THE ANATOMICAL RECORD 301:1527-1543 (2018)

Comparative Study of Prenatal
Development Between Myotis albescens
(Chiroptera: Vespertilionidae) and
Eumops patagonicus (Chiroptera:
Molossidae): The Chorionic Vesicle and
Extraembryonic Membranes
Considerations

FLORENCIA EVELYN RODRIGUEZ ©,"* MARIA TERESA SANDOVAL,'
BLANCA BEATRIZ ALVAREZ,' axp DANIEL MARCELO LOMBARDO?**
Universidad Nacional del Nordeste, Facultad de Ciencias Exactas y Naturales y
Agrimensura, Departamento de Biologia, Avenida Libertad, Corrientes, Argentina
2Consejo Nacional de Investigaciones Cientificas y Técnicas (CONICET), Argentina
3Universidad de Buenos Aires, Facultad de Ciencias Veterinarias, Instituto de Investigacién
y Tecnologia en Reproducciéon Animal (INITRA), Catedra de Histologia y Embriologia,
Chorroain, Buenos Aires, Argentina

ABSTRACT

We presented a comparative study of two species of South American bats,
Myotis albescens and Eumops patagonicus, about prenatal development.
This study was carried out using 60 specimens, which were measured and
photographed, and the embryonic stage was assigned by the staging system
for Carollia perspicillata. We observed that the chorionic vesicle showed sim-
ilarities in the disposition of the extraembryonic membranes, but they dif-
fered in characteristics of their yolk sac; in E. patagonicus, it was more
glandular than M. albescens. M. albescens presented a well-developed discoid
placenta with a caudal antimesometrial position, but E. patagonicus pre-
sented a diffuse placenta, which persists until the end of gestation and a dis-
coid placenta in the uterus—tubal junction. In the embryogenesis, early
stages, middle stages, and late stages were defined. In the early stage, the
embryonic morphology is similar in the two species. The middle stage is
characterized by the muzzle and pinna formation, fore and hind limb region-
alization, and the formation of the patagium primordium. In the late stage,
the overall growth of the embryo occurs. Its fore and hind limbs, patagium,
and the typical craniofacial features are configured. We conclude that in
early stages of development, the embryonic morphology of M. albescens and
E. patagonicus is similar, while in late stages differences are evident; mainly
the craniofacial structures and uropatagium configuration characteristics
that allow their classification at the family level. Moreover, differences in
time of fusion of maxillary and mandibular process were registered. This
could be related to the morphology of the muzzle of each species. Anat Rec,
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The order Chiroptera is the second largest order of
mammals, including more than 1,100 species (Wilson and
Reeder, 2005). It comprises two suborders Megachirop-
tera and Microchiroptera (Teeling et al., 2005) and 18 rec-
ognized families (Jones et al., 2002; Miller-Butterworth
et al.,, 2007). Megachiroptera has reduced geographical
distribution in tropical and subtropical regions of the Old
World, Africa, Asia, Australia, and New Zealand.
Whereas Microchiroptera is cosmopolitan, with represen-
tatives from almost every continent, including the major-
ity of species, with over 900 species among 17 families
(Nowak, 1999).

The knowledge about the embryonic development of
Microchiroptera is restricted to a few species from North
America such as Myotis lucifugus (Adams, 1992). There is
a lack of knowledge about other species from Asia such as
Vespertilio murinus (Schumacher, 1932), Pipistrellus
abramus (Tokita, 2006), Hipposideros armiger, and
H. pratti (Wang et al., 2010). There are other known spe-
cies from Europe and Africa, such as Miniopterus schrei-
bersii fuliginosus (Wang et al., 2010) and from Central
and South America, such as Carollia perspicillata
(Cretekos et al., 2005) and Molossus rufus (Nolte et al.,
2009). The staging system proposed for C. perspicillata is,
at present, the most complete and includes the embryo
sequence from fertilization until the end of development.
It systematizes a total of 24 embryonic stages and is used
as a reference table. However, characteristics of chorionic
vesicle have not been considered in previous studies. This
information is important to interpret the maternal-
embryonic relations during gestation.

The present study aimed to expand the knowledge about
the ontogeny of the South American Chiroptera fauna and
to contribute basic information and to carry out interspe-
cific comparisons based on the staging system. The present
study also aimed to characterize the embryonic develop-
ment of Myotis albacescens (Vespertilionidae) and Eumops
patagonicus (Molossidae), two central and South American
species, belonging to two families of Microchiroptera,
widely and commonly distributed in northern Argentina.

Mpyotis albescens is distributed in Central and South
America (Fig. 1A,B). It is an insectivorous species of mid-
dle size (81.8-94 mm) with light gray pelage. In general,
it has been associated with urban areas such as houses,
buildings, crevices, rocks, etc. Mating is registered in
May, with a possible delay in fertilization (Myers, 1977),
and pregnant females appear at the end of July (Barquez
et al., 1999).

