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ABSTRACT

A surve} of the grassland and'Shrdbland coi,unities
on relatively undisturbed sites invthe'afea surrounding the
University of Alberta Ranch at Kinsella, Alberta resultéd in
five plant communities being descri ed. The‘five plant |
| commuanities descrlbed vere a §1jghg;1§g;29_
M;&w/zg_&ygg. a zmns;rstm. a L;aa-rs;s_t_nsg and
a §;;ga-bg;ggx_gg community.. The _gg;gg;-§_12; co-nunity/ﬂ\‘
the major grassland community in the stndy area,;&as sub-
divided into a grassl&nd phase and a shrub phase'bdseﬁ on
the'présence and cover of Elaeagpys computata. The
litefature review indicated that the resggga-§;;gg coamunity
may be a recent developnent resulting froam changes brought’
about by settlement of the prairies. The §$12§—. opyron
comminity vas unusual because of js lack of Pestuca o
scabrella on a site vhere F. §QQ£Z:115 vas expected to be \)
one of the dominant grasses. The presence of fhe Stipa- :

g gzron co-nunity was‘attrxbuted to heavy gta21ng on the

area in the past.

A more detailed survey of 14 stan&s of
Symphoricarpos bcciden§§11§ vas conducted. the data
gathered vere.analysed using two methods. One was to
compare the soils of groups of plots in the S. gg;iggnggli§
stand v1th the soils of plots in adjacent grasslands.. éhe
seCond lethod of analysis was to ‘?e a clustet—ordlnat1on to

gather the plots into groups Hlth silllar vegetatlon. The

iv ‘ > 2



cluster-ordination vas found to be the most useful method of
analysis because it revealed two types of grassland and a %
bias that was present when the stands were selected for

stu&y. The presence of S. occidentalis was overenphaslzed

" in the selection of stands for study resulting in sonme

grassland stands wvith scattered S. gggiﬂéngglig plants

present, being included u1th sthe shrub stands.

O0f the soil properries studied only loistnre,
horizon depths and, possibly, potassium levels wvere
correlated with the distributien of stands of S.
_gg;ﬂgg__;;s,' Ap apparent increase of 5011 potassiu- under
the S. ggg;ggg_gl;s stands may have been due to increased

release of pota551un by leaf fall in the shrub stands

it

'relative to the grassland. The presence of a deep enough
sozl vith adeguate 301sture vas apparently one of the lajor ) | .

factors affectxng the distribution of 'S. gggigggggli_.

It vas also concluded that there may be potential | o

for continued invasion of the grassland by S. occidentalis. ' '

Pet®
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puring the summers of 1970 and 1971, non-forosted

i 3

j{

plant conlunities vere stud;ed on the University of llbe:ta
faanch, Kinsella, Alberta.g\shis research vas conducted to
provide bacquOund ecologicaL inforuation on the non-<
fo%ested plant conlunitles for use in range "'management L
.'studies. The research vas conducted in two parts. Durlng
’ the summer of 1970, a reconnaissance ecological Survey of w
the . gpn-forested plant connunities vas. carried out. Duting -

e suller oi 1971, .a more detailed study vas lade of some
it v

T of the ecolog;cal fdctors affecting the distribntioﬂ of

o 4

i Q ggcidggtgl;st ' : e :
) 1 o N e S

- The objective of the reconnaissance synecology 'study’

¥

vas to deterline vhat plant conlunlties vere ptesent in the

gtasslands and shrublands: of the study area. -

e
, N
L

The objective of the S. gggidgnﬁél;g stedy was to
relate seleoted envxronlental factors to the distrxbution of
S. ggg;dgnggli_ in order to see which factors appeared to a .

have the gteatest effect on 1ts dxstrxbution.

"

J

‘S. ogcgggg alis, because of its long rhiioies, xs
one of the few plaats capable of invading the gtassland and
shading it out (Pelton, 1953). This is an ilportanfc

‘consideration inp ramge smanagedent studies since

1 Nomenclature for vascular plants follows HNoss, 1959.

& u .



S. ggéidggta;ig is an unpalatable shrub‘(E.w. Tisdale quoted

~+~in Pelton, 1953) that provides little forage for cattle as

they will not eat this shrub unless forced to do so by

starvation. Thus S. occidentalis is undesirable on
rangeland because it can invade the grassland and replace
valuable forage grasses resultihg'in-a lover carrying

capacify.
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DESCRIPTION OF THE SiUD!.AREA

Geography, Soils and Geolog

s

*
- The Kinsella Rar vithin the parkland zone_ of

Alberta. It is locatg diately north of the town of
Kinsella, Alberta, in dgnship 47, range 11, wvest of the 4th
meridian. The parkland vegetati?n has groves of Populus
tremuloides alternating vwith patches of fescue grassland.
‘Feneral desériptions of the parkland vegetation can be found

in Bird and Bird (19%ﬂ), and Moss (1955).

The plots used in the reconnaissance-gynecology
study wvwere loggted ip the NW 1/4 of section 33, township 46,
range 11, desi of the u4th meridian; iadthe SE 1/4 of section
29, township 46, range 11, wvest bf the 4th meridian and in
section 28, township 47, range 11, west of the U4th neridién.

The Symphoricarpos ogcideptalis study was carried out in

section 28, township 47, range 11, west of the 4th meridian

’

(Figure 1).

The ranch lieé on an area of hummocky ground moraine
called the Viking Moraine. The moraine is dotted with
sloughs ranging‘in size from a fei acres to Lac betoCheg
(0.5 x 1.3 ki) and Carrier Lake (0.5 x 2 km). Cgrtier Lake
is the-large,lake on the éast side of thé phofog:aph in
Pigure 1. Both Car:ier Lake And lLac Derocheé lie in wvhat-
appears to be a minor glacial outwash channel running

through the ranch frona nortﬁ‘to south apnd joining a larger
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FIGURE 1. AERIAL PHOTOGRAPH OF ONE OF THE STUDY AREAS, SECTION 28,

TOWNSHIP 47, RANGE 11, WEST OF THE 4th MERIDIAN

(SCALE APPROXIMATELY 1:10 500).




channel about 1.5 ka aorth of the town. Theilarger chaanel
runs from the area of Camp Lake 14 ka north Sf Kinsella
along the eastern edge of the ranch, passing west of the
town and crossing Highway 14 0.5 km vest of K1nse11a. The
channel then sﬁreads~into the’deltaic area centered on the

gravel pit east of Hattie Lake (?igu;e 2).

The soils af the Viking Moraine were napped as ..
zonally nornal shallow Slack soils deﬁeloped on uasorred,
transported glacial material by iyatt et al., (1944). Using
the System of Soil Classxflcatlon ‘for Canada//;anada
Department of Agriculture, 197u), the grassland soils vere
classified as orthic and eluviated black and dark brown
chernozems. Wyatt et al. (1944) noted the bedrock of the
study area wvas the Pale Beds.forlation. This.fornation
QSPsisted of sandstones interbedded with greenish shales and
some thin coal seams. The Pale Beds'forlatioa was of |
brackish water origin vhich accounts for_tﬁe saline nature

of many of the sloughs and lakes in'the’area.

Climate

The cliiata of the area is continental vith cobl
sullers, cold wlnters and a summer high prec1p1tat10n
pattern (Longley, 1967). "For the perlod from 1966 197a the
arerage telperature for June, July and August ‘was 15 16°C
vhrle the average during Decenber, January and Pebruary

‘varied from -11 to -19°C (Env1ronlent Canada, 1966 197Q)."‘



FIGURE 2. SKETCH MAP OF THE‘UNIVERSITY OF ALBERTA RANCH, KINSELLA
SHOWING THE MAJOR GEOGRAPHICAL FEATURES AND PLOT LOCATIONS.
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During‘this period 67# of ﬁﬁe.annual Qrecipitation fell
during the growing season from May to égptelbér and 50% of
the yearly total fell in June, July and-August. The long
term precipitation averages for Ranfurly, 48 kn—north— |
noétheast, and Viking, 19 km east-northeast, both show
similar precipitation distribution pafterns vith ‘67% of the
precipitation falling during May to Septeaber and 50% dnrihg
June, July and August. The average annual precipitation for
Kinsella ffon 1966-1974 wvas 433 mm. - Thé long tera averages
fdr Ranfutly‘and Viking wvere 440 ll&nd 396 nmnm, |

respectively. Snowvwfall fros Septeubet to May accounted for

27% of the annual precipitation at Kinsella.

The Klnsella Ranch 11es wlthxn the dry subhunmid zone
-of Alberta Hlth an average potential evapotransplratlon of
510-560 mm of water and an average actual,evapotransplratlon

of 355-405 mm of water (Wonders, 1969).



LITERATURE REVIEW - ) ¥

., ' o
Moss (1955) stated that recognition of the'fescue

grassland as a distinct entity on the Canadldh plalns came
‘late considering the exten51veness of the reglon covered and
the consplcuous clumps formed by the dom1nant\gra§s. John

Macoun (1882) made no mention of\?estuéa scabrella for the

grasslands of the parkland region,  Instead hefidentified
Stipa spartea, which he called Northern Buffaio Grasé, as
~the dominant grass invthg/}egion. Hoss_(1932) listed

Festuca scabrella as one of the leading species of the

parkland prairie along with Koeleria cristata, Stiga_conata,

Agrogzrog tgnergl (= raggxganlgn ), A. rlpar;g A.

dazstaghz g;lctotrlcg ggoget but made no lentlon of
Stipa spartea. Moss (1932) referred to the fescue grassland

as ihe northern p#airie., Clarke et al. (19“2) gave Festuca
scabrella as the doninadtvgrass of the submontane mixed
‘prairie which tﬂéy.classed as thé»ggggggg—nggthgnig
association. The disfribution given vas similar to that of
the parkland regioan. The Pestdca-gggtggnia association vas
considéred to be the climax gréssiahd for most of theVSlagk

soil zone by Moss (1944).

fﬁe first reference-to iheifeScué graSSIand as it is
’*‘préééntly conceived was by Boss and Campbell (1947). Tﬁey
nade a sharp dlstinctxon betnpen the v1rq1n fescue grassland'
‘and that distnrbed by grazing q& lovlng.. In the virgln_ '

fescue grassland, Festa gg'gggtgqhig was the sqle d0l1nant

A



vith ohly small amounts of other gtassas‘present:' In
contrast, the modified fescue grassland had increased
anounts ‘of Agro pyron ;;ggglggglg; A gg§1§taghxg!
sgbsecgngg;. Stjipa spartea‘ var. cgrt;sgtg, Koele ;; g;;_;g_g \\'
‘and Dapthonia species. .Dggghggig parryi was found to be the |
ROSt common specxes of ggg_ggglg in southwestern Alberta.

In central Alberta D. ;ntgrgg ig was the lost ‘COmmOn speéles.
and D. parryi was absent (Moss and Canpbell, 19&7),.
Additional support,forléonsidering Festggg §g§§gg1;g as‘the
sole dominant of the fescue grassland was ginen by Johnson
'(1961). He found that with complete rest fron.grazing, |
Danthopia parryi decreased while zgsﬁggg'§ggbrella

increased. Coupland (1961) agreed ;ith Moss and'Calpbell

(1947) that there vas no need to subdlvide the connunity.

‘Phe distribution of the fescue grassland in Canada is glven

~in FLgnte 3.

The fescue grassland uas.not only recogni*ed late
but there has been a def1n1te~trend to give Festuca ]3
ggg_ggll; nore»lnportance as one of~the leadlng grasses‘in
Vrhe'parkland prairie. This trend Suggests the possibility

that the recognltibn of the fescue'grassland'paralleled its

recent development.

In naking'rhe distinction between the nvirgin®
'fescue.grassland as a relict coinunity and the fescue
grassland altered by grazing or lowlng, uoss and Ca-pbell

(1947). make the assulptlon that there was no dlsturbance to



FIGURE 3. THE DISTRIBUTION OF THE FFESCUE GRASSLAND

IN THE PRAIREE PROVINCES.

%) - fescue prairie

N - stands of the mixed prairje 0and

- the fescue prairie alternate

" From Coupland, 1961, p. 140.
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",
reduce the dominance of Festuca scabrella prior to white
settlement of the area. This was probably an invalid
assuiption. Bird (1961) indicated that prior to‘tﬁe coming
of gﬁe wiite man, bison (Bison pison!) and to a lesser
extent elk (gg;g;é canadensis) grézed in the parkland
Aregion. There is'alple’evidence that grazing, even at 1i§ht
rates, reduces the dominance of Pestuca scabrella (Moss and

Campbell, 1947; Johnston, 1961; and Smoliak et al., 1974).

There is also some evidence that burning may be detrimental

to Pestuyca scabrella (Anderson,<?%72). Both H.Y. Hinde

(1860) and John Macoun (1882) reer to the annual fall

burning of the prairie by the Indians.

Steu&tt (1956) concluded that some non-geographical
force was responsible for the formation and maintenance of
the grasslands of America because the moist prairies could
support true foreSts and the dry plains could §upport
scattered trees and shrubs. He co%fluded that fires set

mainly by man wvere responsible forqthe grasslands in

America.

If further research confirms that F. scabrella can
vbe reqéved or greatly.reduced>by.burning and grazing, this
vould supéort_theihypothesis that the fescue graSsland, as
'present;j conceiégd, is a_recént devglqplent. This leads

oné-to suspect:thai the fescue grassland has been allowed to

1t Zoological nomenclature follows Soper, 1964.

