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ABSTRACT.— A comparative morphological study of the digestive tract during larval development
between two species of the genus Rhinoderma is presented. The digestive tract of R. rufum shows
the structure typical of species with free living larvae; a large intestinal mass and early differen-
tiation of the duodenal epithelium. On the other hand, R. darwinii with nonaquatic development,
lacks the morphology associated with exogenous feeding and the histogenesis of the duodenal
epithelium reaches its maximum degree of differentiation only in the last stages of the metamor-
phosis. For R. darwinii a mixed trophic mechanism is suggested involving yolk dependence and a
paternal larval relation. This proposition is supported by previous findings which indicate the

existence of absorption across the larval skin and inability of the larvae to survive in Ringer’s
amphibian solution. There is some evidence suggesting that a similar mechanism could operate in

R. rufum.

The frogs of the genus Rhinoderma
present an uncommon characteristic of
development. After the male has fertil-
ized the oocytes, he remains in prox-
imity to the eggs and takes the embryos
up into the vocal sac (Burger, 1904; Wil-
helm, 1927, 1932; Cei, 1962). Two species
have been identified in the genus: R.
darwinii Duméril and Bibron (1841) and
R. rufum (Philippi) Formas et al. (1975).

R. darwinii has direct development
without free living larvae. The em-
bryoic period (prehatching) lasts 23
days. Of these, the first 20 occur exter-
nally. Once muscular activity begins
the embryos are taken into the male’s
vocal sac where they hatch and remain
until the end of metamorphosis. Larval
development lasts 52 days. In this
species, eggs are large (4 mm), the lar-
vae lack external gills, spiraculum tube,
beak and cornified teeth; the caudal fin
is poorly developed; and interdigital
membrane and digital tubercules are
absent (Jorquera et al., 1972).

In R. rufum muscular activity occurs
after 8 days and the embryos are taken
into the vocal sac at this time. The lar-
vae remain in the vocal sac until stage
3 of larval development when horny

jaws are differentiated (Jorquera et al.,
1974). At this point the larvae are ex-
pelled by the male to complete larval
development in an aquatic environ-
ment. The duration of this last period
is not known. Embryonic and larval
characteristics differ from those of R.
darwinii. The eggs are small (2.4 mm);
the larvae have external gills, spiracu-
lum tube, beak and cornified teeth; in-
terdigital membrane and digital tuber-
cules are present on the hind legs
(Jorquera et al., 1974),

In summary R. darwinii has direct de-
velopment and paternal care during
larval growth, while R. rufum presents
a form of development, which could be
called intermediate, with paternal care
during the beginning of the larval
stage, and a final free living larval pe-
riod in an aquatic environment. In the
first case, as in most species with direct
development, the main source of nutri-
ment during embryonic and larval de-
velopment is the yolk.

According to our previous investiga-
tions the ultrastructure of the vocal sac
epithelium of both species of Rhino-
derma reveals the presence of four cel-
lular types: superficial cells, basal cells,
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mucous cells, and ciliated cells (Garrido
etal., 1975; Jorquera et al., in press). The
superficial cells present different mor-
phological characteristics depending
on the presence or absence of larvae in
the sac. When larvae are present the su-
perficial cells contain numerous secre-
tory granules which are apparently se-
creted by a merocrine type of secretion.
Near the capillaries, the epithelium has
a laminar disposition. On the other
hand the ultrastructure of the larval
skin reveals a thin epithelium with sur-
face epidermal cells and basal cells. The
surface cells contain numerous dense
intracytoplasmatic vacuoles some of
which communicate with the cellular
surface with signs of exo- or endocyto-
sis and some communicate with the en-
doplasmic reticulum (Garrido et al.,
1975). Large vacuoles with dense con-
tents are also present between the sur-
face cells and the basal cells. In spite of
the different location of these vacuoles
they all have similar ultrastructure fea-
tures. Extracytoplasmatic vacuoles are
present in the larval skin of R. darwinii
during almost all of the stages of larval
development, however in R. rufum they
are present only until stage 5 (Jorquera
et al., in press).

In both species the ultrastructural
characteristics of the vocal sac epithe-
lium and the larval skin epithelium,
suggest that they may have a functional
interrelationship. We postulate that a
nutrient substance is synthetized by the
sac’s superficial cells, released, and then
incorporated into the larvae by trans-
epithelial absorption. Besides, at least
in R. darwinii, it is also possible that pa-
ternal-larval exchanges may occur by
digestive absorption similar to the vi-
viparous anuran Nectophrynoides occi-
dentalis in which differentiation of the
gut tube begins early in embryonic life
(Vilter and Lugano, 1959; Xavier, 1971,
1973, 1977).

