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Oviducts of paedomorphic and metamorphic Ambystoma talpoideum were examined to determine if previously observed
differences in egg mass characteristics between the two morphs originated from differences in oviductal
histomorphology/histochemistry. We found no evidence to support this hypothesis. At least seven oviductal regions
were easily identified in the oviducts of both paedomorphic and metamorphic individuals; these were as follows (from
cranial to caudal): 1) pars recta (termed Region A), 2) pars convoluta (termed Regions B through F), and 3) the uterine
region (termed Region G). While slight structure and staining differences were evident in Region D of the pars convoluta
when paedomorphic A. talpoideum from South Carolina were compared with metamorphic A. talpoideum from Arkansas,
there were no differences observed between paedomorphic and metamorphic individuals of A. talpoideum from
Arkansas. Thus, any observed oviductal variation was most likely the result of geographic variation and not from
differences involving metamorphosis between paedomorphic and metamorphic A. talpoideum. The number of oviductal
regions of A. talpoideum was comparable with previous studies on plethodontids and salamandrids, and this study
represents the first treatise of oviductal anatomy of an ambystomatid using a histochemical approach beyond general
staining with hematoxylin and eosin.

T
HE stereotypical amphibian life cycle includes multi-
ple phases: embryonic development in an egg, an
aquatic larval stage after hatching, and a terrestrial

reproductive stage after metamorphosis (for review see
Wilbur, 1980). In Urodela, paedomorphism results in
development of adult reproductive features while somatic
tissues remain at different developmental stages of the
aquatic larva. Paedomorphism occurs at different degrees in
every salamander family and can be obligative as observed in
Amphiumidae, Cryptobranchidae, Plethodontidae, Protei-
dae, and Sirenidae, or facultative as observed in Ambysto-
matidae, Dicamptodontidae, Plethodontidae, and
Salamandridae (for review, see Denoël et al., 2005). At one
point in time, paedomorphism in Urodela was hypothesized
to be the product of only neotony (deceleration of somatic
tissue development; Gould, 1977); later studies demonstrated
postdisplacement (indefinite delayed development of somat-
ic tissue) as causal, and the potential for hypomorphosis
(cessation of somatic tissue development before the meta-
morphic threshold is reached) to play a role as well (Ryan and
Semlitsch, 1998).

To our knowledge, the only studies to compare the
morphology of reproductive tissues between paedomorphic
and metamorphic individuals of the same salamander species
are studies on cloacal glands that are responsible for
producing spermatophores in males and storing sperm in
females (Licht and Sever, 1991; Sever, 1992, 1994; Trauth et
al., 1994; Sever and Brizzi, 1998). Those studies provided no
indication that reproductive tissue histomorphology was
different between paedomorphs and metamorphs of Amby-
stoma (Licht and Sever, 1991; Sever, 1992; Trauth et al., 1994)
or Eurycea (Sever, 1994); i.e., while many larval features of
somatic tissue were retained in paedomorphic individuals,
reproductive tissues metamorphosed to the normal adult
conditions regardless of a paedomorphic or metamorphic life
history.

One previous study noted that the egg mass of metamor-
phic female Ambystoma talpoideum ‘‘differs sharply’’ in

comparison to paedomorphic individuals (Trauth et al.,
1995); i.e., paedomorphic eggs are often laid singly and
encased in fragile egg jelly, whereas metamorphic eggs are
laid in dense, structured masses, stereotypical of other
ambystomatid salamander egg masses (Salthe, 1969). Thus,
there is a possibility that oviductal tissue develops differently
in metamorphic and paedomorphic individuals.

