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ABSTRACT: Quantitative seasonal variation of biomass among segments of the gut wall and
associated contents of moose has not been previously reported. From a sample of 6- tol3 -month old
moose collected in southcentral Sweden, gastrointestinal tracts were divided into nine functionally
distinct segments. Each segment was measured for live weight and length of the wall, and wet and dry
weight of the contents. Dry matter digesta was greater in winter than in summer within all segments
except the small intestine. Live weight of the wall and its weight relative to other segments was
significantly greater in the rumenoreticulum and abomasum during summer than in winter. Weight
variations by season and among segments of the tract are discussed in terms of nutritional strategies

and adaptations.
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For herbivorous mammals, choice and
processing of food are constrained by meta-
bolic requirements and by the anatomy and
physiology of the digestive tract ( Demment
and Van Soest, 1985; Hofmann, 1973; Janis,
1976; Owen-Smith, 1988; Renecker and
Hudson, 1990). Alimentary size scales to
body mass as M!%* (Demment and Van Soest,
1985); whereas metabolic requirement scales
as M®” (Kleiber, 1975). One consequence
will be that a larger animal is more adapted to
a high fiber/low quality diet.

Changes in length and biomass of seg-
ments of the intestine in association with
seasonal changes in diet and energy require-
ments has been shown in a number of verte-
brates including small rodents, mallards (Anas
platyrhynchos) and gallinaceous birds (Gross
et al., 1985; Hammond,1993; Kehoe et al.,
1988; Moss,1983).

Moose (Alces alces) experience major
seasonal fluctuations in the nutritional qual-

ity of woody plants, their primary food. Dur-
ing the 3-6 months of plant growth, high-
nutrient, readily digestible leaves are eaten.
Incontrast the same plants plus conifers offer
only low-nutrient, high-fiber forage often
with relatively high levels of defensive com-
pounds during 6-9 months of plant dormancy
(Bergstrom and Hjeljord, 1987; Cederlund ez
al., 1980). In association with winter, there is
a simultaneous decrease in body weight,
metabolic rate and activity, and probably
near cessation of growth in the moose (Regelin
et al., 1985; Renecker and Hudson,1989;
Schwartz et al., 1987). To date there has not
been a quantitative description of changes in
mass of the gut and its contents, nor a discus-
sion of how such changes may relate to the
sharp seasonal differences in forage quality
as well as to growth, reproduction, and en-
ergy metabolism in general.

We hypothesized that each functional
segment along the digestive tract of moose
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should show fluctuations in size and contents
that can be related to the marked seasonal
differences in fiber and levels of nutrients in
their natural forages. Furthermore, such fluc-
tuations should represent adaptive physiologi-
cal responses to these normal seasonal
changes in forage quality.

From a sample of young moose collected
in different seasons, we weighed and meas-
ured each functionally separate segment of
the gastrointestinal tract. In addition, we
weighed the mass of the contents of each
portion. The findings are discussed in rela-
tion to changing diet quality over the sea-
sons, and to the feeding strategies of the
moose.

STUDY AREA

Grimsd Wildlife Research Area is lo-
cated in the southern part of the boreal forest
zone in southcentral Sweden (55°5’N,
15°5’E). The 140 km? research area consists
of fairly flat, forested land with elevations 75
- 150 m above sea level. Coniferous forest
covers about 72%, with dominant trees being
Scots pine (Pinus sylvestris) and Norway
spruce (Picea abies) and subdominants be-
ing birch (Betula spp.) and aspen (Populus
tremula). The ground layer is dominated by
dwarf shrubs, mainly bilberry (Vaccinium
myrtillus), lowbush cranberry (Vaccinium
vitis-idaea), and heather (Calluna vulgaris).
The area is interspersed with boggy and
swampy wetlands covering 18%, and lakes
and rivers 4%. There is little arable land in
the form of a few small farms (about 3%). For
description of forest management and
climatological characteristics see Cederlund
et al. (1991).

Moose consume leaves and twigs of de-
ciduous browse, mainly birch, aspen, moun-
tain ash (Sorbus aucuparia) and willows
(Salix spp.), together with forbs and some
grass during the summer. During winter,
pine is the dominating food species with a
minor contribution from deciduous browse.