The present study reports on the an-
atomical development of the digestive
tract as well as the ultrastructure of the
gastric and duodenal mucosa of R. dar-
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winii and R. rufum. The results are dis-
cussed taking into consideration the ca-
pacity of digestive absorption and yolk
dependence during larval development
in both species. In addition the role of
the vocal sac in the nourishment of the
larvae is also considered.

MATERIAL AND METHODS

R. darwinii and R. rufum larvae were
classified from stages 1-15, according to
tables described by Jorquera et al.
(1972, 1974).

The gross anatomical characteristics
of the digestive tract were studied in
150 dissected specimens. The digestive
tracts were illustrated with scale draw-
ings which allowed recognition of the
different stages of each species, and a
comparative analysis between species at
the same stage.

Once the different segments of the
digestive tract were identified, samples
from the duodenal and cardial regions
of the stomach were prepared for elec-
tron microscopy. Fragments from the
gastric and duodenal walls were fixed
in Karnovsky’s fluid and post-fixed in
an isotonic 1% solution of osmium te-
troxide. Samples were then dehydrated
in an ethanol-acetone mixture and were
embedded in pure araldite (Glauert and
Glauert, 1958).

The ultrastructure study was done
using 800 to 1000 A sections mounted
on uncovered copper grids. These sec-
tions were stained with uranyl-acetate
and lead citrate (Glauert, 1965), and ob-
served in a Philips 300 transmission
electron microscope.

RESULTS
Rhinoderma darwinii

Anatomical Development of the Digestive
Tract.—In stages 1 to 5 of larval devel-
opment the gastroduodenal loop of the
foregut surrounding the pancreas ap-
peared, and the double spiral of the
midgut gradually developed (Fig. 1).
This latter arrangement underwent only
few modifications up to stages 9 and 10
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FIG. 1. Anatomy of the digestive tract. Stages 1 to 5 of larval development, in dorsal and ventral

view. D, duodenum; GL, gastroduodenal loop; H, hindgut; M, midgut; Li, liver; L, lung; Pa, pancreas
and P, pharynx.



RHINODERMA GUT DEVELOPMENT

207

R.darwinii
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FIG. 2. Anatomy of the digestive tract. Stage 9 of larval development, in dorsal and ventral view.

when the midgut reached its maximum
length, completing a double loop of 3%
bends (Fig. 2). Starting from stage 11,
the spiral of the midgut began to de-
Crease becoming a simple one with a
ventral-left position in stage 12/13. At
this point, gastric distention was visi-
ble. In stage 13, the reduction of the
midgut’s spiral ended, becoming a thick
transversal loop with an anterior con-
cavity whose left end turned around (in
a dorsal-caudal sense) to continue into
the rectum. During the terminal stages
(14 and 15), the stomach underwent a
remarkable growth and prolapsed on
the left side. At the same time, the mid-
gut changed in position resulting in a
small enclosed loop on the right side
(Fig. 3).

During stages 1 to 12 the volume of

the intestinal mass apparently was the
same. However, it decreased rapidly
during stages 13 to 15.

Histogenesis of the Digestive Tract.—Up
to stage 3 of larval development, the
duodenal lumen still did not appear
and large cells full of cytoplasmic inclu-
sions were found. Among them, the
most noticeable were yolk granules of
various sizes and large lipidic vacuoles
with a homogeneous content. In stage
2, star-shaped nuclei were generall
found toward the base of the cell. In
stage 3, the nuclei were ovoid and had
a basal position (Fig. 4). The duodenal
lumen appeared in stage 4. In stage 9
the lumen was well defined and limited
by large cells with lipidic and yolk inclu-
sions. Mitochondria and microvilli be-
gan to appear. In stages 11-12, the cells
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R.darwinii R. rufum
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FIG. 3. Anatomy of the digestive tract. Stages 13 to 15 of larval development, in dorsal and ventral
view. S, stomach and R, rectum.
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R. rufum

Fic. 4. Histogenesis of the duodenum in different stages of larval development. Illustrations A
(stage 2), B (stage 3) and C (stage 15) are R. darwinii. Illustrations D (stage 2). E (stage 3) and F (stage
15) are R. rufum. CC, caliciform cell; L, lipidic vacuoles; Ly, lumen; m, mitochondria; N, nucleus; Nu,
nucleolus; RER, rough endoplasmic reticulum; short arrow, microvilli and V, vitellus.

were cylindrical with ovoid basal nu-
clei. Microvilli and the organelles were
well developed. Yolk inclusions were
small and scarce. In stages 13-15 differ-
entiation of the epithelium was com-

pleted, the cells were small, presented
no cytoplasmic inclusions and abun-
dant organelles. Mitochondria were nu-
merous. The apical surface of the cells
projected numerous microvilli (Fig. 4).
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R.darwiniij R.rufum

\C4

Fic. 5. Histogenesis of the stomach in different stages of larval development. Illustrations A (stage
5), B (stage 7) and C (stage 13) are R. darwinii. Illustrations D (stage 5), E (stage 7) and F (stage 13) are
R. rufum. G, Golgi complex; IS, interstitial space; Long arrow, mucous vacuoles that empty their con-
tents into the gastric lumen; MV, mucous vacuoles and SG, secretory granules.

