are the great numerical superiority of males over females, -which, 
among all Nematodes, is found only i11 these two groups, - the para
sitic nature, and the mode of motio11. The spermatozoa which I have 
described recall tl1e unripe sperm of Gordius; yet such evidence is in-
teresting rather than weighty. . 

In st1mming 11p tl1is detailed consideration it may, I believe, fairly be 
said, that the points of difference l)etween Gordius and N ecto11ema are 
more numerous than those of lil{eness, but that the latter a1·e more 
general and important. This agreen1ent in general characters is so 
striking that I cannot believe it is due to anything else than affinity .. 
It will be noticed ·that the characters which sepatate the Gordiidoo from 
the other Nematodes are shared with N ectonema; th11s the abser1ce of 
lateral lines, the existence of one principal nerve cord (ventral), the dorsal 
position of the sex11al organs, and the terminal openings of the same. 
Again, the points of difference between the two grot1ps are largely 

' 

those which separate the vario11s families of Nematodes s. str. from 
one another; 11ame.ly, the str11cture of the mus~les and alimentary ca-
nal (1), and the character of the ducts and external sexual organs. 

We do not know· how mt1ch the cha11ge from salt t.o fresh water 
has modified Gordius, wl1ich is evidently the more degenerate form, as 
may be inferred, for example, from the greater reduction of the alirnen-

, 

tary canal and of the nervo11s system. Certainly the rows of bristles in 
.N ectonema are to be attributed to its free life and more active habits.· 

• 

With the latter also one would natu1·ally· Iook for a more high]y devel-
oped nervous system. Further evidence, that to be gained from t·he 

• 
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em b1--yo11ic developme11t as ,vell as fro1n tl1e life l1istory a11d strr1ctt11·e 

of the la1·va, will make tl1is n1atter clea1·er·. 
Nearly all wr·iter·s ag·r·ee in placing· tl1e Gordiidre i11 an isolated posi

tion under the Nematodes. If, accor·di11g to the proposal of some, this 
family be 1·aised to the dignity of a separ·ate 01~der, tl1e11 tl1e1·e is no 
dotlbt 111 my n1ind of tl1e rigl1t of N ectonerna to a positio11 in tl1at or·der 
as the 1·ep1·ese11tative of a new fa1nily, the N ectonemidm. Bt1t ,vl1atever 
1nay be the fir1al decision in regard to the rttnk of tl1e Gordiidoo, this 
new family m11st tal{e its positior1 11ear tl1at g1·ot1p. '11l1at tl1e relatior1-
ship is close e11oug·h to warr·ant the i11clt1sion of the g0nt1s N ect()11emn. 
in tl:1e family of the Gor·diidm is ha1·dly possible, but a fi11al opi11ion on 
this point can be given only i11 tho ligl.1~ of more complete l(no·\vledge, 
especially on the points j11st enumerated. It is rny in·to11tion to investi
gate the st1bject t·l1rther, arid to follow if possible tl1e life histo1"y of this 

most interesting form. 

C.A.lVIBRIDGE, Marcl1 25, 1892. 
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EXPLANATION OF FIGURES. 

All figures were clrawn witl1 tl1e aid of Zeiss lenses and a11 Abbe can1cra u11less 
otl1erwise stated, ttlltl 1·epresent preparations of Necto1,.e1r1.a agile, V e1·r. 'fl1e 1netl1od 
of staining, the lenses, and tl1e 1nagnificatio1\ e111ployed, are noted briefly f'or eac11 

figure. 



ABBREVIATIONS. 

ed. n. v. 
cl. coms. 

cl. d. 

ventral nerve cord. 
comrnissural cells of 

brain. 
dorsa I cell. 

cl. gn. 1, II., etc. first, seeond, third, etc. 
large ganglion eell of 
brain. 

cl. in. I .-IV. 

cl. mu. 
cl. Q?. 

cl. sns. 
coms. <.e. 

cp' 

eta. 
e'lh. pi't. 

Jbr'. mu. 

fbr. n. 
gn. an. 
h'drm. 
in. 

