
ixiir:!.ii,,.,"•.,,,.'
:.i.;il,,ilz,ii..,,.,,i,,./#',/tttli/gli•ill'.-.hN.ig't'-""ilip..va-.-ww'..ll/iilt//lil,{ll/illl•//i,':////li,..,,,,,,,,

   On some Points of the Internal Structure

               of S(/flz71a oralon'o.

                       .By

          Taku KoMAI and Yuh Mao TuNG,

          (Institute of Zoology, Kyoto lmpeL'ial Univerbity)

                                 '
                                  '                 l•'IJiiZlt .Plalc's l-ll

                 (Received N'ov. 27, I930) •

              . Contents
                                             '             '                                               !'age.
2X.NALGI,ANI) ........•-.••-•••t4•••••••••• :
  Ii]trocluction ............................ 2
  IIaterial and niethods . . . . . . . . . . . . . . . . . . . . . . . , 2

  ILSIact'oscopical observations. . . . . . . . . . • . • • • • • • • • • • 3

  I-listologlcal observations. . . • . . . . . • • . • • • i • • • • • • - 5

     IJhe ]iniit of post'evior extension of ]nescntcron . . . . . . . . . . . 5

     lti$tology of anal g]and . . . . . . . . . . . • • • • • • • - •'• 7

     a. Anteriorsacs .:..................•••• 7
     b. ).'osterior sacs . . . . . . . • . . . . . . • • • • • • • • • • 9

  .t"L}ia! gland in larva. . . . . . . . . . . . . . . . . . . . . . . . . (;}

  General remarks .......................... io
IIEAIur AND .tX.KTERIAL SysTF"M . . . . . . . . . . . . . . . . . . . . . . II

  Inti'oduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . ii

  I'Ieart ............................... u
  JXrteries in cephalic region . . . . . . . . . . . . . . . . . . . . . . i2•

  tXt'teries in thoracico-abdoininal region . . . . . . . . . . . . . . . . . i3

  Subneural artery . . . .. • . •. • • . .. . .. . . . . . •. . . i"

LITERATullECITED........................... I5
.Exm,ANA'rloN olr IPLAT{:,s . . . , . . . . . . . . . . . . . . . . . . . . I6



2 [ll'. KorfA( at}cl `ELL M. TuNG:-

                        ANAL GLAND

                         f7ti •r o d-u c l x'o n

    It lias lonf.r been 1<nown that there exists iii the stomatopo(l a
l<incl of glandular caecum communicating wlth the di.o'estive tract near

the anus. Th.us, as eai'ly as in i883, CLAus stateci that in this group
no antennal excretory glaRd is foL}nd, but "[Ein stellvertretendes Organ

findet sich als tYnhang' des tXfterdarms uncl zwar 4n aussersten Enclo

clesselben unmittelbar vor der A.iismURdung neben der After$palte. Zu
beiclen Seiten der .I"LÅí.tersp:Llte finclen sich zxvei Drtisensa'ckchen, deren

7..ellen starl< in clas I.umen vorspringen uncl ein Secret Etusscheiden,
xvelches sich als 1<6rniges Sediinent niederschlagt " (p. i2). iNpparently,

this statement is based on his observation on the A.lima larvck, XVooDLAND
in ig[3 reinarks that }` The rectttl tglancls are found iii bot'k sex• es

underlying the ramification ot' t.lie `livey' in the telson. 'I'liey are

txvo in niunber, are larg'e, xvith spacioiis luniina, ancl open in the adult

as ii} ti}e la` rva laterally at tlie posterior end of the rectum. In addition

to tliese rectal glancls there are preseRt some small accessory ttibules
opening into tlie g'ut in the sanie reg'ion, xvhich apparently bear sonic

resemblance iii structure to the urinary tubes of amphipocls" (p. 42s).
    '1"he niiRute strLicture and function of this or..o'an, lioxveve.r, reniains

Ei.ltogether unk'nox)Lr-n.

                    xl fa t c' r t'a l a n (l .l.fcr t li o (ls

    '1"he inaterial of {iliis sttidy xva$ obtainecl cliiefly Å}'ronk Ei.dtdt in--

dividtials collectecl in Tokyo Bay as 'Nve.11 as in ]<asaol<a Bay iii thc

Inland Sea.. tXlso some larvtt! material xvhicli came from 'l'ol<yo Bay
xvcks usecl. To ol)serve the org'an in toto, the sclerite and hypoclerniis

around the anus xxrere yemoved ; then the orsran coines in.to v•iexv uncler

the dissecting niicroscope as a set of four tiny sacs attacl}ecl to the
wall of the rectum very close to the anal spiit (7lryl-L,iZg; l, i).

