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Abstract
The greater rhea, Rhea americana, is a wild ratite of high scientific importance and significant and zootechnical value, 
especially considering the current development state of Brazilian poultry production, where research aimed at increasing 
the productivity of these animals has become extremely relevant. Studies concerning fetal attachments and embryonic 
development are paramount, as they can provide essential information concerning reproductive and nutritional animal man-
agement. However, a lack of information on greater rhea fetal morphology is noted. Therefore, the aim of the present study 
was to establish a standard model for fetal attachments in this species. Greater rhea eggs were incubated from 0 to 36 days, 
and macroscopic and microscopic embryonic attachment characterizations were performed. Histologically, all embryonic 
annexes exhibit germ layers, namely the ectoderm (outer layer), mesoderm (middle layer) and endoderm (inner layer). The 
findings indicate that greater rhea development patterns are similar to other birds.
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Introduction

The greater rhea (Rhea americana americana) is a ratite 
belonging to the Rheidae family and Rhea genus (Sousa 
et al. 2018). This species is distributed throughout differ-
ent Brazilian regions, i.e., the midwest, south and north-
east (Sick 2001), displaying scientific importance due to its 

captivity adaptability (Costa et al. 2018) and zootechnical 
value, due to the high amount of greater rhea by-products, 
such as meat, eggs, leather, feathers and oil (Romanelli 
et al. 2008; Torquato et al. 2015). Considering the marked 
development of the Brazilian poultry sector in recent years, 
research aimed to further knowledge on avian reproductive 
and productive periods are relevant to avoid losses during 
embryonic development, offering better management condi-
tions (Groff et al. 2017).

According to Thierry et al. (2013), animal embryonic 
development assessments promote access to essential infor-
mation, allowing for the identification of potential food 
management problems and behavioral changes during egg 
incubation periods, also aiding in identifying issues associ-
ated with environmental conditions, hormonal changes and 
alterations arising from stress, as highlighted by Ouyang 
et al. (2012).

Extraembryonic membranes promote embryonic devel-
opment, providing nutrition, excretion, and gas exchange 
conditions, as well as protection and support for develop-
ing embryos (Mess 2003). Because of this and their easy 
availability, avian fetal membranes have been employed as 
pharmaceutical models (Vargas et al. 2007), in embryology, 
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morphology, biochemistry, and physiology studies (Nar-
baitz et al. 1995) and in neoplasm, angiogenesis (Ribatti 
2012) and embryotoxicity (Winter et al. 2013) assessments. 
The literature also reports the use of extraembryonic avian 
attachments in research associated to hematopoietic events, 
healing stimulation, virus isolation and identification, stem 
cell production, proteomics, and cell therapy (Gadelha et al. 
2021).

In this context, this study aimed to describe fetal greater 
rhea extraembryonic membrane morphology in view of a 
wide range of research previously carried out using smaller 
birds as clinical and scientific models and as a way to obtain 
novel data on species development. This also allows for data 
on artificial incubation and captive production, as well in 
attempts to establish a standard model for the fetal mem-
branes of this species, producing subsidies for anatomo-
histopathological and embryo diagnoses of clinical interest.

Materials and methods

Sampling

Extraembryonic greater rhea membrane evaluations were 
carried out at the Center for the Multiplication of Wild Ani-
mals (CEMAS) belonging to the Federal Rural University 
of the Semi-Arid (UFERSA), located in Mossoró, RN, in 
the semiarid Brazilian Northeastern region (IBAMA No. 
14.78912).

Fragments of greater rhea chorion, allantois, yolk sac and 
amnion were sampled from three eggs belonging to each 
incubation range (0–24 days), samples 3 days apart (3, 6, 9, 
12, 15, 18, 21, 24 days of incubation), with one egg analyzed 
from 27 to 36 days of incubation (27, 30, 33, 36), totaling 28 
eggs. Embryonic attachments were described both macro- 
and microscopically.

The eggs were collected early in the morning, sanitized, 
and maintained in an Luna 240/Chocmaster incubator (Pre-
mium Ecológica Ltda.), arranged horizontally at an average 
temperature of ± 36.5 °C and relative humidity of 52–56%, 
considering the 24-h interval as the first day of the incuba-
tion process.

For the extraembryonic membrane development descrip-
tions, the eggs were opened by means of a microgrinder 
(DREMEL 3000), positioned in the pole of the air chamber, 
followed by insertion of a cotton swab soaked with an over-
dose of isofluorane  (Isoforine®, Cristália Produtos Quími-
cos Farmacêutico Ltda). The eggs were then wrapped in a 
PVC film  (Wyda®, Alukenti Embalagens Ltda) containing 
the anesthetic to ensure analgesia and death within 10 min. 
Embryos at less than 10 days of incubation were euthanized 

by hypothermia, maintained below 4 °C for up to one hour 
(Federal Council of Veterinary Medicine, CFMV, 2013).

Bioethics

This study was approved and performed under UFERSA 
Committee on Ethics and Welfare in the Use of Animals 
guidelines (CEUA, nº 32/ 2020) and authorized by the Insti-
tuto Chico Mendes de Biodiversidade (ICMBio, nº 75,369).

Macro‑ and microscopic fetal rhea attachment 
characterizations

All embryos and structures were first macroscopically ana-
lyzed. For the subsequent microscopic analyses, embryos 
and structures were fragmented into small pieces for better 
fixative absorption and soaking (in paraformaldehyde, gluta-
raldehyde and karnovsky solutions) according to the applied 
procedure (light microscopy, scanning microscopy or trans-
mission microscopy, respectively. To this end, three 3-day 
intervals were considered (3, 6, 9, 12, 15, 18, 21, 24, 27, 
30, 33, and 36 days of incubation), for external morphology 
assessments during different embryonic and fetal develop-
ment stages (Almeida et al. 2015), all surfaces were analyzed 
(ventral, medial, lateral and dorsal) with a magnifying glass 
(ESTEK), and the structures were photographed, schema-
tized and named according to the Handbook of Aviantomy: 
Nomina Anatomic Avium (1993). All data were compared 
to the relevant literature. The opened eggs were immersed in 
water to allow for structure movement and analysis without 
damage.

