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HATERIALS ARD EEIBODS

isdalt male blue orabs., Callinectes gapldus Rathbun, frem the Chest~
potke oy were used in this study. Neo criterion of maturity had prmm
besn esteblished although Truitst (1939) snd other writers had judged from
field observations on ms$ing behavior that uale ecrabs are sexuslly ssture
during the laet three growth stages. 7This would mesn that in the Chess~
peake Bay srea most orabs a._ﬁm 24 inches in width would be mature. Come
mercisl soft arab deslers who retain large nusbers of orabs om floats
have noticed that males ss small as 3-3) iaches in width will frequently
exhivit preliminary courtship activities and evem present the appeerance
of normal copulation, However, observaiions on the condition of the gonads
with respect %o wody length, width, depth, asand ether characterisiics
strongly suggested that only males greater than Si inches in width are
1ikely to e mature. Specimen study sad histological timsue selection
were, therefore, based only wpon large males. imong these, only those
which were fully hard end wbioh ware ®*fut® duat not old were used. lost
of the histologieal Slssues were collected in mid-summer in 1943 and 1944,

Yor purpeses of study, the reprodustive systes (figs. 3 and 4) wae
divided into (1) mid-laternl Seetis, (2) testis at jJunction with the
anterior vas deferens, (3) colled anterior vas, (4) massive median was,
{B) slender posterior ves just bebind the median was, (6) posterior vas
st bar anterior-dvrsal te thoracic seguent VILI1, (7) posterior vas betwesn
this point and the exosksleton, and (8) the extermal penis. Portions of
cach of theass regions were fixed in the several fixatives eaployed and
prepared for histologiesl exsmination, iost of thase parts were also
secured from ssles in mide-winter and from immature males for comparisoa.
The first pleopods of two largs adult soft sales were fized in Bouials,



8.

Frelisinary esamination of tissues fixed ia Bouln's demonstrated that
the ecntents of the wvasa deferemtia are zost Giffioult to seetion. Aseord-
ingly, tissues from s series of individuals were fixed fa Bouia's, Carnoy~
lLebrun, Worcester, ¢ilson, and Semeral (aleokol 3 parts, formalin 2 parts,
sad glycerins 1 part). The resulis, on the basis of success in seatlioning
and aceeptable stalaing reaction, are sumsarized below,

Table 1. Belative quality of fisstion

Tseue Pg.a Gileon Carnay~Labron Gensral Yorcester

1.

Testis + 0 0 + 4+
tﬂﬂa»ﬂ- 3.
Hedlon

VA - - - - -
Postariorx

s - [ ¢ (4] 0 1#]

Poatarior
YA DRy 0

pauis * +
Plesped 1 0

+ ® good; O ® falr; -~ ® poor ‘
1. Fzation in Genersl results in strongly chromopbilie nuclei and
nearly sehromatic eytoplasm.
2. Spermasophores are best preserved in Gllson (ses fig. 22) but
may Se somevhat shrunken,
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OBSERVATIONS

1. Gross Anatony

Extermal Chayscters. Ihe adult male blus ored (figs. 1 and 2) is
oasily distinguished from the tmlq. The abdomen or “apron® of the male
sontains but four aovable segments since the sesond abdominal plece Lo
forwed by the fusion of segreants iIY - XV, and i nerrow snd "T* ghaped.
The abdomen of the immature femele is triasgular and that of the smature
fomale in composed of the full six segments and ig broad snd semlcircalar.
The mle abdomen bosrs caly two sete of pleopods, wodified to form an
intromittent complex. Females, both iluzmsture and maturs, ¢arry four pairs
of pleopods which function for egg atiachment in the sduls. In addition,
the male has chareateristic heavy chelse, shorter latersl wpines., more
blue eolor on the elaws, and a geseral Srimness 1n contour in contrast to
the more bulky femsle. Ko bdiometric comparisons have been nade beczuss
of the previous leck of a oriterion of elther male msturity or instar
nusber, but the sexes are sufficlently dimorphic to be easily recognised.

Reprodugtive system. The reproductive system of the adulb zale
econsists of the paired testes, vess efferentia, vass deferentia (with die-
Singuishadle snterior, median, and posterior portiona), the external penes,
and tshe highly modified first snd second abdominsl appeniages or pleopods.
All of the intermal orgmns, except portions of the testis and posterior
vas lie in the central bedy ragion betwesn the large suscle mmsses at the
base of the five perelopods. The internal organs are ruther markedly
varizble in size, perhaps in relation %9 effective funotioning. Ko in-
forsation is avalladle as yeot regarding the cause of these variations, so
this description will be sufficiently genexsl so inelude virtually all
sature meles not in cepuls.



eXeuZ °Seqny Uy woIs ATV SPIIS YOTUM sasswm pedvys-~por Spm (TUwe

SHSWETOZ STT00 eNeyg Jo sangdny cuoisoessty Lg peuesyituass 2o pegurwedes

0q J0UUYS pue SwRIQEen FUCAS 4NQ WTWY v Lq JsyyeSoy pumeq exw Aeyy
‘O4UDITIY PUR fqueonisunly ‘IGPUSTR 0w STT00 Jeriequm jeom ey

*svA weypem e¥xwy

eAT3004802 Uy WO SNX WoRY CENIPIYOIIed oyy 03 XOTIGAUV PUW YUWNOS oy

Jo gred fuesop ouy 04 xoyreqsed eUTY UWYPOW oYY JO SPYS ASYITS BT ST
*37qs 4uPyy oxw vema Jojreuv oug *(FGAY) B ‘ osuY

*Aroturudes peQIIoseD ®q TYTA 989U} PUT ‘SUOTIICd JONMTISTP SXWy oWy
Lotoraiqd puw Lmoyewe Y30q Ay GTAISTATP ST Sus YOw! ‘sueiio TRIGOSTA
20MIC ©F VOTIVIAZ W UOTINQIIISTP UY Liwa Leqy sYwwe) ouy Jo Arwao emy
OXTT ('q'A‘d VR Cr@Uacw Aty ‘y puw g *s¥y3) fyjawo Lpoq Twiiued

oy Jo 3awd efavy v L000 Lum WTIWIOIIOP YEUA oy “FERIEFOD §9)
*otqwgs I
~gy3ntp Lipwoidoosciovm 40U 63 {7 “SUSINISD BuA JIGTISYUR Y JO eV

