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How do plant communities respond to an erupting bison Bison 
bison athabascae population?

Nicholas C. Larter

Larter, N.C. 1997: How do plant communities respond to an erupting bison 
Bison bison athabascae population? - Wildl. Biol. 3: 107-116.

Two distinct subpopulations of wood bison Bison bison athabascae inhabit 
the Mackenzie Bison Sanctuary and adjacent areas: the ML subpopulation 
which is increasing and inhabits the periphery of the bison range, and the 
MBS subpopulation which is stabilizing and inhabits the core area of the 
bison range. This system provided the unique opportunity to examine how 
the plant community responded to an erupting, indigenous herbivore popu­
lation. The standing crop of sedges and grasses in willow savanna habitats 
located in the core area of the range (MBS) was consistently lower than that 
of willow savannas located at the periphery (ML). The difference in stand­
ing crop between areas appears to be a direct result of different grazing pres­
sures between the two areas. Net primary production was similar between 
MBS and ML indicating that the vegetation in MBS showed at least some 
partial compensation in response to grazing. The species composition of 
willow savannas differed between areas. Willow savannas located in MBS 
showed an increase in more unpalatable or less preferred species compared 
to willow savannas located in ML. Forages were of similar quality between 
the areas.
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Few studies have documented the plant community 
dynamics associated with an ungulate eruptive oscil­
lation. It has often been implied that overgrazing is 
associated with the stabilization of the herbivore pop­
ulation, and consequently plant biomass is lower 
when the herbivore population stabilizes than when it 
was increasing (Holloway 1950, Riney 1964, Mech 
1966). Available forage (as distinct from total plant 
biomass) was not measured in these papers. Where 
data on plant community dynamics were available, 
total plant biomass decreased and/or the presence of 
unpalatable species increased (Klein 1968, Caughley

1970, Kightley & Smith 1976, Jarman & Johnson 
1977, Leader-Williams 1980). However, all these 
studies examined either populations of animals liber­
ated onto islands with little historic grazing pressure, 
or those of exotic species introduced into a new habi­
tat. It is possible that the observed changes in plant 
biomass and species composition occurred because 
the plants were not evolutionarily adapted to such 
grazing. Do such changes occur in plant communities 
that have evolved in the presence of indigenous graz­
ers? So far data on plant communities during erup­
tions of indigenous grazers in their natural habitats
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are lacking to answer this question. In this paper I 
examine such a situation.

Large grazing animals can affect vegetation in a 
variety of ways, from altering species composition to 
affecting productivity and nutritional quality. The 
degree to which changes in the plant community 
occur seems closely related to the intensity of grazing 
pressure (Botkin, Mellio & Wu 1981, Lacey & van 
Poollen 1981, McNaughton 1983, 1985, Belsky 
1986, Day & Detling 1990, Holland, Parton, Detling 
& Coppock 1992).

In interactive plant-herbivore systems, herbivores 
influence the amount of food to subsequent genera­
tions (Monro 1967). Caughley (1976) further subdi­
vided interactive systems into interferential and lais­
sez-faire systems. The key distinction between them 
is whether or not herbivores interfered with each 
other’s search for food. In laissez-faire systems her­
bivores do not interfere with each other. Non-territo­
rial ungulates are an example of this kind of grazing 
behaviour.

The Mackenzie wood bison Bison bison athabas- 
cae population is undergoing an eruptive increase fol­
lowing its liberation in 1963 (Gates & Larter 1990). 
From an initial 18 animals in 1963, the population 
increased in a sigmoidal fashion peaking at ca 2,400 
animals in 1989. The 1992 estimate was ca 2,000 ani­
mals. The Mink Lake (ML) subpopulation, represent­

ing the leading front of the population, has shown a 
continual increase over the last three surveys (1987,
1989, and 1992), whereas the Mackenzie Bison Sanc­
tuary (MBS) subpopulation has stabilized (Larter, 
Sinclair & Gates 1993, Larter 1994). Therefore, the 
plant communities located in MBS and ML should 
reflect the impact of the different grazing pressures 
exerted on them.

I predicted from previous studies that as the bison 
population stabilizes, plant species composition 
would change with unpalatable species becoming 
dominant, and the standing crop of forage would 
decrease as more of the initially total available plant 
biomass was cropped. This paper compares forage 
quantity, species composition, and forage quality of 
dry and wet meadows subjected to these different 
grazing pressures.

Methods 

Study area
The Mackenzie wood bison inhabits an area exceed­
ing 9,000 km2, which includes the Bison Sanctuary 
(MBS) and adjacent areas located on the western side 
of Great Slave Lake (61°30'N, 117°00'W) in the 
Northwest Territories (Fig. 1). It is located in the 
Upper Mackenzie Section of the Boreal Forest Re­

gion (Rowe 1972) in the emerged 
bed of a once vast glacial lake.
The undulating topography supports 
largely forested habitats which 
include coniferous forest, dominated 
by black spruce Picea mariana, 
white spruce P. glauca, jack pine 
Pinus banksiana, and larch Larix 
laricina, and mixed deciduous-conif- 
erous forest, dominated by white 
spruce, aspen Populus tremuloides, 
and balsam poplar P. balsamifera. 
Birch bog dominated by shrub birch 
Betula glandulosa is found in open, 
poorly drained areas of the forest. 
Shallow lakebeds originating from 
the scouring action of glaciers are 
widely dispersed throughout the 
area. These lakes are gradually fill­
ing in with sedges and grasses, while 
woody plants, notably willows Salix 
spp., are invading the lake margins. 
Wet sedge meadows (WM) were

