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ABSTP,A.CT

The distributíon of ()nuntia fraqilis (Nutt. ) Haw. in the Boreal
Forest Region of southeastrrrn Manittlba was compiled from herbaria,
literature, and poster surveys. Eleven coronÍes were verifiedn from
Indian Bay (4gog7'N, g50l.z'w) to Bissett (51002,N, g5o4l,r,l) , most on
the tlinnipeg River system.

The habftat was described frorn,lata cóllected llay - September 1980
at seven sites. The cactus occurrerJ on slop{ng, south-facing outcrops
on vrnten',tays. It was found 3 - 4 rn above the water'level in shallow,
acídic, nutrient-poor organic soils. A temperature profile through the
Bi rcl Rí ver val 1 ey s i te (50025 I 

N , 95041 'l^l) showecl that the ml crocl imate
on these outcrops v,,as t{armer ancl drier than that in the surroundÍng
fores t.

The morphology of one-year-old pads of q. fragilis varjed ampng the
seven sites. This variation vlas absent from new pads produced after one
year ol' unlform conditd,ons. Morpholpgy was not slgniflcantìy correlated
with soil or physiographic characters of the sites. Pad length appeared
to be related to light intensity.

The effects of propagule dispersal, establishment, and maintenance
on the distribution of 0. fragilig in thls region þ,ere testecl at Bird
River frorn May 1981 - October rgïz, Because the cactus propagates
vegetatÍveìy, the propagules used were stem units (pads). Mark and

recapture, f'lotation experiments, and field observations indicated three
potential dispersal mechanisms. In order of increasing rÍsk to survÍval,
they are:

1. geochòry, which clispersed pads localìy and introduced them into
the river.

2. hydrochory, which dispersed pads over tong distances, but
restricted their spread to waterways.

-1. epizoochory, which also functioned over rong distances, given
sui table vectors (e. g. humans ).

lt'larked pads were planted in habìtats to which they rnÍght be dispersäd.
After one year, establishment was signíficantly greatef (p<0.05) on

south-facing outcrops than on north-facing or forest sites.
Censuses (L979 - 1982) of an established colony indicated that pad
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nurlbers u,errÌ increasíng hy 30tli per' _vear. Approxinrate-ly 6% of the pads

r,vere d'ispersed fronr the outcrop.
The original date of arrival in l'lanítoba is unknown, but three time

periods could be hypothesizecl: 9000 - 7500 years Bp, 7s00 - 4000 Bp,
or 4000 - 0 BP. The present distribution of 0 . f rac: ilis appears be be

rnaintained by hydrochory and/or epizoochory along canoe routes. The

cactus i s both habi tat and dÍ spersaì 'limi ted.
The successionaì sequence on three outcrops containing 0. fragilis

was exanlined using physiography ancl species cover. Data were col'lected
from June - Âugust 1982 on five 10 m line transects at each site. A

succ{lssional sequence of species was predicted, based on their life-
forms, strategies, and contribution to soil formation. prelÍminary
orclinat,jons using recìprocal averaging/weighted averagíng hybrids
indjcaterl that substrate depth was the major factor determining the
species gradÍent, hence substrate depth was used to orcler samples in
vreighted averagÌng'ordinations. The resu'lting species sequence t^las

positively correiated with the predìcted sequence (p{ 0.0s). The stages
of ti're sequence were: (0) trare rock/pioneer lichen mat, (l) primary moss

mat, (2) seconclary moss and lichen mat, (3) tertiary mat, (4) stress-
tolerant perennia'ls, (b) perennial grasses and sedges, and (6) chamae-
phytes and phanerophytes. The species composition of stages 0 - 3 was

consistent at a]l three sites. Variation Ín subsequent stages ulas

presirinôbìy due to propaç¡uJe availability. This sequence þras generalìy
sîmíiar to that of Clernents (1963) but local varlations in pattern and

rate of spread were related to factors whÍch altered the rate of soil
accurnulatÍon: s'lope, aspect, rock surface features ¡ âfìd disturbance.

Opuntia flagilis, a stress-to]erant perennial, was the first
vascular plant to co]orrize secondary (occaslonally tertiary) mats,
where. it was posítive'ly associated with To.rtula rura'lÍs (p<0.0s).
cactus vigour vras not correlated v¡ith soíì or physíography (p>0.0s).

1'ì'l
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CHAPTER ONE

I ntroduc b,i on

A colony of Opuntia fragi'lis (Nuttall)Haworth in the Boreal

Forest Region (sensu Rowe 1972\ of southeastern Manitoba has been

observed annua'l'ly since ca. 1966. Tlre co'lony, located on Bird River,

was restricted to two outcrops but was absent from the forest and

apparent'ly sirnil ar outcrops nearby. Propagati on appeared Eo be

entirely by vegetative pads.

This study $,as desígned to determine whether this colony was

unique, and to examine the ecology of ¿ì supposedly praÍrie species in

a boreal habÍtat. My aims were:

1. to report the distribution and habitat of Opuntia lfgg:]:-L in

the Boreal Forest Region of southeastern Manitoba (Chapter

II). The help of local naturalists was enlisted to locate

prevíously unknown cactus col oní es . l.lhere possì bl e , these

were verified by specimens. A selecb,ion of seven colonies,{i@s

studied to compile a habitat description

2. to examíne the influence of dispersa'l , establishment, and

maÍntenance on dÍstributíon and abundance (Chapter III).
Indivídual components of di s Iri buti on were tested to

determine whether the species was restrjcted to certajn

habi tats.

