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Abstract

Biometrical and histometrical studies were carried out on the testis and epididymis of fifteen adult male
bat (Epomops franqueti). The basic data generated could be useful in the comparative regional anatomy
of the male reproductive organs of E. franqueti and other bat species. The average body weight of the
experimental bats was 97.64+5.90g. The mean relative testicular weights were (0.089+0.0031) g and
(0.083+0.0038) g for right and left respectively while the epididymal weights were (0.037+0.0012) g and
(0.033+£0.001) g for right and left respectively. The testis was covered by a testicular capsule. The
seminiferous tubules were lined, successively, with germs cells at different stages of cell division. The
diameter of the tubules compared to those of the lumen and germinal epithelium of the testis, the
epididymal ductal diameter, luminal diameter and epithelial height of the E. franqueti, were similar to
previous reports on other chiropteran species.
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Introduction

The African fruit bat (Epomops franqueti) belongs to the order Chiroptera and of the suborder
Megachiroptera, family Pteropodidae ™. The species of bats under the Pteropodidae family
include the cave-dwelling Egyptian fruit bat: Rousettus aegyptiacus, and African fruit bats:
Myonycteris torquata, Micropteropus pusillus, Hypsignathus monstrosus, Epomops dobsonii
and Epomops franqueti [ 3. Epomops franqueti is widely distributed in the forest regions of
West Africa, including Nigeria . Epomops franqueti possess white patches at the base of the
ear. The adult male displays secondary sexual characteristic by exhibiting white hair tufts on
the shoulder this is a glandular pouch called the epaulette [ 61,

African fruit bats have been incriminated in several viral zoonotic diseases such as rabies in
the case of Eidolon helvum [l, Beside the transmission of Nipah virus to human via contact
with bat faeces [, fruit bats may be a natural reservoir of filo viruses [* 1, Also, Epomops
franqueti has been implicated in the direct or indirect transmission of Ebola virus to human 23,
African fruit bats are hunted for their meat [*2, These bats are pest to farmers [** as well as
agents of seed dispersal 141,

Unlike tropical fruit bats, the reproductive biology of bats of the temperate region especially
Microchiroptera, have been widely studied. These include the biometric and histometrical
observations of the male reproductive organs of Molossus molossus, [*°1; comparative study of
the reproductive organs of the netropical bats: Eumops glaucinus and Molossus molossus; [,
Myotis levis 181 Sturnira lilium 71, Yellow house bat, Scotophilus heathii ®land Myotis
nigricans 1. The reproductive biology of the large fruit-eating phyllostomid bat, Artibeus
lituratus has been documented 2%,

With the exception of preliminary investigations on the reproductive biology of the African
fruit bats Eidolon helvum and Rousettus aegyptiacus #2221, existing research documentation on
this African fruit bat had mainly focused on its conservation, nutrition and history of migration [23],
There is hardly any research report on the reproductive anatomy of adult male African fruit bat
Epomops franqueti. This study was therefore designed to investigate the gross and microscopic
anatomy of the testis and epididymis of the E. franqueti with the aim of generating basic data
that could be useful in the comparative regional anatomy of the male reproductive organs of
the different chiropteran species.
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Materials and Methods

Fifteen adult male E. franquet were used for the study. They
were captured using mist net between the months of July and
September, 2017 from their roost at the Faculty of Arts
University of Ibadan, Nigeria. The animals were kept in cages
and stabilized for three days prior to the investigations carried
out. They were fed ad libitum with Almond fruits obtained
from their roost on daily basis. The anatomical nomenclature
used in this research work was in accordance with the reports
of Makanya and Mortola 4, The protocol for this research
was approved by the Research and Ethics Committee of the
Faculty of Veterinary Medicine, University of Ibadan, Nigeria
(UI-ACUREC/19/0001). The body weight of the fruit bat was
taken with the aid of a Microvar® weighing balance. The fruit
bats were restrained and anaesthetized using ketamine HCI at
25mg/kg body weight intramuscularly using the thigh muscle.
The animals were sacrificed by cervical decapitation. The
skin was dissected to expose the superficial muscles and the
lineal alba which was incised to further expose the deep
structures of the abdominal cavities of the E. franqueti. The
right and left testes and epididymides were then dissected out
and immediately put in Petri dishes containing normal saline
before morphometric investigations were carried out. The
weight of the testes and epididymides were measured with the
aid of Digital Microvar® weighing balance. Gross
observations of the testis and epididymis were carried as
earlier reported by Olukole et al. 2. Biometrical
investigations were carried out metric tape and venier caliper.
For histological analysis, harvested samples of the testis and
epididymis were fixed in Bouin’s fluid and embedded in
paraffin blocks. Sections of 4-5 um thick were stained with
haematoxylin and eosin. Then slides of testis and epididymis
were observed under the light microscope. The measurements
taken under the light microscope were: the height of the
germinal epithelium, the luminal diameter of seminiferous
tubule, the seminiferous tubular diameter, epididymal tubular
diameter, epididymal luminal diameter and epididymal
epithelial height. TS View software was used.

