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The thirty-fifth summer session was a continuation of
a program offering research facilities to competent in-
vestigators for varying periods from a few days to three
months. Subsidies covering living expenses are available
to persons of competence, ability and experience.

Dr. Robert J. Schoffman of Griffin High School,
Springfield, Illinois, spent his twenty-eighth consecutive
season studying the growth rate of various fishes by
scale analyses.

Dr. John S. Mackiewicz, Associate Professor of Biol-
ogy, State University, Albany, New York, investigated
the systematics of the Caryophyllidea, i. e. the unseg-
mented cestodes of fishes.

Eugene Cypert, Mississippi Valley Biologist with the
U. S. Fish and Wildlife Service, Samburg, Tennessee,

was a frequent visitor and made an intensive survey of
the possible effects of the increase of the curly-leaved
pondweed in Reelfoot Lake on the lake and fishing.

The usual groups of summer students and teachers
representing summer institutes and research programs
visited the Station for brief periods.

The Station continues to be available to investigators
during June, July and August although our facilities are
limited to living quarters for six people, two boats, col-
lecting equipment, chemicals, glassware and transporta-
tion around the lake. Isolated from the usual crowds of
picnickers, campers, fishermen and hunters, the general
atmosphere is conducive to concentrated research and
reflection.

THE UROGENITAL SYSTEM OF THE MALE NECTURUS MACULOSUS

Juprra W. Rosenquist® AND C. L. BAkER
Southwestern College, Memphis, Tennessee

INTRODUCTION

Necturus maculosus maculosus (Rafinesque), com-
monly called mud puppy or water dog, is the vertebrate
used to illustrate the transition from water to land
(Adams 1926, Hyman 1942, Eddy, et al. 1947). 1f
any salamander may be said to be represented in col-
lege comparative anatomy texts as the “typical” urodele,
it is Necturus. Yet such diversity exists in the six fam-
ilies of urodeles that none can be said to be typical
(Baker and Taylor 1964). Necturus has probably be-
come accepted as such because of its wide usage in the
comparative anatomy laboratory. That usage, rather
than implying “typicalness,” is the result of an inter-
play of factors: wide distribution, size, simple organi-
zation, and “a curious mixture of specialization and
primitiveness with the latter predominant” (Ada.ms
1926). The general purpose of a course in comparative
vertebrate anatomy is to learn the general anatomy of

1 A paper submitted in partial fulfillment of the requirements _for
the Honors Program in Biology. Present address: Tulane Umv.el_'sxt-y,
Department of Anatomy, School of Medicine, New Orleans, Louisiana.

several vertebrates and to understand the relations of
the homologous structures in the illustrative forms
(Eddy, et al. 1947). This study is made with that pur-
pose in mind. It is the purpose of this paper to reit-
erate and clarify the finer morphological details of the
urogenital system of the male Necturus with emphasis
on the homology and evolution of the kidney, testes,
and their associated ducts.

It is necessary to exercise caution in assuming phylo-
genetic trends from the ontogeny of existing animals
(Fox 1963). The task of reconstructing origins and
relationships becomes especially difficult in the order
Urodela as the investigator must at once contend with
the several instances of neotonous individuals. To fur-
ther complicate phylogeny the perennibranchiate sala-
manders are incompletely metamorphosed as illustrated
in retention of incompletely metamorphosed aortic
arches (Baker 1949), gills, tail fin and other larval
traits throughout their lives. Thus Necturus, Amphiuma,
Cryptobranchus and Siren are designated as paedo-
genetic rather than neotonous; paedogenesis being a




Journal ©

2
4 condition i issues {lail ]50‘ r;:;
o i d that brin
oid glan

s t'he th()f Goin 1962). There-
evolutionary trends
. those systems
tain maturity in t e

he urodeles cannot be 11l
: nds commonly and ]ud1c10usly used
, namely €
on and mis

relationships in
lished on those grot
for other vertebrate orders
ds of fertilizati

istics, methods l
in the degree of development of the nervous
121 sl;sterr%s. The urogenital is in this respect 2
qualified basis for phylogeny. Seve
1959, Smith 1960, Torrey 1962, :
this conclusion but fail to give reason for doing s0.
1956) have held that

