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Abstract
A study was made of the seasohai.fo:nge‘pkodmction“
cycle, and t?e,effect of four harvestiné frequencies, on‘the
vascular species in two grassland communities of ghe_Prince

Rupert Forest region of Northcentral British Columbia. One

site had the"nitive species cow parSnip (Heracleum

sphondyllum) blue wildrye (Elymus glaucus) and common brome

( Bromus vulgaris), whereas, the other was dominated by the

~introduced herbs Kentucky bluegrass (Poa pPatensls)

‘creeping red fescue (Festuca rubra) and dandelion (Taraxacum

off icinale) . Seasonal growth occurred from May to September
vith most gfbwth occurring in ﬁ;g and June, although
atypical sb;ing temperatures or summer drought markgaly
affected forage pfoduction. Higher air temperatures during
the spring of 1985 1ncteased forage production 50% compared
to 1984; the lack of soil moisture durxng July and August in |
1984 and 1985 caused a reduct1on in plant growth

Plots were harvested monthly from June to August Ain
1984 and 1985. Increased frequeiicy of harvest at the
cultivated site tended to increase forb production, whereas,
grass production declined. At the native sité,_forb
product#bn was not affected by jncreased frequency of .Q.
harvestinq.and grass production was reduced by more frequent
harﬁesting'uhen soil moisture was limiting. An etiolated
grovth study (aerial plant growth in the dark) was conducted
in the field during 1985 on the dominant forb and grass at

each site to evaluate "potential vigor"‘fj})G;ing the

iv
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.vatioﬁs §o£oliation treatments in 1984. The dominant forb
and grass at the cultivated site vere Taraxacum off icinale
.and Festuca rubra and the dominant forb and grass at the
native site were Heracleum sphondy’Num and Bromus vulgarl|s.
Thehmorg frequently clipped plots'h?d the lbvest amounts of
otiolateé qroqth.» | . .

The two g}asslénd communities studied in the fbrage
érowth cycle represented two of the-fivé gtaséland
communities classified in the study area. Native grasslands
were éominated by common brome (Bromys vulgaris), blue
wildrye (Elymus glauéus), cow parsnip (Heracleum '
sphondy fum) , and snowberry (Symphérfcarpos albus). Plarit
species composition was affected by’soil moisture in the
ungrazed situations. On the drier upper slope positions
various forbs, Carex macloviana, Stipa occldentalis, and

Syizhorlcarpés albus vere predominant. Heavy continuous

graging throughout the groﬁing season caused shifts in plant

species composition away from native grasses, forbs and
shrubs towards introduced species including creeping red
fescue (Festcua rubra), Kentucky bluegraﬁé’(Poa pratensis),
timothy (Phlqvm pratense) and dandelioH“1TaPaxa;um
officinale) .
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'( B 1. INTRODUCTION
gqncgément of the rangelands can only be effectxvely
practiced within the limitations of knowledge about the
resource. Little is known about the Crown ran§elands being
grazed by domestic livestock within the Prince Rupert Fcrest
Region of noithcgntral British Columbia. Although these
‘rangelands have been grazed for several décades limited
information is available upon which gb make responsible
resource manaéément decisions. }

The cprfeng\icologicai classification of the Prince
Rupert Forest Reg;on (Poja; et al. 1982) selected only
climax forest sites EO{ sémpling and provided no information
on the seral stages of forest\fpccession (Pitt {984). The
majority of forage available for grazing by cattle is within
;hese;seral stages;

Most of the range vegetation in the world is. in some
seﬂﬁl stage of plant success1on (Huschle and Hironaka }982)
The primary aim of grazing resource management is to dxrect
this” plant succession to a desired seral stage to obtain
‘sustained maximum productivity and stabili!y (Stoddard et
al. 1975). In order to attain this maximum level of
«produE?ivity, it is neces§éry to havé'sgme understanding of
the\ecosys;ems to be managed.

"In northcentral British Columbia, little is known about
vegetation=-soil felationships, grassland and shrubland site
claséificqtion, communities grazed by INvestock, succession

under‘grazing,'the seasonal forage growth cycle, forage

1



production, forage quality and the response ?;/major fofaqo
‘speqies to grazing. |

Previous work by Willoughby et al. (1982)'has.sho§n
that grazing by cattle is most extensive in grasslands wvhich
appear tq be serai to certain forest cqmmunities. These
communities are grazed £roﬁ tﬁe_middlg‘of May to the end of
Octobet'throughout«thé fnince RQpert Forest Region. In Part
I of this study, an investigation was'conducsad into the
seasonal forage growth cycle and forage productioh of
grassland and aspen forest comﬁunities important to \
livestoék. This information is'impbrtant to determine
turnout dates, length of the grazing saason, stocking rates,
and carrying capacity. -

The specific objectives of the forage production.study
were: (1) to determine the'forage growth cycle, [2) to
determine the effect of fsequency of harvestxng‘pn gra;ses
and forbs, (3) to study the relatxonsh1p15£ herhaqe,g:bdth
to soil moisture , and (4) to study the efﬁect of 3,'
defoliation on the subsequent etxolated‘growth of ﬁajor
plant species. | '

In Part 11 of the ‘study grassland and aspen £Orest
communities of major importance to Hdomestic 11vestock,were
classified and ordinated. A classification of these
‘communities helped to determine sucsession of the grasslané
and aspes forest communities in the absence of grazing,

succession under ¢§razing, the response of the major forage

species to grazing and the development of criteria required
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for range condition evaluation. The specific objectives

o
Al

| vere: (1) to describe the grassland forest communities
characterxst1c of the sub-boreal: spruce (SBS) biogeoclimatic
zone and the sub-alpine fir subzone (e). (2) to study th&%
environménfal fagﬁors (grazing intensity and soil moisture)

which were influencing variation in plant composition in the

—_Poplar Lake study area.

*
1.1 Rypotheses tested

The following null hypotheses were evaluated.
1.1.1 Part I: Clipping study

1. There was no difference in product}on4af grass or forbs
among clipping treatments.

2. There was no difference in production of grass or forbs
among years. |

-3, There was no intefactifn between defoliation treatment
and year on forage production of grasses or- forbs.

4. There was no difference in grass and forb production on
plots defoliated in May and June coqgfred to those
—defoliated only in Juﬁe. R

5. There was no interaction between defoliation treatment
and year in grasé and fofb production for those plots
defoliated in May and June compared to those harvested only
in June. B b

6.- There was no difference in grass and forb production



among]p;ots defoliated im May, June and July; June and July;
and“dugy only.

7. Thére was no interaction between defoliation treatment
and year for those plots defoliated in May, June and July;
June and July; and July only.

.

1.1.2 Etiolated growth study

1. There was no difference in total etiolated growth in 1985

among treatments defoliated in 1984.

1.1.3 Part Il: Classification and ordination u '
‘ . ’ o,

[¢]

~

1. There was no difference §;§Blant species composition

among sites caused by gradients of soil moisture, soil

nutrients and grazing intensity. //////,



‘2. SITE DESCRIPTION

‘ The area selected for study was the Poplar Lake Range
Unit which is situated north of Tag;tocﬁlain lake (commonly
referred to as Poplg} Lake) and the Nadina River, about 28
km‘west of Francois Lake at 54°N latitude, 125 ° W longitude
(Appendix 1). The area was chosen because it is

representat jve of the livestock grazing resource in the
Bulkley, Morice and Lakes Forest Districts. These three
districts provide the majority of native range for cattle
grazing in the Region,
, The‘range unit is bordered on the north by heights of
-iand, such a's the Nadina and Poplar Mountains, in the west
by Bittern Laki and in the south by Tagetochlain Lake. The
Peter Aleck drainage system which flows into Francois Lake
?h{gggh the Nadina River is the'major watershed on the range
unit. The sfudy area is part of the Nechako.plateau and is
within the sub-boreal spfuce biogeoclimatic zone., Elevation

ranges from 900 m to 1000 m and these grasslands have a

south or westerly facing slope.

2.1 Clinaie .

Weather systems gen;rally move into British Columbia
from the Pacific Ocean, and as the moist air is lifted over
the mountains, it condenses. By the time the air masses

reach Poplar Lake they are-gquite dry, giving rise to a

continental climate (Pojar et al. 1982).



water such as Tahtsa'Lake to the south, and Nanika and
Kidprice Lakes to the west, resulting in longer frost free
periods and more growing degree days than other
biogeoclimatic zones throughout the Forest region. (Pojar g£

al 1982).

2.2 Grazing history

The Poplar Pake Range Unit has been grazed since 1961
by most of the existing permittees, Myles Shelford (E. and‘
L. Palmer); Bob and Arnold Peebles; and Gordon McFee.
(Ehlert and Smith 1983). The number of beef cattle utilizing
the area has :;ried from 500 to 700 cow-calf pairs per
grazing season. There was no hay base within this range unit
and livestock were wintered on the home ;anches along the
North shore of Francois Lake. |

Turn out date for livestock ;aried from May 15 to May
30 and livestock breeding took place in the central
;rasslands above Poplar Lake (Lot 5385)" |

‘Note: Lot 5385 refers to the legal land Description of
District Lot 5385 Range 5 Coast District, B.C.
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The far eastern portion of the range unit was generally

used separately in conjunction with Gordon McFee's herd Q

throughout most of the grazing season. Cattle were removed

.. trom the range about October 15 (Ehlert and Smith 1983).

The existing system of management left many areas of
the range unit overqrazcd Areas such as “the grasslands
overlooking Poplar Lake (Lot 5385) and the eastern portion -
vere being qrazed throughout most of the growing season.
Consequently some areas showved signs 6£ erosion as a result
of the heavy grazing. During the early 1970's the whole
study area wvas seeded'by airplane with the domesticated
grasses Phleum pratense, Festuca rubra and Poa pratensis and

the forbs Trifol ium hybridum and Trifol ium repens.

2.3 Surficial q.posits

Most surfiéaﬁl materials in the Poplar Lake range unit
wvere produced since the last major glaciation, about 10,000
years ago (Pojar et al. 1982)..During the height of the
glaciation a thick ice sheet cover;a all of the Nechako
plateau and most of Hazelton, Skeena and Omineca Mountains
(Armstrong and Tipper 1948). As the ice shqee moved, it
picked up and dep;sited the underlying bedrock'and older
glacial material to form much of the parent material of the
s‘ill in the study area (Pojar eﬁ al. 1982). Most of the

underlying bedrock was of volcanic origin resulting from

eruption of shield volcanoes.



'2.4 Vegetation and seils |

Jresently the Br}tish Columbia Ministry o Forests is
developing an ecosystem classification of the forests and
rangelands of the province. This classification is based on
the biogeoclimatic system developed by Krajina (1965). Th)
three primary levels of the classification include the
biogeoclimatic zone, ,ubzono and tho ecosystematic lov:I
(ecos{;tems, ecosystem asﬁoc;ations and their phases) (Pojar
et al. 1982). )

The Pod®ar Lake study area falls into the sub-boreal
spruce bibg;Bclimatic zone (SBS) and the sub-alpine fir
subZone (e). The sub-alpine fir subzone has the wettest
climate of the three SBS subzones in the Prince Rupert
Porest Region. Not only éoes it snow more but the snowpack
comes earlier and lasts longer (Pojar et al. 1982 ). To‘date
no grassland and aspen forest communities have been
descrxbed for the SBS e sub- alpine fir subzone These
communxtres closely resemble the grassland and aspen forest
ecosystems of the SBS d spruce subzone but no data is

currently available to assess the similarities and '

differences of these subzones.
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3. LITERATURE REVIEW
3.1 Vegetation and soils
The plant communities utilized by lxvostock thhxn the
study ares are predominantly grasslapds and aspen forest
communities. The soil orders vary from Brunisols to Luvisols

(Pojar et al. 1982). . (\‘

3.1.1 Grasslands (\

Grasslands refer to ecosystems in which the dominant
vegstation component is comprised of herbaceous species
(cOupland 1979). ) . o

The grasslands of Poplar Lake are located on south and
southvest facing slopes. Usually there is an increase in
insolation on south-facing slopes. This tends to raise soil
temperature and reduce effective soil moi;ture (Aayad and
Dix 1964, Macyk et al. 1978) thus favoring the formation of
grasslands. Little information has been published on the
lower elevation grasslands north of 53° latitude. A summary
of reconnaissance level 1n£ormatxon on northern grasslands
is outlined by Pojar '(1982). He stated ‘that these grasslands
are localized to azonal sitqs. Azonal sites are sites which
arévdominated by plants and animals ﬁsg characteristic of
the region. These sites develog iﬁAresponse to local
variation in topography, soils and microclimate. .

The described grasslands most similar to the

communities at ?oplar'Lake are outlined in SBS 4 -

<« ‘
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biogeoclimatic zone (Pojar et al 1982 as SB35 ¢ 08
(grassland) and SBS 4 04 (Scrub-Steppe). '
'The dominant species within the SBS d é; includz Poa

" pratensis *, Poa Interior. Agropyron Prachycaulum, Stipa
occ ldental ls, ;lynus glgx:us, and Bromus carinatus. Carex
macloviana is a common sedge. The dominant forbs lpcludo
Lathyrus nevedens!s, Epfloblum angustitol fum, Fragaria
virginiana and Tarixabpm off icinale. These grasslands
usually have a submesic to mesic moisture regime and are
do&inated by Orthic Melanic Brunisols and Dark Gray
'Fuviéols. ' m - b

The SBS d 04 (Scrub-Steppe) is characterized by xeric
to subxeric grasslands on steep upper sl&pes vith shallow
rocky soils. Dominant plants include the shrub species
Amelanchier alnifolia, Arctostaphylos uva-ursi and
Symphorlcqrpos albus. The forb layer is typified by Alljum .
cernuum, Anemone multif ida, Penstemon procerus and Vicia
amerfcana. The grass lay€r is dominanted by Stipé .
occldentélis, Danthonia intermedia and 6657er'é macranthe.

Moss (1952,1955) believed that all the northern = °
grasslands would e?entually become foxesﬁed but this change
has long been retarded by fire and edaphic factors. Steep
southerly slobes, high soil temperatures and low moisture
favor grasslands and inhibit tree growth. Heavy utilizagion
by cattle ﬁas also been shown to inhibit tree and shrub
encfoachment. Moss (1932) hypothesized that cattle could

*plant nomenclature follows Taylor and MacBryde 1877( see
Appendix 2 for species list). .



prevent aspen invasion while Johnson et al. (1971)
recognized cattle browsing and ‘trampling as inhibitory
factors to brush invasion. Arthur (1984) found that‘heavy

grazing by cattle in June resulted in aspen sucker mortality

of 58%.

3.1.2 Fgrested rangelands e v
Tremblfng aspen (Populus tremuloides) dominated stands
are described as SBS e 01 in the sub-boreal classification
f B.C. (Pojar et al. 1982). The aspen dominated stands
usually represent a seral phase of the dominant climéx
stands of sub-alpine firiand spruce. The understory.
vegetation is usually dominéged,by the shrubs Amelanchier
alnifolia, Rosa ac__ltqgar;is Sppir*aea betul ifol ia,. Rubus
parviflora, Salix sp. and Symphoricarpos albus. The herb
layer is usually well developed,‘lush‘and diverse. Common
species include Lathyrus nevadensis, Aster sp., Epilobium
dngust ifol ium, Thal ictrum occidentale, Heracleum lsphondy’l ium
and Elymus glaucus. , ~
~ Aspen is invading grasslands within the Poplar Lake
study areé.lAspen gfowth requires good soil moisture (water
table at 4 to 6 feet), fine textured sdéls and a high ‘
nutrient level in the soil (Stoeckler 1960 , Scheffler
1976). Most aspen invasion isfbécurring at the top and =«
bottoﬁ of the south-facing, grassy slopes. The dominant
sofls include Orthic Melanic Brunisols and Gleyed Dark Gray

Luvisols. The Ah horizon is well developed and extremely

o
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_high in organic matter.. .
Mine and spruce ecosystems dominate much of the area

north of Poplar Lake. These ecosystems are represented by
. v

\\gh? 01 (mesic, bunch-berry, moss), 02 (pine licheni and 06

L/
(moist thimbleberry) in the sub-poreal spruce classification

(SBS e) (Pojar et al. 1982). Generally they consist of an
—onderstory of moss, lichens and small forbs such as,'Corﬁus
canadens_is, whic: @1 ¢ unpalatable to domestic livestock.
Consequently, ¢ t« stands usually offer low grazing
potentials even though herbage production may vary from 306
" to 600 kg/hF. Soils are usually of the Brunisolic or
Luvisolic order (Pojar et al. 1982).

The classification of British Columbia's vegetation
into biogeoclimatic zones and ecoé&steh associatigns is not
adequately detailed to distinguish various'range types
within the Prince'Rupert Forest Region. Further .
classification within ﬁhe ecosystem association should be
undertaken before adequate 'range management planming can be

achieved. ’ W
3.2 Forage production cycle

3.2.1 Growth: cycle | ' | ’

v;lant grow£h generally follows a bell-shaped growth
rate curve (Salisbury and Ross 1978). Initial growth 1s slow
because there ;re few cells capable of groyth. The plant

then increases in size at a constant rate until the plant
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reaches maturity, and begins to senesce. Growth initiation
and cessation are affected by the.environmental conditions
characteristid’ofrthé area. These conditions affect the
growth cycle of the plant. For example, in their study of
Rough fescue in Interior British Columbia, Stouf et al.
(1981) noted that growth ih the spring was initiated by soil
temperature and growth cessation in the summer was |
controlled by soil moisture. Stout et al. (1980) noted tbat
initiation of Calamagrostis rubescens growth in Br1t1sh
Columbia during the spring depended on favorable temperature
conditions and initi&tion“of summer dprmancy appeared to -
depend 6n goil water depletion since fall regrowth was
correlated with fall rains. In British Columbia, Quinton et
al. (1982), found that measurable spring growth of Agropyron
spicatum occurred when the soil temperature reached 6°C at
10 cm depth.‘They also found that fall regrowth only
occurred when there was higher than average September and
October precipitation and temperature.