Statistical analysis

The data obtained were recorded as means with the standard
deviation. It was subjected to Student’t test and correlation
analysis using the Graph Pad Prism version 5.00 for
Windows. Statistical significance was reported at P<0.05

Results and Discussion

The mean body weight of bats used in this work as well as the
dimensions of the testis and epididymis are given in table 1.
The epididymis was attached to the medial surface of the
testis and it extended from the cranial pole to the caudal pole
of the testis. The anatomy of bats reproductive organs is
different across species [6: 261,

The testis is located in the pelvic region on the ventral aspect
(Fig.1). In E. franqueti the testes were either intra-abdominal
or scrotal, lateral to the penis, therefore could be termed as
being migratory (Fig 2 A&B). This is similar to what was
observed in Eumops glaucinus and Molossus molossus by
Beguelini et al. % but contrary to the findings of Karim and
Banerjee [ from their work on Rhinopomatidae (Indian
tailed-bat: Rhinopoma hardwickii) where the testicles were
strictly abdominal. Generally, members of Pteropodidae and
Rhinolophidae have their testes only located in the scrotum
1291, However, the orientation of the testis in this present study
was horizontal as seen in the study of Krutzsch and Crichton
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[27], The scrotal area is darker than the surrounding skin (Fig.
2B). The darkish colour of the scrotum, creamy white colour,
oval shape and composite cells of the testis and epididymis
observed in E. franqueti were similar to earlier reports on the
male reproductive organs of African fruit bat, Eidolon helvum
and Rosettus aegyptiacus [ 22, The testis was richly
vascularized (Fig 5) in line with the observation of Fard and
Ghassemi 22 made on the testis of Rossettus aegyptiacus.
Within the pelvic cavity, the testis, with the epididymis
attached to the orchido-epididymal surface (medial border of
the testis), was located between the colon and the urinary
bladder. The epididymis was highly convoluted and extended
from the cranial to the caudal pole but lacked bulky
epididymal fat unlike Rousettus aegyptiacus 22, It continued
caudally with the ductus deferens but lacked ampullary gland
(Fig. 6 &7). The difference between the right and left
testicular parameters at (P>0.05) was not significant.
Similarly, there was no significant difference between the left
and right epididymal parameters (Tables 1 and 2). Although
our statistical findings revealed that the right testis was
bulkier in size than the left testis, the difference was not
significant. This observation differs from the investigation
carried out on Rosettus aegyptiacus in Iran 22, The pattern of
gonadosomatic index observed for this AFB (Epomops
franqueti) is similar to those of Sturnira lilium 07, Therefore,
there was low positive correlation between the weight of the
adult male fruit bats and the weight of both right and left
testes and there was low positive correlation between the
weight of the bats and the circumference of both right and left
testes (Table 3). The mean relative testicular and epididymal
weights of the African fruit bats used for this work were:
0.2% and 0.07%, respectively. The slight positive correlation
between the body weight of the bats and weights of the
gonads and epididymis showed that the body weight
increment and the testis-epididymal weight increase were
slightly associated. This report is in accordance with the
findings of Hosken BY, The anatomical relations of the
reproductive organs with the visceral structures were
consistent with reports on other fruit bats 2222321,