Figure 1. The study area, including the Mackenzie Bison Sanctuary and the areas on the 
western side o f Great Slave Lake, Northwest Territories, Canada. The range of the bison 
population is indicated by the open diamonds. The area marked by solid diamonds is the 
Mackenzie Bison Sanctuary.
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found where there was year-round standing water. 
They contained high biomass stands of sedge, domi­
nated by Carex atherodes and C. aquatilis. Willow 
savannas (DM) were located in more mesic areas 
often bordering WM. Grass-sedge associations con­
sisting of Calamagrostis spp., Agropyron trachycau- 
lum, and Carex atherodes dominated the willow 
savanna plant community. Hordeum jubatum, Pha- 
laris arundinacea, Agrostis scabra, and C. aquatilis 
were also present. Willow represented only a minor 
portion of the ground cover. DM and WM provide 
most of the forage used by bison, but represent <6% 
of the study area (Larter & Gates 1991a, Matthews
1991). Sedges, particularly C. atherodes, are a pre­
ferred and important forage for bison throughout the 
year. Grasses are less preferred tending to be utilized 
only during snow free periods (Larter 1988, Larter & 
Gates 1991a, 1991b). P. arundinacea is a highly un­
palatable and avoided species (Audette, Vijayanagar 
& Bolan 1970, Hagman, Marten & Hovin 1975, 
Larter 1988).

Snow cover generally lasts from November to 
April. Snow depths show annual variability. By late 
winter (mid-March) accumulations of 40-65 cm can 
be found in various habitats (Larter & Gates 1991a).

Forage quantity
At the start of the 1990 growing season, two perma­
nent line transects 200 m long were established in 
WM in ML and two in MBS. Concurrently, two per­
manent line transects were established in DM at ML 
(each 500 m long) and three in DM at MBS (300 m, 
300 m, 225 m long, respectively). On these transects, 
10 0.25 m2 plots were randomly located, 5 plots/tran­
sect for WM in ML and MBS, 5 plots/transect for 
DM in ML, and 4, 4, and 2 plots/transect, respective­
ly, for DM in MBS. All forage was clipped at a height 
of 3 cm above ground to represent forage available to 
grazing bison (Larter 1988). To estimate forage 
standing crop, 10 different randomly chosen plots 
were clipped at each of four times in 1990: 1) at the 
start of the growing season, early June, 2) at the peak 
of the growing season, mid-July, 3) at the middle of 
plant senescence, mid-August, and 4) at peak senes­
cence before snow cover, mid-September (Larter 
1988). Forage was dried at 60°C for 12 hours and 
subsequently weighed on an electronic balance.

Grazing effects in willow savannas
During July 1991, five exclosures were erected in
DM in each of ML and MBS. Each exclosure con­

sisted of a 2.3 m x 1.7 m piece of 5 cm x 5 cm chain- 
link fencing. Once pegged into the ground it resulted 
in a domed exclosure of approximately 1.75 m2. At 
the time these were erected, two 0.5 m x 0.5 m plots 
were clipped outside each exclosure, the position 
being 1 m from a randomly chosen comer. At the end 
of the growing season two, 0.25 m2 plots were clipped 
inside the excluded area and two 0.25 m2 plots were 
clipped 1 m from the corner of the exclosure that had 
not been previously clipped. Because grazing of WM 
during summer is rare (Larter 1988, Larter & Gates 
1991 a, 1991 b), grazing effects in WM were not meas­
ured.

Forage composition of meadows
A measure of forage composition of both DM and 
WM was determined during the 1990 growing season 
using two methods, presence/absence measures 
recorded from the clip plots used to estimate forage 
quantity, and by the point-intercept method (Kershaw 
1973). For the presence/absence measure all plots 
that were clipped in DM and WM over the course of 
the growing season were pooled. The number of 
times a forage occurred in a plot was tallied out of a 
possible 40 plots per site (ML and MBS). The forages 
recorded were: slough sedge Carex atherodes, water 
sedge C. aquatilis, grasses Calamagrostis spp., Agro­
pyron trachycaulum, Hordeum jubatum, Agrostis sca­
bra, and Elymus innovatus, forbs (non-woody dicot­
yledonous plants), and reed canarygrass Phalaris a- 
rundinacea. Data were reported as proportions. I 
used the proportion test (Zar 1984) to compare pro­
portions between area.

For the point intercept method, a 1-m stick was 
placed perpendicularly to the transect at the location 
of the randomly placed plots used for the forage 
quantity estimate. At each of these 10 locations a nail, 
representing a point, was placed into the meadow 
substrate at 10 cm intervals along the stick. All forage 
plants that were intercepted by the nail as it was 
placed into the substrate were recorded. The same 
forages were recorded as described above. Data were 
pooled across the four sample times and recorded as 
a proportion of the number of point intercepts/400. I 
used the proportion test (Zar 1984) to compare pro­
portions between area.