; 59) and Romer (
Smith (1959) ar ons to fresh water

vertebrates first evolved as adaptati '
and that evolu f changes of the kid-

tion is a reflection ot € i
ney adapting by various means to balance internal with
external environs (Smith 1959). Baker and Taylor
(1964), observing Necturus as semi-larval, and Am-
phiuma, Siren and Cryptobranchus as incompletely
metamorphosed, state that retention of embryonic or
Jarval features by the urogenital system should be ex-

dney of the urodeles is

pected. However, since the ki
generally agreed to be an opisthonephros which is an

adult structure (Hyman 1942, Moog 1949, Weichert
1956, Smith 1959, Jollie 1962, Romer 1956), this is
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the genital system is fully matured at sexual maturity
_( Romer 1956). Thus these systems, excretory and gen-
ital, interwoven as a result of embryonic propinquity
:_md subsequent utilization of excretory tubules for gen-
ital purposes, may be seen as worthy bases of chordate
evolution.
Barel_y is it profitable or possible to study the urinary
i})lzstem in development and evolution with disregard to
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Along the nephrotomic plate thefe ?;21 1111) Tetrospe;,
three general areas, in order, anteriog te Magine;
(1) the pronephros or head kidney, earliest0 tPOSterim'
embryologically; (2) the mesonephros or %dmlﬁ‘h‘
ney, next to develop in the middle portion Tlthdle it
and (3) the metanephros or “true” kidneo epla.te"
the latter one-third of the nephrotomal pla):,e OE[%I T
nephros is the kidney of embryo and probf;ibl i
of only the myxines (Fig. 1, B). Reptiles bir}d adtg
mammals, whose embryos utilize a mesonefahros sh?-
a metanephros in the adult state (Fig. 1, D). In}thesi
groups, the pronephros is vestigial and nonfunctional in
early embryos (Nelsen 1953). Thus the terms prone
phros and metanephros are used in reference to both
embryo and adult. Mesonephros, on the other hand, i
a purely embryological term and should not be confu;ed
with the remaining two adult forms, holonephros (tem
coined by Price (1904), in his discussion of Bdello-
stoma) and opisthonephros (introduced by Kerr 1919).
The holonephric kidney is unknown in any existing
vertebrate. It would functionally encompass the full
length of the nephrotomic plate (Fig. 1, A). The pro
nephros and metanephros were probably evolved inde-
pendently of the opisthonephros from the holonepht
basic form. The opisthonephros is the adult kidney 0
all adult anamniotes except myxinoids, few te}e?ﬂii
and, presumably, the ostracoderms. This type is d.e”ved
directly from the holonephros and may be mnﬂdﬂet
to utilize all those parts of the nephrotomic plate e :
the pronephric portion (Fig. 1, C). Embryos © e .
possessing  the opisthonephric kidney have ® ik
tional pronephros which is nonfunctional i the 2
(Smith 1961).

This study presents a description of the moP T
of the urogental system of the male N_ectw-!i the
attempts to utilize that description © llon™ other
phylogenetic relation of Necturus in 1€ erence 10

members of the order Urodela.
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Fig. 1. The various types of kidneys of Vertebrates. (Key: diag-
onally cross-hatched: non-functional in adults, Stippled: functional in
adult.

A. Archinephros (holonephros). The primitive kidney found in
embryo hag-fishes and supposed to represent the ancestral prototype
of vertebrate kidney; from different areas of this primitive structure
three kidneys, B, C, and D have successfully developed in the evolu-
tion of the vertebrates.

B. Pronephros. The functional kidney in the adult hag-fish, em-
bryonic cyclostomes, fishes and amphibians; non-functional and transi-
tional in reptiles, birds and mammals.

C. Opisthonephros, The functional kidney in most fishes, and am-
phibians; transient functional organ in reptiles, birds and mammals.

