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ABSTRACT 

Bats are flying mammals and major reservoirs for zoonotic viruses, some of which are hosted in 

their gastrointestinal tract. The morphology of the gastrointestinal system varies significantly 

among different species. We characterized and compared the histomorphometry of the enteric 

tissues of two megabat species: Epomophorus gambianus and Nanonysteris veldkampi, which are 

scarce in literature.  

Ten adult bats (n=5; both sexes) were captured in the University of Ibadan. They were euthanized 

by intracardial perfusion with 10% neutral buffered formalin (NBF), following anaesthesia with 

ketamine/xylazine (40/10 mg/kg, Intraperitoneally). Their stomach, duodenum, combined 

jejunum–ileum–colon (functionally representing the small and large intestines, though not 

distinctly separated in the bat species studied), and rectum were dissected, examined, and 

measured. The hematoxylin and eosin-stained tissues were examined and evaluated. Data were 

analysed using GraphPad Prism 8.4.  

Significant differences between E. gambianus and N. veldkampi were found in stomach size 

(41.20mm:27.60mm), combined length of jejunum, ileum, and colon (362.80mm:165.80mm), and 

total gastrointestinal tract length (stomach + intestines) (570.60mm, 311.60mm 

(570.60mm:311.60mm). Both species exhibited rightward intestinal shifts and lacked caeca or 

appendices. Histologically, both species' stomachs, duodenums, and colons had mucosa, 
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submucosa, muscularis externa, and serosa. E. gambianus differed significantly from N. veldkampi 

in duodenal villi length (262.0µm:199.8µm), submucosa thickness (27.85µm:12.56µm), and 

muscularis externa thickness (62.56µm:32.84µm), and in colon muscularis externa thickness 

(71.60µm:38.80µm). The histomorphometry of these two frugivorous bat species revealed 

significant differences in their gastrointestinal anatomy. Both species were captured within same 

environment using mist nets during the dry season, indicating habitat overlap. The observed 

intestinal morphology suggests tailored digestive strategies contributing to a broader 

understanding of their adaptive features, which may interest researchers in the biomedical field. 

Keywords: bats, Megachiroptera, gut, intestinal length, anatomical adaptations 

Running title: Morphometry of the gastrointestinal tract of two megabat species 

INTRODUCTION 

The Old-World fruit bats from the family of 

Pteropodiadae (Megabats), are commonly 

found across tropical regions in Africa, Asia, 

and Oceania (Almeida et al., 2014; 

Cunhaalmeida et al., 2016). This family of 

bats forms a monophyletic group primarily 

consisting of non-echolocating bats 

specialized in consuming fruits and flower 

nectar. It is one of the largest families within 

the order Chiroptera comprising 46 genera 

and about 186 species, organized into various 

subfamilies and tribes (Almeida et al., 2011). 

These bats play a crucial role in their 

ecosystems, and some host zoonotic diseases 

that are increasingly becoming the focus of 

interest in biomedical research (Almeida et 

al., 2014). The morphology of the 

gastrointestinal system varies significantly 

among different species. The main variations 

depend on phylogeny, diet composition, and 

energy-demanding factors such as 

locomotion (Strobel et al., 2015). Within the 

order Chiroptera, which comprises more than 

1,400 species, a wide variety of dietary habits 

can be observed (Silva et al., 2021; Irving et 

al., 2020). The active flight of birds and bats 

is a very energy-demanding form of 

locomotion (Biewener, 2018). These 

energetic costs increase with the carried load. 

Hence, flight cost is minimized by decreasing 

flight mass, the size of gastrointestinal tract 

(GIT) and the carried digesta load in birds 

and bats compared to similar-sized non-

flying animals (Ruoß et al., 2015) Bats are 

perhaps the most diversified mammals in 

terms of diet, having species that are 

insectivorous, frugivorous, nectarivorous, 

pollinivorous, carnivorous, and 

hematophagous (Reis et al., 2007; Irving et 

al., 2020). Although there is a body of 

literature dealing with morphological 

descriptions of the gastrointestinal tracts of 

bats, it is not only insufficient but also largely 

lacks comparative analysis. This gap is 

particularly crucial considering the highly 

species-specific nature of bat feeding habits. 

Even among frugivorous bats or those with 

similar dietary preferences, distinct 

differences in handling and feeding strategies 

are observed when consuming the same type 

of diet (Becker et al., 2010). A comparative 

analysis of bat gastrointestinal tract 

morphology can reveal crucial features that 

can advance our understanding of the 

phylogenetic relationships within this group. 



