6.3 Forest Overstory

Prescribed fire and ungulate foraging, often in combination with landscape position,
have altered the forest overstory. The impact of herbivory on stand structure has been
greater than that of fire alone. Generally, forest succession appears to be an unimpeded
and stable process outside the Park while inside, succession is taking place without stand
rejuvenation.

Higher tree densitics on the controls could suggest that intensive browsing is
decreasing tree densities inside the Park. This is particularly true for Amelanchicr

alnifolia, Prunus virginiana, Prunus pensylvanica, and Populus tremuloides, but not

Populus balsamifera. The absence of mature forms of the first three species inside the

Park could be caused by either their high palatability and the resulting preference for
them among browsers (Bichlmaicr 1985; Noste and Bushey 1987), or by an increased
sensitivity to defoliation. Permanent range transects within the Park, which indicate that
browse ratcs have not been unusually high for these species (Olson and Blyth 1986),
suggest it may be the latter.

The indifferent response of Populus balsamifera to high herbivory is unusual given

that this species is similar in crude protein, fibre and lignin content to Populus
tremuloides (Bishoff 1981). Although no data were found comparing the presence of
taste averting secondary compounds, aversion should not have been a factor given that

Populus balsamifera had the highest relative contribution to the number of twigs browsed

on range transects sampled from 1974 to 1981 (Olson and Blyth 1986), exceeding that
of even Populus tremuloides. Therefore, possible explanations for the neutrality of this

species are that the lower numbers of Populus balsamifera, found mostly on toe slopes,

may have been insufficient to detect a significant change, that browsing pressures on these

toe slopes were lower, that Populus balsamifera is more tolerant of intense browsing, or

that less damage from insect pests may have enabled more of this species to survive.

The insect Malacosoma disstria (forest tent caterpillar) is an important forest pest in

central Alberta. It prefers and gencrally has the greatest irnpact on, Populus tremuloides.

Forests in the EINP area have experienced moderate to severe infestations during the late

83



80's and carly 90's (Cerezke and Gates 1991).  Although complete defoliation often

occurs, Populus tremuloides is gencrally well adapted to this insect and causes little

lasting damage (Pcierson and Peterson 1992). It is not known however, what effect
continuous annual defoliation by the tent caterpillar, compounded by cther additional
stresses such as drought, burning, or herbivory, may have on long term tree vigour and
survival. It is therefore possible, that the additive stress of another defoliating agent on

Populus tremuloides may have caused it to decline compared to ™ -ulus halsamifera.

The largest differences in trec density between the inside and outside of the Park
were found in the small diameter classes. The abundance of small siemmed trees outside
the Park and their uniform distributicn among size classes indicated that overstory
replacement and stand rejuvenation were actively taking place. Thus, in the absence of
major disturbances, stable forest succession appears 10 become the dominant ecological
process. It is important to recognize that although the area outside the Park is called the
control, it does receive some foraging by native ungulates. Therefore, forest succession
is occurring despite this inherent level of use.

Young Populus tremuloides stands normally contain high stem densities, with some

exceeding 100,000 stems per hectare (Bella and De Franceschi 1980; Bartos et al. 1991).
In part, this is due to the increase in soil temperature associated with forest removal at
the time of disturbance (Maini and Horton 1966). As stands get older, disease, insects,
browsing, snow breakage and the shading of suckers under intense competition results in
sclf’ thinning (Debyle 1985). In addition, increased shading of the forest floor by this
time results in cooler soil temperatures which reduces suckering. Removal or opening up
of the overstory due to fire or herbivory, normally reverses this process.

Inside the Park, however, few young stems were becoming established. The lack of
regeneration was particularly unusual, because many of these areas were unforested and
should be prime sites for active encroachment from adjacent clones. Neither Populus
remuloides cxpansion nor stand rejuvenation appeared to be taking place, because of the
intensive browsing of emerging suckers which evidently results in their death. Several
cxamples of this have been documented including those of Milner (1977) and Gruell and

Loope (1974) for wapiti, and Fitzgerald and Bailey (1984) for cattle. A possible reason
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for this in EINP, where browsing is consistently hcavy vear round, is that sucker removal
is more detrimental late in the growing scason when stems are unable to replenish their
carbohydrate reserves before the onset of winter dormancy (Fitzgerald and Hoddinnou
1983). Thercfore, without a rest period from browsing, little survival of suckers is likely.

The heavy usc of Populus tremuloides in EINP extends »eyond the sucker stage as well,

with stems beyond the normal reach of ungulates often killed.  Large numbers of teees
in the 3 to 6 meter height range were observed to be broken off after the spring of 1992,
Under deep snow conditions when most shrub: are inaccessible, moose will break Populus
tremuloides stems up to 10 cm in diameter in order to obtain forage (Telfer and Cairns
1978). The resulting lack of regeneration inside the Park produces forest stands which
arc skewed in favour of the larger and older trees. It is pussible that if forest succession
continues and stocking rates are not reduced, these older treed stands will age and
cventually die, thereby thinning out the overstory. Continued lack of recruitment may
eventually result in the formation of semi-open shrublands or grasslands. This process

will be aided by Populus tremuloides stand breakup which occurs when openings appear

in the canopy, and the additional stress imposed on the trees by the new environment
accelerates their susceptibility to insects and discases (Peterson and Peterson 1992).
Prescribed burning also failed to increase the density of small diameter trees, despite
being adapted to the effects of fire (Peterson and Peterson 1992). One explanation is that
the lower burn intensities at the north and toe positions did insufficicnt damage to the
parent trees to induce regeneration. Poor suckering has been obscrved under low intensity
fires where few Populus tremuloides were killed (Brown and Debyle 1989). This same
argument, however, cannot be made for the crest position where suckering was also low.
Both field observations and recorded burn scorch heights indicate that fire intensitics at
this position were quite severe, with major tree kill occurring. Thus, abundant suckering
should have taken place. The general lack of recruitment is probably due to continuous

intensive ungulate browsing ratber than poor quality prescribed fires. Basile (1979) found

that wapiti utilized as much as 44% of the current annual growth in Populus tremuloides
stands three years after burning.

Poor stand rejuvenation may also be caused by the overall reduction in the proportion
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of forested land within the burned area. This, combined with the attractiveness of
browsing shrubby regrowth, would result in increascd foraging within the remaining
stands by the same ungulate populations. Thus, while burning may encourage suckering
in general, it will also accentuate aspen control by reducing the effective area of forest
cover and concentrating ungulate activity. Debyle (1979) noted that fire can only be used

to regencrate Populus tremuloides stands if the area can be protected from browsing

wapiti. Debyle (1985) also suggested that if several species of large ungulates are
simultancously using these forests as winter range, the impact will be even more severe
and longer lasting. This is a close approximation to the situation in EINP.

The vegetative history of the Park contributes to the formation of the current forest
stands within the study arca. Paleoecological evidence suggests that the amount of tree
cover occurring in the EINP area over the last century has been the highest levels
experienced in the last 12 000 years (Vance 1979). Wildfire has long been a major factor
in forming and maintaining the vegetation in the Beaver Hills. A large fire in 1895
removed much of the extensive forcst cover present at that time (Kjorlien 1977).
Therefore, what ratio of grassland to forest is modal for this region of the parkland is
difticult to determine and remains speculative. It is worth noting that the recent historical
cvidence documenting an abundance of forest was supported in this study by the
consistent finding of Luvisolic soils instcad of Chernozems. Their dominance indicates
that in the past, the Park’s uplands must have been inhabited by deciduous forested
vegetation for extended periods. The Luvisolic soils found on the grassy south facing
slopes inside the Park, many of which have remained unforested since the Park’s
establishment, indicate that these areas also must have been forested, albeit well in
advance of scttlement of the area and creation of the Park. The exact time period over
which this occurred, however, remains unknown, particularly because the specific rates
of conversion from Chernozems to Luvisols are unknown in the region.

Acrial photographs taken shortly after 1922 reveal that many of the south facing
slopes and crests were open grasslands or semi-open shrublands. Other arcas such as the
north and toe slopes had loczlized tree cover, presumably because of the reduced impact

of the 1895 fire and favourable tree regrowth at these moister positions. Creation of the
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Park marked the beginning of a period when wildfires were largely suppressed allowing
forest succession to accelerate throughout the Beaver Hills.  The result was that nearly
all of the arcas outside the Park became forested.  As a consequence, the south aspects
and crest positions in this area had intermediate or mid-successional stand structures while
north and toe slopes were late successional stands. North slopes, which had the most
advanced trec cover when fire suppression began, appeared to be the most mature.