.t
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develop by the suppression of fires and the prevention of

grazing on some areas since the settlement of the area by

Europeans.

Iﬁ a study of the fescue grassland in Saskatchewan,
Coupland and Brayshawv (1953) found that Festucg scabrella
decreased froam dominance in the north to co-dominance witﬁ
Stipa spartea var. curtigeta in the south. Hird (1957)
studied the distriﬁutioﬁ of the yegetation on various slope
aspects in central Saskatéhevan and found Festuca scabrella
to be the dominant grass on north-facing slopes vhile on
south-facing slopes the dominant graﬁs vas gggﬁg;ggg
gracjilis. |

Ayyad and Dix (1964) found differences in vegetative
composition related to aspect and slope position similar to
those found by Hird (J957). Ayyad and Dix found that soil
temperature, soil moisture aad solar'radiation were the most
important environmental factors affecting the distributionb

. of the vegetation with respect to slope aspect and position.

In a study conducted on a 65 hectare aréa of hilly
rangeland in the southern fringe of the parkland zone of
Alberta,ZVroe (1971) identified eight plant comamunities.
These inéluded‘ofla Pogulds trelu;qides—doninated forest.

community, a Salix-doninated shrub coamunity, a

- SznghogiCargos gccidéntal;g«doninated,shrnb collunity, a

,carex-ddlinated leadbu-COg-unity; and'four grassland

communities.. Of these, phly the S. ogcidentalis-doninated
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community did not occupy.a predictable topbgraphic site.
The other seven communities all occupied predictable sites

with respect to aspect and slope position.

S. occidentalis is an unpalatable weedy shrub on

Ct
rangelands that has been reported to be' invading the

grasslands (Bird, 1930, 1961: and Mass 1932). Moss (1932)
'agreed vith Bifd (1930) that the reported invasion af the
grassland by S. gggigggtgli§ has been aided by the actiomns
of certain mammals. Mammals having the most influence vere
Richardson's ground squirrels (gi;gilgé richardsonii),
pocket gophers (Thopgmys talpoides), badgefs (Taxidea taxus)
K foxes (Vulpes sp.); coyotes (gggig latrans) and, before

their extermination, the bison. These animals created

bare areas. wvhich gn;blgd Symphoricarpos occidentalis to
beconeiestaglished throagh a reduction in competition from
qr;ssés. The presénce of S. occidentalis stands may have
aided in thé eétablishnent of Populus treauloides by
providing sheltered'sites suitable.for the establishment of

=TT
the tree by seed (Bird,/}gé:;l v

s
Pelton (1953{ made a detailed study of S.
occidentalis in Hinqesota( ' Pelton agreed with Bird.(1930j'

and Moss (1932) that S. éccigentglis norlallf only
established itself on locally disturbed areas such as:
abandoned gopher mounds. The major c;:gﬁknof seedling
lortality ugte;fqund to be attack by( 0il invertebrates,

drought and damping off fungi.
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“

Pelton found S. Qggiggﬂgglig in plant comaunities
ranging from open grassland to dense forest. S.
gccidentalis wvas very coamon in grassland-forest ecotones.
It occurred on a wide range of soils including sature
grassland soils, some mature forest soils and immature
alluvial soils. S. occidentalis had not been reported on
alkaline, saline, very Scid, or organic soils. Pelton
concluded that soil fertility affectwvd the disttibutionlgg,

-
S. 9¢cidentalis in Minnesota inpgirectly through its effect

on competing vegetation rather than by direct action on the

shrub itself.
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METHODS

RECONNAISSANCE SYNECOLQGY STUDY
Choice of Stands

the non-

The reconnaissamce synecology study vas a survey of

forestd plant'communities in the area around the

Kinsella Ranch. Non-forested conlunities'not included in

this study were the sedge meadows and saline flats

associated with the sloughs. Thirty-three stands of

vegetation were chosen from aerial photography and ground:

survey using the following criteria:

(a)
(b)
(c)

(d)

(e

They showed no evidence of recent disturbance by
grazing, mowing, or the application of herbicides.
tach stand represented a single aspect and slope

position.

Each stand was chosen to be as hdiogeneous as

. possible.

The stands were cho$en‘to include as many different
types of grass- and shrub-dominated communities as.

there appeared td.be pteseht in the area. Within )

BN

the fescue grassland  several different slope -
aspects and positions were incluaded.
All 33 stands vere limited to an area roughly 6 x

12 kn.

One stand vas chosen to determine the number of 20 x

50 cm plots which.had'to be clipped inkdrder to obtain an
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adequate sanmple for an analysis of annual‘herbage
production. Stand 26 was chosen bécause it oocupied a
relatively large area on a level site so thet additional
studies could be qonducted in the sene.stand'with a minimun

of interference from the clipping.

'
.

A vxsual estxlate of. the oanopy coverage vas made
for each species in each sfend. Canopy coverage was defined
as "the percentage of ground covered- when a polygon, dravn
around the extrelltles of the undlsturbed canopy of each
plant 1s‘pr03ected on “the ground and all project;ons on a
~given area are sunled" (Daubenllre,’1959). CA slngle .
'estllate vas made for edch stand wi£h no attempt to divide
nthe stand into sub-unlts or repllcates. The estllates vere

aade u51ng the followlng seven class scale'

Cover g;ass Pe rce t Cover Mi lpoint

—

I T B 0.5
L2t ‘1;- 5 Y
3 s- 25. 'n '15U_
TR f,i\.zs,— 50 ,32.5
5 . .s0- 75 62.5
e ° 95'< "95 85
° 95 - 100 97.5

All calculatlons vere done using the nldp01nt of the cover

class as the value for a given spec1es 1n any stand.
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In Stand 26, a series of fifty 20 x 50 cm plots were
randoaly located. Vegetation was clipped to ground level
and the clippings vere stored stored in plastic bags and
frozen. Later these vere sorted to species in QK;

laboratory. The fir dry weight of each species in each plot

was recorded.

on July 16, 1970, soil samples for soil moisture
determination were collected from the A, B and C horizons of
19 stands A rain shower interfered with the salpling of,the
remaining stands. Salples vefe collected with a 2,5 cm.
soil probe; piaCed in spil moisture cans, taken to the
’ laeoratory, veighed, oven-dried overnight (18-20 hrs) at
1050C and reveighed. The moisture content was calculated as

a percentage of the oven dry weight of the soil.

Farly in September 1970, soil éité vere dug in 13

| stands.’_§e-pies”froe-the A and B horizons vere-sent'to the
Alberta éoilland.Feed TeSting Laboratory, Alberta Department
~of Agrxculture, to be analyzed for available nltrogen,
potasslul, phosphorus, sodlun,,pﬂ, conduct;v1ty, llne, and
orgahic'patter using their standard analyses for

agricultural soils.

Data analysis

: N |

A stand ordination is a method of dispiaying
[ ]

1nterstand relationships by plécxng stands in relatxon to_”"

one another through their pos1tlons on ‘a nulber of axes
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(Swan et al., 1969). A tud.dinensional ordination using the
technique of Swah et al. (1969) was used to’ dlSplay the
interstand relationships of the thlrtyqthree stands used in
this study. This method produced a geometrically acceptable
ordination with orthogonal axes %n“n-dinensional space.

The technique used a matrix of dissimilarity values

(distance matrix) betwveen stands as a starting point. All

‘possible stand-defined axes (axes whichﬂuere defined by

choosing one stand at eaclr end, of the axis and then

positioning all othet stands on the‘axis) Were compared to

.deterllne which one accounted for the largest proportlon of

the variatiom in the distance matrix. The axis which

_accounted for the most variation was used as the ‘first axis

of the Qrdination. The axis positions ofvall'stands'vere
calculated. If more than one axis was to be displayed, the
next step was to correct the-distance lairix for the
vafiation,accounted-for by the p:eeeding axis. Correctioe
vas done by calculating a residual;which ea;e the distance
of each~s£and perpendicularly from the'axis previously

extracted. Once this has been done for all stands, %&e
O

‘corrected latl’.’lx was used tO se!ect a neu axis.

This procedure can bé repeated until all.of thev
Vatlablllt] in the distance matrix has been renoved, or can
be stoéped.when the desired criteria have not been met by
the latest axis or after any desired number of axes have

been extracted. Two axes vere used in this study because
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they displayed enough information to group the stands into
.plant communities and subsequent axes provided no additional
information useful in grouping the stands into plant

communities.

A Euclidean distance matrix (orloci, 1966; Swan gt
al., 1969) wvas used in the study. The interstand distances

(dissinilaritj values) were calculated using the formula

b

.' N 4 ‘ V ‘ 2
2 B
E (Xmi = Xmj)
mz4 S
vhere Djj is the distance between the ith and jth étand,
) ¢ ‘ represents the attrlbutes upon whlch the

conparlson is belng nade (species cover 1n thxs
'rstudy)._and \
N is the nuamber of varidbles.(species in this
sthdy).i R |

The dlstances calculated for this study vere a relatiVe

measure of the dlfferencestbetueen palrs of stands so nnlts

! -:_All calculat1ons wvere done u51ng ‘the IBN- Systen

of neasure vere not appllcable.

360/67 coiputer at the Unlver51ty of Alberta usxng prograns
EUCLID and SDHORQ (Purchase, 1970). _All spec;es occurrlng

in less than tvo stands or for which the identification was
in doubt“vere exclqded froa the calchlationé. This wvas dphe'

to reduce the possibility of mis-identified species or

i



20

species not normally found in a community affecting the

results.

The ondination vas used to greup the stands'into
communities. An association table was also produced by
arranging the'c0||unities that vere most aiike closest td
one anothe:.- Withinbeach community the stands wvere arranged
so the ones lost alike nere‘c§osest tqgether. Stands nost
;%ke one of the adjacent‘conlnnities'yere placed next.to
that conlunity.‘ Theférdination vas used for this purpose
because the stands vhxch vere nost allke fell closest
together on the ordination axes, whereas the stands which
Qwere not so similar were sepatated by some dlstance on one-
;or nore of the ordxnatlon axes. The dlstance betveen the .
stands on the ordlnatlon axes was proportlonal to the

'dlfference betveen them.

‘ A one—way ana1y51s of varlance for.treatnents vlth
unequal replicatlon and a logarlthmxc transforuatlon
'_(Plnchbeck, 1972) vas used -to check for the statlstlcal '
.‘51gn1f1cance of dlfferences in 5011 101sture and 5011

nutrients.:

The nulbef of 20 X 50 ca plots required'te ontain an
"adequate salple for deternlnlng annual herbage productlon
vas estimated us;ng the following formula fronm Snedecor and
Cochrane<f1967):’ |

| o N = 4s2/812

v

wvhere N is the number of saamples required,
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s2 'is an estimate ofithe populationlvariance,,and
_ t1l are the confidence limits Of'the'nean.
This gives a 9%% probability of being within-the linits set
(Snedecor andoCochrane,f1967f. The lxnits chosen for thls
study were 1101 of the mean follovlnq Hllner and Hughes,

(1968) .

SYMPHORICARPOS OCCIDENTALIS STUDY

Choice of Stands

Within the studyvarea'nany’Of the‘stands of S.

occ1dentalls vere 1dent1f1ed on large scale aer1a1

”photography (1 a800) and- by ground survey; The stands
chosen had to border on’ grassland for part of thelr
;c1rcumference so a transect could be run fron the shrub

3

stand 1nto the grassland. The stands selected vere
‘stratlfled 1nto tuo groups based upon the den51ty of the
shrub canopy of each stand. Porty-two of the stands had an
1_open canopy of S. gglge _gl;§ and the renaxnlng 27 had a
closed canopy “of S. occ1gent§1 Se. Stugy 51tes vere randonlf

chosen fron each of the tuo . groups of stands."

Data Collection

R Vegetatlon data vere collected on the ba51s of a

three neter wlde transect runnlng fron the approx1late B

geographlcal center of the shrub stand to the edge and for

_an equal dlstance into the grassland.f The only exception
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- Was uhere there was an abrupt change in topography. 'In suéh

a case, the transect vas not extended beyond the break 1n

l"topography..' I IR - A

: The direction of each'transect.vas chosen randonlf
except vherecthe ch01ce vas llllted by the avallablllty of .
adjacent grassland. The dlrectlons vere chosen by
generatlng a random order of the four conpass quadrants (NEr
tSE, ‘SW, NW) for each transect. withln each quadrant,
“degree from 1- 90 vas randonly chosen._ Uslng the randonly’
;.generated order of the compass quadrants, the first =
potent1a1 transect that lS, the flrst one.g01ng fronbthe

'5shrub ‘stand into grassland vas: chosen as the transect for

Each transect vas d1v1ded xnto a serxes of 2. 5 x 3:
1'pneter‘plots to restrlct the randonlzatlon of the ulcroplots.kf
The number of nlcroplots vas - set at 50 or the closest
Tflultlple of the nulber of plots in the transect to 50._ This.
hwas done to glve 51n11ar sanpllng 1ntensxt1es in every stand
.and to obtaln a reasonable nunber of salples in both the |
shrub and grassland portions of each transect. lThe;.fr
;_nlcroplots vere 20 x 50 cm.and’ "the canopy. coverage was

_estlnated using- the method of Daubennlre (1959) as

.prevrously‘descrlbed.