The oviducts of salamanders are paired organs that empty
into the cloacae individually. As with most hollow organs,
the oviducts possess an outer visceral pleuroperitoneum
covering a thin muscularis of loosely arranged smooth
muscle fibers and an inner mucosa with a simple epithelium
(Greven, 2003a). Distinct regions of the oviducts can be
identified primarily by differences in the glandular contents
along the length of the oviducts (Greven, 2003a). In general,
each oviduct is composed of a non-glandular cranial ostium
(pars recta; but see Greven, 2003a) that accepts eggs into the
oviducts during ovulation, a middle pars convoluta that makes
up the majority of the oviduct and contains numerous
mucosal glands of varying morphology, and a caudal uterine
portion (often referred to as the most caudal portion of the
pars convoluta; Greven, 2002) that provides a connection of
the oviducts with the cloaca, which may or may not possess
glands (Vilter, 1966; Boisseau and Jego, 1972; Sever et al.,
1996; Greven, 2003a). Variability among taxa is mostly
observed in the number of glandular regions in the pars
convoluta (Greven, 2002). Unlike other female vertebrates,
including anurans (Sever et al., 2003), caecilians (Kuehnel
and Kupfer, 2012), chelonians (Gist and Jones, 1989),
crocodylians (Gist et al., 2008), and squamates (Siegel et al.,
2011, 2015), sperm are not stored in the oviducts of female
salamanders, but rather in cloacal glands (Sever, 2002). Thus,
the major functions of the salamander oviducts are the
transport of eggs from the ostia to the cloaca, incubation in
viviparous taxa (Greven, 2003b), and, most prominently,
production of the egg jelly layers that are stereotypical of
oviparous amphibian egg masses (Salthe, 1963; Greven,
2003a).
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Previous studies have indicated that the number of egg
jelly layers is fairly consistent with the number of regions of
the pars convoluta (Humphries, 1966) and, thus, we consider
that variation in egg jelly structure could correspond to
differences in oviductal glands between individuals. Given
that multiple glands of oviparous amphibian oviducts are
responsible for egg jelly production, we hypothesize that the
oviduct histomorphology/histochemistry of paedomorphic
A. talpoideum differs from that of metamorphic A. talpoideum,
similar to the prediction by von Wahlert (1953) that oviduct
gland type is correlated to egg-jelly thickness.

MATERIALS AND METHODS

Specimens.—Paedomorphic and metamorphic female Amby-
stoma talpoideum were obtained from the Arkansas State
University Museum of Zoology and a private collection of A.
talpoideum owned by Raymond Semlitsch, which was
previously donated to S.E. Trauth for prior studies on cloacae
of A. talpoideum (Trauth et al., 1994). All metamorphic
individuals were previously captured in northeast Arkansas,
while the majority of paedomorphic individuals were
captured at the Savannah River Ecology Laboratory (SREL)
in west-central South Carolina. One reproductive paedomor-
phic individual from Arkansas was found in the Arkansas
State University Museum of Zoology collection to confirm
that any variation observed was because of differences
between paedomorphic and metamorphic individuals and
not individuals from different geographic locations. All
females used in the study were captured within reproductive
months as reported by Trauth et al. (1995) for Arkansas, and
Patterson (1978) and Scott (1993) for South Carolina, and
confirmed by enlarged vitellogenic follicles in their ovaries
(see Appendix 1 for specific date of capture). All specimens
were fixed in formalin (concentration and buffering un-
known) following capture and were preserved in 70%
ethanol prior to the commencement of this study. The left
oviduct from 11 paedomorphic A. talpoideum (ten from South
Carolina and one from Arkansas) were excised for histolog-
ical examination, and collection month and snout–vent
length (SVL) were as follows (see Appendix 1 for specific
collection dates): one from October (46.2 mm SVL), three
from November (39.3, 42.7, and 56.0 mm SVL), two from
December (32.5 and 32.6 mm SVL), two from January (41.2
and 48.7 mm SVL), and three from February (31.3, 40.5, and
41.8 mm SVL). The left oviduct from nine metamorphic A.
talpoideum (all from Arkansas) were excised for histological
examination and collection month and SVL were as follows:
three from November (47.4, 51.0, and 51.9 mm SVL), one
from December (66.5 mm SVL), two from January (57.3 and
61.2 mm SVL), and three from February (50.6, 58.0, and 59.5
mm SVL).