Spilsbury and Tisdale (1944) correlated the development
of plant associations in southern British Columbia with
variations in soil mo;sture, temperature and length of
- frost-free peribd. Miller et al. (1982) in Ruby Valley,
Nevada, noted distinct patterns of vegetation resulting from
differences in depth to ground water on from differences in
water-retention capacities of soils deriving water only from

precipitation.
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Obvidusly, there is a Qynamic relationship between
plant growth, soil moisture and soil temper;ture. Growth
initiation in the. spring when soil moisturé is usually
non-limitiné requires that soil temperature be high enough
to release the plant from wihterldormancy. Aslthe soil
moisture content declines througﬁ;ut the summer, the plants
use inéreasing‘gmounts of energy téﬁextract water from the
soil (Lutwick 1969). The soil moisture supply ané‘pmount'of
en;rgy needed to remove it are useful criteria to interpret
plant growth and development <(Lutwick 1969).
". These gonclusions indicate that climatic and egaphic
factors will influence the ability of the plant to regrow
after.defoliation. By measuring soil moisture and nutrients

in the study area, their affect on plant growth and regrowth

can be detérmined.

3.2.2 Effects of -clipping and grazing on plant growth

three times during the summer gave a reasonable indifatioq

Willoughby et al (1982) found that clipping grasslands

of the plant -growth cycle. Most plant growth occurred ih
June and July with lesser amounts in May, August and
September. On aspen sites, Héwever, there was little
regrowth after the first clipping. No statistical analyses
could be done on the data in this'preliminary study because
of a lack of replication.

Aldous (1930) and Albertson et al. (1953) foynd that

plants clipped at 40 day intervals produced more dry matter

o



*

15

yield than plants clipped at 10 day intervals. They also

found that on a dry matter basxs, the plants clxpped ‘only
once a year Jave the highest yields. In a.four year study
Heinrichs and Clark (1961) showed that plants clipped at

three week intervals had &glower biomass production than

.piants clipped at 6 - B8 week intervals. They also noted that

biomass producﬁion declineé in all clipping treatments over
the four years. Moser and Perry (1983), found that top and
root yields, new txller counts and total non structural
carbohydrate levels of Eragrostis trichodes were all reduced
with multiple harvests within one year. Root growth and root
biomass were alsowteducedkby more frequent and severe
clipping treatm«n:s (Jameson 1963). |
Leopold (1949), Willms (1983), and McNaughton  (1983)
all found an increase in tiller'density of grasses that had
higher cligp}ng frequencies, Tillering is the process by
which the lateral‘bnds that develop in the axils of the leaf
nodes continue their development to form new tillers. The
removal of the stem apex by defoliation releases the
inhibiting effect the apex has on the development of the
lateral tillers (Tainton 1981). Leopold (1949) reported that
auxin produced in the stem apex inhibited lateral tiller
development. Tiller development is most pronounced in plants .
with high energy reserves, but if defoliation is severe and

energy reserves are low, tillering will be inhibited

(Tainton 1981).
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Energy reserves such as carbohydrates (glucdse.
fructose, sucrose, and fructosan), starch and prbtein are
important in the growthtéycle of the plant. These reserves
maybe-used as energy to driye the living processes in the
plant or they maybe used as structural building bl?cks | <:E
(Tainton 1981).

The méjor reservé constituents {fe the non-structural
carbohydrates (White 1973). Carbohydfaté reserves are
important for winter survival, early spring growth
initiation, and regrowth‘initiation after defoliationbin
perennial plants. Generally, catbohydrate-reserves are
highest in the late fall befg}e winter dormancy and lowest
in the sprﬁng after leaf initiation (Menke and Trlica 1981).

The accumulation of carbohydrate reserves is affected
ﬂ&'a number'of environmental factors. These include water,
temperature, light intensity and nutrients. Normally the

carbohydrat) content is highest in plants grown at high
light intensities and low temperatureé, whereas, it is —
lowest in plants grown at high temperatures and low light |
‘intensities (McIlroy 1967).

1f wat;:*;treSS is severe and prolonged and
photosynthetic rate, drops beloW the respiration rate then
éé&bohydrate fesgrvgs will be reduced (white 1973). However,
carbohydrate reserves can incuease if water stress is not’
severe and photosynﬁhetic rate is not reduced.

Geﬁgrally, carbohydrate reserves are reducéq.by more

frequent defoliation (Bukey and Weaver 1939, Langille et al.

~
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1965, Tainton 1981, Bahrani et al. 1983, Moser gnd Perry
1983). Regrowth of the plant after clipping depends upon the
leaf area and accumulated carbohydrate reserves (Younger |
1972). Plants will utilize ;arﬁohydrate reserves for
regrowth of leaves ‘after defolistion. If defoliation has not
been sevefe there will be more leaf area for photoSynthesi; |
and less carbohydrate reserves will be needed to initiate
leaf regrowth (Younger 1972).

Stout et al. (1980) found that Calamagnostis Aubescens
vigor was much more sensitive to clipping during the last
half of July and early Augusf vhen growth was slowing down
and summer dormancy was setting in. McLean and Wikeem (1985)
found the greatest injury to Agropyron spicatum occurred
when the plants were defoliated to a height of 5 cm from mid
Aprii ﬁb the end of May or from early May to mid June. No.
appreciabiegdamage was incurred by fall clipping to 5 cm or
by season long defoliation to 20 cm. For both grasses
defoliation had the greatest effect on plant vigor when the
carbohydrate reserves were low and the plants were unable to.
regrow. Menke and Trlica (198?)Qelso found that plants which
accumulate carbohydrate reserves quickly affer leaf
initiation in the spring (or have V—ghaped annual
carbohydrate reservg’cycles) were much better able to
withstand defoliation than plants with U-shaped or extended
accumulation ;ycleé.

These results indicate that an understanding of the

shape of the annual ca{3§hydrate cycle is important to the
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range manager, enabling him to predict the response of the:

plant species to defoliation.

3.2.3 Limitations of ;lipping studies

_ A number of studies havgnused clipping to simulate
grazing (Stout ¢t al. 1980, Qoser and Perry 1983; and Stroud
et al 1985). Jameson (1963) indicated that there are a

\ - . . . . . .
number of .Jimitations in using clipping studies to simulate

‘grazing. These limitftions include:

1. Livestock pull vegetation off at random heights inst®ad.
of at uniform heights.
2. Specieé preference of animals is not considered.

3. There is no trampling effect.

r.
A

4. Litter accumulations are different than with grazing.

5. The amount of herbage removed is often much greater than

could be achieved through grazing and the effect of clipping

is therefore more severe. .
.
L

Despite these limitations, clipping studies offer the mdst
direct and accurate method of obtaining results which show
the actuél yield of ran~' ¢ r+-s and the relationship of
yield to intensity of - - .. onliage removal (Culley et al

1933).

3.3 Etiolated growth
. Etiolated growth is the process whereby plants are
grown in the absence of iight(Salisbury and Ross 1978).

Usually these plants are pale because they lack chlorophyll.

-



19

They also have very long stems because the absence of light
promotes stem elongation (Saiisbury and Ross 1978). The ™
etiolated technique is basea on the theory that the ;eight
of aerial reérowth in the dark is related to the level of
carbohydrate reserves in the plant (Edwardi 1965f.

Peterson (1962), In his work on Stipa comata found that
plants protected from grazing for 16 years grew 2.5 times
longer in the dark and had higher yields than plants
protected frem grazing for one or three years. Klebesadel
(1971) féund that A-syn.B cultivar of alfalfa had higher
etiolated grovth yields than Rhizoma, Rambler, and Vernal
v;}ieties and this etiolated growth corresponded with better
winter hardiness. Langille et al. (1965), McKenzie and
McLean (1980) on their work with alfalfa, and Bailey and "ﬁ
Mappledoram (1983) on fheir work with 3 grasses in South ;
Afriéa, showed a greater reduction in etiolated growth on
plants that had a higher frequency of defoliation. Langille
et al. (1965), also found that total available ﬁarbohydrates
.were lower in the more frequently clipped plants.

’}t has been assumed that vigor and regrowth of plants
in the dark is related to the level of carbohydrate
.ffggérves. Carbohydrates provide both energy and st;uctural
‘units for maintenance and growth of living plant tissue
(Edwards 1965). However, Stout (1984) has shown that =
etiolated growth of alfalfa is not equivalent to chemii&ii?

measuring total nonstructural carbohydrates. He concluded g

that total non-structural carbohydrates was a more sensitive
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indicator of physiological change in the plant than
etiolated growth. He postdlated that etiglated‘growth
probably reflected stored food reserves which included

carbohydrates, fats and proteins,

3.4 Classification and ordination

Classification and ordination are two multivariate
analysis techniques which are used to examine a series of
variables simultaneously. These analysis techniques in plant
ecology are important because plant community data is
multivariant (Gauch 1982). Each sample site is described by
a number ;f 'species and affected by numerous environmental
factors. Instead of using stati§tical methods where only one
or several variables at a time can be analyzed multivariant
analysis can incorporate all the data to reveal the
gradients inherent within the samples (Williams 1976).

There are three methods that plant ecoloW 1’5 use to
angﬁyze multlvarxant data: direct gradient analysis,
ordination and classification. Direct gradient analysis
portrays species and community variables along known
environmental gradients (Whittaker 1978). In contrast
ordination and classification organize communities based
only on species abundance and do not use environmental data

in the analysis (Gauch 1982). The environmental

interpretation is left for later steps.
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3.4.1 Classitication

Classification is the assignment of samples to classes .
or groups ‘pased on the similarity of species. It must be
noted that community classification involves an interaction
betveen ecologists and communities (Whittaker 1962). This
statement implies that the properties of communify'
classification partly reflect community structure and partly
reflect the thought patterns of ecologists. Therefore the
emphasis within each community -classification may dxffer
from ecologist to ecologist. )

. There are many methods available fo;.use in ¢community
classification as outlined by Mueller-Dombois and Ellenberg
(1974), Whittaker (1978) ' Wishart (1978) and Gauch (1982).
There are 3 main groups of classification techniques, table
grrangement, non-hierarchial and hierarchial classification.

Table arrangement is the earliest classification
techsique'in community'ecology. It was first developed by
Braun-Blanquet in 1921 (Braun-Blanquet 1932). The goals in “
the tablework are to arrange the species in a sequence that
.brings together samples similar in species composition
(Mueller-Dombois and Ellenberg 1974). This method is very
informal, time consumxng and subjectxve

Non-hierarchial classification merely‘ass%gns each .
sample (or species).&g a cluster and then places similar
clusters together, but the relationships among clusters are

not characterized. This technique is excellent for handling

. redundancy and outlierg but is not appropriate for analyzing
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relationships (Gauch 1982). ) / =
Hierarchial glassiticaég;n shovs the relationship
between classes by grouping similar entities into classes
and then arranging these entities into a hierarchy. In
addition the hierarchy can be viewed from several levels

from detailed to general.

.There are three groups of hierarchial classification !
\\\:?thn*ﬁues: monothetic divisive, polythetic divigive, and
polythetic agglomerative. .
Monothetic divisive classification techn}ques begin
with all samples in a single cluster and then divide them
hierarchially intocprogressively smaller clusters on the
basis of presence'or absence of a single species (Gauch
1982). There are two problems with this type of
classification: 1) Community data is noisy, so
classification on the basis of a single species is bound :;
misclassify many samples as‘judged by overall species
composition. 2) Another problem is that data sets with a
* small range of community variation may necessitate the
analysis of quantitative differences in species abundance
and by using only one species this quantitative difference
between species cannot be determine@ (Hill et al. 1975).
Polythetic divigive.classifica;ion uses information on
all species. This technigue begins ;ith all samples together
in a single cluster and success1vehy divides the samples

into a hierarchy of smaller and smagler clusters until each

cluster contains only one sample. The polythetic divisive



-fcchniquc is recommended for hierarchial classification
because of its effectiveness and robustness. This technique
is rerely used because. of technical problems in

&

communication and assimilation of results (Gauch 1982).
sziythbtic agglomotativé tochniquei use ingprma;ion on
all the species and samples. They begin bf assigning each
sanple to a cluster vhich has a single member. ey. then
agglomerate these clusters into a hiefhrchy of rger agh ’
larger clusters until txnally a single cluster con}ains all
the samples (Gauch 1982). This classzfxcat1on technique 1is
used more frequently than any other (Sneath and ?okal 1973)

because it overcomes the problems outlined ip”the monothetic

divisive technigue.

3.4.2 Ordination

The purpose of ordination is to find relatiodships
among species, communities and environmental variables. The
regglts reduce the dim;nsionality.of the data to 1-3 most
important axes to which envirgnmental-gradients can be
assigned (Gauch 1977). ,

The latest ordination technique is DECCORANA (ﬁetrended
Correspondence Analysis) (Gauch 1982). This is an improved
eigenvector ordination technique based on reciprocal
averaging. Reciprocal averaging‘is an ordination technigue
related to weighted averages but 1is computationally an )

eigenanalysis technique related to Principal Compog;pr"

Analysis. Reciprocal averaging (RA) is similar to weighted
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. . , .
av;rsgis, because the sample scores are calculated from the

.

. species scords.

Weighted Averages

- - —-

where Sj

(3 ]

ordination score for each sample
A . = abundance of species

W = weight of each species

i 0= specieé

'j = sample numbef

o (Gauch 1982)
dn}y RA“goes one stép fﬁrther by calculating"new species
scores from the sample scores. Then new sampié’gﬁbfkv'are
calculated from the new species scores. Iterations continue
until the scores stabilize (see Hill 1973 for a sample
calculation). The contraction in the rangé of species scores.
in one iteration after convergence is reached ig the

] .
eigenvalue (Hill 1973). The eigenvalue is the variance in

’
/
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the species stand table accounted for by that axis. Other
axes can then be extracted agler corqection for the
previously extracted axis (Hill 1973). |

RA is similar to Principal Component Analysis (PCA) in
thaﬁ the projection of poiﬁtsvin multdimensional space is
reduced to fewer dimensions that can be easily understood.
PCA uses BEuclidean distance ta graph points in
mulfidimensional space, equal yeights for points and
locatien of origin of the axes at the centroid of éhe points
(Gauch 1982). The first PCA axis is in the direction that
cfptures the most variance along the ordination axes. A
second axis is then found perpendlcular te the first and
accounts for the most of the remaining var1atlon within the
species stand table. This continues for as many axes as
desired. In contrast43A uses chi-squared distances to locate
points in multidimensional space, weighté of‘stple points
are proportiénal to the total for the sample énd likewise
species points are weighted by species totais. The orgin 1is
also at the centroid (Gauch 1982).
r Both RA and PéA ordination have the arcth problem, in
which the second axis is a quadratic distortion of the first
axis (Hill 1973). Bﬁt in the PCA ordinatfén the arch may be
involuted so that the most dissimilar points on the axis
appear closer than actually occurs in nature (Gauch et al.
1977).

The second major fault of the RA ordination is that the

ends of the axes are compressed relative to the middle (Hill
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1973). As a result a distance of separation in the

_ordination may not be consistent with the actual difference

between samples and points. o .

DECCORANA solves these two problems of RA by detrending
and rescaling the axes. In ’trending axis 1 is divided into
a number of segments and within each segment the axis two
scores are adjusted to zero. Deﬁrendihg is applied to the
samples scores at each iteration and when convergence is
reached tﬂe final sample scores are derived by weighted
averages of the species scores (Hill and Gauch 1980).

'In rescaling, the small segments along the ordination.

. ,

axis are expanded or contracted so the species turnover £

A

#curs at a uniform rate., This is done by averaging the

within sample dispersion of the species at all points along
the sample ordination axis. This eliminates the compression

of the first axis ends relative to the middle. Detrending is

(épplied to the second and'higher order ordination axes and

reséaling is applied to all axes.



4. PART i: FORAGE GROWTH CYCLE
The speé}fic objectives of the forage production study
were: (1) to determine the forage growth cycle, (2) to
det;rmine the effect of frequency of harQegting §n grasses
and forbs, (3) to 5tudy the relatibnship of herbage growth
and soil moisture , and (4) to study the effect of .
defoliation on the subsequent etiolated growth of major

plant species.

4.1 METHODS
4.2 Tfeatmpnts and levels

| A single treatment of clipping with four levels was
investigated in this study. The four treatment levels for
tﬁe étudy are summarized in Figure 1. The levels simulate
progressively greater deferrment of grazing ranging from
forage h;rvested monthly fgom May to August, to a single

-

?arvest at the end of August. N
! The leveis of clipping treatments include (1) a clip at
‘the end qf May with reclips at the end of June, July and
AuguSt in the same guadrat (2) a élip at the end of June
with the same quadrats being reclipped at the end of July
and August (3) a clip at the end of July vith a reclip at
the’ehd of August, and (4) a single clipping at the end of

August.

Ty T 27
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Treatment Month
May June July August
4 clip------- reclip------ reclip------ reclfp'\
3 clip--=------ reclip------ reclip
2 clip-------- reclip
1 clip
Clipping treatment levels

. )

- N

FIGURE 1.

—_ N W

. May + June + July + August

-

June + July + August
July + August
August (control)

Clipping treatments

e
A

*
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. The use of clipping treatments provided forage yields
for each month and a relation of piant yield to freguency
andfdegree of harvesting in the easiest and most economical
way feasible. A controlléd experiment using clipping
treatments also offered the opportunity to evaluate
alternate grazing management regimes under simulated

v _
conditions.