Because of the d1ff1cu1ty of p051t1ve 1dent1f1cat10n
:of spec1es of Carex fron vegetatlve spec1lens, the only

dlstlnctlon nade vas to dlStngUlSh between tall Carex and
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short carex. Tallagggex vas defined as having leaves longer
than 1. 5-2 dm while short Carex was deflned as having leaves
»shorter than thls;' All spec;es of Ag gzro vere. . lunped

together because of the dlffxculty in 1deﬁt;fy1ng species-in3

the vegetative‘state.'

In early.September the iegetatlon in two 20 i-so~ci
‘mlcroplots vere cllpped so the total standlng crop could be
bdeternlned._ The naterlal was sorted to separate shrub

‘ standing'Crop-ern the graSSRand forb,stand;ng-crop. The
material vas not sotted intolnead and_llve-naterial so nob

direct estimate of thecannuallproductionvcouldebe nade.

scllfsamples;.for.soil~noistnre deteruination, ﬁefe'.A
taken»July l? and‘18; 1971 before the canopy conerace data
were collected.: To . av01d dxsturbance of the vegetatlon 1n
‘:the plots,,the salples for 5011 lOlStPre ana1y51s were taken
adjacent to each plot These salples vere collected 051ng
the sane nethod as in the reco‘nalssance synecology study..-

"5011 sanples, for analy51s by the Alberta 5011 and Feed

‘ -Testlng Laboratory,_vere collected fron p1ts dug beside

_randonly chosen transects. - Phese soil samples vere
}collected in July 1971 before the vegetation sanpling'was
done. fueasnrenent of the other sdil,brcperties and samples -
‘collected for particle size distributicn analysis were taken
froa 5011 p1ts dug in the center of each plot after the
vegetatlon sampling was conpleted. The partlcle 51ze‘

dlstrlbutlon ana1y51s was done u51ng the hydroneter nethod
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ef‘ﬁequucos (1962) . The horizon depths leasured were the
depin of the Ah; the depth to the top of the B horlzon .and
etne deptn'to lime. The depth to the top. of the B horizon
incinded the iene of accunulation of organic latter, the'Ah
horlzon, and any eluv1ated layers belou lt down to the top
;of the B horlzon vhere 111uv1at10n of clay partlcles vas the
gpredomlnant 5011 formlng ptocess.- The depth to lime was the
'depth to where llme, as calc1u| catbonate, had been
'accumulatlng 1n ‘the solum and 1nd1cates the depth of the
-solum. The 50115 vere classxfled usxng the Systen of 5011

N
Classxflcatxon for Canada (Canada Departlent of Agrlculture,

1974)_-,

QQLQA_Q_Y_HJ-SE

”,Tne;data yere.analyzed usin§ two nethods. The first
“inethed‘used vas to divide each transeet'inte.a'section iith
'f_ 1lghor1cargos occ1dentglls and a- sectlon wlthout S.
occ1denta115.. A one-vay ana1y51s of varlance for treatnents
with unegnal nunbers of replicates (Plnchbeck, 1972) was
used to conpare some env1ronnental and Vegetatlonal factors
”'anong the groups of plots.. ANOVAz, a one-vay ana1y51s of."

varlance progral vlth correctlon for nlsSLng data (Sllllle,

1967), was used to conpare the 5011 nutrlent -data.

'_ The second lethod of ana1y51s elployeg vas devlsed

:by Plnchbeck (1972) and utlllzed a clusterlng technlque Ln

t

conjunctlon Ulth otdlnatlon of the clusters to class1fy
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plots lhto;groups.- Once.the groups of plots.were.defined,la‘ \W
oneéuuy anulySis of variance for treatments vith'unequali | 'S'
nunberstof'repllcates vas used to compare some of the ;; . ‘:_
'enyironlehtal and vegetatiohal factors amowg the groups. Im \\
'order to use thls technlque, it wvas necessary to obtain a

51ngle cover value for each’ specxes in each plot. Four /?~4/"\h\

-randonly chosen lxcroplots were averaged to glve a singlg/
set of cover data for each plot. Exceptlons to' this / -
procedure vere two transects vhere there vere only three
microplots per plot. Species rlchness (nulber of spec1es
per plot) in these tvo transects vas co-pared to the species
rlchness of the plots in the other tvelve transects u51ng a
one-vay analy51s of varlance. The difference was not: |
s;gnrflcant et.the p{0,1:leyel.f The.aualysis of the 14
trausects vas based on the use of three microplots in. twvo

transects and four licropiots in tvelve transects.

A clusterlng progran based on Carnlchael's TAXHAP
uap cluster analy51s progran (Carnlchael and Sneath, 1969)
vas used for cluster analyszs of the data. Thls progrdn was
nodlfled by Plnchbeck (1972) to acpept a dlstance natr1x as
the input and to conpute a matrix. of lntercluster dlstances
sultable for ordlnatlon. The 1nput used was a Euclldean
dlstance uatrlx as descrlbed in the nethods for the
‘reconnalssance synecology study. The clustering techn1que
used the frequency dlstrlbutlon of the 1nter—operat10na1 o

tatononlc unlt (OTU's plots 1n this study) prO!1llt1eS to a

-deternlne dlscontlnulty constants used to dellllt clusters SR

.
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-

of OTU's (Carmichael and Sneath, 1969).

The four crlterla used to de1111t clusters 'of OTU's
were average llnkage, sxngle llnkage, a ratlo crlterlon, and

the not-in- a-cluster crxterlon (Carnlchael et al., 1968).

'.‘The average linkage was the average of the links (Euclldean

. distances 1n thlS study) betveen the plot being tested for .
_cluster nenbershlp and all of the plots already 1nc1uded in .
the cluster, A large increase ;ng}he average dlstance
indicated~the plot being tested for cluster nelbership was

_not a nelber of the cluster. The single'linkage vas the

T’dlstance ‘between the plot being tested for cluster

nenbershlp and the closest meaber of the cluster ‘to it. A
large increase in the sxngle llnkage dlstance indicated the
plot belng tested should not he 1ncluded as.a memnber of the
'cluster.- The ratlo craterlon was the ratlo of the maximunm

fdlstance between the plot being: tested for cluster

nenbershlp and the cluster nenber furthest frou 1t, and the

'.naxluun dlstance betveen any two plots alreadg in the

cluster. Too lov a ratlo indicated that the plot be1ng

'-‘tested for.. cluster nenbershlp was laterally separated from

an elongated cluster and was not a -enber of the cluster,
'even though the average llnkage and the sxngle lxnkage .

7,-cr1ter1a nay not have separated the plot frou the cluster.,-
"The effect of the not—ln-a-cluster crlterlon was to ‘make the-

fclusters nutually exc1u51ve. That 1s, once a plot vas

‘ 'glncluded in one cluster it could not ‘be con51@ered for

"inclusion'ln another cluster (Carnlchael g& al., 1968) .
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The discontipuity constants used are empirical
values which depend ubon'the data used and the level of
resolution desired. At a high level of resolution many
spall clusters would be produced. At a low level of
resolution a few large clusters vould be producedl he
discontinuity constants used in thxs study vere the\ones
that Plnchbeck (1972) found nost useful fot his data\

\ ¢
VA Y
The clusters of plots produced vere ordinated gsxng

‘the technique of Swan g_ _1 (1969). The Buclidean dﬁﬁtance

matrix was nade up of cluster center to cluster center

' /

distances. The otdlnatlonapf the clusters vas used/to
separate the plots 1nto plant’ conlunities._ A one-way
ana1y51s of variance for treatnents with unequal nuabers of #
replicates (Plnchbeck, 1972) vas used to compare selected
environmental factors among thetplant cou-uuities,"

/



RESULTS
nﬁcoﬁu31§§éng§»§YNE§QLQ§1 STUDY
Yegetation .- . '
v

The two dimensional ordination developed to
illustrate relationships among the thirty-three stands is
given in Figure 4. The two axes accounfed for approxilafely
75% of the variation in thé distance matrix and illustrates
- _hpw the stands vere grouped into f1ve plant conlunltles.
Table 1 llStS the mean canopy cover and frequency of
selected species in each of the ff&é plant communities. 1

complete listing of all species in each stand has been given

in Appendix 1.

The Symphoricarpos occidentalis (Symphoricarpos)

conounitx vas the‘lost distincﬁive and easily defined
b'colnunity because'of the dominance of S. ggg;gentalié in
every stand. Stands 12, 13, 14, 18, 19 and 28 were included
in this’community. Stands of toe §1!ggog;car2§§ oOnlunity
were characterlzed by a closed shrub canopy conposed nalnly
of ;. gccxdegtgl;_. Often, Rosa acigu Lgrls, R. wood51;.
ggpg§’§;giggsus, gipg§ oxzaoantho;deg and Elaeagqnus j

‘c0l-utata had a low cover in the shrub layer. The

understory, consisting of scattered grasses and fbrbs, vas
_sparse in_thése stands.: Common grasses im the understory
vere Festuca scabrella and Aqrostis scabra, vhile the. more
comnon forbs were Hackelia _;g_;gggg, Senecio _gg!_gnilgg§,
Yicja americana and Galjym ;ggé’ Stands of the



FIGURE 4. A TWO' DIMENSIONAL ORDINATION OF THE 33 STANDS OF VEGETATION
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Symphoricarpos comaunity were found on all slope positions
and aspects with the exceptxon of the upper slope positions

on steep south and south—west facing slopes. In splte of

the differences among the stands of the Sanhoticagpos
community shown by the ordimation (Figure U4)3y_the stands
vere grouped into a single community because of the

dominance of S. occidentalis and the sparse herbaceous cover

1

in the understory of every stand.

The second community was less easily separated froa

the grasslands.. The Szlggggicargos occidentalis/Festuca

scabrella (§1;ého;icarpos/zg§§ngg)ﬁconqunity vas easily
separated fronm thg Szighor;gggggg cémmunity because of the
closed herbaceous layer doninatég by F. scabrella andltﬁe
oéen canopy shrub layer in thea§1ngﬂorigar§os/ngtuga”
community. 'The oniy dther shrub in the shrub layer was
Elaeagnus conlutata. The herbaceous layer of the

Symphori carpog/Festuca connunlty was very sxnllar to the

Festuca-Stipa connunlty. The najor difference between the _
the Symphor lcargos/Pestuca and the ggs&uca Stipa connnnitles

vas the_presencé-of significant amounts of Szlghoricarpos

occidentalis in therforler. ﬁhile this dividing line vas
arbitrary, it vas easily set as no extensive areas with
scatteféd §.roCcidentdl;§ plants were found. Areas found
either had a"denSe.enough canbpy to be included in the

znphorlcatpos/rgstuca connunlty, or there was only one or a )

few scattered plants of S. occ1dentalls in a- stand of the

Pestuca—st;pg conlunlty. Stands 22, 23,-2u_and 27 vere
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included in the Symphoricarpos/Festuca community. Stands of

the Sysphoricarpos/Festuca community were found on the sanme
range of>slope positions and aspects as stands of ihé
Siﬂghor;cargg§ comaunity. This included most slope aspects
and positidns vith the exception of the upper slope'pqsition

on steep south and south-west facing slopes.

Stands of the Festuca scabrella-Stipa spartea var.

curtiseta (Festuca-Stipa) community vere also found on the

same range of slope positions and aspects as stands of. the

Symphoricarpos and Symphoricarpos/Festuca communities. The

Pestuca-Stipa community uaszseparated*into a shrub phase and

Ta QfQSSLand phase based on the preéence and canopy coveragé

§

\
\

of Elaeagnus commutata. Stands with a cover of E. coammutata
greater than 25% were placéd in the shrub phase while stands
vith less than 25% cover of E. commutata were placed in the

grassland,phase.‘_Sténdé'5,'9, 10, 17, 20, 21 and 25 wvere

-included in the shrub phase, vhile stands 1, 2, 3, 4, 6, 7,

8, 11, 16, 26 and 32‘vere included in the grassland phase of
the Péstuég—stipa community. This phase Separation vas made

because of the very different appearance of the shrab phase

" “due to the presence of Elaeagnus commutata and the effect E.

computata ha§ on grazing cattle. E. commutata acts as a

\ barrier to grazing cattle allowing some of the grassland

around the base of each shrub to remain ungrazed (Bailey,

11970y . - N

Festuca scabrella was the dominant species and Stipa



33

spartea var,icugtisega vas the main sub-dominant species in
stands of the Festuca §__ga connunlty. Other species
present inclnded Rosa g_&gn;gng ggg;__g_;_ hongl__llg,
: Achillea !i;;gjg;;gl, Agropyron spp. (including A.
dasystach zgn, A. _;;_g;;, A- trg__lgaglg_ and A.
§gggggg ) and Campapula ;gtggdlgo;;a.‘\gcattered plants
of 51!939 icarpos ocg;gental is were occasionally found.

' Stand 17 in the shrub phase and stands 16 and 26 ‘in

.the grassland phase vere unusual because of the 10v~ccverage
of _t;pg spartea var. cnrtlseta (Appendix 1). Festuca

scabrella vas the IOSt important grass spec1es in these
three stands. The overall 51111ar1ty of these three stands
to other stands in the co-lunlty, except for the low ___Ea
sgartea var. curtiseta cover and the small areas 1nvolved,
meant that these three ‘stands f1t most closely 1nto the
Festucg—_;igg'tonnunity. Stands Q,k 7 and 32 vere
transxtlonal betwveen the __§_ g—_;_gg and ‘the Stipa-Festuca

. connnnltles. The three stands vere 1ng}nded ‘in the Pestuca-
N
Stipa conlunlty because they had a lou cover . of nlxed

"prairle specnes common to the Stipa-Festuca conlunlty.