Tissue processing.—Excised tissues were rinsed in distilled
water, dehydrated through a graded series of ethanol, cleared
in toluene, and embedded in paraffin wax. Serial sagittal
sections of the entire oviduct from each individual were
obtained at 7 lm with a rotary microtome and affixed to
albumenized slides. Alternating slides were stained with
hematoxylin and eosin (general histological examination)
and periodic acid-Schiff’s (PAS; neutral carbohydrates) coun-
terstained with alcian blue 8GX (AB; pH 2.5; most acidic
mucins, including carboxylated glycosaminoglycans) follow-
ing the protocols of Kiernan (1990).

RESULTS

General.—In general, the oviducts of all Ambystoma talpoi-
deum possessed a very thin visceral pleuroperitoneum
encompassing a thin muscularis. Internal to the muscularis,
the lamina propria and epithelium (particularly mucosal
glands) of the mucosa were the only variable regions at the
bright-field microscopy level. The variability of the mucosa
resulted in the identification of seven histomorphological/
histochemical regions with one region possessing subdivi-
sions. The oviduct regions were termed A through G for
convenience, from most cranial to caudal. Based upon the
size of the mucosa, it was evident that there was variation in
secretory activity with October and November specimens
possessing the most highly secretory oviductal glands in
comparison to lower secretory activity in specimens from
December, January, and February; however, variation in
secretory activity did not ultimately affect the delineation
of each of the seven regions.

Region A (pars recta).—Region A was the most cranial region
of the oviducts and opened into the coelomic cavity through
a funnel-shaped enlargement at its cranial aspect (Fig. 1A-B,
a-b). The mucosa was rather thin in comparison to the more
caudal regions of the oviduct (see below) because of the lack
of mucosal glands. The epithelium lining the lumen was
simple columnar, stained intensely with eosin (Fig. 1A-B),
lacked a reaction with the PAS procedure, and stained
negatively with AB (Fig. 1a-b). The vast majority of epithelial
cells were ciliated at their apical aspect.

Region B (pars convoluta).—A distinct transition demarcates
Region A and Region B (Fig. 1A-B, a-b). The lamina propria of
Region B (the most cranial region of the pars convoluta) was
entirely filled with simple, tubular glands (Fig. 1A-B, a-b, B-C,
b-c), a minority of which were branched. The epithelium
lining the glands was simple and columnar with each cell
possessing a basal heterochromatic nucleus (Fig. 1B), often
polygonal in shape (Fig. 1A-B, B-C, B). The epithelium of the
glands was homogenous, and secretory granules were present
supranuclear in every epithelial cell (Fig. 1A-B, B-C). The
secretory granules appeared small with low acidity, indicated
by a light staining with eosin (Fig. 1A-B, B-C). With the PAS
procedure and AB stain, the majority of the secretory
granules stained positively with AB and fewer reacted
positively with the PAS procedure (Fig. 1a-b, b-c, b),
indicating that the majority of secretory granules were filled
with acidic mucins and the minority filled with neutral
carbohydrates. Secretory granules were not densely packed in
each epithelial cell, giving the appearance of a lighter
staining/reaction at lower magnification. The epithelium
lining the lumen was very difficult to observe because
mucosal glands dominated the mucosa. However, at the
epithelium lining the lumen where adjacent mucosal glands
resided juxtaposed, the epithelial lining of the lumen
appeared to be composed of primarily ciliated cells (Fig. 1B).