    For l}istological purposes, tlie organ was cut out xvith neisrhborinLg

ti.ssues ancl fixe.cl xvitli I LE)i"riNG's stroiig solutioB, ZENKEi<'s or BouiN's

mixtures or acetic sublimate soltition, each of which gave fairly
satisfactory resuits. ]fH.specially by V. LEMMiMG's solution excellent fig'ures

xvere sometimes obtainecl ; but ZENKER's ancl BouitsT's niixtures also
g-ave neckrly as gooci results. The macroscopical observations were made

by the junior author alone, while all the histological examinatlons atic!

clescriptions were mi, cle by tl}e senior author,
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                 t'ltlTacroscojb i'cal 0bseT"datz'o n-s

    The org'an cotislsts of two pairs of small s.ics lyin.o' very close to

the anal split on its postero-dorsal side, between the fiexor-muscles of
the telson (,Tex't-L7fg. f, i & 2). The anterior pair are partially hiclden

by the dilator iinuscles of the rectum. All are roughly pear-shaped and

attachecl to the wall of the rectum on its postero-dorsal side each by

a short stall<. They are wrapped with connective and muscle fiber.s
ancl blood-capillaries which mal<e the macroscopical observatlon rather
harcl. Especially in females in the breeding geason the sacs are pressed

under the enormous ovary ancl very harcl to make out.

    Both the pairs at`e i"arely symmetrica{ in sha,pe and size. This
is especially the case with the anterior pair, of which the left sac is
usually larger than the right, as shown in Te.vl-L,i7g• Z, i-3 & s-7•

In very large sacs of this pair, a very small supernumerary sac may
exist at the base o' n its iBternal side (8). The lcltrg'est sac mecasures s

mm. iR longest diameter. The st.alks of all the four sacs lie very close

togeei}er, so that in the sicle view the posterior sac is partly hiclden

by tliie posterior part of the anterior sac, and the posterior margins

of the posterior sacs touch each other on the meclian line.

    The innervation of the organ is Åírom the last abclominal gang'lion
(i., 3, 4, .o') which is situatecl in the sixth abcloininal somite. Of the

foRr pairs of 11erves issukl..o' fl"olll tllis s,'all..o'lion, the last paiz' seRcl out

eac,h on the internal side a thin fiber. This is d"'ided into two branches

xvhich are siLibcllvicleC{ and distributer1 on tlie ventral side of the sacs

(3, 4, 6, 7i).

    The bloocl supply coinci;s froni a pair of braRcl}es of the posterior

aQrta xvhich pass cloxvn along the posterior wall of the recttini, oricircl-

insr it neat' tl}e anus, cand united "Tit}i branches froin the sublteural

artery oR tlie ventral side. Numerous branchlets i$stiing from these
arteries aye distributecl around both the sacs (3-s)•

    Tl)e anterior sacs usuallv contain a concretion xvhicl} is rather

larEre in size, mostly being i----2 nim. in diameter, spherical or some-

xv}aat jrreg'ulay i'n shape, ancl light olivaceous .or yelloNvish broxvn in

color. It lies freely in the lumen of the sac so as to be moved easily
by the i]iotion of the animal. It is ret'ringeRt, witl} beatitiful concentric

rings, and is dissolved readily by acids, proclucing g'as foam, showing'
                                                `clearly that it is inade up of acaclciuin cornpouncl (g), Tlie posterior

                --StLCS IIeVel' COIItalll tlllY COIICretlOll. ' ••
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   Te.xt-11guve r, i, Sixth abdoiiiinal soTnite and telson svith sternites re]noved,
tlie position of anal sacs among the neighl)oring organs. Ventral viesv. Å~314.
   2. Ventral vieiv of anal sacs with radiatinu inusele- and connective-tissue tibers.
                                    o   3. ])"Terves and arteries in the neighbot'ing region of anal sacs. Å~.4.
   4. Lateral view of the same region. Å~4.
   s. Lateral view of the posterior end of intestine w;th anal sacs. Xs.
   6. Venti`al viesv of anal sacs showing innervation. Xs.
   7. Ventral view of anal sacs of anot'hev individual. Å~8.
   8. Lftteral view of an,ft1 sacs svith an ttccessory sac. Xs.
   g. Conci`etions feund in anterior ttnal sac. Å~8.
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                  ./-) i's!olo.tr Zcr a• l• 0bsd'7' 7.'aXi'o ii .g

         .7i/2e Li>n.iZ o/ 7?os!er!br .ZT.x'lgnsibn p/ .lft'sen!r7'on.

    ]3efore goin..o' iiito the histo.lo.c"iccl descriptions of thcse sacs,

inention m"st be inacle of the limit of po.gterior extension of the
ineseltteron in S42t.llla, bec.iuse there are certahi discrepRncies of opinioR

on this Point anlon.o,,ny previous investif.)'ators. NVooDL.xND (Igl3) relnarl<t ,

" The niesenteron exteiids from the stomach to the re.o'ion of the anu.g,

Nvl]ere t.he ctiticle of thc proctoclaeuin becomcs inturnccl for only a
short (i!istaRce" (p. 42s). Accol'd{11..o' to GIEsBREcl-IT (Ig2{), "Dol'
]nesoclitalc Toil des I)arnies ;reicht bis ins T(slson; er ist bis zuni 4.