4.3 Clipping Study

de similar sites wege chosen for the clipping study.
Both sites had similar aspedts (Site 1: 230°, Site 2: 210°)
and a range of 8-20% slope. The éirst site, which has a
predominance of cultivated plant species and will be
referred to as the cultivated site, was located on a heavily
grazed area (88% utilization 1982-83) with predominant plant
species being Poa pratensis , Festuca rubra and Taraxacum
off icinale(Yule 1983). Thé second site (native site) was
moderately grazed (38% utilization 1982-83 ), and had a

higher predominance of native species including Heracleum

sphondy ] lum, Bromus vulgaris, and Elymus glaucus.
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cultivated site (exclosure one) (BLK=Block, CismAugust clip,

C2=July+August clip, C3=June+July+ August clip

C4=May+June+July+Auqust clip, Yi=year one(1984), Y2=year two

(1985))
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TABLE 1. Randomizations of treatment level within blocks for

the clipping study

Blocks

1 2 3 4 5 6 7 8 9 10
cultivated site ‘

2 1 2 2 1 2. 3 2 i 2

4 2 3 3 2 4 2 3 4 4

1 3 1 A 4 1 1 4 2 3

3 4 4 4 3 3 4 1 3 1
native site _ '

3 2 1 3 1 3 4 2 3 3

4 i 4 2 4 4 3 1 1 4

1 3 2 4 2 2 1 4 4 1

-2 4 2 1 3 1 2 3 2 2

N
Code for clippin&{treatments
4-May+June+July+August
3- June+July+August
2= July+August P
1- August :
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At each site o=~ 24 m x 40 m exclosure was erected‘

Each exclosure was divided into ten 12.5 x 1 meter blocks.
These blocks were arranged parallel to tge contour of the
slope. Each block was subdivided into four 3 x 1 meter
plots. Each plot was then subdi;ided into a 1.5 x 1 meter
subplot (Figures 2 and 3). The randomization was completed
in 2 steps. First, treatment lewels (1,2,3,or 4) for
clipping (C) were randomly assigned to whole plots within

blocks. Secondly, years (Y), representing the year that the

clipping treatment would be applied, was randomly assigned

to subplots within each whole plot (Table 1, Figures 2 and
3).
4.3.1 Growth cycle . .

\ :
In order to evaluate the'growth cycle of the plants it

was important to determine how much gfowth occurred in each
month. To obtain this growth rate the difference in total
production for each month was determined. For example, the

_ diffe.rence between the end of May's production and e'n’)f
June's production was the grawth rate for June. The
expefimental design was the same as outlined in the clipping
study (Figures 2 and 3). A 50 cm x 100 cm quadrat was used
to determine monthly forage production within the 10 blocks
outlined in each exclosure. The monthly production of both
forbs and grasses were separated in each exclosure.

\J
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4.3.2 Forage production
Ten 50 cm x 100 cm quadrats were harvested at each date
as outlined in Figure 1. Harvesting took place at the end of
each month. The quadrats were clipped to a height of 3 cm
and the current year's growth of grasses and forbs was
separated into paper bags. The§e samples were then oven
dried at 105°C for 24 hours énd weighed,
!
4.3.3 Vegetation
At each site ten vegetative transecté were used to
describe the foliar cover and frequency of each vascular
species. Each.vegetative transect was 20 meters long and was
located parallel to the contour line of the slope. A
transect consisted of 20 one meter square guadrats, situated
across the contour line of the hill.'Foliar cover was
estimated using the procedureygutlined by Daubenmire (1968),
but foliar cover was estimated to the nearest 1% inﬁfead of
cover classés. A 20 cm x 50 cm quadrat was nested within a
corner of a one meter quadrat. The one meter quadrat was
used to estimate the pefcentage foliar cover for shrubs and
the 20 x 50 cm was used to estimate the foliar cover of -*
grasses and forbs.
A ‘
4.3.4 Soils
Soil pits were dug at each site to determine the

following characteristics : order, horizonation, depth to

parent material and texture (Dumanski 1978). All soil



<i,>/} 35

classification followed the Canadian System of $oil ;
Classification (Canada Soil Survey Committee 1978). Soil
samples from each horizon were collected and sent to the
Soil Research Lab North Road Victoria B.C. Nitrogen, carbon,
pH and exchangeable bases (kg/ha) were determined {fllowing
the procedures outlined in (McKeague 1978). Bulk d;ﬁﬁﬂuies
of each soil profile vere determined using the methodology
outlined in Klinka et al (1981),

Three soil moisture auger holes were established at
each site. At each auger hole gravimetric soil moisture was
taken weekly at depths of 10 and 25 cm. All samples were
oven dried for 24 hours at 105°C to determine gravimetric
moisture content. In addition, a soil Toisture )
characteristic curve was determined for each depth at each
site at 0.33, 1, 5, and 15 bars, using the pressure meybrane
apparatus (McKeague 1978).

Tétal area (%/month) undeg the moisture curve above and
below wilting poiﬁt was calculated for each month to
determine available water (area abgvg\wilting point) and

[ - .
total water (total area under thg cdrwe to zero percent

AR .

gravimetric moisture). /\4«
4.4 Etiolated growth study

The etiolated growth study concentrated on the growth
of the dominant forb and grass in each exclosure. For the

cultivated site, the dominant forb and grass was Taraxacum

officinale and Festuca rubra respectively. At the native

-
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site the dominant forb was Henacleumfsphondyllum and
dominant grass was Bromus vulgarls.f

]
iwere used to create a

One gallon si}ver colored tins!

dark environment for etiolated growth,6in the field. In each
site, during May,‘1985 one tin was giaced over -the dominant
grass and forb within each one haLf.mdter square subplot
that had been clipped in 1984, The dominant grass and forb
were covered+‘together under one tin where possible. Ten tins
were assigned to each of the four treatments (Figures 2 and
3). These ten tins represented replications of each
tfeatment. In addition ten tins were placed on areas where
no previou£ clipping treatment was applied. These tins were
placed randomly within a half meter square adjacent to
clipping treatment four in year two. The placement of each
can followed the procedure outlined by Edwards (1955). The
procedure consisted of five steps:

1) The tuft, or tufts, of the plant of which "potential
vigour"™ was to be determined were selected réhdomly. In this
study the tins were subjectively placed over the grass and
forb nearest the center of the 50 x 100 cmlsubplot, bec;useA
the clipping treatment assigned to each subplot had already
been randomly assigned.

2) The number of living tillgrs were counted on each plant.
3)All leaves and stems were harvested. -
4) The basal area of each plant was measured.

5) The tin was then placed on the plants and rotated

penetrating the soil to ensure an absence of light.
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Etiolated growth was clipped vithin each subplot at 2
week intervals until no regrowth occurred. Total dry i
weight/sample and yield/tiller were compared.

The distribution of Heracleum sphondy!ium and Bromus
vulgaﬁls was not uniform in the native site. Heracledm vas
dominant in the lower half of exclosure two, whereas, Bromus
vas prodouinaht in the upper half of the exclosure. As ;
result only six replications éf Heracleum and Bromus were

possible®in this exclosure.
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The following experimental designs test thc hypotheses .

'S. DATA ANALYSIS

{

e
[ ] .

o,
-
» ————

listed in the in;rbduction. ' .

e
.
i
o A

.1 Clipping study

/
‘\
-

5.1.1 Experimental design for clipping trigls ~—
Hypotheses tested:

1. There is mo difference in total production of grass or ’

fbrbs among c}ipping treatments. ﬂ & ¢

27 There is no dif&erence;in production éf grass or forbs

amogg years. . .0

&

3. There is no interaction between clippinai';eatment andWily:
year on forage productien of grasses or forbﬂ' e

Experimental Design
b I

Source = df Test
Block (B) (r-1) 9 E1
Clipping (C) (a-1) -3 E
Error 1 (BxC) (r-1)(a-1) 57

Year (V) (b-1) 1 E2
Error 2 (CxY) -(a-1)(b-1) -3 E3
Error 3 (YxB + CxYxB) 36 ° .
Total . (abr)-1 79

Means for total grass and total forbs were separated

with a Student-Newman-Keuls' test at the 0.05 level (Steel
N

and

Torrie 1980).

38
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\\;' 5.1.2 Clipping trials Mai ‘and June vs June onl}g
Hypotheses ;ested:

i. There is no differénce in grass and forb production on
plots clipped in May and June compared to those clipped only
in June.
2. There is nc interacfion between clipping treatment and
year for those plots clipped in May and June compared to
those clipped ?nly in June.

Experimental desigh

i Source af test
Blocks (B) ) * r-1 9
Clipping (C) a-1 . i _;“‘jf:§é1
Error ). (BxC) (r-1)(a-15 9 - 'i ‘

Year (Y) (b-1) - 1 32 ¢ o
Error 2 (CxY)-" (a-1)(b-1) i’ Ej'v‘ .
Error 3 (YxB + YxBxC) ; 18 | ?
Total o ' 39
@ | o s

Means for grass anl forbs were separated with an F-test

as on the previous page. .y
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5.1.3 Trials May, June and July vs June and July vs July
onlx
Hypotheses tested:
1. There is no difference in grass and forb production among
plots clipped in May gnd June and July, June and Juty, and
July only.
2. There is no interaction between clipping treatment and
year for those plots clipped in May and June and July, June
and July, and July only.

Experimental design

Source daf . *  test
Blocks (B) r-1 ‘ 3 bl
Clipping (C) ‘ a-1 2 E1
. Error 1 (BxG) (r-1)(a-1) 18
Year (Y) (b-1) 1 E2
Error 2 (CxY) (a-1)(b-1) 1 E3
Error 3 "(YxB + YxBxC) 27 | \
Total ‘ 59

Means for grass and forbs weresseparated with a

Student-Newman-Keuls' test at the .05 level.‘

§ - i
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5.2 Forage growth cycle

5,2.1 Experimental design for honthly growth of grasses and
forbs in cultivated and native sites
' Hypothesis tested: 1. There is no differencg in grass

v " and forb production between months within a year.

s

(4]

Experimental design

el  Source - af
Blocks(B) r-1 9
k Months (M) a-1 3
< Error 1 (BxM)(r-1)(a-1) 27

e ¥  vyears(Y) y-1- » 1 E2 -

\ ” Error 2 (MxY)(y-1)(a-1) 3 E3 ‘

Error 3 (YxB + MxBxY) 36
Total bm-1 ' 79

Monthly means were separated with a Student-

W

Newman-Keuls' test at the 0.05 level

\



5.3 Etiolated'growth study

LAY

5.3.1 Data analysis for the cultivated site

. Hypothesis tested There was no difference in total

2

etiolated growth in 1985 among treatments defoliated inm

1984.

Experimentalkdesign

Source ' df

Blocks _ 'iig 9 N
Clipping Freq.(0, 1, 2, 3, 4) . 4 '
Error ‘ 36

Total 49

The treatment means were separated using a .
Student-Newman-Keuls' test at the 0.05 level.
5.3.2 Data analysis for the native site

Experimental design

Source ’ af
Blocks | N 9
Clipping Freq.(0, 1, 2, 3, 4) ¢4
Error 20
Total 29

The treatment means were separated using a Student-

Newman-Keuls' test at the 0.05 level. K
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) 6. RESULTS

6.1 Soils

fhe cultivated site (exclosure one) had a Dark Gray
Luvisolic soil, whc;ea§,lthe native site'(exclosure.two) had
a Gleyed Dark‘Grgy Luvisol (Appendix 3): The Ah horizons
varied from 11-18 cmdthick at the cultivated site to 8-15 cm
thick at the native site. The organic matter content &f the
Ah™horizon was 19% at the cultiévated'site and 15% at the
native site. The base saturation ranged from 57% at the
cultivated gite to 67% at the native site. The % base
saturation was dominated by the cations of calcium and
magnesium. The pH varied from 5.6 at the cultivated site to:
6@3 at the native site. The majority of roots were found in

uppermost 15 cm.

6.2 Vegetation v < N
The dqminant forb at the cultivated site was Taraxacum |
. officinale with a foliar-cover of 25% and a frequency of
700%. Trifolium repens, Vicia americana, and Plantago major
made up only a small component of the flora of the site with
- foliar covers varying from 1.3 to 0.09 percent. The dominant
grasses included Festuca rubra and Poa pratensis with foliar
covers of 21 and 17% respectively. |
In contrast the native site was dominated Sy the forbs
Heracleum sphondylium and Thal ictrum occidentale with foliar

covers of 20% and 16% respectively. The dominant grasses at

43
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the native site were Bromus wulgaris and Elymus glaucus with

foliar covers of 6 and 5% respectively.
6.3 Forage growth cycle

6.3.1 Climate in the 1984 and 1985 growing seasons

All snow had melted by the end-of April in 1984 and by
May 10 in 1985. S

In general May to August was hotter and drier in 1985
than A984 (Figure 4,‘Table 2). The mean weekly maximum
temperature was 8-10 degrees warmer during the last two
weeks of May 1985 than in 1984. The average mean témpirature
was two degrees warmer for both May ané July (1985) %Pd the
;empetatures for June and August were only 1.5 degrees
‘colder for the respective months in 1984.

Precipitation in July and August of 1985 was 50% lower
than 1984 and the precipitation for JulyA1984 was half the
normal (Table 2). A?l precipitation for August 1985 fell
during one storm abbut August 8.

The lack of precipitation and high temperatures during
the last two weeks of July 1984, the last two weeks in May,
first two weeks in June, duly and August in 1985 relulted in

' - N . 9
a soil moisture content below the wilting point for plants

in both exclosures (Figures 5, 6 and 7).
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in the cultivated site (exclosure one).
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Th,re vas méFe vater availl'li for plant growth in July
“ -
and August 1984 in the cultivated site and for all months in

1984 at the native siggycom W) to 1985 (Figure 8). There
b :

was also a deficit of availd ‘ water for plant growin in
July and August for both exclosures in 1985. Availahle soil
moisture was generally non-limiting in May and June in
exclosures one and two for both years (Figure 8). Available
water in June was 100% higher in the cultivated site than

the native site in 1985,

e
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" was grasses (Figure 9).

.
6.3.2 Growth cycle a

The growing season was primarily from May to September

(Figure 9). Total forage production vas higher at the

. cultivated site in 1985, when spring temperatures were

warmer, than in 1984 (Table 3). At the native site there vas
no difference in tot‘l‘torage production between 1984' and
1985. The maximum forage production for forbs in the
cultivated site occurred in June'in 1984 (Figure 9,'T§ble
3). The maximum production of grasses in the cultiVath site
occurred in August in 1984 and 1985 (Figure 9, Table 3). In
contrast the maximum production of for!?ﬁas the native site

in 14“%&Figure S, Table
: ‘. ﬂ b .
3). The maximum production of gras the native site

occurred in June, July and August

occurred ¥n July and ﬁugust 1984 and June and July 1985
(Figure 8, Table 3). Tge majority of the total forage
produced at the native site was forks (Figure 9). In
contrast the majority Sf‘total foragé at the cultivated site
Both forbs and grass have maximum growth rates peaking
in May or June and declining theregfter (Figures 10, 11 and
Table 4). Forage production and growth rates were higher for
fotﬁs and grass in May 1985 compared to May 15%4hat both
sites (Figures 10,11 and Table 4). Growth of—forbs at the
cultivated site had largely ceased by the end of July in
1984 and 1985, whereas, grass growth continued through July

and August in both years (Figure 10).
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FIGURE 9. Total dry weight xg,ha,month for forbs and grass
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3. The total production of forbs and grass (kg/ha) for
each month of the growing season in 1984 and 1985 for the
: cultivated site and the native site

-

-

Months Forbs 84 Forbs 8% Grass 84 Grass 85

cultivated site

~

May 221b" 639

a 129¢ 637 4
June B42a 906 a 1152b 1896 ¢
July 398b 540 a 1698b 2756 b
Aug 254b . 620 a 2664a 3608 a
Grand ‘ : ’
mean _. 429 676 =** 1411 2215 %
native site _ S
May 681b © 1314 bx*x 180c 346 bx
June 2402a 2738 a 662b 1270 a*
July 3242a 2340 a 1260a A 962 a
Aug _2384a 2498 a 1132a 510 b=
Grand
mean 2178 2223 809 773

' Means within an exclosure and within a column with the .
same letter are not significantly different according to a )
student-Newman-Keul's test at the 0.05 level e
iMeans for year separated using a F-test, *x 0.0V, * 0.05
level R
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TABLE 4. Monthly growth rate' of forbs and grass (kg/ha) for
each month of the growing season in 1984 and 1985 for the
cultivated site and the native site

Months Forbs 84 Forbs 85 Grass 84 Grass 85

cultivated site

May 221b? 639 a 129 637 a
June 622a 510 ab 1020a 1124 a
July -424c -580 ¢ . 538ab ‘1054 a
Aug -138c 80 bc 942a . A48 a

native site

May 681ab 1314 a%’ 180a "346 absx
June 1720a 1430 a "o 480a 680 a

July 866ab -588 bx 632a . =96 cx*
Aug -600b -116 b -124a -460 bc

'Monthly growth rate was determined by taking the difference
in production from the;end of one month to the end of the
next month < -

' Means within a exclosure and within a column with the same
~letter are not significantly different according to a
Student-Newman-Keul's test at the 0.Q5 level

iMeans for year separated using a F-test, ** 0.01, * 0.05
level



'-qy 58

. - “ 4
At the native site forb and grass growth B ‘&gpsed by the

b

end of July in 1985 and the end of August’¥n 1984 (g"ifure
. " - ”
1. : Y .

