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THE REPRODUCTIVE SYSTFM OF THE HALE 

NEO'mUC DICAMPTODgi ENSATUS (ESOHSCHOL'fZ) 

This study" ot the reproductive system. ot lDile neotenic 

picamptodon was prompt-ed by the .tact that, although some features 

o£ ecology, habits, -.nd. larval growth ot J!fympt:odon are known 

(10, pp.49-55 ), no intormation is avdl.able about the histology 

of its reproductive system. Neotenic males (f1gure 1), rather 

than terrestrial l.dul.ts, were used in this work because the former 

are relatively more abundant. In addition, males were used in 

this study rather than temal.es because it was thought an investi-­

gation of the histology or the reproductive s)'Stem ot the male 

possibly would y.leld more information about the reproductive crcle 

ot this species. 

Since the. word "neotenic• has been used in several w&JS, its 

meaning lna7 be claritied. at this point. As used. herein, and as 

defined by deBeer (1, p.;2}1 neoteey refera " • • • to cases were 

the adUlt animal retains larval characters•" The outstanding larval 

characteristics o! neotenic Dieampt.odon are the retention or 
elr$ernal gills and the continuation of aquatic habitat. 

The ~or pari ot this investigation is a histological. 

description or the reproductive system. In order to give clarity 

to the orientation ani spatial relationships or the structures 

http:temal.es
http:l.dul.ts


2 

involved, a description or the gross anat~ ot the tissues and 

organs precedes the histological description. 

Field aDd laboratory work have resulted in some ecological 

and other additional information which follows the presentation 

of the histological studies. 

Prewation ,2! Histol,oSic!]. Ma.terQ]. 

Some animals were killed within hours atter thq were collected, 

others were maintained in the l&borato17 tor several months or longer 

before the;y were used. 

W an1mals intended tar histological studT were per.tused with 

Bouin's fixative through the heart, and the organs were reJilOY'ed and. 

put into Bouin's• 

Some of the tissues were de}Vd,rated in diaxan and subsequ.entl;r 

intUtrated with paraffin. Le.rge organa or tissues were dehydrated 

and cleared in aniline oU1 then int.Utrated with pa.rattin. Hansen's 

paraffin mixture (5, p.646) was used tor infiltrating and embedding. 

Most tissues were sectioned se~ at 5 Jl• some at 8 p. or 

10 Jl• depending upon the tiasue. Spaced. aerials, when mounted, 

represented a distance of 0.25 m. to 0.5 DDil• tram one part. of an 

organ to the next, depending upon the thicknees a.nd depth of the 

section. 

Kaseon t s trichrclme stain (9, p.45) w.s used on all tissues. 

This stain gives a rather sharp differentiation of the toUcnd.ngJ 

mucus and connective tissues stain green; mwscle, cJtoplasm and 

epithelium stain shades of pink; nuclei stain black; and blood 



cells stain orange. 

Collection 9/. Disept:odon 

Neotenic Dicp.ptogon vere taken lty- two ditterent tnethods • 

one method used# which was~ shown to me b7 Dr. Robert M. 

Storm, was to tirst ehwn the water of a clear-running stream with 

a . well-battered. piece o£ tresh t'ish tied to a rock. As soon as a 

Dicamptod()n. -.ttra.ot.ed by the submerged bait; lett its place ot 

concealment and bec.t.me visible as it slowly made its war upstream 

to the piece of tish, another small piece ot fish tied to a 

weiglrt;ed fishing line was gent]Jr lowered into the water so that it 

came to rest on the stream bottom about one foot or closer in 

£ront. ot the advancillg animal., In most instances the ~Cf!!R!iodgn 

would seise the bait vigorousq and1 when it met resistance in 

trying to pull it awa.:r fr<)m the spot, would begin to spin rlolent~ 

around in the water like a spinning lure• At this JnOinent the line 

would be raised slow~ .and e'V'enl71 and a ha.nd....z1et used to ensure 

its capture. 

1he other method was to bait a tunnel trap with trash tish• 

submerge it in the water and return within the next lew da)"S to 

retrieve the trapped a.ni mals. This latter method was seldom used 

successf'u117 in a stream, but was successtul when used in a pon<h 

http:bec.t.me
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GROSS ANA'l'<»lY OF THE CLOACA OF MALE AND FEMALE 

NEOTEHIC DICAMPl'QDCil 

The cloaca lllQ""be considered as consisting ot two parts; an 

enlarged narrow caudal chamber opening ventral.l3 to the exterior 

by way ot the cloacal lips, and a compl.exlT-shaped cephalic tubular 

portion which connects the cloacal chamber to the rect~ These 

two regions of the cloaca will be discussed sepa.rate4t". In addition, 

even thou,gh the histology of the reproductive system of the female 

has not been included in this stu41', the gross anatCIJIT or the female 

cloaca is herein described and compared with the male cloaca. This 

ha8 been done in order to aid other wrkers who '11JIJ.'J' desire to dis­

tinguish the sexes ot Dicamptodon by using o~ external features. 

External. Appearance ~~ goacal ReEQ.on 

The external features ot the cloaca of male and female are 

similar (ligures 2 and 3, drawn from living animals). However, 

certain d.istinguiahing features are present and will be discussed 

below. The cloacal aperture is siJJipQ' a longitudinal slit bordered 

by two inconspicuous lips which are distinguished only by a narrow 

unpigmented ring surrounding the slit. During the breeding season 

the cloacal lips of both sexes may gape alightq. In the male, but 

not in the feuale, a papilla is present which projects caudad fran 

the anterior dorsal end ot the external cloacal opening into the 

slit near the surface ot the opening. This papilla, referred to as 

the cloacal papilla and normall7 not seen unless the cloacal lips 

http:ventral.l3
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are pulled apart sl.ightl.y. is one ot the distinguishing features 

ot the male. 

In both sexes the sides ot the 

walls or the external oritice are divided ' into an anterior and a 

posterior part. In the breeding condition. males DB7 be easil7 

identit.:ted by the series ot fine ridges which occuP7 the anterior 

portion or the cloacal opening. These ridges. which are unpigmented• 

unitorml.y tine. and parallel. slant in a dorso-anterior. ventro­

caudad direction. Thq are deep red in color due to considerable 

vascularization. The slant ot these ridges is greatest at the 

posterior end and grad~ diminishes toward the cloacal papilla. 

Females also have ridges on the orifice walls but the con­

figuration or the ridges shows definite structural dif'terences 

between the sexes. The ridges in the tamale occuP7 a greater area 

ot the cloaca1 wall• are wider and shorter• not as parallel ·to 

each other1 and not. as close together as they are in the male. 

As a result or this• this portion ot the wall is not as deep red 

as the corresponding part ot the male. 

The ventral and lateral surfaces or the male cloacal papilla 

are also thrown into a series ot ridges like those ot its adJacent 

cloacal wall. These ridges are seen in transverse section in 

figures 11 - lJ. 

The posterior halt of the cloacal wall 1n both sexes is 

relatively amooth and has a deposition or melanophores whose 

greatest concentration is near the ventral. posterior part or the 
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wall. Males have a greater abundance or these mela.nophores which 

also differ in distribution trom those 1n the temale (figure 2). 

Although meJ..anophore deposition in the individuals stUdied is 

eome'What greater in males than in females, as shown by stippling 

in .figure 2_. melanophore developme:p;t may be variable, depending 

u.pOn seasonal activity., 

In the male, the roof of the cloaca opposite the cloacal 

papilla bas a deep nar~ depressi.on1 whieh becomes deeper and 

forms lateral ·extensions at tho caudal end ot the cloac.al ori.tice. 

This dorsal f'l:u-Fow is best ·Seen in t:ransverse secti(l)ns (llgures 

12 ... 16). A 1110re detailed tref.tment ot tbis portion or t.he cloaca 

vill be dt$cussed under the histolog of the cloacal wan. 

Int!J!P!l To~ g! tQ~ ClgaC!l CaVitY 

Dissectio_n o£ four specimens and histological eontirmt1on 

show that the urogenital ducts 1n the male enter the cloacal 

cavity dorso-later~ very near the cephal.ic end of the tubular 

portion. The entey- of each duct into the cavity is marked ~7 a 

slight pit•Uke depression surrounding ·a small papilla through 
. ' 

which th,e uri.na.r7 and reproductive material passes., A s:maU 

well-defined groove runs fran each urogenital pa.pi.ll.a mese>­

ceph&li~, and. these join at the cepbalie neck of the cloacal 

chamber near the opening of the urinar1 bladder. !he u.rina:7 

sllghtq anterior to the -qrogenital duct entrances, so tlaat art¥ 

http:uri.na.r7
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urinlu7 tl:u.i:d entering the bladder has to now tbst into the 

cloacal eavit,-. 

In the relaXed, undistendecl condition. the mucosal wall of 

the tubular portion o! the cloaca is twown into bigb, tllin 

parallel ridges wbieh at the caudal end Qf the cavity become 

appressed and close off this region from the external slit.. These 

ridges continue, however • as the ridges Qf the cloacal aperture•. 

In the specimen fran which the camera lucida drawings {figures 4 .. 

19) were made, the' cloacal walls were not. pressed tog.etber in the 

bistolo~cal preparations. 

Dissection of three specimens sbowa tba.t in the female cloa.ca., 

the main distinguishing features ue that the two oviducal papillae, 

vhich correspond. in location with the urogenital papillae of the 

male, are considera.bqo larger tban those ot the latter, and protrude 

about 1 to 2 mm. into the cloacal lumen. The female oYidUCIAl 

pap:tllae are also sur:round$d by a pit-like depression imo whieb 

the urinar.7 ducts open med1o.laterall1. 

Unlike the plethOdontids and sane other fam.Uies of Uto<ieles 

·(a, p.286). melanophore depositi® in Di!fl!PY·odqp 1s absent 11'1 the 

root ot· the cloaca; and in the 1mderlting connective· t.issue pigmenta.... 

tion is scarce, which is somewbat contrary to the situaticm in 

lectP£9§ (3, P•450). 
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THE UROGENITAL SYSTEM OF THE MALE NEOTENIC DICAMPI'OOON 

Gross An&tomy ~ !J!.!!!!!!! Urogenital System 

For t)le sake of clarity, a brief description of the structural 

relationships of the urogenital system and the te~ used for the 

varioua structures will be given. There is some disagreement among 

varioua authors regarding the te~olog used to describe the 

urogenital apparatus. The correct designation tor the various 

units or the urogenital S)'Stem would ultimatel3 depend largel.1', 

ot course, upon a thorough embrJOlogical study. Inasmuch as no 

such stlldy has been made upon Dic:ampt:odon, one can only tr.r to be 

judicious in the choice of terms adopted. The descript.ion ot the 

urodele urogenital qatem as given b;y lf1man (6, pp.J94-395) best 

tits the case for Dicaapt.odon and w1ll be used here for most or 

the structures. Although the genital and urinar;y ldcineys, particu­

larly the latter, have not been studied in this investigation 

except as they are specificall.1' related to the reproductive system, 

I freely use the term urogenital system throughout this J:*per• 

Testes and Ducts. The testes or Dature Dicamptodon are paired 

structures nearly equal in sise and do not exhibit the "multiple 

testes• condition which is found in ~ other families or salaman­

ders, part,icularJ.7 in the plethodontids. In this respect thq are 

a1mU•r to the testes or Hecturus as figured b;y Chase (2, p.52l.). 

The following description is of one of the testes from a 

mature neotenic individual which measured 160 mm. in snout-vent 
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length. The testis is 46 mm. in total length, 6 mmo wide and 2 lim• 

in depth at its greatest width. Blunt at its posterior end, which 

is adjacent to the anterior portion or the rectum, the structure 

begins to taper rather s~ at a region 25 mm. forward or the 

posterior end and then contin'U8s forward as a thick band 2 - 3 nun. 

wide 1n cross section until it terminates in the region of the 

cardiac port.ion or the stCIII&ch. 

PraR rq studies it was observed that the testes are enclosed 

by a thin connective tissue capsule 6 p. - 12 p. wide which contains 

typical sp1ncU.e-sbaped nuclei. The testicular mass is made up or 

seminiferous tubules bound together by thin strands or connective 

tissue. Only certain groupe or tubules, varying in number !ran one 

to all or those occ~ one-halt or more or the cross-sectional 

area ot the testes, produce sperm at any one time. These groups, 

as well as tubules inactive in spermatogenesis, constitute the 

lobules ( tigure 20). 

