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Introduction

During the late Tertiary the Tayassuidae or peccaries, a family of the even-toed
Artiodactyla, inhabited North America and Eurasia (THeEnius 1970). Recently a
fossil species of tayassuid from the Pliocene was discovered in the Varswater for-
mation of South Africa (HENDEY 1976 a, b). Today tayassuids can only be found
living in South and Central America and in southwestern United States. One species,
Dicotyles tajacu, the collared peccary, has been found as far north as southern
Arizona and New Mexico as well as southwestern Texas.

A common ancestral group of both Suidae and Tayassuidae, living during the
Eocene, can be assumed (THENIUs 1972). Anatomical and biochemical findings
demonstrate a close systematic relation between Suidae (eight living species, HALTEN-
ORTH 1963) and Tayassuidae (three living species, WoODBURNE 1968; WETZEL et al.
1975) as has been described by different paleontologists (COLBERT 1955; ROMER 1966;
THENIUS 1970). Subcutaneous and peritoneal fat of pigs and peccaries have similar
fatty acid composition. These results of MaTTsoN et al. (1964) show a closer
similarity between Suidae and Tayassuidae than between Tayassuidae and other
artiodactyls. This is further exemplified by previous investigations (LANGER 1973,
1974 a) concerned with homologies of different stomach types in Artiodactyla. The
gastric anatomy of the peccary is, however, more complex than that of the pig.

In this paper the macroscopic and microscopic anatomy of the stomach of
Dicotyles tajacu is described and discussed in detail.

Review of literature

A monograph on the anatomy of the peccary was published by Tyson as early as 1683. This
interesting work includes a short, but precise description of the stomach of this animal.
However, still earlier reports on this subject must exist as Tyson (1683) cited publications
of Farcosurcius and GREW.

ALEsSANDRINI (1857) refered to the digestive tract of the collared peccary only briefly,
differentiating the three distinctive sacs, but not characterizing them in detail.

More recently STEwarT (1964) described the anatomy of the alimentary tract of the
collared peccary. He employed eviscerated organs for this description and named the
different parts of the peccary stomach according to the gastric regions of the ruminants.

Other references to the digestive tract of the peccary can be found in papers that either
deal mainly with other species (Vrorik 1843; Corbpier 1893) or with the comparative
anatomy or histology of the stomach in vertebrates (Cuvier 1835; EprLmann 1889; OppEL
1896; PrrnkorF and LEHNER 1937; LANGER 1973, 1974 a, b).
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Table 1 gives a compilation of data
concerning investigated specimens. The
stomachs of animals Nos. 4, 5 and 6
were eviscerated organs from collect-
ions of zoological museums. The
anatomy of animals Nos. 1 to 3 were
investigated in situ. They were made
available by the Arizona Cooperative
Wildlife Research Unit, Tucson. Before
being prepared for dissection the
animals were housed in pens and
received a pelleted domestic swine
food. Animal No. 2 had access to
straw.

Six to ten liters of buffered for-
malin (CarsoN et al. 1973) were
perfused into the vascular system of
anesthetized animals via the left or
right external carotid artery. Animals
were fastened to a metal frame with
twine or chains to assure an upright
body position.

After sufficient fixation, lasting at
least one day, the animals were
dissected. The different steps of dis-
section were documented with the
help of a 6 X6 cm camera and
25 ASA film. Whenever a subsequent
section of the gastrointestinal tract
was opened, its contents were collected
and mixed with the same volume of
formalin. Each sampling was divided
into two portions, one for determining
particle size and particle gravity
(LANGER in press); the other half was
sent to Dr. R. A. Prins, Utrecht, who
determined volatile fatty acid com-
position (VFA) in the gastric contents.
This rather crude method supplied
data on the rations of VFA in dif-
ferent parts of the stomach.

Two fetuses were obtained from
female No. 2. The gestation age was
determined at 62 days according to
SmitH and SowLs (1975). One fetus
(21) was dissected and photographed
from the left side of its body. Abdo-
minal organs from this fetus were
sampled for histological serial sections.
Sections 16 um in thickness were cut.
Every tenth section was stained ac-
cording to Masson and Goldner and
drawings were made with a thirteen-
fold magnification. To facilitate iden-
tification of the different gastric parts
in the embryo, a reconstruction was
drawn with the help of a “Perspec-
tomat P-40”-apparatus (F. Forster,
Schaffhausen, Switzerland). The areas
and contours of the different gastric
compartments were measured in the
magnified drawings of the sections
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with the MOP/AM O0l-system (Kontron, Miinchen, FRG), an apparatus for quantitative
picture analysis. From these measurements it was possible to calculate relative volume and
relative surface area of different gastric compartments. The results were compared with

measurements in newborn and adult collared peccaries previously published (LanNGer 1973
and in press).

