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INTRODUCTION 

The basal mammalian plan of gastric morphology 

involves an asymmetrical dilation of the digestive tube a 

short distance caudad to the diaphram. This dilation serves 

two basic physiological functions; it secretes enzymes that 

initiate the breakdown of food and it provides temporary 

storage of food. In its simplest forro the stomach is 

symmetrical (Allison, 1948; Myrcha, 1967; and Forman, 1972), 

with the esophagus entering the stomach near the midregion 

of the lesser curvature. Most insectivorous and carnivorous 

mammals have a stomach designed on this basic, simple plan 

(Andrew, 1959). From this simple unit, modifications are 

possible that would lead to adaptations to various food 

habits. 

The ruminant stomach is adapted to food relatively 

low in nutritional value and high in abrasiveness, storing 

large quantities of leaves and stems that can be digested 

by microfloral elements rather than by gastric enzymes. 

Rodents that feed primarily on seeds have stomachs 

that are somewhat modified from that of a simple stomach. 

Generally, the cardiac caec\im and corpus of the stomach in 

these rodents are dilated; an aboral, tubular specialization 

is evident; and the glandular mucosa is well developed 
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throughout the stomach. The stomachs of some leaf and 

stem-eating rodents have been described by several authors 

(see Golley, 1960 and Dearden, 1966, 1969). In these 

rodents, much of the gastric mucosa is cornified, apparently 

an adaptation to feeding on abrasive foods. A similar 

adaptation, described by Horner et̂  al̂ . (1964), has evolved 

in the genus Onychonys. In Qnychonys, the major body of 

the stomach is completely cornified, the glandular mucosa 

being isolated in a pouch, emptying its contents into the 

l\imen of the stomach via a small pore. This specialization 

would seem to protect the delicate glandula mucosa from 

abrasive, chitenous exoskeletons of ingested invertebrates. 

Gastric modifications in some artiodactyls and 

rodents serve as models representing adaptations to feeding 

on leaves, stems, and other highly abrasive materials. 

Similar adaptations have occurred in monotremes, marsupials, 

edentates, and some primates (Andrew, 1959). If one were to 

base evolutionary trends on these observations, one would 

conclude that a diet of insects would lead to mucusal 

cornification and/or gastric compartmentalization. However, 

adaptations need not necessarily lead to convergence. 

Because the evolutionary theme of the Chiroptera has been 

associated with flight, the relatively inefficient, 

cumbersome gastric adaptations in other groups would be 

disadvantageous to their survival. In addition. 



insectivorous bats minimize the abrasivness of insect 

exoskeletons by thoroughly masticating them. 

It is generally agreed that the order Chiroptera 

was derived from the Insectivora (see Romer, 1966). Most 

bats are insectivorous, and their gastric morphology conforms 

to the basic insectivoran plan for both phylogenetic and 

dietary reasons. The descriptions of gastric morphology of 

insectivorous bats supplied by Robin (1881), McMillan and 

Churchill (1947), Park and Hall (1951), Rouk and Glass (1970), 

Forman (1971a, 1972), and Hart (1971) supply positive 

support for this supposition (see especially Forman, 1972, 

for a discussion and literature review on this point). 

A notable exception to the conservative nature of 

Chiropteran food habits is seen in the Phyllostomatidae. 

This family is represented by a diverse array of species 

having a substantial role in New World tropical ecosystems. 

Their importance to energy flow through these ecosystems 

must be great considering the number of species (circa 130 

according to Koopman and Cockrum, 1967), the number of 

individuals (for succinct observations on this point, see 

Pine, 1972), and their food requirements. Although accurate 

documentation of the food habits of phyllostomatids are 

few, the family is known to include insectivorous, 

fruguivorous, nectivorous, pollenivorous, carnivorous, 

omnivorous, and sanguivorous species. Primary adaptive 



radiation resulting in phyllostomatid diversity probably 

resulted from adaptations to food habits. 

This adaptive radiation has resulted in a number of 

phyllostomatid taxa. Assuming an insectivorous food habit 

as primitive, whatever specializations exist should be 

modifications of the basal, simple plan in the 

Phyllostomatidae. Inasmuch as members of the 

Phyllostomatinae probably represent or resemble the basal 

group (see Baker, 1967; Walton and Walton, 1968; and 

Slaughter, 1970), the more specialized subfamilies should 

be represented by species whose gastric morphology indicates 

both degree and direction of descent from the basal group. 

Furthermore, the degree of gastric morphological similarity 

among members of a subfamily should be indicative of 

propinquity of descent. When one considers a suite of 

gastric morphological characteristics it would seem 

improbable that close similarities could be the result of 

convergent evolution. 

Some of the adaptive radiation involving gastric 

modifications in the Chiroptera has been discussed in a 

number of publications (Robin, 1881; Park and Hall, 1951; 

Rouk and Glass, 1970; and Forman, 1971a, 1971b, 1972), but 

only Forman (1971â , 1971b, 1972) considered variation 

within the Phyllostomatidae. Forman's observations and 

those of Rouk and Glass (1970), suggest a need for more 
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detailed investigations of phyllostomatid gastric morphology 

and its evolutionary, taxonomic, and physiological 

implications. 

METHODS AND MATERIALS 

Most specimens used in this study were collected in 

Central America by Dr. R. J. Baker, W. J. Bleier, V. R. 

McDaniel, and myself. Specimens were captured in mist nets 

in a variety of habitats in Mexico, El Salvador, Honduras, 

Nicaragua, and Costa Rica. 

Gastrointestinal tracts were removed from bats 

within a few minutes after death and immersed in at least 

100 milliliters of neutral, phosphate-buffered 10 per cent 

formalin. Because buffered formalin is a progressive 

fixative (Humason, 1966), the tissues were stored in 

fixative until they could be processed further. Most 

voucher specimens are in the mammal collection of The Museum, 

Texas Tech University. 

Stomachs were embedded in paraplast by standard 

procedures and serially sectioned at 9 microns. In all 

cases, tissues were stained in lots of 100 slides to insure 

equal treatment within lots. 

Staining procedures included Harris' hematoxylin 

and eosin, aldehyde-fuchsin (Gomori, 1950) for elastin and 

acid mucopolysaccharides (Scott and Clayton, 1953), Masson's 

triple connective tissue stain (Humason, 1966), and a Hale's 



colloidal iron (Lillie, 1965) followed by acid fuchsin. 

Ponceau 2R, phosphotungstic acid sequence for differentially 

staining acid mucopolysaccharides and certain types of chief 

cells. All chief cells had a strong affinity for hematoxylin 

(basophilia), but only the chief cells of certain species 

had an affinity for acid fuchsin (acidophilia). 

TERMINOLOGY 

A diverse array of terms have been applied to 

various parts of the mammalian stomach. I am not certain of 

priority, or in some cases the appropriateness of many of 

these terms, but generally I have followed the terminology 

of Grossman (1958) and Reith and Ross (1965). My 

observations on the orientation of the stomach in the 

abdominal cavity lead me to conclude that the terms anterior, 

posterior, left, and right are ambiguous and thus I have not 

used them. The following list provides my interpretation 

of terms applicable to gastric morphology. Well-known terms 

are not included. 

Caecum.—Blind pouch. 

Cardiac caecum.—Blind pouch or diverticulxim that 

is part of stomach m.ost distant from pylorus. 

Cardiac vestibule.—An ampullary structure, or 

dilation, at terminus of esophagus. 

Chief cells.—Cells occupying basal regions of 

tubular glands in gastric mucosa, contain conspicuous 
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zymogen granules. They are of two kin^ss Îpĥ a <:hief oe.ll-s, 

strongly basophilic by standard r.i,E staining ̂ .r-PÔ WP̂ S., 

strongly acidophilic by the Kale's iron-acid .fu-e:.h-sii>-Ppnp̂ îa 

2R staining procedure; beta chief cells, i^sophilj.^ i>u-t -never 

acidophilic. 

Elastic stomach.—Th^-c portior. of stomach ti^t J-5 

somewhat more dilated than resr, usually extenflin^ iron ŝ >e4i 

of cardiac caecum to near aboral curve of stonmch.. 

Lamina.—A layer or subdivisioxi wf a -tunica.. 

Lamina propria.—That mixed cellular—connective 

tissue framework forming a p^r^ of -ihe tuiiica mucosa.. 

Mucous gland cells.—?.c.-her c;or.sp_cuir..̂  „ Icirge 

pyramidal mucoid cells, often reseTritling Brurm^r's glanfl 

cells, that are sometimes present neax the iiaBB oi gsEtxic 

glands. 

Mucous neck cells.—Suiali, cuboidc.1 or low columnar 

mucous cells that generally occupv the -j.pp£.r xecions oi 

gastric glands. 

Mucous surface cells.—Siiriple column ax t^althelial 

cells of the mucosa. 

Oxyntic glands.—Gastric glands tiiEt contain ijoth 

chief and parietal cells. 

Parietal cells.—Large, conspicuous-, ovoifl ceHs 

believed to secrete hydrochloric aci-d. 

Pyloric glands.—Gastric glaufis, the major -coinponeTits 



of which a rc 'mucous, containing no chie f c©llg fei'id vsiry fs;-v.-

or no p a r i e t a l c e l l s . 

Transitional glands.—Gastric glands, th© ::iS[^.or 

components of which are parietal cells, or parietal and 

mucous cells, lacking chief cells. 

Tunica.—A major layer in the wall of the stoaaach, 

the subdivisions of which are laminae. 

Following the suggestions of de la Torre (19cl), 

Baker (1967), Forman et a]^. (1968), Gardner and O'ileille 

(1969), and Smith (1972), I recognize six phyllos-c-atid 

subfamilies: Phyllostomatinae, Glossophaginae, Carclliir.=.= , 

Stenoderminae, Phyllonycterinae, and Desmodontinae. 

Brachyphylla is included in the Phyllonycterinae (see Sil-.-a-T, 

and Pine, 1969). 

SYSTEMATIC ACCOUNTS 

In the following accounts, the gross and histclcgical 

morphology of the stomach of each species are described. 

When more than one species of a genus was studied, the 

species judged to be the least specialized are described 

first and followed by comparative descriptions of rhose 

thought to be more specialized. Unless otherwise ncced, 

numbers of specimens examined refer to the i?.arjv.al cclleccica 

of The Museiom, Texas Tech University. Figures are intended 

to show general morphology within a subfamily, Althoiagh an 

attempt has been made to illustrate variation within tax?.# 



figures of e^ch species are not provided. Photomicrographs 

of the gastric mucosa of one species may be referred to in 

the description of another if no significant differences 

exist between the two. 

Subfamily PHYLLOSTOMATINAE 

The phyllostomatines probably represent the basal 

group of the Phyllostomatidae. Their dentition is generally 

more insectivorelike than any other assemblage within the 

family. Food habits of these bats, when considered as a 

group, are probably the least specialized and include 

insectivorous, carnivorous, and omnivorous types. As far 

as I know, none of the phyllostomatines is exclusively 

fruguivorous. Where known or suspected, the food habits of 

each species is mentioned in the generic account. 

Genus Micronycteris 

Sanborn (1949) recognized 10 species of Micronycteris, 

three of which, each representing a distinct subgenus, are 

included here. Little published information exists 

concerning the food habits of these species, although they 

are believed to feed on both insects and fruit (Brosset, 1966; 

Wilson, 1971). The recent report of Fleming et al. (1972) 

suggests that Micronycteris may be primarily insectivorous. 

Micronycteris megalotis 

The stomach of this species (Fig. lA) is simple. 
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resembling that of insectivorous bats. The cardiac caecum 

is moderately developed and the elastic portion includes the 

major part of the corpus and the cardiac caecum. An 

externally discernible pyloric tube is virtually absent, 

resulting in a relatively undifferentiated stomach. 

Tunica muscularis.—The muscularis includes two 

layers of smooth muscle, a fairly thin outer longitudinal 

layer and a relatively thick inner circular one. The inner 

layer is subdivided into bundles by rather loose-appearing 

collagenous sheaths. These bundles are small and numerous 

in the elastic stomach, but are large and less numerous in 

the aboral third of the stomach. The pyloric valve is 

formed by an abrupt, narrow thickening of the inner layer, 

with only a few longitudinal fibers included. Ganglia of 

Auerbach's plexus are quite common between the two layers, 

and become larger near the pyloric valve. Elastic fibers 

are uncoimnon in the muscularis proper. 