S WY LOTPOQWS ST Duv TYwaR LISA S SUSINIIe SRA Oy °SWOIjje $U)
‘onssyy
833099 Jou3o YA eouwesvedds uy [WOTIUEDY 83 Duv Fuoy SISeMTIUED ULy Of
SATZ BT 41 °Pue Twwixexd ITeuy Jvew Seqeeq oyy suic{ Jeq-sE0I0 jxOUS ¥
‘YWouses Y} 0 TeSIOp-otzeisod puUY 18pYsY JUTRQIPUER et J6 Dud TesI0p
oy punode Arywipen sesswd puw Susielop Sua uwipsn oyy Jo doy ue ®eyy
S13893 oY ‘DUP WUTPm ST JwSK S0} ey JO zﬁiw oyl Jo 130w Puote
SIQTRTA ST Lxessw ojyumreds eyy ‘onbudo sy usdio oy puw yerndessy sy eow}
=30t oy; couypds Tuxe WY eyq Jo evwy eqy o4 Jojxegsod AriyPyre XC Jveu By
PUe T338TP oy ‘suesouwdcqudey Sy JO SOVIIMS [WSIOp-OlIgUE OyY uUO DU
sowdeave eyy Jo simzepodly eyl wiwowsq e91T 31 (1 ‘v vwe £ ~aPgZ) plod

POINTCANED BYTYA JOPUSTE ® Jo soumrvedde ewy swy syysey eyy FTEeY

'8



v
Jotregecd gy prumey JoTel wy seted puw JUTTENE SOWOOSQ SWA YUY PUW ‘urng
sozaogsod 3dnsqe uw Lq peAOTIS] SF ‘9UA ICLINIUE SY§ Sweu ‘uotilod sued
oy ouy *petTaqed puw rernleisy LXeA 91 #0SJIRS AU PUW oYww TPV euy
uy yuyd ayPyaq sY a7 *p vue ¢ seumPyg up umoye eowexweddy pue woysyeed
oyy Uy DU yowmects ouy JO SPIS Gyt Fuore SeIT 41 ‘weaele eqy Jo tded
SROTARC DPUE SATSSWN 808 Ouy SY 31 SUA UWIPOm Nuyd sBsey syy ewooeq o
£Trez0av] puw LTI014030% SUIBy SWA Ouy (‘T A°H _

*SUA WWIPOW OUI O4NT DPWEY PUW 4518 Uy SewerOny SR

ssoy: wejsl axpiue suy up saroudosemieds pegetdmco 203 uotlex s¥ureys

sungaoduy 480m oWy ST SINL TTIVEE XDTUY SITHE JO PUIR ewve o3 Ul DU

QY ON3 JO SHOTETAIDANS ONYY-OTOROY STOISnn uj sexogdojwereds upwiuoo
SUBINIOP WUA JOTXGIUE OWY JO BTI00 JotIeyeod gsom puwe jeelrey ey

*$0° = 9°2 JO weysRAweousD 4Tve w o3y Fuypmodsesrce ‘cofe

GT-T Anoqe v sj0edE Sy JO POOTq oYY JO M IUTISTHO oy sowrd suoty

~ouysIessp gBnoy CToeN ¢0°T UT ATPentwe TTOA® W ‘TOOK ¢ WT sinoy (R

2037w souszendds pue edeys 2704y uivier sexoudotwmxsds “NIR Due wely

WY SUGTIONAL FUTHTRES #4] Weqs J0q3C WATPOR Furpunolsms eys Jo exniwm

Teoyemeye Xo Teotedqd ouy Jo umouw ST SYIIYT  CWEQEZ X 00D tvoqe ePgroAw

U SST8 U WEOGY X 002 ©F WMOOE X 00G wosZ Liwa serondiojwmredy csewe

pexoed Lyveeyo euys ® vs sxvedds W ‘wisds eyy ST SUNEIgRen UL

¥ 3% piyg v exiY Maynd peuoyyrodoxd ATywmen pue cendwdo ‘egiys exv

sezoudogumseds “POINQTINGTD X9 gy WOTEA WY DPYNIS O4YGR ENOOSTA Suy PR

sosogdejvateds Jo Jequrm oSavy » sesvsyex sanydng enbwde eqynd pum ceyigr
‘rexoTuy oxw Aeyy exey Arrvrsesa-orressod exys Uy eSweldwy STINC eqy

*sexondoy

~exIeds 9303I08TP 04U} BSTNIATPAVS Jo seedosd uy sesswm misds Avgeqoxd sxe

‘e



*SeA Jotreq8ad oy
] WIS ueeq oavy sercowdosumiods of cwoytworrulem oy Jepwn eouwiweddw
Ut STosusBoIetey €7 YOTHS SHA SWY JO 204Ue0 9qy wexy PInbIY susoniewasy
I ¢ sesveyer exwgduy cuwoytded TeoYNoTOsETY Y W DPEQLIOser seydned
TaIssey oqy oaw suoyjoefoxd eseyy ‘eqng TEXAWEO JeBIVT ¥ WO SINIETTY
DOTTEA-UTYY JO SSwn w jo couwrueddv oq) ssmeessd pus yinos 81 eoviIms ey
‘yuspuysunzy puw uesr? ored sy wordex Lpog TeIIUEO oy WIVITA SWA OQ3 JO
4802 oy pwe ‘onbeds puw e1Ium ST WOUT §RAYS SUI  SUCTIUGmMYP Ie1TWWS Jo
ST 31 Lriwmbess ysom qnq *otem sxUr v WY JOTYY ‘wmg-g Puw Juol ‘megLy
oq few 41 “Ieewuwip wi puv WY UT SOLIEA Sua IopIsgscd euy
*eIosvInoul® ST4oNT Suy #9 eqppodoxes emy Jo ewwy
oy 04 podoyesed MAZIZ oM JO seww eYONIm ey yinorys sesswd 31  ‘jusades
2I0uIoN WINPT OWY OF TVEIOD=CTP a.!._.u& ofter oyl SI01uUP YUE PRITUGA
Arydnzqe sureg 37 Soueyy “sHT Jupmwias euy JO eswg oWy 3¢ Seusem [OSLM
Lawoy omy WeRAgPq WROOWD UI-PUTY oYY JO WOTIOX oy WY SYI00 [UIGANS
woq pue Lfio43v Twuisgs ey sessed ‘wnypauotred pue 4Xwey sy of JoyINy
~ge ATIqFTYs Pue Texiuea Ssva eSINY ® smIol 47 Yeotdly ey y ern¥yz uy
shoys Juwoweluwiiv oyy gy ‘sworduwedogedey eTquiivA SZow USAS SUJ JO VBINMOD
oy of woriwTes uy sduyred ‘UTWHPTATPUY uwedmjeq I8 3TP ALum uotytecdeyp
831 Csyued oqs Jo #8VQ oWy 04 SWA WETDOW OUl W02 FUIPUNITe Sqny POARNTCA
-uo0 Juct w 8y swa Joytessod eyr °*(°C°