The E. franqueti testis was encapsulated by two layers of
connective tissue: the tunica vaginalis and tunica albuginea.
The tunica albuginea of this bat is thicker than the tunica
vaginalis. This consisted of dense connective tissue which is
rich in blood vessels, fibrocytes and collagen fibers. The thin
tunica vaginalis is composed of a single layer of simple
epithelium having elongated nuclei and resting on a basement
membrane. The basement membrane separates it from the
inner tunica albuginea (Fig. 8 A). The histological features of
the thick tunica albuginea and thin tunica vaginalis of the E.
franqueti also corresponds with those reported on other fruit
bats [, The tunica albuginea of this chiropteran had dense
connective tissue rich in blood wvessels, fibrocytes and
collagen fibres, however in Iranian fruit bat, the connective
tissue was loose [*71,

The histology of the testis of the E. franqueti shows tunica
albuginea extending into the testicular tissue proper in the
form of septa (septula testis) so that the testis is divided into
lobules (lobuli testis). The histological components of the
testicular capsule of the E. franqueti in this study was in
accordance with the findings of [*7]. Unlike some Pteropodids
there was no visible brown and white fat cells in the tissue 22,
One lobule contained one or more seminiferous tubules and
the interstitium separated adjacent seminiferous tubules from
one another (Fig. 8 B). Within the interstitium were Leydig
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cells and blood vessels. These cells were polygonal in shape
and was uniform with most of the histological sections
observed in this study.

The seminiferous tubules seen in the sections were of various
sizes and irregular shapes, mainly spherical (Fig. 10 A&B).
The seminiferous tubules were highly convoluted and formed
the major part of the testicular tissue of this fruit bat. Each of
the seminiferous tubules have their basement membrane lined
with germ cells arranged in successive layers indicating
different stages of cell division (spermatogenesis: mitosis and
meiosis) and differentiation (spermiogenesis) as the fully
matured cells migrate into the lumen of the tubules. From the
basement membrane to the lumen of the seminiferous tubules,
the cells recognized were in this order: spermatogonia,
primary spermatocyte, secondary spermatocyte (few in
number), round and elongated spermatids; and spermatozoa.
The Sertoli cell was identified by its abundant nuclear-
cytoplasmic ratio. However, the outline and details of the
Sertoli cells identified were not clearly seen. Myoid cells were
found at the basement membrane surrounding each of the
seminiferous tubule (Fig. 10D).

The histomorphometry study carried out on the testis and
epididymis of E. franqueti is similar to those of straw
coloured fruit bats 2. This finding also resembles the
observations reported for rodentia [3% 6. 3% 411, The diameter of
the seminiferous tubules of the E. franqueti is however lower
to those reported in E. helvum 241, The forms and organization
of the seminiferous tubules with various sizes and irregular
shapes, including spherically shaped tubules presented in the
testis of E. franqueti have been widely reported in other
chiropteran species [ 22 37 38 Also, the epithelial
organization of the cells of the spermatogenic series as well as
the location of the Sertoli cells in the seminiferous tubules of
E. franqueti is similar to those reported in other bat species [*>
31 while the mediastinum testis was centrally placed (Fig. 9)
unlike the peripherally position in man I, Within the
mediastinum testis, is located the rete testis. The relationship
among the transitional zone, the seminiferous tubules and the
rete testis within the mediastinum testis as observed in the E.
franqueti is similar to the observations of Shende and
Kanhobaji, 7). The rete testis connected the seminiferous
tubules to the efferent ducts. The efferent duct of E. franqueti
was lined by pseudostratified columnar epithelium as earlier
reported in other species of bats [ 34, The transitional zones
within the mediastinum connected the seminiferous tubules
with the straight tubules (Fig. 10B).