In each testis a testicular network or tine ducts carey the 

sperm from the active tubules to the mesial edge or the testis 

where they leave that organ through another series or ducts, the 

efferent ductules, which are variable in number trom one to five. 

The testicular network, e&rl7ing the sperm to the efferent ductulee, 

may be divided into intralobular and interlobular ducts (figure 21.). 

An intralobular duct receives sperm tram a senrhuferous tubule and 

several or these ducts converge to form the larger interlobular 

ducts which convey the germ.inal products to the efferent ductules. 
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Several interlobular ducts may merge together before reaching the 

efferent ductules. 

The efferent ductules pass through the mesorcbil.Dll to the 

opisthonephros (figure 22), which in the male constitutes the 

epidi~s (6, p.)95), genital kidney (2, p.502), or se:x.ual. kidney 

(4, p.286). This portion of the opisthonepbros in DiC&lllJ?t.odon 

apparently does not serve a.If¥ urinary function, since no nephro­

stomal structures are present. Chase (2, ppo503-504) found the 

same condition to exist in Necturus, and states further that 

Spengel1 showed that the nephrostomes degenerate in the genital. 

kidney of all adult males of urodeles. In so far as I was unable 

to locate nephrostomes in the genital kidney of adult mal.es 

enm1 ned, neotenic Dicamptodon is no exception to this. The sperm-

conveying tubules 'Within the genital kidney have been termed 

epididymal tubules (6, P•.395). According to Chase (2, p.50.3) the 

renal tubules of the genital kidney, in Necturus, are connected, 

at their renal corpuscles, with the tubes of the epidi~s as 

mentioned above. Although I could not. demonstrate in the spaced 

serial sections the actual conne9tion between the epidi~l 

tubules and the renal tubules, the same situation must app~ in 

Dicamptodon, since sperm h&ve been found in all the duets mentioned. 

According to Chase (2, p.50.3), who described the pathwa.;y for 

lspengel, J. W• 1876. Das Urogenital system der Amph1bien. 
Arbeit. ZoOl. ZoOt. Inst., WUi-sburg, Bd. 31 S.42-ll4, Tat. l-4• 
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tfecturns sperm, the sperm,. aft.er h&ving entered the epididymis, 

then enter the collecting duct of the kidney from the efferent 

ductules and are carried successivelJ to the renal corpuscle 

thence into the praximal convoluted tubule, through the distal 

convoluted tubule and into a junctional tubule (8 to 12 in number 

tor each testes in D*camptodon) which empties into the Wolttian 

duct. 

WoltfiAn Duct. In pre-mating, breeding Dicamptodon males, 

the Woltfian duct is seen to be nearly circular or oval. in cross 

section and tilled. ccmpletely with sperm suspended in a liquid 

medium (figure 23). Anteriorly the Woltfian duct is much convoluted, 

but straightens out anterior to the urinary kidney and. runs a course 

parallel with the lateral edge or the kidney down to the urogenital 

papil.la. Since the Wolttian duct acts to store spermatic tluid, it 

has been aptly called a seminal vesicle. 

Sperm a.re also found in the urogenital ducts, which in Dief:!lp. 

toc:lon arise from the lateral wall of the kidney as a series or 8 to 

11 tubes or graduaJ.l1 decreasing lengthJ lllOst or these tubules 

pursue a more or less parallel course around the ventro...lateral 

aspect of the kidney,. untU they converge toward the cloacal wall 

at the site of the urogenital papilla or first enter the Woltfian 

duct and then pass into the urogenital papilla (figure 24). 

SCIIIl8 of these urogenital ducts JD&7 merge into a larger duct 

immediate~ before emptying into the orifice ot the urogenital 

papill.a, but JD&D1' of them enter th18 orifice independently. A close 

http:graduaJ.l1
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st:uctY or this region also showed that several. of the urogenital 

duet$ eztqi)tied into the Wolttian duct a short distance anterior to 

the base of the urogenital papillA. 

In addition to having observed .sperm in the urogenital duets, 

it may also be noted here that sperm were observed in the collecting 

tubules (figure 22) and in the distal convoluted tubules of the 

Dica!np!;odon urinary k1dney (figure 25).. Chase {2, p,,;os) noted 

that in Jieeturu.s sperm were found in the distal convoluted tubules 

ot the genital kidney1 and explained their presence in those 

tubu1es as a result or their having entered from the. Wolffi.an 

duct either by their own activity or due to muscular contractions 

of the Wolffian duct. 

The presence or sperm within the urinary kidney of Dic;:e.ptodon 

may possibly be due to the same causes which Chase ascribes tor the 

similar condition in the genital kidney.of Necturus. 

HistoJ.ogz !!! Active Testes yg pucts 

The tollowing description is based upon a study of the testes 

ot three mature neotenic males which we:oe imlnediate~ killed follow... 

ing collection dUring the month of Februar;y 1955., 

Testes. Although not showing tho "multiple testes" structure, 

the testes ot Di.campt.odon are cbaracteraed~; as they ~e 1n Taricha. 

by !'egions which contain mature spermatozoa and by regions which 

contain pri!Dary and aecondar7 spermatoc,tes and spermatogonia. 

Both ot these regions, the one conta.1ning mature sperm&tosoa. and the 

http:Wolffi.an
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other made up or the aforementioned tubules, as previously stated, 

may be called lobules. 

The appearance of the testes, based on the observations above 

and on a study of inactive testes (cliscussed in the last part ot 

this section), is morphologically and histologically correlated 

with seasonal changes, and the external appearance of these gonads 

is correspondjn&l1' correlated with internal changes. The matta""e 

tubules of the testes in the following discussion are in the pi-ocess 

ot evacuating their sperm into the etterent ducts ·am the Wolttian 

ducts are tilled with sperm. In figure 26 the last or the sperm or 

a tubule can be seen about to enter one of the intralobular ducts. 

According to Miller and Robbins (7, p-442) shortJ.,. atter 

evacuation or the mature tubules in Taricha torosa. the connective 

tissue cells surrounding each tubule form a ring ot cuboidal lipid­

filled cells surrounding the Sertoll elements, and at the same time 

the Sertoli tissue develops cell boundaries and becCIIIles an inner 

ring ot lipid-tilled cells. Since lipid material was dissolYed away 

in the histologic technique used, the presence or lipid material 

cannot be definitely demonstrated,. but the c()IU"se, reticular nature 

ot the S-ertoli cell c,toplasm seeas to justif7 the belief tbat 

these cells likewise becCIIIle tllled with this material. The i.mlard 

movement ot the Sertoli cella and. their encirclement ~ a, lqer 

ot cuboidal cella usual.J¥ takes place just as the sperm are be1ng 

evacuated or 1J!II!ed$atel1' a.tter evacuation. In eome cases the inter­

nal tubular ebanges begin to take place even before the tubules are 



eva,c-ted. .The sequence about to be described. tor picampt.odon 

was first · worked out in 'ranch& by Hiller and Robbins (7, p.422}1 

and follow fairl1 olos.e~ the changes observed in the latter 

species. 

During evacuation or just after, the Sertoli cells develop 

cell membtanes a.s weU a.s a ~collagenous internal limiting membJtan.e 

which separates the Sertoli elements trom the conneetive tissue+· 

derivefi elements (figure .24). Sin¢e the Sertoli ceUs a.nci 

connective tissue cella are vert fdm~lar in appearance, both tJl)es 

having a wrinkled or smooth nucleus containi.ng coarse cbrOJDa.tin 

gra.nu\es., the developnent or the internal limiting membrane .enables· 

one to ea.s~ distinguish between the two tlJ)es ot ~ells. Accord­

ing to Mille:r and RobbiruJ (7, p.422) this double....J.a7ered structure 

is or dual orj,gin and becomes the so-called. g'l.andular. epithelioid, 

Ol" interstitial tissue. 

In Pise,ptodon the -.ture. tubUle1 which ranges in size between 

100 - l22 )lin diameter, is; ot course, devoid or the connective 

tissue cells• For some time preced1ng evaeuation, the tUbule is 

outlined by a ring of low cuboidal ceUe, ueual.l¥ in a single laTer, 

and bounded internal.l¥ by a very thin lim1t1ng membrane wbieh. u ot 

a~tely the same thickness as the extemal .limiting membrane. 

As the Sertoli ceUB move toward tile cen,ter ot the tubule. the 

internal l.im.iting membrane becc:mes thickened• The nucleus or these 

Sertol1 cells in the une~uated tubule is flattened to oval 1n 

shape and takes on a more spherical shape as movement inward takes 

http:containi.ng
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place· ~ I could tind no interstitial cell.• m.orophologica~ 

hOJ11Qlogous to those in mammal:J., 

The mature sperm within the tubules are grouped in loose 

whorls. The nucleus-containing portion or head of each sperm is 

Vf!r/ dark in eol.or due to its chromopbU1c nature; this sba.rp]J' 

sepu-ates it fran the ··tail portion which takes the red stain. 

Racy' of the Sertoll cells in evacuated tubules ~ppea.r to be 

wd.ergoing gradual dissolution, co:rrespond:ing to the c).'langes which 

take J)lace in 'taricga torosa. In the nature testes of D1Cf:!BP1;odon 

the glandular or interst1t1a1 t.1$sue appears much like the Bertoli 

and connective tissue ceUs in evacuated tubulea. As stated above, 

MUler an4 Robbins are of the ()pini.Qn t~t the interstitial. tissue 

ot ;r!licJl! torosa. is ot dual Orig1n but point out that the amom1\ 

eontribute4 by SertoU and connective tissue elements ma,- vaey 

.among d.itferent species of urodeles,. 

py.c;ts.g!_ Testes. The histology ot the intralobul.ar a.M inter. 

lobular ducts are similar, u shown in .tigure 26., The ·~ 

leaving the seminitel"'US tubules enter the intll'alobular duct through 

a na.rrow .opening which graduall,r wid~ t ·o a diameter of trom. 

75 ,... 90 Jl• The walls ·Of the intralobular ducts are composed ot .an 

out61!' ooll.age:nc:Jus connective tiseue,. 10 - 15 )1 in tlrl.ckness.,. and 

lined inte~ by low cuboidal~ tlnellia.ted cells 10- 15 Jl ac~s 

having spheroidal or ovoid nuc).ei and t!Jle:b" gran-ular • ~te"• 

enti&ted e,topl.asm., Th.e interlobular duets., recei"'iJJ& the contents 

or several. intralobular ducts, vaJ:7 trotn. slightl7larger in diameter 

http:intralobul.ar
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up to 420 )1 or more across. Their structure is sim11 ar to that 

described for the intralobular .ducts, but their connective tisoue 

covering is considerably thicker. No pigment bodies have been 

observed within the walls of ezrr of these ducts, but a few 

melanophores were observed investing testicular blood vessels. 

E£ferent Ducts. The interlobular ducts empty into the etterent 

ducts near the ventro-mesial surface of the testis (figure 27). The 

efferent ducts, which vary in number trCIIl one to five, are ccm­

pu-atively large, measuring up to 0.5 mm. in diameter, but usual.l1' 

less. They have the same structural features e.s the preceding 

ducts, except tor a denser connective tissue coverillg. The 

cormective tissue, al.tmugh variable in thiclaless and pres\DJI&bl.J 

elastic, may be as much as 50 }1 1n thickness. If one of these 

ducts is greatly distended with spermatic fluid, the nuclei of 

the cell:s lin.ing the lumen project into it under a thin., 1mcillated. 

cellular membrane. 

Sperm ~ Repal Ducts !l! the Ep1ci;W.ym!s • The efferent ducts 

narrow as they enter the epididymis and are easUy distinguished 

fran the renal tubules primarllT b7 the fact that the renal tubules 

are 3 - 5 times larger in size tban the sperm ducts and are cUiated, 

whereas the epididlml tubes are unciliated (figure 22) . Within 

the epidi~s the sperm ducts do not greatly exceed 90 )1 in 

diameter, whereas the renal tubes c~ exceed 250 )1 in diameter . 

The sperm ducts, which have a compa.rativ~ heavier connective 

tissue wall. than the kidney tubules, are lined by cuboidal cells 

http:usual.l1
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containing large nuclei tilled with a vecy coarse granular chromatin 

material. Allot the tubules within the ep1did1mis are surrounded 

by a sheath of spindle-shaped co~eotive tissue cells. The 

supparting tissue ot this structure is composed of a reticulum ot 

connective tissue fibers among which are numerous leucoc)"tes and 

~p111aries. 