Forage quality - snow free season
Forage samples were gathered at the four times in 
1989 and 1990 described above. Slough sedge, water 
sedge, grass, and willow were the forage types sam­
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pled. One composite sample of each forage type was 
collected from DM at ML and MBS. Only sedges 
were collected from WM in each area because grass 
and willows were absent. Composite samples of 
sedge and grass, respectively, were collected as fol­
lows. Numerous individual plants (constituting a 
minimum 35 g ground dry weight sample), were 
clipped at random from areas directly adjacent to per­
manently marked line transects (two transects per 
habitat per area except for three transects in DM at 
MBS). Current year's growth was clipped at 3 cm 
above ground level to represent forage available to 
grazing bison (Larter 1988). Composite willow sam­
ples were collected in a similar fashion. Current 
annual growth was clipped, with accompanying 
leaves. Each sample was dried at approximately 60°C 
in a propane oven for 12 hours, and ground in a 
cyclone mill through a 1-mm screen. A >1 g subsam­
ple of the ground forage described above was used 
for each of the forage quality analyses. Samples were 
analyzed for their fibre, lignin, nitrogen, carbon, alu­
minum, magnesium, potassium, manganese, chlo­
ride, and calcium content.

Forage quality - snow season
Snow season forage quality samples were collected 
during winter 1991-92. Different abiotic conditions 
associated with the growing season may profoundly 
affect forage quality on a yearly basis (Bell 1982, 
East 1984, Boutton, Tieszen & Imbamba 1988, B0 & 
Hjeljord 1991). This would be reflected in the quali­
ty of forage at the start of the snow season. I used 
mid-August 1991 samples as a reference for the rest 
of the winter samples because mid-September sam­
ples were unavailable. Forage samples were collected 
in mid-August, November, mid-February, and early 
April of 1991-92. Samples were collected as de­
scribed above (snow free season). Because winter di­
et is almost exclusively sedge (Larter 1988), only 
slough sedge and water sedge were collected. Sam­
ples were prepared as above. These samples were 
analyzed for fibre, nitrogen, and carbon content only.

Forage quality analyses
Forage fibre content was determined by the in vitro 
acid-pepsin digestibility technique following Tilley & 
Terry (1963) and Spalinger (1980). Larter (1992) 
found this simple method gave an index of forage 
quality comparable to that of the more complicated 
acid-detergent fibre analyses (van Soest 1967). Mean 
percent digested, from four runs of each forage sam­

ple, were used. High digestibility values indicate low 
fibre content and vice versa (Larter 1992).

Percent lignin content was determined by the acid- 
detergent lignin technique (van Soest 1963). Lignin 
analysis was limited to slough sedge and willow. 
Each sample was run through this technique once. 
Duplicate samples (N = 29) were run to determine 
precision of the measurement which was 92.4%.

Nitrogen content was determined by the micro- 
Kjeldahl technique (Nelson & Sommers 1973). Each 
sample was run through this technique once. 
Duplicate samples (N = 63) were run to determine 
precision of the measurement which was 98.3%. 
Percent crude protein was determined by the standard 
conversion (6.25 x percent nitrogen).

Carbon content was determined using an induction 
furnace carbon analyzer (LECO). A 50-mg sample 
was heated to 3,000°C in an induction furnace which 
liberated C 0 2 from the combustion. Measurement of 
the liberated C 02 provided an estimate of percent car­
bon of the forage sample. Each sample was run 
through this technique once. Duplicate samples (N = 
9) were run to determine the precision of the mea­
surement which was 98.6%. The carbon/nitrogen 
ratio (C/N) was determined by dividing percent car­
bon by percent nitrogen.

Aluminum, magnesium, potassium, manganese, 
chloride, and calcium content was determined using 
instrumental neutron activation analysis (INAA) 
(Bortolotti & Barlow 1985). Briefly, the dried, 
ground samples were irradiated by a neutron flux, the 
gamma rays resulting from their artificially produced 
radio-isotopes were counted using a gamma ray spec­
trometer, and the gamma ray peaks converted into 
chemical concentrations. Results were expressed in 
parts per million (ppm).

Statistical analysis of quality measures
I used ANOVA to determine which factors, if any, 
explained significant variability in mean digestibility, 
lignin, nitrogen, carbon, aluminum, magnesium, 
potassium, manganese, chloride, and calcium con­
tent, and C/N ratio. There were a maximum of five 
factors used: forage type, sampling time in the grow­
ing season, meadow type (DM or WM), meadow 
location (MBS or ML), and year. Data were lumped 
across factors that did not explain significant (P > 
0.05) variability and reanalyzed with a reduced 
model ANOVA. Data on percent digested were nor­
malized using a square root transformation prior to 
ANOVA.
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Results 

Forage quantity
There were significant differences in standing crop of 
different meadow communities between areas (Fig. 
2). DM in MBS had lower standing crop than those in 
ML at all sampling times except at the start and end 
of the growing season. These differences were signif­
icant in both mid-July (one-tailed, t = -7.19, P < 
0.0001) and mid-August (one-tailed, t = -4.16, P < 
0.001) (see Fig. 2a). WM in MBS and ML had simi­
lar standing crop at all times regardless of location 
except for mid-August (see Fig. 2b), when available 
standing crop was significantly lower in ML (one­
tailed, t = 4.95, P < 0.001).