E. patagonicus is distributed only in South America
(Fig. 1C,D). It is an insectivorous species of middle to
large size (99.2-120 mm), with gray-brown pelage. They
live in urban and suburban areas. There is no informa-
tion about mating, and pregnant females appear in
September and October (Barquez et al., 1999).

In this study, we described and compared the chorionic
vesicles and the disposition of the extraembryonic mem-
branes of M. albescens and E. patagonicus in early, mid-
dle, and late embryonic stages. This information will be

useful to carry out interspecific comparisons showing sim-
ilarities and differences at the time of formation of the
embryonic structures and would be useful as a model for
studies related to heterochronic events.

MATERIALS AND METHODS

To obtain the embryos for this study, we analyzed
60 uteri from pregnant females of M. albescens (N = 28)
and E. patagonicus (N = 32) in different stages of gesta-
tion. The pregnant females were captured manually dur-
ing November 2009 and 2010, January 2010, and October
2014. The collection of samples took place in San Isidro
(29°42'33" S, 57°32'5” W), San Lorenzo (28°8'14” S,
58°46'3” W) and Mercedes (29°11'5" S, 58°4'25” W), Cor-
rientes, Argentina. These animals were sacrificed follow-
ing the guidelines of American Veterinary Medical
Association (2013) and the American Society of Mammal-
ogy (Sikes et al., 2016).

The dissection was carried out in each animal to sepa-
rate the reproductive tract. For each uterus, height and
width were measured by a digital caliper of 0.01 precision.
The uterine volume (UV) was calculated using spheroid’s
formula (Dunham, 1983). Then, each uterus was dissected
for the analysis of the chorionic vesicle. The embryos and
their extraembryonic membranes were also isolated. The
embryos were colored with methylene blue, observed, and
analyzed under a stereo microscope. The degree of translu-
cency or opacity was considered as a measure of the cell
mass density in the embryo. Relevant fact during ontog-
eny. All the embryos were measured at crown-rump length
(CRL). From stage 17, the forearm length (FL) and hin-
dlimb autopodium’s length (HAL) were measured using a
micrometric ocular mounted on a stereo microscope or with
a digital caliper, depending on the embryos dimensions.
External morphological characterization was carried out
on each embryo, and they were assigned to an embryonic
stage according to Cretekos et al. (2005). From these obser-
vations, drawings were made, and photographs were taken
with a digital camera (Canon EOS REBEL T3i) mounted
on a stereomicroscope Leica EZ4.

RESULTS
Morphology of Uterus and Chorionic Vesicle

In M. albescens, the uterus is bicornuate with short
horns, and the implantation is unilateral, that is, in the
right horn. During gestation, the right horn becomes big-
ger than the left one, and adopts an oblong shape, while
the left horn is relegated to the caudal position. The cho-
rionic vesicle (Fig. 2) is unique and covered the entire
uterine cavity, and its volume varies between 74 and
800.8 mm?, depending on the stage of gestation (Table 1).
The uterine cavity is internally lined by smooth chorion,
with a placental disc in the antimesometrial position. The
embryo is completely covered by the amniotic membrane,
except in stage 12. The yolk sac is oval, irregular, and has
thin walls that are highly vascularized and translucent.
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Fig. 1. Global distribution and Argentinian distribution. (A) Global distribution of Myotis albescens, (B) Argentinian distribution of M. albescens, (C)
global distribution of Eumops patagonicus, and (D) Argentinian distribution of E. patagonicus (Barquez et al., 1999).

It is smaller than the embryo and located on the left flank
of it, compressed between the amniotic membrane and
the chorion.

In E. patagonicus, the uterus is bicornuate with short
horns, and the implantation is unilateral, that is, in the
right horn. During gestation, the right horn becomes

large and adopts a rounded shape, while the other horn is
reduced, staying in the lateral and caudal position. The
chorionic vesicle (Fig. 3) is unique, rounded in shape, and
occupies the entire horn; its volume varies between 214.5
and 3440.62 mm?®, depending on the stage of gestation
(Table 1). The uterine cavity is internally lined by
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Fig. 2. Uterus and chorionic vesicle of Myotis albescens at the middle stage of gestation. (A) External view of the uterus, (B) embryo with the
discoidal placenta, and (C) diagram of a uterus containing an embryo with extra-embryonic membranes. Abbreviations: am, amnion; ch, chorion;
dp, discoidal placenta; em, embryo; Ih, left horn; ov, ovary; rh, right horn; vs, vitelline sack. Scale bar = 2 mm.

rudimentary chorionic villi, with a small placental disc in
the uterus tubal junction, whose size increases during
gestation. The yolk sac is rounded in shape and laterally
compressed, with thick walls, which are highly vascular-
ized. It is pale yellow and opaque and is located toward
the left side of the embryo. Its size is variable during ges-
tation and is similar to the size of the embryo.