The regrowth of grasses and forbs after an initial clip

for June, July, and August is outlined in Table 5 and

Figures 12 and 13. There was a significant month by year
interaction for forbs and grass at the nadtive site (Appendix
5) which indicates there were differeﬁces in monthly |
reqrowth between years. There was more regrowth ‘of forbs in
June and Auqust and grass in June and July of 1984 than in
1985 at the native site (Table 5). - N

When a cgmparison of the growth rate in the absence of
clipping (Figures 10 and 11) was made with the growth rate
after an initial clip (Figures 12 and 13), there is some
regrowth of forbs in the cultivated site and forbs and grass
at the native site in July and Augusg. This indicates that a
single clipping stimulates some regrowth at a time Qhen the
plants have normally ceased growth.‘L’\ o o

When the growth rate is plotted against temperature

index (area under the temperature curve above 5°C) the

" higher air temperatures in May (1985) caused the total

growth rate to be 1000 kg/ha greater at the cultivated site

Y

and 800 kg/ha gfeater at the native site compared to Maj




59

TABLE 5. The regrowth of forbs and grass (kg/ha) after an
initial clip for each month of the growing in 1984 and 1985

for the cultivated site and the native site .
by ' N ";.‘
Months Forbs 84 ~ Forbs 85 Grass 24 Grass 85

cultivatdd site

May 221b!
June 533a
July 192b
Aug 8¢c

native site

May'® 681b
June 1168a
July 323c¢
Aug 285c¢

\ -

639 axx?
471 b
103 ¢

0 c

1314 a*=
604 bx=*

426 b
29 cx=x

-

129b
681a
253b
244b

180b
482a
158b
120b

637 a*x
655 a
224 b
234 b

346 ax .
87 b*=x*
68 bxx.
99 b

' Means within a exclosure and within a column withsthe same
letter are not' significantly different according to a

Student-Newman-Keul's test at the 0.05 level
iMeans for year separated using a F-test, ** 0.01, * 0.0

level

YAt both sites May growth refers to total growth to the end
of ,the month without previous clipping.

2
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FIGURE 12. The monthly regrowth rate after an initial clip;;\
for the .cultivated site (May's growth refers to total growth ™ -
to the end of the month without previous clipping). o

.



e

Fas

FIGURE 13. The
for the native

REGROWTH RATE kg/ha/month

fORBS

REGROWTH RATE kg,/ha/month

MONTHS

v

monthly regrowth rate after an initial clip

site.
v W

*



62

Cultivated site

7y

Growth rate kg/ha/month

;

Legend
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FIGURE 14. Total monthly growth versus temperature index
(area under the temperature curve to 5°C) for the cultivated
site and the native site in 1984 and 1985 (M=May, J=June,
Ju=July and A=August)
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As the temperature index increased, the growth rate declined
for July and August at the !bltivated and native sites.
Generally, as soil moisture decreased; plant growth
rate decfeased during the months of July and August in 1984
"and 1985 (Figure 15). Despite the high available water in

May 1984 and 1985\ the growth rate ih May 1985 was higher.
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Cuitivated site : )
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Notive site
2500 J
% 2000 - h
'
¢ :
g 1500
S A
= 1
!
5 1000 1
L t
$ .
A 1
, ‘_‘5 500 ,
I
]
o *A‘
0 20 49

Total water

FIGURE 15. Total monthly growth versus total water for the
cultivated site and the native site in 1984 and 1985 (M=May,

J=June, Ju=July and A=Augqust)
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6.3.3 Defolistion and 9iel&gf the cultivated site
There wa; sign{}tqgntl}1£;§her cumulative production of
- forbs and grass in 1985 compared to 1984 for the heavy
defoliation treatment ?May, June, July afd August) (Table
6). Three or four harvests per season yielded higher fozb
production in 1984 and 1985 than one ofr tﬂv.éj;vests per
‘season (Pigure 16). Harvests dongy at the end of August
(one/season) and at the end of July and August (two/season)
(/GZEur after Much of the current years' growth had senesced £

and disappeared. Consequently, yields in treatments ane and -

\

two were lower. « '

An increase in the frequency of defoliation{d%ually ) ‘.
. c"} - PR '
resulted in a reduction in the yield of grass within‘yeaSE .o
. " Y “ ? »
(Figure 16). In 1985 grass yield was reduced by more . e

‘.
-~

frequent defoliation during July, whereas, defoliation'hﬁalu_ ’

- 1
.

%,
no significant effect on yield during July 1984 (Table'6).. *

i

By the end of‘iﬁgust, however, grass yield was‘rgduceé by;”;

more frequent defoliation in both 1984 and 1985. Frpquendx'f v
, NS
of defoliation had no significant effect on grass or forb;‘
. D ] ‘ A

yield by the end June. ' Lo
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GRASS 1984 GRASS 1985

* \PRODUCTION kg/ha

1 2.3 4 o1 2 3 4
NUMBER OF HARVESTS/SEASON NUMBER OF bRVESTS/SEASON

3

FIGURE 16. The effect of clipping frequency ao grass and
forb pfoduction during 1984 and 1985 in the cultiyated site.
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'f‘NKTABLE 6. Mean yields for qgrass #Md forbs under various
. clipping treatments for the cultivated site-(kg/ha)
. . ‘ \»_ r
Clip ™ 1984 1985, 1984 1985
freqg. forb forb . grass *  grass
N %, ~
. . ,‘
[} \\ *
End of August - - . 'y
4 $53a 1357 a 1306c¢c 1559 b
3 1105a 1199 a 1652bc 2050 a
2 403b 642+b 2215ab 3042 a
1 253b 615 b 2663a 3607 a
Grand .
mean 679 953 % 1959 2565 *
*End of July R ,
3 945a 1357 a | 1064a 1464 b
2 1093a . 1202 a 1395a © 1926 b
1 398b 642 b 1699a 2757 a.
Grand v ’ N
mean 609 800 1040 15377
s N
- - .
End of bune : . '
2 753a 11{0 a 810a 1291 a
1 842a 1099 a 1152a 1702 a
Grand : L A . J
mean ' = 4 798 1105 981 _~ 1497 * 4

Means within a month within a column with ‘the same letter

are not significantly different at the 0.05 level acccrdlng
to a Stﬁdent -Neuman-Keul's test

Jdevel g

- % Means between yegars separated using an F-test at the 0 05

-



-

e

68

6.3.4 Defoliation and yield on the native site ,“ "

o~
1

~An .increase in the frequency of defoliation did not -

significantly affect, production of native forb species

(Figure 17), although trends varxed by years «-

It-gppeared ﬂ? q{gss yxeld was only mﬁluenced by

frequency of defola!kﬁoﬂ {Figure 17) if soil mo1sture was

'.anteractlon

&

" limiting. In 1985, grass yield was already neduced by morg
frequent defoliation by the end of June, whereas in 1984

" there was no difference (Table.7). By the end of July more

frequent aefoliation reduced gra§§ yield in beth 1984 and

1985, but these differences had disappeared by the,eﬂg‘of

- August in 1984 In contrast, in 1985 the. more frequently

cllpped grasses hae Qe grtxtest, reduction in yield by they
) §£.

The grand means of The native grasses at the ndtive

end of August.Lv

S

. ?
§1te were s1gn1f1cantly lower in 1985 than 1984. In contrast

the domestic grasses 1n the cult1vated site had

<
significantly hlgher\ylelds in 1945 compared to 1984 (Table

-~ , "

. ' : T

6)- ° ’
At the natlve site there was no*s1gn1f1caé\\year ‘g}

‘"1nterart1on fo‘ forbs (Appendzx 8) J%d1cat1ng there was no

difference_in totallfgr ;pQgctlon for forbs between -«

13

years. There - was aléb gnxfx \t treatment by year

:r forb atthe‘)qa}{we shje 1nd1cat1ng that \

there was dlfterence i% iaéage productlon'fo; fotbs

between years for each treatment. Té%re also was no
\)

treatment_by year‘1nteraction gg% forbs and’ grass at the

-

H - -
' . : ‘ L. )
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GRASS 1985

1 2 3 4 ‘1 2 3 4°
NUMBER OF HARVESTS/SEASON  NUMBER OF HARVESTS/SEASON
&

| .4
C gyt

FIGURE 17. The effect of clipping frequeﬁé§ on grass and
forb production during 1984 and 1985 at the native Aite.

70
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TABLE 7. Mean yields (kg/ha) for grass and forbs under
various clipping treatments for the native sited
, . )
Clip 1984 1985 1984 1985
freq. forb " forb -# grass grass
‘ . -
.
. End of August . _ o :
4 2761a 2713 a 939%a 556 b
3 2903a a 2715 a 870a 1231 a
2 3396a e 2407 a 1379a 1082 ab
B I 2414a ~ 2016 a 1134a 773 ab
‘#Grand . - .
mean 2869 2463 v 1081 91' X
. .” *ﬁ ' N -~ ! ‘0 .
& - » e,
: - ¥
End of July ‘ : .-
3 "233%a 2635 a 819b . 535 b
2 2638a - 2281 e % 736b 1135 a
1 3243a © 2281 ay . 1260a 966 a
Grand o . @.’ i
mean 2739 2399 938 878 .
, %4 -
) r g et
End-.of June I -
2 1841a 1919 a 667a 435 b
1 2201a 2738 a ‘ 662a 1069 a
Grand » - \/A~ : .
mean 2021 2329 665 - 752

Meqps w1th1n a month within a, colhmn with the same letter
significantly different at. the 0.05 level accord;ng
tudent-Neuman-Keul's test

are n
to a

» means within a year separated w1th a F-test at the

level

-
4

»

1{05

I

RS Y
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6.3.5 Etiolated gro‘ih A
In general plants clipped opce or not at all in 1984
tended to. grow longeféand;have higher yielas of etiolated

, : \
growth in 1985.than plants clipped 2, 3 or ¢ times (Figure, -

and four harvests during M forevious summer
gt affect on dandelion Taraxacum off icinale

yield \#Ghre 18). In contrast the Festuca rubra plants

it

- which were not clipped had Migher yield® of etiolated g.;owtﬂ‘}-

than plants clipped one, three or four times.

" ¥helds of Heracleum sphondy;fum were greater in the
-, ;

s control, one and two clipping frequencies than jn clipping -
-

frqhuencies 3 and 4 (Table 8 and Figure 19). The plants-in

‘E control and treatment one tended tqirow until the end

. wibf August, whereas, growth din the dark rminated by the

middle of July for ‘treatments 2, 3 and 4.

-

The most vigorous and highest yielding plants of Bromus
vulgaris were in the control and treatments one and two

(Fibure 19, Table 8). The production in these treatmefnits was
o , -
-‘ ~
2-4 times greater than clipping frequencies 3 and 4. A

. Treatments 1, 2 and the control produéeﬂ the highest numbér

of tillers per-can (Table 9). Tiller numbér'was positively

correlated (r=0.76,p=0.0) with total weﬁght.ppﬁzgfgapmentﬂg.,\

- N
using PearsqQn's:correlation (Steel and Torrie 1980, pg.
. )

272) .
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FIGURE 18. Accumulated etlolated growth (g/m’ )for Taraxacum
officinale and Festuca rubra in 1985 in relat1on to
!reguency of harvesting.
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TABLE 8. Total etiglated growth '!{m') for selected species
v

in relation to frequency of har ting at the culéivated“;d
native sites, (/

- \

e
. 'y 4
L B 2"
o o
L4

Cultivated site

R

Native site

) 6”: N
clip Heracleum ~ Bromus ’*;raxacum F:stuca
freq. sphondylium vulgaris officinale rubra

[ 4 o . '
v —
4 127b" 38b . 34ab - 80 b
‘ A { . A
3 ‘—; 97b 23 b 32ab 90 b,
) |
2 t46a 85 a 724b 107 ab
1 . 524a 111 a& 41a 79 b )
0 476a 74 a " 47a 119 a
- =0.14 =0.08 =0.08 08
v ,P‘ , p P ‘ PN

-

| ' *
'means within a column with the same letter are.n
. . ) . ) . ’ .
significantly different at the level indicated according to

a Student-Newman-Keuls' test

Lo
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The tiller number/can was also highly correlated with
weight for Heracleum sphondyl ium (r=0.83,p=0.0), but there
vas no significant difference in tiller number among

clipping Eseduency treatments (Table 9).

\

¥

ES . , ST

\
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TABLE 9. Number of txllers/can for Heracleum Sphondyllum and
Bromus vulgaris

Clipping Herat¢leum Bromus

frequency sphond@lium vulgaris

4 5.8 a 7.6 b .

3 e 4.2 a 5.6 b

2~ 8.3 a 12.0 a
1 7.3 a 3.0 a

0 14.6.a 9.1 ab

e LN

note means within a column with the same letter are not
significantly different at the 0.08 level‘accordmg to a

S*ewman-l(eul s test
. N . .

L VI » -
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7. DISCUSSION

7.1 Growth cycle

-

Quinton et al. (1982)' noted that bluebunch wvheatgrass

o~~~

growth in the Southern interior ot British Columbia occurred
"from mid April until mid August. Stout et al. (1981) found
that rough fescue ¢rew from mid April to early-July in the

‘southern interior qf British Colymbia The normal growing
season in the study area is approximately May to September

i " ? \." .
but low temperatures in spring and summer drought can

,markedly affect forage growth, Most plant growth oqpurred in

May and June when soil temperature and soxL moxsture were

favorable. If soil temperature is low and soil moisture .

] “
declines, plant growth will generally dec}tne.

\,;f Non-limiting soil moisture.in the spring did not appear

/ to affecthplant growth in 1984 and 1985 (Figure 14), but

temperature ‘did. Montblyvgrowth was much higher for May 1985
~—

for both the cultxvate@ ané‘natxve site and can be related

to temperature (Table 2, Figure 15). It therefore ippears

that initiation of‘plant growth in the spring épbﬁi:‘ to be .,

more closely related to 5011 temperature than to soxl

, ,f.* .;.;.
mqlsture. g "; &a

AJ

"in air temperature, ‘kcrease i s

t

decrease in plant growth (Flgures 14. aua‘}S) Generaqu,4

higher air temperatures were associated thh less

”~

precipitation and lowver soil mozstuie (F;gure 4, Table 2).

.
78 -
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High airqtempcriﬁuf. ave had the ettect of increasing

transpiration and.e further laucrxng sozl

moisture. This dect plant grawth appeated to be

related to soil mo "and &° the growth cycle of each

plant species. SO’uture became limiting to the plants
during July and AUgust (rxgures 5 and 6). It uas~dur;ng
‘ these months that there was the greatest reduction ih rate-
of iient growth, Kalu and Fick (1983) have also noted that
~31tal£a remained in th‘ vegetative state for Ionger periodé
of time during extended rainy periods. There was more

precipitation during the growing season of 1984 than 1985.
-

The native forage plants in _exclosure two therefor® remained

~

in the vegetaciveAstate for a,anger period og/;ime in 1984.
The ¥9ck of ev‘?lab\e 80il moisture in 1985 also
re;ulted in lower regrowtﬁ gates of forbs ;n Juneiénd A?gust
end grass in June and 3u1§ at the native site (Tabie 5),
Cellular grawth is the most sensitive: to water stress (Hsa1o
1;;3) and a decrease of external potentlal by onLy one bar )
will 'decrease'cellular growth (Salisbury and' Ross 1978)\.
Growth o} plantS‘élso abpears to be related to soil
moistﬁre at the 10 cm depth. During August 1984 rajnfall -
f:;rysed the soil mexstune at the 10 cm depth‘;o r1ie t did -

- a'. .
; ! J"-',.

- not change 9011 m01sture at the 25 cm depth (Fxgure 7) From 3

obsetvat1ons in the field this increase in soil moisture
_ \ .

during August 1984 causdd previously defoliated'plants to

regrow, at both sites compared to Audust 1985 (Table 5).

&
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The majority of forbd and grass ioots vere observed'et

tp, 0-15 cm depth. This probebly would account - for the
)
regrowth of grasses when soil Woisture at the 10 ¢ém depth

)

rose above wilting point during August 1984’

During August 1984 there was an increase 1n soil
.
moisture and a decrease in air temperature. The-fevorable
¢

climatic.conditions did not significantly increpl plant &

grewth and regrowth when compared tQ J?ly'g growtl)y (Tables ¢
and 5). This is likely -the result of the annual qtbwth cycle
of the plants. Generally, both native and cultivated forbs,
and grass have flowered and sef seed by the end of August.
I1f no defoliatidn had previous}y océurredJ especially, for
the grass species, little new growth would eecur under
favorable weather conditions at the eng of August.
Therefore, érowth cessation in the summer ?ppears io,be
mainly controlled by the individual gr@wth cycle 5;?Each
plant species and as well as soi; moisture.’ |

The annual plant growth cycle differed f0r forbs and
grasses at both.sites. The dominant forb in the cultivated
'site was Taraxacum bffic{nale. Taraxagﬁm off icinale grew

-~

mostly 1m May and June with rapid senescence occurring in?

.

‘July. The native forbs (Heracleum sphondylium) at tHe native

-

site, also had the maximum growth rate in May end June,

t

Ggowth conditions were very favorable’ in May and June 1985

-

and by the end of July the plants had set seed amd theéf

leaves were thhetxng In contrast the spring of 198‘ vas

»

[
i

-
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were not in flower until the end of July. " v\

The domesticated grasses in the cultivated site.(Poa
pr ensis', Phleum pr'atense,'Festuca rubra) have a higher
gro th rate in favorable weather cpnditions than the native
grasses (Bromus vulgaris, Elymus glaucus) at the native
site. These domesticated Q?asses produced an extra 400 kg/ha
of forage during May 1985 compared to May 1984 (Table 3).