The cells ot the praxi.mal conTOluted. renal tubules are more 

camaonly low columnar rather than cuboidal. containing ovoid 

nuclei tilled with coarse ehrome.tin material and surrounded b7 

m.oderatel;y granular cytoplasm. Two tn>es ot cilia are present 

within these renal tubulesr short, independent cilia poojecting 

4,. 5 .)1 into the lumen, wmse basal and distal ends can be dis­

tingui.$hedJ and veey long cilia. some ot which appear to be gathered 

into long tufts. These long cilia may exteed 60 )1 in length. The 

short cUi& appear to be rather unit~ distributed, but the 

lang cUia occur in det.inite, irregular}T distributed groups 

within the lumen. 

The distal convoluted tubules are considerabl.Jl.arge.r tJ:an 

the proximal tubules, being in the nieghborhood ot 240 JJ in cross 

section in the region adjacent to the ll8in tissue mass ot the 

epidi~s.. The distal convoluted tubules are near]3 alwaTS 

tilled with sperm in a breedinB animal. This tubule. which is 

probab)J distensible, is lined with low oubo1dal, uncil.ia.ted 

cells, whose nuclei are t'lattened. ovoid to spheroid. The distal 

convoluted tubule joins the junctional tubules which run to the 
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Wol.ttian duct. 

In tigur~ 28 can be seen the site where the junctional \ubUle 

empties into the Woltfian duct. the histology or the lining cells 

o£ tlle Ju,netional tubules am the Wolf'fian duct~ where the former 

empties into it in the anterior regicm of the genital lddne7, is 

(J.Uite similar and the detail$ given below tor the l.:i:ning cells Qf 

the Wolttian duct ap~ equal,l.v to those or the Junctional tubule. 

D1t Y9lftW'4 ~- !he auterior PQI't1on of the Woltfia.n duct 

is variable in the tbiekness ot the wall and height o~ the l:U:d ng 

ep:it.hel1al cells, dependi.ng upon the distension caused by the 

lllilss ot sperm. 

The Wolttian duct of the male is composed of tour tJPCs ot 

tusues. The peritoneal eover1ng overlaps a thin layer of 

connective t-i.ssu.e which is interspersed with another ver:r thin 

la,er of spinQle-shape(l smQOth musele cells. 'l'he inneJ"mOSt l.a)"er 

is the epithelial lining ot the duct. The three inner la7ers 

cU.fter h;i.stologi.c~ in the ~erior and poeterior reg;i.ons of 

the WoUtian duct and \dU be &cussed t't.lrther bel.ow9 The 

anterior portion or the tlolttian duet.- in particular~ prQ'ba.b~y 

serves as a. send na1 vesicl;e, since it contains vef..7 l1ttle tissue 

or cell.$ that a.re sugestive or secretory activit)"• 

ln the breed.il.\g na:Le1 the anterio~st portion of the 

Wolttian duct o.rten exceeds o.; -· in diameter, and bu a 

COlliPJ.r&t1ve.ly thin wall., both the outer coverin& of connective 

t1s$lle as well as the epitllelial ~ bei.tlg reduced in size 

http:COlliPJ.r&t1ve.ly
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comp:1r~ with that p3.l't of the dUct aQjaceDt to the pelvic kidne7. 

In the' region adjacent to the ma.in portion of the genital. kidney, 

the eonnective tissue and smooth muscle cells in the outer wall of 

the WOl.t:fian duct are compact1. the wall averaging about. 25 }l in 

thickness. Blood supply is ~tively sparse. The ceUs ot the 

l:1.ning epitheliUDl are cuboidal to low columnar, ranging trom less 

than lS }l to 4; J1 in depth. The tree cell boundaries a.re us~ 

indietinct and the cytoplasm is fUled with a veey light geem­

stain:lllg ,gra.n\Jl.ar ~ss,. ln some ~gtons, masses o.t g.l.aluiular 

material t:U"e in the stage or dissolution on the free surtace ot 

the ceU$ and. be&Lnning to enter into tlle lllif.S$ or sperm and light 

gr:-e.n-:Jtaining material already present within. the lumen of the 

d.uct-. The nuclei of tllese cel.ls rest on the basemen& meW,rane 

and are br~ ovoid in sha.pe. are from S - 15 ,a in diameter 

and are tilled With a coarse ·C~omopbil.i.c material. Glandular 

activity appears compi.1."at:tveb'lll0d.s:ra.te in this ~egion of the 

Wol!fian c:luct, 

The Wolttian &lot in the neighborhood of the pelvic lddaey 

and cloaca (:f'igure 29) dif'te.rs in several respects from its more 

ante~i(Xt!i pcn"tion, but the histologieal transition between the 

two region$ is gradual. The posterior Woltfian duet i$ or about 

the ~e d.iatneter .as the anterior :porlion., and. ia e.lso tiUed with 

sperm and .t.Lui4, but the duct dia.meter is quite variable. The 

duet here 1~ el.cmga.ted in a plane pe.r&Ueling t-he contours of 

that pu-t ot the pel.via lddn~ t .o which lt lies adJacent, preseutag 
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an oval-shaped structure in cross section. The wall of the duct, 

includi.ns the peritoneal layer, and connective tissue and muscle 

layers, ranges in thickness fran SO - ll5 Jl, and is not compact 

as it is in the anterior part. of the duct. There are ID&Il1' capil­

laries and othet" spaces within the connective tissue. 'fhe layer 

of smooth muscle is more evident, occupying a more prominent portion 

ot the connective tissue mass. 

The lining epithelium ot the posterior Wolftian duct of 

picyptodgn is made up ot veey active glandular, colunmar cells, 

The majority of these cells are lOO Jl or more in length. The 

nuclei are oblong in the long direction o! the cell, rest on the 

basement membrane, are l5 - 20 p. in length and contain large 

discrete D&.Sses ot 1rregul,ar-sba.ped cbromtin material. The active 

secretor.y regions ot these cells is most apparent just above the 

nucleus, where !air~ large droplets ot oranse-.eta1njng secretions 

JNq be observed. In other eections these orange-stained droplets 

ma.y be seen throv,ghOut the whole ceU mus. The rest o! the qto­

plasm is !Uled with eque.l.q large droplets which, however, take 

a. ligJ:lt green stain, Num~s cella a.t. their tree surface are in 

the pr-ocess o£ evacuating their glandular products into the lumen 

or the duct, Free nuclei at the superficial surface ot the lining 

cella were noted here as they were in the anterior portion or the 

Q.uct. These free nuclei occu.w the same position as thq do mare 

anteriorq in the duct.. but 1n some instances a tine, thin 

connection 11&7 project into the intercellular space ot two adjacent 

http:includi.ns
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cells on whose surface the nucl.ews lies. Chase (2, p-469) also 

noted. tree spindle-shaped nuclei between the glandu],ar cells, but 

he stated that he could. not detect under high ma.gnitication arrr 
cytoplasm belonging to the tree. nuclei. Same of these nuclei are 

within the intracellular spaces (figure 29), thus being suggestive 

of the inte~tation that these tree nuclei originally belonged. 

to glandular cells and are now in the process or being removed• 

their cytoplasm having been diseolut.ed earlier. However, no tree 

nuclei have been observed within the lumen ot the Wolttian ducts. 

Histo:J:gq 9! thp active Testes !!1!1 Ducts 

The following description is based upon the testis of a mature 

and was then ldUed on Februa17 23, 1954. 

Testes !:D!l Ducts. The testis 1s composed of what appears to 

be unorganiled interstitial material, loose~ made up ot connecti,-e 

tissue tibers and cel.ls and Sertoll cells, and bears no organized 

bistological. resemblance whatsoner to active testicular tissue. 

Thi8 condition ia suggestive ot the degenerated condition ot testes 

of Taricba toroaa attar the termination or the breeding season 

(7- p-422).. In this Pie-"nJz!iogon testis, degeneration seems com­

plete (figUre ;o). extending even to the intra- am interlobular 

testicular ductul.es which appear to be completely absent~ 

'the efferent ducts which are embedded in connective tissue 

range in diameter between 64 ""' 168 Ji,. and are bounded b7 a limiting 
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membrane 1 - 2 Jl in thickness • The efferent ducts are lined b)" a 

single row (in most cases) of cells ranging in size between lS ­

:35 p. in their greatest cross section.. VIJ:"1'ing in sbape between low 

cuboidal to columnar. The nuclei, which lie close to the basement 

membrane, Yar7 in slape !'rom spheroid to an elongated ovoid. and are 

f'ran 7 - 13 p in d1ameter. 

V2lt.f1an ~· The Wol.ftian ducts in the non-breeding male 

are completel.7 devoid of sperm, and T&%7 slightl)r in S~t\ along their 

tortuously' coUed path. trom 800 - 850 Jl in dia.meter. 

The wall of the Woltfian duct adjacent to the testes in a non­

breeding male is ca:upo8ed or a hea.Vj'layer of fibrous connective 

tissue.. 50 - 100 )J. in thickness, conta~ning numerous connective 

tissue cell nuclei evenl,y distributed throughout. This wall is 

tair]J well vascularized, the capillaries being quite evenJ.t 

distributed, about 60 )l apart, near the external limiting membrane. 

The lumen of this duct is surrowded by a layer ot peeudostratitied. 

cells. The cellular membranes are genara13.1" difficult to distiJmuish; 

however, a few cells whose membranes were distinglU.ahable, measured 

about 100 Jl in length. The basal nuclei appear to be rellting upon 

, the basement membrane and torm a continuous ring. The nuclei 

between the inner- and outer-most cells of this lqer are irregular 

in their distribution. Same of the !ne nuclei appear to be 

act~ on the tl"ee surtace of the 1nternallim1ting cell membrane. 

All of these nuclei contain coarse chromatin material al¥i their 

c,toplasm is coe.rseJ¥ granUlar. The internal limitin,g membrane bas 
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a thin dePQsit of material on its sur.taee. This Jn&terial appears 

to be debris and o.f the same nature as that seen in the center of 

the lumen. 

AlthOugh it is not possible to describe the complete seasonal 

changes in the testes si1lce representative material was not avaU­

able at di.fferent seasons ,of the yea.r1 a. eetmpe.rison bet~en the 

active and inactive testes described above is suggestive of the 

male gona,dal c,ele. Active and inactive testes were reJnOY'eci trom 

J)ic;ampt.odon in February of '1954 and 1955· 

Mmitted11. the quantit,- Qt material e:Ji'am:lned ie .insutticient 

to permit de.t1nite conclusiOilS reg~ th.e seasonal. testicula.r 

activity• but the l'd.stological nat\U'e oft~ active and inactive 

testQ tbe.t have been examined., does sUggest that the male repro­

ductive ·c,.cle in DiSf!ARYodRR is s~ to that which occurs in 

Tariel;la. In &J 1 MPFJ Hl1S4tt11 Francis (41 P•5) states that 

sperm developed dlli'ing one breeding season are n~ transferred to 

the female during the .same \)reeding eeason,. but are st<ll:'ecl in the 

receptaculum seminis and rtmain the~ through the winter, tult:Ul..inS 

their ultiuate plU'P()se !n the foUOJd.ng May or June" 

http:foUOJd.ng


THE CLOACAL GLAND CCIU'LEI OF THE NEOTENIC MALE DICAMPJ;'ODON 

The uaeses ot glandular tiaesue adjacent to and surrouM.ing the 

eloacallilall.B o! Dale D19"Qll$odpn are referred to coUectivel.T a.s 

the Cloacal gland ccmpl.ex. The .internal eontigura.tion ot the 

oloacal1118lls ad.d:s tarther to the complication ot wrld.ng out; the 

relationabipe Of the several t)'peS of glandular tissue. 

It is believed tbat some of the glandlilar tubules ot tbe 

cloacal glaDd complex .in male salamanders Ja"'duce the aperato­

phoreJ a smaU. t~, .gelatiraoua blob ot varyit1g s~pe in ditterent 

species, in which the sperm are embedcled (8, p.28.)). . It is to be 

expected, then, that the glandular tubules, like the rest ot the 

reproductive apparatus ot Die&DIJ?\;odan, V'&r7 hiatologi~ fran 

one breeding Mascm to tile. next. It can cml1' be assumed that 

~Sfllp!:odpQ pood.ucea spermatophore&, since not:.hing is known ot its 

mating behavior. Which glands participate 1n spermatophore tcra­

tiCiil ~ be part~ deciucecl b7 determining into which regions ot the 

cloaca the various glands empt7 their products. 

file greatest ditticult7 in d1stil1guishing the tubules ot the 

different groups ot glands bas been well stated b7 Dawson (3, p.4S.3h 

Owing to the great var1et7 ot secret.Ql7 phases exbibited b7 
the dUterent tub~s, it is not ~ eas,- to determine 
with certainty whetbal- the tubules 1JDder consideration a.re 
ot an ent1rel.1' d.Uterer:rt character or are mereq ditterent 
JQ.ses o! actiVitT ot the same kind ot tubule. 