Region C (pars convoluta).—A dramatic transition occurred
between Region B and Region C (Fig. 1B-C, b-c). This was
mainly because of intense cytoplasmic staining with eosin in
Region C versus Region B (Figs. 1B-C, 2C-D1). Although it did
not appear that the individual granules stained more
intensely with eosin in comparison to Region B, eosin
painted the background of the individual epithelial cells a
dark pink, indicative of a more acidic cytoplasm. Nuclei
appeared larger and more uniformly round in Region C in
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Fig. 1. Histomorphology and histochemistry of Ambystoma talpoideum oviduct regions A through C. (A-B) General histological examination of
oviduct transition from Region A to B in a South Carolina paedomorphic individual from November (hematoxylin and eosin; scale bar¼100 lm). (a-
b) Histochemical examination of oviduct transition from Region A to B in a South Carolina paedomorphic individual from November (periodic acid-
Schiff’s and alcian blue; equivalent scale to A-B). (B-C) General histological examination of oviduct transition from Region B to C in a South Carolina
paedomorphic individual from November (hematoxylin and eosin; equivalent scale to A-B). (b-c) Histochemical examination of oviduct transition
from Region B to C in a South Carolina paedomorphic individual from November (periodic acid-Schiff’s and alcian blue; equivalent scale to A-B). (B)
High magnification of surface epithelium from Region B detailing basic histological structure in a South Carolina paedomorphic individual from
November; Ci, cilia (hematoxylin and eosin; scale bar¼20 lm). (b) High magnification of glandular epithelium from Region B detailing histochemical
reactions of secretory granules in a South Carolina paedomorphic individual from November (periodic acid-Schiff’s and alcian blue; equivalent scale
to B).
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comparison to Region B. Similar to Region B, the nuclei in

Region C were heterochromatic and located in basal position

in each epithelial cell. Mucosal glands were still the

dominant feature of Region C (Figs. 1B-C, b-c, 2C-D1, c-d1),

but none appeared to be branched unlike they occasionally

were observed to be in Region B. Secretory granules of Region

C uniformly reacted intensely with the PAS procedure (Figs.

1b-c, 2c-d1), indicating that neutral carbohydrates were the

primary component of secretory granules in Region C.

Although it was difficult to measure the length of each

region of the pars convoluta because of the numerous

convolutions present, it was clear that Region C was at least

half as long as Region B.

Region D (pars convoluta).—The transition from Region C to

Region D was also very abrupt and was demarcated by an

increase in the size of the mucosa, mainly due to larger

mucosal glands filling the space of the lamina propria (Fig.

2C-D1, c-d1). In terms of overall gland structure, Region D

was very similar to Region C, i.e., simple tubular glands that

did not appear branched (Fig. 2D1). However, no cytoplasmic

contents of the mucosal glands stained with eosin and only

stained lightly with hematoxylin, which provided a ‘‘frothy’’

looking appearance to the epithelium, making it difficult to

determine the extremities of each individual tubular gland

and boundaries between epithelial cells when the oviducts

were highly secretory in October and November (Fig. 2D1).

Demarcations of individual glands were much easier to

determine when the secretory activity decreased in the more

winter months of December, January, and February. The basal

nuclei were small, often irregularly shaped, and appeared

uniformly dark (Fig. 2D1). The above was true for all

individuals examined.

The PAS procedure, AB stain, and hematoxylin and eosin

stains were variable in Region D when moving from cranial

to caudal down the oviduct. In all individuals, the most

cranial region of D reacted with PAS and stained with AB

(Region D1; Fig. 2c-d1, d1). The result was cytoplasmic

contents that provided a bluish/purple color (Fig. 2c-d1, d1).

More caudally this transitioned into a region that reacted

Fig. 2. Histomorphology and histochemistry of Ambystoma talpoideum oviduct regions C and D1. (C-D1) General histological examination of
oviduct transition from Region C to D1 in a South Carolina paedomorphic individual from November (hematoxylin and eosin; scale bar¼200 lm). (c-
d1) Histochemical examination of oviduct transition from Region C to D1 in a South Carolina paedomorphic individual from November (periodic acid-
Schiff’s and alcian blue; equivalent scale to C-D1). (D1) High magnification of glandular epithelium from Region D1 detailing basic histological
structure in a South Carolina paedomorphic individual from November; Bl, basal lamina; Lu, lumen of glandular tubule; Nu, nucleus (hematoxylin
and eosin; scale bar ¼ 50 lm). (d1) High magnification of glandular epithelium from Region D1 detailing histochemical reactions of secretory
granules in a South Carolina paedomorphic individual from November (periodic acid-Schiff’s and alcian blue; scale bar¼ 100 lm).