IPIeonsegment eng' uncl dtlnnxvandis., erNveltert sicli dann uncl sclawillt
ini Sacl< an (n)it clicl<erer, inner litrigsg'erunzelter X?iTancl), c!er init ganz

                                              skurzeni, vcntrad ab. stei.o'encleni P,roctoclaeuni nicht .xxrek hinter cla{n

ventralen Xrorclerende clcs Telsons mUn(let" (p. gg)• BALss' (ig27)
statement is somewhat diffe.rent. " Der I+IiRterdarm, das Proc.toclaeum,

beglnnt im 6. fN. bdominalseg'mente, erxveiteit sich bht seBfl5rmi.g' uncl
intlndet im Tetson ventrcal.....,.,." (p. ios).

    ]N•Iy observations have revealecl that XVooDLAND aRd GiEsBRF.ctiT's

descriptions are correct. The mesenteron, as founcl by these authors,
cxtencls posteriorly into the tetson down to the very close proximity
to the anus. In the anterlor part of the telson tlie cavity of tl]e
intestiiie is fai,rly xvide and the wall is composed oÅí $ecretory cells

having nuclei at ]Lrarious hei.o'hts. [Il'hls portion oii the intestiiie is

contiilued bacl<xvarcl into ar3other portion "Thicl} is rather proiiotincecl!}r

dififerent from the former in several respects. The internal cavity is
very sniall; tlie xvall is stril<liigly folded ancl encirclecl xvith a rather

strong musculature. The compoRent cells are tall ancl narroxv, eviclently
pon-secretory, the p. Iasni appearlng' quite clear ancl the nuclei all sittiated

near the basal end (Te.fL"X-:•,iZ.o'. JLI,1 c). tX..ll these features seein to show

that the portion apparent!y performs the function of the colon. No.xt.
conies the rectuni (-r) "rhicli is quite strais.rht ancl uRfo!ded i, nd 1]as a

very limited length of i-2 mm. ]IIere t.he cells are also elongat.ed
ancl narroxv, but the piasm doe,s not lool< so clear as in thc fol(lecl

  tL anterior anal sac, i!'. acce3sory sac of tlie sanie, a. anu',', c. ao. catidal aortn,
.o; - lag.t abdon]inal ganglion, li. hepatic gland, i inte$tine with survounding hepatic g.land,

in. a. ]nuscle and connective-tissue ilbers of anal sac, •in. r, nniscles of rect'nn], 7n. t•
inuscles of telsen, 7n. ?t. inuscles of uropocl, n. nerve fiipplyin.ff, anal .crland, n. posterier

anal sac, s. n. stibneural at-tery, t. testis.
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         and recttun, Å~25o.
          A. anterior anal sac, c. colon, d. duct of .interior anal

          sac, r. rectmn.

portion and stains fairly well with eosin. The contour of each cell
appears very distinct so that stron.o" striation is seen in the wall. The

nuclei are inore elongated than those in that portion and situated at
about the middle of the len.crth of the cells. The free border is covered

wa•  ,11/K.scZtiL•i,..t,

 i]i:g}k•gtltilillli]/    .'s
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xvitl} a chitin coat wliicl} is thc direct continua. tion of the sclerite of

oÅí the ventral surface of the telson. The internal encl of the wall of
the rectum is reflectecl e.xter,naUy ancl thc cells .cr.o over the cc.lls in

the fo,lcled portion rathe.r abrtiptly. . • '
    [IIt is beyond clo.ubt,, that t'Iite secretory part of the intestlpe-, found

in the reg'ion of th". tel.son belons,s to the mesenteron, as also that
tlie rectum is the p.roctoclaeum, But the nature of the folcled portion
inig'ht no.t be so clear. I/Ioxv•aver, careful examinatioRs oÅí the sections

of the portion iR qiiestion in tlie adult ancl larval specimens have
revealecl alniost clefinitely tl]at the cell-lining' liere is not ecto.clermal,

but entoclermal. B(i,sides ot'her lacts, the absence of a chklii coverin.o'

on the borcler and the rather abrupt c.hange of the colnponent cells
frQm that portio. n to the rectum, in contrcast to an insensible transitio. n

of the same from tl]e former to the secretory portion, are the evidences

for this view. IN'o doubt embryological c!tta wilt be fotmcl very help-
fu.1 iR decic{ingr this question conclusively.

                    I'Ztlrtolo.cr.i, q/ // nal Gla.npt

     '
    B)oth pairs of the s,acs have a ratlaer spacioxis intertital cav-it]sr

xvhich coinmunicic tes witli the posterior encl of the inesenteron by a
short st,ftlk-the cl"ct (7'exX-•fi.o". IZ ul). The point of comin"nication

ls in the foldecl portion of,the mesentero. n mentioned above. The ducts

of the txvo pairs of sacs lie very close tog'ether, being only a few
sections apart ln transverse sections, while ln horizontal sections both of
thena may appear ln the same section (Pl. f, .IZg. f)•