s R m

Additionally, the internal surfaces of the stomachs of adult animals were projected on !
paper and the paper surfaces were determined with the help of paper weight. '

Material for histological purposes was taken from different parts of the digestive tract
and stored in Carson’s buffered formalin at 4 °C. This material was sectioned at 9 uwm and i
stained with different methods. I
Specimens of gastric regions with a squamous epithelium were dehydrated according to :
the critical-point method, sputtered with gold, and examined with a Philips scanning electron i
microscope 500. 3

The stomach of animal No. 3 was washed in running tap water for 24 hours, then filled
with plastic foam. The openings necessary for emptying the different regions were then i

sutured. The organ was immersed in absolute isopropanol for one week, and thereafter dried
at room temperature. With an oscillating saw small openings were cut into the gastric wall e
and the plastic foam was removed. The specimen revealed the internal differentiation of the h
stomach. :
Results j

Macroscopic anatomy "

Externally four parts can be distinguished in the stomach of the peccary (Fig. 1).
The nomenclature found in the literature is compiled chronologically in Table 2. It
is neither clear nor consistent. In one case (Tyson 1683) the gastric compartments

10 cm ; a

Fig. 1. Left cranio-dorsal (a) and right caudo-dorsal (b) aspect of the inflated and dried
stomach of Dicotyles tajacu No. 6. Abbr.: A = gastric pouch; A’ = blindsac junction;

B = upper blindsac; C = anterior blindsac; D = glandular stcomach; E = duodenum;
O = esophagus; b> = fornical sulcus; ¢ = upper blindsac sulcus; d” = anterior blindsac
sulcus; P = ventral transverse sulcus; g° = dorsal transverse sulcus; h = pylorus

have been given numbers, in other cases their position in the right or left part of
the abdominal cavity has been used as characterization (Cuvier 1835; VRoOLIK
1843). In still other cases (CORDIER 1893; STEWART 1964) names of the ruminant
stomach regions have been employed.

The three gastric regions that can be homologized with fornix, corpus and hind-
stomach are not identical with the gastric compartments that can be distinguished



Anatomy of the stomach of the collared peccary

Table 2

Nomenclature used by previous authors to describe different parts of the peccary stomach

CUVIER (1835)
VROLIK (1843)

poche conique
en dessous

cul-de-sac

cul-de-sac droit ou pylorique

FALCOBURGIUS cornu in infima
(after parte b
TYSON cornu in supe-
1683) riore parte
| T
GREW cone | :
(after | caecus ventri-
TYSON cone ' culus | venter magnus
1683) I I
1 ' I
TYSON (1683) horn | 1first or
. second stomach | middle | third stomach
horn 1 » stomach
I 1
| I
| |
' ]
! i

poche conique gauche
en _dessus
ALESSANDRINI < tre sacci distinti >
(1857)
I
! I
EDELMANN blindsackarti- ' ! :
(1889) | ger Anhang ' ‘mittlerer rechter
blindsackarti- linker Sack ! Sack : Sack
ger Anhang | | L
T [ i
CORDIER extremité I cavité supé- I cavité medi-| cavité inféri-
(1893) | 1ibre : rieure 'l ane=portion | eure=troisiéme
7 ou ' globulaire | cavité équiva-
extremité | antérieure 'équivalent 1| 1lent de la
libre 1 ! du rumen | caillette
1 T 1
PERNKOPF, linkes Diver- | mittlerer "oraler , aboraler
LEHNER (1937) | tikel ! Anhang = ! Sack = | Sack =
rechtes Diver- ~ Fundus :Vordermagen ; Hintermagen
tikel ; | |
I 0 |
STEWART (1964) ttnil:cnexﬁ:r diver- : : e e y—
Posterior diver— rumen |retlculum : gas:ric gland
ticulum : | o S
i )
LANGER " .
1 e g | Corpusregion= 'Hintermagenre-
§;$Z3; b) A o mrcalace ian , corpus region [gion=hindstomach
: ) ,region
2 3 ]
= zzzietalblind~ . Magenbeutel |
. I 3
Visceralblind- . Verbindungsstiick, | Drusenmagen
sack t d. Magenbeutels
u T
this paper anterior blind- . gastric pouch
sac + blindsac 0 : glandular
upper blind- I junction of : . stomach
sac . gastric pouch 1 "
1

found during investigation of the muscular architecture of

gastric wall.