Siegel et al.—Oviducts of Ambystoma talpoideum 103



similarly with hematoxylin and eosin stains (Fig. 3D1-D2)
and the PAS procedure (Fig. 3d1-d2), but not to the same
intensity with the AB stain, which provided a more purplish/
pink color (Region D2; Fig. 3d1-d2). Unlike all the other
transitions in the oviduct, the transition between these sub-
regions that stained mildly differently with AB was not very
distinct, which often resulted in a gland type from Region D1

that resided adjacent to a Region D2 gland type for extended
areas of the oviduct where this transition occurred (Fig. 3d1-
d2). Minor staining differences were most likely because of
variation in type of mucopolysaccharide stored as secretory
material in the glandular epithelial cells. An isthmus was
present in the more cranial region of Region D2 that divided
Region D2 into pre- and post-isthmus regions (Fig. 3I, i) in
only paedomorphs from South Carolina; however, the
regions surrounding the isthmus were histochemically
identical with the PAS procedure (Fig. 3i). The isthmus was
narrower than the surrounding Region D2, and in most
specimens that possessed the isthmus, the isthmus glands
often did not react with the PAS procedure but stained with
AB. The isthmus glands in one December specimen reacted
with the PAS procedure but did not stain with AB. No
isthmus was observed in the lone paedomorphic individual
from Arkansas (similar to all of the metamorphic individuals
from Arkansas).

In only metamorphic (all from Arkansas) specimens and
the single paedomorph from Arkansas, Region D2 transi-
tioned abruptly to a portion of the oviduct that stained with
AB (Region D3) or primarily with AB and a slight reaction
with the PAS procedure, respectively, and also more intensely
with eosin in both (Fig. 3D2-D3, d2-d3). Although lengths of
the different oviduct regions were not recorded because of
the impossibility to see this variation grossly, it was evident
that Region D3 represented the longest region of the oviduct
in the Arkansas specimens, both metamorphic individuals
and the lone paedomorphic individual. Conversely, in
paedomorphs from South Carolina, Region D2 was observed
to be the longest region of the oviduct.

Region E (pars convoluta).—Region E was primarily identical
among all individuals examined. The transition between
either Region D2 (paedomorphs from South Carolina) and
Region E (Fig. 4D2-E, d2-e) or Region D3 (metamorphs and
one Arkansas paedomorph) and Region E was distinct (Fig.
4D2-E*, d2-e*). In the majority of cases, this region reacted
positively with the PAS procedure and stained positively with
AB. This was not true in only two South Carolina paedo-
morphic specimens from November, in which the cytoplas-
mic contents reacted intensely with the PAS procedure but
also did not stain with AB (Fig. 4d2-e). In those specimens, it
was difficult to differentiate Region E from F (see below)
except for the fact that the cytoplasmic contents in Region E
never stained with eosin (Fig. 4E-F), in contrast to a positive
staining with eosin in Region F. Glandular tubules of Region
E were distinctly shorter than in Region D, which resulted in
a narrowing of the oviduct at the transition between Regions
D and E. Distinct epithelial cells of the tubular glands (similar
to Region D) were only visible when secretory activity was
lower and nuclei of epithelial cells were basally positioned,
ovular, and uniformly dark.

Region F (pars convoluta).—Region F was also identical among
every specimen examined and was structurally identical to
Region E. This region was easily delineated from Region E by
cytoplasmic contents of Region E glandular cells staining

poorly with eosin (Fig. 5E), reacting positively with the PAS
procedure (Fig. 5e), and staining positive with AB (Fig. 5e),
whereas Region F epithelial cells stained intensely with eosin
(Fig. 5F), reacted positively with the PAS procedure (Fig. 5f),
and did not stain with AB (Fig. 5f).