3. to compare successional sequences and ecological positions of

0. fragilis at three sites (Chapter IV). Succession on out-

crops did not appear to follow the spatial continuum pre-

1
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dicted by Clements (1963). Instead, the vegetation occurred

in discrete patches. Vegetation cover and physiography were

analyzed to define a successional sequence, and to predict

the position of 0. fragj]is in the sequence.

The answers to these questions may provide insight into the

cactus' requirements and history.

In order to describe the ecology of 9!gI!a _fiagÍlis in

southeastern Manitoba, some information on its bioìogy was useful in

understanding its strategy of reproduct'ion and spread. The general

characteristÍcs of the study region, es¡recial'ly its history, provided

informatÍon on the possible history of the cactus distribution.

Description of Species

Vegetati ve morphol ogy

Opuntia fragilis, or Brittìe prickly pear cactus, is so named

because the stem is easily separated into indivjdual pads (c.f.

"modules" sensu Harper 1978). The stem consists of a series of

cy'l indrical succulent photosynthetic pads each up to 4 <;rn long

(Benson 1,974, Clark 1981), arranged in a decumbent chain (fig. 1.1).

Each terminal pad produces one (occasionally two) new pads from Íts

apical meristem each spring, hence the chain lengthens annualìy in a

linear fashion, Lateral meristems produce new pacls or adventitious

roots. Surrounding each meristenlatic region on the surface of the

pad Ís a cluster of hair-like g'lochids and up to 9 spreading barbed

spines (see e.g. Makuchan !g7g, Cìark 1981, Harms 1983). Each

meristematic region, including spines, glochids, and deciduous

scale-like leaf, Ís termed an areole.



Figure 1.1: Morphology of a stem of Opuntia lragi I i s, showi ng
pattern of growth over three growi ng seasons.
Indfvidual pads are identified by letters a - e.
Pad c breaks off the mafn stem in the second growing season
to form a separate plant.
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"egetative Anatomy

Anatomy has been described by Clark (1981). The thick cuticle

and multi-'layered epidermis of the pad are perforated by numerous

stomata. The mucilaginous interjor of the pad contains crystal s of

calcium oxalate, mucílage cel'ls, true vessels and vascular tracheids

with helical thickenings (un'ique to the Cactaceae), and abundant

water-storing parenchyma. The hel'ical thickenings prov'ide

elasticity, while the tracheíds function in support. These features

allow the plant to respectively survive, and recover from, drought

and loss of turgor.

Reproducti ve Chacteri sti cs

Opuntia fragilis flowers in early to mid-suntmer (Benson I974).

In the Bird River area of souttreastern Manitoba, the flowering season

occurred in late June. The flowers (Fig. 1.2a) are epigynous, 3.5-

5.0 cm in diameter, bright yeì10w, tinged with red. The stamens are

thigmotropical'ly sensitive, a generic character. The lower portÍon

of the fil anrent is widened ancl bends rapi d'ly inward when t.ri ggered

(Í.e. by an insect). The anthers contact the style below the stigma,

trapping the insect as in a cage (Fig.1.2b). As the insect escapes

between the filanents, ít becomes dusted with po1len (Toumey 1899).

This is beì ieved to promote cross-fert'il ization (Torrmey 1899, Grant

and Hurd lglg, Parfitt and Peckett 1980 ) . The incurved fi I aments



Figure L.2: Reproductive structures of Opuntia
(A) Longitudinal sectÍon through

fragilis.
flower, showing stamens

in open posítion.
(B) Stamens incurved.
(C) FruÍt with persistent corolla and caìyx.
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B

have,.trapperí nj tul id beet'les (not ef fecti ve po1 I i nators ) and medi um

to ìarge ¡rolylectic bees (Tourirey 1899, Grant and Hurd L97gt.

Thigmotropism has been observed at the Bird Ríver coìony and in the

laboratnry wíth collected flowers. No insect visitors have been seen

at thi s si te.

The fruits are indehiscent, dry, woody, and have apica'l rims of

spreacling barbecl spines (Fig. 1.2c) which aid in dispersal. Seeds

reach maturily 2-3 months post anthesis, and are flattened, 0.5-0.6

cm ìong, and bone-coloured. Many are sterile or parasitized by

insr-.ct larvae, and are thr3n thin and papery (Benson L974). Fruits

f rom Bì rd RÍ ver, Bi ssett, Bi g !Jhi teshe'l I , and Spruce Woods were

exa¡níned from 1979-198i, but no viable seeds were found.

The chromosome number for this species Ís unknown, however the

genus 0puntia is known to have a basic chromosome number (x) of 11,

and various species appear to be poìypoids of this, i.e. from 3x-12x

(Pinkava et a'l . 1973). 0puntia fragilis hybridizes with

0. acantha Haw. in the northwestern U.S. (Benson L974\.