D. Adult kidney of reptiles, birds and mammals.

MATERIAL AND METHODS

Necturus maculosus maculosus is a relatively large
caudate amphibian, reaching a maximum length of 17
inches (432 mm.). Tt is rust-brown in color, marked
with round spots of blue-black. The male may be dis-
tinguished from the female by an external examination

of the vent, enlarged in the male during the breeding
season. This male vent is a longitudinal slit, wrinkled
at the margins, crossed posteriorly by a crescentric
groove and is provided with two nipple-like papillae
directed backward. The female vent is a simple slit
(Bishop 1943).

Necturus is common in the central and eastern
United States from the Gulf Coast to the southern re-
gions of Canada. Its natural habitat is clear water and
streams but it may be found in muddy and weed-
choked bays, coves, in canals and drainage ditches.
Although it may bite on a hook and is frequently
caught, our specimens refused food. Necturus normally
feeds on small aquatic animals and plants. It is easily
recognizable because of its three pairs of bushy, blood-
red external gills and two pairs of gill slits opening
into the pharynx (Eddy, et al. 1947).

Thirteen live male Necturus were obtained from Wis-
consin and sacrified over a period extending from
September to mid-February. A total of twenty-nine
male urogenital systems were available for study, pro-
viding a wide range of observation. These systems were
remove in toto and fixed in Bouin’s solution. Fourteen
systems were preserved in 85% ethanol; six, two of
which had been injected with red and blue latex, in
6% formalin. Three systems were cleared and preserved
in methyl salicylate. Six systems were serially sectioned
and stained with standard hematoxylin and erythrosin.
The sections were cut 25 micra thick. Studies of these
cross sections and reconstructions based on sections
were correlated with whole preserved systems. These
various preparations complemented one another and
greatly assisted determination of the interrelationship
of the kidney and testis.

OBSERVATIONS

In general, the testes (Iig. 2) of Necturus are ovoid,
elongate organs, supported by dorsal mesenteries, the
mesorchia (mes.), which are continuous anteriorly with
the mesentery that suports the lungs. The testes nor-
mally lie slightly ventro-lateral to the opisthonephroi,
which are lengthy, occupying approximately 65% of
the snout-vent length. The male opisthonephroi are
bounded laterally by the convolutions of the Wolffian
duct (W. d.) and mesially by the posterior vena cava
(p.v.c.) and the dorsal aorta (d.a.). Each opisthone-
phros is divided into two portions, morphologically and
physiologically, the anterior being the epididymis (epi.)
the posterior, the definitive kidney (d.k.). Both por-
tions are suspended from the dorsal body wall as they
are enveloped by a fold of the visceral peritoneum. This
same membrane supports the Wolfian duct (Chase
1923).

The paired, non-lobed testes are asymmetrically sit-
uated in the abdominal cavity, ventro-lateral to the
opisthonephros. Each is supported from the ventro-
medial portion of the opisthonephros by the mesor-
chium. Since the mesorchium is continuous with the
supporting mesentery of the lung, its anterior limit is
considered to be the most anterior spermatic vein
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Fig. 2. The urogenital system of the male Necturus maculo
ma.culo.s:us. T}l(? rigl‘at testis is partially excluded in order t.lf:t :]‘:;
underlying epididymis and Wolffian duct can be seen,

ABBREVIATIONS USED IN FIGURES 2, 3, and 4

af. epi. d. afferent epididymal duct
B. d. Bidder’s duct
at.c central testicular canal

d. k. definitive kidney

ef. epi. d. efferent epididyma] duct
epi. epididymis

glom, glomerulus

mes. mesorchium

p- C. proximal convolutiop

p.C: V. post-caval vein

r.M.d. rudimentary Mulleriay, diis
sp. a spermatic artery @
sp. v spermatic vein

t. testis

u.ct urinary collecting tubule
v.e. vas efferens

W.d. Wolflian duct

(Sp. v.). The posterior limit is well markeq by -
spermatic vessel inserting at a point aPProximate} ljr
secting the definitive kidney. The testes are USual]yy i
pigmented, but there is no consistency of tesﬁc‘zlell
markings. They vary from 21 to 54 mm. in kngth t]?r
average being 38 mm. The width varies from 3 t; 1:
mm., the average being 8 mm. The size varies with
seasonal reproductive activity, the larger size predgy.
inating during the winter months.

