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Morphology of the Liver of European Bison 

Stanisław PYTEL & Mieczysław WĘGRZYN 

Pytel S. & Węgrzyn M., 1976: Morphology of the liver of European 
bison. Acta theriol. 21, 2: 19—30 [With 5 Tables & 4 Figs], 

The investigations were carried out on the livers of 47 bisons 
(32 cT + 15 ? ) in the age from 1 day to 24 years. The measurements 
and morphological observations were based on fixed material, while 
the weight data — on fresh material. The liver of European bison 
resembles that of the cattle. It shows brown-red colour', moderately 
pronounced lobular structure and distinct separation into the lobes: 
right, left, quadrate and caudate. In relationship to the degree of de-
velopment of lobes (mainly the left one) the liver of adult bisons may 
be either triangle-shaped (56% of cases), rectangular (12%) and inter-
mediate (32%). Bison's liver differs from that of the cattle by a more 
pronounced development of the right lobe and lesser development of 
the left lobe. The absolute liver weight in adult bisons amounts to 
8.21 kg (9.01 kg in d \ 5.80 kg in ?) , and the relative weight to 1.17%  
(1.24% in d \ 1.09% in $). 
[Inst. Anim. Physiol., Agric. Acad., 03-849 Warszawa, Grochowska 272] 

I. INTRODUCTION 

In the available l i terature only a few brief reports were found on the 
liver morphology of the European bison ( O w e n , 1848; M ü l l e r ,  
1852), some of them being limited to the comparison of the weight of 
this organ (S z t o 1 c m a n, 1926). The study of Z a r z y c k i (1957)  
gives a description of the microscopic s tructure of bison's liver. These 
reports are based on single cases and sometimes contain contradictory 
data. In the present study macroscopic s t ructure of bison's liver was 
investigated utilizing a large number of samples. 

II. MATERIAL AND METHOD 

Material deriving from the carcasses of 47 European bisons (32 males and 15  
females) was used in the investigations. The material was divided into 4 age 
groups: newborns (including fullterm foetus), calves, young bisons and adult indi-
viduals. The observations were carried out mostly on the material fixed by the 
method of intraarterial injections ( P i l a r s k i et al., 1967). The measurements 
were based on the principles employed for the cattle liver ( E i c h e l , 1925) and 
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utilized fixed material, whi e the data on the weight of the organ concerned 
fresh material. The capacity of the gall bladder was determined by the method 
used for measuring the volume of stomach and intestine of the bison ( P y t e l , 
19C9). 

III. RESULTS 

1. Macroscopic Structure of the Liver 

Tr.e liver of adult bisons is characterized by variability of shapes: it 
may resemble a triangle, rectangle, or intermediate forms between these 
two figures. 

Liver showing the shape of a triangle (Fig. 1) occurred the most often 
in the examined material (56°/o cases). It is characterized by a poorly 
developed left lobe, with normal right lobe. Margo obtusus constitutes 

Figs. 1—3. Division into lobes of differently shaped livers. 1. Triangular liver. 
2. Rectsngular liver. 3. Liver of the intermediate shape between triangle and 

rectangle. 

in this form the base of the triangle, the apex of which is on margo 
acutus in the vicinity of the gall bladder separating the right border 
f rom the ventral border. 

l i v e r of the rectangle shape was found rarely (12°/o of cases). It shows 
a slight predominance of the right lobe. The ventral border of the liver 
is always convex (Fig. 2). 

Liver of the intermediate shape (32% of cases among adult bisons) has 
a rather well developend right lobe in comparison with the left one, 
margo acutus of the latter being concave (Fig. 3). 
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Liver parenciiyma visible through the peritoneum and fibrous capsules 
is brown-red in colour. Five- or six-sided lateral hepatic lobules con-
sisting of moderately developed connective tissue reach the diameter up 
to 1 mm. 