!his ditticult;y applies ~icular:ty' to the different goups or 
pelvic tubulee. 
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Although cloacal glands are present in all ambystomids, 

salamand:r14s, and pr!mitive plethodontids (8, p.284), the three 

d.i!terent types of glands tnald.ng up the ~loae.al glandular mass a.re 

not present in equal proportion in all those tand.lies named above; 

and, indeect. ~em,e, tpilies ot salamanders ma.,- be lacld.ng in one 

or more ot the three tJPe&• 

Dawson ,(). pp~7-4'S) described t.he anat• of the cloa.eal. 

gland eampl.a ot the male Jegtm:ws,. . A stuq of the varioWJ glancls 

which constitute the 4•ea.l sland complex. of DiC§!!!!tod.on reveals 

that, in most in3tances, thq conoespond fairl7 close~ in spatial 

relationship& with t®ee e>f ~· The descriJ*,ion below :1s 

that Q.t a mature Ja,eotenic ~.. 

The la!!rge gl.andular :ma.s& about. the cloaca is eamposed. ot grea.t 

numbers or ttub~ ~s. wbi~ ee.n 'be differentiated into several 

distinct groupa. ~Utbcti,on ot these different g'l.andt4ar unities 

b based upon the Q.Utologieal. nature of the cellul..ar components ot 

the gland1.1l.a» tubules am.d tb.eb' ~ecretions.. At least three &tinct 

types of tubltles have been distiQguished. OrganiZed groups of these 

tUbule$ are known as t~ olc::aC$3., pelvic and abdcmrtJ:l$l glands. In 

the toUow.tng discussion each ot these glands will be treated as 

sepe.ra.te entities, 1n which the gross anatom;r, 3patial relation­

ships at1d histolOS1 will be p-resented in ttat ot~Q.er. 

A. perusal ot tigurea 4 • 19 will help in unders't$nd1ng the 
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distribution and relationships of the variOUB glands. These 

drawings were done with the aid of a camera lucida and represent 

more or less evenJ.T spaced tranavwse sections from the anterior 

or1g1n ot the cloacal cavit7 through its caudal termination. In 

these drawings some representative tubules of each gland are 

outlined in their g1andula.r masses t.o show their reepective sue 

and orienta.tion. Because of their relative]¥ large sise, a 

gr•ter number, but not aU, of the •bd(lll1nal gland tubules lave 

been drawn. In moat cases the tubules ot one gland are inter­

spersed, to vaeying depths, with tubules ot an adJacent gland. 

Areas containing these mixed tubules are depicted in the dravings 

by overlapping of the lined and solid portions. 

Where there appears to be more or less definite bo1mdaries 

between two t1J)es ot tubules, or where interspersion is l.ar~ 

contined within narrow regions, a line baa been drawn to indicate 

the boundaries or regions ot interspersion. In onl.1' one case do 

these lines represent actual connective tissue septa, this exception 

being tbe septa which, on either side of the cloaca, separate the 

anterior port,ion ot the anterior pelvic glands trom other glands 

(figures 4 - 6) • In all O't;her cases the drawn lines onl1' indi­

cate the limits of the di.tterent &lams, with no 1mpl1ed presence 

of connective tissue septa. J'urt.hermare, the nearl7 unitorm 

be&V7 outlines of the vall..s of the clol.cal chamber do not bear 

arrr ccrrelation with the thickness ot the w.U in the ditterent 

sections. 
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jpat9SY gl :Y!! Cl9a£aJ. Glands 

The orientation ot the main bocV ot tubules of the cloacal. 

gland Jll&7 be seen in tigul"e 23 which 1s a trontal section or the 

cloacal regton, and corresponds approxlme.t~ with the level o~ 

the tip or the cloacal papilla. in figure 12. Most of tbe cloacal 

tubules are slightq coUed and oriented so that the7 empt.7 into 

the cloacal cavit7 through the edges ot the ridges ot either the 

cloacal wall or the cloacal JBpillaJ l.ess c~ tbe7 have been 

observed to open into the smooth posterior portion or the :wal.l.e ot 

the external cavit7 or the cloaca. These tubules term1Date in 

bl.iJld ends J most ot tbem, as tar a.s I lave been able to determine, 

being at the periphel'T ot the glandular mass., 

'l'he major portion ot the cloacal gland tubules Ue caudad 

to the main axis or the pelvic g1rdl.e, but a emall part or the 

gland ext.ends anterior~ be,-cmd the caudal edge or the ischium 

and projects torw&l'd (not. ahown in this section) just b~ the 

caudal end ot the pel'Vic kidnq, along the ventro-lateral ed&e 

ot that organ. In this region the Woltthn ducts have not Jet 

emptied into the cloaca. 

The cloacal gland tubules in tbie anterior region are paired 

cepl».l.ic extensions of the main glandular mass e.nd Ue Just doraal 

to the cartilaginous ischill!l, and d~o-latenMl.T to the urin&Q' 

bladder (figure 4). Posterior]¥, both or these e.xtensiOM e3plnd 

in a dorso-ventral plane so that thq occuw a nan:ow region on 

either side of the bladder where this orpn and the VOltt1an ducta 

http:cepl�.l.ic
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empty into the cloaca. 

The lateral. walls of the cloaca in this region are heaVUy 

invested with a thick tnUScul4ture1 and the cloacal glands are 

fUrther separated tram the cloaca by connective tissue septa 

(tigure 6, not labeled)• Ot.he~ glandular masses (see ~lvie 

glands) make their appearance in this region. 

More posteri~l1:, the lateral e#ensions of the cloacal 

glan4 tne$t in the, llledia.l* ventl"&l region between the cloaca and 

the posterior~ proJection ot the ischium {not drawn,, but 

region between tigure 6 and .tigure 7). The previous~mentioned 

connective-tissue septa are no longer pz-es~t~ and the tubules of 

these gl.a.nds are beginrd.n,g to penetrate the inves,ting cloa.eal 

musculature which ,:i,s not, as ecmq:act here as it is :moJ:'"e anteriOl"l.7• 

'l'be cloacal tusu.es lU:"G well•vaseulariled., receiving their blood 

trom the large oaudal. arterzr, 'Wbich lies between tbe ventl"al t.rough 

ot the cloaca and the media.l eloacal gla.nds,. 

Another pa1r ot verr ~b~t pro,Ject1ons ot the clo&ea1 gland 

now ~ their appe4ranee1 ~ between the ventral s~fa.ce ot 

the above""'D.entioned isehiwn proOJection and the dermis ot the v81lt 

region. These tw extetl$1ons ot the cloacal gland are separated 

from the main boq of the gland 1:!7 the paired mu$cles of the 

v-entral bod¥ wall (muscn~us...pubo--dschio-tibialis) and are embe&le4. 

in the connective tissue between the dermis and those muscles. 

These short,, ventral extensions of the cloacal gland will be 

re!erred to henceforth u the ventral cloacal gland e.xtemd:.on:h 
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More caudall.F these ventral ·eloaaal g1.and extensioms are 

J:Oined ~ the downward gJ:'OW'th ot the main. medial cloa~ gland 

(~s 7 and s}. In transverse section the cloaca is now- a 

horucnt.a.lJ¥ flattened tube_. and the cloacal glands i.mm.edia.tely 

ventral to the cloacal WQJl. are in i.ntinate usociat:lon with the 

sup~ing musculature ot the latter• but have not ~t ~etre.ted 

the strQna of the cloacal wan. 
In tbi:J same a,reQ1 wbieh is a~t 2 .... 3 -. anterior to the 

eloaeal Ol'it:ioe, 411of:.her t3Jle ot gland,. the abdominal. gland, makes 

it.$ a~ce. ad~eent to the lat.eral edges of the ventral cloacal 

gland ~ensions (tigu!~e s}.. the cloac.a.l gl.an.4s have incr~ed in 

ass, and. ~he tublil.es la.teral t.o and below the cloaea now occuw, 

in t~verse section1 an area. 10 mrn. wide aJld 6 msn~ deep between 

the cl~ce. and the ventral bocV" wan. 
The cloacal cavity is nov be&inni.ng the tra.naition mm a 

horizontall,r tlattene4 tUbe to that in which the main axis is in 

a dors~l"&l pl.a.ne and 1n which slender ridges .<m either ;oid.e 

ot the large, central. multi-ridged. ·cl.oe.eal papilla ~oJect trom 

the la.te:a.l surface• ot tbe oloa.cal .U. into the ·Cloacal .orifice 

(figures 9 .,.. ll)• At the $8.JDe time the onl3 aspect of the 

uteriorlt flattened cloacal cavit7 is that ot t.'WQ doroo--la.teral 

boruontal tol.ds ot the cl.oaca. 

The nase of the cl.Qacal. ~is largest in this region and. 

g:radua.llT deereasea in masfii poater,iorll'~ This decrease occure 

tirst i:o the region adja4ent t.o the verit opening. where the 
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abdominal glands graduall7 encroach med;ia]l;y into the region 

previously occupied by the cloacal glands ( f'1gure l4). 

As stated above, most of the cloacal glands empt7 into the 

cloacal cavity through the ridges an the lateral walls of the 

cloa.ca, and. scane ot them penetrate the smooth surfaces of the 

cloacal chamber. The cloacal glands terminate caudall7 a. short 

diatance posteri.Ql" to the vent as two paired strancls ot glands 

~next to the dermis in the midventral plane, separated b7 a. 

thick cord ot loose connective tissue {figure 19). 

Histology 9.! ~ Clc§ca1 qlfnd! 

1'be tubules of thia large gl.an4 ra:r varr coneid.erabq in 

croes-secticmal sise, since t.hq uasua.ll7 become progressiftl7 

smaller as thq approach their excretor7 ducts. This does not 

al.wa.yls, hold, howver, since same tubules are more or leas unif'om 

in sise throughout until they auddenl.7 decrease in sise shortq 

betor. the7 terminate. Tubule diameter otten exceeds 0.5 Jllll• &lld 

JJJa.7 be less than 100 )1 1n cross section, particular~ where tubules 

penetrate the muaculature ot t.he cloacal wall. The tubules form a 

canpact mass (figure .31), encapsulated in a tine sheet of' connective 

tiaaue and held together b7 a tine connective tissue network; the 

tubul.ee are modera.tel7 vascularised.. 

A t)1Xlcal tubule, with a croaa-eectional diameter ot 430 Jl• 

baa a unicellular internal l:l.n1 ng of low cuboidal cel.la 15 J1 in 

dept.h. rutin& on a thin basemct membrane. The tree surface ot 
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the:se cella is us't.1&l.q di$t1nct. The cytoplasm is composed largeq 

ot a coaroe reticulum fiUed with droplets of a light green-staining 

mucoid sub$tance, and the same material also fills the lumen of the 

tubule. 

In active cells the nucleue is spheroid and. may extend the 

entire depth o£ the cen. In some parts of a tubule the nucleus 

may be undergoing degeneration. bein8 shriveled and 1.y.l.ng at the 

base ot the cell, and in other cells the nucleus may be absent. 

In those cells so enucleated, the cytoplasm, in addition, appears 

to be undergoing a dissolution, part.icularq at the f'ree border 

which etten presents a. ragged protUe. No free nuclei were 

observed within the lumen of these tubules and nothing •s observed 

to indicate the ultimate cl1.spoait1on of the nuclei. Possibq 

tbq are pbagoc)'tised b7 ~ic cells ot the reticulo­

the luinell is not entireq bomopneou.s in substance; scattered 

through it are minute droplets ot a darker gre~taining substance. 

The t11bul.es of these el.oacal glards termirate on the tis»~ of the 

ridges ot the cloacal wall in low conical elevations (figure )2}. 

AP&tgq 9.t. the P!lncc G~IJl4s . 

!he glands which are colleotivel:7 caUed here the pelvic 

glands JIL'"esent the greatest interpretive ditticulty because thq 

repl"esent tubules which appear to produce at least three ld.ncls of 

secretor.r p!'Oducts. The pelvic glands constitute the doraal. 
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portiQll ot the cloacal gland.ular complex. Just above the roof of 

the el.oa.ca, the pelvic gla,nd.s occup,y an area which in frontal 

section bas the shape of a "!W in which the arms are relativel7 

long, broad and curve outward sllghtl.7, and in which the stem is 

divi4ed, broad and short. Between the ventral portion ot the 

divided stem liea the doreal longitudinal .turrow of the cloaoal 

root, The spaces lateral to the &l"DD8 and stem are occupied b7 

the doraal~t lateral portiQQa or the cloacal glands. 