Lìke many other species in thjs genus, Opuntia fragjli_s produces

few seeds and relies on vegetative propagation throughout its range

(Grant and tlurd 1979 ) . Mature termina'l pads are prone to separati on

from the stem, especialìy in rnid-summer, the season of maxímum

t.urgor. Th'i s steln segmentati on , the presence of barbed spi nes (which

aid in anchorage and dispersal, c.f.Toumey 1899, van der PÍjl 1969),

and adventitíous root production have probably contributed to Íts
spread in rangeland (Toumey 1899, Bunting e! a1. 1980), and into

other habitats (e.g. the Boreal Forest Region).
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Distribution
'l"he 11i:;trÍirtrl:ion of !p:$:¡_ -t".igil i: covers the ge neral region

of the Great Plains. A map of the main range of 9. fragi I í s

(fi9.1.3) was compiìed from the major floras of North Ameríca; it
extends frorn New l4exico, through northern Cal i forni a , nort,h to the

Peace River district of British Columbia and Alberta (OnO 269656),

and east through southern Saskatchewan and Manitoba to 0ntarfo.

Towards the northeastern edge of its range, distribution becomes

patchy. Di screte i sol ated popul ati ons are reported at Kal adar ,

0ntario (oRo 82L94, Beschel 1967), Illinois (Gleason 1923, Sheviak

1979), and I'lichigan (ReznÍcek, pers. comm. 1981).

In Canada, 0punti a fragi I i s has a patchy dÍ stri butÌ on

(fi9.1.4). It occurs in two different habÍtats: (a) Ory prairies

ancl sandhills, frorn the southern Ínterior of BritÍsh Co'l umbía, to

southwestern Manitoba; and (b) on rock outcrops in coní ferous

Forests, ê.g. on shores and islands in the Straits of Georgia, B.C.
:

(DArl 82236); and on lakeshores in southeastern Manítoba and north-

western 0ntario (Scoggan 1978). The colonies on rock outcrops in

Manitoba ancl Ontario faì1 within the Boreal Forest Region (sensu Rowe

Le72\ .

Description of Study Area

The cactus habitat in the boreal forest is outwardly dÍssimilar

to that of the Great Plains in topography, soil, and vegetation.

The topography of the BoreaJ Forest Regíon of southeastern

l"lanitoba rises from 250 to 330 m above sea level from west to east.



Flgure 1.3: Range of Opuntja fraqilis ln North America.
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Figure 1.4: Dístribution of 0p_untþ fraElìis ln Canada.
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1.4

Soils arr¡ shallow, acidíc, and nutrient-poor. They are the result of

cl írnate, wl'rich slcws decompos'ition; parent materi al (i .e. weathered

granite anct/or glacial til'l ); and re]íef , which promotes erosÍon and

leac.hing (Smith and Ehrlich 1967). SoÍ1s and vegetatíon types are

discontinuous; forested areas are interspersed with bog and bedrock

outcrops. Climax forest is lomposed.'of Picea glauca (Moench) Voss,

Pinus banksiana Lamb., and Abies balsamea (L.) Milt., with local

rníxtures of deci duous speci es such as Betu'l a papyri fera Marsh . and

Populus_!¡gq]jj_qgg Michx. Bogs ôre characteri zed by Sphagnum

spp. with Picea $r1grra (M'ill.) BSP. and LqU-l-gf:_Cjg (DuRoi) Koch.

0ut.crop vegetation is variable and is discussed in Chapters II and

IV.

Post Gl aci al H'i story

15 000-1 3 500 ears BP . Duríng the l,Iísconsin Ice Age, Manitoba

was covered by a glacial ice sheet which extended into the northern

U.S.A. (Terasmae 1973). The previous flora and fauna were dlsplaced

to refugía in sout,hern and central U.S.A. (Terasmae 1973, Scudder and

Rev eal 1 981 ) .

13,500-13,000 BP. The climate began to warm. Meltwater formed

Glacial Lake Agassiz I, covering southern Manitoba and parts of

Saskatchewan and 0ntarÍo (Ritchie 'q76). Initially the lake drained

south into the Mississíppi River basÌn. As the ice receded, the lake

drained east into the Lake Superior basin (Zoltai 1967). Glacial

till accumulatìng on the melting ice was colonized by spruce forest

(RitchÍe 1976).



15

13 000-9 900 BP. The cl i mat.u. cont,i nued to warm. Grassl and

col 'rni ¿ecl s,lutlrwester"n ManÍ toba (Iìot"t 1e73, Ritch iÊ 1976 ) , but south-

eas tern I'lani toba remai ned fl oodetl.

9,900-9,000 BP. After a brief period of gìacial readvance, the

climate warrnecl again. Meltwater formed Glacial Lake Agassiz II lLöve

1959) which drained south and southwest into Glacial River LJarren

(Matsch and Wright 1967, Zo'ltai 1957). The spruce forest was invaded

by píne (Buchner Lg7g, 19Bl). LòVe (tgSg) proposed the arriva'l of

"eastern elements" during this period, including
Seì agÍ nel I a I_Vjg_:-!¡¡_: (1.) SprÍng, Prunus pumila L., Saxifraga

virginiensis Michx. , Rhus gl abra L., and uercus macrocarpa Michx.

However, Rìtchie (1976) dated the arníva'l of Q. marcroca]^pa at 6,500

BP.

9,000-7,Ã00 BP . La ke AgassÍz II drained east and northeast

through successÍvely lower channels as the ice retreated (Zoltai

1967). Southeast of the lake may have been pÍne savannah (Buchner

1981) while grassland extended south and southwest (Nichols 1969).