Grazing effects in willow savannas
Standing crop in grazed areas of DM showed no year­

ly variation in either MBS or ML (Fig. 3). Areas 
excluded from grazing in MBS had a standing crop 
three times greater (one-tailed, t = -3.24, P < 0.004) 
than that in areas where grazers were present (see 
Fig. 3a). In contrast, areas excluded from grazing in 
ML showed only a slight, and non-significant in­
crease (one-tailed, t = -0.66, P = 0.26) in standing 
crop from areas where grazers were present (see Fig. 
3b). Excluded areas in MBS had an August standing 
crop similar to that found in both the grazed (two- 
tailed, t = -0.58, P = 0.57) and ungrazed (two-tailed, 
t = -0.96, P = 0.35) areas in ML.

Forage composition of meadows
Using presence/absence data, DM in MBS had sig­
nificantly more grass (Z = 1.98, P < 0.025), forbs (Z 
= 5.82, P < 0.0001), and reed canarygrass (Z = 2.77, 
P < 0.003), and less slough (Z = 2.91, P < 0.002) and 
water sedge (Z = 2.22, P < 0.014) than DM in ML 
(Fig. 4). These differences were similar in point inter­
cept data, but not all differences were significant (Z = 
1.46, P < 0.075 for slough sedge and Z = 1.00, P < 
0.16 for reed canarygrass). WM had similar composi-

JULY AUGUST

JULY AUGUST

Figure 2. Mean (±SE) standing crop (g/m! dry weight) on the two 
locations, M ink Lake (ML) and Mackenzie Bison Sanctuary 
(MBS), for A) willow savannas (DM) and B) wet sedge meadows 
(WM). * indicates significant differences (P < 0.05) between the 
two areas.

Figure 3. Comparison of the mean standing crop (g/m2 dry weight) 
o f areas where animals were either permitted to graze or excluded 
from grazing. Data from willow savannas (DM) in A) MBS, and 
B) ML. Exclosures were erected in July, 1991. ** indicates signif­
icant difference between grazed and excluded areas (P < 0.01).
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Figure 4. The difference in plant species composition o f willow 
savannas (DM) between M L and MBS according to methodology. 
A) gives data from the presence/absence method, B) from the 
point-intercept method; see text for description o f methodologies. 
CAAT = Carex atherodes, CAAQ = C. aquatilis, PHAR = Pha- 
laris arundinacea.

Figure 5. The difference in plant species composition of wet sedge 
meadows (WM) between ML and MBS according to methodolo­
gy. A) gives data from the presence/absence method, B) from the 
point-intercept method; see text for description of methodologies. 
CAAT = Carex atherodes, CAAQ = C. aquatilis.

tion in MBS and ML except that there was more 
slough sedge in meadows located at ML (Fig. 5). This 
difference was significant (Z = 1.98, P < 0.024) for 
point intercept data, but not so for presence/absence 
data (Z = 1.60, P > 0.054). The amount of water 
sedge did not differ between areas regardless of data 
set (Z = 0.75, P > 0.22 for point intercept and Z = 
0.11, P > 0.45 for presence/absence).

Forage quality analyses
No year effects were found for any of the forage qual­
ity measures. Forage quality generally varied season­
ally and between forage types. Nitrogen content, car­
bon content, and digestibility decreased, while car­
bon/nitrogen, fibre and lignin content increased over 
the course of the snow free season. Fibre levels con­
tinued to rise during the snow season, peaking in mid­
winter (February), while nitrogen content continued 
its decline through late-winter (early April). There 
were no meadow location effects for most quality

measures except magnesium, potassium, and alu­
minum content which were higher in forages growing 
in MBS. The only meadow type effects were for 
nitrogen content which was higher in DM than in 
WM during summer, but lower in DM than in WM 
during winter.

Discussion 

Forage quantity
The standing crop of forages in DM located at MBS 
was significantly less than that of DM located at ML 
(see Fig. 2). These data are consistent with the pre­
diction that as the bison population reaches a peak, 
the standing crop of forage would decrease as more 
of the total available plant biomass was cropped.

There were no significant differences in WM stand­
ing crop between areas except for the August sam­
pling time (see Fig. 2). This difference likely resulted 
from unusually heavy rainfall on the Horn Plateau
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during early August. Water levels around ML rose 
drastically (1.5 m) during early August flooding 
much of the area adjacent to Mink Lake, but had sub­
sided by September. Forage availability in WM in 
ML was directly affected by the change in water lev­
els (see Fig. 2), not by grazing. Because WM were 
essentially ungrazed during the snow free season 
(Larter & Gates 1991a, 1991b), one would not expect 
to see differences in standing crop between area dur­
ing this season. During winter, WM were heavily 
grazed (Larter & Gates 1991a, 1991b). Therefore one 
would predict differences between area in standing 
crop of WM during the snow season to be similar to 
those found in DM during the snow free season. 
Although standing crop of WM was not measured, 
anecdotal observations during April indicated that 
WM in the MBS were more heavily utilized, and had 
a much lower standing crop of sedge material than 
WM in ML.