‘ema Jopsossod ey ojug
6220w DUV I04OWEID UT PESNPOS YOWN ST Suh Weypew ou) sXems juyed eyy of
wesesd 8T 0UWNQUS XOTYY oYL UOTIOX UETPOW OY) O OTISTICLDWIOYD jouw

ozu Loyy Juq 'ewA IOTIN(EV OYY VOV S$040Y 10 sjexved eseqy Jo a0 ¥ uy
suesesd sewypsemos exw sosoudejumieds °CPYRTS SATT~UOILCO SATSETYD 03TgR
v Fujereiucs sqonced 3¢ xequmu z suado swa uwypew oyy Jo eanydny

‘0t



pue uwieds oyy 203 eFussud eyyr-eqn) w mIoF o3 PepTel st e9tpqdorey eyy
*satey Lxeyywel suyl Luun sIweq Dus snowsiquew ALryrewysied st e3jpedoxoo eyy
*enue? SIUY UIYITA I040nIvge 21IT0eds w - wewoPpqe Oy JO jusnies [wuimley
oqy O Pus oy o3 Puaixe Mny uwoyjised [wmrou eny uy ATTwISTp eoiay
oY LYTwsixoxd S0U0 J0YI0 YOUS SROID WNGYL , “wmTTeINL. 10 eyypodores
urzedes Fuoy v pue Juendes TUUTNCPGE 4SIT) 01 JO WOUIIYS Oul 03 PIYOWIYE
s3ypodoxos ¢WLZ Peolq. ® JO SISISUCD wOuY  “SACOXF TEILUSA uBiPem emW uy
UINODQE POXUTS Oy YIWOuaq PeTeesucd Lrrvasou exw spodoerd ysayy eny
*£Joteuyniey syy sLoTded wopsdirosep Fujactires
oYY PUY ‘RITVTROT TUNINIX0 Oy DOQLIOESD sey ﬁ.na.c sswxPpous -sywwe}
1Tope oy Jo sTowidsoer Teupmes pun sgouprac pexyed oyy oguy sTeiIsgwm
osoyy Supsszes ‘woyyerndeo uwy jxodeuway Jo equy v ¥ S30¢ puw syued Trwme
oy) wosz uenes pue sezondoswminds saATeser 31 °g orulys uy pAdeoTvUL oY
pXo1duoo Lxogwrndoo, euy jo sqxed zewyc oy o4 woTywTeX €31 Duw ‘g exndy;
WY POASIINITT ST fuogvuw TEurexs 847 uwwdlo SWRM4TWOIUY Teuoyiouny
oy} 81 eTum ayy Jo podoeyd 381y pesyrerseds Lrudyy ey T podosid
*podoetd 38213 omy Jo
weweroy Tewyxoxd JoyXeqwe oxy oyuy sessed yowy ‘worde peurny-lepun emy pus
Teloyy Sy3 JO SORIIMG TWIIUSA SYY uweeageq Lotawo eyy uy #1r sewed ey
*dyt vi-pomany v Ly pesoyo sy dyy resere
oI “Xejusd ouy e oqny enbedo eTE w Sw wess 9q wwo jonpoucd eyy °uwoly
=10d [eseq oWy pUNCIINS SITeY SULY FuOY ‘wRZT-(OT PUV JOJSWeTP U ‘wmz-{
8t 31 ‘vodyiexed sswy sy Jo ogppodoxed oyy 3O 00WIING TUIUGA SY) uUO
tuted tusen sy v puwow peddyy 4udyrs ® woxy sesiaw 3y (°fE2 ‘9 pwe
g *s73) TE{OPETIIN0 UT OqN] YWeA I0PueTs ¥ 8} syued oyz Fyueq
‘sudTelys LrPATIviaz puUv ‘quecnysURly ‘yioous
‘zepueTs 87 STX03WINON(e ST4OND X0 swa Jojxeqsod eyy ‘1A Swendes jJo e9pe
Zoyxessed Twuxeguy oyl o4 949Td wUYPMM Uy WOXZ Jeq oW ©f T[BANYWY

i 49



iz.

hag & large central onvity neer 1ts base. This cavity is entered
snteriorly by & lerge proxiasl foramen, shich recgeives the snd of the
peals (fig. B). Posteriorly, a menbranous flap covers & sesond foramen
into the central chambder, which receives ths distal portion of the sec-
ond pleopod. The pasterier foraamen is continuvous with a groove whioh
passes along the leugth of the telopodite as the exterval indication of
sa internal duot., The groove opens messlly near the slender transpareant
t1p of the flagsllum. The distal two-thinds of the leagth of the telopodite
Ls slightly pitted, and the distal ene~thizd bemys spines whioh point away
from the tip end prodably serve to hold the orgss ia position during insem-
inakion. Cochran (1535) reports the following internsl musemlatere: pro-
motor coxopoditis, abduster basipoditis (Selopoditis of Snedgrams), adductor
basipoditis, and sbdnctor flsgelli. The sethod of insertion has not dDeen
desoribed.