7, 500-4,000 BP. A warm dry cl i matÍ c peri od, the Al tÍ thermal

(sensu Antevs 1948), caused water levels to drop. Grassìand reached

jts rnaximum extensions, north to Riding Mountain (Ritchie 1976) and

perhaps east to the WÍnnipeg River (Buchner 1981). Boreal forest was

similar to its modern compositíon but 1ay 100-175 km north of its
present boundary (Ritchie 1976). "Western element,s", incìuding

Algrtgogon gerardi Vit., Hguchera richardsonÍi R.Br.,
Alljum stellatul Fraser, and Opuntia fragi]is, may have arrived (löve

1e5e ).
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4 000-2 5OO BP . The climate cooled to present conditions, and

Lake Agass'iz II began to draìn nor'th Ínto the Ne1 son R'iver (Zol tai

1967 ). Grassl and retreated anti the boreal forest reached its present

southern limit. Plains Indians began to penetrate the boreal forest

(Buchner 1981). Vestiges of earl ier plant assembì ages persisted fn

isolated sites, ê.g. stanrts of oak savannah on south-facing slopes ín

southwestern Manitoba (Ritchie 1976). Altitherrnaì vegetation may

persist on protected si bes (e.g. islands, c.f . l.lright and Heinselman

1e73)
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CHAPTER TI,IC

Dlstributìon, Habitat, and Variation rrf 0pun!ia fraqi I Ís

i n Southeas tern l4;lní toba

ABSTRACT

The distribution of 0fruntj.a fraqil is (l{utt. ) llavr. ín the Boreal

Forest Regíon of southeastern Manìtoba was compiled from herbaria, liter-
ature, and poster surveys. Eleven colonies have been verifÍed from

Indian Bay ( 4goz7't'|, 95012'Ì,,l) to BÍssett (stooz'N, gbo4l,t\r), most on

the t'li nni peg Rí ver Sys tem.

The habÍtat was déscribecl from data col'lectecl l'lay - Septernber 1980

at seven sites. The cactus occurred on sloping, south-facing ouLcrops

on ttaterwa¡rs. It was found three to four m above the vrater 'level , on

shallor,t, acidic, nutrÍent - pc,or soils in moss nrats. A temperature
profi'le throrrgh the Bird River valley site (SOoZ.E'N, 95041'l,l) shor,.,red that
the microclímate on these outcrops \{as warr¡er and drier than thal! in
the s urrounclí ng fores t.

The morphology of one-year-old pacls of 0. fraqiljs varîecl among

the seven sîtes. Thls variaticln rvas absent fron nevl pads nroduced after
one year of unìform.condítions. I'lorplrology was not signì Ficantly
correlated with soll or physiographic characters of the sites. Pad

length appeared related to light intensÍty.
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CHAPTER Tl.lO

DÍstribution, Habitat, and Varíation of 0puntia fragí:lis in

in Southeastern Manitoba

I ntroductí on

Preliminary studies on a long-known colony of Opuntia fra.qi I i s

at Bird River, Manitoba (50"25'N, 93o38'tl) revealed the existence of

other colonies in the Boreal Forest, RegÍon (sensu Rowe lglZl of

southeastern Manitoba. Colonies were at least 70krn east-northeast of

the edge of the species'main grassland dístríl¡ution (see Fig. 1.3,

Chapter 1). The distribution of isolated cactus colonies suggested

the following questions:

1. what, is the dÍstribution of 0. fragilis in the Boreal Forest

Region of southeastern Manitoba? Is it a rare species in this

region ?

2. l.lhat are the biot,Íc and abiotíc features of the habitat of

0. fragi'lis Ín this region?

3 . I s there any morphol og i ca'l vari ati on among p'ì ants frorn di f ferent

i sol ated sites?

Genera'l Si te Descri pti on

Landforms. The study area vlas I ocated i n ühe Lower Eng'l i sh

River Section of the Boreal Forest Region (Rowe 19721, on the heavi'ly

glaciated canadian Shield. Altitude ranged frorn 250 to 330 m above

sea level, west to east. j.

21
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Climate. Data on the hurnid continental climate of thÍs region

were obtained from meteoroìogícal stations near the study sítes
(Fi9.2.1). Greatest precipitation (Anon. 1975 a) and highest

temperature (Anon. 1975 b) occurred in Jury (rrg. ?.2 A). Annual

number of frost free days varied from 110 to lzg days per annum

(Hemmerick and Kendall L97?\, with no frost frorn June-August

(fig. 2.2 Bl .

Soil. The Indian Bay Soi'l Complex of the area was characterized

by "outcroppings of granitoÍd rocks and marked rocar rer ief ...
associated with .,. (localized) Podzo] ic, Gleysolic, and 0rga.nic

soil s (which) are hi ghly vari abl e as to mode of deposi ti on,

mineralogical composition, rlrainage, ancl stoniness" (Smith and

Ehrl ich 1967 ).

Vegetati on. SpecÍes composition was also discontinuous,

assocíated with local soil features. Pinus banksiana Lamb., picea

gl auc a (Moench) Voss , ancl Abi es bal samea (L . ) Mi I I . grew on the

deeper dry soils. Bogs were characterízed by sph-qg.lqu spp. and picea

ma.riana (Mi1l.) BsP. 0utcrop vegetation varied, but was generally

xerophyti c .