During spring and fall, dwarf shrubs consti-
tute a considerable portion of the moose diet
(Cederlund et al., 1980).

MATERIALS AND METHODS

The data presented are from collections
of immature moose harvested as part of the
population-regulation program at Grimso.
They ranged from 6 to 13 months of age. Due
to the hunting regulations we had to restrict
our sampling to young animals in order to
acquire material from the entire year. Tech-
nically all animals were treated in the same
manner. They were brought to the laboratory
within 45 minutes of death and then the
digestive tracts were removed immediately.
Carcasses (whole body mass minus head,
skin, lower legs, kidneys and viscera) were
weighed to the nearest kg. When relating
gastrointestinal measurements to body mass,
itis preferable to use carcass mass as denomi-
nator since it is unaffected by variations in
the numerator. All measures on fresh mate-
rial were made within 3 hr of post mortem.
We have no indications that sampling time
throughout the day in any case influenced the
amount of gastrointestinal contents. During
summer moose were collected during the
night, while winter animals were collected
during a few hours before noon.

In the following we are dealing with
three data sets.

1. Entire sample: Originally 99 animals
harvested between 1986 and 1992 were avail-
able. From all these animals contents and
tissue weights of the rumenoreticulum to-
gether with carcass mass were recorded. The
entire sample was used for analyses of even-
tual sex-related differences. Based on the
local food habits analyses by Cederlund et al.
(1980), that showed a shift from dormant
season to growing season forage in early
May and then the reverse in the shift of
September - October, we separated this sam-
ple into summer animals (n=17) and winter
animals (n=82).
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2. Small sample: We studied 8 individuals in
more detail. These animals were collected in
June 1986 (n=3), November 1986 (n=3),
February 1987 (n=1) and April 1987 (n=1),
thus comprising 3 summer and 5 winter ani-
mals. The digestive tract was cutinto its nine
functionally distinct segments (Fig. 1). For
measurement of the tract wall, the rumen and
reticulum were not separated. Contents of
each segment were removed and weighed
(£1 g), then sub sampled (treating rumen and
reticulum separately) for dry matter and for
mineral levels (Staaland et al., 1992). The
emptied walls of each segment were weighed
(x1 g). Length (1 cm) of each segment was
measured by first freeing the mesenteries and
then laying the segment straight without
stretching.

3. Large sample: Since 3 animals in one
group is such a low number and can create
statistical problems, we wanted to make com-
parisons with the data available from the
entire sample, i.e. contents and tissue weights
of the rumenoreticulum. This was done in
order to improve and verify the interpretation

Rumen

Reticulum
Abomasum

Distal colon

Periferic colon

Spiral colon

Fig. 1. Demarcation of the functional segments of the moose gut that were individually measured in
this study.

Omasum

of the smaller sample. The larger sample was
stratified in terms of mean carcass mass,
variation in carcass mass between individu-
als, and the distribution of animals collected
in different winter months to identify and
select individuals comparable to those in the
smaller sample. This resulted in a sample
consisting of 12 summer and 12 winter ani-
mals. In the following this is referred to as the
large sample.

When adjusting organ measurements by
body mass and, as in our case, to analyse for
seasonal differences, one should ordinarily
use an Analysis of Covariance to adjust for
the differences in body mass. Since our ma-
terial is too limited this is not possible and
we prefer to use a non-parametric test for our
small sample. Therefore, the 3 summer and 5
winter animals from this sample are com-
pared to each other using a two-tailed Mann-
Whitney U-test,

RESULTS

Test for sex-related differences
Rumenoreticular contents and tissue

Small intestine

Caecum
Proximal colon

Apex
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weights were compared between sexes in the
entire sample (n=99) using covariance analy-
ses with carcass mass as the independent
variable. Neither when checked for summer
(11 males/ 6 females) nor winter (43 males/39
females) animals were any differences de-
tected between the sexes (P>0.22 in all cases).
Therefore, in the following both sexes are
treated together.

Large sample
Biomass distribution of digesta
Rumenoreticula of both winter and sum-
mer animals contained around 24 kg wet
material (Table 1). Due to the fact that winter
animals had considerably lower carcass mass
than summer animals (t=3.17; P=0.004),
rumenoreticular contents in immature winter
moose constituted 37% of their carcass mass
while the corresponding figure for summer
moose was significantly lower, 29% (t=4.28;
P=0.0003).