Pleopod 2. The second plecpod 1s much smaller than the first sad
is specialized to funotion as a pumping organ which forces semen amd
spermatophores from the balbular bass of the first pleopod (fig. 6). It
is composed of & lerge flat coxopodite, a ssall middle basipodite, aad
& short curved flagellum. The coxopodite is partially sesbransus and
besrs & sunder of fine hairs. Adout three-fourths of the flagellum lies
within the distel posterior forsmen of She firet gomopod. The flagellum
ternimates i1 & $iny sliippere-sheped trunspareat $ip which bears spines.
This pleopod contsing the same muscles as the firet, exsept that 1% lacks
the abductor bagipodisie.
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Oconsional large storage cells sre present in the walls of the
lobules (fig. 10). Thay are someshat ovold in shape and average 6.5 x
Swa. Jach contalne s mucleus of 4.5 x 3sm surrounded dy deeply chromo-
philie particles which are red and blaok in the stains employed. An
individual cell msy contain few or meny inclueicns but is is mot clesr
whether these represent stages of development or of relsase. Htorege
cells usially appear wingly, in any part of the connestive tissue, al-
though nore may be present at the Jjunctiea of seweral lodules.

The wall around and between lobules besrs the minor blood vessels
whick supply the testia tissuss.

Complete seminifersus lobules are shown iam figure 8. lech bhas &
wall of gonnective tissue sround most of Lts periphery, Wut alweays shows
sonfluence of its contents with that of other lobdules or of duats. Ihus,
the spermatogenstic cells of all lobules bave acaess t0 the seminiferous
duet sither directly or by passage through aeighboring lodules. lodules
vary greatly in distribution and in size, The seximus dizmemsions are
about .45~.50mm. x .30~.30mm. in oross seotion and .45-.50mm. in length
along the aourse of the testis. Direct messurement is aede difficult by
the frequent conflusace of lobules. One lobule may be open at four or
five points to sonverge with contiguous lobules or with the duct.

Sroups of largs oslls are frequently observed along the walls of
lobules or at the tips of ths interlobular wall (fig. 9). These cells
mey be spermatogonis, but their Ldentity is mot yet csrtain. They are
enplly fdentified Yy thelir large size and distinet extro-nuwclesr cytoplasa.
The spherical nucleus has & dismeter of 4-8:m and the complete cell nea~
sares about S-l0ma., Mitotie figures axre present in some of these cells,
Wt the mature of their activity iz the adult bas net besn deteruined,
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The entire vas afferens of an adull male of 61 x 135am. was 2.63mm.
in length, and follows an exagzemmted S convolution, Five polants on the
vas of this specimen wore sslscted for histologloal etudy: (1) at the
Junction of the vas efferens aad the seminiferous duet, snd (3} 650mu,
(3) 1200ma, (4) 1900=m, and (§) Z300mm from that junetion. 7The following
dssoription is based on those peints and on the segtions of incomplete
vas obtained from other animals,

The vas pssses from the cenler of & teatis lode, out of tha lobe,
thence through conneative tissue and inso the mees of tha fime coliled
anterior vas defersus (fig. 15). The tiasus surrounding the vaas after
it leaves the testis 1o composed ochiefly of blood sinuses snd connective
tissue strands. It comtalms large strongly chromophilic bodies of
0-40mu shich mmy be storuge or waste reservoirs (fig. 18).

The vas shows & genersl inorease in dlameter from distal to proximal
portions. A slight 1ip can be seen at the poiat of juncture with the
sealniferous duet., Hear this point the vas of the orab under obserwation
has a diameter of about 100sa, which ingresses as follows: at point (2)
123 x 143m, {3) 100 x 16b6am, (4) 2156 x 2BBem, sad (5) 200 x 270ma.

The outer wall of the vas proper consiets of yather detise conneotive
fivers and associsted pwolel (f£ig. 16). A warishle ring of striated
muscle lies within shis. Most of the fiders are clreular, Wt occasional
bandles of longitudinal fiders occur, usaally iaside of the alroular set.
The connective and musculsr investments increase in guantity aloag the
esurss of the vas. Both are light sad incomplete mear the testis and
heavy snd sntire seay the proxisal end,

The vas efferens is characterized by the presence of seversl
typhlosole~like prejsotions of the wall imto the lumen (figs. 15 and 16).
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Subaegueatly, the epithelium becowes much lower, sveraging 15-Zfea
in heighd (fig. 20), It is very sctively secretory, and spparemtly pro-
duces Substance H, sinoe only ithat 1s present at the epithelial surface.
Euwolel are rednced in size, 3 x 4.5mu, and consistently basal. All the
melel of the vas deferens contain deeply-staiming inoclusiens snd these
are the moet serked. JNuclei are frequently full of bodies of varicus
sises. Spers mmeses ars rether clearly dellneated, and some sppear %o
hive 8 thin investing membrane. Very little of Substance 4 is visidble.

The last colls conaslidered $0 de part of the snterior was are quits
lerge and contain completed spermatophores (figs. 21 and 22). Cross-
settions show a coil dlameter of 1l-3sm., and mey oountain fragments of
scores of sparmatophores. The eplthelium ig low, 20-30am, and shows lit-
tle or no evidonoce of secretory activity,

Spersatophores are oveid (fig. 21), and the largest seen measured
340 x 260ma. iIn esmch, sperm are tightly packed within s thin smvelope.
This nembrane staing red im Azan and black in ElH. The spern sass is of~
ten shrunkea away from the eavelope i5 stained selerial, and say reveal &
unifors light blus substance detween the sperm snd the membrene (fig. 23).
The spermatophores lie free in a quantity of very hetercogenesus material,
The base of this matter appesrs as fine graine or droplets, dlue or
Zrey~bromu in these steins. It has a grest msay inclusioms (fig. 22).
These way be spheriosl, ovold, rod-shaped, or irregular in outline. fThey
resch & maxisun of S0mu in greateat dimension, and most of the lorger are
in the fors of rods. m» particles stein variably. lost are bBlue sfter
Azan, btut occasiomally m are red sad wvarioua intermediate conditions
were sesni. 7This stain is somewhat dlfficult to apply with perfect con-
sigctenay, and 1t is not known whether the veriations seen resulted from
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up to about Tmu snd staln homogenscusly blus in Azan and browm in HIH,
The suse material is present at the surface of ths epithelium, im the
form of tiny perticles, suggesting these cells as the source,