Region G (uterine region).—Region G was the most caudal
region of the oviduct and opens into the cloaca. In all
specimens examined, Region F transitioned abruptly into
Region G. This region was demarcated by a mucosa with no
glands (Fig. 5F-G, f-g). The surface epithelium was simple
columnar, primarily ciliated with large, ovular shaped nuclei
in basal position. The nuclei appeared mostly heterochro-
matic and were often elongated in the same plane as the
columnar epithelial cells, which gave them their ovular
appearance.

DISCUSSION

The three most cranial regions of the oviducts of A.
talpoideum were consistent across all specimens examined,
both in paedomorphic and metamorphic individuals. These
individual regions were easily identified with both general
histological (hematoxylin and eosin) and histochemical
treatments (PAS and AB). The most cranial regions from
cranial to caudal include the pars recta (our Region A), Region
B, and Region C, the latter two grouped into what is
traditionally termed as part of the pars convoluta (Greven,
2003a).

A variable region persists immediately caudal to Region C
and represents the caudal continuation of the pars convoluta
(Region D). It is clear that variation exists along Region D, but
this variation cannot be attributed to paedomorphic or
metamorphic life history; i.e., paedomorphs from South
Carolina possess two distinct sub-regions of Region D (D1

and D2) that can easily be distinguished because of variability
in carbohydrate synthesis (PAS and AB protocols) but not
with standard hematoxylin and eosin techniques, whereas
metamorphs from Arkansas and a paedomorph from Arkan-
sas possess three distinct regions (D1, D2, and D3) that can be
distinguished because of variability in carbohydrate synthe-
sis. As was the case in South Carolina paedomorphic
salamanders, it is difficult to distinguish those regions with
hematoxylin and eosin other than a slight eosinophilic
staining of the cytoplasmic contents in Region D3. In the
paedomorphic individuals from South Carolina, a short
isthmus is present in Region D2. The Arkansas paedomorphic
individual did not possess an isthmus, as observed in the
metamorphs from Arkansas. Thus, it would appear that the
minor differences observed in Region D may be attributable
to geographic variation and not differences observed be-
tween metamorphs and paedomorphs. We took a conserva-
tive approach delineating Region D because none of the sub-
regions are clearly distinguishable through general hematox-
ylin and eosin staining. We currently have no sound
functional hypotheses for the isthmi in South Carolina
paedomorphs or Region D3 in all Arkansas specimens,
whether they are paedomorphic or metamorphic.