Nigerian Veterinary Journal 46(3).2025  Femi-Akinlosotu et al 
 

Such analyses can provide valuable insights 

into the broader evolutionary process by 

examining the relationship between 

adaptative evolution and environmental 

resource availability. Furthermore, these 

comparative studies can also help generate 

hypotheses to better comprehend the 

connections between the feeding habits and 

digestive architecture of megabats (Gadelha-

Alves et al., 2008). In this study, we 

hypothesized that Epomophorus gambianus 

and Nanonycteris veldkampii, though 

inhabiting overlapping environments, would 

exhibit distinct gastrointestinal morphologies 

reflecting their different dietary preferences, 

and that these dietary preferences may have 

influenced specific histological features of 

their gastrointestinal tracts, with implications 

for digestive efficiency and adaptive 

strategies.  However, despite the ecological 

significance of Epomophorus gambianus and 

Nanonycteris veldkampii, there is a paucity of 

detailed histomorphometric studies on their 

gastrointestinal anatomy. While general 

descriptions of bat digestive morphology 

exist, to the best of our knowledge no study 

has specifically characterized the histological 

and morphometric features of the stomach, 

duodenum, and colon in Epomophorus 

gambianus and Nanonycteris veldkampii, 

representing the family Pteropodidae. 

Therefore, we conducted a comparative 

investigation of histomorphometric analysis 

of these enteric tissues, while specialized 

structures, such as their associated glands, 

which we hope to include in future studies, 

were not examined in detail due to scope 

limitation. The results of this study will 

unveil significant insights into the 

gastrointestinal morphology and histology of 

the two bat species.  

MATERIALS AND METHODS 

Ethical Statement 

All animals received humane care in 

compliance with the institution's guidelines 

and the National Institutes of Health 

Guidelines for the Care and Use of 

Laboratory Animals. Ethical approval for the 

study was obtained from the University of 

Ibadan Animal Care and Use Research 

Ethics Committee (UI-ACUREC), with 

approval number UI-ACUREC/113-

1123/08. 

Study Area and Animal Collections 

Epomophorus gambianus (n=5) and 

Nanonycteris veldkampii (n=5) adult bats 

were captured on the University of Ibadan 

campus using mist nets set along bat flight 

paths from evening until early morning hours 

(18:00–04:00 hours) during the dry season. 

Species identification was carried out by a 

conservationist from the Ornithology and 

Wildlife Conservation Unit, Department of 

Wildlife and Ecotourism Management, 

University of Ibadan, using established 

morphological features distinguishing the 

two species (e.g., body size, dentition, 

muzzle shape, tufts of hair, and forearm 

length). The bats included both males and 

females. However, sexual dimorphism was 

not considered within the study. The bats 

were carefully removed from the mist nets to 

minimize injury and stress. After removal of 

the bats from the mist net, each bat was 

placed in a cotton bag with a drawstring 

closure and transported to the animal house. 

They were stabilized for 5-hours before 
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sacrifice. A shorter stabilization period was 

used, relative to previous studies that used a 

longer stabilization period like 72 hours 

(Olopade et al., 2020), because provisions 

were not made for them to be fed before 

euthanasia, to minimise stress and potential 

complications that come with food 

deprivation. The bats were fasted, and their 

stomachs were empty at dissection, 

eliminating potential bias from food content 

in histological assessment. The bats were 

euthanized by intraperitoneal injection of 

ketamine/xylazine (40/10 mg/kg) followed 

by intracardial perfusion with 10% neutral 

buffered formalin (NBF) (Wirawati et al., 

2019). The bats’ stomach, duodenum and 

colon were carefully dissected and removed, 

post-fixed in 10% NBF for 48 hours and 

processed for histology. 

Morphometry 

The stomach length, duodenal length, 

combined length of jejunum, ileum, and 

colon, rectal length and total length of the 

stomach and intestines of E. gambianus and 

N. veldkampi were measured. Gross 

morphometry was carried out on freshly 

dissected tissue before histological 

processing. Wool thread was first passed 

through the folds of the intestine to obtain the 

full length, and the thread was then measured 

against a meter rule (Horse brand no. 2002, 

China). No consideration was given to sexual 

differences in this study, and data were 

analysed without reference to sex. 