    The celis composing the xvall of the sacs are all secretory ln
function cncl apparently oRly of one kincl in the sanie sac; however,

a very clear clifference may be noted betweeil the cells composln.o.' the

anterior sac and those of tl}e posterior sac, as will be described later

on, The sacs are investecl with a network of si"all haemocoelic lac"nae

xvhich lie so cloSe to the sac-"raU that they are partially bo"ncl by the

basenieRt ineinbrane on xvhich the celis of the' xvall stanc!. fXi'ouncl'

tlie lacutiae aro nuinerous niuscle-fibers, niostly circular in direct{on,

ancl 'also some connective-tissue fibei's.

                       a. .•Inkrr!or ,S'(rcs

    Thc anterior. sacs are cl)aracterizecl by tlie pireseRce of a concre-
tion in their cavities (.11..o'. .o.) and also by the cells bein.o' x"acuolated
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,and cyanophiloiis. Son)e diffeyences niay be found in the nature of
the cells coniposing the sac-xvall between larger ancl smaller sacs of
this pair. :.rn smaller si,cs the wall shoxxrs nuinerous foldings and the
cells are rftthcr ta- 11 an(1 cylindrical ancl less vac.uolated tliaR in lar.o'er

sacs (v,ifig'. 4), The nucleus is vesicular ancl situatecl usually near the

midclle or soinexvhat more close to the base. The plasm shoxvs long.i-

tudinal striations and contains inii]ute secretory g..pherules. At the

distal end tkere is ustnclly a secretory glol]ule xvhich is in vqrious states

of consCriction and liberaticn. The content of the s.rlob"le tal<es hardly

any stain except xvl)en it encloses a cell-nuclc}us, ivhich is so}netimes

the case. The cells xvliich are not surniountecl xvith tke s,lobule, 1iavc

an evu.n ancl tEuncated distai border "There the characteristic longit.udinal

strlpes are clearly observable. Eviclenely these cells repyesent the
yozmgest stag'e of tlie secretory cells. XVhen the secretoi-y actioR
arrives at a ccrtain stage, it sma.11 globule is fo/'med at the tip of ehe

cell, which enlars"es to a certain limitecl extent. The globiile is then

constrictecl off from the matrix and liberated in the cavity of th'e sac
(.,i7s'. fo). Thus the terminal portion oE the cell isJost; ancl when the

sic me procesS is repe.ated, which is apparently the case, the part of the
cell whicl} contains the nucleus becomes constricted off (.i7,g'• 4). I.n

tlie parts of the sac-xvalL "The.t'e it is elevatecl into folds, the cells are

particularly narroNv anc! alongatecl, with tli{e nuclc2 also olonL.o.'atc}cl in

the longitucl.inal clirection, .gXt the base of eckch fold occurs usually 1-

kae.mocoelic cavity as a core of the fold, so to speak• (.7Z..oi. Ih)•

    In the larger sacs tl]e foldin.o' of Åíhe wall occurs oBly in the pa,rt

adjacent to the cluct, the xvall being inuch ioxxrer in the reniaitilng' part.

The component cells may bc nearly square with some longitudlnal
striatior}s (fi.oJ. 6), or strong'ly swollen so as cilniost to become spheroidal

ancl fi11ed with a single large vacuole, while still others are vc.ry narrow

and carry cft larg-e secretory globule at the distal end (.]Zs'. s). Un-

doubtedly ail these represent the different phases of one ancl the same
secretory celi. Of the three phases mentioRed aboxr•e, the first is probabl}r

the young'est stag'e jn •which the secretory activity has not beg'un yet ;

the phase mentioned last js the next stag'e, which is in tlie hei.o'ht of

activity, while the swollen cells prob: bly belons.r to the senescent stage of

the glancl-cell. ENridently xvith the .,o,'rowth of the rectal sac, the
coniponent cells .o.'radually undergo chengc both in shape ancl nicttire

in the manner inentionecl above.

    In scine preparations a breach is founc! in the wall of the satc,
thro.ug'h which some waste mi,tters are bein$r thrown into tha. cavity
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(rf.o: 6). 'Irlie matters are mostly se.nescont cells. 'But there is some

rooin for suspectin.cr. that such is not a natural occurrence but simpl.v
atl artefact.

    A- .s alrea(ly stated., tl},o ai)terlor sac usiially co.ntains a concretion

in its lpmeti (.,if?.o'. 21. In some sniall sacs, as xvell as in some very

1, r.o'c. sacs, 11oxvevel', the collcretioll lllay 1)e lllissill..o' cllld the s,lc is enlpty

except fcr the pre.sonce of small secretory sp.herul.es. Tn sections, as
in viexv in toto. the concret.ion exhibits beatitiful concentric rin.o's. '].'he

..o,' round stzbstance is acidophilous ancl shoxvs some detritiis matter
imbedcleci iii it. Externally it is surrounclecl by a few tayers of inom-

bra, neous substance.