E. franqueti epididymis can be grossly divided into head,
body and tail as in seen in other mammals and its luminal
diameter, epithelial height and epithelial ductal diameter
across the caput, corpus, and caudal part of the epididymis,
varied in similar patterns as seen in the dimensions reported
for the head, body and tail of the Indian bat 71, In this study,
the low positive correlation recorded between the diameter of
the duct of epididymis and its epithelial height indicates that
with an increase in epithelial height, the increase in ductal
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diameter is low. And, the significant negative correlation
recorded between epithelial height and lumen diameter
indicates that decreasing height of the epithelium, the lumen
increased significantly as it was observed at the caput of the
epididymis. This may be attributed to the functional
differences as the caudal part of the epididymis has wider
lumen which helps in storage of spermatozoa while the caput
does more of secretion into the lumen. Thus, the reason why
more spermatozoa mass was found in the caudal portion of
the epididymis of the E. franqueti than was seen in the corpus
and caput of the epididymis. The epididymal epithelium
consisted of principal, apical and basal cells and stereocilia
projected into the lumen that contained spermatozoa (Fig. 10
E&F). The epididymal tubular and luminal diameter increased
progressively from caput to the caudal epididymis while the
epithelial height decreased progressively from caput to caudal
epididymis (Table 3). This our findings correspond with the
previous documentation on the histology of the epididymis of
other fruit bat and Microchiroptera 3. And also, similar to
earlier reports on other mammalian species [3* %5 361, The basal
cells were located at the basement membrane of the
epithelium of the epididymis. The principal cells were more in
numbers, also oriented towards the basal region of the duct.
And, few apical cells were found very close to the luminal
surface with smooth muscles beneath the basement membrane
of the epididymal epithelium, corresponding to the reports on
other species of bats 520371,

Conclusion

In conclusion, this research work shows that biometrical
observations, histology and histomorphometry of the testis
and epididymis of the E. franqueti are similar to earlier
reports on chiropteran. This work also points to the fact that
the gross and micro anatomy of E. franqueti is not only
similar to both Mega and Microchiroptera but to other
mammals including man. Many of the microbats that have
been worked on especially in the temperate region suggest
that they are seasonal breeders. Therefore, seasonal studies on
these observations are recommended to further elucidate more
details on the reproductive biology of the male E. franqueti.
Thus, the findings of this work provide baseline data on the
dimensions of the testis and epididymis in the E. franqueti,
thereby making available useful research data in comparative
regional anatomy within Megachiropteran bats.
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PS: For the statistics, weights of the testes (right and left)
were compared using Student t test while the length,
circumference of the testes (right and left) were compared
separately.

Table 1: Mean and SD values of the testicular biometrical parameters of E. franqueti

WAO(g) WRT(g) WLT(g)

GSI (%)

LRT LLT CRT CLT

97.64+£5.90 | 0.089+0.0031% | 0.083+0.0038% 0.20

0.65+0.025" | 0.63+0.029° | 1.3+0.04° | 1.4+0.04°

Means with different superscripts differ significantly (P<0.05). WOA - Weight of the animal. WRT — Weight of the right
testis. WLT — Weight of the left testis. GSI- Gonosomatic Index. LRT — Length of the right testis. LLT — Length of the left
testis. CRT — Circumference of the right testis. CLT - Circumference of the left testis Table 2: Mean and SD values of the

testicular biometrical parameters of E. franqueti
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Table 2: Mean and SD values of the epididymal biometrical parameters of E. franqueti

WAO(g) WRE(g) WLE(g) EMI (%) LRE LLE
97.6 445.90 0.037+0.0012° 0.033+0.001° 0.07 0.72+0.04° 0.65+0.02°
Means with different superscripts differ significantly (P<0.05). WOA — Weight of the animal. WRT — Weight of the right epididymis. WLT
— Weight of the left epididymis. EMI-Epididymal Mass Index. LRT — Length of the right epididymis. LLT — Length of the left epididymis.

Table 3: Mean and SD values of the epididymal histo-morphometrical parameters of E. franqueti

[ WOA (g) | STD (um) [ STL (um) [ STE (um) [ CAP (um) | COR (um) | CAU (um) | CAL (um) | COL (um) [ CUL (um) | CAE (um) | COE (um) | CUE (um) |
[97.64+5.90 300.77.60% [ 106.5+9.67° [ 92.01+7.80° | 271.9+17.17%| 334.9+14.26" [ 503.8+36.05° | 77.90+10.02'| 202.3+14.981 [ 443.6+23.63 | 76.07+6.146* [ 40.67+3.71Y [ 36.04+1.87|

Means with different superscripts differ significantly (P<0.05). WOA — Weight of the animal.