Grazing effects in willow savannas
Standing crop during early to mid-senescence (Au­
gust) was lower in MBS than in ML, yet by peak 
senescence (September) there was no significant dif­
ference in standing crop between areas (see Fig. 2). 
Standing crop in ML remained constant between mid 
and peak senescence. Knapp & Seastedt (1986) de­
scribe this as vegetation ‘stagnation' in lightly grazed 
areas like ML. In contrast, in MBS with heavy graz­
ing, the standing crop increased between mid and 
peak senescence. These data imply that primary pro­
ductivity was increasing in response to grazing. The 
exclosure experiment also indicates that vegetation in 
DM was responding by at least partially or possibly 
exactly compensating for forage removed by grazing 
(sensu Belsky 1986) at MBS but not at ML. Because 
exclosures were erected one month into the growing 
season, the vegetation had already been subjected to 
some removal by grazing. Yet after only six weeks of 
exclusion from grazing, the standing crop of vegeta­
tion in MBS had completely recovered to the levels 
found in grazed and excluded areas in the less heavi­
ly grazed DM of ML (see Fig. 3). Therefore, even 
though the standing crop was generally lower in 
heavily grazed areas, the effect of high grazing pres­
sures on the vegetation in DM's was to stimulate pri­
mary productivity to levels that showed, at worst, par­
tial compensation for the loss due to grazing. Because
I did not measure primary productivity directly the 
extent of compensation cannot be measured directly. 
Partial compensation is occurring, but one can only

speculate about exact compensation. These data are 
consistent with the findings of Cargill & Jefferies
(1984), Frank & McNaughton (1993) and McNaugh- 
ton (1976, 1979a, 1979b, 1985) in other grassland 
grazing systems.

Caughley’s (1976) laissez-faire interactive system 
assumes a fixed rate of increase of plants regardless 
of grazing intensity and predicts the vegetation and 
herbivore population dynamics to follow the classic 
four stages of an eruptive oscillation described by 
Riney (1964). These stages are: 1) an initial increase 
in population size when resources are abundant, 2) a 
levelling off in animal numbers in response to de­
creasing forage availability, 3) a decline in animal 
numbers because the population has increased be­
yond the carrying capacity of the environment, and 4) 
a phase of relative stability with population density 
remaining lower than peak density because the carry­
ing capacity of the environment has been reduced by 
the impact of peak population density. The popula­
tion dynamics of the bison eruption have followed the 
four stage scenario to some extent. The MBS sub­
population is stabilizing or indicating the start of a 
decline while the ML subpopulation continues to 
increase (Larter et al. 1993, Larter 1994). Although 
there was heavy use of DM in MBS there was no evi­
dence of overgrazing and severe mortality of bison 
(Larter 1994). Possibly the lack of overgrazing and 
severe herbivore mortality predicted in the four stage 
scenario is related to partial compensation and 
increased primary productivity of vegetation in DM 
located in MBS. This vegetation system has histori­
cally been grazed. Most systems supporting the 
model of overgrazing and severe herbivore mortality 
were based upon either populations of animals liber­
ated onto islands with little historic grazing pressure 
(i.e. Klein 1968), or those of exotic species intro­
duced into a new habitat (i.e. Caughley 1970). It is 
possible that the plants associated with these systems 
were not evolutionarily adapted to such grazing and 
could not respond to increased grazing removal with 
increased primary productivity and partial compensa­
tion.

Forage composition of meadows
There was a higher occurrence of unpalatable species 
in MBS than in ML, a finding consistent with the pre­
diction that as the bison population reaches a peak, 
plant species composition would change with unpal­
atable species becoming dominant.

DM in MBS had significantly more reed canary -
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grass, forb, and grass, and significantly less sedge 
(both C. atherodes and C. aquatilis) than DM in ML. 
Reed canarygrass is a highly unpalatable species 
which increases its substantial alkaloid content with 
foliage removal (Woods & Clarke 1971). Alkaloids 
have been negatively correlated with palatability 
when offered to sheep and cattle (Marten, Jordan & 
Hovin 1976). It also has a high silica content (van 
Soest 1967). Silica has many detrimental effects to 
mammals, ranging from increased tooth wear to sili­
ca urolithiasis (Baker, Jones & Wardrop 1959, Bailey 
1981, van Soest 1982). Wood bison avoid foraging on 
this species (Larter 1988).

Forbs could be a valuable food source (Belovsky 
1986, Renecker & Hudson 1988), but are rarely 
grazed by wood bison (Larter 1988, Larter & Gates 
1991a, 1991b). Smith (1990) found that the majority 
of forb species present were of the prostrate growth 
form. Wood bison grazing removed the competitively 
superior erect graminoids leaving the prostrate forbs 
which could escape grazing below 3 cm height (pers. 
obs.). Forbs were consumed if they reached a suffi­
cient height (Smith 1990, pers. obs.), but patches of 
DM with higher densities of forb growth were grazed 
less frequently than those with lower forb densities 
(Smith 1990). DM in MBS had significantly higher 
forb densities than those in ML.