    It is beyond cloubt thf t the concretion is formed by the con..o-lomera-

tion oÅí the substance containecl iR the secretory spherules, and that
it is finally cast out by ineans of the cluct into t'he.rectal ltunen ancl

thcn to the exterior. Its absei}ee in small as weil as in xrery large
sacs is evidently (lue to. the fact that in the former it has not been
formoci yet, ancl in the latter it l)as l)e.en discharged already.

                       b. .Z?osXe•ribr .S'tr,ds

    In size ancl sl)ape, and also in stiri/icture, the posterior sac shoxvs

little (lifference froni the anterior sac. .But tlic incliviclual cells are

clecidedly more unifor.m in appecftrance, and the plasm is more conipact
and never x'acuolated (.7Z.crs. 8, g). It is markedly acidophilous, iR sharp.

contras.t to the cyatiophRous piasm of the cells ccmposing the posterior

sac. In somc cases the cells are Nrery tall xvith their termlnal parts

considerably clrawn out jnto the cavity of tlie sac. I.ongitudinal
striatioRs occur in tl}e basal reg'ioR and also tiny fibrils in the middle

region where the vesicular nucleus is founc!. Soine .o-ranules xvhich
take basic dyes are distributed in the entire cell except the termiBal
region. The se.cretory substance is liberateC! as a vacuole constrictecl

off from the tip of each cell. No concretion is feund in the sac, as
i, lready inentionecl.

                   Anal Gland i'n La7'z,a

    In tl)e larxra in the niost aclvanced sta..o"e of de.xrelopment, the two

pairs of sacs are already repz'esentec! cs evaginations from the intestinal

wal! in the sanie region as iR the ac!alt (.,iZ.o; ,3). The sharp differe.nce

{n the compone, nt cells between the two pairs is cr lt'e.acly very app. arent.

The cells in the anterior lq.ac (xl) have a smooth borcler wi'th nuclei

situatecl nearly on the saine level in the bottom reg'ion. The plasm is



io T. I<o"i.xi ancl Y. M. TuNor-
cyanophiloas ai)d slig'1}tiy grrcatiiular. 11.Sut no concretion is fovind in

tlie cavity. In the posterior sac (P), on the contrary, the cells have

a distorted outline and pecuiiar ainoeboid appearance; tliey are al1
mtich elo. ngated and project into the cavity, The border is very uneven
aRcl the nuclei are situatecl at varioiis heights. The plasni is aciclo-

philous ancl coinp.ftct. Vsually tlie posterior sacs are lar..o'er than the

anterior sacs, tlie former nieasuring up to o.2 nini. iti clicanneter ancl tlie

latter o.i mm. or less.

                       GcneTal /x). c7n a• 7' l's

    tXpparently all of thcfi) previous investi,cr.ators of this orgtan h,ave

tal<en it for grantecl that it belon.,o.'s to the proctoclaeum. The obserNra-

tions mentioned above, hoxvever, seem to 1iave disproved this view and
supporteci the view of the mesenferic origin of the org'aR.

    Next, as to the functioR of tl}e org'an, it is beyond cloubt at Ieas.t

that both pairs are secretory. The di,fference in natture of the conipo-

nent celis, however, sug's,'ests that there is some difference in the
stibstance secretecl. The preseRce of a concretioR iR the anteitior sac.

shows that a calcluin conipound, possibly of "ric acicl or something
similar, is excreted from this organ ancl thitt this 'Åíunctions as an

excretory organ. The posterior sac contains no concretion iR its cavity•,

ancl it may be less certain that its function is of the same 1<incl. But,

siiice a more plausible interpretation is hardly possible, jt seems lil<ely

that it is also an exgretory organ discharging a stibstance somewhat
clifferent from that from the anterior sac. Probably these two pairs
of g-laixlular sacs carry out the excretion of the waste-prockicts in the

posterior reg'ion of the body, acting' as auxlliaries to the maxillary .o.'land

whicli is the primary excretory organ of this animal.

    In Ncbaliiz there occurs a blind sac of the inid-intestine in nearly

the same reg'ion. 11"his sliows, however, a ra•ther great difi7er.ence in

structure from the anal gland of Sau271a, so that it is rathe,r clifRc"lt

to honiologize it xvith thls or..o.'an,

    O. f. the previous authors, CLAus, as inentioned aboSr-e, has mentioned

the presence of two g-lancl--sacs, the cells of which are prolong'ecl stronglsr

into tlie lumen ancl produce a gr, E nular secretion. Evidently he observecl

the posterior sacs only, X?SrooDLAND. a!so, has noticed two g-lands xvhich

open into the recttnn, and in addition that "there are present sonie
sma!1 accessory tubules openin.o.' into the ..o'ut, in the saiiie retgion ".

These "tubiiles" apparently refer to the posterior sacs ";hose xvaU
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may be writ}kled, atxl which look not unlike some tubules (Pl. /l,
.ffbcr• f) in sections.

