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Relationships between Aspect and Plant Distribution on Calcareous
Soils near Missoula, Montana

Abstract
Aspect and depth lo the C.rCtOr hofton explrth nro\t ol rhc variarion in the plant communirie\ on calcafeous soils ncar Nti\soula.

v,inr"nr. I _l n.r. .eg.er,,ion a;d the Nlann whihey U rest rverc uscd ro evdluate trcnds in soil propefiies and plant communrlrcs

Thc caco, hofizo;(a proxy lbr leaching) ranScr ir"m 2 ro .1R em itcct on the \ourh l!pcct and ridge top and,16 to 125 cm dec!

o n l l r e n o r l h a s p e c l . T h e f o r b g r a s s c o n r n u n i t y J o I n i n ] l ( ! l h e . U U I h i J . i n g s ] . ' n e . . J n L ] r h e | i d g e l o p . p r o ! i d i n g m o f . t h a n 9 . 0 %
1.,u"."g., o6"..n, un rLe fbre.srerl no.th tacing stope, rree covemge ra'ges lionr 9 to 56% aDd lorbs/grasscs frcm 23 to 69q'

Ctonsiderabtc dilltrcnce rn "p".,.. .u.pn.*ru,io.cirrs on cach aspect. Differcnces in leaching are cxemplificd b} hishcr lH'l on

fte nonh asDect ( ptl 6.6-7.0) lhan on fie sourh aspect and ridge top (pH l 1 8 3) paily as r resul t of twice ihe moislure conien !

on the north slopc ( l? Io 2'1ta lefsus l0 to 12tl)

lntroduction

Through its cffects on net solar riidiation and

microclimate, aspcct can have an imponant in-
fluencc on thc formation of soils (Jenny 19'11'
Buol et al. 1989, Cater and Ciolkosz 1991) and
plant conmunity structure (Cantlon 1953. Gil-

bcrt anil Wolt-e lg5g,Whittaker 1975. Yeaton and
Cody 1979, Hicks and Frank 1984). This influ-

ence occurs in arcas as divclse as intedorAlaska
(Krause et al. 1959).Alberta (Lieffers andLarkin-
Lieffers l9U7),Israel (Boyko 1947), Spain (Dariage

1987), Montana (Goldin and Nimlos 1976)' and

thc eastern United States (F[anzmeier et al 1969,
Losche et al. 1970. Hutchins et al. 1976, Boemer
lq84r .  H ieher  le !c l .  o l  .o l3 r  ra t l ia t ion  on  'un-

facing slopes rcsult in higher soil temperatures
than on slopes facing away from thc sun
(Franzmcier et al. 1969, Hutchins et al 1976,
Macyk et al. l9?ll), lower soil moisture levels

lGilben and Wolfe 1959, Stoeckler and Curtis
1960), and decreased solum devcloplnenl (Coo-

per 1959. Gilbert and Wolfe 1959. Grcen 1987.
Carter and Ciolkosz 1991). Due to its effects on
plant cover and soil depth, aspect influences run-
off and soil erosion (Branson et al. 1981. Grcen
1987, Agassi et al. 1990. Marques and Mora 1992)
and rcsulting levels of soil P (Klemmedson and
Wienhold 1992).
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Markcd aspect-related dill'erences have been

reported for a range of ecosystem propcrties: soil
physical and chemical characteristics (Finney et

al. 1962, Franzmeier et al. 1969, Macyket al 1978.

Hicks and Frank 1984): soil genesis (Grcen l9li7'

Carter and Cjolkosz l99l); strean water chem-

istry (Satlese et al. 1982); plant specics diversity
(Boyko 1947. Pook and Moore 1966, Whitney
laa l ,  Ku t ie l  lqq2) :  und fo re . t  s i t c  p ruPer l ie '
(Trimble andWcitzman 1956, Hutchins etal. 1976.

Hicks et al. 1982, Verbyla and Fisher 1989. Bale

and Charley 1993, Mudrick et al. 199;l). While

the reported magnitudes ofthe impacts of aspect
vary considerably. and may be complicated by

variations in other enlironmental lactors, therc

is sufficient evidence to show that at some steep
mid- la t i tude. i te . .  u \pec l  ma)  e rerc isc  I  p r imr r )

control in maintaining ecosvstcn-I disjunctions
(Bale and Charley 1993).