In. d. 

intestinal cells I. to IV. 
musele cell of body wall. 
ccsophageal cell. 
sensory cell. 
dorsal ( s upra-resop Ii a

ge al) commissure of 
brain. 

corpuscle ofbocly cavity 
fluid. 

cuticula. 
peritoneal epithelinm. 
eontractile fibrillro of 

muse le eel!. 
nervous fibrilloo. 
anal ganglion. 
hypodermis. 
intestine. 
dorsal line. 

ln. v. 
mb. /J(I. 

n. a. 

nl. d. 
nl. _qn. 

ventral line. 
basement membrane. 
nerve fibres anterior to 

brain. 
nucleus of dorsal cell. 
nucleus of large ganglion 

cell. 
nl. gn. 1.-v. nuclei of ganglion cells 

I. to V. of brain. 
n. l. 

nll. 
rt. TII. 

n. n. 
(£. 

pd. cl. d. 
pr'c. _qn. 
sac. cl. 
sp'z. 
st. pi'ph. 

le. 

va. df 

laternl nerve of ventral 
nerve cord. 

nucleolus. 
median nerve of ventral 

nerve cord. 
nervous nuclei. 
ccsophagus. 
stalk of dorsal cell. 
proeess of ganglion cell. 
dorsal sac. 
spermatozoa. 
peripl1eral layer of anal 

ganglion. 
testis. 
vas deferens. 



WAUD - Nectonema. 

Fig. 1. 

Fig. 2. 
Fig. 3. 

Fig.4. 

Fig. 5. 

Fig. 6. 

Fig. 7. 

Fig. 8. 

PLATE I. 

Male Nectonema, natural size. The bristles are so minute that they could 
not be represented in proper proportions. Free h11nd drawing. 

Anterior end of the same to show torsion of the body. Somewhat dia
grammatic. 

Dorsal view of anterior end of living animal. X 32. 
Lateral view of anterior portion of living animal. Drawn by A. Agassiz, 

August 5, 1871 
Posterior portion of male. Drawn from specimen cle11red in clove oil. 

Simple microscope. X 7. 
Posterior portion of female discharging eggs. Drawn from specimen 

cleared in clove oil. Simple microscope. X 7. 
Lateral aspect of central part of body. Drawn by A. Agassiz, August 2, 

1877. 
Ventral aspect of body. Drawn from living animal, and afterwards re· 

duced one half. 1. A. X 6/. 
Right half of 11nterior portion of the body drawn from a transparent object 

in clove oil, and represented as though the near (left) half of the ·body 
had been removed. 1. A. X 48. 

Fig. 9. End of body of _male viewed as a transparent object in clove oil. 2. a·*. 
X 17. 

:Fig. 10. End of body of female viewed as a transparent object in clove oil. 2. A. 
X 50. 

Fig. 1 ,. Cross section from centre of body of male. l{lcinenberg's lncmatoxylin. 
2.A. X 98. 
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WARD.~ Nectonema. 

PLArl'E II. 

Fig. 12. Tangential section, including cuticula of dorsal line with bristles. 1. C . . 
X 180. 

Fig. 13. Cross section of cuticula with bristles attacl1ed, only t.l1e bast'Ll portions 
of whicl1 are represented. At tl1e lo,ver side lies a cross section of a 
bristle. 4. C. X 400. 

Fig. 14. Cross sectio11 of cuticula, with scales attacl1ed. Apocl1r. 4 mm. Compens . 
. 
Oc. 4. X 360. 

Fig. 15. Cross section of scf.tle with cuticula and h)rpodern1, Apocl1r. 4 mm. Co1n
pens. Oc. 12. X 1,050. 

]"'igs. 16, 17. Cross sections of scale or1 cuticula to show central canftl. Apochr. 
4 mm. Compens. Oc. 4. X 360. 

Figs. 18, 19. Surface vie,v of scales on cuticula. Apocl1r. 4 mm. Compens. Oc. 4. 
X 360. 