The production for the rest of the growing season was then
equivalent to 1984's growth. In contrast growth of the
native species reached a maxi;um and then declined (Table’
4). These- species éo'not seem to take advantage of favorable
weather conditions to maximize growth, The iikely‘reason for
the aifference in the plant growth cycle between the two
sites was.rel§:ed to the soil hoisture regime. If one
compares Figu 5 and 6, soilzmoisture-at the native site
reached wilting point a month earlier than the cultivated
site during 1985. Figure. 7 shows soil moisture at the 25 cm
depth recovers better in July and August at the cultxvated
site comparsd to t%e native site. The cultivated site may ‘
receive extra moisture from ground water throughout the |

growing season, whereas, the native site may not. The /~
"cultivated site was situated at a lower elevation anq the
area above the site had a shallcw slope and a predominant
tree cover In contrast the native site was at a h1gher
elevation and the area abovf it was a ss;sp rocky bluff. It
was therefore likely that the culﬁivated site may have had

some groundwater fecharge, whereas, water probably flowed

% ’



quickly thréugh the native sitg. 1f there was a lack of
groundwater recharge at fhe native site during the middle of
fhe growing séason, rates of plant growth.would be agiifted
regardless of whether the plants are_native of cultivated
species. | -

1t appeared th;t the forage growth cycle was ;elatedltpf
soiiland air temper;;ure‘in'the spring, sqil moisture during

the summer and to the annual growth cycle of the individual

plant species. - S

7.2 Defoliation, yield énd_etiolated growth
g Grass yield decreased and ggfb\yield incre;sed»as -
frequency of defoliation increaséd a% the cultivated site.
In contrast at the native site forb yield was not influenzed
by defoliati&n and graés yield was only reduced by ‘more
.fre%gent defoliation if soil moisture was limiting.
Etiolated growth was used to estimate the potential
.vigor of the plants folloﬁing various defoliation -
treatments. This evaluation of plant vigor pnovided‘éh
indirect measure of the ability of the plant to recover
following defoliation. > | : o
The pIénts with ¢clipping frequencies of 3 and ¢ times
per season in 1984 had the lowest yields Of etlolated growth
in 1985. Langille et al. (1962), ﬁgkenzle and McLean (1980)
and Bailey and Mappledoram (1983) all found similar results.
Richards and Caldwell (1985) found that the daily . |

contribution of carbon from stored reserves exceeded

|
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photosyn%h;;ically fixed carbon for only 2.§¢dcys following
hefoliation of‘AgPopyron Spp. when regréﬁth vas maximal..'
They also found tha!hhhen the apical meristem was removed,

" photosynthesis duripg regrowth immediately outw ighed stored
reserves as a source ofiéarbbn. The plants with the highest
cliﬁping‘ﬁreqﬁéncies would utilize carbohydrates And other
reserves tq‘ihitafé regrp&th after defoliation. This
reduction in reserves due to defoliation coupled with the
reduction of eﬁbrgy reserves due to‘win;er respirat}Fn
severelwaedqud the vigor of the plants the next year.
P%snts clipped 3 and 4 times grew until the middle of June
for Taraxacum officina'le; and Bromus vulgaris and the middle
of July for Henac?eum sphondyl ium and Festuca rubra (Figures
18 and 19). It would appear that defoliations of 3 and .
times in oneigrowing season would not aetrimentally affect
‘the surviva} of all four speéies during the following
growjng season if a sufficieht period of recovery was

»

~ permitted through' May and June of the subsduent growing

«seagon. This h definite management jmplications. If a oy
o !iih@ ‘ ‘ 17
sward was sever®ly overgrazed in one year then recovery !
S . N
would likely occur if grazing is deferred for about 60 days
next spring, i.e“until July of the next growing season. _
\ ) \\
-

7.2.1 Cultivated site
~
The increase in production of forbs with an increase in
clipping frequency shown in Figure 14 was most likely

related to the sampling methodology. Taraxacum off icinale,
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grew mostly in May and June with rapid senescence occurring

.harvested at the end of May and June. Conseque tly, yield of

during July (Table 3). Clippingt;eatments\iwigd 4 vere

dandelion would be higher in these treatments because two

harvests vere made during the period of maximum growth.

Towards the end of July and August most dandelion leaves

have senesced; consequently, yield of ciipping tréatments 1

and 2 were reduced. The favorable weathef conditions for

growth_during May 1585 would also account fdf the higher

—

yields &f forbs in cl{pping treatments°3 and 4 in 1985 than

in 1984.

Dandelion has about 10% crude prote1n at the end of

‘ h .
Jyne (Appendix 4). This high crude protein content coupled

-~

w{th early spring growth makes it an excellent forage for

early spring grazing. Dandelion vigor and etiolated growth

appeared.to be most severly affected by a defoliation at the

end of June, July and again in Auogust.

Work by Stout et al (1980) has shown that the vigor of

Cal amagrost is rubescens was most sensitive to clipping

during the last half of July and early August when growth

was slowing down and ‘summer dormaney was setting in;~§hnge

grasses have also been shown to be suscept1b1e to grazing

during the growth period and immediately follow1ng growth

cessation (Stoddart et al.
slowed by the end of July.

their lowest at this time.

may stimulate the plant to‘

[ Y

1975). Dandelion growth has
Energy reserves are likely at
Defoliation at the end of/July

regrow durfhg favorable weather

~
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conditions in"ugust.‘fhis would further reduce the amount

of Ehergy reserves and the plant may then have low reserves

L )

going into winter dormancy.
<@ <
An increase in the £requency of defoligtion caused a

significant reduction in the yield of grasse . These results
were consistent with,the studies of Aldous (1930)( Albertson
et al. (1953), Heinrichs and Clark (1961), Jameson (1963) ~ ° /™
and Moser ard Perry 11983). Generally, as defoliation ‘
frequency increased, the 1eveiwof carbohydrate reserves ” “j
decreased (Bukey and Weaver 1939, Lengille et al 1961,
‘Tainton 1981, Bahreni et al 1983, and Mpser and Perr‘1~9_83).
Plants will utilize carbohydrate reserves and photosynthetic
carbohydrates to initiate regrowth of leaves after )
defoliatioh (Richards and Celdwell 1985). The more frequent
the defoliation, the éess stored and ghotosyﬁthetrc
-eerbohydrates are aveilable for regroeth.

* It appeared that frequency of defoliation had the
greatest effect on grass yield when soil moisture was the
. post 11m1t1ng From Flgure 5 it is ev1dent that during July
and August 1985 and the last two weeks of July 1984 soil
moisture at the 10cm depth was the lowest. It was during
this time period that ch most frequently glipped §iants»had
the greatist reduction in yield (Tabke 6). If water stress o
is severe carbohydrate levels will decl1ne because the
repiration rate ;111 exceed the photosynthetic fate (White ‘
1973). This reduction in carbohydraté level due to water

~

stress coupled with the reduction of carbohydrate levels due N
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to detoliation vill severely affect the ability of the plant
to regrov. %_‘ | |

The results o£ the etiolated growth ctudy of Festuca
rubra are consistent with the clipping study. Defoliations

of 3 and 4 times/season had the greateet effect on the vigor

-
-

ot Festucé rubra plants.
7.2;2 Native site

There vere no significant differences among harvest
treatmentn for native forbs (Table 7) although there wvere
substant1a1 differences amongst the means. This is likely
the result of extreme variatxon of forb product1on thh1n
subplots. The maxn forb was Heracleum sphondy! ium, a major
species in the lover half of the exclosure, but less
abundant in the upper half of the exclosure. Therefore,
product1on within one month nay vary from 300 kg/ha from
" subplots in the upper part of the exclosure to 3200 kg/ha at
the bottom of the exclosure. Thxs hxgh variability is
cutlined in Appendix 7 o /

Desp1te the lack of sxgn1f1cance among defoliation
treatments there are some large differences .in the means
hetveen years These differences can be related to the
'ﬂgrowth phenology of the plants These nat;ve forbs tend to
have maximum growth rate 1n May and June. By the end of July
they have set seed and are undergo1ng rapid senescence.
Growth conditions were very favorable in May and June 1985

and.consequently, treatments 3 and 4 had the highest yields.
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Treatments 3 and 4 have harvests during these months. By the
end of Jdly 1985 the plants had.set seed and the Teaves were
' witheriﬁg. In contrast the coolntcmperatures of the spr{hg
1984 delayed growth and the plants were just in !lower by p
the end of July. Conseguently, the highest mean yxelds of -

forbs in 1984 wvere in clipping treaﬂments 2, 3 and 4 which

»

3

had harvests during “the maximum growth period.
‘Crude protein levels in these native forbs tend to vafy
from 15% at the end of June to oniy~5x at the end\of August =~
(Willoughby et al. 1982)(Append1x 4). Maximum yields of the (
native forbs are achleved in June 1985 a July 1984 (Table
3). These plants should therefore be gra;\:‘bn May, June and
Jufy to get benefit of forage production Qnd crude protein '
ingested -by cattle. 5 ' '
Heracbeum sphondyllum, the mayor forb at the native
site, cont1nugd to produce et1olated growth until the middle 4
of September in the 0 and 1 defoliation treatments and up to
the middle of July in the 3 and ¢ defoliation treatments.
This growth was longer than any other of the species tested.
vThe forb could be heavilylasgpliated, allowed to regrow, and
then defoliated again thg;d%y maintaining maximum
‘.productivity. The large‘root reserves may allow the plant to
recover after defoliation. ’ _ -
In general grass yield was not influenced 6} frequency

-

. " of defoliation unless soil moisture_ became limiting. Soil

moisture at the 10cm depth was reduced below wilting point

during the last two weeks of July, first week in August

-
L

»



1984, and first two veeks of June, July and August 1985
(riQute 75.‘It wllAQuring\these time periods, that the more
ticquently élippod plants hgd.the gr&etest reduction in
yield. For example, ﬁéte that defoliation had significantly
decreased grass production hy.the'end Ju;e'1985,‘but there
is no dit

1§
moisture

e by the end of June 1984 (Table 7). Soil

for plant gréwth in the first 2 weeks:

of Juﬁe 1985 in June 1984. Both.defoliation and '

water stress severely reduce the cafbohydrate reserves in
the‘piants (whi%e 1973, Tainton 3981). These low
carbohydrate reserves inhibit the ability of the plant to
: <
regrow.

Leopold (1949), Willms (1983)°, and McNaughton (19831}, -
all found an increase in tiller density of grasses that had
moderate clipping frequencies. Tiller development has also

4
been shown to be most pronounced in plants with high root

© —
reserves, but if defoliation is severe and root reserves are

low tillering will be inhibited (Tainton 1981). This
increase in tillgting following defoliation may account for
the greater yields of etiplated growth in treatments 1 and 2
~for (moderate éefoliation) Bromus vulga%is. These treatments
had the highe;t'tiller density which was positively
correlated with total etiolated growth weight (Table 9).
Treaiments 3 End 4 had the lowest tiller density indicating
vthat defoliation mgy have been so severe that the root

reserves vere depleted and tillering was inhibited. Tiller

density was ngt avaiTable for Festuca rubra.
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8. Part 11: RANGE COMMUNITIRS  ~ )
The specific obiectives,woro: (1) To quantify the grassland

and aspen forest communities chqracteristicuot the ,
sub-boreal spruce (SBS) biogeoclimatic zone and the
'sub-alpine fir subzone (e). (2) To study the environmental
Jactors which were accounting for variation in piant

composition in the Poplar Lake study ares.
8.1 METHODS

5;2 Classification and ordination — ‘
Twenty-two sites were described during the summers of

1984 and 1985 to gquantify the species composition of the

grasslands and aépen forest communities within the Poplar i

Lake Range Unit.

5.2.1 Critieria for site selection

Site selection/was baseé'on a topographic position,
moisture draiﬁage and grazing regime gradient. In order to
study the moisture drainage gradient site types were chosen
in a upper slope position, a midslope position, and a lower
slope position. It was thought as one moves up the slope
soil moisture would become limiting. The midslope and upper
slope posi;ﬁons tended to have no tree cover, whereas, the
lower slope positions had a predominant aspen cover.

In order to investigate the effect of a grazing regime »

on species composition site types were studied in heavily

7 Y
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grazed and ungrazed troatmontl. A} sites had an anpoct of
180-250 degrees(southerly to. wcst;;ly facing slopcs).

‘Two sites in a N\Qavily grazed submesic qrassland six
sitcs in q.modorately gtazed submesic grassland, five sites
in a h ly gtazod mosic and subhyqrxc grassland, two sites
in an unbtazod submesic and seven sites in a mesic and
lubhyqrxc ungrazed grassland vere described. A submesic

qralsland xs defined as vater removed readxly in relation to

sqpply. A mesic grassland has vater removed slowly in

’rc£\¥1on to supply and a subhygric grassland refers to water

removed slowly enough to keep the soil ‘'wet_for a significant
part. of the‘grouing season (Pojar et al. 1982).

Four‘sites (3,6,15 and 20) were used in a regression
analysxs to @etermine species response to gtaz1ng intensity.
The four sites had similar mesic to subhygric moisture
regimes and all occupied a lowver slope position, with a
range in slope from 2-15% and aspects of 200- -220°. The soils
ranged from Gleyed Dark Gray Luvisol to Orthic Mel‘anxc
Brunisols with a\Qtj horizon. The_s1tes varied from ungrazed
at site 15, to heavily grazed (86% utilization) (Yule 1982)
at site 20. Site 3 and 6‘were moderately utilized with
grazin;iintensties of 47% and 66% respectively.

8.2.2 Vegetation description
Each selected site ““onsisted of a 10 x 20 meter

macroplot situated in the most bomogeneous area of

vegetation going up the slope. Each macroplot had 10

o
¥ “

-



transects located within it, Pive of these ten tcanloctn‘
‘were randomly selected to dqscribc the vegetation.

A transect cons{ated of 20 one meter square quadrats,
situafcd across the contour line of .the hill. Poliar coper
va; qstig.tod using the pfocodurc outlined by Doubonmiro
(1968), but foliar cover was ostinﬁtcd to the nearest 1;
instead of cover &Tweges. A 20 x 50 cm quadrat vas nested’
within a cornér Qt a one meter Quadrat. The oﬁo meter
quadrat wvas used to estimate the pcréentago foliar cover for
shrubs and the 20 x 50 cm quadrat was used to estimate the
percentage foliar cover of the vascular forbs and grass. In
addizioh the slope position vas determined for each
macroplot in the procedure outlined by Pojar et al. (1982).
The number 2 indicates an upper slope position, 3 indiéates
a midslope position and ¢ refers to a' lower slope position
in relation to the topography of the area.

- a

8.2.3 Soils

Soil pits were dug at each site to determine soil ‘

characteristics: order,horizonation, depth to parent

material and texture (Canadian System of Soil Classificatiog//

1978). | ~ AN

Six sites were used to collect soil moi'sture and soil
nutrient data. These six sites exhibited ditierences in
species composition. caused by different grazing and drainage
regimes. Sites 2 and.S repre;enucd grazed and ungrazed

submesic grasslands whereas, sites 3, 4, 6 and 8 represented

ot .ff;j
Al
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Gravimetric moisture was collected vdoklyfat 10 cm and
25 cm depths ;nq oven dried for 24 hours at 108°C to
determnine gravimetric moisture content. Area under the soil
soisture curv; to 0% gravimetric d@isturc vas calculated for
each site to determine total water for each month. Monthly
dl!!orancoo vere then tested qoinq down the slopo. Sites 2,
‘3 and 4 represented one catena and sites 5,6 and 8
_represented the other. Each test for sites was done within a
‘catcnn hecause there was not ;nouqh infgrnation to determine
it thi same slope positions were equivaledt within catenas.®
Sites 2 and 5 represented upper slaqpe posigioﬁs and had
slopes of 3laand'39s repectively. Thc aspects of the two
sites ranged from 194-220°. Soils vere Brunisolic Dark Gray
Luvisols at site 2 and Orthic Eutri¢ Brunisols at site 5.

Sites 3 and 6 represented midslope positions with aspects of

220 and 200’ and slopes of 8 and 11%, respectxvely. The

soxls varled from a Orthic Melanxc Brunxsol to a Gleyed Dark

——
n

Gray Luvisol. Sites 4 and 8 represented lower slope
positions with aspects of 220 and 210° and slopes of 14 and
11%, respectively. The soils varied from a Dark Gray Luvisol

\

to a Orthic Melanig Brunisol. .

The moisture regime for each macroplot was_detefminéd
using a 9 point_scale ranging from 1 (very xeric) to 9
(hydric) (Pojar et al, 1982). These'assesements vere found

to be quite subjective. Alternative approaches were outlined

*"
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in Fraser (|984), Mpve (1956), Wall na.' rajite (19731208,
and LaRoi and Hnatiuk (1900). rraser)\( 954) vsed a 10 point

basal cron/acro’

e

lcalc ond th.n plottod nunbor of te
versus tho noisturo regime. Rove (1956) assigned weights of

)

1, 2, 4, é and 16 to lp.ciol vhich occurred in dry, tresh,

moist, very moist and wet ccl rcopoc:ivoly. The )
-gqonotric increase of the vcfég;jc::\n recognition o!‘thoz“
greatsr™Sigmiticance .of species on the wetter pide of .the
table. Wali lndetljlni (1973) ,calculated an Available Water
Capacity(bﬂt) by multiplying avazl.blc Ultlt (0.33 to 18
bar) by bulk densxty and thickness of the horxzon. LaRoi and
Hnatfuk (1980) used the species indicator conc?pt of Rove
(1956) but did not weidht the species moisture indicator
valye Bccause they found no ditfefence in weighted and
unveighted Syqthetic moisture indices. A synthetic moisture
index of each site was then calculated based on the average
of the moisture indicator value of each species within 3
macroplot (LaRoi and Hnatiuk 1480). |
- Thé moisture relationships of the species were
determined from published vegetation research (Moss 1959,
Hitchcock and Cronquist 1969, Pojar et al. 1982, and Looman
1983). The Synthetic Moisture Index (SM1) of:each stand was

then calculated as the unweighted average of the Moisture
Indicator Value (MIV) for each species within a macroplot.
The species indicator concept vas used because theye was not

enough information available for all 22 sites to assess

moisture regime by the Wali and Krajina approach. f’>
. _ A



’

Nine soil cores were taken at depth of (0-15 cm) in
June 1984 from thé same seven B{Ees.tbatvgoil poisture data
was collected. Th;se cores were taken at 1.5 meter intervals
aloﬁé~a transect parallel with the contour line. Each soil
was sent to the Soil Research Lab (North Road) in Victolia
"%r determination of soil nitrogeﬁ, carbon, pﬁ, and.

exchangeable bases.. : ‘ .
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{ 9. DA'/I‘A ANALYSIS
A regression of species reéponse to grazing intensity, an

ANOVA of soil moisture g‘thin a catena and classfication and

ordination techniques were used in the study of range
~ ,/‘/ ‘
communities. - J

f
£
£
£

9.1 Regression qf species response to grazing intensity

The follqﬁing experimental design tests for a species

response to'gfazing intensity.
1
Null hypothesis,
) @
Ho = There is_no relationship between X (grazing

r,

intensity) and Y (species foliar cover).