The division of the bison's liver into lobes is poorly marked. Inde-
pendently of liver shape the left lobe is thinner and more narrow than 
the right one (Table 1). The visceral surface shows omasal and reticular 
impressions (rectangle liver), or only reticular impression and the semi-
lunar notch on t h e ventral border instead of omasal impression — in 
the remaining types of liver. The quadrate lobe has the shape resembling 
triangle in most cases, and only rarely resembling rectangle. The umbi-
lical fissure is well visible in adult bisons on both surfaces of the liver; 
its depth reaches 3.5 to 9.5 cm. The right lobe surpasses the remaining 
lobes in respect of length and width; its dorsal surface shown broad 
and deep renal impression, limited to a considerable extent also by the 
caudate process. The caudate lobe is the thickest one in the bison (Ta-
ble 1). Its papillary process is rounded or apical, turned in the side of 
the gall bladder or umbilical fissure. This process covers the medial 
part of porta of the liver and overlaps by 1 to 3 cm the quadrate lobe. 
The caudate process is prism-shaped and situated on the border of upper 
and intermediate one third part of the right lobe; the axis of the process 
runs in the dorsal-upper direction. The free end of the caudate process 
in most cases does not reach the liver border, or just ends at this point. 
Porta of the liver is relatively broad and its length ranges f rom 11.5 
to 13.5 cm in females, and up to 17 cm in males. 

2. Position and Attachment of the Liver 

The bison's liver is situated almost totally in the right hypochondriac 
region, and only a small part of the left lobe, below the esophageal 
impression deviates by 2—4 cm to the left f rom the median sagittal 
plane. The right lobe is situated dorsally and caudally in respect of the 
left lobe in such a manner that margo obtusus lies medially and consti-
tutes the left border, while margo acutus, situated laterally and ventrally 
forms fhe right and ventral borders. 

The left border of the liver runs obliquely f rom dorsal side to ventral, 
cranial and median direction. The right border in the triangle-shaped 
liver runs dorsally and caudally, almost in parallel to ribs, hence it 
deviates laterally. In the livers showing other shapes this border runs 
f rom dorsal to ventral side, and simultaneously obliquely to cranial di-
rection. The ventral border is separated f rom xiphoid cartilage of the 
s ternum by 14 to 24 cm, and in the triangle liver by as far as 33 cm. 
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The liver of adult individuals lies between 7 rib (or 7 intercostal space) 
and 13 intercostal space (14 rib). The cuadate process, when it protrudes 
beyond the liver border, is situated under the first lumbar vertebra. The 
right and intermediate hepatic lobes adjoin to ribs: directly to the last 
one, and through the diaphragm to ribs 13—10. The gall bladder crosses 
margo acutus and in adult bisons lies at the level of 9 to 11 (12) ribs, 
in the fissure between omasum and abomasum. The gall bladder bottom 
is at the level of costochondrial junction. 

The liver is fixed to the diaphragm, abdominal wall and neighbouring 
organs by means of numerous ligaments. The coronary ligament consist 
of two strong sheets of peritoneum and attaches liver to the diaphragm. 
Between the sheets there is a rather large area of diaphragmatic liver 
surface, to the right of posterior vena cava, devoid of peritoneum. The 
non-peritoneal area of the liver may be spindle-shaped, triangle or 
semilunar with the impression f rom the side of posterior vena cava. The 
right triangular ligament attaches the right lobe to the abdominal wall 
and diaphragm. On the abdominal wall it is fastened to 13 or 14 rib. 
The width of the ligament, measured at the liver, amounts to approxi-
mately 15 cm. The left triangular ligament is poorly developed in the 
bison; it attaches the left lobe to the diaphragm below and slightly to 
the left of esophageal hiatus. The falciform ligament of the liver runs 
along the diaphragmatic surface, f rom posterior vena cava to umbilical 
fissure. Bisons older than 2 years are usually devoid of it (in one indi-
vidual this ligament was preserved intact, and in three others — in 
rudimentary form). The hepatorenal ligament begins at the central 
segment of the medial border of caudate process and runs to the back, 
on the ventral surface of the right kidney. The hepatoomasal ligament 
begins at the visceral surface of the liver on the line: esophageal notch — 
papillary process, and it runs to omasum elongating its serous membra-
ne. The ligament is rather well developed and shows distinct borders 
near the liver. Lesser omentum is attached to the visceral surface, 
usually in the straight line between porta of the liver and esophageal 
notch, approximately 3 cm below the hepatoomasel ligament. 

3. Variability in the Shape, Size and Weight of the Liver Depending on Age 

In newborns and 6-week-old calves the liver resembles rectangle due 
to almost uniform development of the left and right lobes. On the 
visceral surface (mainly in left lobe) of these animals shallow fissures 
and impressions are found. The umbilical fissure is as a rule not visible 
f rom the visceral surface. The umbilical vein preserves patency in foe-
tuses and 1—3-day-old individuals, later being transformed into the 
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round ligament of the liver disappearing with age. The caudate process 
is relativelly large and, except one case, protrudes beyond the liver 
border. 