Tunica submucosa.—This layer is generally thin and 

composed of areolar connective tissue with only a few 

elastic fibers present. The submucosa is involved in the 

formation of rugal folds, which are longitudinal, as is the 

case in insectivorous bats (Rouk and Glass, 1970). 

Tunica mucosa.—The mucosa is composed of simple 

tubular glands, each of which is surrounded by a cellular 

lamina propia. The lower limit of the mucosa is marked by 

a thin lamina muscularis mucosae and the epithelial surface 
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of the mucosa is composed of simple columnar epitheliiom. 

The gastroesophageal junction (as in Fig. 2) is characterized 

by an abrupt change from esophageal, stratified squamous 

epithelixom to typical gastric, simple columnar epithelium. 

A very slight cardiac vestibule leads into the corpus, the 

junction being surrounded by a narrow band of cardiac glands 

that give way to oxyntic glands within 75 to 100 microns of 

the junction. Oxyntic glands (as in Figs. 3-10) occupy the 

cardiac caecum and the elastic portion of the corpus. The 

basal third of these glands is composed almost entirely of 

alpha chief cells, whereas most of their upper zone is 

composed of a mixture of parietal and mucous neck cells. 

Gastric pits are of variable depth. 

Transitional glands occupy a narrow zone that 

approximately coincide with the aboral bend of the stomach 

leading to a poorly defined antrum. These glands have a 

lower zone of parietal cells and an upper zone in which both 

mucous neck cells and parietal cells occur, the mucous neck 

cells predominating. Gastric pits tend to be shallow in 

the transitional gland area. 

Rather tall, simple tubular pyloric glands are 

restricted to a narrow band adjacent, and a short distance 

(100 to 200 microns) oral, to the pyloric valve. Neither 

pyloric nor transitional glands contain mucous gland cells. 

Throughout the stomach apical portions of mucous 

neck cells vary from weakly to highly positive to both Hale's 
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iron and aldehyde fuchsin. Generally, the strongly reacting 

cells dominate in the region in or near the cardiac glands, 

and in some, but not all pyloric glands. Mucous surface 

cells are generally negative or only weakly positive along 

their liominal surfaces, the slight positive reaction perhaps 

being a result of a coating supplied by those cells that are 

positive. 

Specimens examined (5).—13161, 13163, 13164, 13167, 

and 13168. 

Micronycteris hirsuta 

Stomach essentially as in M. megalotis, except that 

the pyloric tube is more highly differentiated and the 

transitional gland area is much more extensive, perhaps a 

ramification of the tubular expansion. A cardiac vestibule 

is lacking (Fig. IB). 

Specimens examined (6).—13145, and 13152-13156. 

Micronycteris nicefori 

The stomach of this species resembles M. megalotis 

in that the aboral tubular portion is not highly developed, 

or differentiated. The cardiac vestibule is lacking as is 

the case in M. hirsuta. Micronycteris nicefori differs from 

both megalotis and hirsuta in having a poorly developed 

cardiac caeciim and a relatively long lesser curvature 

(Fig. IC) . 

Specimen examined (1).—13160. 
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Genus' Macrotus 

All forms of this genus previously recognized as 

distinct species were merged into Macrotus waterhousii by 

Anderson and Nelson (1965). According to Ross (1967), 

M. waterhousii is omnivorous, although in some parts of its 

range it may be insectivorous (Huey, 1925). See also 

Osburn (1865), Dobson (1878), Grinnel (1918), and Anderson 

(1969) for comments regarding the food habits of Macrotus. 

Macrotus waterhousii 

The stomach of this species (Fig. IE) is simple, 

most closely resembling that of Micronycteris megalotis, 

although in M. waterhousii the pyloric tube is slightly more 

differentiated. The cardiac caecum is well developed. 

Tunica muscularis.—As in Micronycteris, there are 

two layers of smooth muscle, an outer longitudinal and an 

inner circular one. Along the greater curvature, the two 

layers are subequal in thickness, unlike the lesser curvature 

where the outer one is thin. The bundle formation of the 

inner circular layer is essentially as in Micronycteris. 

Both muscle layers in the cardiac caecum are supplied with 

moderate amounts of elastic fibers. On the greater 

curvature, aboral to the cardiac caecum and extending through 

the bend into the pyloric tube, elastic fibers are common in 

the outer longitudinal layer but virtually absent from the 

inner circular layer. Elastic fibers are found only in the 
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t-in region separating the two layers from one another in 

the muscularis of the pyloric tube proper. In the aboral 

half of the stomach, the outer longitudinal layer is thin. 

The inner circular layer forms a robust, semipapillate 

pyloric valve. As in Micronycteris, ganglia of Auerbach's 

plexus are larger and more nxomerous in the pyloric tube 

than elsewhere in the stomach. 

Tunica submucosa.—This layer of areolar connective 

tissue is thin, and rugal folds formed by submucosal 

thickenings are primarily oriented in a longitudinal 

direction, although secondary, transverse branches are not 

uncoimnon. Elastic fibers are fairly numerous. 

Tunica mucosa.—The major elements (laminae 

muscularis mucosae, glandularis, propria, and epithelialis) 

are present and essentially as described for Micronycteris. 

The mucosa varies from 50 to 180 microns in thickness, 

although most commonly is about 100 microns. Cardiac glands 

(Fig. 2), surrounding the gastroesophageal junction, are 

composed of aldehyde fuchsin positive, cuboidal or low 

columnar cells that generally resemble mucous neck cells 

that occur throughout the gastric mucosa. A larger band 

(one-half millimeter wide) of gastric glands surrounding 

the gastroesophageal junction contain numerous mucous neck 

cells that are aldehyde fuchsin and Hale's iron positive, 

as well as parietal and alpha chief cells. A few mucous 
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gland cells a!lso are present at and near the base of some 

glands near the gastroesophageal junction but are rare 

elsewhere. 

The oxyntic gland area occupies the cardiac caecum 

and approximately one-half of the corpus, relatively less 

extensive than in Micronycteris. The transitional gland 

area is fairly broad, extending from approximately the 

midway points on the lesser and greater curvatures to within 

1.5 millimeters of the pyloric valve (see Fig. IE). Aldehyde 

fuchsin and Hale's iron positive mucous cells are common in 

the oral half of the transitional gland area, but none in 

the aboral half. 

Pyloric glands (Fig. 14) appear to be composed 

entirely of mucous neck cells, but have virtually no affinity 

for either of the mucin stains. 

Specimens examined (6).—All uncatalogued. 

Gfenus Macrophyllxmi 

This monotypic genus seems to be poorly represented 

in collections. Although occupying a wide geographic range, 

M. macrophyllum seems to be restricted to relatively 

undisturbed tropical habitats. As far as I know, the food 

habits of M. macrophyllimi are unknown, although Davis 

et al̂ . (1964) suggested that it may be a fish-eating or 

aquatic insect-eating bat. 
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Macrophyllum macrophyllum 

The stomach of this species is simple, with a 

faintly discernible cardiac vestibule. The pyloric tube is 

undifferentiated and the corpus appears to be somewhat 

expanded, especially in the aboral segment. The cardiac 

caecum is relatively small. 

Tunica muscularis.—As previously recorded for other 

species, the muscularis is composed of two layers, an outer 

longitudinal and an inner circular layer. The inner circular 

one tends to be the thicker of the two and is segmented 

throughout the elastic, portion of the stomach, the segmental 

arrangement being lost at the aboral bend. As the 

connective tissue septae disappear near this bend, the 

muscularis abruptly becomes thinner (from 200 to 80 microns). 

This is quite different from other species examined in which 

the musculature of the aboral portion of the stomach tends 

to be somewhat thicker than that elsewhere. The pyloric 

valve is papillate but weakly developed. 

Elastic fibers are present in the outer longitudinal 

layer throughout all the stomach except in the pyloric gland 

area. The circular layer contains them only in the cardiac 

caecum and the oxyntic gland area. 

Tunica submucosa.—The submucosa is quite thin 

except in those places where longitudinally oriented rugae 

are formed. Only a few elastic fibers are present. 
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Tunica mucosa.—Glandular gastric mucosa extends a 

short distance into the esophagus forming a cardiac 

vestibule. The gastroesophageal junction is surrounded by a 

narrow band of simple tubular cardiac glands. Oxyntic glands 

(Fig. 3) contain a moderate number of alpha chief cells that 

occupy the lower one-third to one-fourth of the glands. The 

oxyntic gland area occupies the major part of the cardiac 

vestibule, all of the cardiac caecum, and continues aborally 

to just beyond the midregion of the corpus. A wide band of 

transitional glands (as in Figs. 11-13), the major components 

of which are parietal and mucous cells, extends to within 

1.0-1.5 millimeters of the pyloric valve. The pyloric 

glands (as in Figs. 14-17) are entirely mucous and restricted 

to the terminal portion of the stomach. 

Acid mucopolysaccharides are restricted to cardiac 

glands and oxyntic glands near the cardiac gland area. 

The gastric mucosa of this species is notably thicker 

than that of other species described thus far, measuring 200 

to 250 microns in depth. It is also notable that chief 

cells are less numerous in this species than in others thus 

far described. 

Specimen examined (1).—13175. 

Genus Tonatia 

Members of the genus Tonatia may be insectivorous 

(Fleming et al., 1972). The stomach of one specimen of 



18 

T. bidens (TTU 13109) examined contained invertebrate 

(presumably insect) remains. 

Handley (1966) treated T. nicaraguae and T. minuta 

as conspecific, applying minuta as the valid name for the 

species. 

Tonatia bidens 

The simple stomach of this species has a well-

developed cardiac caecum and well-differentiated pyloric 

tube. The pyloric constriction is asymmetrical, angling 

across the general plane of the gastroduodenal canal. 

Tunica muscularis.—Of the two laminae founding this 

tunic, the inner circular layer is generally the thicker, 

especially in the pyloric tube and along the lesser curvature, 

where the outer longitudinal layer is quite thin. In the 

cardiac caecum and oxyntic gland area of the corpus, both 

layers contain moderate amounts of elastin. The muscularis 

in the bend of the greater curvature contains elastin that 

is restricted to the outer longitudinal layer. Elastin is 

virtually absent in the muscularis of the pyloric tube. 

Tunica submucosa.—The submucosa in this species is 

essentially as described for other phyllostomatines. 

Tunica mucosa.—The glandular, gastric mucosa is 

restricted to the stomach proper, there being no cardiac 

vestibule. A very narrow band of cardiac glands surrounds 

the gastroesophageal junction. Oxyntic glands are well 
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supplied with'alpha chief cells, which occupy the lower 

one-half of the glands. The transition from the oxyntic 

gland area to the transitional gland area is marked by a 

gradual, but eventually complete, loss of chief cells. The 

oxyntic gland area includes all of the cardiac caecum and 

extends through the greater part of the elastic corpus 

(see Fig. IG). Transitional glands occur in a fairly broad 

zone occupying the aboral one-fourth of the corpus, and end 

at the pyloric antrum. Pyloric glands occupy the aboral, 

tubular portion of the stomach. Typical mucous gland cells 

are absent from all gland types. 

The mucosa varies from 600 to 100 microns in 

thickness, the thickest portion occurring along the lesser 

curvature. Acid mucopolysaccharides seem to be limited to 

the cardiac glands and the narrow zone of oxyntic glands 

around them. 

Specimens examined (2).—13108 and 13109. 

Tonatia minuta 

Generally similar to T. bidens except for a few 

notable exceptions: the cardiac caecum is poorly developed, 

the pyloric tube is not well differentiated, and the pyloric 

constriction is at right angles to the general orientation 

of the gut, suggesting less specialization (see Fig. IF). 

However, rugal folds in the elastic corpus of the stomach 
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of T. minuta tend to branch extensively, much more than 

T. bidens, resulting in numerous transverse, secondary folds. 

Specimens examined (6).—13145-13148, 13150, and 

13151. 

Genus Phyllostomus 

Two of the four recognized species of this genus are 

included here. According to McNab and Morrison (1963) and 

Valdez (1970) , P̂. discolor is primarily fruguivorous and 

secondarily insectivorous and nectivorous. Arata et̂  al. 

(1967) suggested an omnivorous food habit for this species. 