Light microscopy analyses

Embryo and structure fragments were fixed in PBS-buffered 
4% paraformaldehyde for 72 h and subsequently dehydrated 
in an increasing ethanol series (70%, 90%, 95%, 90%, 95%, 
100% and 100%) for 30 min at each concentration and placed 
in two Xylol baths for 30 min. The fragments were then 
paraffinized with histological paraffin (Bandeirante Química 
Ltda) (two baths, one for 6 h and the other for 1 h) and 
then embedded in paraffin. Finally, 5 μm-thick sections were 
obtained, placed on glass slides, and left in a drying oven 
at 60 °C for 4 h, for subsequent staining in hematoxylin 
and eosin (HE) according to Tolosa et al. (2003). The slides 
were analyzed under a Leica ICC50 HD light microscope 
and images were obtained using the LAS EZ Ink software.

Scanning electron microscopy (SEM) analyses

Fragments of the yolk sac, chorion, allantois, and amnion of 
eggs at 12, 18, and 24 days of incubation and the shell + cho-
rioallantois at 39 days after oviposition were used for the 
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SEM analyses, only these two membranes were collected 
after the animals’ oviposition, as they remained present and 
aggregated in the egg even after the animals’ birth. This 
was done to verify their complexity without interventions 
in animals’ incubation or birth. The fragments were fixed 
in 2.5% glutaraldehyde buffered with 0.1 M PBS and pH 
7.4, washed with PBS buffer, post-fixed with 1% osmium 
tetroxide buffered with 0.1 M PBS and pH 7.4 from 30 min 
to 1 h and washed with distilled water (three baths of 10 min 
each). They were then dehydrated in an increasing ethanol 
series (50%, 70%, 90% and 100%), twice for 15 min at each 
concentration. Finally, drying was performed employing 
a critical point device using carbon dioxide  (QUORUM® 
K850, England) followed by mounting on supports 
(stubs) and metallization by gold sputtering for the SEM 
analyses employing a LEO VP 435-Carl-Zeis equipment 
(Oberkochen, Germany).

Transmission electron microscopy (TEM) analyses

For the ultrastructural analyses, fragments measuring about 
0.5  mm2 were obtained from the yolk sac, chorion, allan-
tois, and amnion at 18 days of incubation. The samples were 
obtained at this age due to complete extraembryonic annexes 
as verified by macro- and microscopical (light microscopy 
and scanning electron microscopy) assessments, in excellent 
condition for this analysis. The fragments were fixed in 2.5% 
glutaraldehyde buffered with 0.1 M PBS and pH 7.4 for 72 h, 
washed three times in PBS buffer for 10 min and post-fixed 
in PBS-buffered osmium tetroxide for 2 h. They were subse-
quently washed three times with 0.1 a M PBS buffer solution 
at pH 7.4 for 10 min followed by distilled water for 15 min 
and dehydration by immersion in an increasing ethanol 
series (50%, 70%, 80%, 90% and 100%, with three changes 
every 15 min). Then, each sample was bathed in propylene 
oxide for 10 min, immersed in a mixture of propylene oxide 
and Spurr resin in a 1:1 ratio for 1 h and 1:3 for an hour and 
a half and then immersed in pure Spurr resin for 12 h and 
included in pure resin to obtain sample blocks, maintained 
in an oven at 60 °C for 72 h. Subsequently, 0.4 μm-thick 
semi-thin sections were obtained for material selection and 
0.07 μm ultra-thin sections were stained with 2% uranyl ace-
tate and 0.5% lead citrate for analysis under a transmission 
electron microscope (FEI Company, Netherlands) coupled to 
a Mega View III Camera (Solf Imaging, Germany).

Results

Macroscopic greater rhea embryo and structure 
aspects

The embryonic development stages investigated herein 
indicate a marked dynamism between the four analyzed 
extraembryonic membranes, including in relation to the shell 
membrane during incubation progression. The first fetal 
membrane, the yolk sac, was formed at 3 days of incubation 
(Fig. 1A). This small circular structure displays peripheral 
vascular formations originating from the embryo, repre-
sented by a vein and an artery that follow until the periphery 
of the sinus terminalis and branch out to form a vascular 
area covering the embryo. The amnion, a thin translucent 
structure in the form of an avascular pouch surrounding the 
embryo, was also observed at this stage.

At 6 days of incubation (Fig. 1B), the yolk sac exhib-
its increased vascularization and four large blood vessels 
emerge from the embryo. The amnion displays greater 
expansion and vascularization, apparently due to inter-
action with the allantois, which forms a vascular disc, 
arranged at the upper pole of the bud.

At 9 days of incubation (Fig. 1C), extraembryonic mem-
brane vascularization originates from an evagination that 
projects from the urachus, represented by the allantoid 
diverticulum, which gives rise to two large vessels during 
its development, which gradually ramify and vascularize the 
amnion and yolk sac. The amnion is highly vascularized 
at this stage, with a noticeable presence of fluid forming a 
pouch where the embryo is immersed in. The presence of 
the chorion is noticeable at this stage, comprising a thin 
and translucent layer already in contact with the allantois, 
although this was only verified after structure manipulation.

On the 12th day of incubation (Fig. 1D), the amnion 
expands but the amniotic fluid volume is apparently lower, 
as the membrane maintains a direct relationship with the 
developing embryo compared to the previous stages. The 
allantois, is therefore, significantly expanded and its ves-
sels become of a higher caliber and intensely branched, 
allowing for differentiation between arteries and veins. 
At this age, an interaction between the allantois and the 
chorion is also evident, forming the chorioallantoid mem-
brane. Large contact areas between all fetal membranes are 
observed, with the allantois playing the most significant 
role, given its many vessels, even when compared to the 
yolk sac, which is simply a yolk storage structure. On the 
15th day of incubation (Fig. 1E), the umbilical allantoid 
vessels are larger and display increasing ramifications, eas-
ily differentiating them from other membranes.

At 18  days of development (Fig.  1F), a significant 
increase in embryo size and in the amount of amniotic 
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fluid is noted. A vascular connection between the amnion, 
allantois and yolk sac is noted dorsal to the embryo. A 
greater supply of amniotic vessels is noted at this stage to 
ensure effective embryo-medium exchanges. The allantoid 
vascular network becomes more branched and developed, 
vascularizing the yolk sac, also involving the albumen as 
a way of increasing surface exchange areas. The vitelline 
vessels that surround the entire yolk mass begin emitting 
a circular network of vessels. The allantoid vessels are 
arranged under the yolk mass by juxtaposition. At this 
stage, the allantois appears to display its maximum devel-
opment, as it also connected directly to the amnion in its 
upper portion.

