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Hellberg H, Bjerkas I: The anatomy of the oesophagus, stomach and intestine in
common wolffish (Anarhichas lupus L.). Acta vet. scand. 2000, 41, 283-297. — The
alimentary canal of laboratory-reared common wolffish (4narhichas lupus L.) was stud-
ied using light and electron microscopy. In the oesophagus, a simple columnar micro-
villous epithelium with transport characteristics was observed in addition to the main
striated squamous epithelium. An osmoregulatory function is proposed for the simple
columnar epithelium, which was supported by wide, thin-walled vessels. In the stom-
ach, a separate type of neck cells was observed leading into the acinar gastric glands,
which morphologically consist of one cell type: chief cells. The intestine was divided
into a proximal and distal segment by an intestinal valve. Pyloric caeca were not present.
We propose that shallow, crypt-like structures in the intestinal mucosa are the sites of
epithelial-cell proliferation in juveniles and adults. The length of microvilli decreased
from approximately 4 um in the cranial part of the proximal intestine, to 1.5 um in the
distal intestine. In the distal intestine, rod-shaped bacteria were observed between mi-
crovilli. An extensive system of thin-walled vessels was observed in the submucosa of
juvenile and adult wolffish stomach and intestine. Eosinophilic granular cells were nu-
merous in the perivascular connective tissue in the gastric and intestinal submucosa of
adults and juveniles, but were not observed in larvae.

Teleostei; histology; ultrastructure; fish anatomy.

Introduction

The common wolffish (Ararhichas lupus L.)
and the spotted wolffish (4dnarhichas minor
Olafsen) are considered promising species for
cold-water marine fish farming (Moksness
1994), and the entire reproductive cycle may
now be completed under laboratory conditions
(Paviov & Novikov 1986, Paviov & Moksness
1994 A). Wolffish eggs are large, 4.0-6.3 mm in
diameter, and newly hatched larvae are 19-22
mm long (Jonsson 1982, Paviov & Novikov
1986). The size at hatching is comparable to
that of Atlantic salmon (Salmo salar L.), but
wolffish hatch at a later stage of development
(1050 day-degrees) and may start feeding im-

mediately (Paviov & Moksness 1994 B). Wolf-
fish larvae are pelagic, and do not metamor-
phose before settling at the bottom; fish >50
mm are usually categorized as juveniles
(Moksness et al. 1989). After the first year,
wolffish are usually classified as adults and
characterized by year class and sexual maturity.
Knowledge of the normal anatomy of the ali-
mentary canal is essential for evaluation of
pathological changes and possible negative ef-
fects of diets and feeding regimes (Baeverfjord
& Krogdahl 1996). In the wild, wolffish are car-
nivores that feed mainly on shellfish and echi-
noderms (Jonsson 1982). Available material on
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the anatomy of the alimentary canal of common
wolffish is limited (Haus 1897, Verighina 1974,
Bray 1987), and to the present authors” knowl-
edge, no studies of the juvenile stage or the
ultrastructure of the alimentary canal have been
published.

The aim of the present study was to provide a
better knowledge of the anatomy of the alimen-
tary canal in common wolffish at different de-
velopmental stages as a basis for diagnostic
work and research. This article presents mor-
phological findings in the oesophagus, stomach
and intestine of laboratory-reared common
wolffish.

Materials and methods

Sampling procedure

The material comprised larvae, juveniles and
adults of common wolffish. Larvae and juve-
niles were incubated, hatched and reared at the
Institute of Marine Research, Fladevigen Ma-
rine Research Station (Paviov & Moksness
1994 B). Adults were laboratory-reared from
wild-caught larvae or incubated, hatched and
reared under laboratory conditions. The fish
were fed commercial dry pellets, Elite Plus® (T.
Skretting A/S, Norway).

Fifteen 1-day-old larvae (Table 1) were selected
at random from a population of approximately
800 larvae hatched 21st of April 1994. Mean in-
cubating temperature was 7°C £ 0.2. The larvae
were killed by decapitation and fixed in 10%
buffered formalin. A transverse section of the
trunk, including the abdominal cavity, was sam-
pled for light microscopy.