Most studies acknowledge a relationship be-

tween soil moisture, as influenccd by aspect. and
plant distribution or soil development. including

Goldin and Nimlos (1976), in the nonhem Rocky
Mountains on calcareous parent materials. Green
(1987) has shown a close coffelation between

aspect. leaching. and soil development in north-
\\,estern Nebraska.

The purpose of this study was to examine the

relationship between aspect and its el1'ects on leach-

ing (as measured by depth to carbonates) and

consequent plant distribution.
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Description of the Area

The study area is located on a steep, rocky hill
approximately 6.5 knr NNE of Missoula, Mon-
tana (.16'55'N, I l4'00'W). The annual precipita-
tion is approximatcly,150 mm, whichoccurs mostly
as snow between November and April. The par-
ent material is Helena limcstone, a gray, lami-
nated, sandy. and argillaceous limestone u'ith minor
anleunts of impure argillite and impure quanz-

ite. The soils iire principally of the Repp soil se-
ries (loamy-skelctal, mixed. superactive. frigid
Typic Haplustepts) (Ande$on et al. 1995). Repp
soils are mapped on more than 20.000 ha in 6
soil survey areas in Montana (Wade Bott. Natu-
ral Resources Conservation Service. Bozeman,
Montana, personal communication). The south
exposure is odentcd at 225' .md the nonh slope at
l0'. Slope steepness is 50 to 60 percent and elcva-
tion r nges frcm 1100 to 1275 m (Figure 1).
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Figure L Map oflhc study ruea sho\\,ing plo! localions. Elevarions are in mclers.
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Much ofthe vegetation, pafiiculllrly oo the south
slope, has bcen subject to grazing as well as to
fire and logging. as indicated by charred stumps
and trees. Although forest fires have a long his-
tory in Montana (Amo 1980), which could have
affected the plant communities on this site, the
effects of llre u,ere not studied. Although there
has been disturbancc due Lo lire. grazing, and log
ging, these probably had less eflect on life tbrm
as comparcd to individual species.

Materials and Methods

Stations were located on the lo*er. rniddle, and
upper parts of the north and south slopes and on
the ridgc top. From the plot center at each sta
tion. a ten meter l ine transect was established
perpendicular to the slope for species identifica-
tion, cover. and ficqucnc)'. Cover was measured
as the length in cm a species crossed the l ine
transect and percent cover as relative to the total
lcngth (10 m).

Soil pH. spring moisture content, and depth
to carbonates were measured fiom at least three
locations within 30 neters of the plot center.
Samples to detennine pH (l:1 water), soil lnois-

ture. and soil texture were tilken from the upper
15 cm. Soil pH was analyzed on an Orion pH
mctcrand soil texture using the hydrcmeter method
of  Day (  1965) .

Dcpth to carbonatcs was determined by ap-
plying dilute HCI from the land surface down
ward unti l an etlervescence ofCO. *as elicited.

The Speurmi rn  Run l '  le \ l  u  a \  u \ed  1 , ,  e  \ . rm ine
correlation ofvarious soil and vegetative proper
ties with dcpth to carbonatcs. Thc Mann-Whitncy
U test was used to test diflerences between north
and south slopc propcrtics (Zar 1998).

Results

Twenty eight vascular species were identified in
the plots: two trecs. scvcn shrubs. and 19 hcrba-
ceous plants (Figure 2 and Table l). Fitteen spe-
cies occuned on the south slope and 15 on the
north slope, ofwhich only three (Milk-vetch (As-
trugalus spp.'), Strawbeny (Fragrirlzr spp.) and
Oregon grape (Berberis repens)) also occurred
on the south slope. The ridge site had 12 species,
seven of which it shared with the south slope.
three u'ith the not1h slope and two were unique
to the ridge (Sandberg's bluegrass (Poa secanda)