Anatomical landmarks were used for the 

measurements for consistency across 

specimens: 

Stomach: Measured from the oesophageal 

cardia (point of oesophageal entry) to the 

pyloric sphincter. 

Duodenum: Measured from the pyloric 

sphincter to the point where the intestine 

became freely coiled and reduced in diameter 

(proximal jejunum equivalent). The 

duodenum was identified based on its 

relatively larger diameter compared to the 

rest of the gastrointestinal tract (Selim & El 

Nahas, 2015). 

Jejunum, Ileum, and Colon (combined 

length): Measured as a continuous length 

from the end of the duodenum to the recto-

anal junction. 

Rectum: Measured separately from the recto-

anal junction to the anal opening. 

Histological Processing 

The bats’ enteric tissue samples were 

dehydrated in increasing concentration of 

alcohol – 70%, 80%, 90%, and two changes 

of absolute alcohol for one hour each, then 

passed through equal volumes of xylene, for 

forty-five minutes each. They were then 

infiltrated in three changes of molten paraffin 

wax at 65°C for one hour each and embedded 

in paraffin wax and coronal sections at a 

thickness of 7 microns were obtained using a 

Leica microtome. For the stomach, 

longitudinal sections incorporating the 

cardia, fundus, and pylorus were used to 

capture regional differences. The 

preparations were stained with Hematoxylin 

and Eosin (H&E) following routine 

histological protocols (Bancroft & Gamble, 

2008), after which they were mounted with 

DPX and cover slips and allowed to dry. 
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Histomorphometric analysis  

Photomicrographs of the gastrointestinal 

sections were taken with the aid of a digital 

light microscope (Leica DM500, Germany) 

at x4, x10 and x40 objective lens. 

Histomorphometric measurements were 

assessed using computerized image analysers 

(Image J v1.53e).  

Villi height: measured from the base of the 

crypt to the uppermost tip of the villi 

(Alshamy et al., 2018). Only full finger-

shaped and well-oriented villi were analysed. 

Villi diameter: diameter of villi was 

measured from the epithelium of one side to 

the epithelium of the opposite side.  

Mucosa thickness: distance from the luminal 

surface of the epithelium to the base of the 

muscularis mucosae.  

Submucosa thickness: distance between the 

base of the muscularis mucosae and the 

internal border of the muscularis externa.  

Muscularis externa thickness: distance 

between the muscularis externa internally 

and the serosa externally.  

Serosa thickness: distance from the outer 

edge of the muscularis externa to the externa 

border of the serosa. 

Statistical analysis  

Quantitative data from the histomorphometry 

were presented as mean ± standard error of 

mean (SEM). Statistical comparisons 

between groups were performed using 

unpaired Student’s t-test. All data set were 

analysed using GraphPad Prism 8.4.and a 

probability value of p< 0.05 (*) was 

considered to be statistically significant. 

RESULTS 

Gross findings  

In both studied species (Epomophorus 

gambianus and Nanonycteris veldkampi), the 

intestines were observed to be shifted 

towards the right within the abdominal cavity 

(Figure 1). The duodenum could be identified 

by its location and larger diameter, situated 

post-stomach, and its diameter bigger than 

the rest of the gastrointestinal tract. Notably, 

neither species exhibited caeca nor 

appendices within their large intestines, 

which were comprised solely of a descending 

colon. The length of the stomach and 

intestine varied between the two species 

studied (Figure 2 and Table I). The intestine 

was observed to be folding upon itself in a 

compact series of numerous winding folds 

(Figure 3). Epomophorus gambianus 

exhibited a notably longer intestine and 

greater stomach length than Nanonycteris 

veldkampi. Observed gastrointestinal 

measurements appeared to be relative to the 

gross size differences between the two 

species.  
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Figure 1: Photograph of (A) Epomophorus gambianus and (B) Nanonycteris veldkampi showing the 

anatomic position of the intestine: shifted to the right within the abdominal cavity and highly convoluted. 

(Scale bars: 50μm) 

 

Figure 2: Photographs of bat thoracic and abdominal cavities to show different segments of the 

gastrointestinal tract. (a) E. gambianus (b) Exposed thoracic cavity and GIT of N. veldkampi (c) Intestine 

of N. veldkampi (d) Intestine of E. gambianus (e) Jejunum to rectum of N. veldkampi (f) stomach 

of E. gambianus 
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Figure 3: Photograph of (A) Epomophorus gambianus and (B) Nanonycteris veldkampi showing different 

segments of their gastrointestinal tract demonstrating the intestine folded upon itself in a compact series of 

numerous winding folds. Rectum (R), colon (C), Duodenum (D), Stomach (S) and Spleen (SP).  