Grass is generally of equal or superior nutritional 
quality to sedge (Larter 1988, Larter & Gates 1991a). 
However, grass tussocks, unlike sedge plants, are a 
mixture of live green and dead material which bison, 
with their large mouths, cannot sort (Hanley 1982). 
Because of this unsorted mix of live and dead materi­
al, grass that is eaten by bison is of lower quality than 
similar forage of sedge. DM in MBS have a higher 
grass component than those in ML.

Sedges, in particular C. atherodes, appear to be a 
preferred and important forage for bison throughout 
the year (Reynolds, Hansen & Peden 1978, Hawley, 
Peden, Reynolds & Stricklin 1981, Larter 1988, 
Larter & Gates 1991a, 1991b). DM in ML had more 
sedge, both C. atherodes and C. aquatilis, than those 
in MBS.

Although there was more of the preferred sedge, C. 
atherodes, in WM in ML than in MBS, this difference 
was not significant in either data set. WM are prima­
ry winter foraging areas, rarely used for summer for­
aging (Larter 1988, Larter & Gates 1991a, 1991b). 
Because foraging does not occur during the growing 
season, removal of one species, C. atherodes, during 
winter will not provide a competitive advantage to the

other species, C. aquatilis. This situation, therefore 
differs from that where forbs benefit from the con­
stant grazing of graminoids during the growing sea­
son. Possibly winter grazing has a positive effect on 
sedges by removing the dead leaf matter from the 
previous summer's growth, so that with the onset of 
spring there is more light and possibly heat available 
for the young growing shoots. The carbon/nitrogen 
ratio of forages in WM is higher than for forages in 
DM, indicating that WM are more nutrient limited, 
and this could reduce the rate of change in sedge 
species composition. Therefore, the differences in 
occurrence of C. atherodes may not yet be statistical­
ly detectable.

Forage quality analyses
Generally, there were no major differences in forage 
quality between the two areas. At any given time the 
quality of a forage type was similar whether growing 
in MBS or ML. The increased content of three posi­
tively charged elements in forages growing in MBS 
may be a direct result of a more calcareous, lacustrine 
substrate. Higher contents of these cations may have 
affected forage quality, but any noticeable shift in the 
use of these forages was not evident when comparing 
previous diet data (Larter 1988, Larter & Gates 
1991a) with current diet data (Larter 1994).

Crude protein proportions in the forage were high­
est at the start of the growing season and declined 
throughout the year. The amount of crude protein was 
highest in mid-July (Larter & Gates 1991a). At this 
time crude protein levels were lower than at the start 
of the growing season, but the quantity of forage was 
higher. Wood bison in ML may have had access to 
forage of similar crude protein content to forages in 
the MBS, but the total amount of crude protein was 
probably much greater in ML because of the higher 
standing crop in DM.

Lower nitrogen levels in DM than in WM during 
winter likely occur because sedge in wet sedge mead­
ows still have green material present in the vicinity of 
the forage/water interface when these meadows 
freeze up. Sedge in DM is completely senesced and 
thoroughly weathered prior to freeze up.

Acknowledgements - M. Baumann, C. Bergman, D. Collins,
E. Landry, W. Landry, B. Szemkus, R. Weir and A. Young 
assisted in data collection. T. Ellsworth, C. Gates, L. Keary, 
T. Malewski, and R. Yorque provided logistical assistance. 
M. Evans and G. Galzi provided laboratory assistance. C. 
Gates, L. Hansson, S. McNaughton, D. Schluter, D.M.

114 © W IL D L IFE  B IO L O G Y  ■ 3:2 (1997)

Downloaded From: https://complete.bioone.org/journals/Wildlife-Biology on 29 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



Shackleton, A.R.E. Sinclair, J.N.M. Smith, and two anony­
mous reviewers provided helpful comments on earlier ver­
sions of this manuscript. Special thanks to C. Gates and 
A.R.E. Sinclair for providing me the opportunity to conduct 
this research. World Wildlife Fund-Canada, Renewable 
Resources (G.N.W.T.), Indian and Northern Affairs, 
Environment Canada, Arctic Institute of North America, 
Association of Canadian Universities for Northern Studies, 
N.W.T. Wildlife Federation, Northern Heritage Society, and 
the Natural Sciences and Engineering Research Council 
provided funding for this project.

References

Audette, R.C.S., Vijayanagar, H.M. & Bolan, J. 1970: 
Phytochemical investigation of Manitoba plants. I. A 
new indole alkaloid and associated alkaloids from Pha- 
laris arundinacea. - Canadian Journal of Chemistry 48: 
149-155.

Bailey, C.B. 1981: Silica metabolism and silica urolithiasis 
in ruminants: a review. - Canadian Journal of Animal 
Science 61: 219-235.

Baker, G., Jones, L.H.P. & Wardrop, I.D. 1959: Cause of 
wear in sheep's teeth. - Nature 184: 1583-1584.

Bell, R.H.V. 1982: The effect of soil nutrient availability on 
community structure in African ecosystems. - Ecological 
Studies 42: 193-216.