The pelvic glands nay- be further differentiated into three 

regi<'llS an the baais ot the biatologieal nature ot the tubules. 

!hose g1 aneta oecupp.ng the arma a.nd ataa of the Y...ahaped gland J1a7 

be called the anteriw pelvic gl.and.$. 'the tubules or the atem 

portion ot the anterior pelvic glands extend caudall7 into the 

pcrtion ot the pelvic glands at the caudal eD4 of the cloacal 

root; these caudal-moat tubulea of the pelvic gland conatitute the 

posterior pelvic glands. 

In transverse sectiotle the anterior pelvic glands tirst appear 

as large tubule13 an the dor8&l side ot the anterior tips ot the 

cloacal gl·ands (figures 4 - 6). Connectin tissue sept.& separating 

these glands trom the clG&cal. glands are limited on3.T to those 

s•ctiOilS drawn in tigurea 4, s, and 6. Posterior to figure 6, 

these sept.& gradual.q disappear. Tbe anterior pelvic &lands 

ext.eDd as tar cawiall7 as the region depicted in figure 13. The 

posterl.or pelvic glands constitute the reainder or the pelvic 

glands shown in f'igures 14, lS, and 16. 
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The· tub\lle~ of the anterior and postet>j.or pelvic glands are 

n~ ~clear~ distingui:tbable trom tM tUbules ot tbe cloacal 

glands bee&uae the UJnits and interspersion ot the tubules among 

~se glalkls are not. definite-. 'l'bese two groups or J>elvio gl.ands 

can be dist.ingu.:lsheQ, however • trom the cloacal. glands. by the 

nature of their bistolog1~ and. s•cretar:r cha.racteriaties. These 

pelvic gland tubul~ ~e ol apo:d.uatel.J the same d.i$metel" as the 

a.clJa,cent cl.ot.oa:l gland, tubules and .&Fe about as straight. u the 
I • 

tubulee of the ant\$ri.Ol' pelvic. gland approach the cloaca, they 

become tote:rsperaed with the tubules ot the cl..oacal gland. 

Between the arms ot the anterior pel:vic glands is the 

relati~ sma.U mass ot the m.e<li.a.n pel.vl•. #Jl,a.nd tubt4ee ahown b7 

~ &ee do~ to the clcaea ill t~u.res 4,. 5, and 6:. Beca.use 

they are separated ant<¢iQ~17 from the rest ot the pelvic glands 

by ·;onnective tissue septa, the median pelVic glands are easiest 

to diatirJ,gtWth. Hare M11Mlly the tissue septa are lost• but the 

median pelvic &land tubul.efS can be cU.st~hed, nevertheless. 

from the antwoior pelvic e.nd cl•eal glands wit.h which they become 

interspersed. 

HW«~, 9.1 tl3e f!lyic GJAAd! 

IJ\tulor P!J:nc 91emle. f~e ant~ior pelvic .gland tubULes 

corustat Of .a very tine outer connective tissue !11G.1brane over~ 
. ' 

tlattened fibroblasts, cl.oaeq btveating • thin, homogeneous 

bas..,.t ~. and ~ UJlillC ot 'insle. low to Qattened 
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cuboidal cells whose intercellular boundaries are difficult to 

d.istinguish (figure .33). The content of the la.rge lumen is the 

most distinguishing feature of these tubules, and is composed of 

at least two different secretions. One of these, the background 

substance, is a homogeneous, VflrT light pale pink-staining or 

nearly colorless substance, and the other material is composed of 

irregularly..ehaped granules va¢ng in size from barely visible 

(under oU immersion) to over 15 )I in diameter. These granules 

stain uniformly bright orange. 

The nuclei ot the lining epithelial cells are ovoid to 

tlattenec:l; the particular shape depending upon the size aDd 

&pp&rEilt a.ctirlt7 or past actirlt7 of the cell. In these cells 

containing an ovoid nucleus, wh.ich ma.7 be as much a.s 2.3 )l across, . 

the nucleus as well as the c7topl&sm appears t.o be active, and 

in this condition the cell mar have a depth of somewhat over .30 Jl• 

The nuclei in these cells contain large dark granules. In those 

lining cel.le containing .tlattenec:l nuclei, the nuclei have a 

shriveled membrane am the contained dark granules are more com­

Jreased, the whole presenting a picture or veey dark shriveled 

nuclei :bing against the basement membrane. The d.ept.h or these 

cells 1a7 be one-halt or less or those previously mentioned. 

The cJtoplasm or the cells in different phases appears to 

be s1m1]ar, except. tbt.t in the larger cella it stains pale grq­

pink, while in the smaller cella the cTt;opla•m stains considerably 

darker pink. Under oU immersion two det.l.nite regions within the 
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cytoplasm are seen to contain an orange-etained substance that 

corresponds Ver'f' closely in staining qualities with the irregul.ar:Q-­

sh&ped, bright orange granules seen in the lumen of the tubules. 

One ot these regions is immediate~ adjacent to the basement mem­

brane. In tact, the orange-stain1:ng substance, which is a very 

thin strand, sometimes appears to occur between the basement 

membrane and the outer connective-tissue membrane, but this riJa.'1' 

be an artificial condition created by the histological technique. 

The other region of the cell containing a thin strand ot this 

o:range-atajning material is jW.Jt below the tree surface o.t the 

cell. 

The cella containing shriveled. nuclei, mentianed above, appear 

to contain greater amounts of this substance than the larger cells. 

Occasi~ smaU• horizontall7 elongated blobs ot this material 

ma7 be seen within the central part ot the ceU c,.toplasm. The 

Ught st&ird.ng ground substance tilling the lumen a~s to be 

formed trCIIl the dissolution ot the tree cell surface. 

The tubules or the anterior pelvic gland (figure 34) gradual.lJ­

decrease in size as the7 approach their terminal openings in the 

epithelium ot the clca.cal root• As these tubules decrease in 

overall diameter, the cytoplasm or the l.1n1ng epithel.ial cells 

disappears quite auddenq, just a short d.1stance trom where the 

tubules penetrate the clca.oal wall mucosa. The investing tissue 

or the tubule in this region, where the secretor)" cells are absent, 

is hea:vi:Q- invested with wey dark and flattened nuclei. Each or 
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these tubules terminates in a simple opening on the edges of the

small, thin ridges which project from the cloacal roof into the

cloacal cavity.

Posterior Pelvic Glands. The tubules of the posterior pelvic

glands empty into the cloaca through the lower half of the walls of

the dorsal furrow. In so doing, the tubules necessarily go around

the lateral longitudinal fold of the cloacal wall (figure 35). The

posterior glands empty into the cloaca through simple low papillae.

The tubules of the posterior pelvic glands are not distinctly

separated from those of the anterior pelvic glands, but they are

distinguishable by their glandular epithelium and, more readily,

by the nature of their secretory products. In other respects they

are similar.

The difference in glandular products, although this may not

be a constant difference, is that, in contrast to the variable,

irregular-sized, orange-staining granules within the lumen of the

anterior pelvic glands, the orange-staining granules within the

lumen of the posterior pelvic tubules are far more abundant as

minute droplets. There are relatively few of the large granules

which are characteristic of the anterior pelvic tubules.

The glandular epithelium is essentially similar in appearance

to that of the anterior pelvic glands. The posterior glandular

epithelial cells are only slightly larger and their cellular

limits are, in most cases, definable. The most striking difference

between the anterior and posterior tubule cells lies in the manner
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in which the posterior cell.s apparentl,;y form and secrete the 

orange•staining granules. ln these posterior tubules there appear, 

at frequent but irregular intervals between the intercellular mem... 

branes of the cells, very dark, spindle-shaped basal structures 

which appear to be much sbriveled nuclei. Closel.T surrounding the 

basal portion am sides ot tbese nuclei is an investment of Vel'f 

dark orange...sta.i.ning material which continues toward the free 

surtaee of the cell. In some instances the whole cell is involved; 

and in others only a. thin dark strand leads a.wa.;y from the nucleus 

toward the tree surface, That these dark bodies are, indeed, 

nuclei, can be shown b;y all the observable degrees of transition 

ot the nucleiJ from one which JDa7 be in the initial stage of 

shrinking to that of one ill the atage described above. 

the distal portion of these tubules shows the same reduction 

in size and other ehara.cterlsties which were not.ed in those ot the 

anterior pelvic tubules. One other dUterence between the anterior 

and posterior tubules concerns tbe difference in color 1n the 

bontogeneowJ ground material within the lumen. In the posterior 

pelvic tubules this material is dArker am has a greenish cast 

rather than a light pink cm.e. 

Median Pelvic G:ypis. The tubules ot the median pelvic gland; 

wbich occupy the crotch o,f the Y., first enter the roof of the 

cloacal wall immedia.tely caudal to the region of the urogenital 

papillae; they extend ventro-cau~ through the moderately dense 

connective tissue of the dorsal cloacal wall and. empty into the 
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cloaca tbrQu~ smll cOllieal. elevations, which represent the 

cepba:U,c ends ot the cloacal doraa.l ridse"· (figure ;6). Th87 also 

empty via tbe cloacal "'pUla tbrough similf,r conical elevations. 

The tubules ot this gl.and are·o~ alight~ sma.ll.er in diameter 

tban the cloacal gland tub'Ules and are very much convoluted, but 

they are distiilguished easilJ by the lining epithelium which, 

because o! the tlabules t · c<>nvol.l;ltions, appears often to nea.rll 

occlude the tl.l.b'ul.ar l'\Dllen. 

The cells of the median pelvic tubules, which are cuboidal 

to low colllllln&t" and range in depth from 20 )l to )S Jl• rest v.pon a 

thin basement membrane which is covered by an. equal.:q thin con­

nective tissue membrane.. 'rhe clear, hom.ogeneoWJ c,.toplasm contains 

a very coa.rae reticulllDl• In a transverse section l1lBllJ o! the 

nuclei can be seen to be restirlg· on the basement membrane in one 

tar c.orner of their respective cells, and in eonta.ct with the 

intercellular membrane. Wbile it is not a. completel¥ constant 

characteristic, this displacetnent ~t the nucle\1$ is one ot the 

most <lil$tingu:l.slling !ea.tu:res ot the median pel.vic tublJles. Tke 

nuol.eus is ovoid or wram:tdal in shape., 10 ... 1; }1 in di&Jneter, and 

co.ntatns vef!t coa.rae .granUles. 

The lumen is t:Ule4 with a clear homogeneous mterial which 

takes a deeper green stain than do the cloa.cal glands. As ~u 

t.ubtU.es approach the mucoea underJ.t-Lng the cloacal epithelium, 

tbe lining epithel1wn ot the tubules undergoes a. marked re<lUction 

in diameter. CQncom1tant w;lth this change the cytoplasm and 
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nuclei ot the lining cells undergo a simUar reduction in sise 

so that within the distance covered by three to tour cells, the 

overall size o! these cells ma7 be reciuced trom 30 }1 to about 

12 p. with veey little c;ytoplaam remaining. The '4lls of these 

tubules now appear to be composed entirel7 of closel7 packed 

nuclei. 

gtgq !d. !Ill Abdpm1 nal Glancis 

In referring to the gl.anda deoeribed. below, the D&JII8,. abdom~nal 

gl.&Dds, unfortunate~ is mialeacling because in l>igpmod.on these 

glands do not. occur 1n the abc1ominal region. !hq reeeiTe their 

name fran the tact that in some aaJa.manctrids thq extend over the 

root ot the cloaca into the a.bclominal. ca.vit;r (8, p.283). It is 

believed that these glands, like the hedonic glands ot other 

species, play no part in spermatophore torDation, but serve rather 

to stimulate the female during courtship. However,. the biatological 

cbaracteriaties of the abdominal glands in picamptocion ciitter 

arkedl;y from the bedonic glanda in pl.ethociontida and eala•ndrids 

as depicted 'b7 Noble (8, pp.l09, US,. 136). Perhaps a better name 

tor these glands in D:lcpm.o4on would be •cloacal lip glancis.• In 

lieu ot a more complete investigation into the precise nature ot 

these glands, I shall follow custom and continue to use the name 

abdom1 nal glands. 