 

TABLE I: Gastrointestinal length measurements (mm) for Epomophorus gambianus (Group A) 

and Nanonycteris Veldkampi (Group B) 

 GROUP N Mean Std. Error Mean p value 

Stomach (mm) Group A 5 41.20 4.140  

Group B 5 27.60 0.812 0.012* 

Duodenum (mm) Group A 5 154.00 25.519  

Group B 5 105.40 11.843 0.112 

Jejunum, Ileum, 

Colon (mm) 

Group A 5 362.80 2.2491  

Group B 5 165.80 10.077 0.000* 

Rectum (mm) Group A 5 12.60 0.980  

Group B 5 12.80 0.970 0.888 

Total Length of the 

stomach and 

intestine (mm) 

Group A 5 570.60 35.864  

Group B 5 311.60 8.914 0.000* 
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values are considered significant at p<0.05*

Microscopy  

The histomorphometric measurements of the 

stomach and intestines of the two species 

revealed the general morphology and 

arrangement of the villi and mucosa (Figure 

8). Histologically, stained coronal sections of 

the stomach and the intestine of the two 

species studied, Epomophorus gambianus 

and Nanonycteris veldkampi, showed typical 

layers: mucosa, submucosa, muscularis 

externa and serosa (Figure 5). The stomach of 

both species had a histological structure 

consisting of the lumen, mucosa, submucosa, 

muscularis externa and serosa. The stomach 

lining of both species showed a similar 

histological structure: gastric mucosa 

consisting of epithelium, lamina propria, and 

muscularis mucosa with relatively similar 

sizes of cellular structures (Figure 5). 

In both species, the mucosa of the duodenum 

exhibited villi covered by a simple columnar 

epithelium comprised of absorptive cells, 

distinguished by the presence of microvilli. 

Among the villi, there were simple tubular 

glands – the crypts of Lieberkühn (Figure 6). 

These glands are separated by the 

conjunctive tissue of the lamina propria, and 

their extremities reach the muscularis 

mucosae.  

The large intestine of the species under 

investigation demonstrated consistent 

characteristics, consisting solely of a 

descending colon and rectum. Histologically, 

the colon exhibited four distinct layers: 

mucosa, submucosa, muscularis and serosa 

(Figure 7). Unlike the small intestine, the 

mucosa lacked villi, presenting mucosal 

foldings. Throughout the entire thickness of 

the mucosa, intestinal glands known as crypts 

of Lieberkühn were observed and were seen 

to be oval and tubular in shape (Figure 6). 

Both the superficial epithelium and glandular 

epithelium were identified as simple 

columnar epithelium, presenting absorptive 

cells interspersed with goblet cells. The 

submucosa comprised loose connective 

tissue housing blood vessels. In the colon, 

histomorphometric measurements further 

revealed that Epomophorus gambianus and 

Nanonycteris veldkampi differ significantly 

in the thickness of the muscularis externa, 

while there are no significant differences in 

mucosal thickness, submucosal thickness, 

and serosa thickness between the two groups 

(Table III). 

Notably, variations in the shape of intestinal 

mucosal villi were evident between the 

species. Epomophorus gambianus showed 

finger-like villi in the small intestine, 

characterized by their elongated form, 

arching structure, branching patterns, and 

sharp apices (Figure 8A). In contrast, 

Nanonycteris veldkampi exhibited finger-like 

villi that were arched, relatively shorter, and 

possessed pointed apices (Figure 8B). Deep 

in the crypts of Lieberkühn, groups of 

granular cells known as Paneth cells were 

seen in both species. Goblet cells were also 

seen scattered among the absorptive cells 

(Figure 8A and B). A very thin submucosa 

was observed in both species, with 

Nanonycteris veldkampi having a thinner 

submucosa than Epomophorus gambianus. A 

well-developed muscularis externa was 

observed in both species, composed of an 
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inner circular smooth muscle layer and an 

outer longitudinal muscle layer. The serosa 

was present, very thin, and formed the 

outermost layer, made up of slack connective 

tissue covered by a mesothelium. 