Twenty 6-month-old juveniles (Table I) were
sampled 4th of November 1993. The water tem-
perature ranged from 7 to 12°C during the rear-
ing period. The fish were killed with an over-
dose of chlorobuthanol and the abdominal
cavity opened. The entire alimentary tract was
removed, fixed in 10% buffered formalin (n =
10), Bouins solution (n = 5) or chilled 3% glu-
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Table 1. Weight and length of wolffish larvae and
juveniles.

Mean weight Mean length
Age group (range) (range)
Standard dev. Standard dev.
Larvae 0,073 gr.* 2,18 cm
n =15 2,0-23)
0,0862
Juvenile 10,16 gr. 9,63 cm
n=20 (5,8 -14,8) (8,5-11,5)
2,79 0,915

* Due to the low weight of the larvae, they were
weighed as a group, and mean weight calculated.

taraldehyde in 0,1 M cacodylate buffer, pH 7.2
(n = 5). The fixed material was sampled for
light-microscopy at 6 points (Fig. 1).

Seven adult wolffish, measuring from 25 to 40
cm, were included in the study. The fish were
killed with an overdose of chlorobuthanol and
the abdominal cavity opened. The alimentary
tract was sampled at 6 points (Fig. 1), and sam-
ples fixed'in 10 % buffered formalin and Bouins
solution. In 5 adults, samples were also fixed in
glutaraldehyde.

Light microscopy
Samples were dehydrated in ethanol, embedded
in paraffin and sectioned at a Reichert-Jung Hn

Figure 1. Schematic drawing of alimentary canal
with sample-points 1-6. The posterior, intra-abdomi-
nal part of the oesophagus (1) was sampled, along
with stomach (2), cranial (3), middle (4) and caudal
part of proximal intestine (5) and distal intestine (6).
Pyloric sphincter (P) and intestinal valve (I).
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Figure 2. Organs in situ, adult wolffish: The left abdominal wall has been removed. The liver (L) covers the
cranial part of the stomach (S). The large gallbladder (G) is seen at the ventral edge of the liver. The pylorus is
distinct (P). The proximal intestine (PI) is coiled in a sigmoidal shape in the abdominal cavity. The transition

between proximal and distal intestine (DI) is marked (I).

40 microtome. Transverse and some longitudi-
nal sections (3-5 um) were mounted on glass
slides and stained with haematoxylin-eosin
(HE), periodic acid-Schiff (PAS) and Van Gie-
son (VG). Selected sections were stained with
Alcian Blue PAS and modified Martius-Scarlet-
Blue (MSB) (Carleton & Leach 1968). Photo-
micrographs were taken with a Leitz Aristoplan
microscope fitted with a Leica Wild MPS52
Photoautomat.

Transmission-electron microscopy

Oesophagus, stomach, cranial and middle prox-
imal intestine and distal intestine were sampled
from glutaraldehyde-fixed material (Fig. 1).
Samples were postfixed in 2% OsO, in 0.1 M
cacodylate buffer, pH 7.2 for 2 hours, dehy-
drated in ascending concentrations of ethanol
and embedded in LX 112 Resin (Ladd Re-
search Industries Inc., Burlington, Vermont).
Semi-thin (1um) sections were mounted on

glass slides and stained with toluidine blue.
Ultra-thin sections were mounted on copper
grids, stained with uranyl acetate and lead cit-
rate, and examined in a Jeol 100 S and a Philips
208S electron microscope.

Results

Gross anatomy

In the one-day-old larvae, the gastrointestinal
tract was a short, straight tube, which could eas-
ily be divided into oesophagus, stomach, and
proximal and distal intestine. Yolk sack rem-
nants were found intraabdominally, attached to
the liver.

In the juveniles and adults, the alimentary canal
was relatively longer, but did not exceed total
body length. The transition from oesophagus to
stomach was not marked and there was no ob-
servable cardiac sphincter (Fig. 1). The stom-
ach widened caudally and turned cranioven-
trally, creating a pouch. The ascending branch
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Figure 3. Light micrograph of HE stained transverse section of juvenile oesophagus, showing the extensive
folding of the mucosa. The longitudinal primary folds incorporate mucosa, submucosa and occasional bundles
of the inner longitudinal layer of striated muscle (LM). The circular outer layer of striated muscle (CM) and se-
rosa (arrow) are also seen. X 23.