STAGES OF EMBRYONIC DEVELOPMENT BY
CRETEKOS ET AL. (2005)

M. albescens (Figs. 4 and 5)

Stage 12. CRL: 249 mm (N = 1) (Fig. 4A-C). The
embryo is translucent, with a “C” shape. The body is
divided into three parts: the head, trunk, and tail. The
cervical flexure is evident. The stomodeum invagination,
the optic vesicle, and the otic vesicle are visible. The pha-
ryngeal arch I and II are very clear. The heart has a
prominent atrial and ventricular chamber. The primor-
dium of the forearm is visible. The tail is flexed to the
right.

Stage 14. CRL: 5.14 mm (N = 1) (Fig. 4D-G). The
embryo is opaque and whitish, with a “C” shape. The mid-
brain is prominent, and cervical flexure is still evident.
Eyes are oval in shape and pigmentation of the retina can
be observed. The maxillary process exceeds the ocular
region. The prominent mandibular process is not fused in
the midline. Nasal processes without fusion and auditory
hillocks are visible, surrounding the first pharyngeal
arch. The lateral body wall is not fused in the midline.
The forelimb is organized in the proximal-distal region;
the digital plate is formed at the distal part of the

forelimb. The hindlimb is digitiform—without regionali-
zation. The plagiopatagium primordium is visible in the
axillary region of the forelimb. The tail is free.

Stage 15. CRL: 6.07 + 0.44 mm (N = 2) (Fig. 4H-K).
The embryo is opaque and whitish. The maxillary pro-
cesses are fused together in the midline and are fused
with the nasal processes. Mandibular processes are fused
together in the midline. In the eyes, the retina is more
pigmented than in the previous stage. The auditory mea-
tus is visible; auricle prominences are differentiated in
helix, tragus, and antitragus. The lateral body wall is
fused in the midline to the cardiac region. Prominent
autopodium of the forelimb is flat and triangular with
projections of digits 1 and 5. The hindlimb is differenti-
ated in the proximal-distal region. The plagiopatagium
fold is extended to the hindlimb. The tail is free.

Stage 16. CRL: 6.56 + 0.57 mm (N = 3) (Fig. 4L-0).
The embryo is opaque and whitish. The muzzle is well
defined. Whisker follicles are visible in the side region of
the upper jaw. Eyelid primordium is visible, and the
helix, tragus, and antitragus are larger than in the previ-
ous stage. The lateral body wall is completely fused in the
midline, except in the umbilical region. Forelimbs and
hindlimbs are similar to those of the previous stage. The
propatagium primordium is visible; the plagiopatagium
extends from the base of the autopodium of the forelimb
until the proximal region of the hindlimb. The uropata-
gium primordium is visible. The tail is free.

Stage 17. CRL: 7.68 + 0.47 mm (N = 12) (Fig. 5A-D).
The embryo is opaque and whitish. The muzzle is well
defined. The whisker follicles are more developed than in
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Fig. 3. Uterus and chorionic vesicle of Eumops patagonicus at the middle stage of gestation. (A) External view of the uterus, (B) embryo with
amnion and vitelline sack, and (C) diagram of a uterus containing an embryo with extra-embryonic membranes. Abbreviations: am, amnion; ch,
chorion; dp, discoidal placenta; dfp, diffuse placenta; em, embryo; Ih, left horn; Ift, left fallopian tube; ov, ovary; rh, right horn; rft, right fallopian

tube; vs, vitelline sack. Scale bar = 2 mm.

the previous stage. The mouth opens with the tongue visi-
ble. The eyelids are similar to those in the previous stage.
The helix is triangular and is more developed than in the
previous stage, with its corner folded. The tragus is simi-
lar to that of the previous stage. The lateral body wall is
opaque. The propatagium extends from the base of the
stylopodium to the carpal region. The plagiopatagium
extends to knees. The uropatagium extends from the base
of the autopodium to the base of the tail. The forelimb is
morphologically distinguished in the stylopodium, the
zeugopodium, and the autopodium, with digits 1 and
2 more developed than in the previous stage, and the
digits 2, 3, and 4 are visible and linked to each other by
the chiropatagium. The knee and elbow are recognized as
pronounced flexures. The hindlimb, with the stylopodium
and the zeugopodium, is separated by the knee flexion.
The digits are visible, of similar length and the interdigi-
tal membrane links them. The tail is free.