Histomorphometric measurements further 

revealed significant differences between the 

two species 

(Table II and III). In the duodenum, Epomophorus gambianus and Nanonycteris veldkampi 

differed significantly in villi length, submucosal thickness, and muscularis externa thickness, while 

no significant differences were found in villi diameter, mucosal thickness, and serosa thickness 

between the two groups.  

 

Figure 4: Histological morphometric measurements (yellow lines): (A) Villus height; (B) Villus 

diameter; (C) Mucosa thickness; (D) Submucosa thickness; (E) Muscularis externa thickness; (F) 

Serosa thickness (Scale bars: 50μm) 
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Figure 5: Photomicrographs of haematoxylin and eosin-stained stomach section showing the 

arrangement of the four layers: mucosa (m), thin submucosa (SM), inner circular (IC) muscle and 

outer longitudinal (OL) parts of muscularis externa and serosa(s) of the (A-C) Epomophorus 

gambianus (A-C) and Nanonycteris veldkampi (D-F). The circle area depicts the magnified parts 

in B&E while the rectangle represents magnified parts in C&F. Scale bars: A&D: 100μm; B&E: 

50μm; C&F: 20μm 
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Figure 6: Photomicrographs of haematoxylin and eosin-stained duodenal section showing the 

arrangement of the four layers: mucosa (M), thin submucosa (SM), inner circular (IC) muscle and 

outer longitudinal (OL) parts of muscularis externa serosa(s) and Villi (v) of the Epomophorus 

gambianus (A-C) and (D-E) Nanonycteris veldkampi (D-F) in increasing magnification. The circle 

area depicts the magnified parts in B&E while the rectangle represents magnified parts in C&F. 

Scale bars: A&D: 100μm; B&E: 50μm; C&F: 20μm  

 

Figure 7: Photomicrographs of haematoxylin and eosin-stained section of the colon showing the 

arrangement of the four layers: mucosa(m), thin submucosa (SM), inner circular (IC) muscle and 

outer longitudinal (OL) parts of muscularis externa, serosa (s), and crypts of Lieberkühn (C) of the 

Epomophorus gambianus (A-C) and Nanonycteris veldkampi (D-F) in increasing magnification. 

The circle area depicts the magnified parts in B&E while the rectangle represents magnified parts 

in C&F. Scale bars: A&D: 100μm; B&E: 50μm; C&F: 20μm  
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Figure 8: Photomicrographs of haematoxylin and eosin-stained section showing the villi patterns: 

(A) Epomophorus gambianus (villi finger like, arched, branching and long) (B) Nanonycteris 

veldkampi, (fingerlike villi, long, slightly arched, numerous and have pointed apices) Scale bar: 

50μm 

 

TABLE II: Histomorphometric measurements for duodenum (µm) for Epomophorus gambianus 

(Group A) and Nanonycteris veldkampi (Group B) 

 GROUP N Mean Std. Error Mean p value 

Villi length Group A 5 262.0 20.70  

Group B 5 199.8 8.464 0.0239* 

Villi diameter  

 

Group A 5 100.0 10.27  

Group B 5 83.20 5.616 0.1890 

Mucosal thickness Group A 5 62.66 12.63  

Group B 5 59.60 17.67 0.8914 

Group A 5 27.85 11.93  
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Submucosal 

thickness 

Group B 5 12.56 1.874 0.0145* 

Muscularis externa 

thickness 

 

Group A 5 62.56 8.376  

Group B 5 32.84 8.242 0.0353* 

Serosa thickness   3.660 0.6120  

  3.340 0.4534 0.6855 

 

 

Table III: Histomorphometric measurements for colon (µm) for Epomophorus gambianus (Group 

A) and Nanonycteris veldkampi (Group B) 

 GROUP N Mean Std. Error Mean p value 

Mucosal thickness Group A 5 46.00 4.712  

Group B 5 36.00 4.371 0.1743 

Submucosal 

thickness 

Group A 5 41.40 10.91  

Group B 5 60.00 9.654 0.2374 

Muscularis externa 

thickness 

 

Group A 5 71.60 12.96  

Group B 5 38.80 4.028 0.0362* 

Serosa thickness Group A 5 3.660 0.4997  

Group B 5 2.840 0.3126 0.1944 

 

DISCUSSION  

To the best of our knowledge, this study is the 

first to present a detailed morphological and 

histomorphometric characterization of the 

enteric tissues in the frugivorous bat species 

Epomophorus gambianus and Nanonycteris 

veldkampi. Given the visibly larger body size 

of Epomophorus gambianus compared to the 

smaller body size of Nanonycteris 

veldkampii, and considering their similar 

feeding habits, we hypothesize that their 

dietary preferences may have influenced 

specific histological features of their 

gastrointestinal tracts. These features include 

the mucosal area, the muscular layer 

responsible for mechanical activity, and the 
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structure and distribution of the villi. 