Mass of rumenoreticular tissues

The reverse condition of biomass distri-
bution was true for rumenoreticulum wet
tissue mass, where summer animals had con-
siderably heavier rumenoreticulums com-
pared to the winter animals (t=4.49;
P=0.0001). This was true even when related

to body weight (t=4.22; P=0.0004).

Small sample
Biomass distribution of digesta

The three summer animals had a carcass
mass of 83.7 £ 10.8 kg (x £ SD). The corre-
sponding figure for the five winter animals
was lower (68.0 + 6.4) and the difference was
statistically significant (p=0.025, two-tailed
Mann-Whitney U-test). This created a differ-
ence between winter and summer animals in
rumenoreticular contents relative to their
carcass mass. Rumenoreticular contents con-
stituted 32.4% in winter moose and 26.1% in
summer moose (Table 2). Even though this
difference was not statistically significant,
the figures were similar to what we found in
the larger sample. Therefore, we assume that
differences in contents between seasons for
other parts of the gastrointestinal tract that
we recognized in the small sample are realis-
tic. This is further stressed if we compare the
figures calculated on rumenoreticular dry
matter contents where the differences are
significant both in the large (Table 1) and the
small sample (Table 2).

In relation to carcass mass both omasum
and abomasum contained significantly more
digesta in winter than in summer, both calcu-

Table 1. Rumenoreticular (RR) content and tissue weight in immature moose during winter and
summer. Data from the large sample investigated.

Winter Summer P-value!
(n=12) (n=12)
Carcass mass (kg)? 66.6 £ 12,0° 832135 0.004
RR content, wet weight 24655 23.8+3.5 0.68
% of carcass mass 37.0 + 6.0° 28926 0.0003
RR content, dry weight 4.05 +£0.91 3.25+0.38 0.01
% of carcass mass 6.11+1.08 3.95+0.31 0.0001
RR tissue, wet weight 2.25+0.30 3.59 £0.96 0.0001
% of carcass mass 342 +0.35 4.27 +0.60 0.0004

! Differences are examined with unpaired t-test

? Whole body weight with head, skin, lower legs, kidneys and viscera removed

3 Mean weight + SD
4 Mean * SD
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Table 2. Content and tissue weight of segments of the digestive tract in immature moose during winter
and summer. Data from the small sample investigated.

Biomass in kg + SD % of carcass' mass = SD
Winter Summer Winter Summer s/ns?
n=5 n=3 n=>5 n=3

Rumenoreticulum

contents wet weight  21.8 £3.6 218+ 1.7 324+6.6 26.1 +2.1 ns

contents dry weight 3.3x+047 2.7+0.22 5.0+0.91 3.2+0.56

tissue wet weight 25+0.14 4.8 +£0.26 3.7+0.38 5.8+047
Omasum

contents wet weight  0.73+0.14 034 +0.12 1.10+£0.31 0.40+0.10 s

contents dry weight  0.16 £0.05  0.06 + 0.03 0.25 £0.09 0.07 £ 0.04 s

tissue wet weight 0.23+0.04 0.31+0.04 0.34 £ 0.09 0.37 £ 0.06 ns
Abomasum

contents wet weight 1.2+0.34 093+041 1.81 £0.50 1.09 £ 0.32 s

contents dry weight  0.16 £0.04  0.11 +0.04 0.24 £ 0.06 0.13 £0.06 s

tissue wet weight 0.41 +0.07 0.81 +£0.10 0.61 +£0.14 0.97 £0.08 s
Small intestine