Fig. 20. Cross section of cuticula and hypoderm. El1rlich's l1rematoxylir1. Apochr. 
4 rr1n1. Compens. Oc. 8. X 720. 

Fig. 21. Cross section of body wall just la.te1·9,l to dorsal line to show structt11·e of 
, 

tl1e n1 uscles. Apochr. 4 n1m. Con-ipens. Oc. 8. X 720. 
Fig. 22. Fragn1ent of muscle after m~1ceration in 60 % ItOI-I, and subseque11t 

treatn1ent with potassic acetftte. 3. C. X 320. 
Figs. 23-26. Cross sections of body ,vall fro1r1 clifferent individuals to sliow tl1e dif:. 

ferent widtl1s of the contractile and protoplasrnic zor1es i11 tl1e ml1s

. culrtr layer. Tl1e contractile zo11e is represer1ted by a darlr btt11cl, and 
tl1e protoplasmic by a ligr1ter tint. 1 A. X 52. 

Fjg, 27. Tailed nuclei from n1uscular layer. Mayer's 11Cl C}trmjr1e. Apochr., 
4 mm. Con1pcr1s. Oc. 8. x· 720. 

Figs. 28-30. Portions from protoplasn1ic zone of n1usculftr lEtyer, sl10\.vi11g tl1e for· 
mation of corpuscles fron1 tl1e free er1ds of tl1e n1uscle (?) cells. Ge11-
tian violet arid eosi11. A pochr. 4 mrn. Com per1s. Oc. 4. X 37 5. 

Fig. 28. Portion of cell nearly cut off at .1:. 

Fig. 20. Porti~n of cell at x, wl1icl1 stains more deeply and resembles corpuscles 
(cp1.) of the l)ody cavity. 

Fig. 30. Corpuscles of different sizes con1pletely separated from p1·otoplasrnic 
zone. 
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WARD. - Necton~ma. 

PLATE III. 

Figs. 31-45. Transverse sections of tl1e a,limentary canal from a single series of 
sections. Mayer's l!Cl • Apocl1r. 4 r11rn. Com pens. Oc. 4. car1n1ne. 
X 230. 

Fig. 31. 7tl1 section of the series. 
'' 32. l6tl1 ' ' ,, 

'' ,, 
33. 25th ' ' ,, 

'' 
'' 34. 31st ,, '' ,, 
,, 

35. 32d '' '' ,, 

'' 36 38th ,, ,, 
'' 

'' 37. 47t}1 ,, 
' ' ,, 

,, 
38. 48th ,, 

'' '' 
'' 30. 49th '' '' '' 
'' 40. 50t11 '' ,, ,, 
,, 

41. 51st ,, 
'' 

,, 
,, 

42. 52d '' '' ,, 
,, 

43. 54th '' '' ,, 
,, 

44. 55th ' ' 
,, ,, 

,, 
45. 103d ,, ,, 

'' 
Figs. 46-48. Transverse sections of alime11tary canal from tl1e reg-ior1 wl1ere it is 

bounded by two cells alone to show ditninution in size to,vard tl1e pos
terior end. Apocllr. 4 11Jm. Compens. Oc. 4. X 230. 

Fig. 46. Klcinenberg's l1rornatoxylin. 
Figs. 47, 48. El1rlicl1's hre1natoxylin. 

Fig. 49. Transverse section of alimentary canal to sl1ow tl1e normal relation of 
tl1e lumen to tl1e cells. l{leinenbe1·g's hrornatoxylin. 2. E. X 610. 

Figs. 50, 51. Transverse sectio11s of tl1e oosopl1ageal cell in tl1e san1e series. El1r-

Fig. 50. 
Fig. 51. 

Fig. 52. 

lic!h's hrematoxy lin. 2. E. X 610. . 
To sl1ow t11e relation of tl1e nt1cleus to the chitinous tube. 
Two sections beyor1d tl1e section i11 Fig. 50 to show disappearance of tl1e 

chitinous tube. 