As onme moved upslope froa stands of the'zgstuca—
Stipa connunity on certain south-facinq slopes, stands of
the 5_;2_ pgrteg var. cngtxsetg Festuca scgb;el; (Stipa-
Pgstggg) conlunltiyuere-enconntered. ‘A shift in donlnance
from Pgstggg §g§___1;g to §_;2_ spartea var. curtjseta was

- used to separate. the St;gg Festuca conlunlty fron the
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. Festuca-Stipa co-nunity. In addition to the donlnance of

Stipa §parteg var. curtise ta, stands of the Stipa- egtggg

connunlty had a hlgher canopy coverage of several specxes

noreally a55001ated Hlth the nlxed pra1r1e of the brovn 5011

zone of south—eastern Alberta. These specxes included .

Bouteloua gra ;1;5, ;egla crlstata, Gaura cotc1nea and

Arten misia frzglda. Within the study-area,-stands of the

__Lpg Festuca conlunlty vere restrlcted to upper slope
posltlons on south and-south—west fac1ng»slopes on.sone,of
thevhigher hills. Thef vere the'dr;er_uore exposed-sites-
not"oocupied by any of'the other plaht cOanun;ties %n the'
sfudy area. Tﬁelstands ipclqded in this corlunity rere

A . . 4 . ¢

stands 30, 31 and 34.

. The __;pg _pgrtea var. curt -_g pxron (Stlpa—
Agr pxron) connunlty was found as small 25 to 100" n2 stands.
Only stands 29 and 33 vere found in this stndy. The most
1lportant feature of the connunlty was the absence of
Festuca scabrella. Stlg_ spartga var. cgrt;sgta vas the
_ do-inant.grass'qith Agropzron smithii apparently_being the
‘. najor subdominant grass. A. dasys agnqu; A;”sgpgecggdgi
.and A. traghxcau;g_ were also present. Several species
conlonly associated with the nlxed pra1r1e were also found.

,They 1ncluded Huhlenberg; gg p;gata. ogle;;a ristata,

o Bouteloua qr g;lls and § ;p 1;_;§gl_ ~In the study area,

stands 'of the Sti pg-gg; pyron conlunlty vere located on

'steep southerly fac1ng slopes in the llddle and upper slope

posxtlons.
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Soil had heen-collected‘in ninéteénVOf the thirt}—‘.
three stands in July vhen a rain shover 1ntetrupted
saupllng. The nineteen stands 1nc1uded three of the flve

communities (Table 2).

A trend tovards lower soil moisture with increasing
shrub cover was observed. Statistically significant
differences in soil moisture wvere present ‘in the B and C

horizons. In the B ho:iion, the soil of the 1nphor;cg pos

community vas drier than the SOll in both phases of the .

“Eestuca-Stipa conhnnity. In the C horizom, fthe soil of ‘the

A

Symphoricarpos community was. drier’ than the soil of both

ﬁhases of the FPestuca-Stipa conlupity. The C horizon soil

4of~thé §1gphor;ggrpos/zgstuga‘¢onnunity'was @tiér than that

of the Pestucgfstigg co-nunitj.

Other 5011 propertles studled in the three ;
connunltles 1ncluded nltrogen, phosphorus, pota551u|, pH,i'
L
and_conduct;v1ty in the A and B horlzons (Table 3). No
sfatistiqsllyisignificant différences were found. The only
-trepd apparént ias‘an<increase in #he level of?pbtassiul‘is

“the Ah horizom with increasing shrub cover.

Herbage .Production

Veggtation>fron a series of fifty plots was clipped
and weighed in stand 26 to determine the number of plots

"y

A o
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»needed to obtaln a sanple lean vlth a 95% probablllty of

0 ulatlon nean. The prohabillty

-of a. sample mean belng vithin + 0% of the populatlon mean
vas calculated for various salple sizes and has been llsted
in Table 4, The table starts wvith five plots and vas

1ncreased by flve plot 1ncrelents unt11 all fifty plots vere

'f_ 1nc1uded. The 95% probablllty level was reached after 35

plots had been lncluded. Thls corresponded to the estimate
of 35 plots requlred that was calculated u51ng the fornula

n = 4s2/12 from Snedecor and Cochrane (1967) . ‘

Tﬁe.nean veight per plot and the eStimated‘nunber of
plots needed for a 95% probablllty of the sanple lean belng
Hlthln t1ox of the populatlon mean was listed for selected

species and groups of spec1es in Table 5.

The total annaal'production on this site‘during the-‘

' summer of 197Q~uas‘20u5 kg/ha.

| syupHQRICARégs OCCiDﬁnzarls STUDY
The fourteen stands studied were randoasly selected

from theSe available and“are~described in Table 6.
The flrst lethOd of analy51s nsed vas to dlvxde each‘
ltransect into a shrub portlon and a grassland portion as.f
| 1ndlcated 1n_Tahle 6. ‘Ttls resulted in four groups of plots

for which selected soil and_vegetatibn'properties vere.

compared. The firstfgrodp, the closed-canopy-shrub group,
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TABLE 4. PROBABILITY OF A SAMPLE MEAN BEING WITHIN $10% OF THE

© POPULATION MEAN FOR FROM 5 TO SOYPLQTS SAMPLED -IN STAND 26; 1970.

Number Yield  Standard ~  Standard _ \ . )
. of Plots ‘g/‘pj'lotl' ‘~ Deviation = . Error i; Il’robab'iflity"
lsA ',,_34:0_4.f(~,15;o 2.24 1.53 0;6': - 0.8
10 2.2 4.8 1.46 1.66- 0.8 4- 0.9
15 23.0 5.9 1.52° 1.51° ;0.8 - 0.9
20 23.0 6.5 1.44 1.60 0.8 - 0.9
25 22.2 6.2 1.23 1.80 0.9 - 0.95
30 21.3 6.0 1.09 1.95 . 0.9 - 0.95.
Cos 1.0 5.9 1.00° 2.1 0.95 - 0.975.
40 21,2 ‘6.1 o{é? 2:18 - 0.95 - 0.975
a5 L2056 091 226 0.95 - 0.975
so. 205 5.9 ' 0.84 2.45 . 0.975 - 0.99
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" TABLE 5. ANNUAL PRODUCTION (kg/ha) AND ESTIMATED NUMRER OF 20 'x 50 cm
'PLOTS REQUIRED FOR A 95% PROBABILITY OF THE SAMPLE MEAN BEING WITHIN

+10% OF THE POPULATION MEAN FOR SELECTED SPECIES

AND GROUPS OF SPECIES, '1970-

: S : Annual Production Estimated
.Species’ : Frequency "kg/ha- Number of Plo;s
) Agropyrén spp. . 31 | . 46 : ' 172°
| Carex spp. L 50» | 74 : o 20
: Feétuga scabrella .  50 1747 46
Total graminoids : : . .1874 : 49
Total forbs | 27 . 2620
| Rosa’;rkanséné' - - 17. ‘ o " §4~“‘" _ - 200.
Totallénhual proéuctiqni ‘ | FZOGS 35
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TABLE 6. THE SHRUB STANDS CHOSEN FOR STUDY, WITH THE NUMBER OF PLOTS
AND THE COMPASS BEARING OF EACH STAND 1971

Open canopy Symphoricarpos occidentalié stands.

Staﬁd ' Number " Shrub Grassland Compass
Number of Plots Plots Plots . Bearing
& 8 14 58 . 7
13 - 8§ 0 1-4° . 58 48

22 12, -6 - 712 - 5
39 6 -3« 46 202
0., 6 1-3 46 . 138
64 10 RS .  6-10 166

7. 8  1-4  5-8 329

Closed canopy Symphdricarﬁos ocbideﬁtaiis stands.

Stand ~ Number .° - Shrub  Grassland Compass

Number of Plots -  Plots Plots. . Bearing
16 12 16 . 7-12 273
31 12 . - 16 . 7-12 3

37 12 . 1-6 712 22
4 8 14 o 5-8 . 179
55 12 16 - . 712 220
78 20 - 1-13 - 14f20. 350

79 © 16 - 1-8 . 91 . - 166

-

Compass bearing in degrees, along the transect from plot 1 ‘fiear
the centre of the shrub stand to the last plot 4in the grassland.
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consisted of the 52 plots in the shrub portions of the
closed-canopy-Syaphoricacpos ocoidentalig_transecrs (Figure
5). This group included some plots with an open canopy of
§..occxdentgl;§ as the edge of the stands often had a narrow
"frlnge of S. oc identalis with an open canopy. . Also thhln
"these stands there vere small patches with an open canopy of
§. occidentg;;g. The second group, the opeu~canopy‘shrub
group, included the 29 plots of the shrub portlons of the
transects in the open—canopled S. occ1degtalls stands
’(Flgure 5) . ' The grassland portion of these seven’ trausects‘
nade up the 29 plots of the third group, the open-shrub- ‘
grassland. The 40 grassland plots of the 7 transects in thed
closed ca;opy S. o¢ c1denta;is stands nade up the closed— |

-shrub~grassland plots, the fourth group of plots.

The plots'chosea for soil'texture~ahaiysis have been
lxsted 1n Appendlx 3. Tﬁe texture ofvthe Ah'horizou uan
loan in nost cases wlth ‘an occaszonal silt loan, sandy loan

~ and sandy clay loan.- In the B horxzon, the texture was lore

- variable with clay 1oa1s and sandy clay loass predonlnatlnq,_"

. but v;th a fev loals and sandy loaus. The c horlzon vas

also ualnly clay loa-s aud sandy clay loans with a sandy

loam and a sand in one transect.; There vas lxttle‘ff

: dlfference 1n soxl texture along these four groups of plots
!(Table-7).' There were no statxstxcally slgnlflcant texturaL

: dlfferences. The soxls vere classafled lnto the Dark Brown

and Black Great Groups of the ChernOZenlc Order. The;' |

najorlty of the soxls Here Eluvzated Dark Broun and
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FIGURE 5., REPRESENTATIVE PHOTOCRAPHS OF (A) A STAND HAVING A CLOSED
CANOPY OF SYMPHORICARPOS OCCIDENTALIS AND (B) A STAN'D HAVING AN OPEN
CANOPY OF S. OCCIDENTALIS. THE PLOT FRAME IN EACR

PHOTOGRAPH IS 20 X 50 cm.

@

(8)
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Eluviated Black Chernozems. A few Orthic Dark Brown and

orthic Black Chernozems were also found (Appendix 8).
. } .

Wh de.plthbof‘ the Ah h‘orizon, the depth to lime, and
| soll moisture in‘the A, B and C horizons all shoved
statlstlcally 51gn1f1cant dlfferences among the four groups
‘of plots (Table 8). The closed-canopy-shrub plots had the
deepest sola with the openjoanopy—shrub plots having sola
thicknesses intermediate between the closed-canopy—shrub

B plots and the grassland plots. There vasjlittle difference
1n solunm thlckness between the twoc groups of grassland
plots. Soxl n01sture was 51gn1f1cautly hlgher in the
closed- canopy shrub plots than in the other three groups of
‘plots. The two grassland!gronps and the open-canopy-shrub
plots had similar soil‘aolstare averages in all three

horizons.
)

Soil pH ”conductlvity, nitrogen, pota551ul and
phosphorus 1nlthe A and B horlzons shoved no~statlst1cally_
51gn1f1cant dlfferences anong the four groups of plots S
(Table 9). The only trend‘apparent was with pOtaSSlﬂl,lﬂ
both the A and B horlzons. The.shrub sections of the

 transects had. hlgher average levels of pota551un than the

grassland portions of the transects.

".The group means. for smanding crop, total cover and

species richness, are presented in Table 10. .A;trehd
tovards decreasing herbage standimg crop with increasing

shrub standing crop was apparent: However, it was
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statlsticallyJsignificant only to the extent of separating
the closed-canopy-shrub plets from the remainder. Total
'eover was”approrinately the 'same in all four groups of plots
with the closed-canopyfshrub plots having a somewhat lowver .
total cover than the others. 'Species richness was lower in
‘-the}elesed;canopy~shrub'plots than in the grassland and the

open—canopy-shrun.plets.

\
,.:The transects used in this studp vere set up to
Adeterline if there was a gradient of soil propefties froa
" the SXIQhoricggpbs occidentalis stands into the adjacent
grasslands. éradients were not apparent.along the transects
(Appendix 3). Hovever, differences between the grassland
and shrubland segients of each transect wvere found (Tables
7, 8, 9 and 10). The.analyses.of variance fer Tables 7., 8,
9 and 10 vere originally done twice, once wlth all plots
1ncluded and once with the two plots at the edge of the
.<shrub stand renoved. One plot froa. the grassland segnent
~and one plot fron the shrubland segnent of each transect
"were reloved (Table 6).. The analyses vlth the tuo ecotonal

N

'plots renoved vere. done to deterllne the effect of thelr

o reloval on the analyses. -There was llttle dlfference _

'apparent anong the envzronnental varlables between the tve
‘groups of analqses of varlance.v The only 51gn1f1cant

'drfference between the two sets of analyses<vas 1n the shrubpé
standlng crop, vhere the ‘mean shrub standing crop 1n the |
diclosed shrub canopy plots 1ncreased fron 3850 kg/ha to 5180 -

--e”kg/ha vhen the ecotonal plots vere excluded fron the



analysis. As the only significant difference between the

'twe/ groups’ of analyses of varlance vas related to the

~

characteristic used.to.separate the portlons of the

transect, that is, the presence of S. oggiggnt ;;s. only the

results of the analyses vith all plots present: were given.