\i Agroplnn sprcatum

V Batsannrhka sagitnta

-' Calanngmstb rubescens

I Spnea betutifotia

* 
Pseudotsu|a menziesii

Q 
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Y Physocarpusnalvaceus

V Acer glabrun

N
'
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TABLE L Percent corcr ol species occupling at leasr 3ql of dre \tudv ea

Spe. e\ S i re Numbcr

Agtop\"tofl stt.nrun

Bal \anorhi:d sdgitattl

Cakunqrcstis rubesctn\

Ph |s . \u tpu \  nnh0LCus

Plcud)ts xd tnett.ie\1i

.19

3

3

6

l

5

3 1

1

t6

1 8

12.

5
2t)

J

6

8

1

1 )

26

11

2 1
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Percent Cover by Life Form

Site Locations

Figure 3. Relati!e covef b] life fonn a! sile locations.

and ki n nikinnick (A r.tostaplrylos uru-Lt'.\i ) ). The
threc north slope sites and the threc south slope
sites differ significantly in soil moisture and to-
tal cover (Mann-Whitney U test, P=0.05).

The ridge and south slopc were similaLr in spe
cies composition, being doninated by the hcrba-
ceous layer. especially graminoids. whereas the
north slopc had a mixture of trees, shrubs. ;rnd
herbs. Herbs wcre dominant on the upper north
slope, ffees on the mid-slope. and trees and shrbs
on the lower nofih slope (Figurc 3).

Avcrage spring moisture content rangcd tiom
17 b 244/( on the north slope as compared to l0
to 12% on the south slope and ridge. Each posi-
tion on the nofih-facing slope shou,ed a lowerpH
(6.2 to 6.8 on the north slope compared to 7.1 to
8.3 on the south slope andridge) (Figurc;t). higher
total cover (Figure 5). and deeper carbonates (Fig-
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ure 2) than the sinilar slope position on thc south
slope except at the toe slope.

The depth to carbonates was grealest at the
top of the north slope (125 cm) and decreased
down the north slope (74 cnr rnid-slope and 46
cm toe slope) with increasing plant cover. On the
south slope the depth to cilrbonates was highest
at the bottom (:t8 cm) and decreased upslope to
l3 cm at mid-slope and 8 cm at the upper slope.
The depth to carbonates on the .idge was the shal-
lowest at 2 cm.

The lbllowing plant and soils data showcd
definite relationships \a,ith the depth to carbon-
ates: a) pH was negatively corelated (P=0.01)
and b) total covcr and herbaceous plant cover
positively correlated (P=0.05). Based on rhese
statistical analyses. thc variation in plant distri-
bution on this hil l  was largely cxplained by the
interaction of aspcct and depth to carbonates.



pH in the top 15 centimeters

Site Locations

I"igure,l. Soil pH in ihe uppef l5 cm at siie loc.rtrons.

Site Locations

Figlrrc 5. Total plant co\er at siie loc:rtions.

Discussion

The study indicates greater diversity on the nonh
slope. where there is nearly an even mixture of
trees, shrubs. and herbs. whereas the south slope
and ridge are dominantly graminoids (Figure 3).
Hutchins ct al. (1976) also found greater diver-
sity on northerly slopes and less dcvcloped veg-
ctation on south-tacing slopes, but Kutiel (1992)
found the reverse in Israel due to the abundance
of annuals in the rainy scason.

In the study arca moisture loss was probably
accelerated on south-facing slopes since the sun
angle at:17" N latitudc is nearly perpendicular on
, r0 .b0 , ,  \ourh- t l rc i l lg  s l  pe .  r lu r ing  l r rc  rp r ine  ro
carly fall. This trend is similar to the findings of
Macyk et al. (1978), Hutchins et al. (1976). and
Cooper (1960). As pointcd out by Cooper (1960)
and Loesche et al. (1970), greater soil dcvelop-
ment can occul on wamer south slopes if ad-

Z s - Facingslope

III-I:I Ridse

Nl N-Facingslope

Z s - Facingslope

Ejjil Kroge

Sl N-Facingslope

equate soil moisture is available. Such vas not
the case is this semi-arid region. The higher mois
ture conditions on the north slope have probably
increased weathering, thereby producing a finer
textured soil on the north slope, which had 20%
more silt (59.5clr as compared to 39.9cl,:) than the
south slope with similar clay contents (about 8.5 qr ).
This finer texture promotes a higher water hold-
ing capacity. Some silt could have resulted tiom
loess deposition.