Belovsky, G.E. 1986: Optimal foraging and community 
structure: implications for a guild of generalist grassland 
herbivores. - Oecologia 70: 35-52.

Belsky, A.J. 1986: Does herbivory benefit plants? A review 
of the evidence. - American Naturalist 127: 870-892.

Bortolotti, G.R. & Barlow, J.C. 1985: Neutron activation 
analysis of bald eagle feathers: analytical precision and 
sources of sampling variation. - Canadian Journal of Zo­
ology 63: 2707-2718.

Botkin, D.B., Mellio, J.M. & Wu, L.S.Y. 1981: How 
ecosystem processes are linked to large mammal popula­
tion dynamics. - In: Fowler, C.W. & Smith, T.D. (Eds.); 
Dynamics of large mammal populations. Wiley, New 
York, pp. 373-387.

Boutton, T.W., Tieszen, L. & Imbamba, S.K. 1988: 
Seasonal changes in the nutrient content of East African 
grassland vegetation. - African Journal of Ecology 26: 
103-115.

B0 , S. & Hjeljord, O. 1991: Do continental moose ranges 
improve during cloudy summers? - Canadian Journal of 
Zoology 69: 1875-1879.

Cargill, S.M. & Jefferies, R.L. 1984: The effects of grazing 
by Lesser Snow Geese on the vegetation of a sub-arctic 
salt marsh. - Journal of Applied Ecology 21: 669-686.

Caughley, G. 1970: Eruption of ungulate populations, with 
emphasis on Himalayan thar in New Zealand. - Ecology 
51: 53-72.

Caughley, G. 1976: Plant-herbivore systems. - In: May,

R.M. (Ed.); Theoretical ecology: principles and applica­
tions. Saunders, Philadelphia, Pennsylvania, pp. 94-113.

Day, T.A. & Detling, J.K. 1990: Grassland patch dynamics 
and herbivore grazing preference following urine deposi­
tion. - Ecology 71: 180-188.

East, R. 1984: Rainfall, soil nutrient status and biomass of 
large African savanna mammals. - Journal of African E- 
cology 22: 245-270.

Frank, D.A. & McNaughton, S.J. 1993: Evidence for the 
promotion of aboveground grassland production by 
native large herbivores in Yellowstone National Park. - 
Oecologia 96: 157-161.

Gates, C.C. & Larter, N.C. 1990: Growth and dispersal of 
an erupting large herbivore population in northern 
Canada: The Mackenzie wood bison (Bison bison atha­
bascae). - Arctic 43: 231-238.

Hagman, J.L., Marten, G.C. & Hovin, A.W. 1975: Alkaloid 
concentration in plant parts of reed canarygrass of vary­
ing maturity. - Crop Science 15: 41-43.

Hanley, T.A. 1982. The nutritional basis for food selection 
by ungulates. - Journal of Range Management 35: 146- 
151.

Hawley, A.W.L., Peden, D.G., Reynolds, H.W. & Stricklin, 
W.R. 1981: Bison and cattle digestion of forages from 
the Slave River Lowlands, Northwest Territories, Cana­
da. - Journal of Range Management 34: 126-130.

Holland, E.A., Parton, W.J., Detling, J.K. & Coppock, D.L. 
1992: Physiological responses of plant populations to 
herbivory and their consequences for ecosystem nutrient 
flow. - American Naturalist 140: 685-706.

Holloway, J.T. 1950: Deer and forests of western 
Southland. - New Zealand Journal of Forestry 6: 123- 
137.

Jarman, P.J. & Johnson, A.K. 1977: Exotic mammals, 
indigenous mammals, and land use. - In: Anderson, D.J. 
(Ed.); Proceedings of the Ecological Society of Australia 
10: 146-165.

Kershaw, K.A. 1973: Quantitative and dynamic plant ecol­
ogy. - William, Clowes and Sons Limited, London, 
308 pp.

Kightley, S.P.J. & Lewis Smith, R.I. 1976: The influence of 
reindeer on the vegetation of South Georgia: I. Long term 
effects of unrestricted grazing and the establishment of 
exclosure experiments in various plant communities. - 
British Antarctic Survey Bulletin 44: 57-76.

Klein, D.R. 1968: The introduction, increase and crash of 
reindeer on St. Matthew Island. - Journal of Wildlife 
Management 32: 350-367.

Knapp, A.K. & Seastedt, T.R. 1986: Detritus accumulation 
limits productivity of tallgrass prairie. - BioScience 36: 
662-668.

Lacey, J.R. & van Poollen, H.W. 1981: Comparison of 
herbage production on moderately grazed and ungrazed 
western ranges. - Journal of Range Management 34: 210- 
212.

Larter, N.C. 1988: Diet and habitat selection of an erupting

W IL D LIFE  B IO L O G Y  • 3:2 (1997) 115

Downloaded From: https://complete.bioone.org/journals/Wildlife-Biology on 29 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



wood bison population. - M.Sc. Thesis, University of 
British Columbia, Vancouver, 109 pp.

Larter, N.C. 1992: Forage fibre analyses: a comparison of 
two techniques. - Wildlife Research 19: 289-293.

Larter, N.C. 1994: Plant-herbivore dynamics associated 
with an erupting ungulate population: a test of hypothe­
ses. - PhD Thesis, University of British Columbia, Van­
couver, 136 pp.