‘The analyses with all plots present vere used so the results

would be comparable to the second method of analysis;

The second and more effectlve method of analysxs was

-4to use the. cluster ordlnatlon technlque of Pinchbeck (1972)

| ‘~to group the plots 1nto clusters tHat contaxned sxn1lar

'vegetatlon. The two. dlnen51onal cluster-ordlnatlon of ‘the,

150 plots (Flgure 6) vas. used to group the vegetatlon 1nto

_four groups of plots. Each of the groups of plots,‘

delimited by means of the cluster—ordlnatlon,_correspbnded

to one of the plant cdmuunities described in'the

<reconnalssance synecology study and will be referred to- by..

"'the name of the connunlty to uhich it corresponded.

ﬂovever, 1nd1v1dual plots uere not egulvalent to stands of a

conlunlty because of the snall 51ze of each plot

a The first and lost obv1ous separatlon nade was to

separate cluster nunbers 1, 10, 18, 19 and all of t&p single

lplot clusters falllng Hlthln the radius of cluster 1 (Figure

' 6),( A llstlng of all of the plots in each cluster has been

iglven in Appendlx 5. The group of 36 pPlots resultlng fron

~ community.

5

the above stparatlon corresponded to the. anphor;cargos

(- T
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" FIGURE 6.
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The second group‘of”plotspcorreSponded»to:thehg
lephoricagpg§/§g§gggg_coununitj-i It included:thegplots in
:.clusters~3, 12,'20;,51 and the siugle”plot clustersfée, 29,
34 and 36 (Figure’ 6).‘ Eighteen plots . were iucluded;iu_the

: 1uph rlg_rpos/gg a group. -

The*group of plots corresponding to the Festuca-

i'Stlp_ connuhlty included 78 plots in clusters 2, 5, 6, T, 8,
l 9, 10, 13( 15, 16, 17, 22, 23, 24, 27, 28, 40 and Q1 (Figure
'5),‘ ‘ R o : C : -

The plots correspondlng to the Festuca Stlp_

' communlty vere cluster—ordlnated separately (Plgure 7).

'hhThls was done to determlne uhether or not any obv1ous ‘sub~-

: groups uere present . A sub d1v1sion of this large group of
l'plots!was desxrable so as. to- reduce the dxsparlty in nunbers
- of plots anong the four groups of plots- With the exceptlon.
..of a s-all nunber of plots in outlylng clusters, there uere

. mo obvxous separatlons to be made usxug thlS cluster c
ordlnatlon (Flgure 7). Houever, thls analysxs vas used to
'~help separate the Festuca _t;pg group of plots 1nto tvwo
egual 51zed sub groups., suh-group I con51sted of . those
plots nore like the §1!pgor cgrpos/?estuca couuunlty whlle
'sub-group II consxsted of those plots uore like the Stlp_-
gggtgca coununlty. It 1s lnportant to relelber that, while
these two groups uere separated on the basxs of 51111ar1ty |

to other plant conlun1t1es, they vere "much more similar to

I each other than elther vas to any other group of plots. The
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4

FIGURE 7. AATWO DIMENSIONAL ORDINATION OF CLUSTERS OF THE

‘FESTUCA-STIPA PLOTS OF THE SYMPHORICARPOS OCCIDENTALIS

STUDY, 1971 (n=79, SEE APPENDIX 6, FOR A LIST OF THE

PLOTS INCLUDED IN EACH CLUSTER).

0.8r

Axts 1

12 “-numbers in italics'indicate~singleuplbt clusters.
- T - ) . ) o ‘ . v 1’.
The number of plots included in this cluster-ordination does not
. equal the number of plots in the Festuca~Stipa groups of plots
_ because this analysis was done before the final groupings of the .
_plots were arrived at.




N

-neasured, 1nd1cated this dlstlnctlon.vas a.valld and useful

 -one. -
3] o

.been 1nc1uded in Appendlx 2. :

-

phase separatlon of the F §tgcghStlp_ connunlty in the
reconnalssance synecology study vas not used to. subd1v1de
this group of plots becanse there were too few plots wlth a
high enough cover of\Elae_gggs conng ata to nake a worthwlle

subd1v151on (Appendix 3).
. »

The plots corresponding to the Stipa-Festuca

connunity vas the fourth group‘of plots delinited.' Included

here were 18 plots 1n clusters 4, 11, 30 and 31 (Flgure 6).

Tbese plot vere not as clearly separated from the Pestuga-

Stlpa plots as wvere the St —ngtgg' stands 1nc1uded in the

'reconnalssance synecology study. A lower total standlng

crop, along with dlfferences in the env1ron-enta1 varlables o

Vs

'y

-

\ “Z"~ The nean cover and percent frequency of selected

spec1es in the zlphorlcarpos, the'Axnphor;g gos/?gstuca,
{the Festuga t pa and the §tlpa Pest ug gronps of plots vere

"gllsted in Table 11. A conplete 1lsting of all spec1es has

]

The clnster—ordlnatlon of the Szlphorlcgrp

p occ1denta118 study plots broughtaout tvo features that vere
_.obscured by the separatlon of the transects 1nto grassland

_ »and shrubland sectlons. The f1rst vas the presence of two

-

'grassland types 1nstead of the one’ grassland type suggested
‘ by the ana1151s based on the transect d1V1510ns. The second

-"feature brought out by the cluster-ordxnatlon vas'the over-‘
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emphasis placed on z_phorlgarpg. occ;gg L;s vhen the

stands wvere belng selected. .The preSence of S. g_g;gig_gl;_ rpvj
vas weighted too heavily for 1nclusxon of stands in the open
canopy ‘S. occidentalls group of stands. For example, all of

w1 .
transect 67 vas included in the ipa- Pgs uga -community by ,

‘e ‘
i -

the cluster-ordlnatlon technlque. As subsequent results’
vill show, this segregation vas supported by differences in
the environmental variables betveen the Stipa-Pestuca plots

‘and the other three groups of plots.

"

5011 texture shoved no dlfferences along the/ffur/y'

_groups of plots dellllted fron the c1uster-ord1nat1on (Trable

12) A trend towards deeper 50115 axth 1ncrea51ng s.
;_ocglgentgl;s cover was apparent (Tahle 13). The o ‘ti
“§1!ph ;ggrpos and §1 phgricgrpos/? §tg groups of plots
oawhad the deepest Sdll proflles._ However, s. occidentalis was
present in one-thlrd of the Stipa-F §£§Qg plots;4the group'

" of plots with the shallovest soil proflles..
. l.' N
‘The ;;;pg ggstggg plots also had ‘the least so1l
n01sture in all three horlzons. In the A and C horlzons, it

: uas 51gn;£1cantly lover than the 5011 noisture content ;%

h_pthe other three groups of ‘plots. The §1'gh ;ggrpos plots

vyvhad the hlghest soil norsture in all three horlzons followed o

by the éznphor1carposlrestuca plots. SOllS of both S+
2. &
'occ1dentalls-d0l1nated groups of plots had a hlgher loisture
| content'than the\soxl of the Festgg--§_;p_(1Fots. -"_4;.
R . .A‘ Lo . ’ | ”: o Lo . '

The.herbage'standing crop shoved a slight but;none"
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significani decrease in the Symphoricarpos/Festuca plots as
compared tokthé Festuca-Stipa plotS'(Table-lu). The §§;g§-
Festucg plots had the next lowest standing crop and the only
significant difference was found in the §1!gg2£;ggggg§-piots
which had the lowest herbage standing crop. The shrub
standing ‘hpp'uas highest in the Svpah_gicgfgos plots:
second highest in thé §1;§gggigg£pg§/gg§gggg-plots and
lévest in the g;ass}and pldts. Total étanding cfop‘vas
highest in the Szgghg;icgggg§'plotsjand louesg in tﬁe Stipa-

Festuca plots.
v

The total cover and species richness vere lovest in

~

"the Symphoricarpos amd Sti a-Festuca grodps of‘plots and

highest in the ggstuea-g!igg plots (Table 14).
- ® o

oo
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DISCUSSION . " T

Wroe's study wvas. the fi:st,to-fepbtt a
slnpggriga£29§ community within the'fescnefgrassland of
.central Alberta. Earlier reéortSyfﬂbss 119325;‘hoss-and_‘l‘
Canpbell (19“7), and Coupland and Brayshau (1953) only not;d
the presence of S.: occxdegtg;;s stands in the ggassland and
~did not dlscuss thes in any detall. Wroe’ (1971) gave the .

xnghorlcgrgos connunlty a hroader dé%&#ﬁf&bn than vas done

in this study; Wroe 1ncluded stands uith an open canopy of

- SYm phg ;'g;p ] occ ntalls and a closed herbaceous canopy

\

'dO|inated_by Festncg scagggllg in hlS Symphor ;gargos

community. In this survey such_stands were separated out as
a_sepatate conlnnity called the anphoricarpos/PeStuca
community. o ' , - .

| | AL o

© o The~ ym th;icgrg_§ connunity investigated vas

‘ probably a succe551onal con-unlty leadlng to the aspen
forest. Moss (1932), Pelton (1953) and Bird (192:) all

.agree that stands of gnphorlcagg occ1dentalls tend to be

'1nvaded b' trees and thus may form a success1ona1 co-nunxty"

to the as}en forest 1n the parkland zone of Albetta. Since .
7

these autﬂbts d;d not dlscuss the 5. _gg;ﬂgn__;;_ stands in
’any detaifh %i}ﬂas not pqssible to deternlne whether the
| nltf'vonkd be 1nvaded dzrectly

by aspen,ﬁﬁﬁbhétﬂbr develoaign of a qiosed canopy of S.

occ1dent§;1§ would be needed. It’;s qulte lzkely that both
S .

4 .
' » . v

. . - . 3
‘-%:n . ) 4
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gconnunltles nay be dlrectly succe551ona1 to aspen forest o

u1th the slnphorlcg;pos/ g§ g a connunlty also being
;fSUCCeSSLOnal to the §1 Qhoglcgrgos connunlty.. ”f

~~—

' The najor grassland connunlty.ln the study area‘was
the P_g_ucg—Stlgg connnnlty, vhlch corresponded to the}”'
,Pgstgcg-§,;2f:conmun1ty of Wroe (1971)., Thxs plant |
connunxty forned the najorlty of the St gg sc;p; ng
dassocxatlon of noss and Canpbell (19&7), and Coupland and ;h

Brayshav (1953). The separatlon of thls conlunxty into a

- \.h .

hrub phase and a grassland phase, based on*the presence and
™

cover of ;aeagngs connntata, represents ‘a departure fron {*

earlxer vr;ters vho sxnply noted that E. gongntata uas
-present in the fescue grassland (noss, 1932- uoss and

Campbell, 1947; and Coupland and Brayshau, 1953).4,'

Three stands of the estugg §tlga c

0

dqrxng the reconnaxssance synecology study vere separated :

fron the other stands of th?s conlunlty on the basis of lov

cover of 5;;23 _2;;&_5 var. cur;isegg These three stands ‘T

'vere nost like the “vxrgln" fescue grassland of Hoss and

7

: Calpbell (19“7) whlle the relalnder of the stands studled

- yere somevhat. lore lzke the nodlfled fescue grassland

descrlbed.by uoss and Canpbell. Stand 26, one of the three

stands wvas located besxde the C. N. R. gravel p1t south of
Kinsella.’ The area tﬁe plot das located’ on, the 531/n of

sectlon 29, tounshlp 46, rﬂnge‘a1, vest of the 4th nerldlgg

unity“Stuaied St
N2

P
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eas phrchased_by the’cr«h. R: in f927 and has apparently not
been grazéd_sihce that tipe.y‘The:latest possdble grazing»
“vas prior to the 1ate.hdnteen fifties when'the C.ﬁ;R. vas:
"*crnshing gravel on this quarter seotion.i The.other two‘

stands with a low cover of Stipa spartea var. curtiseta wvere

numbers 16 and 17. They were located adjacent to each other
in the southwest corner of the NE 1/4 of section 33,

township 46, ranoe ;1, vest of the ch nerldlan. This field
had not been grazed srnce 19662, FEven prior'to'1966, this

J

area was probably only lightly grazed because the nearest

'

pernanent vater supply was more than 1 5 km d1stant. This
vas a large leugh north of the hlghway jus;;uest of the
tovn of Klnsellim(Flgure 2, page 6). The snall sﬁbughs
closer to stands 16 and 17 uoul ghte often been dry during
part of the summer, 1eav1ng the cattle ‘a 1oth§a1k through
hilly terraln to the locatlon of the tvo stands. Thus there
- was unlykely to have been amuch grazing pressure ‘in this
area.‘ Hhat llttle grazing pressure there vas, was- 11kely
restrlcted to the hllltops and south- fac1ng slopes.- Hroe
(1971) stated that cattle preferred to ‘graze hilltops and
south fac1ng slopes rather than on the east-northeast fac1ng
slopes ’such as stands 16'and 17 wvere 1ocated on. ,The most

j probable reasorn for the lou cover of ig sgartea var;*&y‘ _

.curtlseta on the three srtes vas the ansence of gra21ng.

o

L Personal connunzcatlon ur.~R. Morris, Canadian-National
Railwvays,” 1976. e T : .
2 Personal connunlcatlon A.W. Bailey, 1976. =
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. o
Moss and Campbell (1947) and Johnston (1961) referred to the
increase in cover of Festuca sdgb;elig in ungté:éd areas'to