£. hastatus may be primarily carnivorous (Dunn, 1933) and 

secondarily fruguivorous (Greenhall, 1965, 1966). Bloedel 

(1955) noted that £. hastatus has been observed feeding on 

swarming termites, but will eat mice, fish, lizards, bats, 

moths, and fruit in captivity. Handley (1966) and Valdez 

(1970) considered F_. hastatus to be opportunistic in food 

habits. See also Fleming et al. (1972) for observations 

concerning food habits of Phyllostomus. 

Phyllostomus discolor 

The stomach of this species (Fig. IH) is simple, 

with a well-developed cardiac caecum. The specimens I have 

examined had a slightly asymmetrical pyloric construction, 

a notable feature in Tonatia bidens. Unlike other 

phyllostomatines thus far mentioned, and as noted by Forman 

(1972), a small, well-defined cardiac vestibule is present. 
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Tunica muscularis.—Forman (1972) asserted that the 

muscularis was "exceptionally" thick in the stomachs of 

P. discolor he examined. My observations do not support 

this assertion, at least when the muscularis of P_. discolor 

is compared with that of other phyllostomatines. Forman's 

discussion of the relative thicknesses of the laminae 

muscularis externa and interna are essentially as I have 

observed. The distribution of elastin in the muscularis 

is rather interesting. Elastin is virtually absent in all 

regions except in the aboral bend of the stomach, where 

elastic fibers are fairly n\amerous in the outer longitudinal 

layer. The pyloric valve, formed primarily by a thickening 

of the inner circular layer is noticeably papillate. 

Tunica submucosa.—The submucosa is relatively thick. 

Rugal folds, formed by submucosal thickening, branch 

extensively. Elastic fibers are not uncommon in the 

submucosa of the lesser curvature, but are rare elsewhere. 

Tunica mucosa.—The oxyntic glands contain alpha 

chief cells. Transitional glands (Fig. 11) contain moderate 

numbers of mucous gland cells and parietal cells. Acid 

mucopolysaccharide secretion seems to be restricted to 

cardiac and oxyntic glands in and near the cardiac vestibule. 

See Forman (1972) for a detailed description of the mucosa 

in this species. 

Species examined (8).--13085-13088, 13090-13092, 

and 13105. 
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Phyllostomus hastatus 

The stomach of £. hastatus is simple. The cardiac 

caecum is well-developed and a short cardiac vestibule, 

resembling that of P. discolor, is present. Although larger, 

the stomach of P_. hastatus is very much like that of 

P_. discolor, but the oxyntic glands of P. hastatus have 

relatively fewer chief cells (alpha) than do those of 

P_. discolor. The muscularis contains moderate amounts of 

elastic tissue in the cardiac caecum. 

In one specimen that had a fully distended stomach, 

the mucosa of the cardiac caecum and along the greater 

curvature was reduced to about 75 to 80 microns in thickness 

(Fig. 6), whereas in undistended stomachs it is usually 200 

to 250 microns. See Fig. IL for general proportions and 

distribution of gland types. 

Specimens examined (5).—13080-13084. 

Genus Phylloderma 

The taxonomic status of the two nominal species 

comprising this genus has not been clearly worked out. 

Handley (1966) considered P. septentrionalis conspecific 

with P. stenops but provided no evidence supporting his 

views. My inclination is to maintain a conservative view 

recognizing P. septentrionalis as distinct from P. stenops 

in the absence of some convincing evidence to the contrary. 

Little published information is available regarding 
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the natural history of these bats. Jeanne (1970) observed 

P. stenops eating larvae and pupae of a wasp, Polybia 

sericea. Unfortunately, my one specimen of 

P_. septentrionalis had an empty stomach. 

Phylloderma septentrionalis 

The stomach is simple, not differing substantially 

from that found in species of Micronycteris. An externally 

visible cardiac vestibule is suggested but not present. The 

pyloric tube differentiation is slight, but easily 

discernible. The cardiac caecum is poorly developed. 

Tunica muscularis.—The muscularis is composed of 

the usual two layers. Excepting the muscularis of the 

lesser curvature, the two layers generally are subequal in 

thickness. Elastin is present in the inner circular layer 

throughout the entire elastic portion of the stomach, 

including most of the corpus and all of the cardiac caecum. 

The outer longitudinal layer contains elastic fibers 

everywhere they are found in the inner layer, but in 

addition, the outer layer contains elastin well into the 

pyloric antrum. 

The pyloric valve is thin, but extends well into 

the lumen of the gut, closely resembling that of 

Micronycteris megalotis. 

Tunica submucosa.—Contains a moderate supply of 

elastin and the rugae are typically phyllostomatine. 
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Tunica mucosa.—As previously mentioned, there is no 

cardiac vestibule, the gastroesophageal junction occurring 

as the esophagus enters the corpus of the stomach. As in 

all phyllostomatines, a narrow band of cardiac glands 

surrounds the junction. Oxyntic glands (Fig. 10), 

containing alpha chief cells, extend beyond the elastic 

portion along the greater curvature portion of the stomach 

but are extremely limited on the lesser curvature. 

Generally, these glands are approximately 200 microns in 

length, the basal one-third of which contain chief cells. 

The transitional gland area is broad. Pyloric glands 

are restricted to an extremely narrow zone proximal to the 

pyloric valve (see Fig. IJ). 

Specimen examined (1).—13144. 

Genus Trachops 

Published information (Goodwin and Greenhall, 1961; 

Brosset, 1966) about food habits of the only known species, 

Trachops cirrhosus, suggests that it is carnivorous or 

insectivorous (Fleming et al., 1972). Goodwin and Greenhall 

(1961) suggested that T. cirrhosus feeds mostly on geckos as 

does Chrotopterus auritus (Tuttle, 1967). 

Trachops cirrhosus 

The stomach of this species (Fig. II) is a simple, 

Micronycteris-like one. The general stomach plan is 

tubular, closely approximating that of P. discolor. 
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Tunica muscularis.—Essentially as in Micronycteris, 

although elastic fibers appear to be somewhat more numerous, 

and the pyloric valve is thinner in Trachops. 

Tunica submucosa.—The submucosa forms longitudinal 

rugae that branch and anastomose considerably. 

Tunica mucosa.—Cardiac glands form a narrow zone 

surrounding the gastroesophageal junction. Oxyntic glands 

(Figs. 8 and 9) occupy most of the caecum and corpus and 

contain the usual cell components. Transitional glands 

(Fig. 13) occupy a broad zone in the aboral bend of the 

stomach. Pyloric glands occupy the region adjacent to the 

pyloric valve (see Fig. II). Mucous surface cells and 

mucous neck cells are strongly Hale positive. 

Specimens examined (3).—13172-13174. 

Genus Vampyrum 

The single species, V.' spectrum, is carnivorous 

(Goodwin and Greenhall, 1961). The single specimen examined 

by me was netted over a stream, striking the net a few 

inches from a vociferous specimen of Sturnira lilium that 

was being extricated from the net. It may well be that this 

species feeds mostly on other bats. 

Vampyrum spectrum 

The stomach of V. spectrum (Fig. IK) is noticeably 

pear-shaped, with a moderately developed cardiac caecum and 

a fairly long, well-differentiated pyloric tube. There is 
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no cardiac vestibule and the lesser curvature is longer than 

in other phyllostomatines. 

Tunica muscularis.—The two layers of smooth muscle 

in this tunic are essentially as described for other 

phyllostomatines. The segmental arrangement of the inner 

circular layer is essentially restricted to the elastic 

portion of the stomach. Elastic fibers are present in 

moderate amounts in both layers in the elastic stomach, but 

continue in the outer longitudinal layer a short distance 

beyond it along the greater curvature. 

Tunica submucosa.—Essentially as in other 

phyllostomatines, forming numerous branching and 

anastomosing rugal folds. 

Tunica mucosa.—Typical gastric mucosa begins 

abruptly at the gastroesophageal junction. Mucous cardiac 

glands form a narrow band around the gastroesophageal 

orifice. Alpha chief cells occupy approximately the lower 

half of oxyntic glands, which average approximately 150 

microns in depth and empty into rather deep pits. The 

transitional glands (Fig. 12) are considerably deeper than 

most oxyntic glands, and empty into shallow pits. Pyloric 

glands (Fig. 16) are essentially similar to those of most 

phyllostomatines, although raucous gland cells are much more 

numerous in V. spectrum than in most other phyllostomatines. 

The extent of the major gland areas is noted in Fig. IK. 

Generally acid mucopolysaccharides are restricted to some 
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mucous neck cells in the cardiac and pyloric gland areas, 

although some transitional glands and oxyntic glands along 

the lesser curvature contain a few. 

Specimen examined (1).—13143. 

SUBFAMILY GLOSSOPHAGINAE 

The Glossophaginae is a specialized group, having 

reduced teeth, often in number as well as in cusps, and an 

elongate tongue. Baker (1967), Phillips (1971), and 

Forman (1971â ) discussed a dichotomy within the subfamily, 

which they thought suggested the possibility of a 

diphyletic origin. 

Carvalho (1960, 1961), Alvarez and Quintero (1970), 

and Fleming et_ al. (1972) have provided detailed studies of 

the food habits of several glossophagines and reviewed the 

literature about food habits in this group. 

Genus Glossophaga 

Reports of Goodwin and Greenhall (1961), Brosset 

(1966), and Arata et al. (1967) suggested that members of 

this genus are opportunistic in food habits although 

Alvarez and Quintero (1970) thought that they are probably 

primarily pollenivorous. 

Glossophaga soricina 

The stomach of this species (Fig. 18A) is simple, 

but more specialized than that of any of the 
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phyllostomatines. A well-developed cardiac vestibule is 

present and there is a tendency for the pyloric tube to be 

subhelically recurved in some. There is also a tendency for 

faint clefts, or sulci, to form along the lesser curvature. 

A moderately developed cardiac caecum is present. 

Tunica muscularis.—The muscularis is relatively 

thin, measuring approximately 70 microns, although there is 

a tendency for this layer to be somewhat thicker in the 

pyloric region. In the cardiac caecvim and the greater 

curvature of the corpus, the outer longitudinal and inner 

circular layers are subequal in thickness, whereas the inner 

circular layer is much thicker than the outer longitudinal 

one along the lesser curvature and in the wall of the 

pyloric tube. In the cardiac caecum and the greater 

curvature, the inner circular layer is separated into 

discrete bundles by submucosal infiltration. The muscularis 

is often slightly thickened at the base of rugal folds. 

Ganglia of Auerbach's plexus are most numerous in the 

pyloric tube. Elastic fibers are virtually absent from the 

muscularis. The pyloric valve is weakly developed. 

Tunica submucosa.—This layer is quite thin, 

although somewhat more extensive in the rugal folds. Along 

the lesser curvature the rugae are longitudinally priented, 

whereas they are transverse as much as they are 

longitudinal in the greater curvature of the stomach. 
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Tunica mucosa.—The thickness of the mucosa varies 

from 250 microns in the cardiac vestibule to 150 microns in 

most other parts of the stomach. The gastroesophageal 

junction is surrounded by an extremely narrow band of 

cardiac glands (Fig. 19). The oxyntic glands (Figs. 19, 20) 

are simple tubular, and generally, except in some regions 

of the cardiac caecum, not coiled. Alpha chief cells occupy 

the basal one-fifth to one-third of the oxyntic glands. 

Parietal cells are quite numerous, and occupy most of the 

remainder of each gland. Gastric pits throughout the 

mucosa are usually around 50 microns deep. The extent of 

each gland area is shown in Fig. 18A. 

Acid mucopolysaccharides as evidenced by Hale's 

colloidal iron reaction, are restricted to the basal 

one-third of the pyloric glands, the midregion of the 

oxyntic glands in the cardiac vestibule, the cardiac glands, 

and the midregion of the transitional glands. There appear 

to be two types of cells reacting to Hale's iron. In all 

but the transitional and pyloric glands, they resemble 

mucous neck cells. In the transitional glands they resemble 

mucous gland cells, although those cells at the base of the 

glands are Hale negative. The Hale positive cells in the 

pyloric glands appear to be a mixture of both types of cell. 

Forman (1972) described the stomach of G. soricina 

on the basis of two specimens. With a few minor exceptions, 

my observations agree with his description. The cardiac 
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glands of specimens he examined occupied a much broader band 

than those I have studied. In addition, the extensive fold 

described by him in the cardiac caecum resulting in a 

cardiac "pouch" was not present in any of the specimens I 

examined, although there was a slight sulcus at that site. 

