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Abstract

The dependence between grassland herbage production and
precipitation within the Boreal region of central Alberta was
evaluated. Additional objectives were to compare current year
growing season (e.g., April or May, to August) precipitation with
12 and 16 month water year (e.g., dormant and growing season)
precipitation for use in predicting herbage growth, and deter-
mine whether lowland and upland grasslands differ in their
response to precipitation. Lowland herbage production averaged
6,053 kg ha, nearly twice the 3,153 kg ha found on upland
grasslands during the study. In general, herbage production cor-
related significantly with precipitation, but the magnitude and
direction of that relationship varied depending on grassland
type. Uplands displayed a positive linear relationship with pre-
cipitation (r = 0.76; p < 0.01), while lowland communities dis-
played a negative curvilinear (R? = 0.65; p < 0.05) relationship.
Furthermore, while herbage production on uplands was better
predicted by current year precipitation, lowland production
appeared more heavily dependent on precipitation falling during
the water year, the latter of which included fall and winter mois-
ture recharge. We hypothesize that these differences are linked
to water redistribution within the landscape, along with subse-
quent soil temperature regimes and the length of effective grow-
ing season. Given the influence of topography in regulating water
availability and use, rangeland managers within the Boreal
region should use caution when determining rangeland carrying
capacity from meteorological data.
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Maximum allowable stocking rates on rangeland are primarily
determined by forage availability, which in turn is influenced by
growing conditions. Although factors such as soil development
can affect rangeland production (Cannon and Nielson 1984,
Epstein et al. 1997), precipitation is perhaps the single most
important determinant of forage production (Clarke et a. 1947,
Coupland 1958, Lauenroth and Sala 1992). In particular, variabil-
ity in forage production has been linked to fluctuations in precipi-
tation within numerous studies conducted on both Shortgrass and
Mixed Prairies (e.g., Rogler and Haas 1947, Smoliak 1956, 1986,
Rauzi 1964, Hulett and Tomanek 1969, Epstein et al. 1997).
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Resumen

Se evalu6 la dependencia entre la produccion de forraje del
pastizal y la precipitacion dentro de laregion Boreal delaparte
central de Alberta. Objetivos adicionales fueron comparar la
precipitacion de la estacion de crecimiento del  afio actual (esto
es, Abril o Mayo a Agosto) con la precipitacion de 12y 16 meses
de agua afio (esto es, estaciones de crecimiento y dormancia)
para usarlos en predecir € crecimiento del forrajey determinar
s los pastizales de tierras bajasy altas difieren en su respuesta a
la precipitacion. Durante €l estudio la produccion de forraje en
tierras bajas promedio 6,053 kg ha?, casi el doble de los 3,153 kg
ha™ registrados en los pastizales de tierras altas. En general la
produccién de forraje se correlaciono significativamente con la
precipitacion, pero la magnitud y direcciéon de esa relacion varié
dependiendo del tipo de pastizal Lastierras altas mostraron una
relacion lineal positiva con la precipitacion (R? = 0.76; p < 0.01)
mientras que las comunidades de tierras bajas mostraron una
relacion curvilinea negativa (R? = 0.65; p < 0.05). Ademaés, mien-
tras la produccién de forraje en las tierras altas fue predicha
mejor con la precipitacién del afio actual, la produccion de las
tierras bajas parecio ser mas dependientes de la precipitacion
caida en el afio agua, € cual incluye la recarga de humedad de
otofio e invierno. Hipotetizamos que estas diferencias estan lig-
adas a laredistribucion del agua dentro del paisaje junto con los
subsecuentes regimenes de temperatura del suelo y la longitud
de la estacion efectiva de crecimiento. Dada la influencia de la
topografia en regular la disponibilidad y uso del agua, los mane-
jadores de pastizales dentro de la region Boreal deben tener
cuidado cuando determinen la capacidad de carga del pastizal a
partir de datos meteor ol dgicos.