%Athe extent of almost excluding other species of plants;f
The §_;2Q Festuca coununlty of thlS study and that

of Wroe (1971) wvere similar to the tran51t10n zone betveen
the fescue ‘talrxe and ‘the n.xed pralrle described by,
Coupland and Brayshav (1353’t_ thhough vegetatlonally
equlvalgnt to Wroe's ;_;gg ggstuca comlunlty, stands of the
§§_g_ Festg_g conlunlty found in this study occupied
dlfferent topograph1c posxtxons than the- stands of - thls
connuntty,located by Wroe_(1971).' In this study the stands
vere found on ubper.sldpé"positions on south-'atd vest- |
faéing slopes in -areas where wréeffound stands of a Stipa-
Artenisiateo-nunit;. Wroebfonnd'thé stands 6f the _;;ﬁg-

” Pestucg conlunlty on solewhat lover slope 9051t10ns below
stands of the §t;gg Arteglsla connun;ty.
—;-V - The most 11ke1y reason for the absence of any ‘fégg
tcelnunlty conparable to iroe's §3&2§ Arte1151a connnnlty ﬁ;s
1the fact that the stands 1ncluded in thlS study wvere located
in areas showvwing no recgnt dlsturbance from gtazing. W¥roe
attributed the spegies éblpOSltlon of the stipa-Ar g;isx
conlunlty to past gra21ng and noted that Artepisja f ;g; a

4
§hd a auch lover,cover in ungrazed areas than it had in

grazed areas. Additional suppbrt for the cbntention'that'
*little or nobgrazing vas the’reasdn for the lack 6f a'

community similar to Wroe's Stipa-Artemisia co-lnnity'éones
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from Balley (1968). In a stndy of the plant communities on
the Unlverslty of Alberta Ranch, Balley found a plant |
community which he named the §L;2§—§g uteloua community. It
vas similar to the §§;23-£ttggisia community of Wroe (1971).
This connunitybwas found in grazed fields on the middle and
'npper slope-positions on southerly facing slopes and on soame
Tsteep east—facing‘slopes as well. ..

The S ._LEQ Agropzron connunxty, reptesented here by‘
tvo small’ stands, has not \been prevxously descrlbed for this
area.’ Thls community was more like the __;Bg-ngrogzg |
faciation cf the mixed prairie as described by Coupland :
(1961) than the Agropyrom-Stipa association of the‘éeace -
River prairie as described bynuoss (1955). The §§i§§f'
_Agrggx;gg'cenlnnity'was considered different from the 3tipa-
vgrtg;i§;g,c01nnnity described by Wroe'(1972) becausedof the
low cover of Artemisja f;igida‘and the lack of Feg;gca'

s a b11a. Thedabsence of E. scgp ella from stands of this

community was unusual because it was one of the doninant

<spec1es in the suntbqndang grassland.

_ The lack of P.‘gcabre;;g from stands ef’the §§ig;-
d» Agr gzron community was thought to be- due to an interactlon.
between past grazlng and edaphlc or nlcrocllnatlc factors.
The tyo stands of this conlunity‘vere both located on
section-za,-toinsnlpju7; range711, west of the &4th meridian.
lThis Secfion had been heavily'graied frdn_about'19]6 to the

mid 1940's after vhich it was mowed for hay. in alternate

F\A
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years until 1969%. The presence of F. sgabrg;; in the
- grasslands around stands 29 and 33 lndlcates some edaphlc or
'nlcrocllmatle factors had apparently prevented the

establishment of F. scabrella in these stands of the §3;gg—

Agropyron community.

The 5011 property which seened to be most related to
~"the dlstrlbutlon of the §1;2hor1cgrgos occ1dentglls stands
was soil n01sture. This agrees with Ayyad and Dix (196“) .
vno found soil noistnre,'nlbng vitn soil temperature, to be
the most important factons CQntroiling~the‘distrindtion of
grassland vegetgiion in Saskatshevan.. They did net include
s. ggcigen’t’a‘li‘s‘ in their study. Pelton (1953) _indicated
soil nbistnre may be important in affesting*the'distribntion

of S. 0ccidentalis ‘when he stnted that in the moister part .

‘ of its geographlcal range s. occ; entalis vas ﬁgund on the

drler 50115 uh11e in the drler parts of its range it was

es
4

- found on the noister soils.

The telatlonshlp between S. gg;dg ; 1; stands and
5011 no;stnre presented a probzil 51nce §. gg,iggn*gli_ was
assocxated u1th s0ils havxng lowver soil moisture than.
grassland soilslln 1970. In 1971 the-reverse\vas true. S.
dccidegtalis‘das in general assoeiafed with soiis.having
higher'soil moisture than the grassland‘soils.

w5

The p;obnble reason for this difference may be seen

1 Personéllco-luniﬁgggfn Miss Helen Westbrook, Jul
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in a comparxson of the dally sdil moisfure balance,

| calculated using the nethod of Tﬁornthwaite and nather |
(1957) , for the month and a half prior to sampling for soil
 moisture deterlination for both years (Appendix 7). The -
water balance calcuiations for June of both years shoved a
slight decrease in soil moisture storage.F‘During-therfirStv
“half of July 1970 the calculated soil no1sture storage
continued to decrease. However, durlng the first half of
July 1971 the calculated 5011 lOlsture storage 1ncreased7
indlcatlng an.excess of prec1p1tatxon.oyer the alonntAof_
vater tne plants could have been‘expected to nse. ‘Tnus it
is poss1b?§ that the 51_2 gr;cgrpos stands tended to occupy

\
" soils where more soil l01sture vas avallablq. This. vas

-Lndlcated by the pcgsence of the §1 ggor;g Lpos stands on fi(

50115 Hlth greater soil loisture dnring a tile vhen so11
'101stnre was apparently be1ng~¢echarged. In order to

explair the sor% nOLSture 51tuat10n in 1970 one has t%

I

'R
assume that, durzng perlods whe& the vegetation vas

“A’

apparently depletlng 5011 101sture. the §1;ﬁ§g£igg§29§ o

stands used lore u;ter than dld the grassland.r "

hI There is sone ev1dence that the §1_2_or car os

< stands could be expected to nse lore 5011 lo1sture than the o
bgrasslands sxnce t;ey forn a taller canopy than the »
'grasslands. Stanhlll (1965) shoved that in an’ alfalfa crop
the energy available for transplratlon 1ncreased ;rth crop
helght,k Rntter (1970) stated that the anount of air

tdrhulgﬂCe cansed-bz 1egetation, yhen,there.uas a wind
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_ increasihg plant height yould cause.increasing air
turbalence. Air turbulence may cause increased _ _' ¢
eVapotranspiration’by coptl ually bringing drier Aif ln
contact wvitp the vegetation. ‘Rutter (i968) in a reviev ofp
the literatdre on'evapotrarspira ion rates,‘nOted that‘thej
ratio‘of evapotranspiration ot ores‘land,to forest . |
apyarertly fell betwveen 0.8 and 1.0 wh nvthe ﬁater’supp1y4
vas hot.liliting'add that the greatest q.fferenee in
evapbtranspiretion between grasslends‘and rests ias when
thepsoiljroisture defieit.vas severe. Thus it seens that f//
tﬁe;§132g9riogrpos stands have tended to devélo
vith a somevhat better soil'loistnre_regine than”the

o _ ' Lo ' ..5»
grasslands.- . ' 4 : ’\ By

/ Tpe apparent lack of dlfferences of the najor soil

nutrlents between the §1!p_or;carpos—stand soils and the _
grassland SOllS supports the contention of Pelton (1953).

that so11 fertlllty had no dlrect effect on the distribution -
of S. ggcidentalls. llthongh the trend to higher levels of .

pota551un in soils under the zlphorlcarpgs stands was not

B

‘statlstlcally 31gnificant, 1t vas present 1n the data fogx
,both years. | |
ﬂ o '*ﬂ" : :
S Sohef?ler (1976) found 5011 potassxu- levels were
related to slope posxtlon, with the highest levels belng
'found in the lover slope positlons and lowest levels in the

upper slope posxtlops._ Aspect was apparently not related to
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pota551un levels 1n her study. Scheffler attributed the.
dlstrlbntlon of potassxun to ane of tuo possxble reasons'
dovnslope leachlng by ‘water novenent, or to 1ncreased

»

potassiunm release‘by leaf fall in the: plant communities on

© the louer.sloye positions.

I1f tne difference in potassiul 1evelsvfound betueen
the §1!phg;1cgrpos stand 50115 and’ the grassland 501ls.was
real, then the probable reason for hrgher levels in the
.xnphorlcarpos stand 501ls vas xncreased depositlon by leaf
fall. Pota551ul is easily leached from. the 5011 (Bucklan
'and Brady. 1969) and the 1-phoricgrpos stanag'tended to be
found ‘on areas where 5011 leachlng vas greater than the
average-for the grassland 5011s as shoun by the greater
dep'*ii li-e in so:.ls under x!phorxgarpos stands than
under the grassland stands. ‘Direct measurement of potassiun
release by leaf fall is needed to confarl or reject the
hypothes;g’that the §1nphor1cgrpos conlunaty released more
-potassxul than the Pestuca—§;;pg co-nunity. The south- and
west-facing upper slopes vere probably the only slope,
posxtlons too dry for §1gpho;1carpos stands. This appears
to be the case in the central aspen parkland used in this
study and at the. southern frlnge of the parkland studied by
"_ firoe - (1972).' The large anount of overlap betveen the anount
-of 5011 noisture found in §1_phor;cgrpg_ stand so;ls and
fescue grassland soxls 1nd1cated that there nay st111 be a

.great deal of potentxal for continued invasion of the fescue

gtassland by mp_gzis_sm. m This overlap also



suggested that some factor other than soil noxsture uas at

1east partly respon51ble for the present distthutlon of S.

occidental;s._

¢
" The most likely factor vould have been the actxons

~

of small maammals creatlng bare areas to facilltate shrub

establishment. S : 1._ : -

5
s
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YR . L

Canopy" cover class of plant species in the 33 stands of
vegetatlon included in the reconnaissance synecology study.
. Y

A list of the Specxes and the abbrevxations used in the
following assoc;at1on table.

3 ] ‘ . '
ﬂ_s.gli. apericapa ' 'Hac am
Senecjo eremophilus o Seo er
Rubus :-is.r.mgs.; | ~ Rub st
~Rosa spp.? - ’ : Ros '
v.Sysphoric g;g S ocgigggtal s " Sys oc
‘Yicia na - Vic am
PFraqaria v iapa var. auca _Frg gl
Lactuca eﬁhs - . © . Lac pu
Elaeagnus utata . S ~Elg co
@ : K Erg ql.

S : ,’f - . Cim un .
: _ N Him un
-~ ™. . pop tr *

N w ‘Ags sc
; a)ﬁrigaggg - Hdy al. .
id A Can ro
Gam bo

. Gai ar

e ALl te.
. _ - ... EBrg pu "
K . # . ',  She ca '
o ' Com pa’ -
o . t,sv » Aa?% “‘Q”M"ss fl . "‘ -.'

* Includes fosa acicalaris end Bo: yoodsii. .

. .

76
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’Sallx sppw_
POlygonun. convolvulus
Geun: (aklepicum or

; nacrophyllul)
Viola spp.. . ‘
"Phleum pratemnse '

"Epilobium angustxfoliun'

Lappula redowskii
Smilaciga :
Prunus v1rgxnxana o
,Thalxctrun venulosum
ASter. heSperius

Calaqaq;ostis 1nexpansa,

.nuhlenbergia

_ rlchardsonls
~Carex Spp- (tqll)
Unldentifled forb #a .
Cirsium fobodlanxl

. Bromus inerais
‘mgnarda fistulosa

var. nenthaefblng

;Rubus strlgo§us~
poa® pratensis
Xhelanchier alnifolia
. Lactuca pulchella
“Ribes. oxyacamthoides"
Hierochloe odorata
Poa spp.
SOnchus st.

Botrychlun V1rg1nianul
bEryi mum -chieranthoides.
a

vic americana
- Galium boreal y
-Arnica spp.?3 fw/
Agrosti% scabra
Campanula rotundlfolia
<athyrus. venosus :
'y var. intensns :
Taraxacum officinale

qolidagg‘lissouriensis’.

-
« B Aol

1719

1/22
5/53
p/6
w4
pré

P11
p/3

v

»

Appendlx 2.

am %) of specie

Average sover. (S) and . .
plant,;fggxgétles of !h 2h9£195:29_ study ;

p/11

p/6
p/3
p/6.

RVALAN
14761

p/6
1/17

- p/17
117

p/23

’p/Tj'f

1/8
p/3
/3
25527 5§§5
3739 ﬁ?ijgh
/13 ps1i
p/33  p/23
p/3 p/3
1/88 p/21

1/38-  ps21

-

fhdlcates an average cover of .less: thdn 1% -
and s- s;;szgegg§- Coe

2 Includes, Sonchys

3 Possxbly Arnica gulge

.\ N

‘a

*

ti-Fes

81.
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D Sisyrinchinl -ontanul
E lttelisia ledoviciana
" var. gnaphalodes
/'Solidago lepida
,Stellaria  longipes

Heuchera richardsoniif

Stipa wiridula

. Haplofixppus spinuiqsns
- Nuhlenbergia cuspidata

Lathyrys ochroleucus
Syaphoricarpos.
occidentalis
. Rosa (a61cularis
and woodsii)
Blaeagnns commutata -
' FPestuca scabrella
"Achillea millefoliua

Aster laevis var. geyri

. Astragalus agrestis

, Cerastlnn arvense

- Brigeron canadensis

carex s (short)

.lgropyr SPP- o

Stipa spartea -
var. curtiseta

'Helictotrichon hookeri

Artemisia f@iglda
. Potentillathippiana
‘Hedysarum alplnuil
var. americanaa
Unidentified forb #1

~ Danthonia nnterledia .