X=grazing intensity
Y=foliar cover

Experimental design

Source | df
X 1 v 1
Y y-x-1 18
Total N-1, 19

95



9.2 Anova of soil moisture yithin a catena

Hypothe

A

sis

-

AN

A /
Ho = There is nc d:fference in soil mg!;ture within

the catena.

Source

sites

" Brror

Total

Experimental design

daf

s E 2
s(n-1) 6
sn-1 8

test

A

E1l

96
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9.3 Claséification and ordination
The classification progedure used in this analysis is a
polythetic agglomerative technique. There were two steps
involved in this procedure: 1) First a similarity or
dissimilarity matrix was determined for all stands. 2) The
fstands were agglomerated or combined based on species
similarity or diséi%ilarity. The ﬁost similar stands wvere
combined to create a hierarchy of increasingly-larger
clusters (Gauch 1982). !
In this aﬂalysis Euclidean distance was used to
determine-; dissimilarity matrix between stands. é:clidean
distance (ED) was determined by the following formula

?

ED = JE(Xi - vi) B

where X = species abundance in sample 1

<
L}

species abundance in sample 2

stand

._..
[}

-
(Whittaker 1978)
Euclidean distance was a multidimensional gystem where each
axis represented the quantity of a species{anh each point
represented the floristic composition of each vegetation
sample (Whittaker 1978). This method ed the foliar cover
,of;species to caleulate theldistance of dissimilarity

between two stands. ¢

SN

»>
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Samples were then assigned to a cluster using the
average linkage agglomerative method (Sokal and Sneath
1973), Sampiles with the highest similarity to the average of -

; 7
the similarities of samples witpjn each cluster were

"ggmbined. The resﬁlting wvas a dendrogram with-all sites

being comgined into larger and larger clusters until all
sites were contained within one large cluster. ’
In addition ali stands were ordinated using the
ordination technique DECCORANA (Géuch 1982). This indirect
| o&%inatidn technique was used to help determine the 1

environmental variables which accounted for the most

variation within the species-stand-table.
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. 10. RESULTS

10 1 Vascuktr species richness and 9rowth torn spectra
There were 76 spec1es of vascular plants in 60 genera
and 19 families w1th1n_the‘a;eas studxed. major growth
forms included 1 tree, 14'shrubé, 46 forbs and 15 graminoid
species. “ | C | |
" fThis compares‘to 130 species ijar’et‘ai; (1982) found
in the subhboreal spruce biogeoclimatic zpéem The mean
number of specfes'per plot was- 19 and this variedifrom 10 to
35. The ungrazed submesic macroplots dbnerally had the ]

highest Qymber of species, whereas, the fewest species were

usually found in the heavily grazed treatments.

10.2 Percentage constanéy of vascular species
The percentage of stpnds 1n;wh1ch a spec1es was found
_(constancy) was calculated’fdr ali 76 J38cular species.

—

There were 32 spec1es foundcgo haveﬂﬁ oonstancy of greater
than 20% (Table 10). Twenty pencent was ‘chosen bec;use there
were a number of species which were diagnostic and only .
occurred in a few macroplots.

The only tree, Populus tremuloides was found in 55% of
therstands‘and Rosé aclcularis was found in 64%. The forbs
with highest constancy were Vicia americana, Taraxacum
officinale, Lathyrus nevadensis and Smilicina stellata with

constancy values of 86, 82, 77 and 72% respectively.

99



©

TABLE 10. Plant species with a constancy( ) greater ‘than

20%.

Species
Tree:
Populus tremuloxdes

Shsubs:
Rosa acicularis
5ym?horzcarpos albus
x scouleriana’ .
Forbs:
Vicia americana
Taraxacum officinale
Lathyrus nevadensis
Smilicina stellata
Thalictrum occidentale
Achillea millefolium
Aster modestus
lpzlob1um angustifolium
Utr.ica dioica
Arabis hirsuta
Heracleum sphondylium
Collomia linearis
Geum macrophyllum
Aster cilolatus
Fragaria v1rg1n1ana
Ranunuculus acris
Aster conscipuus
Castilleja miniata
Potentilla arguta
Collinisia parviflora

Graminoids:
Poa pratensis
Bromus vulgaris -
Elymus glaucus
Carex macloviana
Phleum pratense
Melica spect1b1115
Poa interior
Calamagrostis canadensis

% Constancy |

55

|
i

100
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The grasses with the highest constancy were Poa pratens/s,
M
Bromus vulgaris and Elymus glaucus with constancy values of

82; 77 and 77% respectively.
10.3 Ordination

10.3.1 Axis one (Grazing 1ntonsxty)
When the species and stand table were ordlnated two
large group were distinguished (Figure 20). Group A had
/jignificantly more foliar cover of Taraxacum officinale '.
oa pratensis and Festuca .rubra (Figures 21 and 22, Table
11). In contrast group B had loy :olxar cover of these
species and significantly higher fol1ai gover of Heracleum
sphondy ! ium, Thal ictrum occlidentale, Lathyrus nevadensis,
Bromus vulgérfs and Elymus glaucus (Figure 21 and 22, Table
11). |
When thé foliar govér of Taraxacum officinale, Poa
pratensis, Heracleum sphondy] ium, Bromus vulgaris ahd Elymus

glaucus were regressed against grazing intensity, Taraxacum

and Poa showed a signifiéant positive increase in foliar

. coQér as grazing intensity inéreased (Figure 21). In
contrast Heracleum, Bromus and Elymus showed a significant
decrease in foliar cover as grazing intensity increased

(Figure.23)?
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FIGURE 20. Ordination of grazed and ungrazed macroplots.
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AXIS OnE - AXS ONC

W

TN

FIGURE 21. Foliar cover(%) of selected forbs plotted on the
macroplot ordination(refer to Figure 21 for location of

macroplots).



FIGURE 22. Foliar cover(%) of selected grasses plotted on
the macroplot ordination(refer to Figure 21 for location of
macroplots). T o ) .
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FIGURE 23. Regression equations of species foliar cover (Rpa
pratensis, Taraxacum off icinale, Heracleum sphondyl ium, :
Bromus vulgaris and Elymus glaucus) versus grazing ‘/
intensity. N : ' T .-
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Note that despite the highly signiticantly results in the

.

regression all four sites regressed vere assumed to be
similar except tor¢aittoroﬁcol in grazinqmintonoity.

When the species vere 6rdinatod Teraxacum, Poa and

S

Festuca vere found on the right side of axis one while

- species like Heracleum, Thalictrum, 8romus and Elymus were
found on left side of axis one (Pigure 24)._.The location of
plnpi-;poctol. adapted to heavy graszing on the right side of
the figure (24) and grazing intolezant plant species located
on the left side of figure makes one suspeot that axis one
in‘tho ordination accounted for a grazing intehsit& or _
.grazing management gradieut.PThe first axiq@nccounted for
77% of the variation within the species stand'table.

*
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. FIGURE 24. Ordination of plant species for ungrazed and
grazed macroplots. (see Appendix two for species code).
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10.3.2 Axis two (Soil moistur;)

Generally, the léwer slope positions had the highest
total water values for catena one in May and fo; catena two
in yay; June and AugﬂQtu(Table 12, Figure 25). There were no
significant differences in water capacity for either catena
in July. ,

As the growing season progressed, the total water value
¢ § ~ach site declined (Figure 25). The greatest decline in
sate ;apacity and soil moisture occurred during the month
oi June. It was usually during this month that the slope of
the total water curves ekhibited the steepest decline
(Figure 25).

The calculated Synthetic Moisture Indices (SMI) were
all very close to mesic [(3.0), rdqging from 2.5 to 3.5. In
an effort to make thé differences in SMIs more visible the
differences were rescaled from 0 to 100 (Table 13) with 0
being submesic and 100 being subhygric. It was found that
the SMI was positi;ely'correlated (r=0.%4, p=0.0) with slope

pesition using Pearson's correlation. Thg higher slope

positions had the lower SMI values.
o
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_ FIGURE 25. Total water capacity for each month for catena
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TABLE 13. The utilization of forage (%) by cattle, synthetic
moisture index and slope position for all 22 macroplots .

- ; o |
utilization (%)
— - moisture ‘}lope

Site F§§81-84 85 index position
1 86 87 50 3
2 18 10 <2
3 66 60 3
4 68 + 90 4
5 20 0 2
6 43 50 50 3
7 0 . 0 90 3
8 70 4
9 67 0 30 2
10 10 2
11 90 3
12 60 4
L‘ 10 2
! 68 0 20 3
'Y 0 0 99 4
16 0 0 : 70 3
17 86 88 30 2
18 . : T 20 2
19 30 2
20 86 88 40 3
21 86 88 80 4
22 . 0 0 70 4

moisture regime: 0-30 submesic, 30-70 mesic, 70-100
subhygric

Slope position 2=upperslope 3=midslope 4alowerslope
note: Percent utilization is determined by taking the
difference in forage production between the inside and
outside of folding produgsxon cages.
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Stand synthetic moisture indices based on the mean
moisture ;;d1cator value for each species conf1rmed the
previous observations that specxes adapted to dry upper
slope positions had the lower moisture indicator values
(MIV) and specigs adapted to lower slope positionsd' the
higher MIV values (see Appendix two for moisture inhicator
value for each species). A high SMI value 1nd1cated a |
greater concentration of plant sp&dxes characteristic of
moist lower slope positions. A low SMI value indicated plant
species characteristic of dry upper slope positicns. It was
also found that SMIs were pos1t1vely correlated with total-
water values»ln July and August (Table 12). The higher SMI
values tended to have the higher total water values.

When the SMIs were plotted on the ordination of grazed
‘pd ungrazed macroplots it was observed'that the macroplots
on thg upper part of the figure had lower SMIs than
macroplots on the lower part of the £1gure (Figure 26). This
is evidence for axis two, which accounted for approximately
4% of the variation within the species stand table being a
moisture regime'gradient.

When the foliar cover of the major species was plotted
against synthctic moisture index (SMI) species such as
Heracleum sphondy] ium, Bromus vulgaris and Poa pratensis
were found to occupy mesic to subhygric moisture regimes

(Figure 27).



220
°
0
1 mo & 530
o
AD A30
~ 7 1 20 450
“ %
= .
< 810 —
a10 490
704090
AS0 060
) A0
a70
4100
" A90
260
240
T 1 .T fﬁe T ]
AXIS ONE

FIGURE 26. Synthetic moisture index (SMI) for the 22
macroplots. :

‘M
Y



TR Q’l&

*{

foliar cover %

40 +
°’ »
8 30 1 L
&
>
Q
N 2 N
j - - o)
K] : -
I‘,/" \\
10 - s
- - % Logerd
—— =T kY ALY
/_ \ ores ey
0 T )
(o} S0 100
SMI

FIGURE 27. Foliar cover of the most common species
(Taraxacum off icinale, Heracleum sphondylium. Lathyrus
nevadensis, Thal ictrum occidentale, Poa pratensis, Bromus
vulgaris, and Elymus glaucus) plotted againest Synthetic
moisture index.

-

115



In contrast Thallctﬁum occldentale occupied submesic to
mesic moisture regimes, while Taraxacum officinale, Lathyrus
nevadensis and Eiymus glaucus occupied ecological amﬁlit“es
from submesic to subhygric.

When the uﬁgrazed or lightly grazed macroplots (Group
B) were grdinated s;parately as a group, two distinct groups
could be sgpardted along the x axis (axis'one) (Figqure 28).
Group one was"represented by sites 6, 7, 8, 15, ‘16, and 22.
Group two was repres;nted by sites 2 and 5. The macroplots
in group two tended to have low SMI values, both occupied
upper slope positions (Table 13), andylacked foliar cover of
Heracleum sphondyl ium a moisture loving speéies. In contrast
the macroplots in group one had‘high SMI valueé; occupied
lover slope positions and had high foliar covers of
Heracleum sphondylium. This is evidence for the first axis,
which accounted for 47% of the variation within the species

/
stand table, being a moisture gradient. The y axis was

thought to represent a grazing iegime gradient. Site 4 was
: ¢

moderately grazed, whereas, site 15 was an ungrazed site at

Bill Nye lake (Table 13). The y axis accounted for only 4%

of the variation.
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-10.4 Classification of stands ] B

The r;;ults of the sequential agglomcrati*s'
nonoverlapping cluster analysis techniquo'are‘outlined in
Figure 29. The five main clusters represent similarities
among sites based on the foliar cover of the vascular
species. The most simil;r clusters were clusters 2 and 3
vith fusion occurring at a cgetficient of (0.7). Cluster one
then fuses with clusters 2 and 3 at alcoetficient of (0.6)
to create group A. Clusters ¢ and 5 fuse at a coeff%cdent of
(0.3) to create group B. ‘

’Group A was composed J¢ sites, 1,3, 9, 10, 11, 12, 13,
17, 18, 19, 20~and 21L,A11 mac;oplots w?re §razed as
indicated Ry the high foliar .cover of,Tafaxacum‘officinaie.
Poa pratensis, Festuca r-ubré, and Phleum pratense (Figure
29). ‘In contrast, group B was composed of sites 2; 5, 6, 7,
8, 15, 16, and 22. These sites were thought to be generally
ungrazed because they cbn:ain low'fol{;g-covers of
introduced species and high foliar covers of the native
species Heracleum sphondyl ium, Bromus vulgaris, Elymus
glaucus, and Thal ictrum occidentale.

The next division in the cluster analysis was based on
the foliar cover of the introduced plant species and the
moisture indicator value for the site (Table 13). Cluster
one was composed of éites'ﬁ aﬁd i‘u These sites were heavily
grazed (B86-88%), they~had a high coverage of Festuca rubra
an& Taraxacum of ficin@le and they had a mesic to submesic

moistur% regime (Table 13).
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Cluster two vwag ooprooontna by the sites 3, 10 11, 20 and
21. These -dtco vere hoavily grazed (66- <88y%) having hxgh
concentrations of Ros and Taraxacum and had & submesic to
subhygric moisture regime. Cluster three was composed df
sites 9, 12, 13, 14, 18 and 19, Theao sites vere moderatcly
grazed exhibiting plant spocios characteristic of both
heavily grazed and uugrazcd sites. The -oxaturc rcqino vas
gonerally submesic. Cluster four G:: occup1ed by sites 2 and
5. Thase sites had low concentrat;bls éf the ,nttoduced
plant species ’nd had a submesic mox?ture regime (Table 13).
Pinally, clus}er 5 as repretented by the sites 4, 6, 7, 8,
15, 16, and 22. These sites were generally ﬁngrazed haQing
lov concentrations of the introduced plant species. They had
v a mesic moisture regime. Fhrther divisions within the
dengrogram -appeared to séparate mesi;'and subhygric plant
communities, but there was not enough-information available
on the moisture regime within each md&roplot to objectively
assess differences in the 5 clusters being described.
Therefore, no further divisions were made in'the dendrogram.
When one compared the cluster analysis with the
ordination the two large groups distinguished in the
ordination contain the same macroplots as the two large
groups distinguished in the cluster analysis (Figures 21 and
30). Using the following key based on the dominant forb and
grass Bpecies'zo of the 22 macroplots (92%) were correctly
identified to the correct cluster. We therpfore conclude

Vad
that the cluster analysis and ordinatidn based on the foliar

-

w2
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covbiudg the dominant forb and grass gave an ecvlogically

moaniﬂgful clalsitication‘ot the range communities in the
. i ) /

- study ares. ' ‘ 2;

- « L

Key to PIlgnt Coumuniticu
1. Community containg hlgh concentrations of Poa gritgnsic,'
']|;uxac tticggal or Pestuca gghrg..........z

1. Community conta1ns low concon:ratxons of Taraxacum

officingle and Poa pratensis.......... .4

2. The predomigant grass is Festuce rubra......o... .

(Festuca-Tar'axacum community (cluster 1))

2. The predominant grass is Poa pratensis...... cesd3

3. ape dommunity is dominated by Poa pratensis and Taraxacum
officinale..(Poa-Taraxacum community (cluster 2))

3: The tommunity is dominated by Taraxacum officinale but

Poa pratensis concentration is low, it has native species

present which include Bromus vulqaris, Elymus glaucus, Carex

macloviana, Castilleija miniata, and Potentilla

arquta......... . (Taraxacum Poa Bromus communxty(cluster 3))

4. The communxty does ot contain Heracleum 4phondy11um it

is domxnaxed by the forbs Agoseris aurant;ch Penstemon

procerus, Castilleja miniata, gotentiiyg arquta, Rhinathus

minor, Fragaria virginana and Collomia linearis and by the

shrub Symphoricarpos

8lbUS....co0venrn. . . (Symphor icarpos-Lathyrus-Bromus
community{(cluster 4)) \

4. This community contains high foliar cover of the forbs

o T e EAo e “ - L D e e [ SSSONE Rl M

p
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Heracleum sphondylium, Utrica dioica, Lathyrus nevadensis

- . . b
Epilobium angust;jol1um...........(Heracleum-BPomus

communxty(cluster 5))

The foliar cover of the diagnostic plant species for

each community is outlined in Table 14. T

-

i
2

»
g

10.3 Plant copmunities and soils

10.5.1 Plant Communities

Table 14 outlines the foliar cover of the diagnostic
plant species in the various communities. When one.compares
grazed and ungrazed communities there is generally an
increase in foliar cover of Taraxacum offtc:nale, Festuca
rubra, Phleum pratense, and Poa pratensis and a decrease in
Heracleum sphondyl ium, Thalictrum occidentale, Lathyrus
nevadensis, Epilobium angustifolium, éromg;;vulgaris, and
Elymus glébcus going from‘a ungrazed to an grazed community.