Figure 4. Light micrograph of PAS stained adult oesophagus, showing stratified, squamous epithelium with
PAS-positive mucous cells (SS) and PAS-negative simple columnar epithelium (SC). Wide capillaries (arrow-
heads) are seen in the lamina propria beneath the columnar epithelium. x 229.

Figure 5. Ultramicrograph of oesophagus showing stratified (SS) and simple columnar (SC) epithelium. Pe-

ripheral rough endoplasmic reticulum (arrowhead) is seen in a goblet cell (G) in the stratified squamous epithe-
lium. Plasma membrane pleats (arrows). Microvilli (MV). Microridges (MR). Desmosome (D). x 16 000.
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Figure 6. Ultramicrograph of oesophagus showing simple columnar epithelium and capillary (C) in the lam-
ina propria. Extensive plasma membrane projections are seen laterally, reaching into dilated intercellular spaces
(). Nucleus (N). Microvilli (MV). The simple columnar epithelium has a well-developed basal lamina (arrows).
x 6 000.

Figure 7. Ultramicrograph of oesophagus showing the endothelium of a capillary associated with the simple
columnar epithelium. The endothelial cells are filled with cytoplasmic vesicles, some of which (arrows) open
into the capillary lumen (C). Fenestrae-like structures (arrowheads). Note the poorly developed basal lamina (B).
% 20 000.
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narrowed slightly and there was a marked con-
striction at the transition from the stomach to
the intestine. The intestine continued cranially
only for a short distance, and then turned cau-
doventrally (Fig. 2). There were no discernable
pyloric caeca. The intestine was suspended in a
long dorsal mesentery, and the transition from
proximal to distal intestine was marked by a
distinct constriction, with a transverse circular
luminal valve or ridge. The distal intestine,
which was short and generally had a larger di-
ameter than the proximal, continued caudally to
the anal opening. The luminal surface of the in-
testine displayed prominent longitudinal folds,
which increased considerably from the juvenile
to the adult stage. Close inspection of the vel-
vety mucosal surface revealed smaller, secon-
dary folds.

Microscopy

Oesophagus. In all age groups, the wall of
the oesophagus consisted of the layers gener-
ally found in the gut: 1) tunica mucosa, 2) tela
submucosa, 3) tunica muscularis and 4) tunica
adventitia rostrally and tunica serosa caudally
(Fig. 3). The mucosa was extensively folded in
the juvenile and adult stages, with longitudinal
primary folds, and secondary and even tertiary
mucosal folds or rugae. Glandular structures
were not observed. In one-day-old larvae,
mostly primary folds were seen.

All age groups exhibited 2 distinctly different
types of oesophageal epithelium. The main
type was a stratified, squamous epithelium with
numerous PAS-positive mucous cells (Fig. 4).
The second type, a simple columnar epithe-
lium, was most frequently found at the tip of the
mucosal folds. In juveniles and adults, the 2
types of epithelium alternated in a relatively
regular fashion, while in the larvae the simple
columnar epithelium dominated in the caudal
oesophagus.

Ultrastructurally, the squamous epithelium was
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rich in tonofilaments and exhibited microridges
on the luminal surface (Fig. 5). The columnar
cells were characterized by short microvilli at
their luminal surface, and extensive pleating of
the plasma membrane laterally and basally
(Figs. 5 and 6). Transitional cells were not ob-
served.

In the lamina propria wide capillaries were seen
in close proximity to the simple columnar epi-
thelium, while vascular elements were less
prominent in connection with the stratified,
squamous type (Fig. 4). Ultrastructurally, the
endothelium of these vessels had luminal cyto-
plasmic projections, and was extremely attenu-
ated in places, 0.05-0.1 um thick, with an in-
complete basal lamina and fenestrae-like
structures (Figs. 6 and 7).