Stage 18. CRL: 9.09 £+ 0.61 mm (N = 4) (Fig. 5E-H).
The embryo is opaque and whitish. The muzzle is well
developed and prominent. The eyelids cover half of the
eye. The helix is more developed than in the previous
stage and plicate, so it blocks the meatus and the tragus.
The propatagium and the plagiopatagium are more devel-
oped than in the previous stage. The plagiopatagium
extends from the digit 5 of the forelimb to the base of the
autopodium of the hindlimb. The uropatagium extends to

half of the tail. The autopodium of the forelimb is sup-
ported on the snout, covering the ocular region. The digit
1 (thumb) is free; digits 2-5 are longer than in the previ-
ous stage and linked by the chiropatagium. The digits of
the hindlimb are free and similar in length. The distal
region of the tail is free.

Stage 19. CRL: 9.34 + 0.38 mm (N = 3) (Fig. 5I-L).
The embryo is opaque and whitish. The eyelids cover the
eyes. The helix is more developed and plicate than in the
previous stage, covering the meatus and the tragus. The
propatagium and the plagiopatagium are more developed
than in the previous stages and translucent. The uropata-
gium extends to the end of the tail. The stylopodium, zeu-
gopodium, and phalanges of the forelimb and hindlimb
are more developed than the preceding stage. The chiro-
patagium is translucent. The thumb of the forelimb and
digits 1-5 of the hindlimb have a primordium claw. The
autopodium of the forelimb covers the muzzle region. The
tail is included in the uropatagium.

Stage 20. CRL: 10.46 + 0.28 mm (N = 2) (Fig. 5M-P).
The embryo is opaque and whitish. The cephalic region is
similar to in the previous stage. The integument of the
body has visible hair follicles. The forelimb, hindlimb,
and claws are more developed than in the preceding
stage. The calcaneus is visible, and the tail is similar to
in the previous stage.
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Fig. 4. Myotis albescens at embryonic stages 12-16. Stage 12, (A) lateral view from left side, (B) craniofacial view, (C) close-up for the forelimb
bud. Stage 14, (D) lateral view from left side, (E) ventral view, (F) craniofacial view, and (G) close-up for the forelimb bud and hindlimb bud. Stage
15, (H) lateral view, (I) ventral view, (J) dorsal view, and (K) close-up for the forelimb bud and hindlimb bud. Stage 16, (L) lateral view, (M) ventral
view, (N) dorsal view, and (O) close-up for the forelimb bud and hindlimb bud. Abbreviations: Am, auditori meatus; au, autopodium; dp, digital plate;
fa I, pharyngeal arch I; fa Il, pharyngeal archll; mp, maxillary process; op, optic vesicle; ot, otic vesicle; pl, plagiopatagium; pr, propatagium; rp,
pigmented retina; ur, uropatagium. Scale bar = 1 mm.




Fig. 5. Myotis albescens at embryonic stages 17-20. Stage 17, (A)
lateral view, (B) ventral view, (C) dorsal view, and (D) close-up for the
hindlimb and forelimb. Stage 18, (E) lateral view, (F) ventral view, (G)
dorsal view, (H) close-up for the forelimb bud and hindlimb bud, Stage
19, (1) lateral view, (J) ventral view, (K) dorsal view, and (L) close-up for
the forelimb bud and hindlimb bud. Stage 20, (M) lateral view, (N)
ventral view, (O) dorsal view, and (P) close-up for the forelimb bud and
hindlimb bud. Abbreviations: ca, calcaneus; cp, claw primordium; dl,
digit I; el, elbow; kn, knee; th, tongue; tm, thumb; wf, whisker follicles.
Scale bar =1 mm.

E. patagonicus (Figs. 6-8)

Stage 13. CRL: 4.52 + 0.84 mm (N = 2) (Fig. 6A-D).
The embryo is opaque and with a “C” shape. The body is
divided into three parts: head, trunk, and tail. The cervi-
cal flexure is evident. The stomodeum invagination, the
optic vesicle, and the otic vesicle are visible. The pharyn-
geal arch I and II are evident. The first arch is divided
into maxillary and mandibular processes, and the nasal
process is evident. The lateral body wall is not fused in
the midline. Digitiform hindlimb buds and forelimb buds
are evident. The cardiac region is prominent. The tail is
well developed.

Stage 14. CRL: 5.76 mm (N = 1) (Fig. 6E-H). The
embryo is opaque and whitish with a “C” shape. The mid-
brain is prominent; the cervical flexure is still evident,
eyes are oval in shape, and pigmentation of the retina
can be observed. The maxillary process exceeds the ocular
region. The mandibular process is not fused in the mid-
line, and the nasal process is not fused. The auditory hill-
ock surrounds the first pharyngeal arch. The lateral body
wall is not fused in the midline. The forelimb is divided
into the proximal and distal regions, and the hindlimb is
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digitiform, without regionalization. The primordium of
the plagiopatagium is visible in the axillary region of the
forelimb. The tail is free and longer than in the previous
species.