The liver of young bisons (up to 3 years of age) is oval in shape, with 
the longer axis running from the dorsal border of the right lobe to 
ventral border of the left lobe. The latter one is smaller than the right 
lobe, especially in respect of thickness (Table 1). The umbilical fissure 
is 4 to 6 cm long and distinctly separates the left lobe f rom the inter-
mediate lobe. On the visceral surface of the left lobe omasal impression 
appears, while in the vicinity of ventral border — reticular and abo-
masal impressions. The renal impression in the livers of this age group 

Table 2 
Body weight and absolute and relative weight of bison's liver. 

Liver weight 
Age group n Body w t , kg Absolute, g Relative, 

% 

Newborns 4 min. 15.5 370 1.41 
max. 35.0 495 2.39 

X 23.2 448 1.93 
Calves 1 71.0 1345 2.04 
1.5 — 4 months (N = 2) 
Young bisons 2 min. 206.0 4160 1.21 
2 — 3.5 years max. 408.0 4950 2.02 

X 307.0 4555 1.67 
Adult males + females 7 min. 530.0 5350 1.05 
6 — 20 years max. 920.0 11000 1.58 

X 698.8 8210 
(N = 12) 

1.17 

Adult males 6 —17 years 6 min. 530.0 7000 1.05 
max. 920.0 11000 1.58 

X 727.0 9011 1.24 

Adult females 8.5 — 20 years 
(N = 9) 

Adult females 8.5 — 20 years 1 530.0 5803 
(N = 3) 

1.09 

is still rather shallow. The outline of intermediate lobe resembles 
a triangle based on porta of the liver with its apical part at the right 
border. The papillary process of the caudats lobe crosses over the range 
of porta of the liver. The caudate process of this lobe is prism-shaped 
with the three surfaces limited by three borders joining at the apical 
part of the process. One of these surfaces adjoins to the right lobe, other 
to the right kidney and posterior vena cava, and the last one — to 
duodenum. 

In adult individuals the principal liver dimensions, length and width, 
are similar in both sexes (Table 1), while higher values of thickness 
were found in males, e.g. caudate lobe is thicker on the average by 
37 mm, right lobe — by 16 mm. # 
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During the postnatal development the highest increase in size was 
observed for the right lobe, since its coefficients of growth amount to 
3.4 (width) and 3.1 (thickness), as well as for the caudate lobe — 3.1 in 
thickness. The lowest increase was observed for the caudate process, 
since its coefficient of growth is 1.6 (thickness), and for the left lobe — 
thickness and length increased by 1.8 times. 

The absolute weight of the liver of adult bisons is equal to 8210 g on 
the average (Table 2), in males being 36% higher than in females. In 
comparison with newborns this weight corresponds to over 18-fold 
increase. The relative weight of the liver amounts on the average to 
1.17% (in adult females 1.24%, in males — 1.09%). 

t 
4. Bile Passages 

The right hepatic duct turns toward the dorsal angle of the right lobe 
and is formed by the confluence of three strong branches: two for the 

Fig. 4. Bile passages of bison's liver (scheme). 
A — right lobe, B — left lobe, C — caudate lobe, D — quadrate lobe, E — caudate 
process, F — gall bladder, 1 — vena cava posterior, 2 — portal vein, a — right 
hepatic duct, b — left hepatic duct, c — common hepatic duct, d — cystic duct, 

e — bile duct. 

dorsal part of the right lobe and one for the caudate process (Fig. 4). 
Two branches deriving from one third of the ventral and middle part 
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of the right lobe join either separately or as one t runk to the terminal 
part of the described duct. The left hepatic duct lies in porta of the 
liver below portal vein. It crosses (on the diaphragmatic surface of the 
liver) the umbilical pouch and includes two initial branches. One of them 
spreads in the dorsal and middle part, and the second one — in the 
ventral part of the left lobe. The first one is supplied by a strong branch 
from the quadrate lobe, which in some cases may join directly to the 
left hepatic duct. The common hepatic duct, 2 cm long, is formed in 
porta of the liver by confluence of the right and left ducts. Variations: 
in one case the bile f rom the right lobe flowed by two separate ducts — 
one f rom the dorsal part and caudate process, and the second — from 
the ventral and middle parts of this lobe. 

Table 3 

Dimensions (mm) and capacity (cm3) of the gall bladder in the bison. 