Occasional smooth muscle cells were detected
in the subepithelial connective tissue, but an or-
ganized, distinct muscularis mucosae was not
seen, making an exact division between propria
and submucosa difficult. The tunica muscularis
consisted of striated muscle fibres organized in
an inner longitudinal and an outer circular layer.
The inner longitudinal layer was not continu-
ous, but consisted of more or less separate bun-
dles (Fig. 3), and was not prominent in the lar-
vae. The outer circular layer was continuous,
and in histological sections represented 1/2 -
1/3 of the total wall thickness in the juveniles,
but was only 2-4 cell-layers thick in the larvae.

Stomach. In all age groups the transition
between oesophageal and gastric epithelium
was sharply defined. The epithelial layer was
differentiated into a microvillous superficial
part, with prominent gastric pits (foveolae gas-
tricae), and a glandular part (Figs. 8 and 9). Ac-
inar gastric glands were present throughout the
entire stomach, although less numerous in the
distal or pyloric part, particularly in the larvae.
The surface epithelium of the stomach lacked
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Figure 8. Light micrograph of PAS stained adult stomach. Superficial epithelium (SE) with PAS-positive gran-
ules (arrowheads) in the apical cytoplasm. Gastric pit (GP). Isthmus (I). The neck portion (N) is very short. The
glandular epithelium (GE) is PAS-negative. x 229.

Figure 9. Light micrograph of HE stained juvenile stomach, showing surface epithelium (SE), gastric pit (ar-
rowheads) and acinar glands (GE). Acinar glands, in groups of 2-4, empty into gastric pits via a common duct
or isthmus (T). x 229.

Figure 10. Ultramicrograph of adult stomach showing distal isthmus. Microvillous superficial epithelial cells

containing mucous granules (arrowheads). The isthmus part also contains large, electron-lucent granules (G) and
extensive endoplasmic reticulum (arrows) of the same type as seen in the neck cells. Endocrine cell (E). x 3600.
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goblet cells, and the apical cytoplasm contained
PAS-positive mucous granules (Fig. 8). Occa-
sional endocrine cells (enteroendocrine cells)
were observed in the epithelial layer (Fig. 10).
The height of the epithelial cells and the
amount of PAS-positive material in the apical
cytoplasm decreased gradually from the lumi-
nal surface to the bottom of the gastric pits, and
further into a narrow tubular part, or isthmus.
Glandular acini emptied into the isthmus via
short neck portions, formed by cells almost de-
void of microvilli, and with numerous large, cy-
toplasmic, membrane-bound droplets contain-
ing a moderately PAS-positive, AB-negative,
electron-lucent homogeneous material. These
droplets were most easily distinguished in the
adults (Fig 10). Varying numbers of droplets
were also seen in some isthmus cells, in addi-
tion to the PAS-positive mucous granules. The
glandular cells were of one morphological type,
with basal nuclei and spherical, electron-dense
zymogen granules, 1.5 - 2.5 ym in diameter, in
the apical cytoplasm.

The submucosa of both the juvenile and adult
stomach had a layer of dense collagen-rich con-
nective tissue immediately adjacent to the mus-
cularis. This layer, which was much less distinct
than the stratum compactum in salmonids, con-
tained wide, extremely thin-walled, irregularly
shaped vessels that to various degrees sur-
rounded arteries and veins. These vessels usu-
ally did not contain erythrocytes, and their
walls were composed of little more than a thin
layer of endothelium, less than 0.2 um at the
most attenuated. A basal lamina was incom-
plete or lacking. These features were most pro-
nounced in the adults, but were also seen in the
juveniles. In the larvae, connective tissue and
vascular elements were less prominent. In both
juveniles and adults, eosinophilic granular cells
(EGCs) were observed in the collagen-rich part
of the gastric submucosa, particularly sur-
rounding larger vessels, and also perivascularly
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in the subserosal and mesenterial connective
tissue. Definite EGCs were not observed in
one-day-old larvae.