             HEART AND ARTERIAL SYSTEM

                        /iiX7'oducli'on

    The circulatory system oÅí tlie stomatopoci is only lmperfectly
knoivn, since the accoultts given in papcrs by olcler authors such as
/X.uDouiN, M.-EDwA}iDs and [DuvERNoy are all very meas.re and inac-
curate, while the descriptions of CLAus ancl (}m.sBi<EcHT are confinecl

to statements on the system in the ].arval form. Siich circumstances
apparently justiÅíy tke publication oÅí cx brief note preparecl by the senior

author some years ago concerning the heart and arterial system of tlte
a.dult Sa2t2'lla oraXonb. '1"he obserxrations were made on fresh materia' 1

o})talnecl ln II]ol<yo BELty xvith the only a.icl cf the orciinary injection

niethocl.

    B. efore .o'oing into detail, it inay be mentioned that the heart and

arterial system of the a. dult stomatopoc! dififer iR no important way from

those of the larva as described by CLAus and GiEsBREci{T, save only
in certain minor poii}ts, mainly in the circulatioii of Åíhe carapace.

    As is alreacly known froin the xvoyl<s of previous authors, the
circulatory system of tliis crustacean is higlily characterized by the
persistence of primitive features, such as the elongatecl tubulckr heart,

the metamerical]y-arranttec! ostia and lateral arteries.

                            ffc a• 7' l'

    The heart (l'l. IZ ff.o; f fY) extends from tl}e maxiliary• i'eg'ion

of the cephalo-•thorax to the fifth abdiominal somite. t'X.nteyiorly itbegins

xrery close to the posterior wall of the stomach, wlieere it is expanded

dorsally anci laterally into an onion-shaped sac, .giL paiy of transverse

ostia are found on the dorsal xvall near the posterior end of this portion.

Tlid rest of the heart;, by far the gnyreater portrion of it, is a tube, with

a caliber. of fi'om ca. i.s !iim, iti the tiiiteriov yegion to ca. 3mm, ki

the posterior, and perforateci with i2 pairs oÅí ostia (os) on the clorsa

stirfacg. All of the ostia are elongated in the oblique direction rig'ht-

forward to left-back"rard, iti concordancc with the main directlon of
the inuscle.-fibers oÅí the heart. The only exceptions form the first and

last pairs, which are symmetrically set, tlie fornier c,onverp.'ent xvith

each other ancl the latter transverse to the len.o-th of. the heart, in
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accordance xvitl} the local clirection oÅí the inuscle-fibers.

    0Åí all the twelve pairs of ostia, five occiu` in the thoracic, ancl

the rest in tlie ic bdoininal re..o'ion. T..hey are missin.og in the first threa

thoracic soinites, xxrhile the renaainlng 'five thor.xcic $o.mites have theni

ei,ch neairly in tl}e inicldle of its lens)'th. In the first five abdoniinal

somites occ.ur a pair of ostia v•ery close to the anterior borde/'. The
fifth somite is exceptional in having two aclditional pairs of ostia, one

in the naicld!e ancl the other somewha(t nearer t'ke posterior bordei,.

'l"he former are unclbubtedlv those of the sixth somite which liave
1)een shifted forxvard. A.s to tlie last pair it is !ikely that ' they 1)eiong
to the seventh soniite xvl3ich of cours' e reniains unitecl with the te.ison
ancl in an unclifferontiatecl state.

               Ai'lc7'i'd's x'-n CcPliali'c A'e.o't'on

  . From the atiteriov end of the heart is .criven off the cephalic aorta
(c. a•o), wl]ich passes straig,ht alon..o' tl]e inedian line on the clorsal xvall

of the $toniach to the btftse of the rostrtun. It scncls out i, fexv sinall

branches to the n"iscle of the antenna in its course. It is then ÅíLwcatecl

into two lateral braRches, each of which is directly subcliv•idecl into an

internal ancl an external ranius. 1"he internal rainus ioiBs xvith its n3ate
                                              Jon the other slde ancl forms the ol)hthalniic artery (oi6/z) which fol--

lows the course of the cep.halic a. orta imtil it is biftn'ccatecl ancl oRters

the pairecl eye. The ophthalinic artery gives oflf a ventral branch, Rearlsr

as thick as itself at its base, the cere-bral artervv (ccr), xvhich rainifies

on the ventrEl sicle of the cerebral gang-lion. [L"he external rani"s (the
colllnloll alltelMlal Ertery, L:. a•71) 'is tas,'aill biflll'c.ltecl illto tlll cllltellnul,11`

ancl an antennal artery. Tlie f,ormer passes along' the externai mar.ogin

of the icntennular somite into the antennz}le, whi!e the latter enters
the anteiuia, after sencling' off branchlets to tke .2dcluctor muscle of the

saine; it is then divided into txxro branches .ogolng' into the fla..o'ellvan

and the foliaceous appendag-e.
    T.he anterior expanclecl portion of the heart ftirther .o'ives rise to

an artery froin each of its aiiteirio-iatera.1 cortiers (arteria lateYalis

cephalica, l. tr), which raniifies in the lataral ancl ventral regions of the

head ic ncl supplies bloocl to'the epistome and all tlie inouth-appendages

inclRcling the labrum, ma- ndible, para.,o.'nath, maxillula and maxMal TliLe

lllcdc-. ot' 1'an'11ific,ltioll is ,1-s Shoxvll ill tlle fi.o'S. I & 2,

                     '    .tX.s comp. arecl with the arterial systeni of the cephalic region of

the larva, as described by 1)rex'ious authors, the $ysteni in the aduit

shoxvs the followitig clifferences: In tke larva the ophthalmic artei`y
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is tlite cllrect continuation of the cephalic aorta, xvhile in the acltilt the