Age group N Length Width Capacity 

Newborns 4 min. 30 9 4 
max. 55 32 69 

X 40 17 33 
Calves 2 min. 75 20 20 
1.5 — 4 months max. 117 63 200 

X 96 42 110 
Young 4 min. 121 45 78 
2 — 3.5 years max. 185 80 322 

X 153 56 213 
Adult males + females 12 min. 130 60 130 
5 — 20 years max. 265 118 1650 

x 203 94 756 
Adult males 5 — 16 years 10 min. 130 60 130 

max. 233 118 1650 
X 194 93 694 

Adult females 14 — 20 years 2 min. 228 72 500 
max. 265 128 1630 

X 246 100 1065 

Cystic duct in adult individuals is 7.5 cm long and is additionally 
supplied by 2 to 4 small ducts f rom the right and quadrate lobe. The 
bile duct formed near porta of the liver, between portal vein and pa-
pillary process, is 4.2 to 6 cm long and has 1.0—1.5 cm in diameter. 

The gall bladder of the bison is well developed and hangs below the 
right liver border. In adult individuals it reaches 20 cm of length and 
750 cm3 in volume (Table 3). The gall bladder is attached to the visceral 
surface of the liver usually in the line between portal vein and umbili-
cal fissure. One or two small ducts from the right and quadrate lobe 
reach directly to the gall bladder. 
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IV. DISCUSSION 

In general outline the bison's liver is similar to cattle liver, but differs 
in some morphological details resembling the conditions described in 
other ruminants, especially in buffalo ( M a r t i r o s j a n , 1953). 

The liver of adult bisons is variable in shape, tr iangular in most 
cases, while in cattle, especially in older and undernourished indivi-
duals, the elongated form prevails (E i c h e 1, 1925). In comparison with 
cattle the left lobe of bison's liver is less developed but in a variable 
degree, due to the pressure exerted by reticulum and mainly by omasum. 
It has been found (after comparison of the results of stomach capacity 
with observations on the shape of the liver in the same individuals — 
P y t e 1, 1969), that triangular liver is accompanied by a larger capacity 
of the omasum than in case of the liver with fully developed left lobe. 
It appears, moreover, that poorly developed left lobe has no relationship 
to the displacement of organs in the peritoneal cavity during pregnancy 
since it occurs with equal frequency in females and males. This is under-
standable since the reticulum and omasum, in distinction to abomasum : 

are only slightly displaced during pregnancy (H a j o v s k a, 1964). The 
fact that triangular liver was not observed in the animals under 4 years 
of age should be related to the postnatal development of omasum (P y-
t e l , 1969). The process of reduction of the left lobe associated with age 
was also described in the camel ( ¿ e d e n o v , 1965). The caudate lobe 
and its papillary process are better developed in the bison than in cattle 
( E i c h e l , 1925). In bison calves the papilary process is shaped 
similarly to that in cattle calves (G e y e r et al., 1971) and in adult 
sheep (K 1 a g e s, 1931). The caudate process in adult bisons is prism-
shaped while in cattle is flattened, of rounded borders and broad apex, 
and often may be quadrate ( A u e r n h e i m e r , 1910; E i c h e l , 1925). 
The shape of this process in the bison resembles that described in buffalo 
( M a r t i r o s j a n , 1963). The quadrate lobe in the bison liver is most 
of ten triangular, while in cattle conforms with its name. The umbilical 
f issure is deeper in bison than in cattle. The line of at tachment of the 
gall bladder is closer to the umbilical fissure in bison's liver than in cattle 
( M a r t i n & S c h a u d e r , 1938; E l l e n b e r g e r - B a u m , 1943; 
S i s s o n & G r o s s m a n , i960) and resembles conditions described in 
sheep and goat ( N i c k e l , S c h u m m e r & S e i f e r l e , 1960). The 
bison liver has also deeper renal impression. 

The dimensions of the liver in newborn bisons are similar to the 
corresponding data for cattle (G e y e r et al., 1971; E i c h e l , 1925). 
In the individuals aged 1.5 to 3.5 years the mean length of the left lobe 
in the bison corresponds to the lowest values in cattle, and of the right 
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and intermedial lobes — to the highest values. The width of the left 
lobe in this age group is identical with that in cattle. In adult bisons 
the length of the whole liver does not differ f rom that of the cattle 

Table 4 
Comparison of the mean dimensions (mm) of bison and cattle liver. 

Bulls Cows 
Bisons Cattle1 Bisons Cattle1 

Length 
Whole liver 531 533 561 557 
Right and intermediate lobes 383 300 396 307 
Left lobe 152 233 168 250 
Caudate process 202 162 217 156 
Free end of caudate process 99 100 109 102 
Width 
Right lobe 390 310 378 329 
Left lobe 216 268 206 270 
Caudate process 94 100 92 102 
Thickness 
Right lobe 104 90 88 84 
Left lobe 44 37 38 37 

1 After E i c h e l (1925) 

Table 5 
Comparison of liver weight of the bison, cattle and their F, hybrids. 