STD -Diameter of seminiferous tubules. STL-Luminal diameter of seminiferous tubules. STE-Epithelial height of seminiferous tubules.

CAP —Diameter of caput epididymis. COR —Diameter of corpus epididymis. CAU-Diameter of cauda epididymis. CAL —Luminal diameter of
caput epididymis. COL —Luminal diameter of corpus epididymis. CAU-Luminal diameter of cauda epididymis. CAE —Epithelial height of caput
epididymis. COE - Epithelial height of corpus epididymis. CAE- Epithelial height of cauda epididymis

Fig 1: The surface structures of Adult male E. franqueti at the right lateral view in (A) showing the: simple oval pinna (PN); folded upper lip
(UP); simple eye (EY) located rostrally and the external nares (EN); brachium (BC); Ante-brachium (AT); thigh (TG); leg (LG). Note the white
epaulette (WE) which is a unique secondary sexual character. Black arrow points to the meta-carpo-phalangeal joint while white arrow points to

the femoro-tibial joint. In (B), at the dorso-ventral view, shows the: right and left testes (RT and LT); penis (PS); robust thorax (TH); slim
abdomen (AB). Note: the first-fifth digits (I-1V); plagiopatagium (PL); inter femoral membrane (IF) and, the propatagium (PR) in (A).

Fig 2: A: The gross picture of adult male E. franqueti at the dorso-ventral view showing the: scrotum (SC); the penis (PN); anus (AN) and the
pubic bone (PB) just below the abdomen (AB). Note the dark coloration of the scrotal skin with sparse hair in (B), and yellow arrow points to
position of the intra-abdominal testis in (A).
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Fig 3: The superficial structures of Adult male E .franqueti at the dorso-ventral view showing the: simple oval pinna (PN); shoulder epaulette

(WE); carpus (CP); Ante brachium (AT); propatagium (PR) pectoral muscle (PM); reflected skin (RS); xyphoid bone (XP); sternal ribs (SR);

wing: (MW); external Abdominal muscles (AB); lineal alba (LA) that runs from the xyphoid to attached to the pubic bone (PB); stout penis
(PS); ischiocavarnosus muscle (IM); Vestigial tail (VT); plagiopatagium (PL) and the leg (LG).

Fig 4: The deep structures of Adult male E .franqueti at the dorso-ventral view showing the: simple oval pinna (PN); shoulder epaulette (WE);
Ante brachium (AT); propatagium (PR); wing: (MW); deep pectoral muscle (DM); and the visceral organs: the heart (HR); lungs (LG); vertebral
ribs (VR); diagraphm (DG); liver (LV); gall bladder (GB); long slim, spindle shaped spleen (SP). Note the relation of the small intestine (ST) to
the right (RT) and left (LT) testes respectively; stout penis (PN).
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Fig 5: The pelvic and lower abdominal cavities of Adult male E. Fig 6: The reproductive organ of adult male E. franqueti and its

franqueti at the dorso-ventral view showing the relationship of the relationship with the colon (CL). Note the vesicular gland (VG) at
ileum (IL); colon (CL) with the reproductive organs: the right (RT) the neck of the urinary bladder (UB). In (B), note the right (RT) and
and left (LT) testes. The testis is ovoid in shape. Note: the ileum is left (LT) testes with blood vessels. Black arrow points to the vas
cranial to the testes while the colon is dorsal to the testes. The right deferens (VD) which continues from the epididymis (RE) to the neck
(RV) and left (LV) vesicular glands are medial to the testes. Also, of the urinary bladder (UB).The urinary bladder was reflected to
note that the testes and the vesicular glands are located between the show the prostate glands (PG) and the right (RV) and left (LV)
colo-rectum and the urinary bladder (UB). The penis (PI) is stout and vesicular glands. Also, note the penis (PN) and the corpus
extends from the pubic bone. cavernosum (CC) corpus spongiosus (CS)

Fig 7: The gross picture and diagrammatic representation of the testis of adult male E. franqueti showing the cranial and cauda poles (CRP and
CAP) and the epididymis (EP). Observed that the epididymis extends from the cranial pole to the caudal pole of the testis