The tunica muscularis of the stomach consisted
of an inner circular and outer longitudinal layer
of smooth muscle fibres. The inner circular
layer was continuous with the outer longitudi-
nal layer of the oesophagus, but the striated
muscle fibres of the oesophagus were gradually
replaced by smooth muscle fibres in the cranial
part of the stomach. The inner longitudinal
layer of the oesophagus became attenuated dis-
tally, and did not continue into the stomach.

Intestine. In adults and juveniles, the intesti-
nal mucosa was extensively folded, with tall,
longitudinal primary folds formed by the mu-
cosa and submucosa, and a large number of sec-
ondary folds involving mainly the mucosa (Fig.
11). In larvae mainly primary folds were seen.
Villi were lacking in all parts of the intestine.
The epithelium consisted mainly of tall, micro-
villous columnar cells and PAS-positive goblet
cells. Lymphocytes and rodlet cells were occa-
sionally observed in the epithelial layer, in ad-
dition to enteroendocrine cells.

In the juveniles and adults, areas with lower,
more basophilic epithelial cells of a less regular
shape were evenly distributed in all parts of the
mucosa. These areas were associated with
small epithelial folds that in serial sections ap-
peared to represent shallow, funnel-shaped,
crypt-like structures. Mitotic figures were
present in these structures, while goblet cells
were lacking in their bottom part.

Major morphological differences were not ob-
served between the 3 regions sampled in juve-
nile and adult proximal intestine. In the distal
intestine, however, primary mucosal folds were
lower and goblet cells more numerous, and the
columnar epithelial cells contained PAS-posi-
tive granules in the apical cytoplasm. Ultra-
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Figure 11. Light micrograph of HE stained juvenile intestine showing primary (P) and secondary (S) folds and
tunica muscularis (M). Small, epithelial folds (arrowheads). Transverse section (arrow) showing the funnel-
shaped aspect of these structures. X 286.

Figure 12. Light micrograph of MSB-stained adult intestine showing vessels in the collagen-rich connective
tissue at the base of a primary fold. Wide, irregularly shaped, thin-walled vessels (T) can be discerned, along with
an arteriole (A). EGCs (arrowheads) are observed perivascularly. x 458.

Acta vet. scand. vol. 41 no. 3, 2000
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Figure 13. Ultramicrograph of cranial proximal intestine showing the apical cytoplasm and 4 um long micro-
villi (MV) of the columnar epithelial cells. x 20 000.

Figure 14. Ultramicrograph of middle proximal intestine showing the apical cytoplasm and 2.5 um long mi-
crovilli (MV) of the columnar epithelial cells. Mitochondria (arrow). x 16 000.

Figure 15. Ultramicrograph of distal intestine showing the apical cytoplasm and microvilli (MV) of the co-
lumnar epithelial cells. The 1.5 zm long microvilli are covered by mucus (GM) from goblet cells. A bacterium
(arrow) is seen oriented in parallel with the microvilli. Desmosome (D). X 30 000. Inset: Transverse section of
brush border showing microvilli and bacteria (arrows). x 30 000.

Acta vet. scand. vol. 41 no. 3, 2000
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structurally, varying numbers of osmiophilic
droplets were observed in the cytoplasm of the
epithelial cells in the proximal intestine, but
more rarely in the distal intestine. Invaginations
of the intermicrovillous apical plasma mem-
brane were prominent in the distal intestine, but
were only occasionally observed in the proxi-
mal part. A well-developed tubulovesicular net-
work was present in the apical cytoplasm in the
distal intestine, and in some sections contacts
with plasma-membrane invaginations were
seen.

The microvilli of the epithelial cells had a con-
stant diameter, approximately 0.1 ym, and were
tallest in the first part of the proximal intestine
and gradually decreased distally (Figs. 13-15).
Numerous rod-shaped bacteria with a granular
cytoplasm and a distinct cell wall were ob-
served between the microvilli in the distal intes-
tine (Fig. 15).

Scattered smooth muscle cells were observed in
the loose subepithelial connective tissue, but an
organized muscularis mucosae was lacking.
The layer of dense, collagen-rich connective
tissue, containing thin-walled vessels and
EGCs, continued in the intestine, and large ves-
sels were located at the base of large primary
mucosal folds (Fig. 12). A close association of
EGCs with the endothelium of the irregular,
thin-walled vessels was observed. In one-day-
old larvae, submucosal connective tissue was
sparse and mainly found at the base of the
larger mucosal folds, and definite EGCs were
not observed.