latter undergoes the furcation and reunion mentionecl above, which is
evic!ently ciue to the development oÅí the ligament in this region con-
necting the rostruni and the cavapcace in the ac!ult. Further, iR the
larva a brancl} of the coinmon antennal artery of one side goes to thc
antero-inedian spine, and a fexv braRches of the anteRnal artery to the

other resrions of. the carapace. Tl}ese all have much catrophied, the
former having disappearecl completely aRd thelatter bein.e' represented
by very s.mall brar}chlets supplyit}g' the niiiscles of the antenna. Tlie

branch of the art. Iat. cephal. which is given ofiF to the'postero-median

spine of the larvai c,rapa- ce is also inissiBgiri the acltilt clrculation.

         .•1rl.'cfi'es i'7i. 7"rkoi'aci'co-abtlomi'iial /.N'e.cri'oii

    .E•Xlt()sretli{c)r fozirteen pEiirs of arteries ave s,-iv•c)tn off froin tlie late.ral
sicles oÅí tlie heart. These are arraiigecl essentially nietckmerically, so

that they inay "rell be nan}ed se..o'mental arteries. Of tliese, seven
(ssr. i-/-) belong to the thorckcic aRdl the rest (s.o'. 8-J4) to tl}e

abdominal region. They all start very ciose to the ostia witli the
exception of only the first two p.airs, for whicl} tliere exist no ostia.
The first seginental artery (.s.o". i) is furcatecl into an anterior aiid a

posterior braRch ivhich entcr the first ancl second inaxillipecl respective• ly.

The sgconcl ses,mental artery (s.g, 2) goes into tlie thircl maxillipecl

atid its branch supplies t'he secoBd inaxillipecl, while the third proceecls

directly into the fourtli in[xilliped xx7itliout diviclii]g'. 'lll'he fourth (ssr. 4)

curves ventrad and enters the fifth inaxilliped. This artery is connectecl

on both slcles xvith tl}e subneural artery to be nientioned beloxv, by a

rathe.r stroksr cominttnicating ranius. The fiftl} to seventh segrinental
arteries (s.cr. s-/h) slioxv nearly the same ram!'fication: each is dividecl

near its base into an anterior branch Nvhich raipifies ainoiif)- the niuscles

and the hepatic glancl of tlie corresponding somite and [ posterlor
branch which advances into the pereiopocl.

   • The eighth segmental artery (s.cr. 8) sencls branches to tlie posterior

part of the eig'hth thoi'acic somite ancl also to the anterlor part of the

first abclominal somite, but tal<es no part in supplying- the leg.

    The succeecling four segmeiital arteries have neariy identical
raniification. Each is furcated into a clorsaT ran3us cliviclin,o,', aniong' the

inuscles ancl the hepatic g'lan(! of the precedin.o' soniite, cand a ventral

rainus g'oing' clirectly ventrcad ancl entering tlie pleopod of that somite.

Thus ii} this reg'ion a rexther curious sitttation obtains, nainely, that
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the blood stipply of each soinite is securecl by the segmental arteries
of the sticceediR.o' somite.

    Tlie tliirteetath seg'mental artery (s.cr. f3) sliows much the scftme

config'uration, except tliLat the branch oÅí the clorsat ramus which runs

along the border betweeNn the fifth ancl the sixth abdominal somite
conimunicates with the fourteenth seg`mental artery.
    The fourteenth ses,inental a.rteries (s.o; J4), the last p:iir, are Eriven

off from the posterior extrernity of the heart, behind the last (thir-

teentla) ostia. They run bacl<warcl for a short clistance, 1<eeping close

contact with the cauclal aort'a, and after sending" out a iarsrer branch

on the internal side to the hepatic gland, part wi.th that aorta, but
still {ro bacl<warc! to tlie posf,erior border of tlie sixth somite, where

each turns abruptly outward, and proceeds into tl'ie uropocl, sendinf.r
out a number of branchlets to the hepatic gland in its coiirse. It is
then furcaeed lnto an internal and an external ramus, xvhich are both
again bifurcated. Of the four secotidary branches thus proclucecl, the

innermost one enters the enclopocli#e of the uropocl, the next two the

internal ancl external prolongation of the basal seg•inent of the saine,

xvhile the outermost one proceeds iRto tl}e exopodite. The outer priniary

i`anius of this segnienS.al artery con)nxinicates xvith the bratich of the

thirtcenth seg'niental artery nientionecl alreacly, at a point slightly, distal

to the poiiit of the l)riiiiary furctitioii.

    The caudal aorta (c(v. a•o) l)asses strais,ht on the ]nedian line of

the telson to nearly the posterior encl; it seiids off nunierotis side-
branches on either side to the 'inuscles ancl the l}epatic s,lancl present

in tha telson.