Stage 15. CRL: 6.8 £+ 0.33 mm (N = 2) (Fig. 6I-L). The
embryo is opaque and whitish. The maxillary process,
mandibular process, and nasal process are more devel-
oped than in the previous stage. In the eyes, the retina is
more pigmented than in the previous stage. Auricle prom-
inences are divided into the helix, tragus, and antitragus.
The lateral body wall is fused in the midline to the
hepatic region. Prominent forelimb autopodium is visible,
and is triangular, with projections of digits 1 and 5. The
hindlimb is divided into the proximal and distal region.
The plagiopatagium primordium is extended to the hin-
dlimb. The tail is free.

Stage 16. CRL: 7.34 + 0.52 mm (N = 7) (Fig. 6M-P).
The embryo is opaque and whitish. The maxillary pro-
cesses are fused to each other and with the nasal process
in the midline. Mandibular processes are fused together
in the midline. The eyelid primordium is visible. The
auditory meatus is visible. The helix, tragus, and antitra-
gus are bigger than in the previous stage. The lateral
body wall is fused in the midline, except in the umbilical
region. The forelimbs and hindlimbs are similar to those
of the previous stage. The propatagium primordium is
visible. The plagiopatagium extends from the base of the
autopodium of the forelimb to the proximal region of the
hindlimb. The uropatagium primordium is visible. The
tail is free.

Stage 17. CRL: 9.3 £ 0.57 mm (N = 3) (Fig. 6Q-T).
The embryo is opaque and whitish. The muzzle is well
defined. The whisker follicles are visible as slight bumps
on the lateral surface of the upper jaw. The eyelid is simi-
lar to in the previous stage. The nasal wings are visible.
The helix is more developed than in the previous stages
and with a dorsal ridge that extends to the eye region.
The tragus and antitragus are longer than previous
stages. The propatagium extends from the base of the sty-
lopodium to the carpal region. The plagiopatagium
extends to the knees. The uropatagium extends from the
base of the autopodium to the base of the tail. The fore-
limb is morphologically divided into the stylopodium, zeu-
gopodium, and autopodium with digits 1 and 2 more
developed than in the previous stage, and the digits 2, 3,
and 4 are visible and linked to each other by the chiropa-
tagium. The knee and elbow are recognized as pro-
nounced flexures. The knee flexion separates the
hindlimb into the stylopodium and zeugopodium. The
digits are visible and of similar length, and the interdigi-
tal membrane links them. The distal region of the tail
is free.

Stage 18. CRL: 11.3 £+ 0.20 mm (N = 2) (Fig. 7TA-D).
The embryo is opaque and whitish. The muzzle is well
developed and prominent. The eyelids cover half of the
eye. The dorsal ridge of the helix extends to the frontal
region and is fused with the other side, covering the mid-
dle of the eye. The propatagium is more developed than
in the previous stage. The plagiopatagium is more devel-
oped and extends from the digit 5 of the forelimb to the
base of the hindlimb autopodium. The uropatagium
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Fig. 6. Eumops patagonicus at embryonic stages 13-16. Stage 13, (A) lateral view, (B) ventral view, (C) dorsal view, and (D) close-up for the
hindlimb and forelimb. Stage 14, (E) lateral view, (F) ventral view, (G) dorsal view, (H) close-up for the forelimb bud and hindlimb bud, Stage 15, (1)
lateral view, (J) ventral view, (K) dorsal view, and (L) close-up for the forelimb bud and hindlimb bud. Stage 16, (M) lateral view, (N) ventral view, (O)
dorsal view, and (P) close-up for the forelimb bud and hindlimb bud. Stage 17, (Q) lateral view, (R) ventral view, (S) dorsal view, and (T) close-up for
the hindlimb and forelimb. Abbreviations: Am, auditory meatus; ap, autopodium; au, auricle primordium; cf, cervical flexure; he, helix; md,
mandibubular process; mx, maxillary process; np, nasal process; op, optic vesicle; pl, plagiopatagium; pr, propatagium; rp, retina pigmented; ur,
uropatagium; wf, whisker follicles. Scale bar = 2 mm.
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Fig. 7. Eumops patagonicus at embryonic stages 18-21. Stage 18, (A) lateral view, (B) ventral view, (C) dorsal view, and (D) close-up for the forelimb
bud and hindlimb bud. Stage 19, (E) lateral view, (F) ventral view, (G) dorsal view, and (H) close-up for the forelimb bud and hindlimb bud. Stage 20, (I)
lateral view, (J) ventral view, (K) dorsal view, and (L) close-up for the forelimb bud and hindlimb bud. Stage 21, (M) lateral view, (N) ventral view, (O) dorsal
view, and (P) close-up for the hindlimb and forelimb. Scale bar = 2 mm. Fig. 8 Eumops patagonicus at embryonic stages 22-25. Stage 22, (A) lateral
view, (B) ventral view, (C) dorsal view, and (D) close-up for the forelimb bud and hindlimb bud, Stage 23, (E) lateral view, (F) ventral view, (G) dorsal view,
and (H) close-up for the forelimb bud and hindlimb bud. Stage 24, (1) lateral view, (J) ventral view, (K) dorsal view, and (L) close-up for the forelimb bud
and hindlimb bud. Stage 25, (M) Lateral view, (N) ventral view, (O) dorsal view, and (P) close-up for the forelimb bud and hindlimb bud. Abbreviations: Ca,
calcaneus; ch, chiropatagium; cl, claw; dr, dorsal ridge of the helix; pr, propatagium; ta, tail; th, thumb; ur, uropatagium. Scale bar = 2 mm.
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Fig. 8. Eumops patagonicus at embryonic stages 22-25. Stage 22, (A) lateral view, (B) ventral view, (C) dorsal view, and (D) close-up for the
forelimb bud and hindlimb bud. Stage 23, (E) lateral view, (F) ventral view, (G) dorsal view, and (H) close-up for the forelimb bud and hindlimb bud.
Stage 24, (I) lateral view, (J) ventral view, (K) dorsal view, (L) cose-up for the forelimb bud and hindlimb bud.Stage 25, (M) Lateral view, (N) ventral
view, (O) dorsal view, and (P) close-up for the forelimb bud and hindlimb bud. Abbreviations: At, antitragus; ca, calcaneus; cl, claw; rh, rhinarium;
wif, whisker follicles. Scale bar = 2 mm.
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Myotis Eumops Myotis Eumops Stage 20. CRL: 13.6 + 0.41 mm (N = 2) (Fig. 7I-L).
albescens  patagonicus albescens  patagonicus The embryo is opaque and whitish. The cephalic region is