The abdom:lnaJ glands first appear anteriorq aa one or two 

verr large, eas~ distinguished tubules (solid black in drawinge} 
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below the ventral dt:nnis and adjacent to the ventro-lateral aspect 

ot the cloacal. glands (figure 8). Their anterior-most reaches are 

sUgbtly posterior to the area where the ventral and medial portions 

ot the cloacal glands meet • As seen .from the figures, the abdom1 nal 

gla.nd mass increases in size more posterio~]3, being interspersed 

with cloacal gland tubules (vertical lines in the .figures}. The 

abdominal gl&nd tubules reach their greatest mass immediatel.T 

adjacent to the lips ot the cloaca in the region or the ridges ot 

the cloacal aperture (ligures l3 and 14). Postericr to these 

ridges, the ass decreases in sise \Dltll it disappears a shcrt 

distance bqond the caudal end ot the cloa.eal lips. The abdominal 

glands extend near}¥ as tar poat.eriorl.T as the cloacal glands. 

The abdom:lnal gland tubules, wb1ch are greatl.T convoluted, 

occuw near}¥ all ot the subdermis region ot the tumescent area 

surrounding the vent. In all probabilltr the7 are ma1nl7 respon­

sible tor the somewhat swollen appearance ot the vent region. 

They a.re concentrated most hea'YilT just beneath the dermis, although 

t.hq J11&7 extend dorsQotolateraJ.l¥ ot the vent region into the cloacal 

gland,uJ.ar JII&SS • 

H1sto}.oq R!l!l! lbd.ODQ.nal GU,ms! 

Biatological.ly# the abdomiD&l glands are quite striking in 

their' large sise and in the nature ot their secretions which cCJiloooo 

pletely' till the cavities or their tubules, at least prior to the 

breeding season. These greatl1' oonwluted t ubulea DJB.7 exceed 1 Dllll. 
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in diameter, but are~~ eomewhat smaller. These large 

tubules ha.ve blind endings and possess short ducts leading to 

their terminal openil'lgs (.figure 37). The abdomim.l gland tubules 

are enmeshed in a stroma of loose connective tissue, blood a.nd 

~vessels. Each tubule is invested in a moderately thin sheet 

or connective tissue which overlies a thin inner b&nd of spindle­

shaped smooth muscle cells 3 )1 or less in width. Beneath this 

muscle band is an extr~ tine basement. membrane upon which the 

cella ot the tubule lie. 

The tubule cells are cubo1d.al or columnar in shape and have 

their nuclei resting on the· basement membrane. There is con• 

siderable variation 1n the size ot these cells in ditterent 

regions ot the tubules. The smaller cells are located in or near 

the blind ends ot the tubules, wheree.s the tallest of the cells 

occur within the major pc:artion ot the tubule. In some instances, 

one side ot a tubule is lined by tall columnar cella and its 

oppoaite side possesses low cuboidal cells. The tallest ot the 

columnar cells MJ exceed 150 )1 in length, with a width of 

2 - 5 p., and the smallest cella of the same tubules JD&T be lees 

than 30 Jlin length. The tall collJIIID&r cella constitute a large 

mJorit,- of the cel.l.a and appear to be the ceUs activeq secreting 

their products into the lumen. 

The products ot secretiCID take up the light red and green 

stains of Hasson's trichrome st.ain, and 'fa171ng amounts ot the 

recl..at.&ining •teri&l appear within the cytoplum as a Ter7 tine 
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reticulum, as small granlll.es or as large irregular, anastomosing 

blot.ches. The anastomosing blotches contained in these cells 

lU5uall.1' extend down to and. surround their- respective basal nuclei. 

The rest of the c,.toplasm is tilled with a l.1ght green-staining 

hanogeneous material in the form of minute droplets among the 

meshes of the cytopla.$mic reticulum. 

The intercell'Ular membranes are distinct, by virtue of the 

concentration of .tine red-staining droplets an their inner surfaces, 

but the tree, dissoluting surface of a.ct.iveq secreting cella JD&7 

merge with the lumen material so as to be i.ndiatingu:i.ahable !'rom 

the latter. In some regions, where the c,to~c and lumen 

material contain relativel7 lltt.le of the red-staining secretions, 

the tree surface o.t the cell.s is distinct. 

The low columnar or cuboidal cells of these tubules seem to be 

in a stage or development and mild secre-tory activity rather than 

in a state or exhaustion or clis$olution. These cella are c~c­

t.erized by conta~njng rel.Atinl.7 little or the red-staining c;yt.opla.s­

JDic material. The nuclei in m&n1' of these cells stand out sba.rpl.J' 

because a large part of t;h.e surrounding c,.toplasm is stained light 

green. The nuclei in all. the secretor,y cells appear s:fm1Jar, being 

tlattened-ovoid to nearl7 spheroid in shape. A tew ot them ma:r be 

elongated and oriented. in the lcmg direction or their respectiTe 

cells. These elongated nuclei ma;r slightJ.T exceed 20 p. in length, 

whereas the other nuclei range between 6 - l4 p in diameter. 

Occasional.ly, a nucleus may be observed J.71ng near the free surface 
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of the cells in much the same manner described pr~viously (page 20) 

as occurring in the lining cells of the Wol:ttian ducts and in other 

tubule cells. 

The contents ot the lumen of the abdaninal gl.a.rxis are clear 

and homogeneous in texture and vary in stainixlg qua.lities as stated. 

above. A.ppa.rently little meaning ean be attached to the chemical 

nature ot the lumen contents on the basis ot their staining 

characteristics, since in identica.J.l.y treated adjacent serial 

sections on the same slide• the l\11Il8D. ot Ql\e section ma7 be green1 

while the lumen material in the section i!mnedia.tely adJacent to 

· it JJJtJ.7 stain reel. 

'l'he ducts of these tubules. as stated above, are short and 

arise abruptly trom the secretoiT portion of that pu-t of tlle 

tubule which terminates ju:st below the stroma or the cl~ca. lips 

(figure 37). These ducts penetrate the stroma and the tlat, 

cuticle-tree sur!'ace o£ the epidermis, which 1n the region ot the 

cloacal lips 1s no deeper tban 400 p. {figure 17). The transition 

is sharp trom secretorr epitbeliUDl to that of the duct, whose waJl 

is a simple two-layered non-secretory epithelium. In some inatances 

there is a slight constriction at the origin of the duct and the 

gland:ular partion ot the tubule: between this constriction and the 

place where the duct narrows near its terminal opening, it DB7 

exhibit a slight bulb-shaped enlargement. 

The opening ot the duct is simgle, l&cldng in aey. el.evationa. 



The unmoditied epithelium of the duct wall resembles that of the 

epidermis which it penetrates, but its layered nature, 1n contrast 

to that of the epidermis, .is quite ma.rked. The basement nuclei 

or the ducts are flattened and. do not greatl7 exceed 50 p. in 

diameter, whereas the nuclei ot the superficial cells are elongated 

perpendicularly to the duct. wall and ma.y- easil.J" exceed 150 p. in 

length. The tree surface of the lining cells is ragged, but there 

is no indication tha.t these cells contribute to the glandular 

secretions. 
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THE Cl.OACAL WALL AID rrs EPITHELIAL STRUCTURE 

.A. stud;y of tbe cloaca or several RkCf!•odon shows tlat the 

walls of the cloacal chamber are elastic and present an 1nterD&l. 

campl.u configuration or ridges, HDwever, the internal ridges 

appear to be rather constant in the individuals «gm1ned. In the 

following descript,ion, the anterior pc:rt.ion of the uoaca is taken 

up first, followed b;y regions which correepond cloaeq to those 

depicted in figures 4 - 19. The indi.Yidual specimen being 

described is a neotenic male in which sperm are present 1n the 

Wolffi.an ducts as well as within the cavit;y of the cl.o&aaJ al.ong 

vith the sperm in the cloacal cavit;y is some cellul.a.r debria ot 

unknown source, probabJ.7 of intestinal origin. 

The urogenital ducts (figure 24) and bladder open into the 

cloacal chamber just posterior to ita anterior origin. In the 

region where these ducts empt.y (figure 4), the cloaca in cross 

section has the appearance of a INCh-indented triangle with the 

root DIIOl"e or less tlattenecl, aDd the steep-engled sides indented 

b;y irregular l.Dng1tucUD&l. furrows lddch torm mod.eratel7 thick 

ridges. A smll, short, mectian ridge projects into the cavity 

trca the cloacal root. The Wolttian ducts enter at the lateral 

corners of the root and the bladder empties at the ventral apex. 

The epithel1&llin1ng ot the cloacal cavity is nowhere simple. 

In the region or the urogenital papillae, the epithelium is two­

layered at times, and appears to be paeud.ostratitied in other 
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regions. Wh~e the epitheliwn consists of two layers, it ba.s a 

base of ovoid cells and a s'tl}?ertic1al ~yer of cuboidal to columna.r 

cell$. these latter cells nearl7 alwa75 contain a mucoid substance 

in the superticial halt or the cell. .Man7 of these mucoid cells 

are. in the process of empt,.:l.ng their contents into the cloacal 

cavit7, 

S~ttered irregul.t.\rlJ' \trough the superficial layer of 

epithelia1 cells a.r.e other cella, occurring siJ18l7 or in small 

groups wit:h darker c,.toplaem than that of the mueoid-containing 

cells and with ciliated tree borders. Moreover; ~a part of 

the free border ot one ot these cells 11'1&7 be eil1ated. Scattere4 

patches ot c111ated ep1theliwn are particularlJ conspicuous through­

out the region of the UNgenital papillae (tigur$ 38)., However, 

the regions immediatel¥ adjacent to the openings ot the JDan7 gland 

dUcts are tr-ee of c:il.U.• 
( 

In general, \he sides and deep cr;rpts of the ridges thr~ut 

the cloaca are t.he most dtcn&el.r cUia.tedJ the cUia in these areas 

being sli8bt17 longer and nmoe cl()Sel.)" set together than elsewhere. 

The tree borders of ciliated cells are very clense, a.r¥l the cilia 

ean be seen to have their' origins in the cJtoplaam a slight 

distance below the tree svl4ce of their respective cells, 

Slightl.T M'Udal to the point of entry ot the urogenital ducts. 

the shape of the clca.cal. cavit7 changes rapidq_, so that in cross 

section it. presents a flattened triangle whose apex is now directed 

clorsa.U7• The apex or the trtangul.ar-shaped caTity is formed b7 a 
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low domec:l concavity (figure ?). The median pelvic glands en¢7 

into the cloaca through this region ot the eloacal roof• Lateral.l7 

there are several lcmgitndinal ridges whose sides extend into two 

longitudinal cavities. The fioor ot the cavit7 is nearl7 tla.t, 

and onl.T slightly indented b)" several small median turrowe. Verr 

few cill.a occur either in the root epithelium or in the. lateral 

furrows, but the noor is compl.eteq ciliated, aa are the edges 

of the ridges. 

More candal17 (figure 9), the ventro-lateral ridges become more 

pronounced. Most of these ridges are the internal cepbal.1c portions 

of the external cloacal ridges • In this same area the dorso--oephalic 

end o1 the cloacal papilla pl"Ojects deeJ)l.1' into the cloacal cavity 

as a large, median, arrowhead-elaped atrueture whose sides are also 

indented b7 the furrows of small ridges. The indentations ot the 

root of the cloaca are nov nearl7 pa.rallel with tboee ot the noor 
configuratiOIDS, and the lateral furrows have increased 1n aise and 

r ..in a constant feature as far back as the caudal extension o1 

the cloacal papil.l.a (figures 9 - 13). Onl7 the ventral surface ot 

these lateral folds are ciliated, the root ot each told and the one 

curTed aide being tree of cUi.a (figure .39). 

The sides and edges (excepting duct openinga) of aU the ridges 

are now be&T11.7 clliatecl; however, the cilla on the edgea are 

sma]ler {figure .32). The ep1the11&1 lining 1n this interD&l caudal 

portion ot the cloaca is represented pri.mariq b7 taU columnar 

cells. The epithellal lining here is a1m1]ar to that of the more 

http:cepbal.1c
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antex-ior portion ot the cloaca, except tor the epithelium of the 

lateral tolds· whex-e, as mentioned .abovel! ci.11a are laoldng. For 

the most part, this unciliated epithelium is reduced t ·o a more 

compact layel"' of cells by a reduction in size of nuclei, as well 

as b7 a red\lction in the dept.h in the cytopJ.asm ot superficial 
' 

cells. Relatively few cloacal glands empty into the cloacal 

chamber through these lateral turrows. The cloacal pap1ll.a. a.nd 

ad;laeent ventral ridges are traversed heavil.y with cloacal gland 

tubules. 