Along the moisturé gradie;t from wet to dry there was
am increase in the foliar cover of Penstemon procerus,
Agoseris aurantica, Rhinanthus minor, Stha'occidenfaIis,
Fragaria vlrglnana, Collomia Ilnearrs,/Potentllla arguta,
Castllleja miniata and Carex macloviana and a decrease in
Heracleum sphondy]! ium, Thal ictrum occidentale, Utrica
dioica, Epilobium angustifol im, Calamagrostis canadensis,

Bromus vulgaris, and Elymus glaucus going from wet to dry.
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There were five main community types that -had developed
in response td a grazing management and moisture regime.

———Community ! (Festuca-Taraxacum) was represented by a

dominance of the grass Festuca rubra and the forb Taraxacum
off icinale (Table 15 and Figure 30). It had a well developed
grass layer and a poorly deﬁeloped shrub layer. The moisture
regime was generaliy submesic. The dominantvsoil was Ort£ic
Melanic>Brunisol with a well developed mull Ah horizon. This
community has developed in response to extremely heavy
_grazing (86%). Festuca rubra, Poa pratensis, Phleum pratense
and Taraxacum officinale i;crease as grazing intensity
increased (Table 15 and Figure 30).

Community 2 (Poa-Taraxacum) was dominated by the grass

Poa pratensis and the forb Taraxacum off icinale (Table 16
and Figure 31). It had a well developed tree layer of
Populus trﬁgyﬂoides. The domihant,shrub was Lonicera v
involcraté. This community had a mesic to subhygric moisture
regime and was characteristic of extremely heavy grazing
(86%). The doﬁinant soil was an Orthic Melahic Brunisol.

Community 3 (Taraxacum-Poa-Bromus) was dominated by the

forb Taraxacum off icinale and the grasses Poa pratensis.and

Bromus vulgaris (Table 17, Figure 32).
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TABLE 15. Characteristics of the Festuca-Taraxacum comhunity
(Cluster 1).

Foliar o
cover(%) @

Shrub: Rosa acicularis o 1 +/- 1
Symphoricarpos albus T -

Forb: Taraxacum offinale 30 +/- 7

Grass: Festuca rubra 30 +/- 13
Poa pratensis e 9 +/- 12
Phleum pratense 2 +/- 2
Carex macloviana T N

n=2

Soil: ~ Orthic Melanic Brunisol
Grazing regime: extremely heavy
Moisture regime: submesic

Slope position: upper
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FIGURE 30. Festuca-Taraxacum community.
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TABLE 16. Characteristics of the Poa?Taraxacum community

(Cluster-2).

Tree: Populus tremuloides
Shrub: anicera involcrata
Forb: Taraxacum officinale
Ranunculus acris
Trifolium hybridum
Veratrum viride
Grass: Poa pratensis
' Phleum pratense
Elymus glaucus
rare: Festuca rubra
Calamagrostis canadensi
Bromus vulgaris

Soil: Orthic Melanic Brunisol

-

Foliar
Cover (%)

3 +/- 85 7

T
28 +/- 9
. T

3 +/-5

T

40 +/-
2 +/-
1 +/-
1 +/-
T

s — N

S

n=z=H

Grazing intensity: extremely heavy
Moisture regime: mesic to subhygric

Slope position: mid to lower



FIGURE 31. Poa-Taraxacum community.



TABLE 17. Characteristics‘of the Taraxacum-Poa-Bromus

-( \

*

&

community (Cluster 3).

Tree:
Shrub:

Forb:

Rare:

Grass:

Soil:

Grazing intensity: Moderately grazed

-

Populus tremuloides
Rosa acicularis
Symphoricarpos albus
Taraxacum officinale

"Castilleja miniata

Epilobium angustifolium
Potentilla arguta
Lathyrus nevadensis
Thalictrum occidentale
Penstemon procerus
Rhinanthus minor
Fragaria virginana
Collomia linearis

Poa pratensis

Bromus vulgaris

Phleum pratense

Poa interior

Carex macloviana
Elymus glaucus

Foliaf

Cover (%)

W

)
[+,

+/-
+/-
+/-
+/-
+/-

R

+/-
+/-
+/-

+/~
+/=
+/-
+/-
+/-
+ /-

Brunisolic Dk. Gray Luvisol to

Melanic Brunisol

Moisture regime: submesic
Slope position: upper

o

- S NN NN W

W N — > O\ O

Orthic
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4 N

This community had developed in response to a moderate
grazing regime. It contains native species Castilleja
miniata, Potent 119 arguta, Penstemon procerus, Bromus
vulgaris, and Poa interior, but it aiso contains species
(Taraxacum off icinale and Poa pratensis) which respond to

"heavy grazing. It had a poorly developed shrub and tree
layer and vas associated with a submesic moisture regime.
The soils varied from a Dark Gray Luvisol in the moister
sites to a Orthic Melanic Brunisols in the drie;'areas.

Community 4 (Symphoricarpos-Lathyrus-Bromus) was

similar to communities 1 and 3, but was not influenced by
grazing (Table\ﬁe and Figure 33). This community was
dominated by the shrub Symphoricarpos albus and the forbs
Lathyrus nevadensis and Thalictrum occlidentale. Other forbs
characteristic of this site included Castilleja miniata,
Penstemon procerus, Agoseris aurantica, Collomia linearis,
and Potentilla arguta. The dominant grasses included Bromus
vulgaris, and Elymus glaucus. Other graminoids .
characteristic of this type include Stipa occidentalis, and
Carex macloviana.

The moisture regime vas submesic and the dominant soils

varied from Dark Gray Luvisols to Orthic Melanic Brunisols.
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TABLE 18. Characteristic of the Sympfrorlcarpbs-Lathyrus
-8romus community (Cluster 4).

‘Foliar
Cover (%)
Tree: , Populus tremuloides 1 +/- 0.1
Shrub: Rosa acicularis 4 +/- 3
Symphoricarpos albus 6 +/- 5
Forb: Lathyrus nevadensis 6 +/- 1
Thalictrum occidentale 5 +/- 5
Agoseris aurantica T
. Castilleja miniata 2 +/- 2
Penstemon procerus T o'
Rhinanthus minor T ’
Fragaria virginana. 3 +/- 2
s Collomia linearis 3 +/- 0.2
Potentilla arguta 3 +/- 3
Epilobium angustifolium 2 +/- 2
Grass: Bromus vulgaris 2 +/- 1
Elymus glaucus 1 +/- 1
Stipa occidentalis T
Carex macloviana 2 +/- 1
Melica spectabilis 1 +/- 0.1
Poa interior T
n=2 ’

.
1

Soil: Dk. Gray Luvisol (in drainage) t%’
‘ Orthic Melanic Brunisol
Grazing intensity: 1light to no grazing
Moisture regime: submesic
Slope position: upper

‘..._
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FIGURE 33. Symphor icarpos-Lathyrus-Bromus community.
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& Finally, community 5 (Heracleum-Bromug-Elymus) vas

characteristic of mesic to subhygric moisture regimes in an
ungrazed situation (Table 19 and Figure 34). The dominant -
grasses were Bromus vulgaris and Elymus glaucus. Other
grasses, included Calamagrostis canadensi|s ané Poa palustris.
The dominant forbs included Heracleum sphondyl fum and ’

. Thalictrum occidentale. The dominant 80il was usually a.

| Gleyed Dark Gray Luvisol, but Orihic Melanic Brunisols with

a Btj horizon were also present.

’
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FIE T
. 1

‘BLE 19. Chanctorutics of the Her'aclaum-e
(Cluster 5). . s

-

, AN
Foliq
. » ' C,?::‘. »‘a; b
Tree: Populus tremuloides VLTS B e
Shrub: Rosg acicularis T AN
Symphoricarpos albus T o
Forb: Aster modestus , 4 ¢4/- 3
Aster cilatus 1-%/= 1
Epilobium angustifolium 10 +/- 5
Heragleum sphoagdylium 25 +/- ¢
Thalictrum occidentala 14 +/- 2
Vicia americana 8 +/- 1
Utrica dioica 1 +/= 1 ‘ ‘
Grass: Bromus vulgaris ¢ +/- 2 ’
Elymus  glaucus T e/- 2 . e ’
Melica spectalfilis | T ¢ "
\ Poa palustrigs T
Calamagrostis canadensis T , .
. u n=6

-Soil: Gleyed Dk. Gray Luvisol or Ort MeL‘nxc‘
Brunisol with a ) m‘.l :
Grazxng intensity: ligidifto no grazing g o .
Moisture regime: mesic toatubhygrxc . -y
Slope position: mid to lo ‘

’ ! ~

‘e
.
-
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FIGURE 34. Heracleum-Bromus.community.™ "
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10.5.2 Soils

The soi;s of the study area were within the Brunsolic
and Luvisolic Orders.. They varied from Eutric to Melanic
Brunisols and Dark Gray Luvisols (Table 20). In general the
Luvisolic soils were found in sites with moisture regimes og
mesic to subhyric. In contrast the Brunisols were found on
drier sites where the moisture regime varied from mesic to
submesic. -

The Ah horizons were generally well developed (>10 cm)
and had an aQerage'organic matter content of 15% with.a

maximum of 21% at site one and a minimuh of 11% at site 5

4 »

(Table 21). The % nitrogen g%hteh: varied from 1.3 at siteo]
to 0.5 at site 5. The average % base saturation was'%4 with
a predominance af calciumjand magnesium. The pH of the soils
ranged-irom 5.6 (site 1) 8o 6.4 (sites 2 and 5) and the
cation exch;gée capacity averaged 42.

Although not statistigﬁ}ly signi%icant, the soii
‘suborders with the greatest profile develoment generally had d
the highest synthetic moisture indices (Figure 35). The
highest mean SMI (59) was assoclated with Dark Gray Lugﬁﬁgng
and the lowest mean SMI (28) was associated with Orthic « %L
BEutric Brun1sols. It is assumed that a Orthrc Melanig |
Brunlsol wlth a Bt) horlzon ys developlng into a Dark Gray
Luvxsbl and theréfore has morgvprdflle @evelopment than an
Orthic Melaqﬁc Bruflsol w1th,a Bm horizon.

~3
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TABLE 20. Soil Order, Great Group and Subgroup for each site

e

Soil type

1 Orthic Melanic Brunisol
2 Brunisolic Dk. Gray Luvisol ’
3 Oorthic Melanic Brunisol .
4 Dk. Gray Luvisol I
5 orthic Eutric Brunisol “ )
6 Gleyed Dk. Gray Luvisol ’ S 5
7 Gleyed Dk. Gray Luvisol N .
8 Orthic Melanic Brunisol

« 9 Orthic Eutric Brunisol
10 Orthic Melanic Brunisol
11 L] L n !
12 Orthic Eutric Brunisol .

—F— - Orthic Melanic Brunisol
14 Orthic Eutric Brunisol
15 Orthic Melanic Brunisol
16 Gleyed Dk. Gray Luy.isos
17 Gleyed Eutric Brugd N
18 Brunisolic Dk, «Gg wisol
19 Orthic Melanic HES ¥
20 Gleyed Melanipg
21 " " .
22 g Dk. Gray Luvi L
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FIGURE 35. Average Synthétic Moisture Indices (SMI) for each
soil type Orthic Eutric Brunisol (OEuBr), Orthic Melanic
Brunisol (OMeBr), Orthic Melanic Brunisol with a Btj horizon
(OMeBrbt j) and Dark Gray Luvisol (DKGrLu).



11. DISCUSSION
t

11.1 Vascular species

Over 50% of the vascular species found in the
sub-boreal spruce biogeoclimatic zone were associated with
grass and aspen seral forest communities of the study area.
\Of'the 72 -vascular species found approximately 34 were
- highly palatable to cattle (Looman 1983). The most palatable
include exotic species characteristic of heavily grazed
areas Taraxacum officinale, Festuca rubra, Phleum pratense,
Trifolium repens and Trifolium hybridum. The most palatable
native species include Heracleum sphondylium , Thal ictrum
occidentale, Aster modestus, Aster cilfééus, Aster
conspicuus, Vicia americana and all gra;;es when in the
vegetative state. .

The species with the highest constancy values inc;uded
Taraxacum off icinale and Poa pratensis. These species were
well adapted to withstand moderaté to heavy grazing (Looman
1983). The majorﬁty of the vegetation within the study area
was grazed‘and would account for the high constancy values
of these species (Table 10).

LaRoi and Hnatiuk (1982) concluded that their plant
community key for Pinus contorta stands®which gave a 67%
success score, represented a meaningful ecological
classification. The key developed for these communities had
a 92% success scorel The two macroplots which weré‘not

4

correctly identified were from community 3. This plant

141
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community exhibits species characteristic of both grazed and

ungrazed communities making it difficult to decide at step 3
of the key.

.

11.2 Environmental rolationshiés of the communities

| There are fiQ;ffactor complexes which ate~important\in
plant comfnunity formation. These include flora,
accessibility factor (ability of the species to reaéh the
habitat2; écological plant properties, habitat (sum total of
environmental), and time (Mueller-Dombois and Ellenberg
1974). Accessibility factor is only‘important when plants
are invading new substrates and time is only important when
the plant communities have not reached equilibrium
(MuelIer-Dombois and Ellenberg 1974). In general habitat
factors and ecological properties of the flora are the core
for research activities.

Plant species have distinct ecological responses to
different environmental factors. Each specie$ is distributed
in its own way, according to its own genetic, physiologicéi,
and life cycle characteristics. It also has its own way of
interacting with thé Physical‘environment and with gther
species (Whittaker 1970). A change in one environmental
factor will affect the the spec{es combination and change
the community equilibrium. In plant ecology it is important
to recognize the factors that are responsible for the

control of species combinations. The vegetation within the

study appears to have developed in response to the
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environmental gradients of grazing management dﬁ?ih%isture.
The duration and intensity of grazing appears to be a key
component in the species composition and broductioh of these

rangeland plant communities. * .

11.2.1 Grazing intensity )

It has long beén recognized that plant species respond
to herbivory in different ways (Dyksterhuis 1949, P#:ker
1954, and Pitt 1984). For example Ellison (1960), Johnston
(1961), McLean and Tisdale ( 1972) and Willms et al. (1985),
have all found that dandelion increased'as grazing intensity
increased. The rosette growth habit and precocity in
flowering and fruiting togethey with suppression of taller
vegetation by grazing allows dandelion to florish (Ellison
1960). Poa pratensis and Festuca rubra have creeping
rhizomes which allow the plants to withstand heavy grazing
treatments and establish thick swards very qdickly (Looman
1983).

In contrast the native species of the study area wvere
not adapted to withstand heavy grazing treatments. Ellison
(1954), found that Heracleum sphondylium, Agropyron
trachycaulum, Bromus spp. and Castilleja spp. decreased as
grazing intensity increased in the subalpine meadows of
_Utah. Grime and Lloyd (1973), found that Heracleum
sphondy] ium was absent from grazed areas, whereas, species
like Achillea millefolium, Festuca rubra, Poa pratensis, -

Q
Ranunuculus acris and Rumex acetosa were associated with
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these areas. Loo‘an (1983), found that native spec}es of
Rosa spp., Salix spp.., Epllobium angustifolfum, Castilleja
miniata, Aster conspicuus, Lathyrus spp.‘, and Viclia ¢
amerlcana were all palatable and decreased as grazing
intensity increased. According to the ranchers the
domesticaied forages seeded in the early 1970's only
established in areas whére the cattle had trampled and
overgrazed the existing native vegetation. In one area that
had been aerial seeded one side of the fence protected from
grézing was predominantly native vegetation, whereas, the
other side which was grazed had a predominant Poa pratensis,
" Taraxacum officinale species composition.

These results indicate that plant species within the
study area have distinct responses to herbivory. Areas which
were heavily grazed each growing season have high foliar
coverage of Taraxacum officinale, Poa pratensis, Festuca
rubra and Phleum pratense. These species are well adapted to
heavy grazing intensities creating stable pfant communities
well adapted to intense grazing use by cattle. Over 77% of
the variation within the species stand table was agcounted
for by grazing intensity. This environmental gradient has
theg greatest influence on the species composition within the

~&.“study area.