Fig. 9. Myotis albescens and Eumops patagonicus close-up of the
craniofacial structures. (A-H) Craniofacial structure of M. albescens.
(I-U) Craniofacial structure of E. patagonicus.

covers the middle of the tail. The autopodium of the fore-
limb is supported on the snout, covering the ocular
region. The digit 1 (thumb) is free. The digits 2-5 are lon-
ger than in the previous stage and linked by the chiropa-
tagium. The digits of the hindlimb are free and similar in
length. The distal region of the tail is free.

Stage 19. CRL: 11.68 £ 0.70 mm (N = 3) (Fig. 7TE-H).
The embryo is opaque and whitish. The eyelids cover the
eyes. The helix is more developed than in the previous
stage and extends, covering the eyes completely. The tra-
gus and antitragus are flat. The eyelids are closed. The
propatagium and plagiopatagium are opaque and more
developed than in the previous stages. The uropatagium
is similar to in the previous stages. The stylopodium, zeu-
gopodium, and phalanges of the forelimb and hindlimb
are more developed than in the previous stages. The chir-
opatagium is opaque. The thumb of the forelimb and
digits 1-5 of the hindlimb have a claw primordium. The
external genitalia is not differentiated between the male
and female yet; with distinguishable genital tubercle and
prominences. The distal region of the tail is free.

similar to in the previous stage. The tegument of the body
has visible hair follicles. The autopodium of the forelimb
covers the muzzle completely. The forelimb and the hin-
dlimb are more developed than in the previous stage. The
claws are cornified, and the calcaneus is visible. The tail
is similar to in preceding stages.

Stage 21. CRL: 139 mm (N = 1) (Fig. 7TM-P). The
embryo is opaque and whitish. The helix is highly devel-
oped, forming two large expansions that cover the ocular
region. The muzzle is well developed, and the flange of
rhinarium is visible. The forelimb and hindlimb are more
developed than in the previous stages. The autopodium of
the forelimbs is crossed over the thoracic region below the
muzzle. The autopodium of the hindlimb has a visible cal-
caneus and is more developed than in the previous stage.
In the male, the penis is well developed and completely
covered by the praeputium. The tail is similar to in the
preceding stages.

Stage 22. CRL: 18.62 + 0.64 mm (N = 3) (Fig. 8A-D).
The helix is similar to in the previous stage. The eyelids
are well developed and are not fused. The rhinarium is
prominent, and the muzzle is more developed and with
brown pigment spots in the maxillary region. The fore-
limb and the hindlimb are more developed than in the
previous stage, and the claws are long. The trunk is well
developed and white. The external genitals are well
developed. The females are distinct, with vulva and clito-
ris. The male’s penis is similar to in the previous stage.
The tail is similar to in the previous stages.

Stage 23. CRL: 17.18 + 0.69 mm (N = 3) (Fig. 8E-H).
The muzzle is more pigmented than in the previous stage.
The eyelid and rhinarium are more developed with pig-
ments and dispersed points. The trunk is of light-brown
coloration, with pigmentation dispersed in spots. The
forelimb and hindlimb are similar to in the previous
stage. The tail is similar to in the preceding stages, with
pigmentation dispersed in spots.