In stage 5, the gastric lumen ap- ternae of the rough endoplasmic retic-
peared. The large cylindrical cells lin- ulum were found, and microvilli ap-
ing the gastric wall displayed numer- peared at the free surface. Caliciform
ous lipidic and yolk inclusions and a cells with typical mucous vacuoles
few organelles. Mitochondria and cis- opening toward the gastric lumen were
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also seen (Fig. 5). Morphological differ-
entiation of the epithelium was com-
pleted during stage 7. Cells with an
ovoidal basal nucleus and apical cyto-
plasm containing mucous vacuoles were
also observed. These cells presented
only few microvilli. Some of these cells
presented lipidic inclusions in the api-
cal cytoplasm and vacuoles with an
electron dense content in the basal re-
gion. There were still some small yolk
granules (Fig. 5). In stage 13, crypts ra-
diating around the lumen became evi-
dent. The cells lining the crypts had an
ovoidal basal nucleus with abundant
heterochromatin associated to the nu-
clear envelope and a prominent nucleo-
lus. The cytoplasm contained some mi-
tochondria and cisternae of the rough
endoplasmic reticulum. In their apical
pole two types of secretory granules
were found: one of low electronic den-
sity and a fibrillar (mucous) content,
and the other of a high electron density
and an irregular profile. The widening
of the lateral intercellular spaces was
striking (Fig. 5).

Rhinoderma rufum

Anatomical Development of the Digestive
Tract.—During stages 1 and 2 of larval
development, the gastroduodenal loop
and midgut’s double spiralization were
established (Fig. 1). Spiralization con-
tinued until reaching its maximum
length with 4 bends in stage 10 (Fig. 2).
During stages 11 and 12, the spiral
underwent a reduction, turning into a
small spiral of 2% bends and locating
itself on the left side during the second
half of stage 12. In stage 12/13, the spi-
ral took a ventromedial position to fi-
nally be located on the right side in
stage 13. As in R. darwinii, the gastric
dilatation was outlined in stage 12/13,
grew rapidly and descended on the left
side during stages 13, 14 and 15 (Fig. 3).

During the stages 1 and 2, there was
apparently little increase of the intes-
tinal mass; however, it abruptly began
to develop in stage 3 reaching its max-
imum size in stages 9-10 when it
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started to decrease progressively until
stage 13. Finally, during the stages 12-
15 the intestinal mass increased again.
However, this was mainly due to the
large gastric volume.

Histogenesis of the Digestive Tract.—
The lumen of the duodenum was al-
ready present in stage 1 of larval de-
velopment. In stage 2, a premature dif-
ferentiation of the larvae’s duodenal
epithelium was observed; in the apical
part of the cells, there was a mitochon-
drial concentration and some cisternae
of the rough endoplasmic reticulum.
Yolk granules and large lipidic vacu-
oles still persisted. The apical surface of
the cells had abundant microvilli (Fig.
4). In stage 3, the yolk granules disap-
peared and the morphological cell dif-
ferentiation was completed. The nuclei
were ovoidal and had a basal position.
The apical cytoplasm contained a large
number of organelles among which
mitochondria predominated. A similar
appearance was maintained throughout
the following stages of metamorphosis
(Fig. 4).

In the stomach at stage 5, two cell
types were found: cylindrical cells and
calciform cells. The former were smaller
than those of R. darwinii during the
same stage, and lacked lipidic and yolk
inclusions. The morphological differ-
entiation of the epithelium was com-
pleted during stage 6. The gastric crypts
and the secretory granules in the apical
part of the cell lining these crypts were
found during the final stages (13-15)
(Fig. 5).

DiscussioN

R. rufum’s digestive tract has the pat-
tern of development typical of an anura
with free living larvae. The digestive
tract elongates and spirals rapidly, ob-
taining by stage 3 the absorption sur-
face needed for an herbivorous exis-
tence. Once it has reached its maximum
length (stages 9-10), the spiral goes
through a progressive regression from
stage 11 to 15. At the same time, it goes
from a left-hand position to a right-
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hand one. In the histological aspect, the
duodenal epithelium presents in stage
2 sufficient organellar development to
allow its cells to be functional. In stage
3, the epithelium reaches the differen-
tiation which it will maintain until the
end of metamorphosis. In the stomach'’s
cardiac region, the epithelium under-
goes early differentiation and secretory
activity apparently begins in stage 5 of
metamorphosis.