Inside the Park, however, sustained intensive browsing on many south tacing slopes
after 1922 prevented trees from becoming established. Many of these sites have remained
as open shrublands and grasslands. South facing aspcets such as these are also the least
favourable for Populus tremuloides growth making establishment additionally difficult
(Scheffler 1976). Those areas which had larger trees present in 1922, particularly the
north slopes, continued to develop and mature because they were well beyond the stage
of being directly damaged by herbivores. Some forest development and stand expansion
would have occurred in the Park’s early years on the toe and crest positions where young
trecs were either already present or were encroaching from the adjacent forested arcas (ic.
the north). Those arcas which did not have trees extending out of the reach of ungulates
when moderate and high stocking rates were reached in the late 20's and carly 30,
probably remained largely unforested. Blyth and Hudson (1987) documented an excerpt
and accompanying photo from a statement by the park superintendent in 1937 where he
noted that browsing was so great that whole areas of 160 acres to one square mile were
relatively denuded of foliage. Stocking levels in the mid 30’s were several times higher
than at any other time (Blyth and Hudson 1987) and would have minimized the
recruitment of Populus spp. during this period.

Additional events which may have helped relcasc trees on the toe and crest positions
took place in 1928-29, 1935-36, and again in 1959-60, when sizable reductions in bison
populations were undertaken through slaughters. The brief time periods needed for
populations to resurge may have enabled some of the young trees at these positions to
reach heights beyond being susceptible to browsing. This may explain why the toe and
crest positions inside the Park are now mid-successional forests, compared to the north

slopes which remain late successional.
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North slopes in gener:s' were dominated by larger stemmed trees indicative of older,
rclatively mature overstories.  These mature forests probably account for the well
developea Lavisolic coils found under them, as well as their lower organic matter content
in the AL: horizon. These stands, including those on the controls outside the Park, have
fi-wer i the younger stems due to the size and vigour of the older trees. It is likely that
these forests are more similar to the deciduous forest types documented by Corns and
Annas (1986) in the boreal mixedwood ecoregion. This is further supported by the work
of Nicholson (1993), who concluded that many of the depressionul wetlands scattered
throughout the Park are essentially outliers of the boreal mixedwood forest, with edaphic
factors such as elevation, topographic position, and hydrology being more important
causal factors than climate itself. This indicates that the north slopes, which are often
contiguous to these depressions, probably represent microclimate conditions in between
those of the riparian wetlands and those found on the dryer, more exposed, crest and
south facing slopes. Another important consideration is that if forest succession on the
south facing and crcst positions outside the Park continues in the absence of a
disturbance, these sites may approach a successional stage more similar to that of the
north facing stands, depending on the degree of microclimate alteration in the understory

by the Populus tremuloides canopy.

In comparison to herbivory, the resumption of buming inside the Park in the late
1970’s resulted in several relatively minor changes in the forest canopy. Only Populus
tremuloides densities decreased on the burned arca. This species is distributed throughout
the landscape making it more susceptible to an effective prescribed burn. Populus
baisamifcra was more abundant on the toe slopes where more moist conditions
predominate. The moderate burn intensities found there, coupled with the thicker bark
which this species possesses, may also have limited damage.

On a landscape scale, the most prominent effect of burning was the decrease in live
canopy cover at the crest position. Intense burning, as evidenced by the extreme burn
scorch heights, killed many of the trees at this location. Drier conditions, an abundance
of fine and medium fuels, and increased wind speeds could all have contributed to the

more severe fire intensities. Total tree densities were not reduced significantly at the
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crest position, only because of the variation in the responses among catenas. Two of the
three crests which were burned were totally denuded of live tree cover. In contrast, the
third was burned less severely with the result that few of the trees were Killed. These
differences reflect how the repetition of prescribed burning and variable nature of fire in
the landscape can impose very different treatments on ecach catena and transect. The low
and moderate bumn intensities observed on the north and toe slopes, respectively, were not
severc enough to kill the larger stemmed trees found at these positions in the landscape
(Quintilio et al. 1991). It appcars that unless burning is done under highly favourable
conditions, little of the tree canopy may be damaged at these topographic positions.
Therefore, prescribed burning of even large areas, may ultimately affect only a portion

of the landscape and total trec cover.
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6.4 Understory Response
6.4.1 Species Diversity

Wilson and Keddy (1988) found that although disturbances may cause a varicty of
changes in species abundances, these changes may not be app.opriately reflected by
variation among general plant community characters. This appears to be the casc in
EINP, where species richness and total diversity reacted indifferently to the various
disturbances.  Despite the necutral response in these factors, changes in species
composition did occur, as was evident by the higher proportion of total diversity
consisting of non-native invader species inside the Park. The rich variety and uniformly
distributed populations of native specics found on the lightly foraged controls, have been
replaced to varying degrees by invaders within the Park. Intense ungulate foraging has
contributed to this change because many introduced species are adapted to withstand
heavy grazing (Looman 1983; O‘Connor 1991). Non native invader species are often low
in growth form, highly rhizomatous, and therefore tolerant of heavy grazing. This process
of species replacement is based on competitive exclusion whereby changes in
environmental stress (ic. grazing) cause the removal of some species, thereby allowing
those species which are tolerant of the new environmental conditions, to invade (Grime
1973a).

The similarity in total diversity between the heavily foraged Park and lightly utilized
control is unusual considering that year long heavy grazing normally reduces diversity
(Wascr and Price 1981). A possible explanation is that because maximum species
diversity is associated with intermediate levels of an environmental factor (Grime 1973b;
Conncil 1973), these two treatments may represent opposite sides of the bell shaped
diversity curve along the foraging gradient. Therefore, increased foraging outside the
Park could possibly increase its diversity by decreasing the ability of community
dominants (ie. shrubs) to competitively exclude other species (Quinn and Robinson 1987).
In tum, reduced foraging inside the Park may increase diversity by removing the

competitive edge the non-native invaders currently hold, particularly in those parts of the
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landscape where they dominate (ie. south slopes). It should also be noted that not all
south facing slopes inside the Park are dominated by invaders to this degree. Mary other
south aspects exist which are smaller, have less relief, and have a greater portion of forest
cover. These areas arc only moderately atfected by intensive grazing.

The increase in invader species inside the Park is particularly evident on the south
facing slopes. These ‘grazing islands’ have unique vegetation and were the result of
heavy grazing during the snow free period of the year. Ungulates use these arcas to a
greater extent because of their snow loss during the winter months and carly green up in
the spring. Grazing herbivores are attracted to these sites and congregate on them
because of the ease with which they can obtain forage. Their palatable regrowth in late
spring and carly summer is then periodically regrazed, keeping the vegetation short and
in poor vigour for extended periods. The general lack of upland grasslands inside the
Park causes the two most abundant herbivores, wapiti and bison. to both utilize these
select sites. This grazing pattern has continued in an intensive scasonal and yearly pattern
creating significant changes in species composition on many of the south aspects inside
the Park.

Positions other than the south facing slope were less likely to experience these heavy
levels of use and have fewer invaders. Othcr positions were largely forested and able to
trap considerably more snowfall. Partial shading of the understory limits premature snow
loss and green up. Herbaceous species in these areas are unlikely to be grazed until carly
to mid summer after the main vegetation flush has begun. By that time, the growth of
herbs and supply of forage would be large cnough that utilization rates would remain
relatively light until senescence begins in the fall. Given the above factors, the north
slope, with the most well developed forest and shrub canopy, the greatest snow
accumulation and least snow loss through the winter, and the least growth of herbs, had
the smallest invader index. Little intensive grazing occurred there.

A further increase in invader species was found on the unburned south facing slope
compared to the same position on the burned arca. This could indicate that burning
suppresses invaders. Although Stickney (1986) found exotics to be the most characteristic

species which disappeared following a wildfire in Northern Idaho, the relatively small
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amount of fuel on many of the south aspects in EINP and their carly green up makes this
explanation somewhat unlikely. Opportunitics for burning under heavily grazed Populus
tremuloides stands are reduced and even negated, because of the poor fuel complex
available (Brown and Simmerman 1986).

Another, more likely explanation for the above difference in diversity, is that variation
¢xists within ungulate foraging patterns throughout the Park. Cairnes (1976) found that
wapiti used only onc fifth of the Park during the winter months. Thus, if the unburned
south slopes are part of their preferrcd wintering area, they will receive heavy use by
wapiti at this time. Large wapiti herds have been observed on the unburned south facing
slopes in March and may be a major reason that the vegetation found there is short and
consists predominantly of invader species. The burned south facing slopes also receive
hcavy summer use, but may be subject to less early spring grazing, enabling a more even
mixture of native and invader forbs and grasses to occur.

Although some cvidence exists which indicates that burning decreases overall species
diversity after a single burn (Collins and Barber 1985; Wilson and Shay 1990), other
work suggests that herb richness is actually increased by annual burning (Anderson and
Bailcy 1980). No detectable response, however, was evident in this study. A possible
explanation is that because burning took place at least two growing seasons previous 1o
sampling, rctrogression towards the original vegetation may alrcady be taking place. In
addition, because wildfire was quite common in the parkland, many of the species found
there are probably adapted to fire indicating that drastic shifts in diversity are less
unlikely. An alternative explanation, however, is that the effect of burning may have
been masked by high herbivory within the Park. That is, while burning may have
increased the number of species, intensive grazing may have simultancously removed
many others. It may therefore be, that if only one disturbance (ie. fire) had been
investigated in the EINP study, the effect of burning on diversity may have been different.