Methods and Materials

Distribution in Southeastern

Mani toba

Distribution records were compiled by: (1) field observation,

(2) contact vúith knowledgeable peopìe, e.g. local natural ists, park

rangers, and prospectors, and (3) a poster survey



Figure 2.1 Locatlon of seven cactus study sites and meteororogical
stations from which ctimatic data were obtained.
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FÍgure 2.2: Climatic means for study area Ín southeastern Manitoba.
(A) Mean daily temperature (Anon, 1975 b) and mean totaì

precipitatÍon (Anon. 1975 a), and
(B) Number of days with frost (Hemmerick and Kendal I lgT?'t

and mean daily mÍnímum temperature (Anon. 1975 b), by
month
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Posters requesting reports of !¡nll1s !1ggí]is were rna'iled to

schools, post offices, etc. in 77 localions throughout rural l4anitoba

(Appendix 2.1). Correspondents were asked to locate the coloníes on

detailed maps of theír area. l^lhere possible, I veri f ied these

coloníes during the sun¡ners of 1979-1981

Habitat Description,
Based on Selected Study Sites

Seven representatíve sites were sampled to describe the cactus

habitat (fig. 2.1): Falcon, Big t,lhiteshell, Betula Lakes, Bird

River, MacArthur Falls, and Bissett. The selection crjteria were

that sites should:

1. have large coìonies of cacti,

?.. represent the known latitudinal range of Opuntiq fragilis in

southeastern ManÍ toba,

3. represent the different rÍver systems on which the cacti are

found,

4. have mínimal ,human disturbance, and"

5. be accessible.

The habitat descript,ion was compiled from individual site

descriptions (sunmer 1980) and published data.

Abi oti c data were co] I ected as fol I ows :

1. Physiography. Altitude and g'lacial deposìts for each site were

obtained from cartographic references. Recent history of

disturbance was obtained verbal 1y from resí dents. Aspect was

recorded using a compass. Angle of slope and vertical distance

above water u¡ere estimated using meter sticks and a measuring

tape.
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2 Climate. Temperatures were me,lsured across the Bird River

valley on a north-south transect (96¡n horizontally), which

bisected a cactus coìony. Twelve maximum/rninÍmum thermometers
'

were used to record dai'ly extremes during the period of maximum

spring growthl (prel iminary studies, 1980) , from May 27-29, Ig8?,

This included sunny and cloudy days. A profile of the valìey

was drawn.

Soil. Two soil samples, approxírnateìy 10 x 10 x 10 cm, were

collected from beneath cactus colonies, and two from the

adjacent boreal forest at each site (see Table 2.3). Samples

íncluded the litter ìayer and were stored frozen. Conductivity,

pH, organic content, and macronutrÍent concentrations were

determÍned using the standard techníques (McKeague 1978) of the

Manitot¡a Provincial Soil Testing Labortory. Bul k densi by vras

calculated using the equation (Jeffrey 1970):

Bulk densíty = L.4B?. - 0.6786 log (% organic content).
( g/mt )

Nutrient content was converted fro¡n ppm to kg/ha using the

equati on:

ppm x 2 x bulk density x samp'le depth = k 9/ha
1.3 g/tl 15.3 cm

(Mceill 1981, pers. comm.)

Thi s conversi on to content per at^ea esti mated the nutri ent

availabilfty in shallow discontÍnuous soÍl deposits (Racz 1981,

pers. comm.). The Student's t-test (Sokal and Roh'lf 1969) was used

to test differences between means of forest and outcrop soi1s.

3
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Biotic data were collected as follows:

0utcrop and forest vegetation. Vegetation rvas samp'led May-

September 1980, and voucher specimens deposÍted in UblPG. At

each site, percent cover of all plant species was sampled at

four'locations (two on outcrops and two in the boreal forest)

using nested quadrats of 0.Ogm2 (0.3 x 0.3 m), tmZ (t.0

x 1.0 m), and 16m2 (4.0 x 4.0 m). Quadrat sizes were

selected to detect microcommuníties of lichens and mlsses, herbs

and forbs, and shrubs and trees, respectively (c.f. Kershaw

1973). The 0.09m2 samples were omÍtted in the forest as the

thallophytic microcommunítÍes were observed to be homogeneous.

A species list was compiled for vegetat.ion encountered in the
.

quadrats (Appendíx 2.3); authorities for all species are noted

on the species list.
Cactus colonies. The number of colonjes per outcrop and the

number of pads per colony were recorded at each sÌte. Fresh

weight and dimensions (ìength, width, and clepth) of 20 one-year-

oìd pads from each site (excluding Pínawa) were recorded. The

pads were placed on a mÍx of equal parts potting soi1, peat, and

sand Ín an environmental chamber. 0ver a period iof seven

months, the temperature and day 'length were gradually reduced to

OoC and 6hr, then increased to 20o and 18hr, respectively. pads

were placed outdoors Ín full sun ín May 1981, antl harvested in

September 1981. Fresh wei ght, dry wei ght ( bí omass ) , and

dimensions of the field-collected pads (1980, 1981) and theír
progeny (1981) were tested for variation among sites usÍng

2

,I
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analysis of Var:iance and the Studentrs t-tesE (Sokal and Roh'l f
1969). 

-Colony 
size was tested for corre]atíon with the soil

vari abl es .