contents wet weight 4.4 +£0.60 47 +0.64 66+1.4 57+1.1 ns

contents dry weight 043+0.04 0.50x0.06 0.66 £ 0.13 0.60 = 0.05 ns

tissue wet weight 1.3+0.17 1.9+£0.18 1.89 £ 0.28 2.24 +£0.11 ns
Cecum

contents wet weight 1.4+0.29 0.65+0.18 2.1 £0.38 0.78 £0.24 s

contents dry weight  0.20+0.04  0.08 +£0.02 0.29 £ 0.05 0.10 £ 0.02 $

tissue wet weight 0.09+£0.02 0.11+0.02 0.13 +£0.03 0.13+0.03 ns
Proximal colon

contents wet weight 1.1+041 0.49 = 0.04 1.65 £ 0.80 0.59 +£0.04

contents dry weight  0.14+0.06  0.06 + 0.01 0.22+0.12 0.07 £ 0.02 s

tissue wet weight 0.14+0.02 0.18+0.01 0.22 £ 0.06 0.22 +0.04 ns
Coiled colon

contents wet weight  0.98 £0.13 0.80 + 0.09 1.49 £ 0.29 0.97 £0.21 s

contents dry weight  0.14£0.02  0.10 = 0.02 0.21 £ 0.05 0.12 £ 0.04 8

tissue wet weight 0.25+£0.03 0.35£0.02 0.38 £0.06 0.42 £ 0.05 ns
Periferic colon

contents wet weight  0.69 £0.12 0.68 +£0.20 1.0£0.17 0.80+0.16 ns

contents dry weight 0.13 £0.03 0.10 £0.02 0.20 £ 0.04 0.12+0.01 S

tissue wet weight 0.18 £0.03 0.28 + 0.08 0.27 £ 0.05 0.33 £ 0.07 ns
Distal colon

contents wet weight  0.91 +£0.18 0.24 £0.05 1.4+0.22 0.28 £ 0.03

contents dry weight 0.23 £ 0.06 0.04 = 0.01 0.31£0.06 0.05 £0.01 S

tissue wet weight 0.44 +0.04 0.44 + 0.09 0.66 £0.10 0.52 £ 0.08 ns
Total gastr. int. tract

contents wet weight 33.2+49 306 £2.1 50.0+89 36.7+2.2 s

contents dry weight 4.9 +0.51 3.7+ 0.29 73+1.1 4.4+0.36 s

tissue wet weight 5.5+0.23 9.1 +0.61 83+0.79 11.0 £ 0.65 S

! Whole body weight with head, skin, lower legs, kidneys and viscera removed
? two-tailed Mann-Whitney U-test (s=significant, ns=non-significant)

5
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lated by wet and dry weight (Table 2).

The small intestines contained wet digesta
representing around 6% of moose carcass
mass both in winter and summer animals.
The cecum and all sections of the colon
contained more material in winter than in
summer, both on wet and dry basis, and
calculated on absolute as well as relative
figures. The only exception where the differ-
ence was not significant was the wet biomass
amount in the periferic colon (Table 2).

Taken together, the wet contents of the
entire gastrointestinal tract comprised 50%
of the winter moose carcass mass while the
corresponding figure for summer animals
was 37% (P=0.025; Mann-Whitney U-test).
The difference is even more evident if calcu-
lated on dry matter contents (Table 2).

Weight of the ruminant gastrointestinal
tract and its contents generally varies directly
with live mass of the animal. Our samples
were too small and too varied for a reason-
able regression analysis, but we did examine
for digestive tract : body weight relation-
ships. The content in all examined parts
showed a tendency for a positive relationship
with body mass, with omasal content as the
only possible exception.

The digestainrumen, reticulum, omasum,
periferic and distal colon contained signifi-
cantly less water during winter compared to
summer conditions (Table 3). The tendency
was similar in abomasum, cecum, proximal
and coiled colon, while the small intestine
seemed to hold similar amounts of water both
in summer and winter.

Mass of gastrointestinal tissues
Rumenoreticular tissue mass weighed
more and constituted a significantly larger
part of the body mass during summer than
winter (Table 2). Since these differences cor-
respond well to what we found in the large
sample (Table 1), we assume that other sea-
sonal relationships in tissue mass throughout
the gastrointestinal tract found in the small

sample are realistic.

No significant seasonal difference was
recognized for the omasum when tissue mass
was related to carcass mass. The abomasum,
on the other hand, constituted a larger part of
the carcass mass in summer moose (Table 2).

No part of the intestines differed in rela-
tive tissue weight between winter and sum-
mer. When tissue mass for the whole
gastrointestinal tract was tested against car-
cass mass there was a significant difference
found, since tissue mass constituted a larger
part of the summer moose compared to win-
ter moose (Table 2). However, this differ-
ence was due to the heavier stomach com-
partments in summer animals. All tissues
from the gastrointestinal tract showed a ten-
dency towards a positive relation to body
weight.