Other minor changes in species richness and diversity were evident among the
landscape positions as a result of burning. A decrease in species richness on the burned
crest and burned toe positions within the Park suggested that some species may have been

reduced or eliminated as a result of burning. Those species affected would be intolerant
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of firc because of their growth habit. Gencerally. plants having concealed growing points
below the mineral surface are less likely to experience long term damage or death (Brown
and Debyle 1989). Those fires with high enough intensitics. however, were more likely
to penctrate deeper into the LFH layer and damage the resident plant crowns. The crest
and toe positions experienced the two highest fire intensities, respectively, as indicated
by the burn scorch heights.  Species remaining on these sites were either adapted 10
withstand intense fires or were able to recolonize the arca immediately following the
distutbance (Stickney 1986; Bradley et al. 1992). Stickne:’ (1986) found that despite an
overall increase in the number of species from 103 to 120 ten years afier a burn, the net
increase of 17 was actually made up of the loss of 19 and a gain of 36 species. Thus,
the identity of those species which changed. rather than the number of species (ic. species
richness), may provide more insight into the true ccological response of burned arcas.
Of all the topographic positions, only the toc slope affected total diversity and species
richness. The increase in these attributes was probably caused by the favourable moisture
conditions present.  These sites remair very moist without extensive flooding.  This
enables wetland adapted species to extend up from the depressional meadows or sloughs
and dryland species to extend dewn from the south aspect. The result is a richer mosaic
of species inhabiting the toe slopes. Maximum specics diversity was once again
associated with intermediate levels of an environmental factor, in this case moisture and

drainage.

6.4.2 Herb Layer

Most herbaceous species found during the inventory were uniformly distributed across
the disturbances and topographic positions. This reflects both the wide tolerance of these
species to variation in their environment and the homogencity of most environmental
factors among sample sites. Although there were several species documented in this
study that were abundant, these were not always important from an ccological perspective.

For example, Aralia nudicaulis was found throughout most of the study sites, hut similar

to the findings of Hardy and Associates (1986), its abundance meant no strong ecological
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interpretations could be made concerning its presence.  Instcad, several noteworthy
indicator species and species groupings were documented by the ordination biplots
(Figures 23 and 24) and TWINSPAN dendrogram (Figure 22).

A gronp of non native ir.vader specics was closely associated with the south facing
slopes inside the Park.  Of these, Poa pratensis was predominant.  This highly
competitive, carly growing, cool scason spccics is grazing tolerant (Vallentine 1980).
Although many invader species are unpalatable and maintain prolific seed production even
under heavy grazing (O'Connor 1991), this species is palatable and nutritious when kept
in a vegetative state, and increases under this regime because of its abundant creeping
rhizomes (Looman 1983). The increcases of this species on the south slopes inside the
Park may also be duc to intermediate nitrogen enrichment (Wilson and Tilman 1991),
associated with incrcased mincralization as a result of intensive, localized grazing
(Crawley 1983; Brisk and Heitschmidt 1991).  Another plant which occurs concurrently

with Poa pratensis, is Taraxacum officinale. This species is also an early growing, highly

competitive, non-native invader (Looman 1983). It should be noted that the dominant

native grass once found in the northein portion of the parkland, Festuca scabrella

(Coupland 1950)), was not present in any community, including the sole grassland type.
This trend towards ‘local extinction’ of dominant native species is characteristic of
changes in the temporal and spatial patterns of grazing in human influenced systems

(O’Connor 1991). Increases in the intensity and duration of grazing in EINP have

probably lcad to the disappearance of Festuca scabrella.
The second group of species includes those low growing herbs which favour more
moist, partly shaded growing conditions. Included in this group were QOryzopsis

asperifolia, Rubus pubescens (dewberry), Comnus canadensis, Mitella nuda, Pyrola

asarifolia, and the cover of moss. These species were closely associated with the north
aspects where heavier forest canopies and poorer solar reception occur. Many of these
species are widespread and common throughout the boreal forest of northern and western
Alberta under mature deciduous, mixedwood, and coniferous forests (Corns and Annas
1986: Willoughby 1993a). This further supports the theory that the north facing slopes

in EINP were more representative of boreal forest conditions. The other positions
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investigated were probably too warm, 100 dry, and too exposed for any of these species
to dominate. In addition, the north facing slopes expericnee lower fire intensitics.

Bradley ct al. (1992) list Galium triflorum, Oryzopsis spp.. and Pyrola spp. among those

that are susceptible to fire-kill.  All three of these appewed as indicators for community
types found on north facing siopes suggesting they may also be more abundant there as
a refuge from exposure to severe fire.

The lack of tall forbs in each of the above two groups, indicates that tall forbs were
lavoured by cither lower foraging intensitics or younger successional forests. Willoughby
(1993a) suggested that an absence of tall forbs meant grazing by cattle was replacing tall
forbs with grazing tolerant low ones. or that forest succession was advancing to a point
where tall forbs could no longer compete in the understor:  Both of these theories appear
to have validity in EINP.

Tall forbs no longer dominate on the heavily grazed south facing slopes inside the
Park. The continued presence of tall forbs across the remaining positions inside the Park
might suggest that herbivory limits the development of tall forbs only when it occurs at
a high intensity. In additon, the contrary may also be true, with moderate browsing of
the shrub iayer stimulating tall forb development, by removing part of the competitive
shrub canopy. The uninhibited shrub growih outside the Park, particularly on the north
aspects suppresses tall forb species.  Although not as prominent, forest succession also
appeared to be a factor, particularly when stands become very mature as was evident on
the north facing slopes.

Other individual species which had notable responses included Solidago canadensis,

Calamagrostis canadensis, and Lathyrus ochroleucus. Solidago canadensis was abundant

on all areas except the heavily forested north slopes. This suggests that this species will

not tolerate extensive shading. Although Calamagrostis canadensis was found on nearly

all sites, it was particularly abundant inside the Park on aspects other than the north.
Work by Leitfers and Stadt (1993) indicates that an overstory canopy transmitting only
20-30% of light should provide sufficicnt shade to suppress this grass. They further

found that mature Populus tremuloides stands transmit as litle as 20%. of total light.

Thus, suppression of this grass may be occurring on north facing slopes. In contrast, the
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higher Calamagrostis canadensis levels on all other positions inside the Park may be due

o its release from the mature canopy, brought on by the reduction in overstory tree
density and canopy cover associatcd with burning and increascd herbivory. Lathyrus
ochroleucus was the only herb to display a large detectable positive response to fire. This
is similar to the large increase in canopy cover, from () to 30.8%, documented by
Quintilio ¢t al. (1991) following repeated spring fires in central Alberta.  Anderson and
Bailey (1979) also documented a favourable response to firc among various legume
species and suggested it may be due to fire’s ability to break their seced dormancy in the

soil. Lathyrus ochroleucus is important because it is abundant, productive, and nutritious

in deciduous forests, although remaining susceptible to overutilization (Beckingham
1991). The poor response of other species to fire is somewhat surprising because there

are numerous specics, including Epilobium angustifolium, which are known to respond

very positively to fire (Looman 1983; Stickney 1986; Bradley et al. 1992). The impact
of high herbivory immediately following burning, may have limited the growth of these
fire adapted torbs. It is also possible that increases may have taken place immediately
following cach fire, but that they were relatively short lived (ie. one season). The
composition of the understory normally reverts back to pre-burn conditions, at a rate
which is dependent on the intensity of the fire itself (Bartos and Mueggler 1981).

Understanding these rates of reversion are important when managing any area using fire.

6.4.3 Shrub Layer

Extensive browsing has maintained shrubs in a shorter growth form throughout the
Park. Bishoff (1981) found browse consumption in the forests of EINP to be
approximately twice that of current annual production, indicating that much of the browsc
consumed was two and three year old wood. This intensity of use has resulted in short,
thick stemmed shrubs, with numerous leaders at the top which are regularly removed by
ungulates producing a distinct browse line. In complete contrast, and despite light
browsing, shrubs outside the Park possess a tall and bushy growth form.

The tallest shrubs were consistently on the north facing slopes. These aspects are
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often the site of deep snow accumulations during the winter months. Deep snow aftects
the selection of forage by ungulates (Telfer 1978) by reducing the accessibility and
subsequent browsing in the area.

Further reductions in shrub heights at the burned crest position were caused by the
higher fire intensities as suggested by bumn scorch heights. Fire intensity is a direet result
of the net heat of combustion, the amount of fuel consumed, and the fire's rate of
advance (Alexander 1982). Intense fires at the crest position would arise as a result of
the site’s reduced duff moisture, brought about by increased exposure, an abundance of
both fine and medium fuels, and a greater accessibility of wind to accelerate fire spread.
Fires at the crest were therefore more likely to top kill shrubs. Most of the shrubs found
at this position were the result of regrowth from the forest floor. Many of the shrubs
present at the other landscape positions were better able to withstand the lower fire
intensities, and remain within the community. For ¢xample, north slopes had the lowest
fire intensities, probably because of the sparse amount of fine fucls and the high duff
moisture which would occur as a result of poor solar reception.