Some coils coutein spermatophores., Thess are apparensly nesrest the
snterlor ves and contalin some of the hetarogencous matter found in that
region., Only occasiomal spermatophores ocour in ot&or goils of the
median vas,

fosterior. The posterior vas deferese is o complex tube (figs. 23,
24 snd 35). It ie charscteriazed, in the intercopulstory coundition, by
the presence of ome or two mjor cuvities and a great M" of ssaller
lateral pockets. The latersl pockets fuse with each other or with the
csntral portion, »0 that the lumens of all parts are in sonfluence. There
is comeideradle wvariation in the wull, the eplithsliun, and the contents
of the lumen, but the sosurrenge of peripberal pouches is consistent,

The anterior end of the posterior was is auch like a redused portion
of the medlan was., 4 number of large parss of the dust asppear in any one
section, with sualler branghes arvund and among them, ZThe epithelium e
typloally low und suboidal, of 20-Zfum, with large median to basal nuclei
of about 1U-i0am, 1% does not appear to be searstory. Eoch branch ie -
lightly mascled and She group of tubules is embeddsd in comnective tissue
and bound bWy a thin peritonsus.

Homogeneous and fine uaterial fills sll of the pookets. 1t 1a like
that found in the asdian was, and shows the ssas staining reactions
typioally biue after Avan bul ogoaeliomaily orange ar red,

The mid~region of the posterior was shows soms modifieasion. The
large eg;iml cavity ie n‘uc- aonslistently single and ¢he lateral pockets
ars ssaller and wore unifors. The epithelium is taller, about li-30mu,



26,

denser, and appears $0 be aatively searetive (fig. 23). The muscularis
is heavier, and sostiered longitudisal bundles are present, especially
sround she large central portiom of the duct. The central cavity and the
larger periphers]l cavities contnin the uniform msterial deseridbed sbove,
although some hetersgeneous pariiculate chunks uay bs pressmi. JFine
dropleta or vacucles zre visidle near she surface of the eplthelium,

At the bar snterio-dorgal to segeent XII, the posterior vas has the
structure showmn in figures 2¢ and 25. The entire organ is 3-3mm. wide at
thls point. 1t bhas the fine peritoneal lining deecribed for other regions,
sad connective tissue and blood vessels around the dust. The largest
tubule may appesar a3 two or three separate portioss or may de fused to
forn a central vessel, All tubules have a muacularis of sireulsr fiders,
and longitudinal bundles are inereasingly sbundent near the central tubule,

The spitheliun is wariable (fig. 26). It s typleslly tall (30-60mu)
with & cressted surface in the centrel tudbules and lower {15-20mm) and
more even in the paripheral pockets, but the distinction is never sharp.
Hucled are uniformly ovold and about 3 x fsu. ALl of the spithelium shows
& *brush®* border which is probably ciliated. The abdundance of very fine
droplsts sad granules at the surface indicates secretion by this epithelium,
The contents of the lusen are varisble., ikost of the asterial is fine and
uniform, especially mear the wall, but the same heterogenous mixture en~
eountersd in more saterior sections may be present is the sentral and
larger lateral tubules. large cavitios scuetinmes sppear withiam the fluld
in the lumen, and thess contaia very fine highly chromophilic particles.

The last inch and & half of the posterior was, the dustus ejacula~
toriss is simpler and moys musocular (fig. 26), Hesr the dar, the was bas
a diameter of l-3mm., shich is reduced to adout .5-1.0mm. where the wvas
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pasass through the shell. The vaa is embedded in conneotive tissue and
is often attached to musgular, wvasoular, or other tissues of this region,
or it nay be fres. The musemlaria is incorsasingly well developed, is
agoompanied by & great deal of fibrous tisgue, snd is well aupplied with
b100d vessels. The lumen is simplified in $his portica and is eingle asd
neerly roand near the sholl, The spitbeliva s 15-20ms high and has o
distinct brush border. Nuolel are median, ovoid, and aversge 3 x Gmu,

The contents of the lumch are rether unifora. Fine vacuoles or
droplets are present at the surface of the epithelium, which appears to
be finely alliated. igain, most of the central aaterial is uniform, but
& mixture may bde prsaent,

A duetless socesesry glend sccompanies the posterior wvas defersns
from near the Dder slmost to the cutside shell (fig. 27). It may de a
single mess or divided into several major portioms, and renches » maximum
size of 1.00 x .3mm. The cells are arranged ia intertwiniang cords of
6~150u width., Cords are umuslly composed of & single linsar group of
cells. Connective tlssus separates and marks off the individual cords.
Cells wvary in else, with the uaxisum at ebout 9 x 1l6mm. Hucled waxy
accordingly. but are most frequently epherical and O-Sam in dlameter.
Esch has one or two large chromophilic inciusions, as well as other gran-
ulstiozs. The gland is richly supplied with blood vessslas which mey
branch within the gland, Meny of the sase vessels also reach the
epitheliun and musoularis of the was, No funetion of the gland is de~
serminable from dirvect obserwation,

Penis. The penis is a slonder external tude wshich passes sper-
matophores from the was deferons into the dase of the first plecpod or
eopulatery olrrus. Ths proximal two-thirds of it has the histolagioal



structure shown in figure 2Z8. It is .5 %o 1.6z, in width., Exprossed
most sizply, 1t is & very musoular epithellated dust lying in paren-
shysatous tissus and protected by en extermal cutiele. The organ is
eamplex, and merits further histological deseriptiomn of the average
stracturs., Modifications along its course will be considered.

The uum epithaliua and adjacent tissues 2re shown in figure 29.
The cells are of variadble height, and average 20~40ma. HNuolei are ovoid,
vary from 4 x Sma t0 3 x 8ms, and are medias in positicn. OGramules can
cecasionally be seen at the dlstal end of the cells, and the dorder is
markedly cilisted (figs. 29 and 30). Thers is no indiecation of secre-
tion, and the lumen contains only & small smount of schromatic material.