Furthermore, these climatic influences may continue to regulate
standing crop levels despite the application of various mechanical
improvements (Haferkamp et al. 1993). The ultimate utility of
precipitation data for explaining changes in primary production
may be linked, however, to annual variation in the pattern of rain-
fall including its timing and frequency of occurrence (Ballard and
Ryerson 1973).

The Boreal region is the largest forested zone in central
Canada, covering up to 75% of the country (Rowe 1959). Nearly
40% of Albertafallsinto the Dry and Central Boreal Mixedwood
Ecoregions alone (Strong 1992), with upland vegetation dominat-
ed by trembling aspen (Populus tremuloides Michx*), paper birch
(Betula papyrifera Marsh.), and white spruce (Picea glauca

*Nomenclature follows E.H. Moss (1983), Flora of Alberta, Univ. of Toronto
Press.
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[Moench] Voss). Jackpine (Pinus
banksiana Lamb.) are common on sandy
soils, and black spruce (Picea mariana
[Mill.] BSP.), willows (Salix spp.) and
sedges (Carex spp.) thrive in poorly
drained areas. In general, open grasslands
are confined to lowlands (e.g., wet meadow
vegetation), or uplands where topographic
and soil conditions, coupled with distur-
bances such as fire and grazing, restrict the
encroachment of forest vegetation
(Willoughby et a. 1996). Although only a
small fraction of the typical boreal land-
scape consists of open grasslands, these
areas produce a disproportionately large
amount of the herbaceous forage available
for ungulates. In British Columbia alone,
wetlands have been estimated to provide up
to 50% of the total forage needs for 25% of
the beef cow herd (Van Ryswyk et al.
1995). As areault, these areas are the focus
of considerable attention for both livestock
and wildlife managers.

Despite the documented importance of
the link between precipitation and produc-
tivity in prairie grasslands, little informa-
tion exists on the relationship between pre-
cipitation and herbage production within
grassland environments of the boreal
region. Boreal rangelands, being dominated
by forested vegetation and having precipi-
tation:evapotranspiration (P.E) ratios equal
or greater than 1.0 (Strong 1992), are often
perceived as being non-limiting in mois-
ture. This notion is untested, however, and
additionally appears to make the assump-
tion that drought management within the
region is less of a concern during rangeland
planning. Better information on the rela-
tionship between precipitation and herbage
production would address this notion, as
well as provide greater insight into the eco-
logical response of these plant communities
to climatic factors. Ultimately, this infor-
mation could improve the ability of range-
land managers to use climatic variables
such as precipitation to predict herbage
growth, set appropriate long-term stocking
rates, as well as anticipate potential short-
agesin forage availability.

Specific objectives of this study were to,
(1) determine the effect of precipitation on
boreal grassland herbage production, (2)
compare the effects of current year and
water year precipitation on herbage pro-
duction, and (3) differentiate between the
response of upland and lowland herbage
production to inter-annual variation in pre-
Cipitation.

Study Area
Elk Island National Park (EINP) was
chosen as the site to address the above
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objectives. The park is situated near the
southern limit of the Lower Boreal
Mixedwood ecoregion (Strong 1992),
directly adjacent to the Aspen Parkland.
This area was chosen because data were
readily available for individual plant com-
munities from a long-term herbage moni-
toring program initiated in 1984 to assess
carrying capacity throughout the Park.
Furthermore, assessment of the relation-
ship between precipitation and herbage
production has direct relevance for Park
managers given the relationship of
herbage production to carrying capacity.

EINP is the only fenced National Park
in Canada, and combined with the absence
of large predators and abundant popula-
tions of bison, deer, elk, and moose, this
Park faces the unique challenge of inten-
sively managing ungulate populations
(Telfer 1972). To avoid the die-offs that
have historically occurred, surplus animal
numbers are identified through annual aer-
ial surveys, and removed with live trap-
ping during the winter (Blyth and Hudson
1987). All of these management actions,
however, are predicated on an accurate
assessment of carrying capacity within the
Park, as well as an understanding of how
carrying capacity may fluctuate between
years. Changes through time are particu-
larly important as the greatest limitation in
available forage occurs during winter
(Bork et al. 1997), which is determined
primarily by the success of plant growth
the previous summer.