From cranial to caudal, the three most caudal regions,
Regions E, F, and G, represent the posterior aspects of the pars
convoluta (although Region G is often termed the uterine
portion of the oviduct; Greven, 2003a) and were identical
histomorphologically and histochemically among all speci-
mens examined, whether they are paedomorphic or meta-
morphic. The only caveat to this is in specimens from
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Fig. 3. Histomorphology and histochemistry of Ambystoma talpoideum oviduct regions D1 through D3. (D1-D2) General histological examination of
oviduct transition from Region D1 to D2 in a South Carolina paedomorphic individual from February (hematoxylin and eosin; scale bar¼ 200 lm).
(d1-d2) Histochemical examination of oviduct transition from Region D1 to D2 in a South Carolina paedomorphic individual from February (periodic
acid-Schiff’s and alcian blue; equivalent scale to D1-D2). (I) General histological examination of the isthmus in a South Carolina paedomorphic
individual from November (hematoxylin and eosin; scale bar ¼ 200 lm). (i) Histochemical examination of the isthmus in a South Carolina
paedomorphic individual from November (periodic acid-Schiff’s and alcian blue; equivalent scale to I). (D2-D3) General histological examination of
oviduct transition from Region D2 to D3 in an Arkansas metamorphic individual from November; dashed line indicates point of transition
(hematoxylin and eosin; scale bar ¼ 500 lm). (d2-d3) Histochemical examination of oviduct transition from Region D2 to D3 in an Arkansas
metamorphic individual from November; dashed line indicates point of transition (periodic acid-Schiff’s and alcian blue; equivalent scale to D2-D3).
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Fig. 4. Histomorphology and histochemistry of Ambystoma talpoideum oviduct regions D2 through F. (D2-E) General histological examination of
oviduct transition from Region D2 to E in a South Carolina paedomorphic individual from November (hematoxylin and eosin; scale bar¼ 200 lm).
(d2-e) Histochemical examination of oviduct transition from Region D2 to E in a South Carolina paedomorphic individual from November (periodic
acid-Schiff’s and alcian blue; equivalent scale to D2-E). (D2-E*) General histological examination of oviduct transition from Region D2 to E in a South
Carolina paedomorphic individual from December (hematoxylin and eosin; equivalent scale to D2-E). (d2-e*) Histochemical examination of oviduct
transition from Region D2 to E in a South Carolina paedomorphic individual from December (periodic acid-Schiff’s and alcian blue; equivalent scale to
D2-E). (E-F) General histological examination of oviduct transition from Region E to F in a South Carolina paedomorphic individual from December;
dashed line indicates point of transition (hematoxylin and eosin; equivalent scale to D2-E). (e-f) Histochemical examination of oviduct transition from
Region E to F in a South Carolina paedomorphic individual from December; dashed line indicates point of transition (periodic acid-Schiff’s and alcian
blue; equivalent scale to D2-E).
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Fig. 5. Histomorphology and histochemistry of Ambystoma talpoideum oviduct regions E through G. (E) High magnification of Region E detailing
eosin staining in glandular tubules in a South Carolina paedomorphic individual from December (hematoxylin and eosin; scale bar ¼ 50 lm). (e)
High magnification of Region E detailing periodic acid-Schiff’s reaction and alcian blue staining in a South Carolina paedomorphic individual from
December (periodic acid-Schiff’s and alcian blue; equivalent scale to E). (F) High magnification of Region F detailing eosin staining in glandular
tubules in a South Carolina paedomorphic individual from December (hematoxylin and eosin; equivalent scale to E). (f) High magnification of Region
F detailing periodic acid-Schiff’s reaction and alcian blue staining in a South Carolina paedomorphic individual from December (periodic acid-Schiff’s
and alcian blue; equivalent scale to E). (F-G) General histological examination of oviduct transition from Region F to G in a South Carolina
paedomorphic individual from November (hematoxylin and eosin; scale bar¼ 100 lm). (f-g) Histochemical examination of oviduct transition from
Region F to G in a South Carolina paedomorphic individual from November (periodic acid-Schiff’s and alcian blue; equivalent scale to F-G).
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November, where Region E and Region F can be difficult to
distinguish because of similar staining characteristics and
histomorphology. However, even during November, these
regions can be distinguished by focusing on the cytoplasmic
contents of the glands, as the secretory material in Region E
never stains with eosin (less acidic in nature); in Region F, the
secretory material always stains with eosin (more acidic in
nature).

Overall, the oviduct of metamorphs and paedomorphs of
Ambystoma talpoideum possesses at least seven distinct
histomorphological/histochemical regions, one of which
(Region D) is variable and can be broken down into more
regions depending on the individual investigator and
specimens. As noted by Greven (2002), no uniform standard
has ever been created for comparison among salamander
oviducts, but three basic regions are often delineated
macroscopically following von Wahlert (1953; reviewed
extensively by Greven, 2002) and were also identified in
another Ambystoma (A. mexicanum, Uribe et al., 1989): cranial
infundibulum (including the ostium; pars recta; our Region
A), middle pars convoluta (our Regions B–F, and the longest
region of the oviduct), and a caudal uterine region (our
Region G). We observed that A. talpoideum possess greater
regionality at the tissue level of the oviducts than that
described for the only other Ambystoma that has currently
been examined, A. mexicanum, which purportedly possesses
four or five oviductal regions from analysis of the work of
Uribe et al. (1989) by Greven (2002). However, Uribe et al.
(1989) did not definitively break down the oviduct of A.
mexicanum into more than the three histomorphological
regions that correspond to the three stereotypical gross
regions because of the lack of differentiating stains. The
cranial infundibulum and caudal uterine regions of A.
mexicanum possess similar characteristics to those observed
within A. talpoideum, except that the transition from a non-
glandular region (our Region A) to the most cranial glandular
region (our Region B) appears to be more discrete in A.
mexicanum (Uribe et al., 1989).