2

B = Subdivisions according to gastric compartments.

A = Subdivisions according to gastric regions as they have been
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during macroscopic investigation (LANGER 1973; 1974 a, b). The boundary between
the fornix and the corpus is indistinct. The gastric pouch consists of parts from
both regions. Also, in the glandular stomach the boundary between the corpus region
and the hindstomach cannot be clearly determined without an examination of the
tunica muscularis of the stomach wall.

10cm

b

Fig. 2. Caudo-dorsal (a) and right dorsal (slightly caudal) (b) aspects of the dried and
opened stomach of Dicotyles tajacu No. 3. Abbr.: A = gastric pouch; A” = blindsac junc-
tion; B = upper blindsac; C = anterior blindsac; D = glandular stomach; E = duodenum;

O = esophagus; a = cardia; b = fornical fold; b> = fornical sulcus; ¢ = upper blindsac
fold; ¢ = upper blindsac sulcus; d = anterior blindsac fold; d° = anterior blindsac
sulcus; e = ventricular sulcus; f = ventral transverse fold; 2 = ventral transverse sulcus;
g == dorsal transverse fold; g = dorsal transverse sulcus; h = pylorus. Asterisks mark

border between squamous and glandular epithelium

The gastric pouch (A in Fig. 2) represents the central compartment with other
gastric parts situated around it. The esophagus (0) opens into this compartment. A
ventricular sulcus (e in Figs. 2a and 3b) follows the lesser curvature of the gastric
pouch from the cardia to the glandular stomach. An oval ostium with a diameter
of 40 X 50 mm separates the gastric pouch from the glandular stomach (D). In the
adult animal about 75% of this latter compartment is lined with glandular epithe-
lium. A ventral greater curvature as well as a dorsal lesser one can easily be distin-
guished. Perpendicular to the lesser curvature a transverse dorsal sulcus (g’ in Fig. 2)
and a corresponding fold (g) forms the dorsal contour of the ostium between gastric
pouch and glandular stomach. A ventral transverse fold (f) and the corresponding
sulcus (f’) forms the ventral contour of the ostium. Both folds and sulci do not form
a muscular ring, but rather two independent semilunar folds. The ventral transverse
fold (f) is situated more to the gastric pouch, the dorsal transverse fold (g) more to
the glandular stomach.

A fornical fold (b in Fig. 2), situated near the opening of the esophagus into the
gastric pouch and perpendicular to the longitudinal axis of the stomach, divides the
dorsal part of the pouch proper (A) from its blindsac junction (A’). A not very
prominent fornical sulcus (b’) can be seen externally. A wide opening between the
gastric pouch proper and blindsac junction measures about 60 X 60 mm in diameter.
The free edge of the cardiac fold (b) continues into folds between the blindsac
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junction and the upper blindsac (B) as well as the anterior blindsac (C). The upper
blindsac fold (c) and the anterior blindsac fold (d) correspond to sulci ¢’ and d’
These folds and sulci run parallel to the longitudinal axis of the stomach.

Fig. 3 a—c. a: Left caudo-dorsal aspect of abdominal situs of peccary No. 2. The last two
ribs (Nos. 13 and 14) are not removed (Black scale: 1C cm). — b: Same animal as in a.
Left aspect of the right wall of the opened gastric pouch (A) with ventral transverse fold
(f), cardia (a) and ventricular sulcus (e), the lips of which are marked by three white
circles each. The black broken line indicates the dorsal contour of the esophagus (O), the
black arrow the position of the esophagus hiatus (the left part of the diaphragm has been
totally removed) (Black scale: 5 cm). — c: Left cranio-dorsal aspect of the abdominal and
part of the thoracal situs of Peccary No. 2 after removal of the left lung. Ribs Nos. 6 and
13 have been marked. The blindsac junction (A’) of the gastric pouch (A) and the upper (B)
as well as the anterior (C) blindsacs have been opened from dorsally. The black broken
line separates the dorsal contour of the esophagus (O) from the descending aorta (Black
scale: 10 cm). — Further abbr.: G = left kidney; I = liver; L = heart in pericardium;
M = diaphragm; N = spleen; P = root of the left lung; b = fornical fold; ¢’ = upper
blindsac sulcus; &> = anterior blindsac sulcus
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The stomach and its relation to other abdominal organs

As has previously been described (LANGER 1973), the stomach lies transversely in
the abdomen. The most cranial part of the anterior blindsac is covered by the