Given the need for detailed information
regarding the status of available forage
resources, a plan was implemented in
1984 that involved the annua monitoring
of grassland composition and production
from a fixed set of rangeland plant com-
munities over time. This monitoring plan
had 2 major objectives: provide an indica-
tion as to the extent of degradation in
grasslands associated with potential over-
grazing, and document changes in grass-
land carrying capacity through time so that
animal numbers may be adjusted appropri-
ately. The detection of significant reduc-
tions in total forage availability might
alow Park managers sufficient opportuni-
ty (if necessary) to reduce ungulate popu-
lations. More recent reductions to man-
power within the Park, however, have
threatened the continuation of this range-
land monitoring program. As a result,
alternative methods are being sought to
reliably predict forage availability, includ-
ing the use of climatic variables. This
information would enable managers to
bypass the labor intensive and expensive
task of sampling individual plant commu-

nities throughout the Park, while still
tracking short-term changes in ungulate
carrying capacity.

Elk Island National Park is situated
within the Beaver Hills (53°35'N,
112°50'W) of central Alberta, approxi-
mately 40 km east of Edmonton, Alberta,
Canada. The Beaver Hills are part of the
Cooking Lake Moraine, a terminal
moraine deposited during Keewatin
glaciation (Blyth and Hudson 1987).
Vegetation in the region is considered to
be an outlier of the Lower Boreal
Mixedwood ecoregion directly to the north
(Strong 1992). The area is characterized
by strongly undulating topography and is
approximately 60 m higher in elevation
than the surrounding plains.

Soils are variable throughout the Park,
but are mostly Orthic Grey Luvisols on
uplands having developed under decidu-
ous forest. Gleysolic and organic soils are
common in depressional wetlands, with
the latter associated with flooded fens and
bogs (Crown 1977). In addition, a smaller
region of Solonetzic soil exists.

Although the majority of the Park is
forested with Populus tremuloides and P.
balsamifera L., numerous grasslands
remain within the Park. Upland grasslands
are dominated primarily by invasive grass-
es such as Poa pratensis L., Bromus iner-
mis Leyss., and Agropyron repens (L.)
Beauv., with Trifolium repens L. and
Taraxacum officinale Weber co-dominant
forbs. Native species include Agropyron
trachycaulum (Link) Malte,
Calamagrostis canadensis (Michx.)
Beauv., and Puchinellia nuttalliana
(Schult.) A.S. Hitchc. Lowland grasslands
are dominated almost exclusively by
Calamagrostis canadensis and various
wetland Carex spp., including C.
atherodes Spreng. and C. aquatilis
Wahlenb. Solonetzic soils are dominated
by Koeleria macrantha (Ledeb.) and
Beckmannia syzigachne (Steud.) Fern.
(Blyth and Hudson 1987).

Methods

To develop the relationship between
precipitation and herbage production, data
from the long-term rangeland monitoring
sites distributed throughout the Park's 194
km? were used. Although the data avail-
able for upland range sites is nearly con-
tinuous for the years spanning the moni-
toring period 1984 to 1996, no data was
available from 1986 because of Park
staffing changes at that time. In addition,
because ‘year’ was considered to be the
experimental unit in this investigation,
only those sites for which production data
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was consistently available over all years
were used in the analysis (i.e., intra-annual
herbage production was averaged across
all range sites). This process excluded sev-
eral sites from the investigation that were
added or removed at intermediate stages
during the monitoring period. Two addi-
tional upland monitoring sites were
excluded from the investigation due to
poor range condition associated with
excessive grazing (Blyth et a. 1993): one
due to excessive ungulate use and the
other to Richardson’s ground squirrels
(Spermophilus richardsonii). Both sites
were removed before any analysis was
conducted and only after consultation with
Park staff regarding the condition of sites.