We observed that the high degree of histomorphological/
histochemical differentiation in the oviduct of A. talpoideum
is on par with other salamander families, e.g., Plethodontidae
(Ehmcke et al., 2003a, 2003b, 2005) and Salamandridae
(Adams, 1940; Humphries and Hughes, 1959; Andreozzi et
al., 1970; Boisseau and Jego, 1972; Boisseau and Joly, 1972;
Boisseau et al., 1974; Greven, 1980; Greven and Baldus,
1984). Unfortunately, too few taxa and a formalized
approach to oviductal examination make it difficult to assess
whether any of the regions of the oviduct among species are
homologous. From the literature, most of the previous work
on salamander oviducts has been more focused toward
individual species’ physiological processes and not a consis-
tent comparative approach; however, Wake and Dickie
(1998) and Greven (2002, 2003a) provide invaluable reviews
that highlight the relative infancy in the field of comparative
salamander oviductal morphology. At present, investigators
are left with very broad comparisons similar to salamanders
have either distinct tubular glands (Ambystoma-type oviduct
glands) or lack distinct tubular glands (Triturus-type oviduct
glands; for review see Greven, 2003a).

Ultimately, the hypothesis that differences in egg mass
structure are attributable to differences between the histo-
morphology/histochemistry of oviducts of paedomorphic
and metamorphic Ambystoma talpoideum was rejected
through examination of the specimens used in this study.
von Wahlert (1953; reviewed extensively by Greven, 2002,

2003a) predicted that egg-jelly thickness differences are
possibly attributable to gland type, whether simple epithelial
glands (producing thinner jellies) or distinct tubular glands
(producing thicker jellies), the latter of which were described
in both paedomorphic and metamorphic A. talpoideum.
Although these gland differences may account for egg jelly
variability between species/families, it was not possible to
determine if variation in the oviduct is the proximate cause
of egg mass structure differences among paedomorphic and
metamorphic individuals, considering that the minor varia-
tion observed with Region D appeared to vary with
geographic location. Trauth et al. (1994) identified no
histomorphological/histochemical difference in another re-
productive structure, the cloaca, between the two A.
talpoideum morphs (Trauth et al., 1994) and concluded that
potential interbreeding between morphs may facilitate
similarity in reproductive structures of A. talpoideum. Future
investigators should incorporate egg/oviduct histochemistry/
biochemistry to determine if structural complexity of egg
masses is due to minor regional differences in oviduct gland
secretions.
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Appendix 1. Specimen details from salamanders used in the current
study.

Metamorphic specimens

Specimen # Capture date SVL (mm)

ASUMZ 9412 8-Nov-87 47.4
ASUMZ 9375 14-Nov-87 51.0
ASUMZ 16946 30-Nov-90 51.9
ASUMZ 15306 2-Dec-89 66.5
ASUMZ 9567 31-Jan-88 57.3
ASUMZ 9568 31-Jan-88 61.2
ASUMZ 9706 17-Feb-88 58.0
ASUMZ 9720 19-Feb-88 50.6
ASUMZ 9722 19-Feb-88 59.5

Paedomorphic specimens

Specimen # Capture date SVL (mm)

ASUMZ* 14-Oct-89 46.2
DSS 395 17-Nov-81 42.7
DSS 401 25-Nov-83 56.0
DSS 404 13-Nov-80 39.3
DSS 391 20-Dec-82 32.6
DSS 393 21-Dec-82 32.5
DSS 367 23-Jan-81 41.2
DSS 368 23-Jan-81 48.7
DSS 371 21-Feb-81 40.5
DSS 381 18-Feb-82 41.8
DSS 375 17-Feb-83 31.3

ASUMZ ¼ Arkansas State University Museum of Zoology
DSS ¼ collected at Savannah River Ecology Lab, tagged by DSS
* Specimen untagged from lot collected in Greene County, AR
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