Three plant communities that developed under grazing
Taraxacum-Poa-Bromus., Taraxacum -Festuca and Taraxacum-Poa
tended to have less soil profile development (no Bt horizon)

than the ungrazed communities. These soils tended to be
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Brunisols, whereas, the soils in the ungrazed situations
tended to be Luvisols (Table 13 and 20). This lack of
profile development might be the result of less moi;éure
movement within the soils. Rauzi and Hanson (1966), found
that water intake rates were lowest on the heavily grazed
areas and highest on lightly grazed areas. Hanson et al.
(1970) found the mean seasonal runoff was 0.79, 6.56 and

' 0.42 inches for the heavily, moderately and lightly graz;d
watersheds respectivély. Heavy grazing reduced the foliar
and litter cover of the area. This lack of vegetative cover
would tend to cause an increase in evaporation and water
runbff and consequently, less water movement through the
soil prafile. Heavy grazing by cattle also tended to cause
compaction of the soil, reduced pore space_and thus lowered
infiltration rate (Rauzi and Hanson 1966).

Percent organic matter and percent nitrogen were higher
at sites 1 and 3 (Table. 21) two grazed macroplots. both
sites had high foliar cover of faPaxacum.ofFicinale, Poa
pratensis and Festuca rubra. Heavy defoliation will cause
rapid root turnover in the grazedsspecies, thereby

~

increasing organic matter within the soil (Jameson 1963).
Grazing also seems to jnhibit forest success{;n.
Johnston et al (1971) and Arthur (1984) found heavy grazing
by cattle inhibited tree and Shrub invasion. In the Poplar
lake study area heavily grazed aréas (86% utilization) had

very little aspen sucker or shrub cover present. In one area

'Qfotected from grazing for the last four years cover of Rosa
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aclcularils increased.

11.2.2 Soil moisture

‘Moisture is a major factor limiting the distribution of
plants (Krebs 1978). Dix and Smeins (1967) found the
gradient in soil moisture to correlate.most strongly and
consistently wjph the gradient in commpnity composigion.
Loucks (1962) found that depth to prevailing water table had
a major influence on the vegetation. He also found that
'areas of high runoff accumulation had high conéentrations of
black spruce. -

When grazing intensity was eliminated as a source. of
environmental variation, soil moisture appeared to account
for most of the variation within the species stand table
(Table 13 and Figure 27). There was a definite species
response to a moisture regime gradient. Species
characteristic of dry upper slope positions included
Castilleja miniata, Agoseris aurantica, Potentilla arguta,
Penstemon procerus,-and Stipa occidental is (Table 14). These
species were indicative of the Symphor icarpos
-Lathyrus-BPdmus community an ungrazed submesic grassland.
In contrast species characteristic of moister lower slope
positions included Heracleum sphondy ium, Utrica dioica,
Delphinium glaucum, Elymus glaucus and Bromus vulgaris. The
presence of these species was indicative of the

Heracleum-Bromus community an ungrazed mesic to subhygric

grassland.

>
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. N A\] *
-+ There was oxti,mo variation in total water between the

variouslbttgn'vith n catenas. Site 2, an upper slope

position in catena one tended to have higher total water and

s0il moil ure‘ﬁ:;f y than site 3, a lower midslope position.
Site 2 was locaﬁ;d in an area of natural drainage and
interflow passeé through the middle of the plot; Spring
runoff occurred in May and therefore total wat:r was high at
site 2 during that month. The natural drainage in site 2 may
also explain why there was no difference in total v;ter |
capacity fdr site within catena one in June, July and
August. | \

There wa difference in total water capacity for
each site wi ither catena for the month of July. July
was extremely ho d dry in 1985 (Figure 4, Table 2).

Synthetic moisture index was significantly correlated
with total water in July and August. This would indicate
that soil moisture in July and August may be most important
in determining species response to a moisture regime.

Synthetic moisture index tended to ;ave a mor;'mesic
value ﬁhan was actually the case. There were more mesophytié
species than either xerophytic or hydrophytic :beciés in the
sample flora and these species tended to pull the SMIs
towards a middle position alond the moisture gradient
(Appendix 2). Rowe (1956), found that the ecological
amplitude of the plant species adapted to moist and wet

conditions was very narrow compared to those adapted to

drier conditions.
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. The piants chaf?ctotintic of heavily grazed communities
*: raraxacum off icinale and Poa pr'atensls, had vid®P ecological
amplitudes and ranged from submesic to subhygric moisture
Fegiméc (Figure 23). These species being very comman in the
study area tended to pull the SMIs closer to a mesic (3) -
moisture regime. Species with wide ecological amplitudes
tended to distort SMI values because they ve;e usually ¢
primarily respoﬁding to environmental factors other than
.soil moisture (ie grazing).
The high constancy values of these mesophytic plant -\

Ispecxes (Taraxacum and Poa) in the grazed macroplots would

, account for the higher SMI values of the submesxc macroplots

in the grazed situation (Group A) compared to the submesic

A
¢ e

' C macroplots 1n the ungrazed situation (Group B) (Figure 26).

- 3““ Ssh‘ lack £ ¥ignMicant difference between SMIs for the

:& wqfnow‘kxﬁprthep %&g’gu&é"S) may be the result of the

n‘%“ék33¥b% ‘ggga?f P ﬁ;  5 5’@53h§ plots were described
TR the i ”isol Qrthxc Eutric Brunlsol

e, “a"‘# . 4'., vu
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1. 2 k| rounst succossxon

? ' fn the qbsence of grazing, forest success;on appears to
ééatt with Pbpulus ‘tremuloides and then sucteed to Picea
g)aucaiand Ab)es lasiocarpa (Pojar et al. 1982). Aspen
inQasi?q was very prevalent on all ungrazed sites. Spruce

invasion was quite prévalent at Bill Nye Lake (site 7, 15
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and 16) end'*pruce.wae present in the aspen understory of ’b’
site 4. In the past tree invasion may have been retarded 5;
fire and moose browsing in theee.ungrazed situations. Pojar
et al. (1982), have pointed out that burning by Indians was
‘ Quite prevalent throughout the sub-boreal spruce |
biogeoclimatic zone. Nelson and England (1971) stated that
Indians employed fire to control wildlife moveuents in the
northern grasslands of Canada. Fitzgerald and Balley (1984),
found that burning an aspen forest followed by heaVy cattie
grazing controlled aspen sucker regrowth and converted the
forest to a grassland. T cessation of fire in the fescue.
prairie has also resulteng

the grasslands. win-*?dvent of modern fire 5uppres§10£
' -
ly

. fire has been near iminated from the natural forest

> tree and shrub invasion onto

ecosystdm. It -is believed that in the absence of grazing and
]

fire, tree encroachment will occur on these ungrazed

graéslands This will eventually reduce forage product1v1ty

as the grasses and forbs are shaded by 'shrubs and trqes
) )



12. SUMMARY .AND CONCLUSIONS

.

There are predominantly two native grassland plant

communltles utilized by 11vestock w1th1n the study area. In

s the dtler upper slope posxtlons the native grassland was

.
*x

’ moxsture lov1ng species Heraclelm sp

dom1nated by the grasses Carex macloviana, Stipa

‘&cc fdental is, Elymus glaucus and Bromus vulgaris. The

dominant foibs included Potentilla arguta,MCastilleja
mlniatgﬁ Rhinanthus minor, and Penstemon prbcerus and the
dominant shub was Symphoricarpos albus. 1In the moist lower

slope pos1t10ns there was a Shlft in spj;ies composition to
y

lium and Utrica

« dioica and the grassas Bromus vulgaris and Elymus glaucus

— %

became dominant. AS grazing intensity and management;
A ]

increases over a number of years there is a sh1ft in species
composition away from the natiye forbs @nd grasses to the
introduced cultivated species of Taraxacum officinale, Poa

pratensis, Festca rubra and Phleum pnatense The heavy

gra21ng regime has acted like an env1ronmentak gradient = -

‘creating stable plant communities which are adapted to high

defoliation intensities.

) Heavy grazing by cattle also appears¢to inhibit shrub
and tree encroachment. The continuous grazing system may -
inhibif forest succession and maintain the ,grassland
vegetation. |

The soils.of the various plant communities were
predominantly Orthic Melanic Brunisols.and Dark Gray

Luvisols. They had relatively thick Ah horizons (0-15cm):

""\; 150



» ’ » 151

" with organic matter contents}of 12-21%. The percent base
eaturation was approximately 68 and tﬂe pH varied from 5.8
“to 6.4. These soils are extremely rith and readily support
the'groyth of grasses and forbs. -

The normal growing eeason eg fhe various grassland ané*
aspen forest communities was about May to September but
atypicaf spring weather and summer drought can markedly
affect'forage availability. In 1984 there was insufficient
growth for cattle until the first week in June wherea$§,
sufficient forage fof cattle.wés available ;hree weeks
earlier in.1985. Turnout date $hould be flexible and
dependeng upon forage availability. The primary fachr
influencihg the initiation of forage growth and thuswt@nge .
readiness appears to be temperatere.in May. |

Plant growth is reduced by drought and defoliation,
When these two factors are combined the ability of the plant
to regrow is severely affected. Drought condft&ons occurred
at the end of July in both years. If cattle are to have
sufficient forage available to them du;ing drought then the
lack of growth during July must be taken into account in
range management planning. This would require either that *
selggted areas be ungrazed unfil Juiy or that light grazing}
be practiced in May and June permitting the grassland to
regrow prior to the onset of drought dﬁring July.

Perlodic grazing of cultivatedlsrasses (Poa pratensis,
Festuca rubra, Phleum pratense) with suff1c1ent rest periods

)
between grazings does not calsé a ‘decline in production

-

Cm—y

“*ﬁ.
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(Figure 17, two harvests/season) but continuous heavy
grazing or grazing at too sh&rt an interval between grazings
substanially reduces production (Figure 7, '3 and 4’
harvests/season). o .
Both Taraxaéum, of&icihale and Heracleum sphondyliiu‘m '
‘the two most common forbs, gfow early in the season. If
optimum use 1is to be made sf daqa‘}§on, then it should be
grazed soon after catf}e turn out in spring. Cow parsnipi
does. not senesce as rapidly as dandelion but it too could be
'grazed in June and July. |
Cow parsnip is an extremely impé@tant forage plant
within the study a;;a. This plant has a large root mass. It
continued to produce etiolated growth until the midale of’
Septembeﬁ in the 0 and 1 defoliatign treatments and up to
the middle of'Juiy if thé 3 and 4 defoliation treatments.
fThis growth period was 1ongér than any other species tested.
The forb could ?&'heav1ly defoliated, allowed to‘regrow and
then 4 ollat§d/aga1n thereby ma1nta1n1ng maximum
product1v1ty This species was observed to be highly
palatablq to cattle, particularly during flowerlng.
1t would appbar that continuous grazing of cow parsnip
over one year does influence its productivity , but.
‘continuous graziﬁé over 20 years appears to eradicate it
from the plant community.

From observations in the field it would appear that

- ¢

a

blue wild rye and Columbla brome are palatable in the sprlng

when the plants are in the leaf stage but they became

¥ 4
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relat;yely unpalatable as they matured '&’

The native plant species can w1thstand*two defollatxons
throughout the growing season without severo%y affect1ng
forage production (Figure 18). However, it wagrobserved in
the field that very little regrowth occurred ahd this was
attributed to limited soii'mojsture in July andlmugust.

The maximum production‘o£~native forbs and'grasses in
exclosure two occurred by the end of June (Tables 3 and 1W3

2

These plants should therefore be grazed between Mag and auiy
to take advantage of maximum productivity and nutrlent’
content. Fpr practical reasons. this is not always poss1b1e
since a forage supply must be maintaineds from July to

October.

T

12.1 Grazing systems , s
The leasees practice a continuous grazlng system Th1s
system leaves many areas of the range unit overgrazed and
generaily)eradicates cow parsnrp. There is insufficien .
fotage grovth for cattle during the drought period in §§ix_/
and August as well as during the fall. Cows are probably
elther only maintaining weight or losing weight fYom
September onwards under the present management systemf

if.maximum productivity and stability ofgthe forage

resource is to be realized periods of rest during the

» a

growing seagon are required. A number of grazing system
-~
alternatives could be applied to the area. A few are

presented below:
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1. Reduce the stocking rate to moderate. Moderate continuous

grazing would make more forage available to céitlé in the
fall although some areas would remain overutilized. Calf
veight gdin wéuld probably increase slightly, but cow weight
would be considerably greater because of the greater
availability of forage from July to Oétober;
3. Rotational grazing system. This would ensure a sufficient
rest between grazings enabling recovery of cultivated and
native plants. It would also likely gesult in the
maintenance of cow parsnip as a major forage species, an
expansion of the grasses, a reduction in dandelion and
overall increased forage production if managed
appropriata;y.
| Arﬁgs éurrently having extensive growth of dandelion
could Qé;grazed as soon as cattle are turned out in spring
to take édvantagé'of i%f maximum growth and nutrient
content. Cattle should then be moved elsewhere t&spermit
regrowth and allow the development of aq_iggguaté supply of
grass growth for August to October fall grazing. Mid-June to
mid-July is a good time to graze native grasslands where cow
parsnip is abundant. |
The rotational grazing scheme must take into account
the growth patterns of the forages. Dandelion and cow
parsnip both grow early. Grasses provide most mid-summer and
fall regrowth so they must be grazed prior_to seed set, in

order to stimulate tillering and promote continued growth.

®
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A rotational grazmg sch*no \;an be adjusted to take @

V
advantage of the growth cycl of t.he various forage

spec1es. The scheme is also £Ig¢(ib1e en gh to b€ ad]usted

to the varying types of terrain and vegetation on each range

community.
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_14.1 APPENDIX 1: Map of the study area
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‘Appendfk 2: Spécies four letter code, associated scientf*ic
name, and moisture indicator value (MIV)

Species
code

potr
amal
loin
prvi
rila
roac
ruid
rupa
sasc ‘g
spbe ¢
syal
acmi
acru
agau -
lce

"%rhi &

!

‘asci
asco
as$mo
cami -
cear
civu
coli
copa
degl

- epah

epgl
frvi
frca.
gabo
gema
hesp
lane
maia
pepr -

.plima

poar
pogr
raac
rave
rhmi
ruac
rucr
setr
smra
smst

Scientific
name

Populus dmuloides

e lanchier alnifolia

Lonicera involcrata\

Prunus virginiana

bes lacustre

Rosa acicularis
Rubus idaeus

Rubus parvitlora
Salix scouleriana
Spiraea betulifolia

Symphar icarpos albus !

Achillea mitlefolium
Acteatrubra

_Agoseris ayrantiaca

Allium cerriuum
Arabisghipsuta
Aster €1lolatus
Aster conspicuus
Aster modestus -
Castilleja miniata "
C?fastium arvense
cfrsigm vulgare ™
Col ia linearis
Collinsia.parVviflora
Deiphinium glaucum

Epilobium angustifolium  ime. ’
Epitobium glandulosum S
- Fragaria virginiana

-

Moisture
Value

-

»
PN w N

-

»

WWRN =N BN

Fritillaria camchatshensisa . -

Galium boreale
Geum macrophyllum .

Heracleum sphondy{ium
~Lathyrus nevadensis
_Maianéthemum canadense
Penstemon procerus

Plantago ma jor
Potentilla arguta

" Poteritilla gracilis

Ranunculus acris

-Ranunculus verecundus

Rhinanthus minor
Rumex acetosa

'.Rumex crispus
‘Sepecio triangularis
.Sm¥lacina racemosa

Smildcina stellata

1

L)

N

w

3-4

w
L WIT W DN
w - wWw b :

VBN N

N
w

;?bm
‘.

N
F-

Y .

w

4

WIOWWRBEE I RNNNNBWEBW I BN
£
*
- o
t



Stellaria longipes

‘Taraxacum officinale
Thalictrum occilentale

- Trifolium hybeidum '
Trifolium repens '

Utrica dioica

Veratrum viride

Veronica serpyllifolla

Vicia american

Viola adunca Q.V$¥

Viola canadensis

Agropyron trachycauium

Bromus vulgaris

Calamagrostis canadensis

Garex maclovdana

Carex, pensylvanica k

. Elymus glaucus
Festuca rubra
Melica spectabilis
Phleum pratense
Pcsa palustris
Poa pratensis

*Poa interior
Schizachne .purpurascens
Stipa occidegdalis
Ir1se§um spig@tum

Sa

«Va !

x?
w
ARY O
F's

Y

n\t'awwuuwmmpww

4.

N
w

o NWwbHW Y W
<«

ST YN
www .

'1-xer1c» 2=submesic, 3-mes1c, 4=subhygric, S5=hygric
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. v .
£ 14.4 APPENDIX 4. Crude protein (x’ of forbs and grass for
. the months of June, July and August at the cultivated
b site and the native site f
' - ‘
o : " Exclosure 1 ' !u‘fdsﬁre 2 )
: Forb Grass . Forb - v & érass *
. : 2 ' ', . N " " %" . L
» ~ June : 10" 9 e We 6 RN "5 S
W Cgulyeews o P e | 6 147 g 6
Aug .8 ! 6
|r - . ! . . ‘f v 4 -
1. Sites were unreplicated and no statistical test wa .;‘
~ | performed o« .. :%‘ .
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APPENDIX 8. 'Angva table for forbs and grass in the native
) site - .

}

)
Source daf . MS  F-Ratio
Focbm! ' 'Y
Treat(T) 3 ’ 4884 1.5 a
Block(B) 9 07183 2.9 ,
Year(Y) v 85 0.5
(TB) 27 ; ’ 3315 0.9
(BY) 9 943 0.3
(TY) 3 1945 0.6
(TBY) ‘ 27 3499
”-
Grass
Treat(T) 3 3089 4.6
Block(B) - 9 5110 6.5
Year(Y) 1 8548 7.4
(TB) 27 N 674 0.8 .
(BY) ' 9 © 1148 1.1
(TY) . 3 888 1.1
~ (TBY) 27 791 ;
L 4 — )
- P 3 '
) ‘ '
4
_ , /
. ; , - '
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