Monitoring sites were approximately
evenly distributed between upland grass-
lands and lowland sedge meadows. At
each site, aminimum of 4 range cages, 1.5
by 1.5 m in size, were used to exclude
ungulate herbivory for the growing sea-
son, with peak production clipped annual-
ly the first 2 weeks of September. Other
work within the Park (unpublished data)
indicates that 4 plots are sufficient to sta-
bilize individual estimates of herbage pro-
duction within sampled grasslands. Range
cages were re-randomized to new loca-
tions on each site every spring prior to the
onset of vegetation green-up.

Original clip sizes were 1 m?, but were
reduced to 0.25 m? (50 by 50 cm) in 1993
to improve sampling efficiency. All cur-
rent annual vegetative growth was clipped
at ground level and sorted into herbage
and shrub components. Shrub growth was
minimal and therefore excluded from the
analysis. All clips samples were oven-
dried at 75°C for 24 hours, and weighed to
determine mean herbage production (kgha)
for each site, with all sites averaged to
determine overal rangeland herbage pro-
duction per year for the entire Park.

Data Analysis

Data were analyzed separately for
upland and lowland areas due to the differ-
ent dominant plant species, soil types,
moisture regimes, and microclimates
found within each area. The collection of
lowland production data did not begin
until the late 1980’s, and as such, was
pooled from 5 sites within each year for
the period 1988 to 1996, inclusive (n = 9
years). Upland productivity data were also
pooled for 5 sites in each of the years from
1984 to 1996, inclusive, but excluded
1986 (n = 12 years).

In addition to the upland grasslands, 2
additional sites were examined separately
from the rest as they were located on
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Fig. 1. Winter (Sept. to April), summer (May to August), and total (Sept. to August) precipi-
tation for Elk Island National Park, from September 1983 to August, 1996.

Solonetzic soils within the Park (n = 8
years). These areas, because of their
unigue soil features and obvious limita-
tions in terms of plant growth, were of
additional interest to Park managers and
thus, included within the analysis.

Precipitation data was obtained from an
Environment Canada weather station cen-
trally situated within the Park. The maxi-
mum linear distance of the most distant
sampling site from the station was approx-
imately 16 km, with most sites within a
radius of 12 km. For the anaysis, 4 time
intervals were chosen: 2 current year peri-
ods including May to August (4 month
current growing season) and April to
August (5 month extended growing sea-
son), as well as 2 water year periods. The
latter included the preceding September to
current August (12 month) period, as well
as the preceding May to current August
(16 month) period. These were chosen to
assess the importance of previous year
moisture recharge in affecting herbage
production, as several studies have high-
lighted the importance of recharge mois-
ture in contributing to forage production
(e.g., Noller 1968, Smoliak 1986). Actual
precipitation data for the area over the
duration of the study are shown in Figure
1, with the precipitation variables summa-
rized in Table 1. Four month growing sea-
son precipitation averaged 322 mm, rang-
ing from 200 to 389 mm during 1984 to
1996. In contrast, 12 month water year
precipitation averaged 477 mm, varying
from 375 to 557 mm.

Initialy, linear regression of precipita-
tion with herbage yield was used to assess
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the predictability of forage production
(dependent variable) from precipitation.
Second order regressions were also per-
formed, with increasesin R? evident for the
lowland data (e.g., increases in R? ranged
from 0.04 to 0.27). Significance parame-
ters were used to assess the reliability of al
resulting regressions, facilitating compar-
isons between upland and lowland data
sets, as well as between data sets involving
current year and water year precipitation.