The tunica muscularis consisted of an inner cir-
cular and an outer longitudinal layer of smooth
muscle. In histological sections of adult intes-
tine, the inner circular layer was markedly
thicker than the outer longitudinal, sometimes
twice as thick. In the juveniles, they were each
3-5 cell-layers thick, while in the larvae they
only exhibited 1-3 cell-layers.

Discussion

Several new light- and electron-microscopic
observations were made in the present study of
the alimentary canal in common wolffish. The
discussion will here concentrate on functional
aspects of these findings and comparisons will
be drawn with wild-caught wolffish and other
relevant fish species. Morphological differ-
ences due to dietary factors may exist between
wild-caught and farmed wolffish. Such differ-
ences may, however, be difficult to appreciate,
since only a few, limited studies have been pub-
lished dealing with wild-caught wolffish, and
the information on juveniles in particular is
very scarce.

Oesophagus

The occurrence of a simple columnar epithe-
lium in the oesophagus has been reported in
several other marine species (A/-Hussaini
1946, Cataldi et al. 1987, Grau et al. 1992).
Different functions have been suggested for the
two epithelia, with mucous production for the
dominating, squamous stratified epithelium,
and an osmoregulatory function, involved in
desalination of ingested seawater, for the mi-
crovillous, simple columnar epithelium (Yama-
moto 1978, Meister et al. 1983, Cataldi et al.
1988). The association of the simple columnar
epithelium with thin-walled, wide capillaries,
the low amounts of sodium and chloride ions,
and the high pH of wolffish stomach fluids
(Bray 1987), all support the suggestion of an
osmoregulatory function (Yamamoto 1978,
Meister et al. 1983, Cataldi et al. 1988). Capil-
laries with a similar morphology, such as the
fenestrated capillaries in the rete mirabile of
swim bladder (Stray-Pedersen & Nicolaysen
1975, Morrison 1987) and the mammalian gas-
trointestinal tract (Simionescu & Simionescu
1988), are known to have a large transport ca-
pacity.

Acta vet. scand. vol. 41 no. 3, 2000
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Stomach

The acinar gastric glands seen in common wolf-
fish, contrast with the long, tubular glands
found in most other teleost species (Reifel &
Travill 1978). This, along with other findings,
have lead to the claim that stomach function is
reduced in wolffish (Bray 1987). Our ultrastruc-
tural studies did, however, not indicate any dif-
ferent function of the wolffish gastric glands
compared with those of other teleost species,
including freshwater (Noaillac-Depeyre & Gas
1978, Garrido et al. 1993) and marine (Ling &
Tan 1975, Morrison 1987, Murray et al. 1994).
Our results also show that the stomach was
morphologically well differentiated in one-day-
old larvae, which is consistent with the fact that
larvae may start feeding immediately after
hatching (Paviov & Novikov 1986). The distri-
bution of acinar glands throughout the stomach
is consistent with earlier studies on wild-caught
wolffish (Haus 1897). The lower density in the
pyloric part approaches the situation in other
teleost species where glandular tissue is usually
limited to the corpus (Noaillac-Depeyre & Gas
1978, Reifel & Travill 1978).

The mucoid granules of the neck cells in the
present material were larger and fewer in num-
ber than those described in other teleost species
(Dawes 1929, Al-Hussaini 1946, Noaillac-De-
peyre & Gas 1978, Murray et al. 1994). The ob-
served difference between juveniles and adults
could indicate a gradual increase or differentia-
tion of neck cells with maturation. The colla-
gen-rich connective tissue layer and thin-walled
vessels in the submucosa will be discussed
along with the similar structures of the intes-
tine. This also applies to the EGCs.