The epithelium is closely applied t0 & very denge stratum of clre
cular connective tlissue fibers. 7The layer is about 5-8ma thick, and is
bright blue or brown after the stains applied.

The masoularis is heavier here than in any other part of the systea,
1t may bde present as & mass 50-100mu desp around the epithslium. ikost of
the mascle fibers are circular, in bundles 3-lbmu wide. longitudinsl
bundles are interspersed among the olroular fibers, and are often grouped
10 formm & large strand at one point near the sub-apithelisl connective
tiesue stratum. Wo aytological description will be given here, but this
saoular tissue, as well as thet from other regions in this species,
stains gquite brillisntly and offers exscesllent material for ortologieal
study,

Farenchyma ogcupies most of the peuls betveea the muscularis and
the cuticle. It is loose and spongy, consistiag Wmsically of opem
£ibrous connective tissus., Blood sizuses and blood vessels are plenti-

ful. Certainm interesting cells occur whish appareatly represest stages
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but the organ reiuces in dismeter Lowsrd the tip. The fnvagination pene~
trates the dlatal end for a dlstence of approximately .76mm.

Fleoped 1, 7The general intewnal amatosy of the first abdominal
plespod 1s illustanted in figure 32, a oross sesation nesr the Losal oawe
ity of the telopodite. The internal tude is seen t3 be quite well closed
by the sxtensive overlapping of the edges and lines with & cuticnlum
oontinuous with that of the externsl surface. It should de noted that
this seetion is from & soft erad in which the exoskeleton is insompletely
hardensd and that the ocuticulum is therefore mot typleel of the adult
hard orad,

HEypodermis, one 0 three selle ia depth, lines the surfaces. It i»
quite active in thie slage.

Loows fibrous connective tissue, Blood vemsela snd dlood einuses
ogoupy much of the interanl region of the pleopod. luscles are present
in more basal sections dut are absent at this laevel.

Hany rosetle glands are preseat arousd the cavity. GSmall steges ap-
poar a¢ nasses of auclel grouped im s compact Lundle 15-20ru in dianeter
(£1g. 33). lLarge well developed glands ere 60-70mu in diameter. Nuclel
are larger, 4 x Gsu and periphsral in wodge~shaped cells., These cells
stala pale blue in Asan. A very smll duct, P-4am wide, 12 present at
the center of some glands. Ko connestion with the surface is vigidle,
Thess glands ars lecnted i only the basal one-third of the pleopod.

Figare 34 shows a seotion near the distal tip of the pleopod. ZThe
suticle, hypoedermis, connective reticulum, blood vessels, and blood
sixgwu are retained, but the rosetts glands of the basal region are
absent. The internsl oavity is still well elosed.
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hnomure usually empley ssell pedunculate spermstophorss and the setacura
large non-pedunculate speyemtophores. The first two generally store the
completed bundles over the lengih of the vas, Some Srmehyurs, Csmoer
(Pearson, ¥asten 1917s snd Kslliker 1841) and Caycinmas (Spalding.

Susaeta 1926) retain spermatophores in the entire lsngth of the tube,
whersas O. sapidus stores spermatophores in 2 specialized anterior region.

Penls. The short externmal penis of socme Decapodn is an interesting
mndification smong those which have cccured to permit scourate spers
deposition or ingemination in the sdsence of a trus intromittent penis,
Duvernoy (1850) divides the Desapoda inte two sud-orders on the dasis of
the position of the pemes or “verges® ~ “irechygastres™ possesaing an
external ponis and "liscrogsstres” having an internal colled penis. He
wes appareatly the first %o understand and write upon the funotioning of
the santire lotrosittent complex o0f these (rustaces. Fenes are present
12 all 3rachyura, certains Paguridse (Uaizen), and some istacurs. Spalding
describes it on Carcimus as the "genital papilia® which {s quits like
that of Callinectes. Andrews (1911) figures & short aomical pspills of
Sambarus affinig which had been mismunderstood VW previcus »5-3»&-8».-_.
It is highly probable that the penea of all Deeapoda which possess the
intromittent complex are permmasatly in position in the first pleopod
and not inserted with ceupulation, as had been suggested.

Plecpod 1. The modifisutions present ia the first and second
pleopods in male Decapods are often 80 great as 10 be of taxonomlic chare
soter. Dluvernoy described L-nfna of these and explained thelr purposs.
Braghyuran crabs differ from most other lesspoda in the presence of
paired internal ssaminal receptecles in the femals, sad the "intromittent
complex® of the zale is specislised $0 effect insemination. In this
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2, Elstologiexl Anntomy

Sestis. The testes of Decapuds fall into Swo types, depending upom
the nature of spersatogeric setivity, kany species show the presence of
a prizitive germinal gell type at the periphary of the tasticuler follisle
with progressive spersmtoaytic differentiation townrd the gpen center of
the lumen. Astagcus fluviatillg, the Eurcpesn orsyfish, has bLeen most
shorsughly exanined Wy Ssbsiier (1885), 9ilson (18B6), dvedden (1878),
and Hermann (1890). 4 brief summary of the ohservations of thess workers
will serve %o Lllustrate the first type.

The testis is compoasd of & large numder of saall pockets, wriously
termed "cul-de-sss Sestioculaire”, "ssimus®, "felliole of the Sestis”,
*spermatogonie® and, in the present paper, sesinmifercus lobule. A
plasnodium with cosrse gramalar muclel lines the lobule and envelopes
large lesc grsmular cells. The auclel of the plassodium inerenses in
size and segregnte as cells termed “eellules-mére®, "métrooytes®,
irsatskeine”, “protospermatoblasts®, or “gerses de remplscemeat® and
sorresponding 1o spermatogonis of wore modern nomesslature., These ap~
parestly differentinste direotly to becoms sperm aells free in the opem
esnter of the lodule and pass dack $o the wag deferens.