Stem densities had the opposite response of shrub heights, being higher inside the
Park. The moderate increase in shrub density may be caused by several factors, acting
either independently, or in combination. Many shrub species respond physiologically o
defoliation by increasing the number of stems produced (Stoddart et al. 1975; Crawley
1983). Abundant basal resprouting and/or growth from rhizomes often accounts for part
of this increase. It is important to recognize that much of the browsing in EINP occurs
during the winter months when alternate forages are unavailable. Certain shrubs can
withstand heavy utilization year after year, providing the majority of usc is during this
dermant period (Stoddart et al. 1975). In comparison to the results in EINP, work hy
Builey et al. (1990) showed that heavy grazing by cattle during the growing scason
actually decreased the density of all woody species. This indicates that the current level
of use inside the Park, particularly during the critical summer period, may not be as heavy
as the prominent browse line suggests. Instcad, the larger proportion of browsing
probably occurs during the winter.

Further examination of the response of stem density among topographic positions
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indicates that no increase occurred on the north facing slope. Therefore, another factor
which may be responsible is the more open forest and shrub canopics found inside the

Park. Incrcased light reception and higher soil temperatures at the forest floor may

directly stimulate sprouting, as occurs with Populus tremuloides (Schier 1976). The north
slopes inside the Park have retained prominent overstories and are logistically less likely
to experience these increases in soil temperature, thereby minimizing the potential for
resprouting.

The most dramatic increases in stem density inside the Park were apparent on the
burncd arca. Incrcased densitics across all topographic positions indicate that fires of all
iniensitics were able to induce sprouting among shrubs. This response was far greater
than the moderate increase observed on the unburned areas inside the Park. The
favourable responsc to firc was not unexpected because numerous shrubs have been
documented to respond favourably to fire (Bradley et al. 1992). The similar response of
shrub stem densities among positions was explained by Johnston (1981). The latter
simulated various burning intensities using fuel loadings and found that burn intensity

altected the rate of recovery of Corylus comuta and Rubus idaeus sprouts, rather that the

actual number of stems produced. While fire reduces the cover and therefore, vigour, of
shrubs, increases in stem density may still occur (Anderson and Bailey 1980).
It is important to note that the increased densities caused by buring were not

consistent among species. Although both Rubus idacus and Corylus cornuta were

correlated with an increase, only the former produced a significant response in the
regression model. This may be because while both species increase as a result of basal
resprouting, Rubus idaeus also regenerates in large part from seed (Johnston 1981). The
positive correlations observed here were similar to the results of other studies involving

Rubus idaeus (Foote 1976; Anderson and Bailey 1979) and Corylus coinuta (Buckman

1964, Perala 1974; Ohmann and Grigal 1979). The more significant response of Rubus
idacus was somewhat unexpected, however, because Johnston (1981) concluded that this
species was actually more susceptible to damage from fire than Corylus cornuta, primarily

because of the relatively shallow depth of the Rubus idaeus root crowns. It is possible,

however, wat Corylus cornuta is less fire resistant when exposed to repeated fires over
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relatively short intervals, as was done here.  Another explanation could be that at the
specific posiburn time period when the data were collected, this species may still have
been increasing while Rubus idacus was peaking in density. Ohmann and Grigal (1979)

found that the latter increases rapidly and then declines after fire, while Corylus cornuta

takes longer periods to increase.
Whereas most shrubs showed no correlation to burning, other species displayed a

negative relationship including Amelanchier alnifolia and Symphoricarpos occidentalis.

Despite the tolerance of Amelanchier alnifolia to firc (Noste and Bushey 1987; Bradley

et al. 1992) and the positive response documented by Anderson and Bailey (1980), this
species decreased in stem density. The reduction observed here may be caused by
preferential selective browsing of the regrowth of this palatable species.  Although

Symphoricarpos occidentalis has been found to rapidly increase following a single fire

(Anderson and Bailey 1979), Anderson and Bailey (1980) documented a decline under
a multiple burning regime. A decrease was also found by Bartos and Mucggler (1981).

The unpalatable nature of Symphoricarpos occidentalis compared to other major browse

species (Fitzgerald et al. 1986), indicates that heavy browsing was probably not the major
reason for its decline. Instead, repeated cxposure to burning, particularly while these
shrubs were weakened and still recovering, may have caused imreparable damage.
Determining the specific response of vegetation to fire is gencrally difficult because many
factors influence post-burn vegetation including the pre-fire vegetation. species
adaptations, environmental conditions, and chance (Brown and Debyle 1989).

Although individual species responses varied little, Viburnum edule did display a

strong preference for the heavier forest canopies found on north aspects, regardless of
disturbance. This species was closely associated with the group of low lying herbs, and
is abundant throughout the boreal mixedwood forest types (Corns and Annas 1986), where
it was found in both seral (aspen) and climax (spruce) communitics. Despite adding little
in total cover or production, this species remains potentially important because resource

managers can identify sites high in Viburnum edule as mature, late successinnal, Populus

tremuloides stands.
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6.5 Forage Production

Current annual growth of the various vegetative components was influenced by both
the disturbances and topographic positions. The higher production of grasses, forbs, and
total hiomass on most positions inside the Park compared to the lightly foraged controls,

was probably causcd by the reduction in shrub heights and tree canopy caused by ycars

of intensive browsing. Reduced yields in the undergrowth of Populus tremuloides stands
has been attributed to intense root competition which reduced soil moisture (Ellison and
Houston 1958). Shrubs also compete with forbs and grasses for space, nutrients,
moisture, and light (Spurr and Barnes 1980). A reduction in shrub competition would
allow forb and grass production to incrcase. North aspects inside the Park did not
experience as large a decrease in shrub and tree cover, and as a result, no herb production
increase was evident. A major reason for the changes in production may have been from
the shifts among dominant species. For example, increased levels of Poa pratensis and

Calamagrostis canadensis inside the Park probably accounted for the higher grass

production, while an increased abundance of tall forbs increased forb production.
Maximum grass production was evident on the south facing slopes inside the Park where
altogether few trees and shrubs were found.

The additional increase in herb production within the burned area inside the Park is
unlike the decrease found by Anderson and Bailey (1980) after annual burning, but is
similar to that found by other investigators after occasional fire (Harniss and Murray
1973; Bartos and Mueggler 1981; Brown and Debyle 1989). The former discrepancy may
be caused by differences in fire intensities, the postburn growing conditions, or most
likely, the frequency of fire. Frequent fire is more likely to damage plants and decrease
their annual growth. The observed increase could be attributed to several factors
including a further decrease in competition from the shrub and forest overstories. An
indirect response is also possible through increased soil temperatures and the release of
nutrients (Ahlgren and Ahlgren 1960; Daubenmire 1968a; Wright and Bailey 1982).

Browse production responded in a2 manner opposite to the herbaceous components.

Twig and leaf production were lower inside the Park than on the controls, despite
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displaying higher stem densities. The decrease probably results from the reduced size and
vigour of the shrub strata, with the relative amount of twig and leat growth per live stem
being lower. Proportionately larger decreases on both the crest and toe positions on hoth
the burned and unburned areas, suggest that heavier browsing may be occurring at these
locations within the landscape. This may relate to their reduced snow cover and closer
proximity to the preferred south facing slopes during the winter months.  Further
decreases were evident on the bumed crest where intense bumning would have slowed the
rate of regrowth (Johnston 1981). Both Bartos and Mueggler (1981) and Brown and
Debyle (1989) found that fires with higher intensitics resulted in proportionately larger
and more prolonged reductions in available browsc.

Variability in twig production was substantially less than that in the leat pool,
particularly between topographic positions. This may be attributed to changes in the
abundances of shrub species producing the browse. Greater differences in the size,
density, and shape of leaves create more variability in leaf production. For cxample,

Symphoricarpos occidentalis leaves are small and thin, and will contribute much less to

production than the large, thick, compound leaves of Rubus idacus.

The lack of significance among differences in total annual production suggests that
vegetation pools act in a compensatory manner. A decreasc in one vegetative component
is likely countered by an increase in one or more of the others as alternate plant species

increase in number or size.
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6.6 Summary and Management Implications

6.6.1 Summary

This study has effectively utilized multivariate techniques to determine that
topographic position, herbivory, and fire were the dominant factors influencing the
composition and structure of plant communities in EINP. Furthermore, six distinct
community types were documented and could be interpreted with respect to the previous
environmental factors.

Position was consistently the most important factor, and was shown to significantly

interact with each of the disturbances. In general, north facing slopes were dominated by

larger and more mature Populus tremuloides. As a result, herbaceous current annual
production was lower, but was partially offset by the higher production of browse from
the taller shrub layer. Two community types were documented which were primarily
associated with these north facing slopes. They differed from one another only in their
location, with one found outside the Park, and the other inside. Although the
manipulation of topographic position is unrealistic in resource management, it is important
to recognize that other vegetation and ungulate management strategies will depend heavily
on position, and in many cases, may be constrained by it.