In the mesorchium may be seen 9 to 11 spermat,
arteries (sp. a.) arising from the dorsal aorta and enter.
ing the testes. These arteries are about one-half the
diameter of the spermatic veins. There are usually five
large spermatic veins and 11 to 15 smaller ones empty-
ing into the posterior vena cava. The lateral ducts of

the testicular net (rete system), the vasa efferentia

(v.e.) are four in number and are also in the mesor-
chium. The first two vasa efferentia leave the longi-
tudinal collecting canal of the testes (Fig. 3, D c.t.c.)
and anastomose before entering the longitudinal col-
lecting duct, Bidder’s duct (B.d.). Each is approx-
mately .3 mm. in diameter. The posterior two vasa
efferentia are approximately one-half this size. Since
these vasa efferentia are so small they are rarely seen
in whole mounts. All four vasa efferentia originate from
the anterior one-third of the testis, the first being con-
tinuous with the longitudinal collecting canal of the
testis. This longitudinal canal is continuous throughout
the length of the testis. Many smaller tubules radiate
into the testis (Fig. 3, c.t.c.). They serve to transport
sperm from the ampullae where they mature. Develop-
ment within an individual ampulla is synchronous
These ampulae are expendable in that as sperm ar
discharged into the epididymis at maturity, the series
of ampullae concerned are resorbed to be replace by
others which have developed meanwhile (Romer 1956)-
The path of the sperm to the epididymis is thus: from
ampulla to central testicular canal to vas efferens, to
Bidder’s duct, thence to an epididymal nephron.

The opisthonephros of Necturus is long and naro¥:

The length varies from 69 to 95 mm., averaging S
The width varies from 315 to 7 mm., the average_bemg
4.5 mm. It narrows at the junction of epididymss a;
deﬁnitive kidney. This constriction almost bisects 117
opisthonephros, the epididymal or genital kidney mr
,Sllghtly longer than the definitive or excretory hdﬂﬁ‘
The average length of the epididymis is 42 mm- W ‘
that of the definitive kidney is 39 mm.
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Fig. 3. Typical sections through the urogenital system of the male
Necturus.

A. A section from the region anterior to the epididymides showing
the rudimentary Mullerian ducts with open lumen lateral to the dorsal
aorta.

B. A typical section through the anterior portion of the epididymi-
des. Note the Wolffian duct packed with sperm and the efferent epi-
didymal duct which connects the epididymis to the Wolffian duct.

C. A section through the anterior portion of the testis and epidi-
dymis. Note the intratesticular network and the two vasa efferentia
in the mesorchium. These two vasa efferentia are the most anterior.
Contrast their size with the third vasa efferens shown in D.

There are approximately 26 nephrons in each epi-
didymis, each provided with an efferent epididymal
duct (ef. epi. d., Figs. 3, B and 4). No nephrostomes
were noted in the epididymis. Each nephric unit pos-
sesses a glomerulus and there is no anastomosing evi-

D. A typical section through the anterior one-third of the testis.
Note the central testicular canal which allows sperm to pass into the
vasa efferentia and thus to Bidder's duct in the epididymis.

E. Note the tiny vas efferens in the epididymal mass, just anterior
to Bidders duct. Bidder’s duct is discontinuous in this region and the
vas efferens opens directly into a glomerulus.

F. A section through the posterior end of the epididymis. Contrast
the size of the vas efferens and the spermatic vein.

G. A section through the posterior portion of the definitive kidney
of an immature specimen with the opitsthonephroi fused.

H. A section through the posterior definitive kidney of a mature
specimen. Contrast this with Figure G.

dent but overlapping of units is characteristic. The
length of the units is not constant but is approximately
3 mm. Each consists of a glomerulus (glom.) into
which an afferent epididymal duct (af.epi d.) may
open in the anterior units, ciliated collecting tubule,
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this duct and twenty-six would connect with the epi-
didymis. This is, however, not the case. Usually onl
the first two vasa efferentia have sperm and join thy
lqngitudinal duct (Bidder’s) at a level somewh]at ant :
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ently the posterior units do not function i e
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There are approximately 70 to 80 tubules |, (F 1234
the Wolffian duct, about 26 from the B d?denmg int
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The transition fron genital to definitive
gradual and the exact boundary is difficylt o a8
Gince both primary and secondary tubuleg Certaiy,
served in the epididymal region of an immat::'ere ob.
men, it is possible that that portion of the :dspeci-
formed of only primary tubules, the secondy, ult i
degenerating. Also, as both genital and anteria[yd Oneg
tive kidney probably developed from the same el eﬁn.l'
mesonephros, complete and clear division of the tiroonﬁ

not expected.