The shallowest carbonates occur at the ridge
site and are also shallow or the south facing slope
(Figure 2). The depth to carbonatcs was grcatcst
irt the top of the nofih slope (125 cm) probably
due to accumulation of the most snow (com-
pounded by increased snow from the ridge site)
and less total cover and basal arca than othcrnofth
slope sites which reduces evapotranspiration
and. therefore. increases leaching. The depth to

150

100

Total Cover (cm)
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carbonates decreased do$'n the nofih slope (74
cm mid-slope and 46 cm toe slopc) !l,ith increas
ing vcgetative cover Similarly, Carter;urd Ciolkosz
( l99l) found evaporative differences duc to as-
pect produced thicker soils on norlh sJopes.

On the south slope the depth to carbonates was
gre test at the bottonr (48 cm) since this site is
protected somewhat from solar insolation in the
u'inter and early in the growing season from moun-
tains across the narow valley and, in addition.
probably had increased runotftrom upslope. The
nid slope site experienced these phenomena to
a lesser extent (dcpth to carbonates 13 cm), the
upper slope even less (8 cm), and the ridge the
shallowest (2 crn). The shallowcr depths on the
s , ru th  s lopes  and r i Jge  re 'u l t  f rom ev lpor l t i re
effects as wcll as to sno$' losses due to wind.

The increased depth to carbonates and the higher
moisture content tiom the top of the south slope
to the base can probably be attributed to the in-
creasing influence of shading and the runoff of
moisture to the base of the slope. The greater
anrount ofcover, and consequently higher evapo-
transpimtion, on the toe of the nofih slope kept
the depth to carbonates shallower than otherpans
of the north slope.

The comparative trend of pH on north versus
south slopes (lower or north slopes) is similar to
the pattern observed by Kutiel (1991) in Israel
but the reverse of pH fends in studies in the hu-
mid eastem United States: Franzmeier et al. (1968)
in the Cumberland Plateau. Losche et al. (l970)
in the southemAppalachians. Hutchins etal. (1976)
in Kentucky, and Boemer (198,1) in southern Ohio.
Each of these hunrid study areas has plenti lul
summer moisture relative to u,estem Montana.
The deeper soils tbund in this study on the north
slopes follow a similar pattern found in Cooper
(l960), Marques and Mora (l992), and Cafier and
Ciolkosz ( l99l). Gfeater leaching on nofih slopes
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in Montana wil l also result from a longer lasting
snowpack than on south slopes.

Conclusions
The influence of aspect on soil moisture content
and leaching ofcarbonates has beetr shown in this
study to have significant relationships with plart
distribution. ln semiadd westem Montana, these
influences are pafticulally reflected in the nature
of the vegetation with typical grassland being lim-
ited to the middle and uppcr south slopes and the
fidge top. where the depth to carbonates is less
than fifteen centimeters liom the sudhce and grad-
ing to the more mesic conditions and greater tree
cover on the lower south slope. The overstory is
open and scattcred on the lower south slope and
the total covcr ofboth overstory and undergrowth
vegetation dccreases upslope as depth to carbon-
ates becomes shallower up the south slope. Shal-
lowness and rockiness of the soil and thc high
solar insolation levels and probably wind on the
steep south-facing slope cause moisture st[ess as
wcll as osmotic stress due to the high ctrlcium
crrhunate conlenl and r onl rihute lo the \cri\ '  con-
ditions on these slopes.

Plant distribution is not completely dependent
on the depth to carbonates but probably on the
interaction of this factor with aspect and avail-
able moisture. Ifthe depth to carbonates werc the
sole criterion, the site 1 vegetation over i18 cm to
carbonates would look very similar to the site 7
vegetation on thc nonh slope with a 46 cm depth
to carbonates.
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