Length of intestines

Lengths of various parts of the intestines
did not vary between winter and summer
animals with the exception of distal colon
(Table 4). Both in absolute length and when
expressed as a proportion of total intestinal
length, winter animals had longer distal co-
lons than animals collected during summer.
Even when length was expressed per kg body
weight, only the distal colon differed signifi-
cantly in length between winter and summer
animals, with longer distal colons in winter,
No differences in the results were found
when body mass was transformed by its cube
root in order to correct for the comparison
between a one-dimensional and a three-di-
mensional variable (Weckerly, 1989).

DISCUSSION

For comparison with our data, there is
little quantification of moose-gut contents in
the literature. Furthermore, the studies avail-
able only deal with adult animals and gut
contents are related to total body mass. To be
able to compare our study with others it is
possible to transform our data on carcass
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mass into whole body mass following the
relationship between carcass and body mass
given by Wallin et al. (1996).

Coady and Gasaway (1972) report thatin
moose rumenoreticulum wet contents in win-

Table 3. Water concentration in contents from
various parts of the digestive tract of immature
moose shot during winter (n=5) and summer
(n=3). Forthe intestines, values are given as an
average for the entire part.

Winter Summer s/ns'
Rumen 84.6+12> 87710 s
Reticulum 844+18 894+1.0 s
Omasum 78.1+x25 827x17 s
Abomasum. 86.6+19 88.1+x14 ns
Small intestine 90.2+ 1.1 89.3 +0.38 ns
Cecum 86.0+13 876+13 ns
Proximal colon 86.5 1.8 87.5+1.6 ns
Coiled colon 857+19 88.0+1.1 ns
Perifericcolon 80.3+3.1 850x2.1 s
Distal colon 74551 827x26 s

!two-tailed Mann-Whitney U-test (s=significant,
ns=non-significant)

% as a percentage of wet weight of contents

3 mean + S.D.

ter comprised 15.7% of total body weight
which compares closely with our figures of
14.6 to 16.8% for the large and small sample,
respectively. However, their comparable fig-
ure of 8.7% for summer was considerably
lower than our finding ranging from 11.9 to
13%. This great discrepancy for summer data
could not be ascribed to the fact that growing
animals may need more food since a large
unpublished material from our research area
also shows corresponding figures for adult
animals (Pehrson unpubl.).

Hofmann and Nygren (1992a) give
rumenoreticular contents of 20-35 kg for
moose ranging in weight from 189-366 kg,
thus heavier than our animals. This corre-
sponds to around 10% of the whole body
weight. Unfortunately Hofmannand Nygren
do not tell during which season their material
was collected. These data correspond with
Kay et al. (1980) who reported that moose
rumenoreticular contents, calculated as per-
centage of body weight, ranged from 8.0 to
11.4%. Their figures apparently came from
Gasaway and Coady (1974), from 19 animals
(yearlings and adults) collected in spring,
summer and early winter in interior Alaska.
Gasaway and Coady (1974) concluded that
weight of female rumen content was greatest
during winter and least during spring.

Table 4. Absolute and relative length of intestines in immature moose shot during winter (n=5) and

summer (n=3).

Length % of total intest. length
Winter Summer Winter Summer s/ns!
Small intestine 203.0 + 15.7* 2533+£25.2 576+1.9 60.4 +3.1 ns
Cecum 4.3 +£0.56 6.0x13 1.3 +0.17 1.5+0.32 ns
Proximal colon 5717 5617 1.7 £ 0.50 1.4 £0.43 ns
Coiled colon 55.0+6.2 62.7 +15.0 16.2 + 1.8 16.0 + 3.8 ns
Periferic colon 45.0+7.5 60.7 £ 19.0 132+2.2 15.4+438 ns
Distal colon 39.2+7.0 307+ 1.2 11.1 1.8 7.3+040 S

Total intestines

3522 +£25.6 419.0+15.1

! two-tailed Mann-Whitney U-test (s=significant, ns=non-significant)

2 dm, mean = S.D.