The definitive kidney is much more complex thay g,
epididymis, the majority of the opisthonephric lmiti
being concentrated in this locus. On its ventral megiay,
surface a longitudinal row of glomeruli may be seey
beneath the kidney’s peritoneal covering which are not
nephrostomes. The nephrostomes are funnel shaped
openings into the body cavity of approximately .3 mp
in diameter. These feed into the ventral nephric units
in close proximity to their glomeruli. Then, contents of
the nephrons of the definitive kidney flow into the col
lecting tubules which in turn empty into the Wolffian

duct.

In the adult there is no fusion of the caudal portion
of the definitive kidney as noted in Sirenia (Willett
1965) but such a fusion is observed in immature
specimens.

Omitted from this discussion and the accompanying

figures are such accessory structures as fat bodies,
adrenal glands, cloacal glands and the urinary bladder.

kidney 15

Discussion

The purpose of this report is to compare and con-
trast the urogenital system of the proteid salamander,
Necturus, with that of other urodele families and esta
lish the phylogenetic position of Necturs among the
urodeles.

‘ Among the six families of Urodela (
is so considered), there is a great variation in the 0P
thonephric schema. As a result of this diversit¥ noné
should be called typical of the entire order aker a7
Taylor 1964). There is, however, a pattern of d“’e],rffl?
which provides a basis for phylogeny of the famiie

Th_e Wollfian duct of Necturus is truly ! rop-
combining the morphological and thSiOIOglcal I:J‘tm-
erties of both vas deferens and ureter. Suc 1‘3)6?)I In

" ;

tion is probably a primitive feature (Willet

seven if Siret
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ing the amniote condition of a vas deferens whoieé 5sg)e
purpose is sperm transport (Smith 1960, Romer d
Also in relation to the Wolffian duct, the upward tren
is towards fewer afferent epididymal ducts as a resul‘t
of posterio-anterior degeneracy and fus?on of _the epi-
didymal units. Complementing posterior ep1d1dymgll
degeneration, the number of functional vasa efferentia
is reduced in the same manner until finally, only the
most anterior portion of the epididymis and rete testis
serve to carry sperm to the Wolffian duct (Maschkow-

zeff 1935).

Of unknown phylogenetic significance in the urodeles
is the longitudinal duct which serves as the sperm duct
in Teleostei (Kingsley 1917, Goodrich 1930), and as a
ureter in the frog Alytes (Jollie 1962) and in Disco-
glossus (Noble 1931). Logically, the longitudinal duct
would decrease in length as the epididymal units
undergo posterio-anterior degeneration. There is, how-
ever, no evidence of such in Necturus. Siren, which
has no longitudinal duct, is considered more primitive
than true urodeles (Willett 1965), but Spengel (1876)
and Strickland (1966) note none in the Plethodontidae,
the most advanced of all urodeles. The position of the
longitudinal duct also varies as previously indicated.
Further research is encouraged to reveal the evolu-
tionary significance of this structure.

SuMMARY

T_he Wolffian duct of Necturus is truly urogenital
as it serves both urinary and reproductive functions,

All urinary tubules from the definitive ki
into the Wolffian duct. S S Eoeyipe

Necturus has at most four vasa efferentia which are

not readily visible i
with ape nif] | isible in whole mounts except when filled

There are approximately 2 1

. : y 26 epididymal units i
gennta}l kidney, only the anterior two of which P
functional in sperm transport. appear

A prominent rudimentar i
' vy Mullerian duct
anteriorly from the proximal arch of the Wolﬂiaflxg:l?fts
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On the basis of the male urogenity] g,

;s more primitive than other wodeleg ™, Neg
vanced than the Trachstomata, nd m%ﬂ
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