This genersl method of devslopmant coours in Decspoda of several
different groups. iimipps serucensria, she stone oreb of southsastern
United States, is desorided by Binford as producing spers by differen-
tistion in successive vaves from one wall of the “testicular tubule®
toward & aimple dugt along the opposite wall., In Perallsbodes
sesmsghaticn, the edidle Japansse axad, *. . . .the spermatogonial cells
sre found lining the imser walls of the eyet while the desper portions

are occupied Wy the aaturing selis iz 4ifferent gredes of development
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present, ahd 1% 49 2ot ensy o sooept the conslusion that & n’g of
Shis sort is absent in most of the dsonpefs having sn otherwise similey
systen,

Yos effersns. Calusn names s . . . .narrow offerent dust leading
from the testis. . . .* (p.89) ss s typieal diviston of the decepod of
vas deferens. 5o other sention was found in the literaturs reviewed
gén«%%ﬁnf«fé&i%?ﬁﬁ%&f
(hher deseriptions of the mele reprodustive system are, howsver, rether
general and most freguantly imeldental to a discussion of wpermtogenesis,
oanparative anclony aROnNg groups. or sonagraphic presentation of s broad
field of faste conserning & apeeies. If the swine of the orgsa in this
species is 8t nll typionl, the was efforens zey easily have been antirely
overlooked., On ths sther hand, few dsospods have u highly differentiated
v dsforesnz, &?gﬁgﬁm.ggzﬁfﬂgﬁé
rore iucident of specialisation,

The vas bas one interesting festure im ite modification far expso~
sion, us indioated by its typhloscle~like projections of the epitheliume
i the npparent absshoe of elther secretory of adeosptive funetion. The
extansion of the muscularie and Sunion fibross of the was into the pro-
Jootiong further suggests thelr use in expansion. Ferhnps sperm is
Telessed from the testie in consldereble quantity at intervale and passed
repidly through the vag afferens with the contrastion of its muetularis.

Jap deferens. Calusn makes the following statement conserning the
vass fnug«wp of gu

The vas deferens presents typleally Shres divielione, . . .

(1) & nurrow offerent dust leading from the testies (2) a glaadaler

pars, with wider lumen, often convaluted; (3) = Sermimal ductus

sjaculntoris with masenlar walls. In Byschyure (except Eromiides)
the distal portion of the second or glendular division is provided

vith csegel divertioula which in some Onses ars VeIy susersus,
forming a large glsndulay mass. (p.288)
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Fasten (1907) has xi'mn the on;y ecomprehensive histologionl deserip~
tio0n of the vass defersntia of the mjar groups of Leespods. le desoribes
the vusa of the smomurems Pagurag §ltosss. asd Lopbolithodes mandtil sud
lists sercsa, fibrous subserosa, circular and mmtmm wugpoulart, and
a cubsidsl secretory epithelium xs the compopents of the wall. The epi~
theliua of lopholithodes ie thin und gemerslly uniform, but that of
fagurus becomes concentrated, tall oolumnar, and stromgly ollliated st
one polnt.

The suse author has presented ihe histolsgleal mnstosy of the vase
in three sstacurs, istagus. lsaiuseulus, Hquaras Aweries
interruptus. These bave (1) u fibrous emmnestive tissus cout, (2) olreu-
lar leyer of smooth mascle and (3) an izner solumnsr epltislium which 1s
elliated ond usually secrstory. Zhe was of fomerag is 41ffersaticted
lovgitudinally, having colusnmer spithsliom in the prozimsl slender end
and a Righly couveluted internal epithelium, although less so than C,
Sapidase %o the distal end where it bears fine ollia on tall cells. Ihe
vas of ths spiny lobater, Fanulirug, contains a2 large glaadular typhlogole~
like structure vhich secretes the viscld fluld used in fixatien of spersa-

Sophores o the veniral surface of tha female. The vusa of Agtagus are
neurly uniform over their entire length.

Brachyursn ovabs hive the some basio layers in the vast (1) outer
thin florous tissue, (2] Shin olroular smooth wusgularis, asd (3) prominent

epitheliun, JFusten has desoribed Cpnoer meglster. G. prugowsnsis, and

Lophopanopeus bellus (1917a). The proxizal end in both species of Cancer
oontzing & tall vasuolated and conveluted epithelius whioh is secretory.

The dlstal vee is larger, filled with spersstopbores, and bas a low epl-
thelius. The wvas of Lophopanopeus is unifors and like the posterior
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13,

14.

16.

44,

delinonte maseea of sperm and emter into the formailon of the cspsule
of the oveid spersetopbore,

doet of the completed spemmatophores mre stored in the larger colls
of the anterior vas. i

The ussslve medisn vas is esaentlally m storege reglou for a hetero-
gensous substance of unkucwn funeticn. Thiw mterial is probably
oxrried indo the sominal receptacle aa part of ‘Wis genen, -

The long posterior ves Aeferens is & somplex tube with & nuaber of
1sterzl psushes. 1% ie eilisbed, prodably seorstory, and has e
magealsr well,.

A zusealar ductus ejaculatoris peasases sperk %o the penis.

The wmg: work shitinized Sudes sontalaning the gonodust smbedded
in perenshymatous $issue. The gonodusta are heavily muscled sad
provided with 2 well cillnted epitheliom, The exbernal suticle is
inflsetad at the tip on a laxge vidge which closes the end of the
penis between periods of ecepulation,

The first pleopod possesses & clased groove for Straagport of the
gonital produsts. kosette glands may add to the eemen,

411 of the musgular tissue of the mals reproductive system is
striated.

The sale reprodustive aysten of Calliseotes paglidus is eomparsdle $o
that of the Jecmpeds and particularly te that of sther Zrachyure,
However, 1% shows a relatively high dagres of differentistion .lg the
presencs of ths semlniferous dusts. the wae efferens and ihe specisl~
ized pertions of $he vas deferens.
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49,

Flgare 1. Dorsel view of uature mele., ote hesvy elaws. Ag

Flgare 2., Ventral view of metare wale. note stracturs of sbtdolen, i¥
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Hlgurs 3.