Additionally, studies have shown that the 

utilization of food resources is not uniform 

among fruit bats (Barclay & Jacobs, 2011b; 

Marshall & William, 2009a) , and such 

disparity may be attributed to factors such as 

differences in body size, digestive efficiency, 

and dietary preferences, which in turn may 

contribute to adaptive variation in 

gastrointestinal morphology. Several studies 

have documented inter- and intraspecific 

variations in food utilization among African 

members of the Pteropodidae family 

(Adeyanju et al., 2019; Barclay & Jacobs, 

2011b; Marshall & William, 2009a). 

Frugivorous bats, such as Epomophorus 

gambianus, exhibit distinct feeding habits 

that optimize their energy extraction from 

carbohydrate-rich foods.  Previous study 

discovered that Epomophorus gambianus 

shows a strong preference for Ficus spp. 

fruits over other food items, making these 

fruits a vital part of their diet year-round 

(Amponsah-Mensah et al., 2019). Ficus spp. 

fruits are not only widely available due to 

their asynchronous fruiting phenology but 

also nutritionally valuable(Barclay & Jacobs, 

2011b; O’Brien, 1998). Fruit availability 

varies seasonally, which leads to migratory 

behavior in fruit bats. These movements, tied 

to fruiting cycles, influence diet and may 

have contributory effect on digestive system 

morphology. In addition to Ficus spp., other 

significant fruits in their diet include V. 

doniana and A. vogelii, which provide 

important nutritional diversity. V. doniana 

fruits have higher protein content compared 

to other fruits like P. guajava and Ficus spp. 

(Ruby et al., 2000; Vunchi et al., 2011). 

Protein is a crucial macronutrient for 

maintaining the structural integrity of the 

gastrointestinal tract, especially in bats, 

which rely on efficient nutrient absorption to 

meet their high metabolic demands (Jahan-

Mihan et al., 2011). In the intestine, dietary 

protein supports the growth and maintenance 

of villi, enhancing the surface area for 

nutrient absorption, and aids in the 

regeneration of epithelial cells from the 

crypts of Lieberkühn (Nuningtyas et al., 

2024). Additionally, proteins contribute to 

mucus production by goblet cells, ensuring 

protection and lubrication of the intestinal 

lining (Herath et al., 2020). In the stomach, a 

protein-rich diet stimulates the secretion of 

gastric enzymes, such as pepsin, which 

facilitates protein digestion and supports the 

repair of the mucosal lining (Stanforth et al., 

2022). These structural and functional 

adaptations are important for meeting the 

energy and nutritional demands of E. 

gambianus during energy demanding periods 

like reproduction, ensuring adequate nutrient 

intake and supporting overall health. The 

digestive tract morphology of E. gambianus, 

characterized by an increased surface area 

due to villi and mechanisms of paracellular 

absorption, enhances their digestive 

efficiency and capacity (Caviedes-Vidal et 

al., 2008b). On the other hand, it has been 

reported that Nanonycteris veldkampii is 

primarily a nocturnal nectar feeder, using 

sight and smell to locate its food. It has a 

unique feeding method, where it grabs the 

flower head with its feet, uses a long, hooked 

thumb to hold the flower with its wings, and 

laps up the nectar with its tongue. During this 

process, it does not consume any part of the 

flower, with each flower visit lasting between 
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one and thirty seconds, continuing 

throughout the night and early morning 

(Rosevear, 1965). While nectar is the primary 

food source, N. veldkampii also eats fruit in 

captivity. It bites off pieces of fruit, chews 

them to extract the juice, and drinks the juice 

while expelling the pulp as a pellet. This 

behaviour indicates dietary flexibility 

because it shows the species can modify its 

feeding strategy to utilize an alternative food 

source. Such feeding adaptability may be 

advantageous in environments where nectar 

is scarce, ensuring survival through fruit 

consumption (Marshall & William, 2009a). 