At 21 days of incubation (Fig. 2G), the yolk sac is 
richly vascularized, almost completely superimposed by 
the allantois, and its wrinkled appearance indicates yolk 
absorption. At this stage, the chorioallantoid membrane is 
in close contact with the shell membrane, suggesting gas 
and mineral transport from the shell.

At 24 days (Fig. 2H), the allantoid and vitelline vessels 
are quite turgid, and their network organization suggests 
that they function as yolk mass traction structures to the 
interior of the coelomic cavity, retracting throughout the 
incubation process. At this age, four vessels are evident 
from the urachus, two arteries and two veins, one larger, 
which moves laterally when in contact with the yolk mass, 
branching out over it and emitting small caliber vessels 
under a very thin membrane containing the yolk.

On the 27th day of incubation (Fig.  2I), the chori-
onic membrane, previously transparent, becomes easily 
observed, relatively white as a result of complete allan-
tois interrelation. At this stage, a high concentration of 
uric acid deposits is noted when compared to previous 
phases. The yolk sac becomes more reduced due to the 
yolk absorption process.

On the 30th day of incubation (Fig. 2J), the vitelline arter-
ies and veins move to the left of the fetus, becoming even 
larger, moving together until they become inserted into the 
yolk mass, and then becoming small caliber vessels arranged 

Fig. 1  Greater rhea embryonic attachments. A 3 days of incubation. 
B 6 days of incubation. C 9 days of incubation. D 12th day of incuba-
tion. E 15th day of incubation. F 18th day of incubation. Photo A: 
black arrowhead: vitelline right omphalomesenteric and left ompha-
lomesenteric arteries, black arrow: amnion, white arrowhead: sinus 
terminalis. Photo B: black arrowhead: left omphalomesenteric artery, 
circle: right omphalomesenteric artery, black arrow: amnion, YS yolk 
sac area, AL allantoic area, white arrowhead: sinus terminalis. Photo 

C: black arrowhead: omphalomesenteric arteries, circle: urachus, AL 
allantoic area, YS yolk sac area, white arrowhead: sinus terminalis. 
Photo D: black arrowhead: omphalomesenteric arteries, circle: ura-
chus, YS yolk sac area, AL allantoic area, *black: embryo. Photo E: 
black arrowhead: omphalomesenteric arteries, circle: urachus, YS 
yolk sac area, AL allantoic area, *black: embryo. Photo F: Circle: ura-
chus, EM embryo, AL allantoic area, YS yolk sac area, *black: albu-
men. Bars: 14 cm, 5 cm, 9 cm, 17 cm, 14 cm and 15 cm
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in a circular shape. The chorioallantoid membrane reaches 
its maximum shell membrane adhesion degree at this stage.

Finally, on the 33rd day of incubation (Fig. 2K), a high 
adhesion to the allantoid vessels is noted under the vitel-
line membrane, in close association with the chorioallan-
toid membrane. The arteries and veins become slightly con-
torted. At 36 days of incubation (Fig. 2L), the embryo has 
already perforated the membrane complex represented by 
the chorioallantoid membrane and the shell membrane at the 
air chamber region. After removing these structures, the yolk 
sac was identified as completely absorbed. It is noteworthy 
that rheas may hatch between 36 and 42 days of incubation, 
depending on the hatchery or ambient temperature.

Fetal attachment microscopy analyses

Yolk sac

The light microscopy analyses (Fig. 3A) indicated the pres-
ence of germinative cells in the yolk sac, squamous cells in 
the ectoderm and large and prismatic cells in the endoderm, 

as well as erythrocytes. The SEM analyses verified the pres-
ence of rounded endodermal cells (Fig. 3B) and the TEM 
analyses, the presence of both endodermal and ectodermal 
cells, as well as delimiting cell boundaries (Fig. 3C) and a 
myelin figure (Fig. 3D) in which the nucleus occupies almost 
the entire cytoplasmic volume. The endoplasmic reticulum 
in the yolk sac is well developed and rough (Fig. 3E) and the 
cytoplasm contains numerous lipid droplets of varying size 
with a vesicular aspect very similar to that of cytoplasmic 
organelles (Fig. 3F).

Amnion

Histologically, the amnion is represented by the three embry-
onic layers, namely the ectoderm, mesoderm, and endoderm. 
The ectoderm is made up of a stratified epithelium composed 
of cubic cells, while the endoderm is made up of a squamous 
epithelium comprising a double layer of cubic cells and the 
mesoderm, of loose connective tissue. Blood vessels are also 
observed in the latter (Fig. 4A). The SEM analyses indicated 
polygonal epidermal cells interspersed with numerous blood 

Fig. 2  Greater rhea embryonic attachments. G 21st day of incu-
bation. H 24th day of incubation. I 27th day of incubation. J 30th 
day of incubation. K 33rd day of incubation. L 36th day of incuba-
tion. Photo G: white circle: urachus, white square: bubble to indicate 
another layer under the other attachments, namely the chorion, AL 
allantoic area, YS yolk sac area, EM: embryo. Photo H: white cir-
cle: vessels coming from the urachus, AL allantoic area, *black: yolk 
from yolk sac to be absorbed, EM embryo. Photo I: black square: 
illustrating that there is a membrane covering the other appendages, 

the corium, AL allantoic area, *black: uric acid, YS yolk sac area, 
EM embryo. Photo J: EM embryo, black circle: urachus, YS yolk sac 
area, *white: area of contact between chorion + allantois and shell 
membrane, *black: shell membrane. Photo K: EM embryo, circle: 
urachus, YS yolk sac, white arrowhead: uric acid, black arrowhead: 
shell membrane, *black: area of contact between the chorion, allan-
tois, and shell membrane. L: *black: chorion, *black square: shell 
membrane, B: greater rhea beak. Bars: 17 cm, 12 cm, 10 cm, 10 cm, 
19 cm, 10 cm
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vessels (Fig. 4B, C). The TEM analyses of greater rhea 
amnion at 18 days of embryonic development indicated an 
amniotic ectoderm containing fibroblast cells with elongated 
nuclei (Fig. 4D) and the presence of microfilaments in the 
mesoderm (Fig. 4E). The cytoplasmic membrane exhibits 
projections, suggesting transport activities, given the pres-
ence of lipid vesicles and small electron-dense vesicles 
observed at the edge of the endoderm (Fig. 4F).