J.a the external orifice .of the clO&ca is approachec:l (figure 

U), the cloacal cavity assumes a. definite .dorso-veat.ral tU.onga.... 

tion1 and the cloacal papilla extencls more d.eepl¥ in\o the cavit:r. 

The cloacallUJnen is· not reduced in 'JUe, however. b)" the .cloacal 

pa.p1Ua, because the depth ot the ca.-vit7 in the same region 

increases to a much greater degree. This increase in depth 18 

due prima.ril.r to a deep, median, na.rrow turrow which torma in the 

root o:t the ca:vit7 {!igure 12).- 'The a1des ot this deep dorsal 

fvrow a:.re unoilJ.-,ted·- The aides ot· the .internal ridges, as well 

as those ot the eloaeal Jl$p;Ula ridgea,. . are. stUl densely· ciliated. 

The. outer surtaces ot ~he rid:gea ot both the walle and the papilla, 

however, a:re now cUiat.cl on!T in emall. patches-. The ~· aides 

and ventral surface ot the cloacal. pap1lla are totaUr uno~ted_ 

as are the two ridg'6s neN~est. the cl.oaeal aperture. 1hua1. as t.he 

enemal ori.ft·cut is approached ,(with one euept.ion not~ fUrther 

on). tbe cilia of the cloacal wall are loeallied and reduced in a1se. 

http:cUiat.cl
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The anterior pelvic glands empty into the cloaca primarilJ' 

through the epitheUal tissue ot this rurrow. The ~ space 

in thia particular DiC!DlS!pdon is complet~ tUled with the 

secretary products ott~ ator-ementioned glMds. 

l few spem ~ present in the 4loa.cal cavity jw.l.t forward 

ot the exterior openina (~ 3.2) t the;se sperm are atljacent to 

the tip ot the cloac;al pa.pU.la. ·Tne lateral tun-ow. which formed 

a prominent. aspect ot the cavitJ more anteriorq• are now Pedu.ced 

1n :si'e .and pos.sess cbaractePistic epithelium and ciUa" ·The 

lateral rtclges ot the wall -nd the eloaoal papilla are becoming 

m.ore thoro:ugbl7 trt.versed b7 the cl.oaQ&l eland tubules. Strands 

Ot slJl()Oth JI\USCle arising f'rom the ~oacal waJl. penetrate through 

the papilla to it• ctorsal tip• . 

!he cloaca. baa its greatest depth in the c;epha.l.i.coomost region 

ot the exte~ aperture (fiau.re u>.. In this region the a~ex or 

the dorsal hrrow devel~ two small lateral furrows. wbich persist 

posteriorl.J tor ~l.T the entire ltmgth ot the orifice. About 14 

ridges appear on both sides o! the wall• A slight val"iation bafJ 

been r»ted 1n the n'WDbe:r of ridges 8Jll01lg the eeveral Di2!JPPtodop. 

exaudnect. 'the ol.oa~ glands tiiiPtT into the cloaca tbroughout tbe 

remaining ,posterior extensions ot these ri.qe1h 

Sltgbtlr anteriar to the lips ot the cloa.ea, the cen la~:rs 

·near the ventral a.spect ot the cl0f1cal cavitf gradualJT increase 

1n lUDDbfn' ~il, in the region o! the .orUioe, the epithelium at 

the margin ot the cloacal slit is :stratified and resembltta that. ot 

http:pa.pU.la
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the boey covering elsewhere except for lacldJlg a. cuticle. The 

epithelium or the cloacal lips is considerablf thicker., however~ 

than the adjacent epithelium ot the ventral body surface. The 

cloacal lip epithelium exhibits a variation in depth from about 

100 p to 210 }.\ (figure 37). The epithelium or the adjacent boq 

wall exhibits less variation in tbiclmess, varying from 40 p to 70 p. 

in thickness. It nay be noted in figures 17 and 37 that the ab­

dominal glands empty their products into the curved lips or the 

clca.cal aperture. Their terminal openings are restricted to the 

small area on the cloacal lips between the ventral~ limitations 

ot the ridges or the oritice and tpe inner curved surface ot the 

lips. Th:i.$ distance in the one specimen measured 1.; mm. The 

cuticular surta.ce ot the bod¥ epitheliUJ!l, which awzooacbes the 

inner curved surface or the cloacal Ups, appears to mark the 

outer limits ot the abdominal gland openi.rlgs. None or tbe glands 

typ:i.c&l of the ~ epithelium are present in the lips or the 

cloaca. The surface or the cloacal lips 8.Pd the distal.portiona 

ot the three ventral-mOst ridges in this region are composed ot 

unmodified low coltmD.'lar cells. 

Except ft:lr' a slightly darker staining reaction and containing 

more spheroid nuclei, the ]1 nj ng cells or the deep dorse.l turrow 

and its lateral folds appear similar to those celb or the cloacal 

lips. The reJJaining surfaces covered by cilia. are the bases ot 

the ridges which are contined to the lower ventral portion of the 

walls or the cloacal aperture (figure lS). The cloacal glande now 

http:surta.ce
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open into the smooth dorsal .US of the apeJ:"t.ure as well as 

through the ridges. 

Posteriorly, beyond the· ri.ctges, tlle abd.aninal glands and their 

terminal apertures become redUQ,ed 1n number, and the region ot the 

Upa is now la.r~ penetrated 'bf the cloacal gland ducts • In 

cont;ra.st to t}ie low conical ele1'at1on8 which mark the openings flt 

the cl-oacal gland. tubules 1n tt1~ :riciges aDd elsewhere. no such 

J8p1llae distinguish the al.xlm1 na.l gland openings on the lipa ot 

the clcacal. aperture. lnstead1 there is oncy a simple ~peniD4b 

bordered b7 munoditied epithe:U\lDl.~ 

The lateral grooves in the dorsa.l apex of the root become 

redueed and disappe&.r· as the •udal end of the cloacal aperture 
. . 

is approached. This :teat.'IU"e a variable, however, since in other 

neotenic DiS?!,!I!R!.odop these lat~ grooves terminate in a deep 

dOIB.-.ebaped cavity- at the caudal end of the spert.ure. 'fhe mel,ano­

phores Which are ~sent in the cloaca or the Dale a.re seen to lie 

within the Clonnective tissue inmi.ediateq below the stratum germ:i.na.­

tivum. ln the region immediat•lr posterior to the cloaeal aperture 

proper,. none ot the olpa.ca.l ·ott abd«)rldnal glands empt7 onto the 

surlaee, although tubu1es of both ot these t1P" ext.en<l beJOtld 

this l'egion. 

http:germ:i.na
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ECOLOGY 

One ot the necessary parts or this stud1' has been the collect• 

1ng of Pi2!!!T!tod.on smsatus in their natural habitats. !he field 

work or collecting these salamanders and aintainiDg them in 

ca~1Tity- bas resulted in some intonation, additional to that 

appearing in the literature, about the habits and lite hiatoey or 

this species,_ Because little is known about this am mal, I am 

presenting scxne ot that intonation along with new intoruation 

which I lave acquired. !rom tield &n4 laborw.to17 studies. 

~n epaatua is one or five species o! tbe tamil.T 

AJnb7Stamidae which occur in Western North Jmerie&J it 1a the 

largest terrestrial sal•mander 1n North JJ~erica,. adults sometimes 

exceeding 12 inches 1n length. It ranges in humid• forested, 

coast&l regions trom eouthwestern Brit1sh Columbia through 

Washington, Oregon and Cal.U'orni&, down to Santa Cruz County-J 

it bas &#so been recorded from Idaho and Mon'tua (10, p-49). 

Like acme other species ot ambystCIDids, .D1campt.gc10n is n~enic 

in p&rts of its range. In the mountainous area west or COl"V&llis, 

Oregon, it appears to occur mare ~ as a neotene than as 

the metamorphosed rona.. but both tJPes occur within the same 

region. Both torms have bean taken fran Ma.ryfs Peak at an elevation 

or .3,250 .teet, anci both occur at lower eleYations. D1Cfmpt._odon. 

therefore, appeara to be po~rphic. Moreover, this po]lmarphiam 

seems to exhibit a clinal distribution, since in Calltorn:la, the 

http:Pi2!!!T!tod.on


53 

neotenic torm is relatively WlCCIDD1QI1 and terrestrial individ.ua.la 

are fairly abundant. In Oregon, parti(;uJ.ar~ in ans which have 

been thorough.ly investigated, neotenes are genera.l:Q' tar more 

COIDJ!lOn than are terrestrial ind!irtdual.s. In addition to this 

latitudinal cUnal Qistrib\ltion, thete appears to be an eleva.t1ona1 

one as wen, sitlce most Di~n collected from bigher eleva• 

tions are terrestrial, whereas the naJarit)" ot those taken at 

lower elevations are neotenic• 

The evidence ro.r the cl.:lnal nature of neotellf is based on 

general observatiOXU,:~I , sight :>ecorie 1\lld b7 in&peotion ot the 

coUeetions ot Qi91!"Rl'odon ~ in. the Museum of Vertebrate 

Zool.ogrt Univer.sity ot Calitornta, Berkele71 and in the Oregon 

State College Husewn of Na.t•ural Histoey,. COrvaJlis. 

Neotenic adults, d~~ upon favorable temperatures and 

humidity, :have been taken in.d!ftere.nt localities at all times 

ot the )'ear exee~ Novelllbet' a.nd .December• Tpey JfJIIiT 'be ~ot:ive 

during these two JDQntbs also. but high, swi.ttiq~ water bas 

so tar made it .imp;)ssible to collect them during November and 

December. Becat1.8e ot the nature or their habitat, and possibll' 

becaWie thq JXaT )-ecome inac\ive at some tlmes ot the Jear; 

neoteni.c forma have JtOt been taken. throughout the 7ear in the eame 

locality. Like most other salamanders, DiC§J!!Ptodon is uauallf not 

touncl in its habitat when the ground tempera.t'UI"e is 'below SOc,. or . . 

the humidity is ver, lmrt•· Like normal ~!&fmptsri¥m larvae, ne~eni~ 

1ndivi4uals no.nalJ¥ live in eold'<loolllater mountain streams. 

http:Becat1.8e
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Between the early part of Ja.nua.ry and AprU 1. 1955, the 

Oregon State Fish Gcunission maintained six fish traps in a small 

stream 1n the foot.hil.ls o£ McDonald forest, five mil• north ot 

CorvaU:is. On !ebruaey 20, 24, and Ht.rch 1, 1955, three Dire'ftPt:o­

.9:2!! were taken trcm upstream traps. Between Febru&rT 20 and 

March l, the mean average dail7 temperature of the water 'V&l"ied 

between 7 ... SOc. It is intel"esting to nate tlat all of these 

.animals were trapped wbile thq were moving upstream. The signifi.. 

cance ot these data is not clear, but it does indicate that 

DJ.~odoB ma,- not be eedant&17 in its be.bits. This information 

also leads one to speculate that picapodon lJI&7 be seasonal. in 

its mcwements. Two of the males trapped in this stream were ld.lled 

within one or two dqs after ,being trapped and both ot them 

exhibited active spermatogenesis, and their Wolttian ducts were 

distended with stored sperm. lfarJ7 neotenic DieamPtcodon have been 

taken by baited line trom Bock Creek, Benton County {figure 40). 

In o~ one instance known to me have neotenic Dicamptstgn 

been found in other than tast...mcning streams, this in:Jtance being 

their occurrence 1n a ver"f small pond ot about 100 teet in diameter 

and 2 teet in depth (figure 41). This pond, 5 mil.es north of 

Corftll.is, and 1 mile west of Higl'aaJ' 99W, Beut.on Countr, is 

located in lew h1l.ls below McDonald Forest. It is ted by a sall, 

short. tributary of a nearby stream which runs throughout the ,ear 

and which is the upper part of the stream 1n 'Which the previous~ 

ment-ioned fish traps were placed. Between April 21 to 25, 1954, 

http:Corftll.is
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I collected five full...eized neotenes tram this pond by means of 

f'UlUlel traps. Several of these five individuals were near the 

maxttnal size ot neotenic Dicameodop represented 1n the Oregon 

State College MUseum of Natural Hlst~ collection. 

What factors m&7 be involved 1n neoteeyo ot Dicamptodon remain 

large:cy unknown. The occurrence of terrestrial forms at high 

elefttions is evidence. 1n part,. that cold 1n itselt 18 not the 

blocking agent of metamorphosis, as it is in the neotenous larvae 

of AJnbntoma tiqirQum in the Roclq Mountains (S, p.295). 