Lateral aspect of intesti11e. Tl1e two cells of tl1e opposite side are not 
sl1own. Ehrlicl1's l1romatoxylin. 2. C. X 165. 
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W,\ltD. - Nectooem11. 

Fig. 53. Posteri<>r er1<1 of male viewed as a trar1sparer1t ol~ect in clove (>il. 2. C 
X 165. 

Fig. 54. 

Fig. 55. 

Fig. 56. 

Fig. 57. 

Fig. 58. 

Fig. 59. 

Fig. 60. 
Fig. 61. 
Fig. 62. 

Wall of dorsal sac showir1g nuclei. El1rlieh's hromatoxylin. Apocl1r. 
4 mm. Compens. Oc. 8. X 725. 

Sper1natozoa, ( unripe 1). Bohmer's l1ren1atoxylin. Apochr. 4 mm. Com
pens. Oc. 12. X l,000. 

Posterior end of female viewed as a transparent ol,ject in clove oil. 2. A. 
X 95. 

Sagittal sectiori tl1rough posterior end of female, showing sliglit develop• 
ment of anal ganglion. El1rlicl1's hoomatoxyliQ. 2. A. X 95. 

Trans verse section tl1rougl1 middle of body of fe1nale filled witl1 eggs. 
I1ohmer's l1ron1atoxy lin. 3. A. X 130. 

Transverse section tl1rough body wall of nearly mature female to sl1ow 
re,nains of cell layer (*) within tl1e muscular layer. Bohrner's l1rema• 
toxylin. 3. C. ·x 330. 

Section of in1mature egg. Ehrlich's hrematoxylin. 3. D. 
Section througl1 nearly ripe egg. Bul1n1er's l1oomatoxy lin. 
Egg after co11taet witt1 sea-water. Glycerine preparation. 

X 540. 
3. D. X 540. 
3. D. X 560. 
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WARD. - Nectonema.. 

Fig. 63. 

Fig. 64. 

Fig. 65. 

Fig. 66. 

Fig. 67. 

Fig. 68. 

Fig. 69. 

Fig. 70. 

Fig. 71. 

PLATE V. 

Ventral aspect of head with brain, viewed as a transparent object in clove 
oil. 2. C. X 160. 

' ' 

Nucleus of dorsal cell showing enclosed body (x) .. Bohmer's hrematoxy· 
lin. Apochr. 4 mm. Compens. Oc. 8. X 680. 

Nucleus of dorsal cell. l{leinenberg's hrematoxylin. Apochr. 4 mm. 
Compens. Oc. 8. X 680. 

More regular nucleus of dorsal cell. El1rlicl1's hrematoxylin. ,A..pochr. 
4 mm. Compens. Oc. 8. X 725. 

Oblique section through basal portion of dorsal cell where the process 
• 

enters and divides. Bol1mer's brematoxylin. Apochr. 4 mm. Com-
pens. Oc. 8. X 725. 

Small nervous nuclei of brain. El1rlich's hrematoxylin. Apochr. 4 mm. 
Compens. Oc. 4. X 360. 

Nucleus of commissural cell showing enclosure similar to tl1at of the dor
sal ~ell. Bohmer's hrematoxylin. Apochr. 4 mm. Compens. Oc. 4. 
X 360. 

Nucleus of large ganglion cell i11 ar1al ganglion. Bohmer's hrematoxylin. .. 
Apochr. 4 mm~ Compens. Oc. 8. X 725. 

Nuclei of cells i~ peripheral layer of anal ga,nglion. Ehrlich's hrematoxy
lin. Apocl1r. 4 mn1. Compens. Oc. 8. X 726. 
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WAR.D. ~ Nectonema. 

PLATE VI. 

Figs. 72-88. Successive transverse sections tl1rougl1 tl1e brain. ,.fhe small ner~ 
vous nuclei are represented by simple dots, the nuclei of tl1e large 
cells as accurately as possible; tl1e cell bodies a1·e not represented. 