Resul ts

Di stri butí on

0f the colonies reported from the survey (Appendix 2.4), all

fell within the Lower English River 0r Nelson R'iver Sections of the

Boreal Forest Region. They ranged from IndÍan Bay (49"37 'N, 95"12't^l)

to Norway House (54"00'N, 97o48'l.l). All occurrecl on rock outcrops on

the shor.es of rivers or ìakes.

Habítat Description,
Based on Selected Study Sítes

The seven study sites (Fi9.2.1) were all exposed, south-facing

slopes, except MacArthur Falls which had a neglìgib'le slope to the

north (Table 2.1).

Falcon Lake. 0n the north shore of Fal con Lake; a tri angu'lar

granÍte outcrop, 12 m at its base on the'lakeshore and sloping upward

to its apex 2 m above the water'level; bounded by a small inlet on

the east and by decÍduous shrubs (e.g. P.uUs- lll-glllsnq) and grasses

on the west. Cacti were located ín several cracks in the rock and in

shaltow organÍc deposits in depressions. The site was on a cottage

I ot but t i tt]e di sturbed.

Bi q l.lhi teshel I Lake. 0n the southern shore of an island in
north-central Big l,{hiteshell Lake; cacti were 'located on a smooth
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Table 2;1: Ptysíographic draræteristics of wen stu(y sites.

Site

LorgÍ-

tlrde

River

Systan

Altiùrde*t
(m)

þprox.
Size of

û¡rcrop(r#)

Average

Slo¡æ

Location*

Lati-

tude

Fa'lcon Lake 49o43'N 95o15'l.J l¡ke of

tJre Wmds

Big l^lhiteslell Lake 50o06'N 95"20'W Miteshell

River

Beü¡la Lake 50o05'N 95o35'hl l,lri teshel I

River

Pinaun Channel 50oæ'N 95"53'l.l t^tinnipeg

River

Bilt River 50o25'N 95o41'l,l Winnipeg

River

l4acArthur Fa]l s 50o24'N 96om'l.l trlínn'ipeg

River

Rice Lake, Bisætt 51o02'N 95'41'lrJ l,hnìpigow

River

r25

120

270

450

3m

3m

n0

255

24tJ

245

260

72 1:6.5

184 I:6.7

36 * I:2

L:7

L:2

i: 11

1,23.7

* rcpresents size of ledges on utrich cacti rcr^e fourrd. The entire û/tcrop cove¡^ed

approxinntely s$Ê.

* Anon. (L9771.
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rectangular slab of granÍte (23 x B m) which slrrped to the water's

edge. The slope lvas bounded by a dense cover of unidentified grasses

and deciduous trees and shrubs (e.g. $Srcq: qry_.¡1oc1pa) 'in thg east

and by a dense cover of mixed deciduous trees ancl shrubs (e.g.

Popul_us tremuìoides ancl !¡g11,s_ a!¡_g!_qìana) jn the west anrl north.

This woodland covered most of the island. The outcrop appeared

undisturbed, however there was evidence of hunan activity on the

opposi te si de of the i s'l and

Betula Lake. 0n the northeast shore of the lake; the colony was

located on two ledges on a rock cliff at the'southern edge of a large

outcrop. The flat ledges were each 2 x 9 nt. The water level had

been lowered by a beaver clam on the feedar rjver several years

previously, ìeaving the ledges about 15m above the water level. The

site did not appear to have been disturbed by hurnans.

Pinawa Channel. 0n a rectangular outcrop (25 x 10 m), the long

sÍde forming the north shore of a s¡nal I channel northvrest of the

diversion dams; the cacti were located on the upper slope and on the

lower third whích was a flat shelf sloping abruptìy and steeply (1:3)

to a maximum of fi've m above water level to the west ancl north. The

water level in the channel was reduced by appr0ximately 4m as a

result of damning in the 1930s. The upper part of the rock outcrop

on which the cactí were fount'l prev'iously formed part of lhe shore of

the channel. The shoreline rock was broken and densely colonjzed by

shrubs (especially Sa'l í¡ species). The flat. surface above the

outcrop had dense stands of þrull_:. tremuloicle:, Qr¡-qlc-lLt_ [Lc1_o_ggllq,

and Cory]us- cornula. Cacti were also found on a higher outcrop to

the east which now is surrouncled by forest.
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MacArthur Fa'lls. Cacti were located on a flat outcro p (30 x e

m), 20 m from the north shore of a srnall island on the WÍnnipeg

River, located approximately lkrn upstream frorn a hydroe'lectri c dam.

The sìte was surrounded by gq_Lq1 
!_qg¡_e.fl-U_1, _lUíJqgu alb_q, artd patches

of Pgpuluj tremuloides. In the 1950s, damming raised the water level

by 6m, leaving this rocky hi'lltop Ísolated as an island. Rernaíns of

a gravel highway, now colonized by trees, were visible on the

í sl and

Bird River. Cacti were located on an outcrop (20 x 6 m) on the

north shore of Bird River,6km east of its mouth. The upper third of

the rock (3 x 5 m) was almost flat. The mid-third consisted of a

series of steps and steep s'lopes below which a very steep (1:1.3),

smooth slope extended to the water. The outcrop vras bounded on the

west by unidentífied grasses, on the north and east by Abies

bal samea, Betu'la papyri fera , tgj-qlfå lren1Ulg i_{t :_, a n d t of¿lg :

_cjMta. No si gns of human cli sturbance were observecl duri ng the

study, however remains of an old campfire (colonjzed by mosses and

0punti a fragilis), and a canoe portage were present.