Larter, N.C. & Gates, C.C. 1991a: Diet and habitat selec­
tion of wood bison in relation to seasonal changes in for­
age quantity and quality. - Canadian Journal of Zoology 
69: 2677-2685.

Larter, N.C. & Gates, C.C. 1991b: Seasonal selection of 
resources by wood bison in the Mackenzie Bison Sanc­
tuary, Northwest Territories, Canada. - In: Bobek, B., 
Perzanowski, K. & Regelin, W. (Eds); Global trends in 
wildlife management. Swiat Press, Krakow-Warszawa, 
pp. 131-135.

Larter, N.C., Sinclair, A.R.E. & Gates, C.C. 1993: Dy­
namics of the Mackenzie wood bison population. - In: 
Walker, R.E. (Ed.); Proceedings of the 2nd North Ameri­
can Public Bison Herds Symposium, pp 260-270.

Leader-Williams, N. 1980: Population dynamics and mor­
tality of reindeer introduced into South Georgia. - Jour­
nal of Wildlife Management 44: 640-657.

Marten, G.C., Jordan, R.M. & Hovin, W. 1976: Biological 
significance of reed canarygrass alkaloids and associated 
palatability variation to grazing sheep and cattle. - 
Agronomy Journal 68: 909-914.

Matthews, S.B. 1991: An assessment of bison habitat in the 
Mills/Mink Lakes area, Northwest Territories, using 
landsat thematic mapper data. - Arctic 44: 75-80.

McNaughton, S.J. 1976: Serengeti migratory wildebeest: 
facilitation of energy flow by grazing. - Science 191: 
445-467.

McNaughton, S.J. 1979a: Grassland-herbivore dynamics. - 
In: Sinclair, A.R.E & Norton- Griffiths (Eds.); Serengeti: 
dynamics of an ecosystem. University of Chicago Press, 
Chicago, Illinois, pp. 46-82.

McNaughton, S.J. 1979b: Grazing as an optimization 
process: grass-ungulate relationships in the Serengeti. - 
American Naturalist 113: 691-703.

McNaughton, S.J. 1983: Compensatory growth as a 
response to herbivory. - Oikos 40: 329-336.

McNaughton, S.J. 1985: Ecology of a grazing system: The 
Serengeti. - Ecological Monographs 55: 259-293.

Mech, L.D. 1966: The wolves of Isle Royale. - Fauna of the 
National Parks of the United States Series 7, 210 pp.

Monro, J. 1967: The exploitation and conservation of 
resources by populations of insects. - Journal of Animal 
Ecology 36: 531-547.

Nelson, D.W. & Sommers, L.E. 1973: Determination of 
total nitrogen in plant material. - Agronomy Journal 65: 
109-112.

Renecker, L.A. & Hudson, R.J. 1988: Seasonal quality of 
forages used by moose in the aspen-dominated boreal 
forest, central Alberta. - Holarctic Ecology 11: 111-118.

Reynolds, H.W., Hansen, R.M. & Peden, D.G. 1978: Diets 
of the Slave River Lowland bison, Northwest Territories, 
Canada. - Journal of Wildlife Management 42: 581-590.

Riney, T. 1964. The impact of introductions of large herbi­
vores on the tropical environment. - IUCN Publication 
New Series Number 4: 261-273.

Rowe, J.S. 1972: Forest regions of Canada. - Canadian 
Forestry Service Publication 1300: 1-172.

Smith, D.L. 1990: The impacts of wood bison (Bison bison 
athabascae) grazing on a sub-hygric shrub meadow plant 
community, Mackenzie Bison Sanctuary, Northwest 
Territories. - M.Sc. Thesis, University of Alberta, Ed­
monton, 164 pp.

Spalinger, D.E. 1980: Mule deer habitat evaluation based 
upon nutritional modelling. - M.A. Thesis, University of 
Nevada, Reno, 201 pp.

Tilley, J.M.A. & Terry, R.A. 1963: A two-stage technique 
for the in vitro digestion of forage crops. - Journal of 
British Grassland Society 18: 104-111.

van Soest, P.J. 1963: Use of detergents in the analysis of 
fibrous feeds. IIA  rapid method for the determination of 
fibre and lignin. - Journal of the Association of Official 
Agricultural Chemists 46: 829-835.

van Soest, P.J. 1967: Development of a comprehensive sys­
tem of feed analyses and its application to forages. - 
Journal of Animal Science 26: 119-128.

van Soest, P.J. 1982: Nutritional ecology of ruminants. - O 
and B Books, Corvalis, Oregon, 373 pp.

Woods, D.L. & Clarke, K.W. 1971: Genetic control and 
seasonal variation of some alkaloids in reed canarygrass.
- Canadian Journal of Plant Science 51: 323-329.

Zar, J.H. 1984: Biostatistical analysis. - Prentice-Hall, In­
corporated, Englewood Hills, New Jersey, 718 pp.

116 © W IL D L IFE  B IO L O G Y  ■ 3:2 (1997)

Downloaded From: https://complete.bioone.org/journals/Wildlife-Biology on 29 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use