Nanonycteris veldkampii consumes nectar 

from various plants, such as Kigelia spp., 

Adansonia digitata, Ceiba pentandra, Carica 

papaya, Parinari polyandra, Epurua facata, 

Macuna flagellipes, Parkia clappertoniana, 

Parkia roxburghii, Ficus umbelatta, Psidium 

guajava, Protea ellioti, and Vitellaria parkii 

(Marshall & William, 2009a; Mickleburgh et 

al., 1992). The less structural complexity 

exhibited by Nanonycteris veldkampii in its 

gastrointestinal architecture can be attributed 

to the simple nature of its primary food, 

which is nectar. This simplicity in diet may 

have contributed to a gastrointestinal 

architecture with reduced structural 

complexity, as seen in the decreased size and 

complexity of intestinal villi in Nanonycteris 

veldkampii compared to Epomophorus 

gambianus. This adaptation is similar to what 

is observed in other species with predictable 

diets, where a simpler intestinal architecture 

corresponds to a less demanding digestive 

process (Silva et al., 2021). In the present 

study, we observed that the intestines of both 

studied species were highly convoluted, 

especially that of Epomophorus gambianus, 

and shifted towards the right within the 

abdominal cavity. The boundary between the 

small and large intestines could not be 

distinguished macroscopically in both 

species. These findings were also observed in 

other species of bats (Rafaela et al., 2008; 

Selim and El Nahas, 2015; Elmansi et al., 

2019). Neither species studied exhibited 

caeca nor appendices within their large 

intestines, which were comprised solely of a 

descending colon. This has also been 

reported in earlier studies of the chiroptera 

species (Rafaela et al., 2008; Paksuz and 

Paksuz, 2015). However, these findings 

contrast with those reported by Schultz 

(1965) and Langer (2017). who observed the 

presence of a cecum in insectivorous and 

carnivorous Chiropteran species like 

Rhinopoma hardwickii and Rhinopoma 

microphyllum respectively. In these species, 

the cecum serves as a fermentation chamber 

for indigestible fibers (Stevens and Hume, 

2004). Additionally, Aylward et al., (2019) 

found that the cecal mucosa in R. hardwickii 

exhibits characteristics of both small and 

large intestines including villi, lymphoid 

aggregations and an abundance of goblet 

cells, suggesting a unique adaptation not 

observed in frugivorous bats. 

Epomophorus gambianus exhibited a 

significant longer intestine, longer total GIT 

length and a greater stomach length 

compared to Nanonycteris veldkampi. It has 

been reported that several factors such as the 

type of diet, frequency of meals, duration of 

food retention, and the animal's body size and 

shape can influence the adaptation of the 

mammalian stomach shape (Morfológico et 
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al., 2017). The larger and more rounded 

stomach of Epomophorus gambianus 

suggests a potential adaptation for increased 

food storage capacity or prolonged digestion, 

compared to smaller, slender stomach of 

Nanonycteris veldkampi. The differences in 

stomach length between Epomophorus 

gambianus and Nanonycteris veldkampi can 

be attributed to their dietary habits and 

digestive strategies. Epomophorus 

gambianus, with its larger and more rounded 

stomach, may be adapted to digest large 

quantities of bulky fruit material, similar to 

other frugivorous bats that have a well-

developed cardiac vestibule and elongated 

fundic caecum (Forman, 1973; Morfológico 

et al., 2017) (Forman, 1973; Morfológico et 

al., 2017) (Forman, 1973; Morfológico et al., 

2017) (Forman, 1973; Morfológico et al., 

2017). In contrast, N. veldkampi, which 

primarily feeds on nectar, has a smaller, 

slender stomach that reflects its simpler diet 

and lesser need for extensive mechanical 

digestion (Rosevear, 1965; Marshall and 

William, 2009c) (Rosevear, 1965; Marshall 

and William, 2009c) (Rosevear, 1965; 

Marshall and William, 2009c) (Rosevear, 

1965; Marshall and William, 2009c).  

Both studied species exhibited typical 

histological layers in the stomach and 

intestine: mucosa, submucosa, muscularis 

externa, and serosa. This corelates with the 

findings of Morfológico et al. (2017) and 

Silva et al., (2021) which also reported the 

presence of these well-defined layers in bat 

gastrointestinal anatomy. Our findings 

confirm that the basic histological 

organization of the gastrointestinal tract in 

Epomophorus gambianus and Nanonycteris 

veldkampii aligns with previous reports in 

other bat species, supporting the conserved 

nature of these layers across Chiroptera. 