'Antennaria Spp.
151lul inconspicuun

Gaillardia aristata
1 Bromus .anhomalus
Agoserls glauca
Potentilla spp.’
Geum'- ;rlflorun ,

~ _Astragalus striagas
Aster pansus . .

t Compandra pallida‘.

- Rosh atkansana Tt

¥ -,_f | ( .

.sugsecggdu!
e

.
C e

T Includes grogzrog gaSzggachzul, A. trach;ca g' and A(.

T Y |
L 82
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' ol Pes-Sti % f
§x§"-§x§zzs§“ I AL §£§:§g§

p/6 "  'b/6' . P8 p/11

p/it 3756 4733 1731
p/3 p/6 P/‘o p/23 L

. . p/At U pg18 - 2728 2729

1/22. 2/62 1767 ~ 4/83

s ,.g\" p(22 1/‘35‘..:'.3@9 p/17

T e

p/8 - P/3
p/6 - p/5 p/5 - S
°1/3 p/11. p/3 ‘ o "3/17
o . "p/S . ..
By p/8 .
) . B/ /3 /5
93/100 a5/100 8/36" 17191 7/33
12769 - 1733 p/15 CPLIES ,p/11,
- 1456 . W17 1726 2730 1717
. 6/36  18/100° 89/100 23/100@15/56
p/37- 27718 /I8 /08 p/6
/47 p/1t. /v CWEE .p/6
. p/6 AT 131 B . p/33
"p/6 - pr/33 “p/33 5 p/22
« p/3  -p/28 9/36 89 p/6 o
17772 '3 o 35/100 . ‘L¢gﬂg/1°0 =
* 5/61° 0. 18/95 & ju #q: 89 3.
p/11 © /67 357100 8Y/¥ ,;’5916‘.<
p/6 /5% T2/72  TNH/6)
p/3° p/13 p/13  3/89
‘p/3 . p/5 p/5°  p/S
: . 74 p/S” AR
.z SRR P/5 . p/S‘"J{-. &
C o p/S - P/S oy, -
T 'p/5 . pA)S
T p/8 p/3
p/5 R/3
p/3 A p/5T
LB p/i : R e
. p/3 8
“p/11. - 3s44° 8751 pyé .
1722 i/i8 133 psY -
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Appnndix 2. Continued. .
o ' N Pgs-Sti ‘
Species ’ - _1_ zgzg s I »I_ Stl-Pes
\ 1 o ' :
Anemone Spp.!? Co ' 1/22 2744 'N/69 8/78
Thermopsis rhombifolia ‘ p/17 3767 . 1.41 %/28
Astragalus flexuosus . S - "P/3 —
, Unidentlfled forb #2 T V4- T Ny
Hieraciua umbellatum -* . : /3
Androsace ' . : T T
‘ ‘septentrionalis ~ _. ~ ~ 'm»  .ps3. p/5  p/VT
Calamagrostis o ' : o I - A
- montanensis Co o - p/10 . p/3 1711
Koeleria cristata . - ©p/S p/S - /44
‘Potentilla gracilis oo /3 " p/1T
Spheralcea coccinea : ‘ p/3 oprn
Festuca saximontana. ' - cp/3 - p/6
Stipa comata o . - e -p/3 o+ pr717
Chrysopsis villosa SO e .. - .4  p/8 p/11
-Bouteloua gracilis- . - . . 1. . . p/3 . .6/67. .
Oxytropis (Calpestrls : ' _ - PR s
or serecia) - - :
-Unidentified forbd #3\ _
Lygodesmia -juncea : o ‘ ‘;
. . . , r)
- yy ? ’ . : "
- . - ‘
o . "'?i ‘ L e L]
\ o ) _' @ - E
- e - & -~
g ' 4 ! ’
~ o A
' . ‘-':: ‘\ ) ,.
-~ X Ce g '.
- - ‘ ,
H

, 1 Qngbably lainly An long gatgns va;. ﬁolfggngiana,afppg;-. o
vlth some ;.‘!_;;;g;_;.; - L
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n

-L_ ..;> A
AN i SIOpe - Horizon. Soil .
Plot # Community) - Aspect (%) Depth (cm) Moisture (%)

‘ % x .o Y - " Ah B Lime?! ‘A-B €
 4=1 2 "Sys3? b o+ 0 . 631 50, 17 1210
“4-2 . *Sys/Fes 4 0 ° 830 49 26 16 11

4-3 .Sys/Fes % . NE' 5 3 24 g6

y-4 - Fes-Sti I NE 5‘; . 9°20 52 25 ‘13 10

4-5  Pes-sti I - - sg 59 711 w6, 2317 9

y-6-". Fes=St{p I ~ - N¥E S~ 6 9 32 281718

“; § g Fes-Sting . NE 5 .,7.077 10 31 - 27 2218
3 :.»} ’?Fes—sti 11’ CONE- 5T 6:1«1‘-1 80 - 21;.12;11

31T S Gee . TRI2: 015 50100, 15 909
-‘13‘;-'-2\ -;f..-~,rqs.-st1= I - .. sSW¥ B . 9s49->90 7 14,38 11
13- Fes=Sti.I CsW15 . 10-46 >70 16 14012,
3= T Pes-Ssti L v - SW5 T 77%2 >70  1s 0
S 13-5 res-su Ir . S¥A5. 1121 2370 wr.9.
© 13-6" % : Feg=Sti I . 4S9 15 . 816 .63 1571210
C13-r . Bti, xr-. . SW 15 . 613 - uq~ 13:107¢1 ¢
<'13-8 - ti 1Ix . -.s€-15 .8 18 ‘63 8 10 W B

o PR B '932 S72 015 11 N
I v . N9 g*'G 23 .70 - 18,12 11
‘res-suér v eN-9 R 620 64 1610 10
Pes-Sti T N %N 10019 78 L sBa0. 90
Pes-Sti I . - N6 .  .8.19 >100 .17 9 8 -
.- Pes-sti'I. - KB 2 6 19~ >90° 17 14 10
" Pes=Sti IXI .. " RE 11 ‘7286 &4 - 22 14 10
FPes-§ti. II .~ NE 13, 7-20° 68 - 16 1410
' Pes-Sti II .~ - NE s’ ‘9 18 >90 . 21 10 .9 -
e Fes~Sti I 7. . NE17 > 1218 48-. 18 10,9 . )
" Pes-Sti IX. ‘JO vk 1.9 . 620, 60 20 12‘10, e

- in ‘the profile. -

{

o .
d Appepdix 3.
; L i . -~ -

Comnunlty lenbetshxp,‘aSpect, lepe (%), horizon depth. (cn)

.and. soil- moisture (%)‘oﬁ each 9 the plots included in the
§1_2hgg;ca pos gcc;gen alis study.- ,

1 Ah 1ﬁdicates ‘the deptw of the Ah horizon, B indlcates the
depth to the top of’ the B horizon and’ Lime indicates the
depth to vhere lime, as calciun carbOnate“as accu-ulat1ng

2 4 indicates a - plot chosen for 5011 textur ”analysis.

3 The abbreviations for the‘ilant ‘coamtnities are as

v

follows' Sys = the zlghotgcargosﬂCOlnunity, Sys/res = the  '“

ricarpos/Festuca coamunity, Pes-5ti I = 'the Festuca-
‘(I) community, Fes-Sti II = the gstuga- tipa (II)
cblluqlty, and sti-Pes = ‘the St;ga*rggtnga coplunxty.' =
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-Appendix 3. Continued.
et e - slope . l{orizon B N Soil B
. .Plot # Conmmity’é‘ Aspect (%) » Dépth (cm)  Moisture (S) -
L i Ah - B Lime A B C
. 22-12 Fes-St1 11 NE 2o.~?; Twdd 98 .1 9 8
439-1 ., ° Pes—Stl I g’.,"nun.\s 10 10~ 22 - .12 12:°'8
'39-2 % - 'Sti-Fes .. . NNE 5 913 .28, 1311 8
. 39-3 - Pes=Sti II = NNE 8 5 8 .26*% 12:12° 8
,.39-4 .~ Fes-Sti I -~~~ NNE -9’ 6.9 25 122 97
"~ 39-5 » ., Pes-Sti II @ - NNE 9 610 29 "Y1 .8 .9
“’39ﬂ6 ' Fes-Sti"I -~ NW§ 9 6 9 22 15 12 9
. . D . : Ly : &
*/50-1 - FeswSti I “NE -8 . 10 12 60 37 9 5
'50-3 . .Sys/Fes NE 8 .9 14+ S5 2512 |9
''50-3 . Pes—sti II " NE 8 ‘915 59 +16°11 -9 -
#%50-4 . .. Fes-Sti 110 s NE" 8. 514 59 1710 9
v so-f # _ FPes-Sti ‘" NE 82 7.18 7 L2311 8
506 Pes-Sti 11 x . NE 8 T2 7 178 .8 .
Tegn - : o . o R )
-.‘6,15_,-,1__ ys/Pes_' 'SE-6 10 16 ® 4 2215 15
ey~ 2'2- . Sys/Fes SE 6 17 18 - 63 . 1510 13 .
64=3"x " Sys/Pes- = . “SE 6 . ,-12418..53 * 17 9 13
6=t . Pes-8ti: T SE" 6 20 24 .88 2316 9. .
64=5 . Fes-Sti I ~-v*-33-a\ 13 17 ° 62 -~ 21w .9
‘64-6 .. Pes-Sti IT .  SE "1 14 18 258 24 .13 8 .. 7
_sa—7;._ FeS“St%yI T SE 4 10 14 5S4 26 13 8 -
68-8 . Fesysti'I SE &4 ©13'18 .80 © .23 4.8 -
) 64-9 - Fes-sti II\ - SE & 1214 89° 27 18 8., &
64‘\0 Pes—sti 11 ~SE. 4 .. 9¢12r; 35’,>,31;20h'8>
| e . s ST
787-1 «Stl—res‘ sw415-- zo zp g7 121108
67-2. % Sti-Fes = sua1$ T19°26 +50° 12 12 77 AT
" 67-3 Sti-Fes . SW 17 2020 85 9 9.8 o,
67-4 Sti-Fes - .. SW 19 16 21 34 122 9.
67-5 . - Sti-Fes 1+ SW 20 1520 - '37. 7,11 70 8 )i -
67-6  Sti-Fes 0 sw22 10 14 . 33 12 9.8 f
. 67-7 » ' Sti-Pes sW20 - -912 3% 1110 6770
67-8 Sti-Fes S¥ 25 . g8,12~ ad'7471a 10 .8 "
) St v. e 5 2 - "
16-1 * sys 20 \-10fae*>n1o;“, 33718 A9
16-2 sys E 7 015 96 1050 34 27 19
16=3. - Sys . i - CRT L1919 ">1307 3636717
16-4 % . Sys . - B 7. "18 19 >130 - *32 2313’
16-5.  S@s > . .~ ¢ B 4 - 200225110 - .30 2216 .0,
- 16-6. ' ~-Sys/Pes - - B2 25 25 100 2419 18 .
. 16=7 - Fes-Sti I ' E 15 020 20 >100; 27 15 17 .
:'46-8, ' Fes-sti'r . T B 1 .. 5 1sx>ﬁoo¢‘f.3o;4z 14
16-9 % -Fes-Sti II - . , E 1 - 6.20 71 . 526 12 13
~ 16=10 . Pes-Sti I "B -1 6 4y .2 12.°8" °
. 16=11 Pes-sti I 3 1 ‘6 15 122 9.
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Appendix 3. Continued.