VARIATION OF GASTROINTESTINAL TRACT IN MOOSE - PEHRSON ET AL. ALCES VOL. 33 (1997)

In their review, following the classifica-
tion by Hofmann (1973), Kay ez al. (1980)
calculated that the mean wet weight of forage
needed to fill the rumenoreticulum was for
browsers equivalent to 9.0% of body weight,
for mixed feeders 11.5%, and for grazers
13.3%. These figures do not take into ac-
count seasonal differences in rumen fill. In-
dependent of season, moose at Grimso seem
to have more material in their rumenoreticula
than found in most other investigations and
definitely more than concluded by Kay et al.
(1980) for browsers in general.

Holand (1992) found that in winter, roe
deer (Capreolus capreolus) in Norway had
significantly more dry matter content in their
rumenoreticula compared to summer condi-
tions, and data from Grims6 (Pehrson unpubl.)
also confirms this on a wet basis. From the
studies referred to above and from our own
investigation it is thus apparent that concen-
trate selectors in temperate regions can show
seasonal variations in gastrointestinal fill with
more digesta in winter animals. The seasonal
differences could be explained by the higher
digestibility in moose and roe deer summer
food which allows a faster passage rate and
thus a concomitant momentary lower rumen
fill (Hofmann 1989, Holand 1992).

Regardless of what set of factors influ-
ences seasonal changes in gut physiology,
observations in this study clearly indicate
such changes in moose. The greater weight of
the rumenoreticulum organ in summer is
undoubtedly related to both nutritional needs
of that season and to the higher digestibility
of forages available then; the weight increase
is probably due primarily to an increase in
papillae associated with increased absorp-
tive capacity across that wall. Hofmann et al.
(1988) and Hofmann and Nygren (1992 b)
report that, as in other ruminants, the ruminal
mucosa of moose increases during the season
of high-digestibility forage.

Hofmann (1983, 1985) and Hofmann
and Nygren (1992a) stress the importance of

the distal fermentation chamber (cecum +
proximal colon) in browsers and especially
its seasonal variation in capacity with an
increased volume during the dormant sea-
son. Our data confirm this since our moose in
winter had considerably more material in the
cecum and proximal colon than did the sum-
mer animals. This may indicate that a re-
duced food quality lowers passage rate, and
that it is then necessary for the animal to
improve the total utilization of the digesta by
using the hindgut to a greater extent for
assimilation and also possibly degradation of
food. However, we were not able in our
restricted material to distinguish any adapta-
tion in the distal fermentation chamber in the
form of increased volume indicated by e.g.
greater organ length or tissue weight.

The same conditions were true for other
parts of the large intestine. Organ weights did
not differ notably between seasons even
though the weight of contents was consider-
ably higher in winter. This tends to suggest
that the organ’s function remains similar
even as the amount of material contained
therein varies. Likewise, as contents of the
distal colon increased in winter, along with
its length, the organ itself did not increase in
mass. A reduced passage rate and increased
organ length in winter may improve water
resorption as indicated by the fact that com-
pared to the rumen, dry matter concentration
in the distal colon was about 40% higher
during winter but only about 30% higher in
summer. It may also be valuable in order to
improve absorption of important nutrients
(Staaland et al., 1992).

From the abomasum to the coiled part of
the colon there was a constant dry matter
concentration of digesta throughout both sum-
mer and winter. In the other parts of the tract,
dry matter concentration was distinctly higher
in winter. Gasaway and Coady (1974) found
rumen dry matter content in moose to vary
from 10.8% in summer to 16.9% in early
winter, values very similar to our findings.
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Toconclude, ourinvestigation shows that
there are seasonal differences concerning both
amount of digesta and organ weight of the
gastrointestinal tract of young moose. The
amount of digesta in relation to body mass is
greatest during winter in almost all parts of
the digestive system. This is most certainly an
adaptation to a lowered food quality during
winter which demands alongerretention time
in order to digest the food as efficiently as
possible. The more easily digested summer
forage, on the other hand, can pass through
much faster and still be sufficiently digested,
thereby allowing an optimized intake. There-
fore, during the summer there is most likely a
demand for an increased absorptive capacity
of the digestive system. This could be achieved
by increased length and maybe also increased
number of papillae of the inner mucosa of
rumen, reticulum and abomasum. We inter-
pret this to be the reason why these organs
were found to weigh more in moose during
the summer as opposed to the winter.
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