Allantoid

The allantois of greater rheas at all analyzed stages, sim-
ilarly to the amnion, is represented by three germ layers, 
the ectoderm, mesoderm and endoderm. The ectoderm is 
formed by multiple layers of cubic cells, the mesoderm, of 
loose connective tissue interposed with blood vessels, and 
the endoderm, of simple squamous cells containing intercel-
lular spaces at all stages (Fig. 5A). The SEM assessments 
indicated venules and arteries in the allantois at 12 days of 
incubation, in addition to a capillary plexus presenting dif-
ferent vascular densities between the intervessel orifices 
(Fig. 5B). At 24 days of incubation, the endodermal cells 

exhibit a pyramidal shape (Fig. 5C). The TEM investigation 
of greater rhea allantois at 18 days of incubation indicated 
fibroblasts (Fig. 5E), many granules suggestive of the pres-
ence of glycogen granules (Fig. 5D, E), as well as many 
blood capillaries, some pericytes between the capillaries 
(Fig. 5D) and mesenchyme (Fig. 5E). Rough endoplasmic 
reticulum was also abundant (Fig. 5F).

Chorioallantois + chorion + shell membrane

At 39 days of incubation, the chorioallantoid membrane 
is completely adhered to the shell membrane, giving it a 
vascularized appearance. The light microscopy assessment 
indicated that the chorioallantoid membrane is made up 
exclusively of collagen fibers. The ectoderm, mesoderm 
and endoderm are distinguishable in the chorion, with the 
ectoderm and endoderm formed by a stratified cubic epithe-
lium and the mesoderm represented by loose connective tis-
sue. The presence of blood vessels is noted in the chorionic 
membrane (Fig. 6A). The allantoid portion of the membrane 
is made up of a stratified squamous-type epithelium and a 

Fig. 3  Greater rhea yolk sac. A Yolk sac under light microscopy at 
12 days of incubation, B yolk sac under scanning electron microscopy 
at 12 days of incubation; C, D, E and F yolk sac under transmission 
electron microscopy at 18 days of incubation. A: black arrow: ecto-

derm, black arrowhead: endoderm. B: *endodermal cells. C: arrows 
(cell boundaries), ECT ectodermal cell, END endodermal cells. D: 
FM (myelin figure). E: ER (rough endoplasmic reticulum). F: GL 
(lipid droplets). Bar: 10 μm, 20 μm, 2 μm, 500 nm, 500 nm, 500 nm
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layer of loose conjunctiva nature still connects the two mem-
branes. The presence of many blood vessels is noted.

The SEM investigation demonstrated collagen fibers 
and calcium deposits in the shell membrane (Fig. 6B). At 
27 days of incubation, the chorioallantoid membrane con-
tains blood vessels and the shell membrane, parallel fibers 
(Fig. 6C). The fragments of the chorioallantoid membrane 
alongside the shell membrane at 39 days of incubation con-
tain numerous oval cells in the subepithelial chorion layer, 
whereas numerous elongated epithelial cells are observed 
in the subepithelial layer of the allantois. Blood vessels and 
fibroblast-like cells make up the connective mesoderm tissue 
(Fig. 6D). The TEM assessment indicated that the chorion 
when analyzed separately contains blood capillaries, blood 
vessels, pericytes, basal cells (Fig. 6E) and epithelial tra-
beculae (Fig. 6F).

Discussion

Macroscopical fetal attachment assessments

Greater rhea fetal membranes, comprising the amnion, 
allantoid, chorion and yolk sac, display a development pat-
tern where the yolk sac becomes visible in the first 3 days 
of incubation, followed by the amnion at 6 days and the 
allantoid at 9 days. An interaction with the chorioallantoid 
membrane begins at 12 days of incubation, and at 36 days, 
the yolk sac is almost completely absorbed, noting that at 
this date the chick has already perforated the shell mem-
brane. The appearance of extraembryonic membranes in 
this order seems to be associated with their functions dur-
ing the embryonic process, such as the presence of the yolk 
sac visualized before the amnion indicating that, although 
birds require the amnion as a membrane that delimits a water 
reservoir to develop in non-aquatic environments, they first 
require a nutrient reservoir, similarly to other animals. Thus, 
the yolk sac is visualized before other appendages due to 

Fig. 4  Greater rhea amnion. A Light microscopy amnion at 24 days 
of incubation, black arrow: ectoderm, black arrowhead: endoderm, 
V: blood vessels, ME: mesoderm. B Scanning electron microscopy 
at 24  days of incubation, *blood vessel, circle (villi). C Scanning 
electron microscopy at 18  days of incubation, *(epithelial cells). D 

Transmission electron microscopy at 18  days of incubation, arrow-
head: fibroblasts. E Transmission electron microscopy at 18 days of 
incubation, MF microfilaments, ME mesoderm. F Transmission elec-
tron microscopy at 18 days of incubation, GL lipid droplets, arrows: 
microvilli. Bar: 10 μm, 50 μm, 5 μm, 10 μm, 1 μm, 500 nm
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its very early development, as well as the presence of the 
allantoid and chorioallantoid membrane, which expand as 
a vascular network, providing gas exchanges and nutrient 
absorption increments to the developing embryo. These 
features concerning yolk sac appearance have also been 
reported by Saraswati and Tana (2015) for quails, by Ham-
burger and Hamilton (1951) for chickens and by Hanson 
(1954) for ducks. This sequential membrane development 
pattern is noted among several embryonic bird appendages, 
indicating phylogenetic aspect maintenance during ontogen-
esis (Saraswati and Tana 2015; Hanson 1954). The onset 
of extraembryonic membranes during early development 
also indicates that these structures comprise additional egg 
protection.