Finally, although he mentioned in the text a cardiac 

vestibule, his figure (Fig. 17, p. 630) shows only a very 

slight vestibule whereas the specimens I examined had a 

well-developed vestibule. 

Specimens examined (9).—13223, 13226, 13232, 

13234-13239. 

Genus Lonchophylla 

This genus includes six or so nominal species, the 

exact taxonomic status' of which are not altogether clear to 

me. Specimens that I have examined probably belong to 

Lonchophylla robusta. Allen (1939) suggested that members 

of this genus might be pollenivorous, but Fleming et̂  al. 

(1972) indicate an insectivorous or omnivorous food habit. 

Lonchophylla robusta 

The stomach of L. robusta (Fig. 18C) is much like 

that of Glossophaga soricina as I have described it, 

although that of L. robusta may be somewhat more tubular. 

A well-developed cardiac vestibule is present, as is a 

cardiac caecum. Several shallow sulci are present in the 
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muscular wall of the corpus. The pyloric tube is well 

differentiated. 

Tunica muscularis.—As in most species, the inner 

circular layer is thicker than the outer longitudinal layer. 

The inner layer is distinctly arranged in bundles throughout 

the cardiac caecum and in the greater curvature part of the 

corpus. In the pyloric tube this bundle formation is not 

so evident. The pyloric valve is quite thin, and extends 

well into the lumen of the gut. 

Tunica submucosa.—This fairly thin layer forms 

rugal folds that are highly branching, and tend to become 

transverse in the corpus of the stomach, as in Glossophaga. 

Very few elastic fibers occur in the submucosa of this 

species. 

Tunica mucosa.—The gastric mucosa includes the 

usual types of glands previously described. As in 

Glossophaga, cardiac glands occupy a very narrow band around 

the gastroesophageal junction. The oxyntic glands in the 

cardiac vestibule tend to be rather tall and to be composed 

predominantly of parietal and mucous neck cells. Chief 

cells are more numerous in oxyntic glands of the corpus than 

in those of the cardiac vestibule. The oxyntic, 

transitional, and pyloric gland areas are noted in Fig. 18C. 

Chief cells in the oxyntic glands are of the alpha variety. 

The greatest concentrations of acid 

mucopolysaccharides are in the basal third of the pyloric 
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glands, and in the cardiac glands. Within the transitional 

gland area, particularly along the lesser curvature, acid 

mucopolysaccharides are scattered throughout the glands. 

Specimens examined (5).—13134-13139. 

Genus Anoura 

Alvarex and Quintero (1970) stated that members of 

this genus are probably facultative pollenivores. Brosset 

(1966) seemed to feel that they were primarily 

pollenivorous, but might possibly be fruguivorus as well. 

Forman (1971^) has provided a description of the gastric 

morphology of Anoura geoffroyi. 

Anoura geoffroyi 

The stomach of this species (Fig. 18E) is basically 

simple and in most regards resembles that of Glossophaga 

and Lonchophylla. A well-defined cardiac vestibule is 

present, and the cardiac caecum is moderately developed, 

having a more pointed apex than that of Glossophaga. Sulci 

in the stomach wall are present, but generally are less 

distinct than in previously mentioned glossophagines. The 

pyloric tube is poorly differentiated. 

Tunica muscularis.—This tunic corresponds rather 

well to that described for Glossophaga and Lonchophylla. 

Elastic fibers are restricted to the muscularis of the 

cardiac caecum. The musculature of the cardiac vestibule is 

quite thin although there is a suggestion of a muscular 
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valve at the- vestibulocaecal junction. The pyloric valve 

is exceedingly thin. 

Tunica submucosa.—Rugae formation by this tunic is 

essentially as described for Lonchophylla. Elastic fibers 

are uncommon in the gastric submucosa of this species. 

Tunica mucosa.—The mucosa varies from 100 to 200 

microns in thickness, the thicker portion generally being 

in the cardiac vestibule. Cardiac glands form an extremely 

narrow band around the gastroesophageal junction. Oxyntic 

glands in the vestibule differ from those elsewhere in being 

taller and containing very few chief cells, all of which 

are alpha. Oxyntic glands proper occupy the cardiac caecum 

and extend aborally into the corpus only to a place 

coinciding with the aboral-most corpovestibular junction. 

These glands possess fewer chief cells than either 

Glossophaga or Lonchophylla. Transitional glands (Fig. 21) 

occupy a wide area, roughly coinciding to the aboral bend 

of the stomach. Although parietal cells predominate in 

these glands, mucous gland cells are numerous; primarily at 

or near their bases. Typical, simple tubular pyloric glands 

occupy the narrow zone adjacent to the pyloric valve. 

Hale positive mucins are generally restricted to the 

glands of the cardiac vestibule. Aldehyde fuchsin positive 

mucins coincide with those that are Hale positive in the 
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vestibule, but in addition, include mucous neck cells 

throughout the gastric mucosa. 

Specimens examined (3).—13169-13171. 

Genus Choeronycteris 

According to Villa (1967) and Alvarez and Quintero 

(1970), members of this genus feed on nectar and pollen. 

Choeronycteris mexicana 

The stomach of this species resembles that of 

Anoura (Fig. 18E) and is simple, having a well-defined 

cardiac caecum, cardiac vestibule, and a general tubular 

corpus. The pyloric tube is slightly recurved. 

Tunica muscularis.—The muscularis is rather thin, 

exceptionally so in the cardiac vestibule. The inner 

circular layer forms a distinct muscular flap at the 

vestibulocaecal junction, a structure noted in Anoura 

geoffroyi. Also, as in Anoura, the pyloric valve is quite 

thin. The muscularis of the cardiac caecum and greater 

curvature contains few elastic fibers. 

Tunica submucosa.—This very thin layer of areolar 

connective tissue forms rugae that are both longitudinally 

and transversely oriented. They branch extensively in the 

greater curvature half of the stomach, but tend to be ^ 

oriented longitudinally along the lesser curvature. 

Tunica mucosa.—This tunic is essentially as 

described for Anoura, except that the chief cells in 
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Choenycteris are even less numerous and the oxyntic gland 

area is somewhat less extensive. 

Specimen examined (1).—W. J. Bleier 608. 

Genus Choeroniscus 

According to Brosset (1966), members of this genus 

probably feed on pollen and fruit juice, although insects 

may also be included. 

Choeroniscus godmani 

The stomach of this species (Fig. 18D) is simple, 

having a well-defined cardiac vestibule, a moderately 

developed cardiac caecum, and a well-differentiated but 

short pyloric tube that shows slight signs of a helical 

recurvature. The wall of the corpus has numerous transverse 

sulci. 

Tunica muscularis.—This layer is generally quite 

thin in all but the pyloric tube portion of the stomach. 

Although there is a slight thickening of the musculature at 

the vestibulocaecal junction, no distinct flap exists as 

noted for some other glossophagines. The pyloric valve is 

thin, but somewhat thicker than that of Lonchophylla. 

Tunica submucosa.—This tunic tends to be quite 

thin, forming rugae that resemble those of other 

glossophagines already discussed. 

Tunica mucosa.—The most distinguishing 

characteristic of the gastric mucosa of this species is the 
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degree to which the cardiac glands are developed. In the 

specimens I have examined, the cardiac glands form a 

relatively broad (200-400 microns) band around the 

gastroesophageal junction. Oxyntic glands contain 

extremely limited numbers of alpha chief cells, and are 

restricted to the cardiac caecum and vestibule. Parietal 

cells are the predominant cell type in both transitional 

and oxyntic glands, the transitional glands (Fig. 23) 

altogether lack chief cells. Mucous gland cells are 

notably absent from the mucosa of this species. 

The cardiac glands are Hale positive as are some 

cells scattered throughout the mucosa. 

Specimens examined (3).—13107, 13112-13113. 

Genus Hylonycteris 

Alvarez and Quintero (1970) considered members of 

this genus to be pollenivorous. 

Hylonycteris underwoodi 

The stomach of this species (Fig. 18B) is simple, 

with a well-developed cardiac caecum and a decidedly helical 

pyloric tube. Sulci in the wall of the stomach are 

relatively deep and numerous. 

Tunica muscularis.—The muscularis varies considerably 

in thickness. The inner circular layer is thrown into 

discrete bundles throughout the stomach. The pyloric valve 

is extremely thin, but extending well into the lumen of the 
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gut. A muscular flap is absent from the vestibulocaecal 

junction. Elastic tissue is mainly a component of the outer 

longitudinal layer. 

Tunica submucosa.—Rugal folds formed by the 

submucosa are predominantly longitudinally oriented. 

Although some branching and anastomosing of the folds occur, 

it appears to be less than in Glossophaga. 

Tunica mucosa.—Alpha chief cells are quite numerous 

in the oxyntic gland area, which includes the cardiac caecum, 

cardiac vestibule, and a portion of the corpus. 

Transitional glands (Fig. 22), occupying a broad zone (see 

Fig. 18B), contain large numbers of mucous gland cells. 

Specimens examined (3).—13140-13142. 

Genus Leptonycteri s 

The systematics of this genus are assumed to be as 

understood by Davis and Carter (1962). Species of 

Leptonycteris are probably primarily pollenivorous 

(Hoffmeister and Goodpaster, 1954; Alvarez and Quintero, 

1970) although they have been regarded by some (Cockrum and 

Hayward, 1962; Baker and Cockrum, 1966; Rouk and Glass, 1970) 

to be nectivorous. Brosset (1966) suggested that these bats 

feed on pollen, flowers, and fruit. 

Leptonycteris sanborni 

The gastric morphology of this species has been 

described by Rouk and Glass (1970). The stomachs of two 
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specimens I obtained recently correspond well to that 

description, although I was unable to identify any chief 

cells in the mucosa. If they occur at all, they must be 

quite rare. The well-differentiated pyloric tube is 

recurved in a helical fashion, resulting in the 

"asymmetrical" condition observed by Rouk and Glass (1970). 

Specimens examined (2).—W. J. Bleier 609-610. 

Leptonycteris nivalis 

The gross morphology of the stomach of this species 

(Fig. 18F) is essentially similar to that of L. sanborni. 

The single specimen I had was judged to be unsuitable for 

histological study. 

Specimen examined (1).—David Easterla, no catalogue 

number. 

Genus Lichonycteris 

The biology of these bats is poorly known. I 

assvime they are pollenivorous or nectivorous, or both. 

Lichonycteris obscura 

The stomach of this species is quite similar to that 

of Leptonycteris. A cardiac vestibule is well developed; 

a cardiac caecum is present, but small; and the aboral, 

tubular portion is strongly recurved in a helical fashion 

(Fig. 18G). Clearly delineated sulci are present in the 

wall of the corpus. 
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Tunica muscularis.—The muscularis is generally 

quite thin in all but the aboral, tubular portion of the 

stomach. Elastic fibers do not appear to be niomerous, but 

are somewhat more so in the outer longitudinal layer. The 

pyloric valve is quite thin, seemingly a characteristic 

of the Glossophaginae. 

Tunica submucosa.—This tunic is not extensive 

anywhere, but tends to be somewhat more so in the pyloric 

tube. Rugal folds are not so extensive nor highly branching 

in this species as in most other glossophagines. 

Tunica mucosa.—The mucosa tends to be rather thin 

(100-150 microns) and contains glands that are predominantly 

simple tubular. Some glands in the transitional and pyloric 

gland areas are branched. Alpha chief cells are present, 

but not numerous in the oxyntic glands, although parietal 

cells are quite numerous. Transitional glands contain 

mucous gland cells and parietal cells as well as scattered 

mucous neck cells. 

Hale positive mucins are generally restricted to 

the deeper regions of glands in the vestibule and in the 

transitional glands. 

Specimens examined (8).—13114, 13116, 13118-13119, 

13123-13124, 13127-13128. 

Subfamily CAROLLIINAE 

Of the two genera (Carollia and Rhinophylla) 
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included in this subfamily, I have examined only members of 

the genus Carollia. Members of this genus show in their 

dentition a specialization for a fruguivorous food habit, 

the tendency being toward molariform or crushing teeth. 

The systematics of the genus Carollia have been extensively 

reviewed by Pine (1972). 