~ Slope N Horizon Soil

Plot # Community Aspect (%) Depth (cm) Moisture (%)
Ah B Linme A B 'C
16-12 Pes-Sti II E 1 5 20 80 13 15 15
31-1 - Sys/Fes . S 4 20 20 69 20 15 18
31-2 Sys/FPes s 4 7 25 65 18 16 14
31-3 + Sys/Pes s 2 6 19 50 19 20 18
31-4 Sys s 1 7 26 55 ¥ 21 14 14
31-5 & Sys N1 7 18 50 -. 43.19 16

31-6 Sys N 3 6 26 70 22 14 14~
31-7 Sys/Fes N 3 37 317 97 21 16 14
31-8 Sys/Fes N 2 23 50 74 22 13 12
31-9 Fes-Sti I 0 10 25 58 21 12 14
31-10 = Pes-Sti II s 1 11 31 55 23 12 16
31-11 Fes-Sti IIL s 2 13 13 40 23 12 19
31-12 Fes-Sti II s 4 6 15 50 16 10 12
37-1 Sys N 2 6 23 100 28 21 14
37-2 Sys 0 9 18 95 - 30 13 13
37-3 =» Sys s 2 9 20 92 23 14 14
37-4 Sys s 2 6 20 68 19 13 12
37-5 Sys/Fes s 2 6 19 75 24 16 12
37-6 . Pes-Sti I s 2 5 12 56 32 15 14
37-1 Pes-Sti II s 2 6 18 59 19 15 11
37-8 Fes-Sti II s 2 5 16 55 17 13 8
37-9 s«  Pes-Sti II s 2 Y 510 47 18 14 12
37-10 Fes-Sti II s 2 9 19 47 14 12 9
- 37-11 Fes-Sti II s 1 6 10 3¢ ° 15 10 10
37-12 Pes-Sti II s 1 6 10 34 19 11 9
45-1 Sys .S 1 6 20 38 $ 12 16 17
45-2 = Sys , s 1 14 14 45 27 12 16
453 ~ Sys S 1 14 14 50 29 17 23
45-4u FPes-Sti I s 1 21 21 u6 20 13 9
45-5 Pes-Sti I s 1 17 17 43 15 15 13
45-6 Fes-Sti I s 1 10 10 33 15 12 10
45-7 = Fes-Sti I s 2 5 5 40 12 10 15
- 45-8 Sti-Fes S 4 3 3 25 12 13 12
55-1 Sys ssw .1 8 8 27 23 18 26
55-2 © SYys SSRH 1 10 15 28 22 15 18
55-3 = Sys SsW 1 10 15 36 21 13 11
55-4 .  Sys Ss¥ 1 8 8 30 22 17 18
55-5 Sys SSW 2 8 14 33 23 18 18
55-6 Pes-Sti I SsW 4 11 15 29 14 13 10
§5-7 Sti-Fes ssw 7 7 10 24 13 9 10
55-8 Pes-Sti I SSW 12 4 6 27 13 10 9
55-9 Pes-Sti II SSW 16 8 11 28 12 9 1
55-10 = Pes-Sti II SSW 19 9 13 27 17 10 13
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Sti-Pes

Fes~Sti

Sys
Sys
Sys
Sys
Sys
Sys
Sys/Fes
Sys/Fes
Sys/Fes
Sys
Fes-Sti
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Fes-Sti
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Sti-Fes
Sti-Pes
Sti-Fes
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" Sti-Fes
Fes-Sti

Sys
Sys
Sys

. Sys

Sys
Sys
Sys N
Sys/Pes
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Appendix 3. . Continued.

Community

I

I

]

0
0

Slope

. Aspect (%)

» SSW. 20
SSW 20

1
11
.11
14
14
14
14
14
14
15
15
14
14
13
10
10
6

nuunununuumununununununnnununununn

ENE
ENE "
END
ENE

ENE
ENE
ENE
ENE
ENE
ENE -
ENE
ENE
ENE
ENE
ENE

/

it .
EE E SNV = cd ot wdd b d b

13 .

Horizon

87

soil
Depth (cm) Moisture (%)
Ah-. B Lime A B C
8-12 31 16 13 13
7 12. 26 27 16 17
35 105 . 60 24 17
8 17 105 3418 17
8 12 88 34 17 18
10 15 69 Py 3
10 15 62 22 14 W2
11 17 68 26 15 15
12 17 75 24 43 18
15 20 >100 23 13 18
18 22 >100 22 13 17
14 21 >100 23 10 13
15 18 >100 16 10 10
10 15 - 80 12 7 10
8 12 52 10 111 10
7 12 42 10 11 9
510 32 12 9 9
510 32 1312 7 ¢«
5 8 28 1 10 9
5 8 28 11 9 -6
5 8 28 ‘13 10 8
-5 10 32 ‘14 10 9
20 25 65 15 15 29
19 23 65 13 11 .22
16 28 56 11 6 15
10 25. 65 16 11 8.
6 22 60 20 13 22
9 29  u8 25 9 13
10 28 85 19 15 20
18 30 52 16 14 17
12 35 58 17 14 21 -
10 41 68 16 8 7
32 38 >100 19 8 15
29 32 90 20 10 7
15 30 64 16 6 8
20 26 105 17 8 8
22 29 83 17 8 8
16 20 59 18 8 12



Appendix 4.

Plots included in each piant.conlhnity delimited froa théﬁ
_cluster-ordination of the Symphoricarpos occidentalis study.

Symphoricarpos community ‘

1, 2' 3, u: “5‘1' 2' 3: 55-1’ 2' 3’ u’ 5; 78"1' 2' 3'
u' 5' 6' 10; 79-1' 2' 3' “' 5' 6' 7- ¢ ) '

'Szlghoricaggg§/Festuca community ‘
4-2, 3; 16-6; 22-1; 31-1, 2, 3, 7, 8; 37-5; 50-2; 64-1,
2, 3; 78-7, 8, 9; 79-8. - .

Festyca-Stipa community (I) -
4-4, 5, 6, 7; 13-2, 3, 4, 6; 16-7, 8, 10, 1V; 22-4,

6; 31-9; 37-6; 39-%, 4, 6; 45-4, 5, 6, 7; S0-1, S; S5
6, 8; ‘78-11, 12, 13, 20; 79—9,‘10, 11, 13, 14, 15, 16.

Festuyca-Stipa community (IX)
4-8; 13-5, 7, 8; 16-9, 12; 22-2, 3, 7, 8, .,.10, 11,

12; 31-10, 1 1, 12; 37-7, 8, 9, 10, 11, 12; 39-3, 5;
50-3, 4, 6; 55-8, 10, 12; 64-4, 5, 6, 7, 8, 9, 10; 79- .
12.0' N
' i 4
Stipa~-Festuca community
39-2; 45-8; 55-7, 11; 67-1, 2, 3, 4, 5, 6, 7, 8; 78-14,
15, 1, 17, 18, 19*'

—.
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Appendix 5.

Plots included in each'clhsier of~th€»cluster-ordination‘of
the 150 plots used in the Symphoricarpos occidentalis study.

CLUSTER

1.

2.

3.
u-.

5.
6.
- 7.
8.
9.
10.
11.
‘12,
13.
14.
15.
16.
17.

f

PLOTS ’ - P

4-1;
3, 4,
4-4,

16-3, 4, 5; 31-8, 5, 6; 37-1, 2, 4; 55-1, 2,
5; 78-1, 2; 719-1, S, b.
s, 7, 8; 16-10, 11, 12; 22-7, 8, 9, 11, 12;

31"10' 1‘, 12; 37-6, 7' 8'- 9' ‘0. 11' ‘2" 50‘3' u'
6; 55-9,410, 12; 64-4, 5,6, 7, 8, 9, 10; 79-9.

4-2; 31-8; 50-2; 64-1, 3; 79-8. . .
55_11; 67_1' 2' 5' 6' 7' 8: 78_1“' 15' 16.' 17[ 18,
19. . o
13-3; 22-4, S5; 31-9; 78-13. » ,
79-10, 11.

13-4, 7. D

13-2,
16-7,
39-2;
4-3;

13-5,
78-3,
39-1;

. 78-12; 79-14, 15, 16.

6; 45-8; 78-11.
9, 22-3.
45-8; 55-7.
31-2, 3.
8. ’
5. |
50~-1; 55-6; 78-20.

79-12, 13.

22-6;
79-4,
37-3;
78-7,
31-7;
39-4;
16-8;

.4-6.

13-1.
22-1.
22-2.

55-8.
7.

78-4. )

9. "'

78-8.

45-7.

50~5. .

22’10.

64-2.

67’30.

67-4.
16-1.
16-2.
16-6.
31-1.
37-5.

45-1.

45-2.
45-3.
45-4.
45-5.
78-6.

78-10.

79_2.
79-3.
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Appendix 6.

Plots included in each cluster of the cluster-ordination of
the Pestyca-Stipa community in the Symphoricarpos
occidentalis study.?

- =
CLOSTER PLOTS

1. u4-8; 22-7, 8, 9, 12; 31-10, 11; 37-8, 9, 10, 11,
12; 39-5; 50—3;'“, 6; 55-9, .10, 12; 6u4-4, 5, 6, 17,
8, 9, 10. ! _ v -
2. 4-4, 5, 7; 16-10; 37-6; 39-6; 79-9.
3. 16-12; 39-3.
4, 22-11; 31-12. |
5. 13-3; 22~-4, 5; 31-9; 78-13.
6.  79-10, 11. ' /”“
1. 13-4, 7. ~ - .
8. 16-7, 8, 11. . 1
9. 79-14, 16. | » -
10. 13-2; 78-11. -

1. 22-3, 10; 37-7. | B
12. 78-12.

13.  79-15.

1w, §9-12.

15.  79-13. .

16.  39-1.

17.  78-20.

18.  55-6. , .

19. 50-1. ’ - »

20.  45-6. . N
21. - 13-6. :

22.  4-6.

23. 22-6.

24.  55-8. .
25.  50-5. -
26.  16-9.

27.  13-5.

28.  13-8.

29.  39-4. '

30.  45-7.

31. 39-2.

32.  45-8.

33. 55-1.

34. 22-2.

N o . -
- T i
1 After this cluster-ordination vas done, plot nu-be;ﬂ'39-2,

45-8 and 55-7 vere moved. froam the Festuca-Stipa to tke
Stipa-Festuca community. Plot numbers 45-4 and 45-5/ vere
moved froa the Stipa-Festuyci .to the Festuca-Stipa cosaunity.
This resulted in the 78 pl in the Pestuca-Stipa community
as listed in Appendix 4.



Appendix

7.

Daily water balance (June 1 to July 15,
July 16, 1971) calculated asing the method of Thornthvaite

and ﬂather {1957y .

Jyne 1970 ToC

1 18.6
2 211
3 22.8
4 20,4
5 16.1
6 19.7
7 22.%
8 17.2
9 13.3
10 14.7
11 13.9
12 15
13 17.5
14 19.7
15 15.8
16 15
he
19 15.8
20 18.6
21 21.7
22 17.8
23 17.8
28 18.9
25 17.8
26 19.4
27 19.7
28 14.2
29 14.4
30 13.9

-8

PET?!

t Potential evapotranspiration
2 precipitation in aillimeters of vater. ,
3 Soil moisture.storage in millimeters of water assuming a
field capacity stortage of 200 mm of vater.
for soil soisture storage was the monthly vater balance"
\calculated for the end of May,

B
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1970 and June 1 to

Ppct2 S M St3

127
124
120
17
115
112
109

T107 o

106
104
102
100
100
108
164
132
140
138
135

131
128
125
123
120
118
115
114
113

114
122

millimeters of water. .

1970.

Starting point

91

1]
S

o
5

e



July 1970
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" Appendix 7, continued.

TOC

12.2

14. 2

16.9
21.4
19.7
18.9
20.3
18.9
19.4
18.3
18.6
16. 1
16.1
18.1
20.0
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o
tn
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Ppct

—~29

128
126
124
120
118
116
113
110
122
119
121
119
117
115
112

92



June 1971

-
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1

12

14
15
16
17

18

20
21
22
23

25
26
27

28
29

30

Appendix 7, continued.

TOC

13.6
16.1
18.1

13.1
9.7
1.9
11.9
10.8
4.4

- 15.8
* 16.7
16.9

BT Y
* 11.4

19. 4

10.6

13.6
13.6
14.4
15.8
18.6
20.0
10.6
- 12.2
15.6
14.2
1.4
11.9
13.3
13.9

1 Starting point for soil |o1sture-§£6§é e’
vater balance ccalculated for the'et‘:og

PET
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Ppct

1

15

R i

l; ’ 4971.

S B Sty

85
84
82

95
9y
93
91
90
88
87
85
86
89
89
88
87
86
84
. 82
. 80
92

88

87
86
85
83"

.86

as the monthly"

.

93



Appendix 7, conatinuved.

July 1971 TO0C PET Ppct S M st
1 16.7 4 . 84
2 1.7 3 8 89
3 10.3 3 9 95
4 4.7 4 93
5 « 4.4 3 5 95
6 12.8 3 . 3 95
7 - 13.1 3 9q
8 12.2 3 4 95
9 12.2 3 3 95

10 12.2 3 13 105
11 12.5 3 ’ 5 107
12 14.4 3 . 105
13 15.3 ] 1 104
14 17.5 4 102
15 21.1 5 99
16 20 5 96



Appendix 8.

v’

" Ny

Prequency distribution (%) of soil subgroups in four plant .,

communities, 1971, . - )~<.
| S
W\ 2 - >
- / . f\/’ ) N
Symphorjcarpos community L v ;a,QL-

I A% Pl
"orthic Dark Brown Chernozeas- ,177 "~'7”..\ 3%

Eluviated Dark Brown Chernozeas }%

orthic Black Chernozeggn RS G .#.....‘

BEluviated Black Chetndze cieade i&,,.... 64%
' \\

\<

Symphoricarpos/Festuca ‘community o uk '

Eluviated Dark Brown Chernozems ecececececeeeo. 11%
orthic Blatk  ChernozZems .cc.csecesveccccsccsos 17%
Eluviated Black CherNOZeRmS .ccecscccacaces 12%

Festuca _; pa (I) community

Orthic Dark Brown Chernozeas evscsscscncss 10%
Eluviated Dark Brown Chernozems ..c.cc..-... 38%
Orthie Black ChernoZemS .ecceececccccccccecsas 5%
Eluviated Black ChernozZeBS «ccceveesccsccs. U6H

Festyca-Stipa (II) coamunity

orthic Dark Brown ChernozZems .c.ceccececcececes 3%
Bluviated Dark Brown ChernozZemsS .....coss-o 49%
Eluviated Black ChernozZems .cececcocccecea.. 49%

Stipa-Festuca community

Oorthic Dark Brown ChernoOZemS ..cccccccceces 11%
Eluviated.Dark Brown Chernozems .......... 89%

95