These four histological layers were 

distinguishable and uniform in both species. 

Variations in the length and shape of villi 

were evident between the species: 

Epomophorus gambianus exhibited finger-

like, longer, arched villi with branching 

patterns. While Nanonycteris veldkampi 

demonstrated finger-like and slightly arched 

villi. The villi were numerous compared to 

that seen in Epomophorus gambianus and 

possessed pointed apices. In the present 

study, both species exhibited a lack of villi in 

the distal regions of the intestine, a 

characteristic observed in most bat species. 

This suggests a present but short colon across 

all most bat species (Rafaela et al., 2008; 

Paksuz and Paksuz, 2015). In the duodenum, 

significant differences were observed 

between the two species in the thickness of 

the submucosa and the muscularis externa. 

Epomophorus gambianus exhibited thicker 

values in these layers compared to 

Nanonycteris veldkampi. In the colon, a 

significant difference was noted in the 

thickness of the muscularis externa, with 

Epomophorus gambianus again showing 

greater thickness. Additionally, the circular 

layer in the colon of Epomophorus 

gambianus was much thicker, which aligns 

with the findings reported by Rafaela et al., 

(2008). These morphological differences can 

be attributed to their dietary habits. 

Epomophorus gambianus, primarily a 

frugivore, requires a more robust 

gastrointestinal system to process the fibrous 

and bulkier fruit material, necessitating 

thicker muscular and submucosal layers for 
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efficient digestion and absorption. On the 

other hand, Nanonycteris veldkampi, which 

primarily feeds on nectar, has a simpler and 

less structurally complex digestive system, 

reflecting its diet's lower mechanical 

demands. This is consistent with the findings 

in other mammalian studies where diet 

influences gastrointestinal architecture and 

thickness (Rafaela et al., 2008).   Although 

the small and large intestines of both species 

in this study exhibit anatomical similarities, 

there are notable macroscopic and 

microscopic differences between them. 

These morphological adaptations in both 

species may be linked to reducing the 

retention time of food during flight, ensuring 

efficient nutrient and water absorption. Such 

adaptations likely represent an evolutionary 

strategy in Chiropterans, allowing for a 

lighter carried load and reduced intestinal 

tissue mass while maximizing energy 

extraction from food. This approach helps to 

meet the high energy demands of flight by 

minimizing body mass (Caviedes-Vidal et. 

al., 2008). These findings provide valuable 

insights into the histomorphometry and 

histological structure of the enteric tissue in 

Epomophorus gambianus and Nanonycteris 

veldkameepi.  

Limitations of study 

This study provides valuable insights into the 

gastrointestinal adaptations of Epomophorus 

gambianus and Nanonycteris veldkampi. 

However, despite the strengths it has some 

limitations. First, the bats used were not sex-

matched, which may introduce variability in 

the histomorphometric parameters observed 

and affect the precision of interspecies 

comparisons. Also, the sample size was 

relatively small, reflecting the practical 

challenges of capturing bats, and this may 

limit the generalizability of the findings. 

Additionally, the weights of the bats were not 

recorded, which could have provided 

valuable context for interpreting gut size and 

histomorphometric variations. Addressing 

these limitations in future research will 

enhance the robustness and applicability of 

the findings. 

CONCLUSION 

The histomorphometric study of the gut of 

these two species of bats is novel, 

highlighting significant differences in their 

gastrointestinal anatomy. The observed 

intestinal morphology suggests tailored 

digestive strategies contributing to a broader 

understanding of their adaptive features. The 

findings reveal how diet influence 

histological features such as mucosal surface 

area, muscular layer thickness, and villi 

morphology, which are important for nutrient 

absorption and digestive efficiency. The 

larger intestinal and stomach dimensions 

observed in E. gambianus reflect adaptations 

to its frugivorous diet, enabling greater food 

storage and prolonged digestion. Conversely, 

the simpler gastrointestinal structure of N. 

veldkampii aligns with its nectarivorous diet, 

which requires less complex digestive 

processes. These insights enhance our 

understanding of dietary specialization in 

Chiropteran species and provide a good 

foundation for future exploring 

gastrointestinal physiology, nutrient 

absorption, and dietary adaptations across 

species.  
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