As soon as the extraembryonic membranes of greater 
rheas are established, at the beginning of the incubation 
period, their interaction degree is minimal, similarly to the 
vascular network that develops over these structures. Other 
authors have reported similar results for other species and 

observed an expansion between the extraembryonic mem-
branes with time, such as Hamburger and Hamilton (1951) 
for chickens (Gallus gallus domesticus), Hanson (1954) 
for ducks (Amas platyrhynchos and Ai sponsa), Saraswati 
and Tana (2015) for quail (Coturnix coturnix) and Deem-
ing (1995) for ostriches (Struthio camelus). These results 
indicate that avian embryo requirements in general, increase 
over time, not only in Rhea americana, so the embryos may 
grow and survive in eggs.

Divergences were observed concerning the appear-
ance of embryonic annexes in greater rheas compared to 
other birds. For example, in chickens, the amnion emerges 
in 42 h, the chorion in 72 h and the chorioallantoid, after 
5 days (Hamburger and Hamilton 1951), while in ducks, 
the amnion appeared after 5 days of incubation and the 
chorioallantoid, between the 8th and 11th day of incuba-
tion (Hanson 1954). In quails, the yolk sac is visible after 
2 days, while the amnion and the allantoid appear on the 
5th day and the chorioallantoid, by the 13th day, with quail 

Fig. 5  Greater rhea allantois. A Light microscopy at 24 days of incu-
bation, black arrow: ectoderm, black arrowhead: endoderm, *: blood 
vessels, ME mesoderm. B Scanning electron microscopy at 18 days 
of incubation, DI intervessel distances, *black (artery). C Scanning 
electron microscopy at 18  days of incubation, *white (endoder-
mal epithelial cells), white arrows: cell boundaries. D Transmission 
electron microscopy at 18  days of incubation, FB fibroblast, black 

arrowhead: glycogen granules, CA blood capillary, arrow: pericyte. 
E Transmission electron microscopy at 18 days of incubation, black 
arrow: microvilli, *black: fibroblast, black arrowhead: glycogen gran-
ules. F Transmission electron microscopy at 18  days of incubation, 
RE rough endoplasmic reticulum. Bar: 10 μm, 100 μm, 10 μm, 5 μm, 
2 μm, 500 nm
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chicks able to leave the egg on day 16 (Saraswati and Tana 
2015). Finally, the chorioallantoid membrane can be distin-
guished on the 21st day in ostriches (Deeming 1995). These 
differences are directly related to the incubation time of the 
species and associated to interspecific variations. Hotker 
(1998) reports that incubation temperatures, predation rates 
and the requirement for advanced development at hatching 
affect avian incubation period and embryonic development 
duration, which may also explain interspecies differences. 
Other groups, such as fish, reptiles and mammals, present 
different evolutionarily extraembryonic membrane develop-
ment patterns, i.e., fish exhibit only a yolk sac (Godinho and 
Godinho 2003), while reptiles display a yolk sac, amnion, 
chorion and allantois, similar to birds (Meneghel 2008). 
Mammals, however, display a placenta, yolk sac, amnion, 
allantois, chorion, and umbilical cord. This, in turn, leads to 

a lower degree of importance of the aforementioned append-
ages compared to birds, in which the yolk sac plays a truly 
trophic role until hatching, unlike is most mammals, where 
the yolk sac involutes as soon as the placenta develops (Gar-
cia and Fernandes 2012).

When analyzing the role of these membranes as a whole, 
it becomes clear that the evolutionary process of each struc-
ture has acquired intrinsic functions associated with sub-
stance transport, vascularization, and embryo protection, and 
that they do not exhibit any particularities. Thus, the inter-
relation degree established by the juxtaposition between the 
amnion and allantoid, allantoid and chorion and the allantoid 
and yolk sac evolves or involutes, depending on the greater 
or lesser need for these membranes to fulfill their morpho-
functional role. This is evidenced, for example, concerning 
the formation of the chorioallantoid membrane on the 12th 

Fig. 6  Greater rhea chorioallantois + chorion + shell membrane at dif-
ferent ages. A Chorioallantois + shell membrane of rheas at 39 days 
of incubation, *black: fibers from the shell membrane, V: (blood ves-
sels), ME: mesoderm, black arrow: ectoderm, white arrowhead: ecto-
dermal cells, black arrowhead: endoderm. B Chorioallantois + shell 
membrane at 39  days of incubation, containing collagen fibers (F), 
pores (*) and calcium deposits (DC). C Chorioallantois + shell mem-
brane at 28 days of incubation: *black: blood vessels, *white: mem-
brane of the shell with collagen fibers. D Transmission electron 
microscopy, semi-thin sections of the chorioallantoic membrane shell 
membrane at 39 days of incubation, * black (shell membrane), C cho-

rionic area, black circle: chorionic epithelial cells, ME: mesenchyme, 
mesoderm, black square: fibroblasts, white arrowhead: subepithelial 
layer of the allantois, AL: allantoic area, white arrowhead: allantoic 
epithelial, black arrow: allantoic ectoderm. E: Transmission electron 
microscopy of the chorion at 18  days of incubation, CA blood cap-
illary, PE pericytes, CB basal cell. F Transmission electron micros-
copy of the chorion at 18  days of incubation, epithelial trabecula, 
*black: covering cell, *white: basement membrane, black arrowhead: 
endothelial lining. Bar: 20  μm, 200  μm, 50  μm, 10  μm, 5  μm and 
2 μm



386 Zoomorphology (2023) 142:377–392

1 3

day of incubation in greater rheas, 5 days of incubation in 
Gallus gallus domesticus (Hamburger and Hamilton 1951), 
21 days of incubation in Struthio camelus (Deeming 1995) 
and 13 days of incubation in Coturnix coturnix japonica 
(Saraswat and Tana 2015), where the embryos require 
greater nutrient supplies or substance transport at different 
developmental stages, even in greater rheas and ostriches, 
both ratites. Moreover, extrapolating to mammals, these 
would be the effective moments in which a chorioallantoid 
placenta would be performing its true function of substance 
transport and embryo protection. This, thus, demonstrates 
that the placenta is the most evolved structure among fetal 
annexes resulting from the interaction of more primitive 
structures, and that it is not formed in birds due to the lack 
of a key element, the mother’s uterine environment, present 
in mammals. However, even though its participation in pla-
centa formation may vary, it will always contribute to the 
ontogenic process (Oliveira 2004; Favaron 2015).