Fig. 4 a—b. a: Left aspect of the abdominal and thoracal situs of peccary No. 2. All ribs
except Nos. 1, 6, 13 and 14 have been resected. (Ribs Nos. 6 and 13 have been marked.) The
diaphragm (M) has been resected up to the basal border of the left lung (F). (Total scale
20 cm). — b: Left aspect of the abdominal and part of the thoracal situs of fetal peccary
No. 2;. The sixth rib is marked and the total liver has been removed. The testis (Q) is not
yet descended. Note the remarkable differences in gastric proportions as compared with
the adult animal in (a). The greater curvature of the glandular stomach (D) as well as the
contours of the umbilical vein (R) are marked with white broken lines (Black scale represents
1 cm). Further abbr.: A = gastric pouch; A’ = blindsac junction; B = upper blindsac;
C = anterior blindsac; G = left kidney; L = heart in pericardium; N = spleen

left seventh rib and lies below the eighth thoracal vertebra (Fig. 4a). The most
caudal part of the upper blindsac lies caudal to the left fourteenth rib below the
second lumbal vertebra. The glandular stomach is covered by the right eleventh
and twelfth ribs and lies below the same numbered vertebra (Fig. 5a). The ventral
part of the gastric pouch (A) as well as the upper blindsac (B) touch the left
abdominal wall (Figs. 3a and 4a). The anterior blindsac (C) lies in the left hypo-
chondriac region. The dorsally situated blindsac junction (A’) is covered by the left
costal part of the cupula of the diaphragm (Fig. 4a). Viewed from the left side of
the animal the most dorsal part of the blindsac junction (A’) covers the cardia. The
region of the blindsac junction near the hiatus of the esophagus (black arrow in
Fig. 5b) is affixed to the diaphragm with the gastrophrenic ligament.

The anterior wall of the anterior blindsac (C in Fig. 3c¢) lies in direct contact
with the left lateral lobe of the liver (I in Fig. 3¢). The right wall of this blindsac
as well as the anterior wall of the glandular stomach are in contact with the right
medial and lateral lobe of the liver (Fig. 5a and b).

The glandular stomach bends ventrally at the ostium connecting it with the
gastric pouch, its greater curvature being the most ventral part of the stomach
(Fig. 5b). It lies in the epigastric and right hypochondriac region. From here the
pyloric part of the glandular stomach turns dorsally and opens into the duodenum
(E in Fig. 5a and b). A thickening of the muscular wall, especially near the greater
curvature can be seen, although a true pyloric torus is not present (LANGER 1973).
The duodenum first bends dorsally, then in caudal direction at right angle. About
9 cm from the pylorus the bile and the pancreatic ducts open into the duodenum.
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Fig. 5 a—b. a: Right aspect
of the abdominal situs of
peccary No. 3. Ribs Nos. 7
and 8 have been partly, ribs
Nos. 9 to 12 totally re-
moved. The diaphragm has
been resected up to the
basal border of the right
lung (F) and is marked by
a white broken line. The
liver has been totally re-
moved and the portal ves-
sels of this organ (H) can
be seen. White marks in-
dicate the edges of the
resected greater omentum.
(Total lenght of scale 20
cm.) — b: Right and
slightly cranial aspect of
abdominal and thoracal
situs of peccary No. 1
after removal of right lung
and right lateral lobe of
liver. The diaphragm (M)
has been resected and the
sixth rib has been marked.
The black broken line in-
dicates the dorsal contour
of the esophagus (O). The
position of the hiatus where
this organ perforates the
diaphragm has been marked
with a black arrow. The
glandular stomach (D) and
the pylorus (H) lie in the
right hypochondriac region.
(Total length of scale 20
cm.) Further abbr.: C = an-
terior blindsac; D = glan-
dular stomach; E = duo-
denum; G = right kidney;
H = portal vessels of liver;
I = liver; K = caudal

vena cava; L = heart in
pericardium; P = root of
right lung

The dorsal end of the spleen touches the upper blindsac near its tip and caudal
wall as well as the caudal wall of the gastric pouch (Fig. 3 a und 4 a). The broad
ventral end of the spleen lies on the ventral abdominal wall near the ventral
transverse sulcus (f” in Fig. 2) between the gastric pouch and glandular stomach.

Changes in relative surface area of different gastric compartments
during ontogenetic development

It was possible to measure the inner surface of the different gastric compartments
in four animals of different age. It was interesting that the results of measurements
in adult animal No. 3 determined during the present investigation and animal No. 5
from an earlier publication (LANGER 1973) varied only slightly; maximum differences
of 79/o could be found in the anterior blindsac. Data are compiled in Table 1 and
Fig. 6.

