Results and Discussion

Average herbage production for al sites
in each year are shown in Table 1.
Lowlands yielded nearly twice the herbage
from upland sites. This difference is likely
due to the shortage of water that occurs on
uplands in mid to late summer after soil
moisture reserves are depleted and rainfall
is unable to meet evapo-transpiration
demands. The Solonetzic sites sampled
yielded slightly more than the upland sites,
but well below the lowland sites (Table 1).
These areas benefit from being lower in
elevation than upland sites and therefore,
have an increased susceptibility to spring
flooding, but suffer from the presence of a
clay hardpan and elevated sdt levels, which
limit plant growth and overal productivity.

Absolute linear correlation coefficients
among the 12 regressions varied from 0.35
to 0.76 (Table 2). The greatest correlations
with herbaceous production were evident
for upland grasslands using current year
precipitation data (Table 2; Fig. 2a). Both
4 and 5 month current year (e.g., growing
season) precipitation exhibited significant
positive relationships (p < 0.01) with
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Table 1. Average grassland herbage yields and precipitation levelsfor EINP from 1984 to 1996.

Average Annual Forage Yield

Current Y ear Precipitation

Water Y ear
Precipitation

Year Upland Solonetz Lowland May - Aug. April - Aug. Prev. Sept.- Prev. May -
(n=12) (n=8) (n=9) (4 month) (5 month) Aug. Aug.
(12 month) (16 month)
---------- (kghaty - - -------- ---- (mm)---- ----(mm)----
1984 3174 258 426 735
1985 1080 211 253 483 726
1986* na 334 358 557 767
1987 2931 345 346 495 829
1988 3278 2891 5111 389 414 521 866
1989 4554 4901 4595 387 397 502 890
1990 3218 3390 5030 320 345 511 897
1991 2721 2373 7889 246 264 375 694
1992 2318 2372 5474 200 241 420 666
1993 3207 3180 5889 258 301 439 639
1994 4287 4780 6113 367 374 543 801
1995 2722 4536 6418 236 263 400 766
1996 3954 7954 326 362 467 703
Mean 3120 3553 6053 291 322 477 775
sb 920 1047 1201 67.8 579 56.8 84.9

*No data was collected in 1986 from the monitoring sites.

upland herbage production (Table 2). In
contrast, water year precipitation was a
poorer predictor of herbage production on
upland grasslands within the Park.
Overall, these correlations are lower
than those reported by researchers con-
ducting similar studies within the northern
plains. For example, in SE Kansas, Shiftlet
and Dietz (1974) found May to September
(inclusive) precipitation was highly corre-
lated with total growing season production
(r = 0.893). Working in southern Alberta,
Smoliak (1956) also found a high correla-
tion (r = 0.859) for May and June precipi-
tation with production. Both of these stud-
ies, however, were conducted in prairie
environments, where production is expect-
ed to depend heavily on growing season
precipitation. The results found in our
study suggest that similar to the Mixed
Prairie, Boreal upland grassland produc-
tion is heavily dependent on summer pre-

cipitation, and as a result, these areas
remain prone to significant variations in
forage production with summer drought.
Spatial separation between forage sam-
pling sites and the precipitation monitor-
ing station may also have contributed
some error into the regression relation-
ships (Perry 1976).

The relatively poor relationship
observed between water year precipitation
and upland herbage production is contrary
to the findings of Smoliak (1986) and
Johnston et a. (1969), who found that Dry
Mixed Prairie production in southern
Alberta was best explained by incorporat-
ing fall precipitation. This may be due to
the topographical differences found within
Boreal and Mixed Prairie landscapes.
Dormant season moisture recharge would
only be expected to enhance forage pro-
duction if contributing to soil moisture
availability. Boreal environments, to

Table 2. Results of the regression of precipitation on herbage production for EINP.

which the park is no exception, often con-
sist of steeply sloped topography (e.g.,
gradients of 5-15%). Coupled with deeply
frozen ground for 6 months or more dur-
ing the winter, any snow falling and melt-
ing during the dormant season is likely to
run off from these areas. Furthermore,
snow is more likely to be redistributed
from uplands to low-lying topographic
positions during the winter months with
drifting, rendering it inaccessible when
spring growth resumes. Although runoff
losses have been cited as one of the poten-
tial factors limiting the effectiveness of
heavy summer rainfall in prarie environ-
ments (e.g., Albertson and Weaver 1942),
the Dry Mixed Prairie landscapes of
southern Alberta are generaly flatter than
those in the Boreal region. Coupled with
milder and shorter winters, opportunities
for water infiltration are likely greater,
which may make these rangelands less
susceptible to seasonal water re-distribu-
tion in the landscape.