Microscopy analyses

Yolk sac

The light microscopy analyses concerning the yolk sac in 
greater rhea evidenced the presence of erythrocytes and cells 
originating from germinative leaflets, squamous in the ecto-
derm and large and prismatic in the endoderm. The presence 
of erythrocytes in the yolk sac can be associated to hemat-
opoiesis, as previously discussed by Riveros et al. (2010). 
This feature been employed in the development of stem cell 
research (Riveros et al. 2010) and in understanding hemat-
opoietic events in mammals (Guedes et al. 2014). Concern-
ing germ cells, Sheng (2010) indicates erythrocytes in the 
yolk case during the earliest stages of chicken development, 
potentially associated to the formation and functioning of the 
primitive streak, as a relationship between these structures 
has been previously reported (Spratt and Haas 1965).

Concerning epithelial composition, Mobbs and Mcmillan 
(1981) state that greater rhea endoderm is composed of a 
simple, squamous epithelium. In Coturnix coturnix japon-
ica, however, Starck (2020) cites that the yolk sac ectoderm 
consists in a simple squamous epithelium and that the endo-
derm is composed of a multiple-layer epithelium with large 
and prismatic cells directed towards the yolk. These findings 
demonstrate that yolk membrane constitutional structure 
and shape similarities between different birds are common, 
seemingly much more a result of interpretation than of mor-
phological variations within this group.

The SEM analyses of vitelline endodermal cells indicated 
a rounded shape. Birds are not widely studied in this regard, 
and SEM assessments concerning the same structures have 
been reported only for reptiles, specifically the common 
kingsnake Lampropeltis getula by Kim and Blackburn 

(2015) and the pond slider Trachemys scripta, a semi-aquatic 
turtle, by Blackburn et al. (2019). Both studies report that 
these cells exhibit numerous rounded protuberances and 
commonly maintain contact with acellularized yolk sac 
areas. Their functionality according to Blackburn (2020) is 
to secrete enzymes into the yolk sac cavity and absorb extra-
cellular digestion products, directly associated to one of the 
main avian yolk sac functions, which is to supply nutrients 
to developing embryos (Gadelha et al. 2021). We emphasize 
that the activity of this membrane in mammals is transient, 
as it loses its functionality soon after placenta formation in 
most animals (Oliveira 2004), unlike in birds and reptiles, 
where the yolk sac remains active until hatching, indicating a 
highly specialized membrane (Stewart and Blackburn 1988; 
Starck 2020).

We identified many mitochondria and a well-developed 
rough endoplasmic reticulum in greater rhea yolk sacs, as 
well as typical nucleoli and many lipid droplets, suggesting 
that these cells nourish the embryo. This corroborates other 
authors, who argue that these structures are associated with 
yolk trapping for subsequent embryo absorption, and the fact 
that lipid droplets have been similarly observed in chickens 
(Bellairs 1963; Lambson 1970). Furthermore, the shape of 
the endodermal and ectodermal cells found in greater rhea 
displays the same profile as in chickens (Bellairs 1963), indi-
cating that these species share similar characteristics when it 
comes to extraembryonic membranes as analyzed by TEM.

Amnion

Greater rhea amnion displays an ectoderm constituted by 
stratified epithelium presenting cubic or columnar cells and 
an endoderm comprising paved epithelium containing a dou-
ble layer of cubic cells, while the mesoderm is represented 
by loose connective tissue. The same characteristics in terms 
of epithelium and cell shape have been discussed for Gallus 
gallus domesticus by Davidson (1977), as well as the pres-
ence of a band of elongated ectoderm cells with a thick bor-
der in greater rhea, termed an amniotic crest by the Davidson 
(1977). This feature may be associated with the amniotic 
origin in birds, described as ectodermal by Vanderley and 
Santana (2015) and Monteiro (2017).

Amnion emergence allowed vertebrates the possibility of 
entering the terrestrial compartment, as it ensures embry-
onic development away from the aquatic environment. It also 
increases the chances of egg survival, guaranteeing a higher 
level of or extended protection (Rosslenbroich 2014), as it 
represents an aquatic reservoir that prevents the dehydra-
tion of the developing embryo, associated with the presence 
of a shell, highlighting its importance in ontogenic events. 
However, despite representing a key embryonic development 
structure in birds, little has been reported on avian extraem-
bryonic membranes.
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In addition, no articles describing bird amnion by SEM 
analyses are available, so our results are compared to human 
(Holbrook and Odland 1980) and sheep (Kaviani et al. 2001 
and Kaviani et al. 2003) studies. Although these authors did 
not specify that the amnion presents polygonal cells, the 
available images in published articles are characteristic of 
polygonal structures.

We observed the presence of lipid droplets, microfila-
ments, and glycogen granules in the amnion membrane 
through the TEM analyses, similarly to features described 
in Gallus gallus domesticus (Davidson 1977). However, no 
studies reference amnion epithelium cells. The presence of 
lipid droplets may be associated to the amniotic transport 
pathway, which has been linked to the transport of certain 
nutrients, such as albumen proteins for later yolk absorption 
(Yoshizaki et al. 2002), although further studies are required 
to understand the presence of lipid droplets in the amniotic 
cavity.

Furthermore, ectodermal amnion cells are fibroblast-
like, similar to the allantois, while endodermal border cells 
contain microvilli. In addition, numerous structures corre-
sponding to collagen fibers were also visualized in the meso-
derm. A high number of fibroblast cells in the amnion gives 
this structure the ability to expand as the embryo grows 
and becomes a fetus. Baggott (2009), in fact, refers to the 
amnion as a contractile membrane in a study on extraem-
bryonic membrane development. Fibroblast cells have also 
been identified in human amnion by TEM assessments by 
Groothuis et al. (1998), exhibiting a similar conformation to 
that reported herein, comprising layers of compact connec-
tive tissue, fibroblasts, and loose connective tissue.

Despite the difficulties encountered in describing the 
amnion in greater rheas based on other birds, concerning 
the differentiation potential of epithelial stem cells, greater 
rheas cells exhibit multipotent stem cell characteristics when 
compared to chickens (Gao et al. 2012) and may, therefore, 
be used in tissue engineering and clinical studies, due to 
the presence of pluripotent and mesenchymal stem cells 
(Gadelha et al. 2021). Fetal fibroblasts from the amnion 
of other animals have been used in this regard (Yadav and 
Gulati 2013), also observed herein in the amnion of greater 
rheas, which may comprise a clinical alternative for the pro-
duction of stem cells, as a large amount of these cells were 
detected.