Parameters Coefficient of correlation (r)
WOA (g) 1.000
WRT (9) 0.593
WLT (g) 0.504
LRT (cm) 0.670
LLT (cm) 0.500
CRT (cm) 0.002
CLT (cm) 0.002
WRE (g) 0.378
WLE (g) 0.322
LRE (cm) 0.679
LLE (cm) 0.533

WOA - Weight of the animal. WRT — Weight of the right right testis. LLT - Length of the left testis. CRT -
testis. WLT —Weight of the left testis. LRT — Length of the Circumference of the right testis. CLT - Circumference of the
~938~
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left testis. WRE — Weight of the right epididymis. WLE- epididymis. LLE- Length of the left epididymis
Weight of the left epididymis. LRE — Length of the right

Fig 8: Photomicrographs of the testis and epididymis of the testis of the E. franqueti (A): The testicular capsule showing, BM: basal membrane
of seminiferous tubule; CF: collagen fibers; EN: elongated nucleus of the epithelium of tunica vaginalis; FC: fibrocytes; TA: tunica albuginea;
TV: tunica vaginalis. In (B): Testis showing ST: the seminiferous tubules. Note the interstitium wedged between three seminiferous tubules. In
(C) and (D): Testis showing: Sertoli cell (SC); Spermatogonium (SG); Primary spermatocyte (PS); Secondary spermatocyte (SS); Round
spermatid (RS); Spermatozoa (SP); Myoid cell (MC); Interstitial cell (IC) H&E

Fig 9: showing the epididymis of E. franqueti, showing the epididymal ducts with apical cell (AC); principal cell (PC); basal cell (BC); myoid

cell (MC); spermatozoa (SP) in the lumen of the epididymis. Note in (A) the loose connective tissue transverse and surrounds each epididymal

duct and the blood vessel (BV) within the connective tissue as seen in (C). Also, note that the corpus and the caudal epididymis in (C) and (D)
have few apical cells and basal cells compared to the principal cells, and the presence of spermatozoa in (B) and (D). H&E

2. Mickleburgh S, Hutson A, Bergmans W, Fahr J, Juste J.

References

1. Almeida FC, Giannini NP, Simmons NB. The Epomops franqueti "IUCN Red List of Threatened
Evolutionary History of the African Fruit Bats Species 2006;
(Chiroptera: Pteropodidae) Acta Chiropterologica 2016; http://www.iucnredlist.org/apps/redlist/details/7909/0.
18(1):73-90. 3. Almeida J, Serra-Freire N, Peracchi A. Anatomical

~939~


http://www.entomoljournal.com/

Journal of Entomology and Zoology Studies

10.

11.

12.

13.

14.

15.

16.

17.

18.

location of Periglischrus iheringi (Acari: Spinturnicidae)
associated with the great fruit-eating bat (Chiroptera:
Phyllostomidae). Rev Bras Parasitol Vet
2015;24(3):361-4.

Mickleburgh S, Hutson A, Bergmans W, Fahr J, Juste J.
"Epomops franqueti" IUCN Redlist of Threatened
Species 2008;
http://www.iucnredlist.org/apps/redlist/details/7909/0.
Nowak RM, Walker EP. Walker's bats of the world
(illustrated ed.). JHU Press 1994;64-65. ISBN 978-0-
8018-4986-2.

Kunz TH, Fenton MB. Bat Ecology (Illustrated ed.).
University of Chicago Press 2006;104-113

Richard S, Lineke B, Ashley CB, Andrew CB, Christian
D, Elisa E et al. Pathogenesis of bats rabies in natural
reservoir: Comparative susceptibility of the straw-colored
fruit bat (Eidolon helvum) to three strain of Lagos bat
virus. PLoS Negl Trop Dis
2018;12(3):e0006311.doi:
10.1371/journal.pntd.000631.PMCID: PMC5854431.
Luby SP, Rahman M, Hossain MJ, Blum LS, Hussain
MM, Nahar N et al. Food Transmission of Nipah virus,
Bangladesh. Emerg. Infect. Dis 2006;(12):1888-1894.
Hirohito O, Hiroko M, Eri N, Reiko Y, Ichiro
N, Hirofumi S et al. Seroepidemiological Prevalence of
Multiple Species of Filoviruses in Fruit Bats (Eidolon
helvum) Migrating in Africa. J Infect Dis.
2015;212(2):5101-8. PMID: 25786916 DOl:
10.1093/infdis/jiv063

Hoffmann M, Gonzadlez HM, Berger E, Marzi A,
Pohlmann S. The Glycoproteins of All Filovirus Species
Use the Same Host Factors for Entry into Bat and Human
Cells but Entry Efficiency Is Species Dependent. PL0S
ONE 2016;11(2):e0149651.