Stage 24 (start of fetal stage). CRL: 20.13 + 0.84 mm
(N = 2) (Fig. 8I-L). In the head, the edge of the ears, eye-
lids, and rhinarium have more pigmentation, showing a
dark-brown line. The incisors, canines and primordium
premolars of the upper and lower jaws are visible as
small elevations. The trunk has more color than in the
previous stage. The wings are more developed, with dark
regions on the humerus and thumb. The patagios are
translucent. The hindlimb has colored fingers and ribbed
claws. The genitalia is well developed and has strong pig-
mentation. The tail is more colored than in the previous
stage.

Stage 25. CRL: 29.79 mm (N = 1) (Fig. 8M-P). In the
head, the muzzle is well developed, and the vibrissae and
hairs are visible in the upper and lower jaw. Pinna of the
ear well develops, and the tragus and antitragus are simi-
lar to in adults. The eyelids are open. All the head and
back have more pigmentation than in the previous stages.
The wing does not have pigment in the membranes, but
the hindlimb is completely colored. There is hair in the
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hindlimb autopodium. The tail is more colored than in
the previous stage.

DISCUSSION

In this article, we characterized the uterine morphol-
ogy and the chorionic vesicle. We also identified the
embryonic and fetal stages of M. albescens
(Vespertilionidae) and E. patagonicus (Molossidae) based
on the staging system proposed by Cretekos et al. (2005).

The Chiroptera exhibit a great morphological diversity
as well as multiple reproductive specializations. Regard-
ing this, a great anatomical and functional diversity of
female reproductive tracts was described, mainly related
to uterine morphology (Badwaik and Rasweiler, 2000).
Depending on the degree of fusion of the uterine horns,
the uterus might be duplex, bicornuate, or simple; these
variants might occur even in the same family. In the Ves-
pertilionidae family, Wimsatt (1979) described the “Myo-
tis pattern,” which is characterized by the bilateral
ovarian function and the presence of a bicornuate uterus
with gestational asymmetry. In M. albescens, the gesta-
tion occurs, in general, in the right horn (Myers, 1977),
which coincides with our observations. In the Molossidae
family, a bicornuate uterus with dextral dominance for
Chaerephon plicata (Hood and Smith, 1983), M. rufus
(Rasweiler, 1990), and Tadarida brasiliensis (Stephens,
1962) has been described, as well as a duplex uterus for
Mormopterus planiceps (Crichton and Krutzsch, 1987).
E. patagonicus has a bicornuate uterus with a dextral
gestation, which coincides with the “Molossidae pattern”
proposed by Wimsatt (1979).

Except Myotis lucifugus (Barbour and Davis, 1969),
M. adversus (Dwyer, 1970), M. daubentoni (Kokurewicz
and Bartmanska, 1992), Nycticeius schlieffenii (Van der
Merwe and Rautenbach, 1988), N. humeralis (Bain and
Humphrey, 1986), Scotophilus heathi (Madhavan, 1980),
S. dinganii, Pipistrellus nanus (Happold and Happold,
1990), Vespertilo superans (Funakoshi and Uchida, 1981),
Tadarida pumila (McWilliam, 1987), for which have been
reported multiple births, most of the Chiroptera from
Vespertilionidae and Molossidae family have a single par-
turition. This shows adaptive advantages for their liveli-
hoods (Badwaik and Rasweiler, 2000). In this study, we
observed a single embryo per uterus in both studied spe-
cies, so we conclude that M. albescens and E. patagonicus
are monotocous species.

In the order, there are many variants regarding the
blastocyst implantation sites, the development of fetal
membranes and placenta, characteristics of the interhae-
mal barrier, and the time of embryonic development
(Badwaik and Rasweiler, 2000). The chorionic vesicle, in
both studied species, showed similarities in the disposi-
tion of the extraembryonic membranes, but they differed
in characteristics of the yolk sac and chorioallantoic pla-
centa. In both analyzed species, the yolk sac membrane
was well vascularized, although in M. albescens it was
thin, translucent, and of a smooth surface, while in
E. patagonicus it had thick walls, it was opaque and had
a rough surface. M. albescens presented a well-developed
discoid placenta with the caudal anti-mesometrial posi-
tion from early gestation, coinciding with what has
already been described for other families (Badwaik and
Rasweiler, 2000). In M. rufus the chorioallantoic placenta
(Rasweiler, 1990), until middle gestation, is diffuse and

presents a placental disc. This placental disc grows, and
it becomes the permanent placenta, while the diffuse villi
regressed at the end of gestation. In E. patagonicus,
unlike described for M. rufus, the diffuse placenta persist
until the final stages of gestation (S. 24), which suggests
that it functions as maternal-fetal exchange site, until
final gestation.