Herbivory was the second most important environmental factor affecting plant
communities, with its impact reflected in their composition, structure, and productivity.
Increased herbivory since the Park’s establishment appears to be the factor preventing the

rejuvenation and spread of Populus tremuloides inside the Park. In addition, grazing has

resulted in an increased abundance of non-native invader species such as Poa pratensis,
particularly on man: of the south facing slopes. This change in species composition
likely contributed to th. =igher current annual production of grass on these sites, and the
formation of a unique gru sland community type.

Higher browsing prc. .re inside the Park has reduced shrub heights and current
annual browse production . ide the Park. The resulting lower shrub stratum is

accompanied by a more unifor distribution, and increased current annual production of,
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tall herbs such as Calamagrostis canadensis, forming yet another community type. In a
somewhat similar community type found outside the Park, a taller, more vigorous shrub

stratum underneath a densc, middle aged Populus tremuloides canopy, limits the

abundance of many tall herbs. In some locations, shade tolerant, low growing herbs form
the major herbaceous component.

Between the disturbances, firc currently appears to be less important from a
community perspective, although still affecting the shrub and tree strata, particularly at
the crest position. Both tree ccver and shrub heights were reduced, while shrub density

and the abundance of fire adapted species such as Lathyrus ochroleucus, were higher.

Herb current annual production was also highest within the burned arca. Fire appeared

to be an important factor in the determination of a single community type.

6.6.2 Management Implications

The management of any land area, including that of a national park, depends heavily
on the underlying body of knowledge about the natural resources in the arca. Information
obtained in this study could have several implications for resource managers at EINP.
The exact nature of the implications, however, may be limited in reality due to the
restrictions imposed by the current policy and objectives of the National Parks Act.

Objectives of the National Parks Act are to preserve and manage both the features
and the natural processes representative of the ecosystem found in thc morainc of the
Beaver Hills (Blyth and Hudson 1987). Tradeoffs will undoubtedly occur whether
managing from a vegetative, wildlife, or landscape perspective, because not all individual
objectives will be mutually attainable. Ultimately, any management actions will have to

consider all of these aspects collectively.

6.6.2.1 Landscape Considerations

Although the data collected in this study was gathered at a local landscape, or ccosite,

level, this information can be used to help interpret, with the aid of assumptions, the
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ccology of EINP on a broader scale, such as at the ecodistrict and ecoregion level. The
main assumption made is tnat the information collected in this study is generally
representative of the Beaver Hills, and therefore, can be compared to other geographical
arcas. Management of the vegetation in EINP depends in large part on what type of
landscape sctting is deemed acceptable and desirable to both society and park managers.
Scveral years ago, the Beaver Hills were classed as grassland transition by the Ecoregions
Working Group (1989) of Canada. Although Strong (1992) recognized the Beaver Hills
as lying in the center of the aspen parkland, he classified the area as an outlier of the low
borcal mixedwood ecoregion.

Ecoregions, or ecoclimatic regions, are broad landscape areas characterized by
distinctive ecological responses to climate, as expressed by vegetation and reflected in the
arca’s soils, wildlife, and water (Ecoregions Working Group 1989). Climate, in turn, is
reflective of characters such as average long term precipitation, temperature, and frost free
period, which are determined by factors such as elevation and distance from oceanic
waterbodies.  Although the Beaver Hills vary in elevation from the surrounding plains,
the extent to which this may alter climate remains uncertain, particularly because the
concept of a vegetative climax hinges on an accurate understanding of what constitutes
‘modal’ conditions on that portion of the earth’s surface (Daubenmire 1968b). Thus, it
coulé be argued, that if EINP were a prime example of ‘transitional grassland’, or the
parkland ecoregion, the communities found there should differ significantly from that of
the boreal mixedwood ecoregion. Furthermore, the climate and growing conditions should
differ sufficiently to prevent forest development on at least part of the area. In other
words, the prairie influence should be reflected within the Park’s natural communities
across the landscape, thereby representing topographically driven climaxes, particularly
in the absence of disturbance (Daubenmire 1968b). Presumably, changes in microclimate
throughout the highly variable topography would be the major cause, such as the presence
of hotter, drier conditions on sharp, south facing slopes. The data collected in this study
and the work of others (Nicholson 1993), however, tends to support the concept that EINP
grades much closer toward the low boreal mixedwood ecoregion. This is further

supported by the major difference in dominant soil types found inside the Park (eg.
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Luvisols) compared to thosc found on the surrounding plains (¢cg. Chemozems).  The
evidence implies that, climatically, EINP has the same potential to develop into
deciduous, and perhaps even coniferous forested vegetation at climax, as do arcas north
of the Beaver Hills.

Why then, did the vegetation in Elk Island resemble that of an intermittent aspen
groveland at the time of park establishment? One of the main reasons was wildtire.
Instead of climate, repeated, sporadic disturbance via burning kept the area in a semi-
forested, sub-climax ‘parkland-like’ state, with those arcas that were drier burning more
often and more intensely resulting in patchy control of the tree cover. The occurrence of
Luvisols throughout the Park indicates that burning was probably intrequent enough to
allow succession to regularly cover much of the arca with forest. With the absence of fire
in the twentieth century, forest succession clearly became dominant as was evident outside
the Park. This also supports the inclination of Strong (1992) to classify the Beaver Hills
as an outlier of the boreal mixedwood. It is also possible that part of the surrounding
plains which he classified as parkland, particularly the northern portion, could indeed be
subject to forest expansion in the absence of fire, if these lands were not cultivated
intensively today.

Another question concerns the actual classification and extent of coverage of the
aspen parkland ecoregion. If climate, and not disturbance, is the factor determining the
boundaries of an ecoregion, it is possible that the transitional grassland may be more
appropriately classified as subunits of the prairie and boreal ecorcgions. Only improved
climate data at a greater spatial resolution could establish this for certain.  These
classification subunits, known as ecodistricts, arc based in part upon physiographic and
geologic patterns (Ecoregions Working Group 1989). The findings of this study support
the opinion of Strong (1992), who points out that a much broader and important
perspective of ecodistricts is required to deal with macro-topographic features at the
provincial level, to which the Beaver Hills belong.

The current landscape inside the Park consists of a mosaic of grassland, shrubland,
and forest, which have formed as a result of prescribed fire and decades of intensive

ungulate foraging. It appears that many of the grasslands now found in the Park remain
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in this state because of the intensity of foraging which inhibits forest encroachment. The
effectiveness of prescribed burning in altering the forest cover has also been substantial,
but somewhat limited to that part of the landscape where the effects of fire were more
pronounced. The complicated relationship of usir.g fire as a tool in landscape and habitat
management, indicates that specific, strategic objectives must be set before implementing
a burning program.

Managers of EINP arc faced with the decision of what type of landscape constitutes
a ‘natural’ feature, as dictated by the Park’s objectives. The use of historical evidence
to decide this is clearly unreliable, particularly because the time frame for which this
information is available is relatively recent, and that arguments for maintaining either a
semi-open parkland or a boreal forest arc possible. As a result, and given the dynamic
history of the vegetation of EINP, it may be more realistic to preserve natural processes
rather than natural features.

The two processes that were historically important in altering the landscape were
wildfire and variable grazing intensities created by ungulate migrations and wildfire.
These arc currently most closely represented by the prescribed burning and ungulate
trapping programs. Although ungul~tc harvests are often not perceived as natural per se,
this process should be acceptable given that the migrating bison herds which depended
on the Beaver Hills during the winter months (Morgan 1980) were harvested by
indigenous people. The major difficulty today stems from the lack of animal movement
on a regional scale. To achieve true migration and seasonal variation in stocking rates,
the Park would have to expand to include a portion of the adjacent plains.

In contrast, prescribed fire is easier to carry out. In the process, a more heterogenous
landscape is established, by maintaining a mosaic of forest and grassland cover. The
increased varicty of community types associated with this condition represents a further
increase in biodiversity within the Park. Both community and landscape diversity are
important considerations in rangeland conservation management (West 1993).

There is evidence for a natural progression of forested communitics towards more
open landscapes without the use of fire. This, however, appears to depend on continued

high stocking rates which have other, undesirable impacts on the vegetation. Changes in
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the abundance and relative composition of shrubs and herbs make this option unrealistic.

A decision not to burn would allow forest succession to take over, provided sufticient
recruitment of trees takes place. A reduction in stocking rates would likely be needed to
ensure this (Polster and Watson 1979). Forest expansion, however, may produce a
forested ‘monoculture’ over most of the Park’s uplands and would result in less diversity
on a landscape scale. This in turn would produce less variation among habitat types for
wildlife species.

Ultimately, it is important to establish specific target objectives before undergoing any
major management changes. The prescrvation of natural processes and features, should
play a major role in deciding future management. It may also be reasonable given the
complexity of the landscape ccology in EINP, for managers to give habitat availability,

species diversity, and forage productivity, priority over landscape concerns,

6.6.2.2 Vegetation Management Considerations

The composition of plant communitics at these sites in EINP were only moderately
affected by the disturbances. In particular, most species were found consistently across
all disturbances and on at least several topographic positions. One exception which
should be noted was in the forest overstories, where mature forms of Amelanchier

alnifolia, Prunus pensylvanica, and Prunus virginiana were absent inside the Park. For

these species to reach maturity, a reduction in browsing pressure s necessary.