Sriram N, Prasad CR. An Overview of Ebola virus
Disease (EVD) or Ebola hemorrhagic fever (EHF). Int. J.
of Allied Med.Sci. and Clin. Resaerch 2014;2(4):269-
278.

Abulude FO. Determination of the chemical composition
of the bush meats found in Nigeria. The American
Journal of Food Technology 2007;2(3):153-160,

Tuttle MD, Moreno A. Cave Dwelling Bats of Northern
Mexico: Their Value and Conservation Needs, Bat
Conservation International, Austin, Texas, USA 2005.

De la Pefia-Domene M, Martinez-Garza C, Palmas-Pérez
S, Rivas-Alonso E, Howe HF. Roles of bats and birds in
early  tropical-forest  restoration. PLoS  ONE
2014;9:104656. pmid:25118608

Beguelini MR, Sergio BFS, Leme FLJ, Tabogal SR,
Morielle-Versute E. Morphological and morphometric
characteristics of the epididymis in the Neotropical bats
Eumops glaucinus and Molossus molossus (Chiroptera:
Molossidae). Chiroptera Neotropical 2010;16(2):769-779
Farias TO, Notini AA, Talamoni SA, Godinho P. Testis
Morphometry and Stages of the Seminiferous Epithelium
Cycle in an Epididymal Sperm-Storing Neotropical
Vespertilionid, Myotis Levis (Chiroptera). Anat Histol
Embryol 2015;44(5):361-9

Morais DB, Barros MS, Paula TAR, Freitas MBD,
Gomes MLM, Matta SLP. Evaluation of the Cell
Population of the Seminiferous Epithelium and Spermatic
Indexes of the Bat Sturnira lilium (Chiroptera:
Phyllostomidae). PLoS ONE 2014;9(7):e101759.

Phillips TR, Wright DK, Gradie PE, Johnson LA, Pask

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

~940~

http://www.entomoljournal.com

AJ. A Comprehensive Atlas of the Adult Mouse Penis.
Sex Dev 2015;9:162-172.

Beguelini MR, Gdes RM, Rahal P, Morielle-Versute E,
Taboga SR. Impact of the Processes of Total Testicular
Regression and Recrudescence on the Epididymal
Physiology of the Bat Myotis nigricans (Chiroptera:
Vespertilionidae). PLoS ONE 2015;10(6):e0128484.
doi:10.1371/journal. pone.0128484.

Notini AA, Farias TO, Talamoni SA, Godinho HP.
Annual Male Reproductive Activity and Stages of the
Seminiferous Epithelium Cycle in Large fruit eating
Artibeus lituratus (Chiroptera: Phyllostomidae). Zoologia
(Curitiba) 2015;32(3):195-200.
http://dx.doi.org/10.1590/S1984-46702015000300003.
Danmaigoro A, Onu JE, Sonfada ML, Umaru MA,
Oyelowo FO. Histology and Histometric Anatomy of the
Male Reproductive System of Bat (Eidolon helvum).
Journal of Histology. 2014, Article ID 834735, 6 pages
http://dx.doi.org/10.1155/2014/834735

Fard EA, Ghassemi F. Histological and Morphological
study of male reproductive tract in Rousettus aegyptiacus
(Mammalia: Megachiroptera) in Iran. Journal of
Entomology and Zoology studies 2017;5(1):229-234
Moser EL. A Bat’s Perspertive on Navigation PNAS.
2011;108(38):15665-15666;
http://doi.org/10.10.1073/pnas

Makanya AN, Mortola JP. The structural design of the
bat wing web and its possible role in gas exchange. J
Anat.  2007;211(6):687-697. Doi:  10.1111/j.1469-
7580.2007. 00817.x

Olukole SG, Oyeyemi MO, Oke BO. Biometrical
observations on the testes and epididymis of the
domesticated adult African great cane rat (Thryonomys
swinderianus). Eur J Anat 2009;13:71-75.