                     .S'ubn t"gi• ra• l .•I rlt'r],

    'LL'he su}[)ne,ural artery (Fiise .g, s. n.) is a straight arte'ry xvhicl}

passes on the mec!ian line of tlie bocly on the ventral side of the nerve
chain. It stretches between the anterior end ot' the karg'e cephalo-thoracic

srang'!ionic niass and the posterior end of the last abclonainal gaBglion, ancl

sor]cls out many branchlets to the s,an;gliic ]ying between these two
extremities, thus serving' priinarily to nourish the central nervous systeni.

7Jliere exist also several lateral branches of thi$ arterv xvliicli connect it

xvith segnaental arteries (raini coniniunicantes, 7'cr), The first of tliese raini

(rc. x) exists just behiRcl thh anterior cxtremity aiid on one side only.

stretching betNveen the artery and the first seginenta{ artery. The•
seconcl (•rc. 2), Nvhich has already been mentioned, is pairecl, fairly

strontsr, and coRnects the subnexiral artery with the fotirth segincntal
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artery. The third to the sixth (rd. ,g-6) are very dilicate arteries'
and occur in the first to the'fourth abcloniinal somite, stretchin.cr betxveen

the artery and the ventral rami of tle ninth to the twelfth segmental
arteries. They are usually unpaired and exist either on tlae rig'ht or
the left slde only, but inay be symmetrical in son3e cases (this is subje.ct

much to individual variation).
    The last two communicating rami, the seventh anc! eighth (rcr. 7 -8),

are both fairly strong' and occur alw• ays oR both sides, the former
cominunicating with the thirteenth, and the latter with the fourteenth
seg'mental ckrtery. The last pair are given off froin the posterior ex-
tremity of the subtieural artery.

    Judgit3g' frotn the comparison of the. above-mentioned facts with
accoutits given by previous authors, the arterial system of the tho. racico-

abcloniiBal region tmclersroes no important change cluring metaniorphosis.
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              EXPLANATION OF P']rATES I & II.

                                 Plate I'.

                               Anal glancl

                               '                                xts.bbreviations

   `l. anterior sttc.. 7n. t. inuscles of telsen.
   a. allus. x l'ectulll.  '   b. blood-lactu]a. . P. postevior sac.
   e. concretlon.'

     I;ig. i. A horizontal section of rcctal region close to anus, sho"Ting the antctrior and

posterior anal sac on one side with their stall<s. Å~5o•

• I-ig• 2. A horizoiital section of an anterior anal sac confaining a large coiicretioii.
Å~ 3o.

        ' . I;ig. 3• A nearly 1iovizontal sectiotii of rectal region close to anas of a larva of tlie

n]ost aclvanced sttag•e of developinen{', showing two pairs of anal sacs aiid recttun• Å~ 300•

     Fig. 4. tN pat't of the wall ofasmall aiiterior sac. Å~4oo. '
     I'--isr. s. "N part of the wall ofalarge .anterio[' sac. Å~4oo. . '
     l;ig• 6• xN pat-t of the wall of anothei large anterior sac, showing a bretich in LhL'

xvaLE. Å~4oO.

     It'ig• 7. jS, folded pnr't of the wall of an anterior saÅë. Å~40o.

     ]r'ig. 8. A part of the wall of a posterior sac. Å~4oo.

     I;ig• g• 'l'ypical cells compos{ng•r the wall of posterior sac. XioOO.
     I;ig• 10. TIit'ee stages in the forinat'ion of exct'etory spherule froin the cells of ai}tet'ior

StW. XIooO.
 '

                                 I'iate. II.

                        IIIeart and arterial s.ystein

                                tXbbreviations

   (tl. untennular iirtery. ntx. n)axilEa,
  an. antennal avtery. lli.vL n]axilltila.
 c. ctn. con]inou antennal at'tery. in.vP. I-s. tlrst-fift'h n]axilliped.

 c. cto. cephalic aorta. o!s7t. ophtlialn]ic artery.
                                          c)s. i-l3. first-•thirteenth pair of ostiac'(r. cta. catidal .ftort:i.

                                          'P!• I--5. artery stipplying lirst-fifth  eei: cerebral artery.

   en. cndopodite of uropocL pleopod.
   e.t'. exopodite of uropocl. r. s•. I-8. Ilrst-ei.crhth ran]u.s communi-

   21: heat't. cantRs.  I.c. arteria lateralis ccphalica. s.sr. I-i4. tirst-fourtcenth stptgn'iental

  in(l. inandible. aytery.
      Id'igg. I. Dorsal view of entire bocly shosving heart and arterial systeni. Å~i.
      Figr. 2. Dorso-lateral sriew of the head and anteriot' thoraeic regioR, sliowing arteries.

Å~I.
      I"ig. 3. XJ'entral viesv of the thoracic and abdoin.inttl regr'Eori, slioxvin.cT sub!iettral artery

and 6ther artcrics conin)unicating svitl} it. Å~ i•
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