Intestine

The wolffish intestine was short, but had an ex-
tensively folded mucosa, creating a large sur-
face for digestion and absorption, a feature of-
ten found in highly specialized predators with a
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short intestine (Kapoor et al. 1975). In teleost
species with simple, primary folds, regenera-
tion of intestinal epithelium has generally been
thought to take place at the base of folds. The
situation in species with a more complex fold-
ing has not been clearly stated. We suggest that
the present shallow, crypt-like structures, which
are for the most part made up of poorly differ-
entiated cells, are the site of intestinal epithelial
proliferation in wolffish juveniles and adults.
The dynamics of the wolffish intestinal epithe-
lial-renewal are, however, clearly a target for fu-
ture research.

Histochemical, ultrastructural and functional
differences have been observed between proxi-
mal and distal intestine in several teleost spe-
cies (Yamamoto 1966, Iwai & Tanaka 1968).
The present findings indicate that correspond-
ing functional differences exist in common
wolffish, with morphological characteristics of
lipid absorption primarily observed in the prox-
imal intestine. The PAS-positive granules dem-
onstrated in the apical cytoplasm of epithelial
cells in the distal intestine are consistent with
pinocytotic vacuoles believed to be involved in
protein absorption (Gauthier & Landis 1972).
The microvilli of teleost enterocytes are gener-
ally longer than those observed in the mammal-
ian small intestine (7rier & Rubin 1965), and
the microvilli seen in the present wolffish were
longer than those of several other teleost spe-
cies (Iwai 1968, MacDonald 1987, Kuperman
& Kuzmina 1994). The observation of distally
decreasing microvillous length agrees with
findings both in teleosts (Odense & Bishop
1966, Krementz & Chapman 1975, Kjorsvik et
al. 1991) and mammals (Weiss 1988).

It is likely that the bacteria that were associated
with the microvilli of distal intestine are part of
an indigenous intestinal microflora. Several
studies have indicated an existence of a special-
ized intestinal microflora in fish (Lindsay &
Gooday 1985, Hansen et al. 1992), and a simi-
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lar intimate association as observed in the
present distal intestine has been reported in cod
(Odense & Bishop 1966, Morrison 1987) and in
mammals (Klaasen et al. 1992).

The lack of a distinct muscularis mucosae
seems to be a general feature of the teleost ali-
mentary canal (Harder 1975). The layer of
dense, collagen-rich connective tissue observed
immediately adjacent to the tunica muscularis
is different from the stratum compactum of Sal-
monids, but is comparable to the findings in
several other species, both freshwater (McVay
& Kaan 1940), and marine (Blake 1936, Mur-
ray et al. 1996). The significance of this struc-
ture is not clear, but it will definitely add
strength to the gut wall, and may also create a
skeleton for the network of thin-walled vessels,
which were observed in both the gastric and in-
testinal submucosa of juveniles and adults in
our study. These vessels seem to correspond to
lymphatic vessels reported in the gastrointesti-
nal tract of plaice (Pleuronectes platessa L.)
(Wardle 1971), tilapia (Tilapia nilotica L.) (Os-
man & Caceci 1991) and common wolffish
(Weidenreich et al. 1933, Verighina 1974).
There is, however, some controversy as to
whether teleost fish possess a distinct lymphatic
system, or if it is a system of secondary blood
vessels (Vogel & Claviez 1981, Steffensen et al.
1986).

The association of EGCs with the collagen-rich
areas in juvenile and adult wolffish resembles
that of other species lacking a distinct stratum
compactum and stratum granulosum (Blake
1936, McVay & Kaan 1940, Al-Hussaini 1946,
Reifel & Travill 1978). The perivascular distri-
bution and the association with the thin-walled
vessels may be consistent with the belief that
the EGCs in fish are mast-cell analogues (Reite
1996). The failure to detect distinct EGCs in
one-day-old wolffish larvae could indicate that
these cells were not present in the gastrointesti-
nal tract at this stage, or that they were not suf-

ficiently differentiated to be easily detected by
the histological methods employed.

The main purpose of the present study on wolf-
ish alimentary canal was to provide a morpho-
logical basis for diagnostic work and research.
Several observations need, however, further
clarification and should be targets for further
research. These include the process of prolife-
ration and elimination of intestinal epithelial
cells, as well as the function and morphology of
the thin-walled vessels and their close associa-
tion with the EGCs.
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