Bordignon MO, Franca AO. Reproduction of greater
bulldog but Noctilio leporinus  (Noctilionidae) in
Mangrove area in South Brazil, Biota Neotropica 2012;
2(4).

Krutzsch PH, Critchton EG. Reproduction of the male
eastern pipistrelle, Pipistrellus subflavus, in the north-
eastern United States. Journal of Reproductive and
Fertility 1986;76:91-104

Karim KB, Banerjee S. Reproduction in the Indian
Mouse-tailed bat. Rhinopoma hardwickii. Reproduction,
Fertility and Development 1985;1:255-264.

Kwiecinski GG, Griffiths TA. Rousettus aegyptiacus.
Mammalian species 1999;611:1-9

Weiss DA, Rodriguez Jr E, Cunha T, Menshenina J,
Barcellos D, Chan LY et al. Morphology of the external
genitalia of the adult male and female mice as an
endpoint of sex differentiation, Molecular and Cellular
Endocrinology 2012;354:94-102.

Hosken DJ. Testes mass in megachiropteran bats varies
in accordance with sperm competition theory. Behav
Ecol Sociobiol 1998;44:169-177

Lafortune M, Canapp SO, Heard JD, Farina LL. A
Vasectomy Technique for Egyptian Fruit Bats (Rousettus
aegyptiacus). Journal of Zoo and Wildlife Medicine.
2004;(35):104-106.

Ricon-Vargas F, Stoner KE, Vigueras-Villasenor RM,
Nassar JM, Chaves OM, Hudson R. Internal and External
Indicators of male reproduction in the lesser long-
nosed bat Leptonycteris yerbabuenae. Journal of
Mammalogy 2013;4(2,16):488-496.



http://www.entomoljournal.com/

Journal of Entomology and Zoology Studies http://www.entomoljournal.com

http://doi.org/10.1644/11-MAMM-A-357.1

34. Krutzsch PH. Male Reproductive pattern in non-
hibernating Bats. J.Reprod. Fert 1979;56:333-344.

35. Oke BO. Some aspects of the reproductive biology of the
African giant rat (Cricetomys gambianus, Waterhouse).
Ph D thesis, Department of WVeterinary Anatomy,
University of lbadan, Nigeria 1988.

36. Olukole SG, Obayemi TE. Histomorphometry of the
testis and epididymis in the domesticated adult African
great cane rat (Thryonomys swinderianus). Int J Morphol
2010;28:1251-1254.

37. Shende VA, Kanhobaji ZS. Alteration of Capute
Epididymis of Bats, Taphozous longimanus during
Reproductive Cycle: A microscopic study. World Journal
of Zoology 2013;8(4):392-396.

38. Montiel S, Estrada A, Leon P. Reproductive Seasonality
of Fruit-Eating Bats in North-Western Yucantan, Mexico.
Acta Chiropterologica 2011, 139-145.

39. Grange A, Merwe M, Bester M. Reproductive Strategy of
the Egyptian free tailed Bat, Tadarida aegyptiaca from a
subtropical latitude (25°S) in South Africa. African
Zoology 2011;46(1):169-175.

40. Middendorff R, Muller D, Mewe M, Mukhopadhyay AK,
Holstein AF, Davidoff MS. The Tunica Albuginea of the
Human Testis Is Characterized by Complex Contraction
and Relaxation Activities Regulated by Cyclic GMP. The
Journal of Clinical Endocrinology & Metabolism
2002;87(7):3486-3499.
https://doi.org/10.1210/jcem.87.7.8696

41. Oke BO. Some studies on the reproductive organs of the
African giant rat (Cricetomys gambianus, Waterhouse)
during the climatic seasons at Ibadan. M.Sc. thesis,
Department of Veterinary Anatomy, University of
Ibadan, Nigeria, 1982.

~941~


http://www.entomoljournal.com/