It appears that prescribed burning at present does not remove specific species and,
obecause of its variable impact throughout the landscape, may actually increase
community diversity. This is because areas such as the north slopes, where burns are less
intense, continue to be dominated by the low forb community typc while other positions
are represented by tall forb communities. Burning therefore appears o be compatible
with maintaining diversity among community types and species within the Park.

Although species richness and total diversity were cssentially unaffected by the
disturbances, invader diversity was much higher inside the Park, particularly on the south

aspects. If the objective of Park policy is to maintain maximum species diversity
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regardless of the origin of the species, then current management is acceptable. However,
if the intent is to minimize the number of invader species within the Park, current
management would have to be rated as only partly successful. Past stocking levels of
ungulates have been heavy enough to shift many sites in favour of introduced specics.

Some, such as Poa pratensis, Taraxacum officinale, and Trifolium repens are very

competitive and can exclude other, less competitive, native species. In large part, these
species can be attributed to human influence. This patem, evident in EINP, is explained
by O‘Connor (1991), who suggests that human activity on and around rangelands
interrupts magration patterns thereby changing grazing pressure from a seasonal pulse to
a regular, systematic cropping. This in turn, favours the cstablishment of grazing tolerant,
invasive species.

The change in vegetation evident on the grassy south facing slopes inside the Park
probably represents a fundamental change, wherein the original community crossed an
ccological threshold (Figure 25), moving from one successional pathway, or domain, to
another (Westoby et al. 1989; Bosch and Kellner 1991). Not only do invader species
suppress native vegetation (Wilson 1989), but heavy grazing increases the germination of
weedy specics (Johnston et al. 1965). Although a reduction in overall stocking rates may
decrease the rate at which the remaining native communities are invaded by these species,
it is unlikely that those areas already converted would be fully recolonized back to native
herbs.  Any attempts to re-establish the dominant native grass once found in the area,

Festuca scabrella, would be unlikely to succeed given the inability of this species to

withstand intensive grazing and competition from established invaders. Further supporn
of this can be found in the permanent monitoring exclosures in the Alberta foothills where
Poa pratensis continued to dominate overgrazed rangelands after 40 years of rest from
cattle grazing (Willoughby 1993b). Simply decreasing stocking rates is unlikely to offer
any solution. Instead, the use of intensive inputs (ie. breaking and reseeding) is probably
reguired to cross back over the threshold (dashed arrow in Figure 25), which was passed
when herbivory shifted these sites from one stable domain to another (Friedel 1991:
Laycock 1991). These specific practices of range improvement though, are not likely to

occur on a widespread scale in an area such as EINP. Nevertheless, burning also
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represents a commonly used input (Westoby et al. 1989; George et al. 1992) and can be
used te control invader species such as Poa pratensis (Curtis and Partch 1948 Anderson
et al. 1970; Hadley 1970). For effective, high intensity fires to be achieved, however,
simultancous reductions in stocking rates would have to be undertaken o accumulate
sufficient fuel, particularly on the heavily grazed south facing slopes. The continued use
of prescribed fire would also be beneficial by opening up larger arcas of grassland and
increasing the production of herbaccous forage, therehy alleviating the isolated intensive
grazing and limiting the spread of introduced specics.

An aliogether different management approach would be to redefine invader species
as naturalized, thereby recognizing them as an acceptable part of the Park’s vegetation
and actively incorporating them into the Park’s management plans. These species require
special management consideration because of their carly scason of growth, competitive
nature, and low forage value in winter. An important part of the Park’s overall
management plan is an evaluation of range condition (Blyth and Hudson 1987). The
traditional method classifies individual species as decreasers, increasers, and invaders, the
latter which are absent in the climax vegetation and therefore unacceeptable (Stoddart et
al. 1975). Unless invader species are included, using this condition classification will find
virtualiy all the south facing slopes investigated in this study to be in poor condition,
despite being productive and critical for wildlifc use. Only a change in management
philosophy including alterations in the overriding policy and mandate of the National
Parks Act, would end this trend. These alterations would no doubt create debate because
not all invader species would be accepted as naturalized (ic. weedy specics), thus
requiring decisions as to which species constitute ‘weeds’.

Managing for individual species within communities can only be done successfully
if their specific responses to disturbances are understood. The variable nature of the
EINP landscape and the disturbances found within it, indicates that a more consistent and
accurate method of monitoring vegetative change should be adopted. Regular monitoring
over prolonged periods within permancntly delincated plots distributed throughout the
landscape, under both burned and unburned and foraged and unforaged (cxclosure)

conditions, are required to evaluate the specific response of various plant species to cach
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disturbance. This information would provide valuable baselinc data imperative for
making proper management decisions. Scveral models for establishing benchmark
programs alrcady exist including those of the United States Department of Agriculture,

the Alberta Forest Service, and Alberta Public Lands.
6.6.2.3 Ungulate Management Considerations

Managing the large herbivores in EINP centers around their dependence of various
habitat types. Both prescribed burning and years of intensive foraging have altered the
relative amount and distribution of community types as well as their production of browse
and herbaccous material.

The early seal vegetation resulting from burning provides better habitat for large
ungulates by expanding the food resource and improving the quality of forage (Reynolds
1969). This is particularly true for species which prefer semi-open areas such as wapiti
and bison. Forests on the north slopes have a natural resistance to {ire which ensures that
pockets of cover remain to provide protective and thermal cover. Given that grazing
specics make up the largest populations in the Park, large scale burning would seem
advisable to convert much of the Park to this state, particularly because there is a large
increase in forb and grass production associated with this action. Although no net change
occurs in the production of browse due to fire, shifts between the dominant types of
species may be changing the quality of production. For example, Bisoff (1981) and

Renecker and Hudson (1988) found Corylus cornuta to be lower in crude protein

compared to many other primary browse species such as Rubus idaeus, Rosa spp.,

Populus tremuloides, and even Symphoricarpos occidentalis. These depressed levels also

appear to be consistent among seasons (Renecker and Hudson 1988), including the

important winter period. Bishoff (1981) also concluded that Corylus cornuta is unable

to provide ungulates with sufficient phosphorus, even during the summer months.
Maintaining a balance among the various forage species available is more likely to meet
the dietary requirements of herbivores (Oldemeyer et al. 1977).

In addition to changes in the types of forage species available to wildlife, prescribed
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burning can directly improve forage quality. Increases in crude protein and phosphorus
have been found in both the shrub and tree regrowth following fire (Debyle et al. 1989),

Burning does have other important implications for wildlife, in addition to those
involving forage quality and quantity. For example, an cstimated 97% of reproductive

female Dermacentor albipictus (winter tick) were killed by prescribed buming in the

aspen parkland (Drew et al. 1985). This parasite is a scrious pest of moose, making
burning a practical option for it’s control in a confined arca such as EINP.

Widespread burning, however, is not without drawbacks. Reducing the overall arca
of forest will reduce the amount of leaf fall which is an important source of winter forage
for wapiti (Nietfield 1983). Although burned arcas are ofien beneficial for moose, no
moose were seen on any of the burned catenas during the lengthy data collection process,
suggesting that the area may now be too open for this species. This may be explained

by the lack of Populus tremuloides regrowth and high fire frequency because the optimal

successional stage for moose is from 11 to 30 years after burning (Bradley ct al. 1992).
Other ungulate species also require larger forested tracts for cover during critical times
such as during severe winter storms and calving. To maintain arcas more favourable for
these species, some regions would have to be either not burned at all, or burned at lower
frequencies, making it critical to have a comprehensive long term burn management plan
in place.

Ungulate populations are currently controlled through trapping and removal programs.
This is important because foraging has clearly been a major factor in altering the Park’s
vegetation by limiting stand rejuvenation, altering the growth form of the shrub
understory, and reducing browse production.

This latter factor is a key alteration, because while the largest proportion of total
production is provided by herbaceous material, most of this is no longer available during
the winter months. Early senescence and deterioration in the autumn along with the
accumulation of snow can render much of this material inaccessible. Therefore, all
ungulates, including bison and wapiti, increase their use and dependence on browse
material. Holsworth (1960) found that these two grazing species will increase the amount

of browse in their diet up to 30% and 10%, respectively. A further difficulty is that much
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of the shrub leaf material is below the snow line. Thus, although twigs make up the
smallest part of total production, this component provides the most critical portion of all
the forage produced. Twigs are more accessible during the winter and remain higher in
nutritive value until late in the dormant scason (Stoddart et al. 1975, Bishoff 1981). The
result is that an increasing ungulate population may be supported by an excess of
herbaccous growth during the summer and fall, while a diminishing browse pool may
sustain these same herbivores during the critical winter months. This type of foraging
supply and demand pattern is more susceptible to fluctuations which could lead to severe
forage shortages. Surges in ungulate populations, heavy snowfalls, poor summer
precipitation, or other anomalies, may make this forage production scheme undesirable.