Fig. 72 is tl1e twelf'th section from tl1e apex of tl1e l1ead; eiicl1 section is represented 
from its anterior face, and approximates 10 µ in tl1ickness. El1rlicl1's 
l1rematoxylin. 2. A. X 95. 

Fig. 89. The posterior end of tl1e male with anal ganglion and dorsal sac viewed 
as a transparent object in clove oil. Only a few of the 11ur11erous Gre
garinida (*) in the body cavity are represented. 2. A. X 66. 
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WARD. -Nectonema. 

Fig. 90. Sagittal section tl1rougl1 posterior end of rr1ale, sliglitly lateral, sl1owing 
large cells and processes in anal ganglior1. Bol1n1er's hre.matoxylin. 
1. C. X 180. 

Fig. 91. Gregarinida from mass of s1)ermatozoa. Or1e in cross section is sliown 
at a. Ma,yer's 1:-ICl carmine. 3. D. X 560. 

Fig. 92. Transverse section, sligl1tly oblique, f'rom near the tip of the head, show
ing ser1sory cells, and nerve fibres passing up towards tl1etn. El1rlicl1's 
hrem::itoxylin. 2. C. X 230. 

Fig. 93. Isolated sensory cells from front end of head. El1rlich's l1romatoxy lin. 
Apf>chr. 4 mn1. Co1npens. Uc. 8. X 725 .. 

Fig. 94. Diagran1matic representation of tl1e relative size and 1>osition of tl1e large 
ganglion cells in tt1e brain. 'l~l1e extremes of variation in tlle ·position 
of the second pair ( cl. gn. II.) arc represented ot1 tl1e right and left of 
the figure. Dorsal aspect with the dorsal cells removed ; tl1e deep
lyi11g cells appe~tr fainter, cells w11ich are nearer being more promi
r1ent. J)rawjng by A. G. Mayer. 

Fig. 95. Oblique lo11gitt1<l inal section of posterior portion of tl1e br}ti11 ftnd the pa1·
tition .wllich cuts off tl1e anterior chambe1·. Tl1e deer>est and l~tst 
portions of tl1e processes of tl1e dorsal cells are sl1c>wn. Eltrlic]1's 
l1oomatoxy lin. Ap<)cl1r. 4 mm. Compe11s. Oc. 8. X 7:25. 
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WARD. - Nectonema,. 

Fig. 96. 

Fig. 97. 

Fig. 98. 

Fig. 99. 

Fig. 100. 

Fig. 101. 

Fig. 102. 

• 

PLA'fE VIII. 

,.rransverse section from posterior region of body of male. The dorsal 
rr1argin is sorr1ewl1}tt broken. Bisrna1~clc brown. 3. A. X 125. 

Longitudinal section <>f ventral nerve <!ord near tl1e front e11d of tl1e anitl 
gl111g·li<>r1. Bc.>hmer's l1retnatoxylin. 1. C. X 180. 

Dorsal cell v iewe(l i1s a trar,s pare11t object in clove oil. The left l1alf cJf 
tl1e cell is occt11>ie<l by a larg-e vae,1c>le. 2. D. X 2VO. 

Transverse seeti()n tl1rc)ugl1 dorsal <:ellf and t>rain. The section is oblique 
enougti to pass t~1rougl1 the process of tl1e first cell on t11e lef't, an<l of , 

the second <!ell 011 tl1e right. M:-tyer's IICl carrnine. 2. l). X 2f)O. 
Tern1ination ot· process of rigl1t dorsal cell in Fig. 99 fot111d 20 µ :fartl1er 

.posteriad. Mayer's I-IC! carmine. Apocl1r. 4 n1m. Con1pcns. Oc. 4. 

X 360. 
Transverse section of ventral line v1itl1 ventral nerve cord. El1rlieh's 

• 
hremat<>xylir1 an<l eosin. Apt>t!l1r. 4 mm. Compens. Oe. 4. X 250. 

Tr(tnsverse section of' dorsftl line. El1rlich's hron1atoi:}·lin and eosin. 

Apochr. 4 r11m. C<>mpens. Oc. 4. X 250 . 
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