Gfenus Carollia 

There are four generally recognized species in this 

genus. They all seem to be fruguivorous (Greenhall, 1956, 

1957; Pine, 1972), although they may be omnivorous (Arata 

et̂  al. , 1967) . 

Carollia perspicillata 

The external morphology of the stomach in this 

species (Fig. 18H) is highly variable, more so than in any 

other species I have examined. Generally, the stomach is 

quite simple but usually with a well differentiated pyloric 

tube. In some specimens the cardiac caecum is moderately to 

well developed, whereas in others (Fig. 5) it is virtually 

absent. There was no cardiac vestibule in specimens 

examined by me. 

Tunica muscularis.—Both layers in the cardiac caecum 

and greater curvature seem to be segmentally arranged. This 

segmental arrangement, however, disappears in the aboral, 

tubular portion of the stomach. Generally, the inner 

circular layer is the thicker of the two, particularly so in 
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the aboral tubular portion. Elastic tissue is most common 

in the outer longitudinal layer. The pyloric valve is only 

moderately developed, more like that of glossophagines than 

that of phyllostomatines. 

Tunica submucosa.—This tunic is rather thin, and 

forms rugae that are branching, transverse and longitudinal 

on the greater curvature side of the stomach, but 

predominantly longitudinal along the lesser curvature. 

Elastic fibers are fairly common in the submucosa. 

Tunica mucosa.—The oxyntic glands (Fig. 24) tend 

to be somewhat short (generally 120-170 microns) and empty 

into fairly deep pits. Parietal cells are fairly numerous, 

somewhat more so than the alpha chief cells. In the 

transitional glands (Fig. 25) the chief cells are replaced 

by mucous gland cells, parietal cells remaining fairly 

numerous. Pyloric glands (Fig. 25) contain mucous neck cells 

and lack both mucous gland cells and parietal cells. 

Acid mucopolysaccharides are common in cardiac, 

transitional and some pyloric glands. 

Specimens examined (3).—13179-13180, 13195. 

Carollia castanea 

Histologically, the stomach of this species differs 

little from £. perspicillata. The major difference appears 

to be the relatively extensive cardiac caecum, which is 

somewhat recurved. The esophagus enters the stomach in 
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somewhat closer proximity to the pylorus in C_. castanea 

than in £. perspicillata. 

Specimen examined (1).—13206. 

Carollia subrufa 

The stomach of this species most closely resembles 

that of C. perspicillata, except that a moderate cardiac 

vestibule is present. 

Specimens examined (3).—13182, 13198-13199. 

Subfamily STENODERMINAE 

This subfamily is represented by a rather large 

array of species, most of which are considered fruguivorous. 

Based on the findings of de la Torre (1961), Baker (1967), 

and Gardner and O'Neille (1969) the sturnirines, formerly 

recognized as a distinct subfamily, have been included in 

the Stenoderminae. 

Genus Sturnira 

Three of the eleven or so nominal species of this 

genus have been examined by me. Ostensibly, all of these 

species are fruguivorous (see Fleming et̂  al̂ . , 1972) . 

Sturnira mordax 

The stomach (Fig. 27A) of the one specimen I 

examined is basically simple, with a well-defined, fairly 

large cardiac vestibule. A cardiac caecxam is only slightly 
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developed, arid the aboral, tubular portion only moderately 

differentiated. 

Tunica muscularis.—This tunic is bilaminate, and is 

not substantially different from that of phyllostomatids 

generally. The pyloric valve is extremely poorly developed, 

being virtually absent on the greater curvature side of the 

stomach and only weakly developed on the lesser curvature. 

The gastroduodenal junction is, however, clearly marked by 

an abrupt decrease in thickness of the muscularis. 

Tunica submucosa.—Generally rugae formed by this 

tunic are longitudinally oriented, although numerous 

branches forming transverse secondary folds are present. 

Elastic fibers are present, but not numerous. 

Tunica mucosa.—Rather typical cardiac glands 

surround the gastroesophageal junction and occupy a region 

about 200 to 300 microns wide. Oxyntic glands (Fig. 26) 

occupy the cardiac vestibule, the small cardiac caecum and 

a portion of the corpus (see Fig. 27A). Definite and 

numerous alpha chief cells occupy the basal third of these 

glands, although a few mucous gland cells (that are Hale 

positive, aldehyde fuchsin negative) seem to be randomly 

distributed between some of the chief cells. As oxyntic 

glands disappear, transitional glands, the major components 

of which are mucous gland cells, become increasingly more 

apparent. The lower half of transitional glands are almost 

exclusively mucous gland cells, although one can 
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occasionally'find a parietal cell in this region. Upper 

regions of the glands are predominantly parietal cells and 

mucous neck cells. The size difference between mucous gland 

cells and other glandular elements result in a "coke bottle" 

shape of these glands, the area of the glands in which 

mucous gland cells are absent being taken up by an increase 

in the thickness of the lamina propria. Pyloric glands are 

essentially as described for transitional glands except that 

parietal cells are lacking. 

In discussing the stomach of £. lilium, Forman (1972) 

described the mucous gland cell complement in the pylorus 

as "Brunner's glands," further stating that these glands 

emptied into the lumen of the stomach by ducts that were 

not a part of the pyloric glands. Unfortunately, there is 

no definitive work to differentiate between cells normally 

referred to as mucous gland cells and those that make up 

the glands normally referred to as Brunner's glands. 

However, it is quite apparent that these glands are 

definitely continuous with the remaining portion of the 

mucosa, i.e., the upper portions of the glands of which 

they are associated. The usual criterion for defining 

Brunner's glands is that, they are submucosal. The only 

useful criterion for determining whether or not a structure 

is submucosal or not is based on the muscularis mucosae, 

which delimits the lower extremity of the tunica mucosa. 

Anyone that has examined Brunner's glands in a "normal" 
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animal is aware that the muscularis mucosae is not 

necessarily continuous nor entirely obvious. Therefore, 

the question of the existence of these glands in the stomach 

of Sturnira is purely an academic one, inasmuch as the cells 

aboral to the pyloric valve are identical to those orad to 

it. 

Specimen examined (1).—13044. 

Sturnira lilium 

Although the gastric histology of £. lilium is quite 

like that of S_. mordax, there are external features that 

readily separate the two (compare Fig. 27A and B). In this 

species, a well-developed cardiac vestibule and caecum are 

present. The corpovestibular and vestibulocaecal junctions 

are marked by distinct sulci that anastomose near the 

midregion of the stomach. The single sulcus so formed 

continues around the stomach, where a similar arrangement 

of sulci exists. A well-differentiated, long pyloric tube 

is present. See Forman (1972) for a description of the 

gastric histology in this species. 

Specimens examined (4).—13048, 13060-13061, 13067. 

Sturnira ludovici 

Although somewhat more robust than that of 

£. lilium, the general plan and gland types seem to be the 

same, (see Figs. 26, 29 and 31) 

Specimen examined (1).—13045. 
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Genus Uroderma 

At present, there are two recognized species 

included in the genus Uroderma (see Davis, 1968). Baker and 

McDaniel (1972) described a new subspecies that may prove to 

be specifically distinct. Baker, Atchley, and McDaniel (1973) 

have reviewed the systematics of Uroderma bilobatum. 

Uroderma bilobatum is known to eat bananas and other 

fruit (Bloedel, 1955; Fleming et al., 1972). 

Uroderma bilobatum 

The gross morphology of the stomach of this species 

resembles that of £. lilium and S_. ludovici, except that the 

cardiac vestibule and particularly the cardiac caecum are 

more highly developed in Uroderma (see Fig. 27F). 

Tunica muscularis.—This tunic is quite thin 

everywhere except in the pyloric tube and in the sulci, 

where the muscularis is somev/hat thicker. Generally, the 

inner circular layer is the thicker of the two. Moderate to 

few numbers of elastic fibers occur in the muscularis of the 

caecum and only a very few are found elsewhere. 

Tunica submucosa.—This layer is quite thin and 

forms rugal folds that are generally longitudinally oriented, 

although some transverse branching occurs. Moderate amounts 

of elastic tissue are present in this layer. 

Tunica mucosa.—The mucosa forms a glandular layer 

100 to 200 microns thick in which the usual four gland types 
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are contained. Typical mucous cardiac glands form a narrow 

band around the gastroesophageal junction. Oxyntic glands 

contain numerous parietal cells and moderate numbers of 

chief cells at or near their bases. Gastric pits are absent 

or extremely shallow in this region. Parietal cells differ 

from "typical" ones in the position of the nucleus. 

Generally parietal cells have more or less centrally placed 

nuclei, whereas those in this species (and all other 

Stenodermines that I have examined) have basally positioned 

nuclei. Chief cells (beta) also differ from those 

previously discussed by virtue of their staining affinities. . 

The zymogen granules in these cells have no acidophilic 

properties, in contrast, alpha chief cells previously 

discussed have zymogen granules that are highly acidophilic. 

Transitional glands contain predominantly parietal 

cells and empty into pits somewhat deeper than those in the 

oxyntic gland area. Pyloric glands are composed almost 

entirely of mucous gland cells and empty into rather deep 

pits. Mucous gland cells in the upper portions of the 

glands are Hale and aldehyde fuchsin positive, whereas those 

at the base are negative. There are some mucous neck cells 

in and near the cardiac glands that also are positive to 

these two stains. Brunner's glands are absent in this 

species. 

Specimens examined (16).—12633, 12650-12652, 

12654-12658, 12636, 12649, 12662, 12670-12671, 12690, 12711. 
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Uroderma magnirostrum 

The stomach of this species is essentially as 

described for U. bilobatum. 

Specimens examined (2).—12665-12666. 

Genus Vampyrops 

Bats included in this genus are assumed to be 

fruguivorous. Handley and Ferris (1972) suggested they may 

feed primarily on fruit juice. 

Vampyrops helleri 

The gross morphology of the stomach (Fig. 27E) is 

very much like that of Uroderma, the primary difference being 

that the cardiac vestibule is somewhat broader in 

V. helleri. 

Tunica muscularis.—This tunic is essentially like 

that described for Uroderma. The pyloric valve is fairly 

long, but thin. 

Tunica submucosa.—The rugal folds formed by the 

submucosa tend to be transverse in the cardiac caecum, 

branching and anastomising near the cardiac vestibule, and 

primarily longitudinal throughout the aboral, tubular part 

of the stomach. Adipose infiltration is common in this 

tunic. 

Tunica mucosa.—I can find very few qualitative 

differences between the gastric mucosa of Vampyrops helleri 
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and Uroderma. Brunner's glands are absent also in this 

species. 

Specimens examined (2).—12887, 13283. 

Vampyrops vittatus 

The stomach of V. vittatus (Fig. 27G) is 

considerably larger than that of V. helleri. The cardiac 

caecum is relatively more extensive and laterally recurved. 

There is, as mentioned for V. helleri, moderate amounts of 

adipose tissue in the submucosa. Oxyntic glands (Fig. 30) 

are essentially as described for Uroderma. Mucous gland 

cells are a dominant part of the pyloric glands (Fig. 32), 

as mentioned for several other species. Unlike Uroderma and 

V. helleri, the mucous gland cells of V. vittatus are 

generally Hale negative, the Hale positive mucins being 

contained in mucous neck cells and some mucous surface cells. 

Brunner's glands are present and quite extensive in 

V. vittatus. 

Specimen examined (1).—12891. 

Genus Vampyrodes 

According to Brosset (1966), this genus should also 

include Vampyressa and Vampyriscus, although gave few 

reasons for so doing. I prefer to recognize the three 

genera as distinct until evidence to the contrary can be 

supplied. I assume this group to be fruguivorous (see 

Fleming et al., 1972). 
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Vampyrodes major 

The stomach of this species resembles that of 

Uroderma, except that the cardiac vestibule has all but lost 

any association with the cardiac caecum. There is a small 

region where the two are contiguous, but the major 

association seems to be with the tubular portion of the 

stomach. The well-developed cardiac caecum is strongly 

recurved. 

Tunica muscularis.—Throughout most of the stomach 

the muscularis is fairly thin, although the pyloric tube 

tends to be somewhat thicker. There are two major 

sphincter mechanisms formed by localized thickenings of the 

inner circular layer. The most obvious one is of course 

the pyloric valve, which, rather than extending transversely 

into the liomen of the gut as is usually observed at the 

gastroduodenal junction, the valve is parallel to the 

orientation of the gut (see Fig. 31 in Forman, 1972). The 

other one occurs at the junction between the cardiac 

vestibule and the aboral, tubular stomach. Moderate 

amounts of elastin are present in the muscularis, being 

somewhat more concentrated in the outer longitudinal layer 

of the cardiac caecum. 