Bi s_se!'L. An outcrop on the south shore of a ì arge i sl and near

the north shore of Rice Lake; the cacti were located on the lower 15m

of the outcrop wltere the rock sloped steeply (1:a) up from the

waterline. The outcrop then sloped more graclualìy (1:6) to the top

of the ís1and. The outcrop was bounded by open stands of Pinus

banksi ana Popul u-s tremu'l oi {e,i, and Betulg pspJll fe_Lg_.

The water leve:l of Rice Lake was artificial ly ra'ised for a short

time between 1910 and 1930, then lowered to its original ìevel.

Since the 1960s there has been some dísturbance of the site by

cottaSe owners.
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Cl ímate

The tempqrature profi 1 e of the Bí rd Ri ver vaì 1 ey ( Fi g. Z.3l

Índicated that the north-facing slope was generally cooler than the

south-facing. Comparison wíth the vegetation profile (Fig. ;2.41

showed that the variation at poÍnts (1) and (4) occurred where

openings in the forest received full sun and no wind. Temperatures

were higher on outcrops (points t,7-9) than in the forest (points 2,

3,5,6,11, and 12). Temperatr¡re differences were not tested due to

small sample size.

Soils

SoÍl characteri stics were extremeìy variabl e, especial ly in

conductivity (Table 2.21. All soil s were aci dic and organic, with

low bulk density. Outcrop soÍls had a higher organic content, lower

pH, and lower phosphorous, potassium, and sulfate contents than

forest soíls (P < 0.05). Available nitrate was not compared, as it
was probab'ly a'ltered by freezing (c.f . Seifert 1964) .

Vegetati on

Ten of the 153 specÍes were corntnon, i.e. present at six or seven

sites (Appendix 2.3), incl uding Hedwigia cÍ]-iata , !p.gn-t-13 fJ.agi I i s,

Prunus vÍr t n1 ana , Popul us tremul oi d_eå, and {g¡:qejg: ggJmulfå.

Twenty-two species, mostly angiosperms, were rare, i.e. found in

quadrats at one sÍte. Many were common nearby, ê.g. Corydal i s

sempervírens, but others appeared to be restricted to single sites,

e.g. Grimmia unicolj¡r, Por]yg_o_num {gugla_sii, Prunus pum'i la, and

Juniperus horizontaì is. A range of 14 to 32 species per site was

encountered.



Figure 2.3: Temperature profile of Bird River valley.
(A) Location of thermometers on profile of val1ey,

Thermometers 1, and 7-1.0 = outcrop.
2-6 and 11-12 = forest.

(B) daily maximum temperatures, and
(C) daily mínÍmum temperatures.
Day 1-3 = llay 27-29, 1982.
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Flgure 2.4: Profiìe through Bírd River va]1ey at cactus site,
showing vegetatÍon zones and species assemblages.
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Tôle 2.2:

SitÉ

Falcon 2 5.05
(21 (5.2)

Big
lfiiteshel l

2
(2) 4.15

(s.1)

3 5.9
(3) (6.0)

Bird River 2 5.m
(2', (6'4)

t'lacÁrtfur L 4.4
(1) (4.8)

Bi ssett 2 4.4
(2) (4.s)

Cotparison of soil draræteristics at soren ortcrnop ard síx forest sites usirg a SfudenÈ's t-t€st.
(Sokal ard Rohlf 1969). * = signÍficant differencä beù,€en forest atd ortcrop àt p i O.OS. at
indicate forest soils.

Soil Charàcteristics

pH CorÉtrtivifl % Organic
(nnlos/on) matter

lhcronrtrients (

e
hosfrnrws Potassium S¡lfate

e e

0.10
(0.æ)

39.4
(41.21

38.7

0.25
(0.20)

6?.t
(17.5)

Nitrate

9.6
(1.4)

6.5
(36.0)

8.9
(3.1)

10.3

{2.0)

9.3
(0.8)

t02.9
(441.6)

?.6
(8.e)

Bu'lk
èrsiS
(g/m] )

0.27
(0.64)

0.40
(0.3e)

0.35
(0.47)

0.31
(0.6e)

0.46
(0.25)

0.38
(0.3e)

0.37 + .06
(0.47 T 0.17)

0.40 2.3

9.8
(62.8)

7.9
(2s.e)

10.0

8.8
(14.2)

6.7
(r8.0)

7.8
(e.7)

5.5
(æ.71

8.1 + 1.6
(3s.6 T 3.0)

t

79.9
(24.t\

ï:'

283.0
(461.5)

56.8
(363.6)

æ.2
( 113.5)

57.0
(å4.7',)

(
L02
3æ .8 T 135.8)

2 + 8L.4

*

1.5
(6.6)

Beü.¡la 2 4.8 0.05
(0)

Pina,n

1()

4.7
(10.1)

0.?5
(0.23)

0.10
(0.25)

0.20
(0.10)

470
(30.e)

53.4
(14.7)

32.4
(64.5)

42.C
(40.7)

2.1
(t2.71

0.15
(0,15 )

11.1
(1.1)

11.8
(5.0)

1.0
(15.6)

3.7 + 3.8
(e.8 T 3.9

;F

l"þan+1s 14 4.8+.6- (12) (5.+ ; o.g). _ ^^0.15 + .09* (0.20 T 0.06)

8.3 + 3.0
(7.4 T 14.0)

46.7 + 12.5
(32.1 T 21.6)

*

G)\o
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The mean number of spec'ies per quadrat was consjstent, but mean

number of species per m2 decreased with increaserJ quaclrat size

(ri s. 2.5) .