- Any manipulation of the shrub layer through burning or other means will have
important ramifications on the supply of browse for ungulates. For example, a reduced
twig supply would force ungulates to turn to alteinate sources of lower quality forage.
The implications for management are that larger population reductions may be required
to reduce the risk of encountering problems in forage availability. It is currently unknown
whether the trend in browse production is increasing or decreasing. This information is
clearly necessary in order to monitor forage availability patterns more closely and predict
any surpluses and/or shortages.

Another related factor to consider is the role of the south facing slopes inside the
Park. The carly green up and nutritious herbaceous forage produced may actually be
critical in diverting some of the early spring browsing pressure from forested areas.
Without the south slopes, even heavier browsing pressures are probable, which would
further alter the shrub strata within the Park, particularly because these grasslands are very
productive. The main disadvantage of these sites is that the introduced species found here
are early curing, and therefore provide poor quality winter forage compared to native
species. It would thus seem preferable to limit those areas on which these species

dominate because most of the forage use in EINP cccurs during the dormant season.

112



6.7 Additional Research

One of the priorities of national parks, enabling them to resolve the dilemma of how
to perpetuate natural forest ecosystems that include fire as a factor of their environment,
is to obtain information on fire ecology (Van Wagner 1990). This is required to make
affective management decisions. While a large body of information cxists for all of North
America, little is applicable to EINP because of the area’s unique vegetation and climate.
The limited amount of information collected on firc ecology in Western Canada to date,
particularly with respect to the autecology of specific understory specics, leaves much of
the baseline data lacking. This information could be collected through the use of long
term monitoring programs and tools such as grazing exclosures.

Other gaps which appear in our understanding of the aspen parkland, include

establishing a detailed classification of Populus tremuloides forests based on ecological

parameters. In addition, information on the rates of conversion of Chernozemic grassland
soils to Luvisolic forested soils would be beneficial for determining more accurately the
historical ratio between these vegetation types in the EINP landscape.  Although this
study provides important baseline data, a larger number of stands should be sampled from
a wider range of environmental variables to creatc a more comprehensive and inclusive
classification. Additional research could then be directed towards cstablishing a clearer
identity for the parkland, including its position in a broader classification scheme.
Finally, for EINP, a greater understanding must be reached concerning the impact of
herbivory and fire throughout the Park. The significant but variable response of plant
communities to disturbances within the landscape requires that managers be able to
predict how large scale burning or changes in ungulate populations will affect the habitat
and forage resources available to ungulates, before they are actually undertaken. In
addition, because a goal of herbivore management is to maintain a sustainable system, it
is critical to identify the various environmental thresholds within the Park, and manage
landscapes so that they are not exceeded (Archer and Smeins 1991). Modelling may
prove effective in monitoring the dynamics and responses of both vegetation and

ungulates to management strategies in EINP.
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Appendix I: Review of environmental and vegctative data collected.

Environmental Data:

Level of Herbivory
Burn Scorch Height

Topographic Position

Slope
Soil Type (Great Group)

Soil Organic Matter
Soil pH

Soil Texture
Thickness of Ah
Thickness of Ahe
Thickness of Ac

Vegetative Data

Tree Density
Basal Area (BA)

Overstory Canopy Cover
Shrub Canopy Cover

Herb Canopy Cover

Data Type:

Nominal (classes)
Continuous (cm/ tree)

Nominal (classes)

Continuous

Nominal (classes)

Continuous
Continuous
Continuous
Continuous
Continuous

Continuous

Method of Data Collection:

Stem Counts / Macroplot
BA / Tree / Macroplot

Line Intercept Transect (50 m)

Cover / Species /

Mesoplots (1 x 1 m)

Cover / Species /

Units:

High & Low

Ave. / Transect

Toe, South,

Crest, & North

% [ Transect (Ave. of 3)
Orthic Gray Luvisol,
Gleyed Gray Luvisol, &
Orthic Humic Gleysol
%

pH

% Sand, Silt, & Clay
cm / Transect

cm / Transect

cm / Transect

Analysis Units:

# Stems / Hectare
Total BA (m?)

/ Hectare
% / Transeci

Ave. % / Transect

Ave. % / Transect

Microplots (40 x 50 cm)
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Appendix I (continued): Review of environmental and vegetative data collected.

Vegetative Data :

Diversity Index
Species Richness
Shrub Density
Shrub Height

Current Annual Above
Ground Production (Grass,
Forb, Twig, & Leaf)

Mcthod of Data Collection:

From Canopy Covers
Total # of Spccies
Stem Counts / Microplot

Maximum Height / Microplot

Production / 0.5 m* Clip Plot

Analysis Units:

Index / Transect
Species / Transect
# Stems / m*
Avc. Height (¢cm)
/ Transect
Ave. Kg / Hectare
(Dryweight)

129



Appendix 11 Standard error of the mean’s for EINP data.

Stand Factor:

Total Tree Density
Aspen Density
Balsam Dcnsity
Total Basal Area
Live Canopy Cover
Total Diversity Index
Invader Diversity Index
Species Richness
Total Shrub Density
Shrub Height Index
Grass Production
Forb Production

Leaf Production
Twig Production

Total Production

Disturbance

149.2
100.4
48.1
3.10
4.77
0.068
0.023
1.16
0.830
2.437
43.98
53.84
96.24
25.94

128.34

Test Factor:

Position

172.3
116.0
55.5
3.56
5.51
0.079
0.026
1.34
0.959
2.814
50.78
62.16
111.14
29.96
148.18

Disturbance
x_Position
298.4
200.9
96.1
6.17
9.54
0.137
0.045
2.32
1.661
4.875
87.96
107.66
192.50
51.88

256.66
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Appendix III: Two-way site by species table derived from the analysis

of the Elk Island data using TWINSPAN.

Sample Site Number:

223333 12122231332 1 11122 1121

Species: 840362486025671545313715379192690824
6 LONI 1INV 21-1-11l-------=-mmmmmmmmne g
18 VIBU EDU 41-131222122--1--=-----=--~ lommmmmm-
52 LINN BOR 1l------- S
56 MITE NUD 11-12311113-------====--- 1-11-------
5 LONI DIO 221121131111--11--1----211111----~ 1-
12 RIBE TRI 11111311311--1-1------- 12-1-1-------
35 CORN CAN 331333332331--21--3--11-12122----- 1-
36 DISP TRA 3111122222212211121---1--11-------~-
60 PYRO ASA 2232412112111-311-11-11111111--1----
2 CORN STO 2----- 12-1111-12--1----~ 1l-mmmmmm e -
20 ACTA RUB --1-1-21112--1---2-1--111--1--=-----
23 ALLI CER ---2------------ l-mmmmmmmmmmmmmmmoo
44 GALI TRI 1111-1----- 1-1-=-1------ y RS, PR
54 MAIA CAN 3121211112111-222221111121222----- 1-
61 PYRO CHL 1-1211----- lo-l-mmemmmmm s 1121-------
86 ORYZ ASP -1121-=---------- 231---=11-=1==------
11 RIBE LAC 11-2-221111---1-------- 123122--1----
55 MERT PAN -11111-1-11-------- 1---112111--1----
57 PETA PAL -3-11211-11------------- 12-11--1----
16 SHEP CAN -1-2-11212------ 211----- 3-31--=n-- 1-
48 HERA LAN -122-11----1-1----- 1-1-1--213--1--1-
63 RUBU PUB 4443443333332-32-2421224343321121-11
9 PRUN PEN 3---------- 214------ Tommmmmmm e
39 EQUI ARV -l-l-----1-3----------- 1-1-23-------
42 GALE TET --l--------- 11--mmmmmmmmmme- R
72 STEL LON --1--1------- 1locmcmmmm 11-1-------
4 CRAT ROT —-=-==-=-======- 33mcmmmmm e
67 SMIL STE -~----=------ 1mmm=l-=l-mmmmmmmemeeoe
31 CAST MIN —--m--=mmmmmmmmmmmmmm o e oo lommmmmme-
46 HABE HYP ——-=-==m--==—mmmmmomoe RSO
58 PETA SAG ---===--=-=—====—==--c-——- I
62 RANU ACR ~-----=====mm=mmmmcmmma= lommmmmmmme
65 SCUT GAL —==--m====-=====—m——=mmmmo o y SR
66 SENE TPI ~--=====---=—=====—==————- lommmm oo
76 URTI DIO —=-=====mmmmmmmmmmmmmmmmmmem SRR
53 LYSI CIL -=-l----=---=-~=-~ 13-312-4------ 1-----
88 POA PALU ----- 11-mmmmm- 11---=2-=-2-wal-w-1--
92 COV MOSS 3332332312211111121----112114---13-2

000000
000000
000000
000000
000001
000001
000001
000001
000001
000010
000010
000011
000011
000011
000011
000011
00010
00010
00010
00011
00011
00011
001060
00100
00100
00100
001010
001016
001011
001011
001011
001011
001011
001011
001011
0011
0011
0100
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Appendix III (continued):