Upland grasslands within the Park have
been documented as generally in poor to
fair range condition (Blyth et al. 1993,
Bork et a. 1997). As a result, there is the
possibility that part of the sensitivity of
herbage production to precipitation vari-
ability is attributable to range condition.
Despite this, other studies correlating pro-
duction with precipitation indicate that
while degradation associated with over-
grazing may exacerbate forage reductions
during drought years, productivity often
continues to be more sensitive overall to
changes in precipitation than grazing
intensity (e.g., Milchunas et a. 1994). In
addition, it must be noted that the poor
condition ratings in the Park are primarily
due to the abundance of undesirable intro-
duced (e.g., exotic) plant species such as
Kentucky bluegrass (Poa pratensis L.),
rather than actual declinesin plant vigor or

Simple Correlation

Second-Order Regress.

Area: Years: Precipitation Variable*: n: p-value: Model R* p-value:
Uplands 1984-1996 CY—May to August 0.76 p<0.01 — —
(omitting ‘ 86) CY—April to August 0.74 p<0.01 — —
(n=12) WY —Sept. to Aug. 0.45 p=0.20 — —
WY —May to Aug. 041 p=0.25 — —
Solonetz 1988-1995 CY—May to August 0.50 p=0.21 — —
(n=8) CY—April to August 0.44 p=0.28 — —
WY —Previous Sept. to Aug. 0.45 p=0.27 — —
WY —Previous May to Aug. 0.50 p=0.21 — —
Lowlands 1988-1996 CY—May to August -0.35 p=0.36 0.36 p=0.26
(n=9) CY—April to August -0.35 p=0.35 0.23 p=0.46
WY —Previous Sept. to Aug. -0.54 p=0.14 0.33 p=0.30
WY —Previous May to Aug. -0.61 p=0.08 0.64 p<0.05

* CY - denotes current year precipitation; WY - denotes water year precipitation, which includes the previous summer and/or dormant season recharge period.
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Fig. 2. Regressions of the leading climatic variable with herbage production for each of the
(a) upland grasslands, (b) Solonetzic sites, and (c) lowland grasslands.

site degradation such as soil erosion.
Repeated grazing in the past may also
have altered the effectiveness of nitrogen
cycling on uplands, particularly within a
National Park where intensive manage-
ment (e.g., fertilization) never occurs.
Repeated vegetation removal coupled with
nutrient redistribution and losses from ani-
mal waste (Parton and Risser 1980), may
have produced soil N-impoverished plant
communities limited in their ability to
respond to increased rainfall.

Separate regression analysis of the 2
sampling sites on Solonetzic soils showed
aweak positive relationship (p = 0.21) for
each of the 4 precipitation variables inves-

tigated (Table 2, Fig. 2b). Solonetzic soils
are characterized by a highly compacted
clay pan B-horizon, which impedes water
and air penetration as well as root devel-
opment. Perched water tables are common
above the B horizon, and high sodium lev-
els may further limit the water available to
plants. Plant growth is spatially patchy,
with production probably linked to a com-
plex of factors, including species composi-
tion, opportunities for root development,
and moisture availability. Salt concentra-
tions, which can reach levels that inhibit
growth, vary widely over short distances
(Cairns and Bowser 1977). Spatia hetero-
geneity within these areas is aso likely to
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complicate the accurate assessment of
herbage production. The weak positive
correlation between herbage production
and current year precipitation on
Solonetzic soils (Fig. 2b) may arise from
enhanced moisture availability within the
perched water table, as well as the direct
dilution of salts (Donahue et al. 1977).