Regarding the embryogenesis, in both studied species,
early stages (S. 12, 13, and 14), middle stages (S. 15,
16, and 17) and late stages (S. 18, 19, 20, 21, 22, 23, and
24) were recognized. In the early stages, the embryonic
morphology is similar between the two species analyzed
in this study and those previously analyzed by other
authors. In this stage, the main developmental events
correspond to the body regionalization, cephalic structure
organization, the formation of the primordium of the
major organs and systems, and fore and hind limbs. The
middle stage is characterized by the muzzle and pinna
formation, fore and hind limb regionalization, and the for-
mation of the patagium primordium. In the last stage,
the overall growth of the embryo occurs; of its fore and
hind limbs, patagium and the typical craniofacial features
of each species are configured. Wang et al. (2010) com-
pared the development of five species belonging to Ves-
pertilionidae and Hipposideridae. They showed that the
organogenic sequence of bats is uniform, but that there
are differences, mainly in craniofacial structures. Also, in
the species analyzed in this study, this occurred. In early
stages of development, the embryonic morphology of
M. albescens and E. patagonicus is similar, while in late
stages (S. 18-24) differences are evident; mainly the cra-
niofacial structures and uropatagium configuration—
characteristics that allow their classification at the family
level. In M. albescens, from S. 20, the tail is completely
included in the uropatagium, and the pinna is small and
pointed. In E. patagonicus, the tail is not included in the
uropatagium, and the helix is developed and extended to
the frontal region to merge with its counterpart on the
opposite side. This characteristic is particular of the
genus Eumops. Moreover, differences in time of fusion of
maxillary and mandibular process were registered. In
M. albesces (Fig. 9C,D), the maxillary and mandibular
processes merge between S. 15 and S. 16. This also hap-
pens in C. perspicillata (Cretekos et al., 2005), Pipistrellus
abramus (Tokita, 2006), Miniopterus schreibersii fulgino-
sus, Hipposideros armiger, and H. pratti (Wang et al.,
2010). In E. patagonicus (Fig.9L,M) and M. rufus (Nolte
et al., 2009), the fusion of the maxillary processes occurs
in S. 16, while the fusion of the mandibular processes
occurs in S. 17. This difference in time of fusion of the
maxillary and mandibular processes could be related to
the morphology of the muzzle of each species, depending
on their feeding habits. Nevertheless, we do not have
enough information that allows us to hypothesize any
answer about these variants.

Regarding the development of limbs and patagio, in
both species, a similar morphogenetic pattern can be
observed, except for the uropatagium, which in
M. albescens is completely covering the tail. This is char-
acteristic of each species.

When the morphogenesis of the limbs of different spe-
cies of amniotes vertebrates is compared, differences are
related to the timing of appearance of fore and hind
limbs, as well as the rate of growth and development. In
scaled reptiles such as Calotes versicolor
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(Muthukkaruppan et al., 1970) and Lacerta vivipara
(Dufaure and Hubert, 1961), both buds appeared at the
same time and followed a similar sequence of develop-
ment. In mammals such as Ovis aries (Bryden et al.,
1972), Felis cattus (Illanes et al., 2007), and Mus muscu-
lus (Wanek et al., 1989) and birds such as Gallus Gallus
domesticus (Hamburger and Hamilton, 1951), Coturnix
coturnix (Ainsworth et al., 2010), Columba livia (Olea
and Sandoval, 2012), and Taeniopygia guttata (Murray
et al., 2013), it was described how the development of
the forelimb bud appears before the hindlimb. This is
similar to what has been reported for studied bats spe-
cies. The forelimbs and hindlimbs of bats are unique
among mammals and therefore ideal candidates for com-
parative studies. Comparative studies of limb develop-
ment carried out in Miniopterus natalensis and Mus
musculus by Hockman et al. (2009) demonstrated mor-
phological differences starting from the embryonic mid-
dle stage. They conclude that bats follow a particular
morphogenetic model characterized by a fast growing of
fingers and the forelimb zeugopodium. If we compare the
forelimb development in the early stages with other
mammal embryos, there are many similarities in the for-
mation of the digital plate, but in bats, this membrane
never disappears. The development of the forelimbs in
bats changes in the middle and late stages, because
there is a big growth at this stage. The length of the time
of development of forelimbs makes bats a great model
for comparative studies, like a model of heterochrony,
because changes in the developmental timing (hetero-
chrony) are considered to be important in producing mor-
phological change during evolution (Gould, 1977). We
have seen that the growth of wings in both species was
similar, and that might be related to the fact that both
have similar flights habits.

Gould (1977), McNamara (1997) and Hall (1998) sug-
gest that the adult’s morphology is the result of a series
of complex processes that occur during embryonic devel-
opment, and that morphological diversity is explained by
modifications in ancestral development patterns. This
emphasizes the importance of analyzing and describing
the morphogenetic events in different vertebrate species
such as bats. This article is the first contribution to the
knowledge of embryogenesis of Argentinian bats, and it
serves as a basis for future comparisons with other
species.
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