Absolute weight (g) Relative weight (%) 
Species 

mean min. max. mean min. max. 

Males 
Bisons 9011 7000 11000 1.24 1.05 1.58 
Cattle 6200 4250 8525 1.04 

1.58 

Cattle 5947 3100 8450 1.02 0.81 1.18 
Cattle — Oxen 7607 4995 11540 1.04 

1.18 
Fi hybrids 11860 1.28 

Females 
Bisons 5803 5350 6100 1.09 
Cattle 6070 3450 9200 1.10 
Cattle 5497 3700 7800 1.21 0.94 1.46 
Cattle1 7110 1.71 
Cattle2 5710 1.55 
Fj hybrids 7353 1.43 

Authority 

Our own data 
Eichel, 1925  
Schneider, 1904  
Schneider, 1904  
Pilarski &  
Krasińska, 1976 

Eichel, 1925 
Schneider, 1904 
Kwiatkowski, 1973 
Kwiatkowski, 1973 
Pilarski & 
Krasińska, 1976 

1 Polish Red, 2 Jersey 

(Table 4). The length of the right and intermediate lobes is in bison 
higher by 83 mm on the average, and of the left lobe (independently of 
the degree of its development) is lower by 81 mm than in cattle. The 
length of the f ree end of caudate process is equal to that in the cattle. 
The width of the left lobe is in bison 51 mm lower than in cattle. In 
respect of thickness the right lobe of bison liver exceeds by 14 mm, 
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and left lobe by 7 mm, the corresponding dimensions of cattle liver. 
The absolute weight of one-day-old bisons is lower than that of cattle 

( N o s k o v , 1963; E i c h e 1, 1925; B l i n et al., 1963). In adult bison 
males the liver is heavier by ca 3 kg than in bulls and by 1.5 kg than 
in oxen (Table 5). Such significant weight differences accompanying 
small differences of liver dimensions of the compared animals may arise 
from a variable degree of exsanguination of cattle killed in the slaughter 
house in distinction to bisons that were either dead in natural way or 
put asleep. It may also be related to different body weight of compared 
species, since in newborns the relative weight of the liver is lower in 
bison than in cattle (E i c h e 1, 1925, T a m a t e et al., 1962, B l i n  
et al., 1963). As far as adult individuals are concerned the relative weight 
of the liver is in bison either lower (females) or higer (males) than in 
cattle. It should be mentioned, however, that the material used for 
comparison may be not sufficient. The liver of adult F j hybrids of bison 
and cattle is heavier in both sexes than bison's liver, both in absolute 
and relative terms ( P i l a r s k i & K r a s i ń s k a , 1976). 
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Stanisław PYTEL i Mieczysław WĘGRZYN 

MORFOLOGIA WĄTROBY ŻUBRA 
Badania przeprowadzono na wątrobach 47 żubrów (32 cTcTi 15 9 9 ) w wieku 

od 1 dnia do 24 lat. Na materiale utrwalonym wykonano obserwacje morfologicz-
ne i pomiary; dane odnośnie ciężaru dotyczą materiału świeżego. 

Wątroba żubra podobna jest do wątroby bydła domowego. Ma ona barwę bru-
natno-czerwoną, miernie wyrażoną budowę zrazikową oraz niewyraźny podział na 
płaty: prawy, lewy, czworoboczny i ogoniasty. W zależności od stopnia rozwoju 
poszczególnych płatów (głównie lewego) wątroba u żubrów dorosłych może mieć 
kształt trójkątny (56% przypadków), prostokątny (12%) lub między nimi pośredni 
(32% — Rys. 1—3). 

Wątroba żubra, w porównaniu z wątrobą bydła domowego, charakteryzuje się 
silniejszym płatem prawym i słabszym płatem lewym (Tabela 1 i 4). Ciężar bez-
względny wątroby dorosłych żubrów wynosi 8,21 kg (u samców — 9,01 kg, u sa-
mic — 5,80 kg) natomiast ciężar względny — 1,17% (odpowiednio — 1,24% i 1,09%). 
W odniesieniu do wątroby bydła domowego, wątroba dorosłych żubrów — sam-
ców jest cięższa od wątroby buhajów i wołów (Tabela 5). 
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