Tunica submucosa.—The submucosa forms rather tall 

rugal folds that are longitudinally oriented. 

Tunica mucosa.—A relatively broad band of cardiac 

glands surrounds the gastroesophageal junction. The glands 



51 

occupying the mucosa in the remaining portion of the cardiac 

vestibule contains mostly oxyntic glands although some 

transitional glands are present near the junction with the 

tubular stomach. Oxyntic glands occupy the entire cardiac 

caecum and are quite uniform in height and cellular 

components. The lower one-fourth contains beta chief cells, 

the midregion parietal cells and the upper, mucous portions 

empty into shallow pits. The mucins contained in these cells 

are moderately Hale and aldehyde fuchsin positive. 

Transitional glands, lacking chief cells, contain niomerous 

Hale positive mucous cells as well as momerous parietal 

cells. As in Vampyrops, the parietal cells contain nuclei 

that are quite near the cell membrane rather than central. 

Pyloric glands are almost exclusively Hale positive mucous 

glands. There are no Brunner's glands in this species. 

Specimens examined (6).—12737-12738, 12851-12852, 

12854-12855. 

Genus Vampyressa 

The systematics of this genus and the species it 

includes was reviewed by Peterson (1968). These species 

seem to be fruguivorous (Fleming et̂  al., 1972) . 

Vampyressa pusilla 

The gross morphology of the stomach of this species 

is quite similar to that of both Vampyrodes and Vampyressa 

nymphaea (see Fig. 27D). 
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Tunica muscularis.—As seen in the stomachs of 

species previously discussed, this layer is rather thin and 

contains few elastic fibers. The pyloric valve is fairly 

thin and enters the lumen of the gut at an oblique angle. 

Tunica submucosa.—This tunic is essentially as 

described in Vampyrodes. 

Tunica mucosa.—The gland types are essentially as 

in Vampyrodes. All glands contain extensive amounts of Hale 

and aldehyde fuchsin positive mucin. Brunner's glands are 

absent. 

Specimens examined (6).--12894-12896, 12899, 12900, 

12904. 

Vampyressa nymphaea 

Very similar to V. pusilla in all respects. As in 

V. pusilla, Brunner's glands are absent. 

Specimens examined (4).--12610-12612, 12905. 

Genus Chiroderma 

Based on Brosset's (1966) comments, I assume members 

of this genus are fruguivorous. 

Chiroderma villosum 

The stomach of this species (Fig. 27N) is quite 

unusual. A relatively small cardiac vestibule enters the 

aboral, tubular portion of the stomach, forming a more or 

less distinct T. The vestibule is separated from the fundic 
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caecum by a well-defined tube. The pyloric tube enters the 

duodenum laterally, forming a distinct duodenal caecum, the 

extent of which is somewhat variable from individual to 

individual. 

Tunica muscularis.—The muscularis is somewhat more 

complex in this species than others previously described. 

The musculature of the cardiac vestibule is thin, but abruptly 

thickens at the tubulovestibular junction. The musculature 

of the tubular portion is relatively thick and contains a 

third incomplete inner oblique layer that appears to be 

continuous with portions of the inner circular layer of both 

the vestibule and caecxam. The caecal musculature is 

similar to that of the vestibule. A distinct pyloric valve, 

in many ways resembling the ileocolic valve of humans, 

protrudes well into the duodenum. 

Tunica submucosa.—In all but the pyloric tube, this 

layer is quite thin. Rugal folds are quite numerous, tall, 

and extensively branched and anastomosed. 

Tunica mucosa.—A narrow band of cardiac glands, the 

cells of which are strongly Hale and aldehyde fuchsin 

positive, surrounds the gastroesophageal junction. The 

remaining vestibular mucosa contains oxyntic glands, the 

basal one-fourth to one-fifth of which contain beta chief 

cells. Parietal cells in these glands are similar to those 

of most stenodermines in being laterally displaced. 

Oxyntic glands occupy the mucosa of the main body (caecum) 
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of the stomach and are rather remarkable in the extremely 

large numbers of chief cells contained within them. These 

oxyntic glands average 150 to 175 microns in height, of 

which 120 to 150 microns contain exclusively beta chief cells, 

Transitional glands occupy a narrow zone in the tubular 

portion of the stomach abruptly giving way to pyloric glands, 

which occupy the majority of the tubular portion aborad the 

tubulovestibular junction. Mucous neck cells in the 

transitional glands are Hale positive, and virtually all 

cells in the pyloric glands are strongly Hale and aldehyde 

fuchsin positive. Brunner's glands are absent. 

Specimens examined (6).—12780-12783, 12792, 12795. 

Chiroderma salvini 

The stomach of C_. salvini is essentially as 

described for C. villosum. 

Specimens examined (5).—12806-12810. 

Genus Artibeus 

This large group of bats is perhaps the most 

successful of the phyllostomatids, several species being 

especially numerous in cultivated agricultural lands of 

Central and South America. They are primarily fruguivorous 

(Goodwin and Greenhall, 1961; Tuttle, 1968; Fleming et al., 

1972). 

Forman (1972) provided an excellent description of 

the gastric morphology of A. lituratus, which differs little 
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in most respects from those species I have examined, at 

least in qualitative respects. 

I have examined stomachs from A. aztecus; 

A. inopinatus; A. jamaicensis; A. lituratus; A. phaeotis; 

A. tolteus; and A. watsoni (see Fig. 27H-K). Generally, I 

have relied on the papers of Davis (1958, 1969, 1970) and 

Davis and Carter (1964) in the application of names of 

Artibeus. 

As observed by Forman (1972), parietal cells are 

quite numerous in oxyntic glands (Fig. 28), which also 

contain beta chief cells. Transitional glands are 

extremely limited in distribution (also noted by Foiman, 

1972). 

Mucins that are both Hale and aldehyde fuchsin 

positive are most abundant in the pyloric glands (Figs. 33 

and 34), although the neck, or midregion, of virtually all 

glands contain Hale positive mucins. Generally, mucous 

surface cells have no reaction to either Hale's colloidal 

iron or to aldehyde fuchsin. Mucous gland cells are a 

dominant component of the pyloric glands. 

Brunner's glands are present in most species that I 

examined, A. tolteus being a notable exception. 

Specimens examined (32).—A. aztecus, 12907-12914; 

A. inopinatus, 12915-12918; A. jamaicensis, 13017-13019, 

13026-13028, 13030; A. lituratus, 12994, 13001, 13004; 
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A. phaeotis, 12965-12967, 12986-12987; A. tolteus, 

13277-13279; A. watsoni, V. R. McDaniel 1764, 1729. 

Genus Centurio 

This genus is represented by a single species, 

Centurio senex, a rather bizarre-looking bat, which Goodwin 

(1946) thought to be the most specialized member of the 

Stenoderminae. Although no careful studies have been 

published regarding the food habits of this bat, it is 

generally regarded as fruguivorous. 

Centurio senex 

The stomach (Fig. 27L) is very much like that of 

Artibeus, except that the cardiac vestibule is 

proportionately more dominant, and it would be difficult to 

differentiate between the figure of the stomach of 

A. lituratus in Forman (1972) and my figure of the stomach 

of Centurio. A grossly visible light on dark pattern occurs 

in the stomach of C. senex that is reminiscent of the rugal 

fold pattern in A. lituratus figured by Forman (1972). 

Tunica muscularis.—This layer is rather thin except 

in the pyloric tube (where it is moderately thick) and in 

the sulcus that separates the cardiac vestibule from the 

caecum of the stomach. The musculature of this sulcus 

differs from any other I have observed by virtue of its 

containing numerous striated muscle fibers. The pyloric 

valve is essentially as in Arteb'eus (see Forman, 1972) . 
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Tunica submucosa.—The submucosa in the stomach of 

C. senex is remarkable in but one respect. Virtually all 

of the gastric submucosa is composed of adipose tissue, 

connective tissue being an extremely minor component. The 

light on dark pattern that can be seen by gross examination 

of the stomach is due to the adipose content of the 

submucosa at the base of rugal folds. 

Tunica mucosa..—As in all bats I have examined, a 

narrow band of cardiac glands surround the gastroesophageal 

junction. Most of the cardiac vestibule and cardiac caecum 

are occupied by oxyntic glands in which beta chief cells 

occupy the lower one-fourth of the glands. Gastric pits 

in these regions are very shallow or lacking entirely. A 

transitional gland zone that is somewhat broader than that 

seen in Artibeus is restricted to a small area of the aboral 

tubular region of the stomach. Pyloric glands, the major 

components of which are mucous gland cells, occupy the major 

portion of the tubular stomach. Most of the cells in the 

pyloric gland area, except surface mucous cells, are Hale 

and aldehyde fuchsin positive. Brunner's glands are absent 

in C. senex. 

Specimens examined (6).—13071-13076. 

Subfamily PHYLLONYCTERINAE 

Unfortunately, I have examined the stomach of only 

one specimen of a phyllonycterine, Brachyphylla cavanarum. 
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the status of which, as a member of the subfamily 

Phyllonycterinai, is in question. Silva-T. and Pine (1969) 

provided rather convincing evidence for including 

Brachyphylla in this subfamily. My observations suggest 

that Brachyphylla is certainly not a stenodermine, as 

treated by Hall and Kelson (1959). 

Silva-T. and Pine (1969) suggested that the 

phyllonycterines were pollenivorous and fruguivorus. 

Brachyphylla cavernarum 

The basic plan of the stomach in this species 

(Fig. 36A) is simple, but it has a number of specializations 

that I did not find in other phyllostomatids.. First, the 

esophagus enters the stomach extremely near the pylorus, 

resulting in a very short lesser curvature. Secondly, the 

cardiac caecum, which is quite extensive, bends abruptly 

craniad. There is a suggestion, although indefinite, of a 

sphincter at this bend. The aboral tubular portion is 

poorly differentiated. 

Tunica muscularis.—This tunic is bilayered and 

relatively thick when compared to that of a stenodermine. 

The inner circular layer forms a thin valve at the 

gastroduodenal junction. 

Tunica submucosa.—Rugae formed by this layer are 

generally longitudinally oriented. 

Tunica mucosa.—The mucosa of this species is 
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unique in containing no chief cells whatsoever. Oxyntic 

glands (Fig. 35) contain predominantly parietal cells, 

whereas transitional glands (Fig. 37) are a mixture of 

parietal and mucous gland cells. Oxyntic glands (sans chief 

cells) occupy the entire caecum and the corpus. There is a 

fairly well-defined aboral "elbow," some of which is 

occupied by transitional glands. However, most of the 

aboral, semitubular stomach contains pyloric glands 

(Fig. 38) which possess mucous gland cells. Brunner's 

glands are absent. 

Specimen examined (1).—TK-1727. 

Subfamily DESMODONTINAE 

This group was long regarded as a distinct family, 

but its recent inclusion (Forman et al., 1968) in the 

Phyllostomatidae has been generally accepted. All members 

of the Desmodontinae are sanguivorous, Desmodus being the 

only one that habitually feeds on mammalian blood. 

Diphylla and Diaemus are thought to feed principally on 

avian blood. 

Desmodus rotundus 

The gastric morphology of this species has been 

described by Huxley (1865), Rouk and Glass (1970) and 

Forman (1972). 
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Diaemus youngi 

No descriptions of the gastric morphology of this 

species has been heretofore published. On the basis of the 

single specimen examined, this species is essentially 

identical in gastric morphology to Desmodus, except that the 

terminal caecal differentiation is not as well marked in 

Diaemus (Fig. 36B) as it is in Desmodus. 

One notable difference in the mucosa of Diaemus is 

that the surface columnar epithelial cells are strongly 

Hale positive in the very limited region of the cells 

between their nuclei and luminal surface (see Fig. 39). 

Specimen examined (1).—13106. 

Diphylla ecaudata 

Histologically, Diphylla differs little from other 

vampire bats (see Fig. 40), the major difference being in 

gross morphology (Fig. 36C). Semilunar folds divide the 

stomach into haustrae that closely resemble those in the 

human colon. 

Specimens examined (3).—Uncatalogued specimens in 

Baylor University collection of mammals. 