CORY
POPU
ARAL
EPIL
LATH
POPU
ROSA
RUBU
SYMP
ASTE
LATH
SANT
VICI
CALA
AMEL
PRUN
ASTE
CERA
SALI
AGAS
APOC
STAC
VIOL
FRAG
GALI
SOLI
BROM
THAL
AGRO
SCHI
AGRI
CIRS
HALE
EPIL
GEUM
SONC
CARE
HEIR
TARA
POA

BARE
ACHI
ERIG
SOLI
VIOL
PHLE

COR
TRE
NUD
ANG
OCH
BAL
SPP
IDA
occC
CIL
VEN
MAR
AME
CAN
ALN
VIR
CON
ARV
SPP
FOE
AND
PAL
CAN
VIR
BOR
CAN
CIL
VEN
TRA
PUR
STR
FLO
DEF
CIL
ALL
ARV
SPP
UMB
OFF
PRAT
S0I
MIL
GLA

55555555555523555553445132514332454-
21333331111131211222131211113121112-
34434445343225443453554-44454141-25-
------ 222-211--1---2-13132--~-12----
12323234234121412233333422222242122-
---11---1--1-----=----- 1-11-11--1-1--
123434334344454455333444434233443222
255534434555555543454453334354443431
222222323323344443411224233423444421
13132233232222132334242432332324344-
-122--3-42-1453433444-22-11133-44-21
-1221111-11211112113122323231123--2~-
1222222422321-3113233444222133342131
12341432435122231345555455533555443-
212431212122342243211232112132223111
1113211111122431321111-2111-12123-11
2----132224425222-322321--11-32--11~
—————————- 11---1-11------------- 1---
—————— 1----1---12--1---11-111-11----
——————————— 221--23-11112-1-2-2111-1-
1---1-11-114432321-2133--121-11-1-11
————— 2--~--111--11-1211111--11111---
1-1-1-11-11-1-1-2-11-111--111312-11-
-1111211221221112231-112122313221221
-12212322211222322222233122222333212
~-1--2----3323-41324343445343455424-
~---1----2-11---1-1------ 1121--131--
-122--11--2---1-21-23133111222332-1~
-3-1--11---11--1-121--1-1221-21--22-

-1-11-1-11------ 1111-1-21-22-21--12-
------ 1----1----1-11---212-33111-22-
___________________________ y [ [P
e IR 1--
________________________ lommmem]m e
B T lommmme 111-1-1-1-1--
_____________________ [, [
--32-11----121--1--221222-1221214214
--------- lommmmmmmmlemeeemo1--1--1-1
1--1-11-11-1---131111-1-121212113441
-1-1-----21----3211213242143-5555555

------------------- 2-111----2214134
———————————————— 1--------111-21-1212
__________________________________ 2_3
___________________________________ l
————————————————————————————————— 1-1
———————————————— lo-=====3-=-----2123

010100
010100
010100
010100
010100
010101
010101
010101
010101
010101
010101
010101
010101
010101
01011
01011
01011
01011
011
011
011
011
1000
1001
1001°
100110
100110
100111
100111
100111
10100
10100
10100
10101
10101
10101
1011
110
110
110
111000
111001
111001
111001
111001
111001
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Appendix III (continued):

25
59
75
81
24
30
32
83

ANTE
PLAN
TRIF
AGRO
ANEM
ASTE
CIRS
BROM

MAJ
REP
SCA
CAN
LAE
AFV
INE

e e e e e e e = 1--
———————————————————————— 1--==-1--211
T e 1--1--1-12--1-2542
_________________________________ 1--
-------------- l--=--m-----1-112-2-1-
----------------------------- 111----
----------- T Lk LT T T Tupy |, g
--------------- TP ST, |

0000000000000000000000000000011121121
0000000000011121111111312112111130000001
000001111110000000111211211111000011
011110111110000111000000112111
00001 00000100001
01111

11101
11101
11101
11101
1111
1111
1111
1111
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Appendix IV: Conceptual soil profile descriptions for Elk Island study.

. Orthic Gray Luvisol:

Horizon:  Thickness Range:
LFH 2-9cm
Ah 0-6cm
Ahe 2-12c¢m
Ac 7-20cm
AB 2-5¢m
Bt

B. Gleyed Gray Luvisol:

Horizon:  Thickness Range:
LFH 5-9cm
Ah 0-4cm
Ahc 3-8cm
Ac(g) 10 - 18 cm
AB 2-6cm
Btgj

Comments:

Scattered charcoal deposits.
Variable in thickness, granular structure.
Color: 10YR 1/1 to 3/2 (moist).
Salt & pepper or variable gray appearance.
Color: 10YR 2/1 to 4/3 (moist).
Fine blocky to platy, ashy, friable.
Color: 10YR 3/2 to 5/4 (moist) and 10YR 8/1 10
6/3 (dry).
May be a few fine mottles: 2.5Y 5/4.
Transitional horizon.
Prismatic macrostructure, medium to coarse
blocky microstructure.
Prominent darker colored clay skins.
Color: 10YR 3/2 to 4/4 (moist).
May be fine mottles: 10YR 4/6 to 5/6.

Comments:

Scattered charcoal deposits.
Variable thickness, irregular border.
Color: 10YR 1/1 to 2/2 (moist).
Variable border, patchy appearance.
Color: 10YR 3/2 to 3/3 (moist).
Fine platy, silty/ashy when dry.
Color: 10YR 3/2 to 5/3 (moist) and 10YR 8/1 to
7/2 (dry).
May be mottles: 10YR 4/6 (One soil with a
perched water table).
Transitional horizon.
Prismatic macrostructure, medium to coarse
blocky microstructure.
Medium to very thick clay skins.
Matrix Color: 10YR 4/2 to 5/3 (moist).
Partial gleying evident.
Mottle Color: 10YR 4/6 to 5/8 (moist).
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Appendix IV (continued):

C. Luvic Gleysol:

Horizon:  Thickness Range:

LFH 6-14cm
Ah 0-5cm
Ahe(g) 6-15cm
Ae(g) 8-20cm
AB(g) 2-6cm
Btg

Comments:
Scattered charcoal deposits.
Variable thickness.
Color: 10YR 1/1 (moist).
Fine blocky to platy, few mottles.
Color: 10YR 2/1 to 3/4 (mo™ *: 10YR 4/2 (dry).
Mottle Color: 10YR 5/8 10 6/8 (moist).
Fine to coarse platy, ashy appcarance.
Color: 10YR 2/1 to 5/3 (moist) and 10YR 7/1
4/2 (dry).
Mottle Color: 10YR 5/6 to 5/8.
Transitional horizon.
Prominent gleying conditions and mottling,
medium to coarse blocky structure, thick
clay skins cvident.
Matrix Color: 10YR 3/2 to 5/2 (moist).
Mottle Color: 10YR 4/6 10 5/8 (muist).
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Appendix V: Soil horizon thicknesses, soil pH, and organic matter
by disturbance and position.

Horizon Thickness (cm): Organic Matter:
Ah Ahe Ac pH (%)
Disturbance: =().189 =().159 P=0.259 P=(.406 =().(21
Bumed 2.33 a 558 a 13.83 a 5.86 a 5.56 a
Unbumed 092 a 483 a 11.75 a 6.14 a 367 b
Control 2.08 a 7.25 a 13.33 a 6.22 a 6.41 a
Position; P=).167 P=0.070 P=().188 P=(.015 P=0.035
Toe 2.89 a 7.56 a 14.78 a 6.36 a 5.77 a
South 178 ab 7.22 a 11.22 a 6.30ab 5.99 a
Crest 1.33 ab 478 ab 11.89 a 5.73 ¢ 502 ab
North 1.11 b 400 b 140 a 589 bc 408 b
Dist. x Position; P=().689 P=().388 P=0.963 P=().866 P=0).324
Toe x Burned 30 a 5.3 b 16.0 a 6.04 a 553 b
Toe x Unburmed 3.0 a 60 ab 143 a 6.31 a 358 b
Toe x Control 27 a 11.3 a 14.0 a 6.73 a 8.21 a
South x Burned 27 a 7.0 a 11.3 a 6.15 a 7.02 a
South x Unburned 0 a 50 a 103 a 6.35 a 491 a
South x Control 27 a 9.7 a 120 a 6.39 a 6.03 a
Crest x Burned 1.3 a 50 a 13.3 a 548 a 5.61 a
Crest x Unburned 0.7 a 43 a 10.7 a 5.80 a 325 b
Crest x Control 2.0 a 50 a 11.7 a 5.90 a 6.20 a
North x Burned 23 a 50 a 14.7 a 5.75 a 408 a
North x Unbumed 0 a 40 a 11.7 a 6.09 a 294 a
North x Control 1.0 a 30 a 15.7 a 5.83 a 5.22 a

Means represented by the same letter are not significantly different at P=0.05
using the Least Significant Difference test.
Interaction comparisons are between disturbances and within positions.