Dorsal dissestion of mele raproduotive system,
T - Teatls

hoVedy = Anterior wis deferens

H. ¥, 0 « Hedian vas deforebs

F.¥,B. « Posterior was deferens

Fil, <« Penis
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Figare 4. Nedlo~dorsel view of ssle reproductive mystes sfter wedizm
seglital dissestion and removal of the csurpuce. rowitions of the digese
tive aystesn, hesrt and sternsl artery sve indiented by dotted lins,

$. L. ~ Kandibalar lesder

B, Dy Lo = Hedins dorsal line

He Po =~ Nedlan plate
Other labels as in Figure 3. (iwswing Wy sexle #, Swith)

Pigure §. Fosterio-ventrel wiew of external genitaliu afber partial ex-
tension of the avdomen to show the insertion of the venls (FXK.) snd second
pieopod (Fl.2.) into the buse of the first pleopod (Fi.l.). LOL.A11 1s the
w&in of the last perieopod. (Drawing by Uesie u. Smith)
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67,

Figure 7. iesomstruetion drawings of sesinifersus duot in three lobes of
the testis. Note marked irrsgulsrity of course and mumerous samll pro-

Jootions which give appenrsnce of mumerous duets in flgure 8,

Figure 8. Cross section of midelsatoarcl testis. Hote lorge lobes subdivided
fato lobules und perforoted by seminifersus duots containing dark wperm

sAasses. Yorcester's fizative, Axgn astain, 3 filter. i3%.8
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9.

Figere 9. Cross section of mid=lateral testis. lote light growp of
spersetogonia in upper left corser znd seminiferons duct in lower right

eorner. Jorocester's fizative, izanm stain, 5 filter. X188

Figare 10, CUrossessotion of ald-laternl testis. iote goatierei durker
accessory nuolel in upper portion, dark siorage oell in interiobalar well
end splthelium of the seminifercus dues. iouin's fizxuiive, szan etain,
Band E filters. J400

Figure 11. Portion of testlis showing ssriy stages of eplthelistion. OCoupsre
with 12, 13 and 14. ~zun stadn, 5§ filter. 3400

Figaure 13. Acoessory nuclel gathere! st lobular wisli. Uernay-Lebrun
fizative, Azan etain, B fllter. X400
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Figure 13, 4dwvanced stsge of eplihelium development. Carnoy-ilebrun
fizative, szan stain, 5 fllter. 2400

Figare 4. Final form of epithelius Iin testis lobule. Larmay~lebran
fixative, BIH stein, B filter. A40C

Figare 15. Va» efferens in ecross section three-fourths of its length from
the testis (upper lefs) o the anterior vee deferens (lower right). Lote

large dorik storage deposite. Worcester's fizative, Azsu stslm, B filter.

190

Flgare 16. Crosz-section of wms efferens. iote muscularis wnd typhlosdle-

like projections, Horcester's fizantive, szan staine &5 filter. 2400
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Figare 17. First portion of anterior vaes defsrens. rote medizn uuclel of
epithelinm and desply chromophllie secretion with sperm in lusen, Vore

cestorts fixative, szan stein, 3 fllter, 3188

Figare 8. Coil posterior %0 that ghown in figure 17. Jots distal nucled,
1ight and dark searstions :nd line of substance *#Y mariking sul sperm

saszen. Forcesterts fizative, Asan siain, 3§ filter. X188

Flgare 19. Region slightly posterior to {igure 18. Huclel sre now nesrly

basal. Forocester’s fixzative, Asen stain, 5 filter., 5188

¥igore 20, Final stage in ssall oolle of cnberior was. Iote busal nuclel
and the sscretion produsts. Worcester's fizstive, ~zan stein, 3 fllter.

188
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Figore 21. large oolls of zaterior v.s deferens, showing group of formed
spersatophores, surromnding setrix sad epithelium., Jarnoy-lobrun fixstive,
Agen stalin, ¢ and E filters. 190

Figere 22, Portion of spermatophore ond xetrix. Hote 7 ime spersntozos,
spernatophore envelope and very heterogancous mumbirix. dllson's fixative,
RiH atain, B filter. %188

Flgure 23, Cross~section at the widdle of the vosterior vup defersus. iiote
lateral pouches sad contente of centrzl tube. Gilgon's fixative, Hil stain,
¢ filter. 90

HMgure 24, Cross-sesction of posterior ves deferens Beny duetus ejsculssoris.
Zote complexity of the tube and of lgtersl :ouches. Gemercl fizstive, EIK
stain, mo filter. %32.8
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Figure 28, Ipitheliue of posterior vss deferens nesr ductus ejaculateris.
Tuller epiihelium 1e on oentrol tube, lowsr on latersl pouch, Hote susele
fibers, appesrence of ciliation, and contents., Yorcester's fixstive, HIE
stain, 8 filter. X188

Flgure 36. Croses section of duotus ejaculatoris. HKote hemvy connective
tissue, muscularis snd smply lumen. Gilson'e fizative, Azan stain, B and
¥ filters. A50

Figure 27. Glondular tlssue oecurring along duetue, lote cords of cells.
Boulints fizative, Asan stain, i and E filters., 3400
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Flgare 8. Cross-section of penis near the proximal end. «pithellus,
myscalarig, and W ocontalining stor:ged epoeite are present.

Vorcester's fimtive, HIZ stain, G5 and H filters. i%0

Filgure 2. Hpithelium uad heawy musoulsris ia dWeasl port of the veais.

‘Bouin's fixative. B1H gtein, Gb and H filters. 300

1 Mgars 0. Fortios of Figure 29 under oil iisersisn. lote cilia., unta
as abeve. XDOC

FMgare 3l. Cross~seotion of the dilstul enéd of the penis, illusSreting
inflected cuticle oa typhlosole-like rldge bosring sodified epldermis,

Borcsster's fizative, Azan staln, & filter. 790
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Fgare 22, Grnn-i«t!an of pleopod 1 nsar proxizsl end. Hote closure
of groove snd varied rosetts glamds. iwuin's fixative, hzen stain, 4 and
G filbers, %i32.8

Flgure 33. Rosette glunds Lo busul portion of plsopod 1, tllustreting
diffuse and aiupact stages of gland., souin's fisstive, Azen etzdn, 2 aad
¢ filters. «38x® X400

Hgare 3. Crows-section of distal part of plespod 1. Hole groove aad

cbgence of rosstte glands, ZHouln's fizamtive, HlH stain, no filter. X950
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