Iesezo2 stated that metamorphosis •• ind.ucecl. and cCIIIPleted 

by treating neotenic Dig.mptoclon with tb1roxine. I bave kept. 

neotenes at room temperature tor ODe ;year without. &nT metamor­

phosing effect, aDd several neotenea were maintained at 140c. tor 

a 4-DIOnt.h period without aq metamorphic changes occurring. 

Stebbins (10. p.54) specul&t.. on the poasibillt7 that neotetl7 

is cCIIIIDOn in areas where streams are high and steep-eided_. ~ 

t.hat neotenous forms remain so because thq cannot get out ot the 

water and consequent~ woul.d drown were thq to metamorphose. 

tind this idea unacceptable tor the regions inveati&ated in this 

st'UQ', since all strea.m:J trom which neotenows in4ivichala were 

tak~ are not deep and ~ter eve-q op]X)rt1Ulit7 tor &ll an:hnal to 

climb! onto land. 

2Personal communication. Letter trom James lteser, Depa.rtmalt 
ot Zoolog, Univerait)" of Hisaouri (preaen~ ot· De)».rtm.ent of 
Biolog, Universit7 ot Oregan), dated. Pebruar:r 6, 1954. 

I 
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An interesting feature of these animals is that most of the 

t.en-estrial illdividuals collected. in this .region are smll (5 ..,. 7 

inches}. whereas the neotenous individ'Uals are almost 'Uniformly 

large~ f.qcm3 suggested that a q_uestion of growth versus di_tferenti­

a\ian :may be involved 1n this species. • From the foregoing, it 

seems evident the.t ta.ilure to metamorphoee is due to lDO.re thEm 

one unknown cause. 

Ma.n7 difficulties were encountered in trying to maintain 

neotenous forlii$ alive in the laboratory. Neotenol.U!J Diea.,pgztodfn 

were1 lound. $o be extr~ sensitive to ch\orinated city tap water, 

as well a.s to the metallic ions, Dl.()st likel.7 d.nc lorus1 which ma7 

'be derived from the labora.tor;y plumbing. Aquatic Dicam;t.$on 

~ dio it lett j,n llr11'ilterec:l tap water tor three or ntare daJS• 

the most rapid and not1ceabl.e etf$Ct ot tap water is upon \he 

g:Uls. In one instance, a mature neotenic individual escaped 

tram its container or filter-ed water into the running tap.water 

bath where it rema.ine<l ove:unight. In the morning, when it was 

toun4 and removed tram the tap water, the gUl filaments had . 

&lreaq become necrotic dista.l.J.7, and within t-wo dap all gill 

til.a.Jnents had dropped ott* leaving Cllll7 the stumps ot the external 

gill bars. New gU1 tilamenta event~ grew back.- Aerating 

the wate.r and tUtering it through a m:b:t.~e ot a"tivated cbarcoeJ. 

)Personal cQ.I'DiliUllication.. Let.tEtl" trom w. Gardner ~, 
Depart.ment ot Biolog• The c:&iihoUc :Universit7 ot America. Qa.te<l 
July 5, 1954· . 
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and oyster shells elim:taa.ted the problem o! chlorine and metallic 

ions. 
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SUMMARY 

A study has been made or the reproductive system of the a.le 

neotenic salamander Dicamptocion ensatus 1n an effort to understand 

the main histological and anatomical features or the reproductive 

s79t• of this animal. 

Aquatic Dicam~odon were collected, killed,. and their tissues 

and organs removed and prepared tor hiatological stud7. Tissues 

were mounted as se"t"ial..l.y'-epa.ced sections and stained ldtb Masacnts 

trichrame stain. An anatCIIdcal descriJ*,ion ot each organ or tissue 

bas been given, followed b;r a histological treatment ot thoae 

structures. 

The cloacal regions ot the male and tamle Dicampt.odcm are 

similar, but distinguishing t•turea are present which permit easy 

identification of sex by using onlJr external characters. The male 

is characterized b;r two ext.emal. teaturesa a series ot prami.nent, 

parallel tine ridges in the anterior part of the cloacal orifice; 

and a cloacal papilla. This latter structure pr.-ojeots caudad trcm 

the internal cloacal cavity into the external orifice and has 

ridges s1milar to those ot the cloacal wall. The taul.e has a 

series of rid.ges also, but they are more ld.dely' spacecl, not as 

parallel, and not as prominent as those ot the male. A cloacal 

papilla is lacldng in the female. InternalJ.T the cloaca of the 

male can be distinguished trom the female by' its urogenital 

papillae which are sDBller than the oviducal papUlae ot the 
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female. In both sexes. urinary tl.uid has to now into the cloacal 

cavity before it enters the bladder. 

The gross anat~ and hist.o:i.osr or the testes. sperm conv¢ng 

ducts• epididymis • Junctional tubules. and anteriol' and posterior 

portions or the Woltrian ducts &J:'8 described. a:y CQJ.IlP&ring testes 
. 

undergoing spermatogenesis with ;lnactive ones, it was tentativel.1' 

concluded that Di9Jl!!P!iodon bas a breeding c;ycle siJidlar· to that or 

Ta.richa torosa. Each or the paired testes ot DiHSodof!. is a 

single anatomical unit and does not exhibit the •multiple testes" 

aspec;t. or sane salamanders. H~ver, the whole testis does .not 

part.icipate in spermatogenesis at a.D7 one time. Active and inactive 

portions o..t the testis constitute active and inactive lobules. 

T-he nature and developnent or the Sertoll elements appear to 

follow close:ey- the sequence whic~ occurs in Ta.GcJla. 

The gross anatCIIJ7 ot the ~e reveals thl"ee kinda ot glandUlar 

t.ubulea closel7 investing the region or the cloaca i the cloacal.,
- ( 

pelvic, and abdaninal glands. The cloacal glands constitute the 

grea.te.e.t mass and extend nearq the eut.ire lensth or the lateral 

and ventral sides ot the internal ·and extel'nal cloaca. The cloacal 

glands empt7 into the cloaca :pr~riJ3' through ducts opening onto 

the edges or the lateral ridges or the cloacal wall and. the ridges 

ot the cloacal papilla. 

The pelvic g1and,s lie over tne 't'OOf ot the cloaca and are 

.ditterentiated int.o anterio.r. posterior, and median :pelvic glands. 

Gross~. tne pelvic glands have the ebape ot a "l"• the arms and 



60 

upper ~rt or the stem constituting the anterior portion; and the 

base of the stem {clcacal cavit;y within the stem) being the posterior 

pelvic glands., The lnedia.n pelvic glands lie between the arms of 

the "'".. The tubules of the pelvic glands open through short ·ducts 

into the roof of the cl~ca.l cartt1• 

The abdond na.l gl.aMs are restricted primrll7 to the region 

underl3ing the epitheliUlll of the lips of t.he clqa,cal aperture and 

open onto the . :mooth lip sur£ace posterior to the ridged portion. 

The abdominal glands are considera.blJ' larger in tubule sise than 

B.n'3' ot the other cloacal gland complex tubule,. On the basis or 

the regions of the cloaca into which the varioua glan~ em):ity, it 

appear$ that ~the cloacal &l'ld pelvic glands participate 1n 

spermatophore formation. 'the a'bdom1Dal gland appe.rent:lT plqs 

little part 1n contributing to the spermatopho.re. Its tunot.ion 

1a unknown, but it u presumed to at~ct the female with its 

secretions. 

The gross a.natomical structure a.n4 histolog of the elaa.cal. 

wall is described,. The internal coJltiguration of the wall is nade 

complex by ma~ ridges and tur:rou which are present. The l.1ni:ng 

epithelium exhibits a variation in tbicl(nees a.nd in the natJD"e ot 

the auperticial and Ulld.er111ng ce:U.S. Cilia are present in 

di.tterent regions and vary m length and distribution tram one 

.region to another. Thq pres:wnabl7 aid in directing the lllOV8ll18nte 

of the sperm into the :f'crmation of the spermatophqre., 

The ecolog ot . ~94on is bl'ief11 di!.sc~sed.t particularq 

http:spermatopho.re
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the. po~rphic nature ot this species; and the habitat$ or neotenic 

::tndividual.s• The nature of neoteny in this species remains largel1' 

unknown. Low :t-emperature. however• does not appear to be a major 

blocking agent of metamorphosis. 

Maintainin8 neotenic D1C?a:Jill)t9C\on in the laboratory has pre­

sented some ditticulties associ&t.ed with chlorinated tap 111ater 

whicb. also contains metallic ions. · The etteet or tap water con­

taining these substances is lethal; it the ammals are kept in 

\llltrea.ted tap water longer than a rew daY$• This difficulty was 

bVercome by tUtering tap wate:r through activated ebarcoa.J. and 

O)'St~ shells~ 

http:associ&t.ed
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MALE FEMALE 

SIDE VIEW OF ONE WALL OF CLOACAL ORIFICE OF NEOTENIC 

DICAMPTODON. DRAWN FROM SEXUALLY MATURE ANIMALS. 

MALE FEMALE 
ANTERIOR 

POSTERIOR 

VENTRAL VIEW OF CLOACAL ORIFICE. DRAWN FROM 

SAME INDIVIDUALS AS ABOVE. 

3 



66 . 

Figures 4 - 19. Camera lucid& dra:winp of spe..ced 
serial. transverse sections of 
c].oa.ca of male neotenic Dicamptodon. 

http:c].oa.ca
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Figure 20. Transverse section or active testis. 
A - inactive lobule 
B ~ active lobule 

Figure 21. Testicular ducts, mesial side. 
A ... intralobular duct 
B - interlobula.r duct 
C • b~ood vessel 
D - beg1nning ot efferent duct 
E - Sertoli cells 

Figure 22. Epi~. 
A - sperm within Wolltian duct 
B - dliated renal ducts 
c ... sperm within comolut.ed 

renal tubule 

Figure 2.3 • Frontal section or cloaca. 
A - urinar1' ld.dne:y 
B ... intestine 
C - Wolttian ducts 
D - cloacal glands 
E - cloacal wall ridges 
p - dorsal furrow 

lig\re 24. Urogenita1 and Wolttian ducts. 
A - urogenital papilla
B .. urogenital duet 
C • urogenital. tubules 
D ... WOlftian duct 

Figure 2;. Sperm within convoluted tubule of 
urina.ry kidne;r. 

http:urina.ry
http:comolut.ed
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Figure 26. 

Figure 27. 

Figure 28. 

Figure 29. 

Figure 30. 

Figure 31. 

Sem.eniterous tubule evacuating s~ 
1 .. evacuating tubule 
B - intralobular duct 
C - tubule tilled with •ture 

sperm 

Etterent ducts lea.Ying testis. 
A ... etterent duct 
B - SertoU cells and internal 

coll.a.genous membrane 
C - blood vessel 

Juncticmal tubule joining WOlttian duct. 
A • juncticonal tubule 
B - Wolt£ian ci~ 
C -tat 1lodT 

Wolttian duct adjacent to ur1nal7 ld.dne)'• 
A - basal flllC1ei 
B - h-ee nuclei 

Ina~ive test18. 

Cloacal gland tubules• 
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Figure 32. 

Figure 33. 

Figure 34· 

Figure .35. 

Figure ,36. 

Figure 37. 

Cloacal gland tubules terminating in low 
conical elevations on cloacal. wall 
ridge&. 

Anterior pelvic gland tubules. 

Anterior pelvic glancl. 
A ... anterior pelvic gland tubules 
B - cloacal gland tubules 
c - urinary lddnq 

Posterior pelrlc gland tubul.ee. 
A - lateral lOilgitn<Unal told oL 

cl..oaca 
B -posterior pel.vic gland tubu1es 

Heclian pelvic gland tubules. 
4 - duct opening into root ot cloaca 

AbdQD:J nal. gland tubul.es with ducts opening 
onto lip ot cloacal aperture. 

http:tubul.es
http:tubul.ee
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Figure ,38. Ciliated epithelium ot 
cl.oa.cal wall. 

A • mucous ceU 
B • cilie. 

Figure .39· Latera.l .turrow' ot cloaca. 
A - unc111ated epithellum 
B - cilia.ted epithelium 
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Figure 40. Rock Creek, Benton County. Habitat of neotenic 
Dicamptod.on. 

http:Dicamptod.on
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Figure 41. Pond 5 miles north or Corvallis in which neotenic 
Dicamptodon live. 