Allantoid

The light microscopy allantois assessment in greater rhea 
indicated that the ectoderm is formed by multiple layers 
of cubic cells, while the mesoderm is composed of loose 
connective tissue, and the endoderm, of simple sidewalk 
cells. This is similar to that reported for chickens by Ran-
gan and Sirsat (1962), Valdes et al. (2002) and Makanya 

et al. (2016), who indicate that the allantois is involved 
in cell aggregation through subepithelial mesoderm por-
tions. Because of this, an increasing number of cells in 
this layer is noted over time, possibly associated to the 
chorioallantoid formation, as the mesenchyme and the 
allantoic epithelium alongside the chorionic epithelium 
are responsible for forming the chorioallantoid membrane 
(Makanya et al. 2016), and their aggregation was visible 
in the present study.

In general, studies involving the bird allantois employing 
SEM assessments analyze the allantois together with the 
chorionic membrane. We, however, analyzed this structure 
individually and in association with the chorion. The results 
of other studies for greater rhea indicate venules and arter-
ies and the visualization of the capillary plexus and endo-
dermal cells. The allantois is mostly studied alongside the 
chorion as even in the face of a single membrane, it is easily 
observed individually due to its abundance and capillary 
density, as indicated by Kim and Blackburn (2015) when 
researching fetal appendages in reptiles.

The SEM assessment carried out herein indicated cap-
illary plexuses, intervascular distance, and differentiation 
between venules and arteries in the allantois of 12- and 
18-day-old greater rheas, similar to those described in chick-
ens and reptiles by Djonov et al. (2000), who reported a 
network of large capillaries which they indicate as having 
the function of supplying the short branches of this structure, 
and by Ribatti et al. (2001) when referring to a structure 
containing a capillary plexus and layers of supply vessels. 
According to Ferner and Mess (2011), blood capillaries are 
incorporated into the chorionic endothelium to form the 
chorioallantoid membrane with allantoid vascular system 
development. This expansion leading to chorioallantoic 
membrane formation allows the embryo to breathe, and the 
literature reports that the ability of the allantois to expand 
also allows for increased nutrient absorption in birds (Silva 
et al. 2017).

In birds, the formation of this membrane does not result 
in a placenta, but constitutes a link connecting the embryo to 
a vascular system, in close analogy to the functionality of the 
fetoplacental circulation observed in mammals, as described 
by Oliveira (2004) when referring to the chorioallantoid 
membrane as a juxtaposition of membranes that give rise 
to the placenta in order to establish embryonic circulation.

Kim and Blackburn (2015) observed flattened endoder-
mal cells in Lampropeltis getula. The images in that paper 
also indicate a polygonal aspect, acquired during the devel-
opment of the allantoid vessels, similar as to what is noted 
herein. According to the same authors, these cells acquire 
this appearance in mid-development, similar in shape to 
cells found on the chorionic surface. However, despite these 
findings, the functionality of these cells has not yet been 
described in the literature.



388 Zoomorphology (2023) 142:377–392

1 3

The TEM assessment of the allantois at 18 days of incu-
bation indicated several fibroblasts and granules suggestive 
of the presence of glycogen, as well as blood capillaries, 
pericytes, intercellular junctions, erythrocytes, and lucent 
vesicles. Other authors reported similar results for chickens 
and in ducks, such as Makanya et al. (2016), who visualized 
fibroblasts extending into the mesenchyme, as well as micro-
villi and glycogen granules present in the outermost layer 
of the allantoid of chickens, and Lusimbo et al. (2000), who 
reported the presence of blood capillaries near the meso-
derm and a well-developed rough endoplasmic reticulum 
in the allantoid epithelium in ducks, although they mention 
the existence of pericytes only in the chorionic epithelium. 
The presence of blood vessels and erythrocytes in the allan-
tois is directly associated to the known functions this struc-
ture performs in avian embryos, such as vascularization for 
embryo expansion, chorioallantoid membrane formation and 
gas exchanges and calcium absorption, although the pres-
ence of glycogen granules may also be associated with the 
production of glycogen synthase kinase-3 (GSK-3) found 
only in avian embryos (Alon et al. 2011) and described as 
an important neuronal signaling regulator.

As discussed previously, the chorioallantoic membrane, 
alone or alongside other structures, performs essential egg 
functions, some of which may still be unknown. This mem-
brane has sometimes been applied as a model for virus iso-
lation and identification in the production of bird vaccines 
(Abd El Hafez et al. 2021), as well as an in vivo estrogen 
synthesis model (GILL et al. 1983). Studies employing this 
membrane regarding other functions should be more thor-
ough, due to the presence of certain compounds reported 
herein, such as the glycogen granules found in the allantois, 
which may be associated with glycogen synthase kinase-3 
related to bird signaling, cognition and neuronal behavior 
(Alon et al. 2011).

Chorioallantoid membrane + shell membrane

Regarding the chorioallantoid membrane, several studies 
have reported similar findings to those indicated in the pre-
sent study, such as Lusimbo et al. (2000) regarding light 
microscopy assessments carried out in mallard ducks, in 
which elongated epithelial cells were observed in the allan-
toid epithelium and blood vessels in the mesoderm, and 
Yuan et al. (2014) in chickens, who demonstrated that this 
membrane consists of three layers, the first comprising cho-
rionic epithelium, the second, allantoid epithelium and the 
third, an intermediate mesoderm termed the intermediate 
mesodermal layer, which lays between the chorionic and 
allantoid epithelium. The high amount of blood vessels 
found in greater rhea may lead to the use of the chorioallan-
toic membrane in diverse research, similarly to that of chick-
ens, which has been used to study the growth of implanted 

tissues (Woodruff and Goodpasture 1931) and in neurosurgi-
cal disease studies (Yuan et al. 2014). In fact, greater rhea 
lay larger eggs, so the amount of available material would 
also be higher.