DISCUSSION 

There are two obvious adaptive changes associated 

with the stomach in the Phyllostomatidae. The first is 

associated with gross morphology, and in some cases is the 

most obvious one. The second is associated with the 
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mucosa, which is undoubtedly the most physiologically 

significant of the two. 

In the Phyllostomatinae, a basic, simple plan is 

evident. Generally, the only trend, or specialization, 

associated with the gross morphology of the stomach is a 

possible increase in the globular nature of the stomach as 

seen especially in the larger species (Phyllostomus 

hastatus and Vampyrum spectrum). Forman (1972) suggested 

that elongation of the stomach is associated with increased 

volume of food ingested, a suggestion that certainly cannot 

be discounted. An elongation, or differentiation of the 

terminal, pyloric tube portion of the stomach in some of the 

Phyllostomatinae is evident, although the functional 

significance of this elongation is obscure. It is 

interesting to note (as Forman also noted) that similar 

trends are evident in the Insectivora (Myrcha, 1967). 

The general lack of a cardiac vestibule in the 

phyllostomatines can probably be regarded as a lack of 

specialization. The cardiac caecum, similar in most 

respects to that of basically simple stomachs, varies 

considerably in extent, but is always present. According 

to anatomical convention, a caecum is any blind pouch, thus 

the usual terminology regarding the fundic, or cardiac 

caecum. Hart (1971) asserted that no caecum exists in the 

stomachs of nonfruguivorous bats, a statement that is 

obviously incorrect. 
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There is a great deal of variation in the gastric 

mucosa of phyllostomatines, particularly with respect to its 

depth. In many respects, the variation between species is 

less obvious than the variation among members of a species, 

or for that matter, within a single stomach. It is 

apparent that the degree of distension is quite important in 

determining the thickness of the mucosa. 

Generally, the chief and parietal cell components 

of oxyntic glands are quite like those of insectivorous 

molossids and vespertilionids (Rouk and Glass, 1970; Forman, 

1972). It would seem apparent that this condition is 

correlated with a diet generally high in protein. Gastric 

mucopolysaccharide production is a difficult subject to 

analyze, particularly because the functional relationships 

among them are so poorly understood. Forman (1971b, 1972) 

has devoted a great deal of work to characterizing mucous 

components in the gastric mucosa of bats. Generally, my 

observations agree with his. Biochemical and physiological 

studies that can be correlated with histological and 

histochemical studies are needed. 

In summary, it would appear that the stomach of 

phyllostomatines possess few specializations. This should 

allow a more generalized, or diversified diet by members of 

this group. 

The gastric morphology of the glossophagines clearly 

suggests adaptive specialization and could easily be 
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derived from a phyllostomatine-like ancestor. Although the 

stomachs of glossophagines are basically simple, the 

presence of a well-developed cardiac vestibule clearly 

separates them from the more generalized phyllostomatines. 

Forman (1972) reported that Glossophaga soricina lacks a 

cardiac vestibule, and in another publication (Forman, 1971), 

stated that £. comissarisi has a well-developed one. All 

specimens of Glossophaga (including G. soricina) that I 

examined had a well-developed cardiac vestibule. It is 

difficult to provide an explanation for this paradox, 

except that possibly we are dealing with more than one 

species, or that the different observations simply reflect 

variation within a species. 

Two significant developments in gastric morphology 

are apparent in the Glossophaginae. Glossophaga soricina 

(in part), Lichonycteris obscura, Leptonycteris sanborni, 

and L. nivalis have subhelical recurvatures of the pyloric 

tube, differing from all other glossophagines, which have 

a poorly differentiated pyloric tube. The other 

development involves Leptonycteris sanborni, in which chief 

cells are virtually absent. Presumably, other species of 

Leptonycteris are similar in this respect, although I have 

no direct histological evidence. There is a definite trend 

within the glossophagines toward a reduction in the chief 

cell complement although parietal cells remain a dominant 

cell type within the gastric mucosa. 



64 

The food habits of the Glossophaginae are 

associated with, if not entirely dependent upon, nectar and 

pollen (see especially Alvarez and Quintero, 1970). Rouk 

and Glass (1970) suggested that Leptonycteris sanborni was 

nectivorous and implied that pollen found in gastrointestinal 

tracts (Hoffmeister and Goodpaster, 1954) might have been 

taken incidentally as a biproduct of nectar feeding. It 

would immediately seem energetically disadvantageous for 

an animal to process such a large quantity of nonusuable 

dietary substrate, but recently, it has been shown that 

amino acid components of pollen grains are readily extracted 

in an acid medium (D. J. Howell, personal communication). 

If the acid medium supplied by parietal cells in the 

stomach of glossophagines is competent to extract these 

amino acids (and perhaps some proteins) from pollen grains, 

then it would seem logical that the evolutionary scheme 

within this group has been toward processing pollen grains. 

Perhaps the nectivore habit is an additional, but secondary, 

specialization that supplies an easily assimilated, but 

efficient, energy source. Obviously, the general presence 

of parietal cells within the Mammalia (assximing the 

hydrocholoric acid secreting role of these cells) should 

preadapt them for pollenivory. It should follow then that 

the difficulties of pollenivory are twofold; one would be 

an adaptation to feeding (see Wille, 1954) on parts of 

flowers, and the other would involve seasonality of 
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flowering. One of the most important attributes of 

glossophagine bats is their highly extrusable tongue (see 

Park and Hall, 1951), an apparent adaptation to feeding on 

the inner parts of flowers. Furthermore, it is often noted 

(but not generally agreed) that bats are, by nature of 

their volant habit, quite vagile. This vagility should 

allow pollenivorous bats to migrate in such a way that they 

could have a year-round source of food. 

The obvious argument against a general specialization 

within the Glossophaginae towards pollenivory is the 

general presence of chief cells within the gastric glands, 

the functional significance of which is generally thought 

to be the production of proteolytic enzymes (or their 

precursors), which function principally to initiate 

breakdown or long-chain, complex proteins. I think the 

best explanation for this is one based on evolutionary 

conservatism. Most glossophagines, having fairly nximerous 

chief cells, are capable of exploiting more kinds of food 

than those that have lost them. Thus, most glossophagines 

are capable of relying on secondary sources of food for 

which they are not primarily adapted, whereas the highly 

specialized species must migrate to insure a constant food 

supply. It is interesting to note that L. sanborni is a 

known migrator (Hoffmeister, 1970), whereas so far as I know, 

most other glossophagines are not. It is, of course, quite 

possible that the migratory habits of Leptonycteris are in 
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response to environmental conditions other than food, but 

correlation is apparent. 

I cannot offer a very plausible explanation for the 

adaptive significance of the subhelical recurvature 

observed in some glossophagines. There is, however, one 

possibility that as far as I know has not been explored. 

The result of this recurvature is that the aboral portion 

of the stomach is juxtaposed to more oral segments of the 

stomach. If the presumed peristaltic initiating potentials 

in the oral regions of the stomach proceed down the 

gastrointestinal tract, and if these initiating potentials 

were of a magnitude to pass directly from oral to aboral 

regions via the intervening (but small) space separating 

the two functionally separated regions, the oral peristaltic 

contractions serving to empty the stomach might be offset 

by simultaneous contractions of the aboral musculature. 

The result of such a postulated system would be to produce 

muscular contractions that mix gastric contents without 

emptying them. Given such a system, emptying would be 

delayed until distension by food forced the two regions 

apart, breaking the "direct" circuit between oral and aboral 

initiating potentials. 

The phylogenetic relationships among glossophagines 

have been questioned on several grounds, including 

karyotypes (Baker, 1967), dentition (Phillips, 1972) and 

gastric morphology (Forman, 1971a). The general concensus 
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of these investigators has been that the Glossophagines 

represent a diphyletic group. Baker's (1967) contention 

predisposes one to look for evidence supporting or 

modifying his conclusions. I am inclined to be somewhat 

conservative in making conclusions about the significance 

of many differences between species as regards gastric 

morphology. The primary reason for this conservatism is 

based on the considerable variation that I have already 

mentioned. However, if a dichotomy exists within the 

Glossophaginae, the only gastric morphological criterion 

that appears to me be of any value is that based on the 

subhelical recurvature (or lack of it) in the aboral portion 

of the stomach. One group would include Lichonycteris, 

Leptonycteris and perhaps Hylonycteris and Glossophaga, 

which possess this recurvature (Hylonycteris only slightly 

so and Glossophaga sometimes), whereas the other group 

would include Choeronycteris, Choeroniscus, Anoura and 

perhaps Lonchophylla. 

Generally, I am impressed more by the similarities 

among glossophagines in gastric morphology than by 

differences. In light of the studies mentioned, all 

suggesting diphyletic origins of glossophagines, the 

similarities in gastric morphology represent a rather 

remarkable example of convergent evolution. 

The Carolliines, here represented by 

C. perspicillata and C. castanea, have stomachs that may be 
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intermediate 'between those found in the phyllostomatines and 

stenodermines. Forman's (1972) description of the stomach 

of £. perspicillata agrees with my observations on 

C. castanea except that the poorly developed cardiac 

vestibule I observed differs somewhat from his observations. 

The stomachs of £. perspicillata that I have examined had 

virtually no vestibule. It seems obvious that this is a 

highly variable character. The major gastric adaptation in 

Carollia is a marked increase in capacity when compared to 

a phyllostomatine or glossophagine of comparable size. 

Additionally, the tubular, aboral segment of the stomach in 

Carollia is well differentiated and recurved (also noted by 

Forman, 1972) a possible adaptation that retards emptying 

of the stomach. 

Gastric morphology in the Stenoderminae is 

obviously highly specialized and suggests some interesting 

relationships. As noted by Forman (1972) , an apparent trend 

in the subfamily relates to two developments. One is the 

expansion of the cardiac vestibule as seen in Sturnira 

lilium and especially in Artibeus lituratus. The other is 

the high degree of differentiation and elongation of the 

aboral, tubular segment of the stomach. However, all species 

of Sturnira that I examined are quite easily and definitely 

separated from other stenodermines (e.g., Artibeus) on the 

basis of several features. The first is the relative lack 

of encroachment of the cardiac vestibule onto the major 
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body of the stomach in Sturnira. In this respect S_. mordax 

least resembles Artibeus. Also, the aboral tubular portion 

of the stomach is markedly less differentiated and recurved 

in Sturnira than in Artibeus. Furthermore, the pyloric 

valve is virtually vestigial in all species of Sturnira, 

whereas it is well developed in stomachs of other 

stenodermines. The encroachment of Hale-positive 

Brunner's-like glands into the gastric mucosa of Sturnira 

is quite spectacular. In other stenodermines, although a 

fairly extensive mucous gland cell component is present in 

glands in the aboral regions of the stomach, there is little 

resemblance that would suggest they were "-Brunner's glands." 

Finally, Sturnira is unique among stenodermines in having 

alpha chief cells, all others possessing beta chief cells. 

The two modalities of pyloric valves may represent 

two ways of adapting to similar problems. Ostensibly, 

ingestion of large quantities of fruit could produce an 

abrasive bolus of food. It is quite possible that a 

muscular flap extending into the Ixomen of the 

gastrointestinal tract would do little more than provide a 

localized region subject to physical abuse. Reducing the 

extent of the valve would tend to minimize the abrasive 

effects of stomach contents. In the Artibeus-like pylorus, 

in which the valve is fairly extensive, albeit thin, the 

orientation of the valve is important. Here the valve is 

subparallel to the long axis of the gut, supplying an 
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extension of'the pyloric canal into the duodenum rather than 

an obstruction to food flow. As Forman (1972) pointed out, 

the physiological significance of the pyloric valve in 

retarding food flow down the gastrointestinal tract is 

questionable. 

I have no biochemical or other evidence for the 

functional differences between alpha and beta chief cells, 

but the presence of one of the two types, which differ 

markedly in staining affinities, closely parallels supposed 

phylogenetic relationships among the stenodermines. Even 

more interesting in this respect is the fact that members 

of the genus Sturnira, previously recognized as a distinct 

subfamily from the Stenoderminae, are the only stenodermines 

examined possessing alpha chief cells. 

A third distinct group within the Stenoderminae, 

based on gastric morphology, is represented by Chiroderma. 

The apparent trend in this group is, in one respect at least, 

in a completely different direction from that of Artibeus. 