Similar to upland areas, lowland
herbage production displayed a significant
(p < 0.05) relationship with precipitation
(Table 2). Unlike the uplands, however,
this relationship followed a negative curvi-
linear function (Fig. 2c¢). This suggests
that within the Boreal environment, levels
of precipitation above a specific threshold
impede rather than enhance plant growth
within wetlands.

The negative response of lowland
herbage to high precipitation is most likely
linked to soil temperatures. Average grow-
ing seasons within the Boreal region are
less than 90 days (Strong 1992). Wet or
saturated soils take longer to warm in the
spring than well-drained uplands, delaying
and slowing plant growth throughout the
spring and into summer (Donahue et al.
1977). The length of the effective growing
season within these areas may fall to lev-
els well below 90 days. Excess moisture
may also create a soil environment that is
oxygen deficient, lowering root respiration
and subsequent plant growth.

The negative effect of precipitation on
lowland herbage production also appears
to be linked to the timing of precipitation.
Overall, water year precipitation resulted
in improved relationships with herbage
production than current year precipitation
(Table 2). When regressed as a second
order polynomial against herbage produc-
tion, 16 month water year precipitation
produced a superior fit to all other precipi-
tation variables (Fig. 2c). These results are
likely attributable to lowlands accumulat-
ing much of the redistributed snow and
surface runoff (e.g., meltwater) deposited
the previous fall and winter. Hence,
greater overwinter precipitation is more
likely to delay spring growth. Rumberg
and Sawyer (1965) tested the production
response of native wet meadows to flood-
ing and found similar results. They con-
cluded that while shallow flooding
increased total production, flooding depths
equal or greater than 5 inches (12.5 cm),
and which were 50 days or longer in dura-
tion, actually reduced yields. The relative-
ly greater dependency of lowland produc-
tion on 16 month water year demonstrated
here may indicate that moisture recharge
begins either well in advance of the previ-
ous fall, or that elevated sequential grow-
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ing season and dormant season precipita-
tion may compound one another to further
restrict lowland herbage growth the fol-
lowing year.

Overall, these results indicate that
Boreal grassland production is very site
(e.g., topographic position) specific, a
trend which has been observed in prairie
ecosystems by other researchers (Wight et
al. 1984). As aresult, generic relationships
relating precipitation to forage production
should be avoided. For example, it has
been shown that different soil types with
differing production capabilities are not
directly applicable to other areas (Sneva
and Hyder 1962). In this study, topograph-
ic position interacted with precipitation to
effect herbage production. This supports
the notion that production models should
not be used for sites and environmental
conditions beyond that from which they
were developed. These findings agree,
however, with the conclusion of Collins
and Weaver (1978), that precipitation lev-
els can be an effective determinant of
herbage production, provided it is recog-
nized that the actual response will depend
heavily on the timing and nature of the
precipitation, as well as the potential of
the specific plant community to respond to
increased moisture.

Conclusion

Contrary to the frequently held notion
that moisture is non-limiting for plant
growth within the boreal region, upland
herbage production within boreal grass-
lands is directly dependent on precipita-
tion, particularly that which falls during
the growing season (May to August).
These results parallel those found for the
major prairie rangeland ecosystems in
western Canada, and have implications for
ranchers and rangeland managers working
within boreal ecosystems.

Although upland production is positive-
ly correlated with precipitation, lowland
meadows appear to be negatively effected
by high levels of precipitation. In these sit-
uations, the accumulation of excessive
moisture, particularly during the previous
dormant season when precipitation and
snowmelt may accumulate within low-
lands, appears to reduce herbage produc-
tion. These results indicate that topograph-
ic position is an equally important factor
to consider in the modeling of herbage
production in relation to precipitation, par-
ticularly within boreal environments.
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