The scanning microscopy of the chorioallantois frag-
ments collected from the shell membrane of 39-day old 
greater rheas demonstrated collagen fibers and calcium 
deposits in the shell membrane region and a capillary plexus 
with a large arrangement of capillaries in the chorioallan-
tois region. Regarding the shell membrane, Packard (1980) 
discussed the presence of calcium carbonate in Chelydra 
serpentina shell membranes, also visualizing a parallel 
arrangement of fibers followed by randomly arranged fibers, 
inferring that these fibers probably play a role in allowing 
the membrane to expand without interruption during ontoge-
netic development. The amount of calcium deposits in the 
shell membrane of greater rheas and the proximity of this 
membrane to the chorioallantoic membrane are indicative 
that the chorioallantoic membrane assists in bone forma-
tion by transporting calcium to the embryo, as previously 
described by Monteiro (2017).

As for the chorioallantoid membrane, Kim and Black-
burn (2015) state that the chorionic and allantoid epithelia 
thin dramatically and become supported by a rich network 
of allantoid capillaries in reptiles (Lampropeltis getula), 
producing a membrane ideally suited for respiratory gas 
exchanges. This thinning was also noticed herein through-
out the developmental period, where the more advanced 
the development stage, the more easily the membranes are 
ruptured and the more expressive is the number of vessels 
that compose the vascular network. Another aspect to con-
sider regarding the proximity of the chorioallantoid and shell 
membrane is that one of its final functions is to guarantee 
gas exchanges required for embryo maintenance. This need 
increases throughout the incubation process to the point 
that it juxtaposes with the innermost surface of the shell 
membrane. Ferner and Mess (2011) infer that the proxim-
ity observed between the shell membrane and the chorioal-
lantois is directly associated to  O2 and  CO2 gas exchanges 
in avian embryos, and that this, in turn, depends on shell 
membrane diffusion and cardiovascular convection via the 
chorioallantoid membrane.

The semi-thin section analyses carried out herein indi-
cated oval epithelial cells in the chorionic portion of greater 
rhea fetuses at 39 days of incubation, as well as elongated 
epithelial cells in the allantoid constitution, in addition 
to blood vessels and evenly distributed cells in the meso-
derm (structure mesenchyme). Makanya et al. (2016) also 
observed mesenchymal uniformity in the same structure in 
chickens and reported that the contour of the epithelial layers 
in both cases (allantoid layer and chorionic layer) are irregu-
lar. These epithelial cells are also found in chickens, along 
with immature blood vessels that comprise important gas 
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exchange mediators with the external environment (Ribatti 
et al. 2001).

Concerning the TEM analyses, some authors have 
reported similar results for tapirs, such as the presence of 
pericytes, epithelial trabeculae, capillaries, and a chori-
onic epithelium with basal cells. These findings were also 
described by Hoshi and Mori (1971) when studying the 
structure of the chorionic epithelium of chickens, who indi-
cated cover cells arranged under the basal cell layer, similar 
to that reported herein. These cover cells form trabeculae 
that traverse the layer of sinusoidal capillaries, which con-
tain pericytes-like nerve structures. Similar results were also 
reported for ducks by Lusimbo et al. (2000) and for chickens 
by Makanya et al. (2016). The presence of blood capillaries 
indicates that, as noted for chickens (Ribatti et al. 2001), the 
chorioallantoid of greater rheas can also be employed as an 
in vivo model for angiogenesis and antiangiogenesis studies.

In addition, the chorioallantoic membrane of greater 
rheas may also be employed in other fields, as noted for 
smaller birds, such as in the evaluation of toxicologi-
cal effects (Oliveira et al. 2012), in determining vascular 
responses and in understanding issues related to blood ves-
sel and lymphatic morphogenesis and physiology (Nowak-
Sliwinska et al. 2014).

Extraembryonic membrane evolutionary process

Ferner and Mess (2011), in a review addressing embryonic 
annex evolution, mention that these annexes evolved to har-
monize certain ontogenic process restrictions in different 
animal groups, such as gross size, habitat and life habits, and 
that, as a result, the placenta did not evolve linearly, which 
would seem ideal, leading different taxa to find different 
solutions to guarantee the necessary metabolic exchanges for 
their fetuses. Carter (2012) states that all fetal attachments 
contribute to placenta formation, further emphasizing the 
importance of this evolutionary process, also highlighting 
that a placenta is formed from the yolk sac at a critical stage 
of embryo development in many mammals, allowing the 
embryo to survive until the allantois expands and juxtaposes 
to the chorion, giving rise to the chorioallantoid placenta, 
with functions supported by genes evolved from common 
ancestors. Thus, fetal attachment development in greater 
rheas and the very well-founded understanding on this sub-
ject both point to ancestral yolk sac characteristics, a struc-
ture primitively passed on to different vertebrate taxa, which 
alongside the amnion, allantois and chorion, assume very 
similar functions in the ontogenic processes of different ani-
mal groups. This may, in turn, result in the development of a 
placenta whose specialization would be associated with the 
fetal requirements within each taxon and that translates into 
genetic information passed on from individual to individual 
throughout evolutionary processes and natural selection.

The presence of distinct layers in the germinal leaflets 
of the ectoderm, mesoderm, and endoderm in greater rheas 
is also an indication that fetal appendages have not suf-
fered evolutionarily significant morphological modifica-
tions over the time. Furthermore, the chorionic membrane 
presents itself as vascularized in birds such as greater rhea, 
chickens and ducks and is an avascular structure in mam-
mals, representing the loss of an evolutionary feature over 
time, replaced by the development of a placenta in groups 
higher up the evolutionary scale, such as mammals.

Conclusions

The fact that the amnion, allantois, yolk sac, and cho-
rion exhibit a vascular network throughout greater rhea 
embryonic development indicates that they share the same 
purposes in the embryo development process, including 
nutrient, gas, water, and calcium transport, as well as 
nitrogenous excreta, among others.

Greater rhea extraembryonic membrane characteristics, 
such as the presence of erythrocytes in the yolk sac, fibro-
blastic cells in the amnion and allantois, glycogen granules 
and a high amount of blood capillaries in the chorioallan-
toic membrane, allow the extraembryonic membranes of 
these animals to be used as a clinical and scientific model 
for obtaining stem cells, and as in proteomics and cell 
therapy studies, as well as in toxicological evaluations and 
vaccine development.

Furthermore, greater rheas are highly adaptable to cap-
tive breeding and lays large eggs. Despite the development 
pattern observed in these animals in terms of cellular con-
stitution, number of membrane layers and similar morpho-
logical vascularization features to other avians, we infer 
that this animal may comprise an excellent model for the 
development of extraembryonic annex research.
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