In Chiroderma, the cardiac vestibule is virtually removed 

from any contact with the body of the stomach, the "cardiac 

caecum" and corpus being represented by a distinct 

compartment that communicates with the tubular part of the 

stomach but not with the vestibule. An additional 

specialization in the gastric morphology of Chiroderma is 

the manner in which the pyloric canal enters the duodenum. 

Here the entrance is a side one, resulting in the formation 
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of a distinct, small duodenal caecum. The valve is 

otherwise similar to that of Artibeus. 

The stomachs of all stenodermines examined contain 

moderate to large numbers of parietal cells. 

Morphologically, these cells differ from "typical" parietal 

cells in having a laterally or basally displaced nucleus. 

However, if they are functionally equivalent to "typical" 

parietal cells, it would appear that the stomachs of the 

fruguivorous stenodermines can, and presumably do, produce 

a highly acid gastric juice. Forman (1972) suggested 

several possible functional alternatives served by an acid 

gastric juice, all of which were secondary to the primary, 

digestive, function of the stomach. It would seem probable 

that a diet of fruit, being high in sugars, could be easily 

hydrolysed by gastric hydrocholoric acid, resulting in 

easily assimilated monosaccharides. 

Brachyphylla cavernarum, which has been allied with 

the stenodermines and recently relegated to the 

Phyllonycterinae has a stomach that is obviously unlike any 

of the stenodermines. Although in some respects (reduction 

of the chief cells) the gastric morphology of Brachyphylla 

resembles that of glossophagines, but I suspect the two are 

quite distinct phyllogenetically. The complete or virtual 

absence of chief cells and the globular extension of the 

cardiac caecum suggest a high degree of specialization to a 

diet relatively low in protein. A study of gastric 
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morphology in Phyllonycteris and Erophylla should illuminate 

the phylogenetic relationships within the Phyllonycterinae. 

The gastric morphology of desmodontines has been 

well documented for Desmodus rotundus and Diphylla ecaudata 

(see Rouk and Glass, 1970; Forman, 1972; and Hart, 1971). 

The stomach of Diaemus youngi, here presented for the first 

time, is much like that of Desmodus. Diphylla obviously 

represents a further specialization in that semilunar folds 

produce numerous haustrae, the function of which may be 

twofold. First these folds and the pouches so formed would 

tend to retard emptying of the stomach, which like that of 

Desmodus and Diaemus seems to be highly specialized for 

absorption. Secondly, and related to the process of 

absorption, is that these folds would tend to increase the 

surface area to volume ratio, thereby increasing the 

efficiency with which absorption might occur. 

Although differences among members of each 

subfamilial group are evident, gastric morphological evidence 

indicates that each group represents a distinct radiation 

from what could have been a phyllostomatine or 

phyllostomatine-like ancestor. The most compelling reasons 

for suggesting that each subfamily (the Glossophaginae 

being a possible exception) represents a phylogenetic as 

well as an adaptive unit is that several intermediate 

morphological types, or forms, occur in each subfamily. 
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It is impossible to determine which of the 

phyllostomatines most closely resembles an ancestral form, 

but Micronycteris or Macrotus could serve as convenient 

models. From one of these, possessing a simple, primitive 

stomach, all other forms of gastric morphology in the 

Phyllostamatidae could have evolved. The stomach of 

Carollia is least modified from the ancestral form, 

possessing alpha chief cells and a poorly developed cardiac 

vestibule. The Glossophaginae may be related to the 

Carolliinae, the major gastric difference between them being 

the presence of a well-developed cardiac vestibule and an 

apparent trend resulting in reduction of chief cells in the 

glossophagines. However, glossophagine relationships (as 

suggested by Walton and Walton, 1968) could lie with the 

stenodermines and include Carollia in the lineage as an 

early offshoot. 

The gastric morphology of Brachyphylla, if like that 

of other phyllonyctermines, would suggest a completely 

independent line of radiation from all other existing 

phyllostomatids. The stomachs of other phyllonycterines 

need to be examined to elucidate their relationships. 

The gastric morphology of the desmodontines is 

obviously highly divergent. Relationships with the 

Carolliinae, as suggested by Slaughter (1970), can be neither 

supported nor refuted. 
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The complex assemblage represented by the 

Stenoderminae cannot be entirely elucidated by gastric 

morphology, but there are some evolutionary lines suggested. 

The gross morphology of the stomachs of Sturnira certainly 

place them in the stenodermine group. Within the 

Stenoderminae, there is suggested two lines of divergence, 

one leading to Artibeus and Centurio, the other leading to 

Chiroderma. Uroderma, Vampyressa, Vampyrops and Vampyrodes 

are perhaps intermediates in one or the other lineage. 

Unfortunately, insufficient data are available to further 

clarify these lineages (see Fig. 41). 
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Fig. 1.—Gross morphology of the stomach in the 

Phyllostomatinae. Note the general simple form 

of all phyllostomatine stomachs. Dotted lines 

indicate extent of oxyntic gland area and the 

dashed lines extent of pyloric gland area; the 

intervening region is represented by the 

transitional gland area. Scales = 5 mm. Upper 

scale. A-J, and L; Lower scale, K. 

A. Micronyceteris megalotis 

B. M. hirsuta 

C. M. nicefori 

D. Macrophyllum macrophyllum 

E. Macrotus waterhousii 

F. Tonatia minuta 

G. T. bidens ii 

H. Phyllostomus discolor 

I. Trachops cirrhosus 

J. Phylloderma septentrionalis 

K. Vampyrum spectrum 

L. Phyllostomus hastatus, partially distended 
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Fig. 2.—Gastroesophageal junction in Macrotus waterhousii. 

L, lumen of stomach; E, esophagel epithelium; 

CG, cardiac glands; OG, oxyntic glands; M, tunica 

muscularis. Scale =75 microns. 

Fig. 3.—Oxyntic glands in Macrophyllum macrophyllum. 

P, gastric pit; PC, parietal cell; CC, chief cells. 

Scale = 50 microns. 

Fig. 4.—Oxyntic glands in Micronycteris hirsuta. Symbols 

as in Figs. 2 and 3. Scale = 75 microns. 

Fig. 5.—Oxyntic glands in Macrotus waterhousii. S, tunica 

submucosa; other symbols as in Figs. 2 and 3. 

Scale =75 microns. 
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Fig. 6.—Oxyntic glands in greater curvature of partially 

distended stomach of Phyllostomus hastatus. 

Symbols as in Figs. 2, 3 and 5. Scale = 75 microns. 

Fig. 7.—Oxyntic glands in lesser curvature of partially 

distended stomach of P_. hastatus. Compare with 

Fig. 6. Scale = 75 microns. 

Fig. 8.—Oxyntic glands in stomach of Trachops cirrhosus. 

Scale =75 microns. 

Fig. 9.—Oxyntic glands in stomach of T. cirrhosus. 

Scale = 50 microns. 
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Fig. 10.—Oxyntic-transitional gland zone in' Phyllodertna 

septentrionalis. Notice the presence of both 

chief (dark) and mucous gland cells (light) 

near the bases of the glands. Scale = 75 microns, 

Fig. 11.—Transitional glands in Phyllostomus discolor. 

Scale = 75 microns. 

Fig. 12.—Transitional glands in Vampyrum spectrum. 

Scale = 75 microns. 

Fig. 13.—Transitional glands in Trachops cirrhosus. 

Scale = 75 microns. 
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Fig. 14.—Pyloric glands in Macrotus waterhousii. 

Scale - 75 microns. 

Fig. 15.—Pyloric glands in Phyllostomus discolor. 

Scale =75 microns. 

Fig. 16.—Pyloric glands in Vampyrum spectrum. 

Scale = 75 microns. 

Fig. 17.—Pyloric glands in P̂. hastatus. 

Scale =75 microns. 





Fig. 18.—Gross morphology of stomachs in the Glossophaginae 

(A-G) and Carolliinae (H). Symbols as in Fig. 1. 

A. Glossophaga soricina 

B. Hylonycteris underwoodi 

C. Lonchophylla robusta 

D. Choeroniscus godmani 

E. Anoura geoffroyi 

F. Leptonycteris nivalis 

G. Lichonycteris obscura 

H. Carollia perspicillata 

Scale, E and H = 4 mm., all others = 5 mm. 
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Fig. 19.—Gastroesophageal junction in Glossophaga soricina. 

Scale = 75 microns. 

Fig. 20.—Oxyntic glands in G. soricina. Scale = 75 microns. 

Fig. 21.—Transitional glands in Anoura geoffroyi. 

Scale = 50 microns. 

Fig. 22.—Transitional glands in Hylonycteris underwoodi. 

Scale = 75 microns. 
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Fig. 23.—Transitional gland-pyloric gland zone in 

Choeroniscus godmani. Scale =75 microns. 

Fig. 24.—Oxyntic glands in Carollia perspicillata. 

Scale = 75 microns. 

Fig. 25.—Transitional gland-pyloric gland zone in 

Carollia perspicillata. Scale = 75 microns. 

Fig. 26.—Oxyntic glands in Sturnira mordax. Hale's iron, 

acid fuchsin, ponceau stain. The black regions 

represent alpha chief cells and Hale-positive 

mucous cells. Scale =75 microns. 
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Fig. 27.—Gross morphology of the stomachs in the 

Stenoderminae. Symbols as in Fig. 1. 

A. Sturnira mordax 

B. S_. lilixom 

C. S_. ludovici 

D. Vampyressa nymphaea 

E. Vampyrops helleri 

F. Uroderma magnirostrum 

G. Vampyrops vittatus 

H. Artibeus inopinatus 

I. A. tolteus 

J. A. lituratus 

K. A. jamaicensis 

L. Centurio senex 

M. Vampyrodes major 

N. Chiroderma villosum 

Scale = 5 mm. 
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Fig. 28.—Oxyntic glands in Artibeus tolteus. 

Scale = 50 microns. 

Fig. 29.—Oxyntic glands in Sturnira ludovici. 

Magnification as in Fig. 28. 

Fig. 30.—Oxyntic glands in Vampyrops vittatus. 

Magnification as in Fig. 28. 

Fig. 31.—Transitional glands in S_. ludovici. 

Scale = 75 microns. 
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Fig. 32.—Pyloric glands in Vampyrops vittatus. 

Scale = 75 microns. 

Fig. 33.—Pyloric glands in Artibeus jamaicensis. 

Magnification as in Fig. 32. 

Fig. 34.—Pyloric glands in A. inopinatus. V, pyloric 

valve; B, Brunner's glands. Magnification 

as in Fig. 32. 

Fig. 35.—"Oxyntic" glands in Brachyphylla cavernarum. 

Note complete lack of chief cells. 

Magnification as in Fig. 32. 





Fig. 36.—Gross morphology of the stomachs of the 

Phyllonycterinae (A) and the Desmodontinae 

(B and C). Symbols as in Fig. 1. 

A. Brachyphylla cavernarum 

B. Diaemus youngi 

C. Diphylla ecaudata 

Scales = 5 mm; upper one for A; lower one for 

B and C. 



97 



Fig. 37.—Transitional glands in Brachyphylla cavernarum. 

Scale =75 microns. 

Fig. 38.—Pyloric glands in B. cavernarum. 

Magnification as in Fig. 37. 

Fig. 39.—Oxyntic glands near gastroesophageal junction 

that are transitional between tubular and 

tubuloacinar in Diaemus youngi. Scale = 50 microns. 

Symbols as in Figs. 2 and 4. 

Fig. 40.—Oxyntic, tubuloacinar glands in caecum of 

stomach of Diphylla ecaudata. Magnification 

as in Fig. 39. Symbols as in Figs. 2 and 4. 
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Fig. 41.—Proposed phylogeny of gastric morphotypes in the 

Phyllostomatidae. The Carolliine (A), 

glossophagine (B), desmodontine (D) 

phyllonycterine (E) and Stenodermine (F) stomachs 

could have been a result of divergence from that 

represented in the phyllostomatines (center). 

Further specialization in the glossophagines (C) 

resulted in a subhelical recurvature in the 

stomach. Gastric morphology in the stenodermines 

suggest that the initial specialization (F) was 

followed by further specialization (G) 

representing an intermediate morphotype that led 

to two divergent, highly specialized ones (H and I) 

In the desmodontines (D) the stomach of Diphylla 

(far right) appears to be most specialized. 
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