The development of R. darwinii’s
digestive tract tends to be direct, delet-
ing the typical modifications of free liv-
ing larvae. The spiraling of the midgut
is slow and progressive, reaching its
maximum length in stages 9-10. Even
if both species reach maximum length
for the double spiral in the same stages
of metamorphosis, the shorter length in
R. darwinii is evident. In both species,
reduction of the spiral starts in stage 11.
However, this process in R. darwinii dif-
fers from that of R. rufum since the spi-
ral shape disappears in stage 13 becom-
ing a transverse segment with an
anterior concavity. In stages 14-15, this
segment moves to the right where it
becomes a small closed loop similar to
that of R. rufum at the end of metamor-
phosis.

The histogenesis of the duodenal ep-
ithelium slowly progresses until it
reaches, in the last two stages, the same
degree of organization that R. rufum
presents in stage 3. Also, the epithelium
of the cardiac region of the stomach
presents an earlier differentiation in R.
rufum compared to R. darwinii, even
though this differentiation is not as
clearly defined as the one observed in
the duodenum.

The developmental morphology of
the digestive tract indicates that the lar-
vae of R. darwinii are incapable of intes-
tinal absorption before stage 11. in R.
rufum this function is possible starting
from stage 2.

R. darwinii larvae taken from the vocal
sac and cultivated in aerated Ringer’s
solution develop slower than inside the
vocal sac, and they die prior to meta-
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morphosis (Jorquera et al., 1972). These
observations suggest an important role
of the vocal sac in relation to a respi-
ratory and/or trophic function. The ab-
sence of external gills and spiraculum
tube and the presence of a thin and
richly vascularized integument support
the idea that gaseous exchange during
larval development is cutaneous (Jor-
quera et al., 1972). The laminar arrange-
ment of the vocal sac epithelium over
the blood capillaries favors this respi-
ratory function similar to one proposed
for the marsupial bag in Gastrotheca

~riobambae and G. marsupiata (Noble,

1925; Spannhof and Spannhof, 1927;
Del Pino et al., 1975). In these species,
pouch embryos that have acquired a
tadpole shape and developed complete
bell gills can be cultured in Ringer’s so-
lution (Del Pino et al., 1975). This fact
suggests that larvae are capable of un-
interrupted gaseous exchanges in cul-
ture and that probably no nutrient
transfer occurs in the pouch. If we as-
sume that R. darwinii is capable of gas-
eous exchange in Ringer’s solution,
death would seem most likely to be
caused by deficiency of indispensable
substances secreted by the epithelium
of the vocal sac. The special structure of
this epithelium, not described in other
larvae-carrying oviparous anurans is
different from those of the dorsal
pouch of G. riobambae where the glands
resemble that of ordinary amphibian
integument (Del Pino, 1975; Del Pino
et al., 1975).

Consequently these facts support the
idea of a mixed trophic mechanism fun-
damentally depending on the abundant
reserve of yolk, but also dependent in
later stages on the absorption of indis-
pensable nutritive components secreted
by the epithelium of the vocal sac.

A similar mechanism has been pro-
posed for the yolk-rich eggs of the
viviparous urodele Salamandra atra
(Greven, 1977). In this species after the
embryo has consumed its yolk and the
embryotrophic eggs, an intrauterine
substance serves as additional nourish-
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ment. This possibility has not been ana-
lyzed in ovoviviparous anurans of the
genus Nectophrynoides, but presumably
the development of the larvae takes
place without nutrients of maternal or-
igin (Lamotte and Lescure, 1977). In the
viviparous N. occidentalis the embryos
are free in the uterine lumen, and they
ingest, through the mouth, mucopoly-
saccharides secreted by the uterine ep-
ithelium (Vilter and Lugano, 1959; Xa-
vier, 1973).

In R. darwinii the paternal nourish-
ment could be transferred to larvae
transepithelially during almost all of
the stages of larval development or buc-
cally from stage 10/11 when the yolk
has been consumed, and the duodenal
epithelium is capable of absorptive
functions.

Itis suggested that in R. rufum, which
has a partial dependence on yolk and
the vocal sac, a similar trophic mecha-
nism operate during its short stay in the
vocal sac (Jorquera et al., in press). Later
on, this is replaced by exogenous feed-
ing. The digestive tract and the horny
jaws of the mouth are clearly differen-
tiated when the larvae are expelled
from the sac.

In summary, the morphological stud-
ies reported herein, and our previous
investigations on the genus Rhinoderma,
allow us to make the following conclu-
sions: 1) R. darwinii has a direct devel-
opment, dependent on yolk and vocal
sac secretions for nutrients. 2) R. rufum
during its short permanence in the vo-
cal sac also depends on yolk and vocal
sac secretions; however, later the larvae
are free. 3) In both species the vocal sac
may have a respiratory function.

Ultrastructural and histochemical
studies are in progress to determine the
nature of the vocal sac secretions and
the absorptive capability of the larval
skin.
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