Life-form spectra (sensu Raunkiaer 1937, Appenclix 2.?) of the

outcrop and forest habitats (fig. 2,6\ showecl a preclominance of

phanerophytes. Most of the tree species founcl on outcrops h,ere

common to the forest and represented by sol itary indivjdual s.

0utcrops contaíned more thallophytes, therophytes and charnaephytes

than the forest, but fewer hemicrypt.ophytes and geophytes.

A few species, mostly shrubs, were comtnon to both outcr0p and

forest habìtats (Table 2.3). l'lal f i.he specic's restricted to forest

samples were shrubs (Table 2.4). Species conf i ned tr; outr-rops were

herbs and low shrubs (hernicryptophyte.; and chanlaephytes,

rrespectíve1y), with some moss specir:s (tfrallo¡rhytes, Tabìe 2.5).

0n the outcrops, sampl e pl acement deternrjnecl tha L 0punti a

f ragi I i s domi nated the 0.09nr2 quadrats , but 'its covc,r clecreased

in larger quadrats (fig.2.7al. Bare rock and tree/shrub cover

increased with quadrat size, whìle total vegetation cover decreased

(rig. 2.7b-e).

In the forest, cover values of the vegetation components (Fì9.

2.7) were stable. Moss/lichen and hare rock cover were lower than on

outcrops , presumably due to the cont'i nuous I i tter 'layer. Tree / sh rub

and total vegetation covers were higher than on outcrops. Total

cover over 1007o (Fig. 2.7d\ was attributed to the closed canopy and

multiple strata.



Figure 2.5: Mean number of species per m2 and per quadrat versus
quadrat síze in outcrop and forest habitats.

'-r, 
aÌL"T.r:l'lì,1 ..-,1.:t9ì;t:i i.t-.ìt!r!.:.,::î..,;.:1:i)-r1..t¡..:.¡:,1rjrr:r,,,:;)-¿j!)
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Figure 2.6: Raunkiaer's lifeform spectrum (see AppendÍx 2.2) for
outcrops and forest quadrats, showíng.species common to
both habltats as well as those restricted to one habitat.

Th - Thal lo-hemfcryptophytes,
Tc - Thallo-cryptophytes,
T - Therophytes,
G - Geophytes,
H - Hemicryptophytes,
Ch - Chamaephytes, and
Ph - Phanerophytes
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Figure 2.7: Percent cover of vegetation groups and bare rock Ín
vari ous qr¡,tdrat si zes .
(n) o.o9m¿
( B) 1 "0m2(C) 16.0m2
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Tabl e 2.3: specíes common to both forest and rock outcrop quadrats
from seven sites, incl udjng their crassification by life-
form (fide Scoggan I97ft - see Appendix ?.1 for
definitions). *Nomenclature of mosses Crum ( Lg76l.

Speci es Li fe-form

fo]iose lichens
f rutÍcose 'lichens

Polytrichum juniperÍnum Hedw.*

lopglu: Uelru'loi des Michx.

Puercus macrocarpa M'Íchx.
RÍ bes ox.yacanthoí des L .

Rosa spp.
Rubus i daeus L.
P runu s virginiana L.

!. pensyl vani ca L.
Amel anchi er spp.
Vi burnurn rafinesquianum Schul tes

hori ca s albus (1.) Bìake

Th

Tc

Tc

Ph

Ph

ch

Ch

ch

Ph

Ph

Ph

Ph

Ph

'I

.i,. :

:¡

.,,, i i:' '|

,' ì

:. .1

,t
.;. .rj

t"

".:..,¡ l

': .!

)7 i'
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Table 2.4: Species (fide Scoggan 1978) restrícted to forest sample
quadrats at seven sites. *Nomenclature of moss fide Crum
(1e76).

Specí es Li fe-form

Pleurozium schreberi (Brid. ) Mitt.*
Pícea gl_qgg (Moench) voss
Abies bal samea (1. ) Mil I .

Cl i ntonia borea'li s (Ait. ) Raf .

Maianthemum canadense Desf .
SmÍlgcinq $_.llata (, ) "esf .

Coryì ql americana }lal t.
!". cg.t¡gta Marsh.
Betul a papyri fera Marsh.

lg.l¿gonum cil inode Michx.
Anemone qql_!S!SfoLl_1 L. var. j$gfl_qf Fern.
Fragaria virqiniana Duchesne

UUus_ pubescens Raf.
Acer spÍcqtum Lam.

AralÍa nudÍcaulis L.
Cornus canadensÍs L.
Pyrola asarifolia Michx.
Vacci níuq spp.
Fraxi nu_s n i gra Marsh .

Apocynum androsaemífol ium L.
Gal f um I abradorícum l.Jie g.
G. borea'le L .

LonÍcera dioica L. var. laucescens ( Rydb. ) Butters
!_. g!_q!g_úoll_e_ (Goldie) Hook.
Diervilla lonicera Mil l.

Tc

Ph

Ph

G

G

G

Ph

Ph

Ph

H

G

H

H

Ph

ch

H

H

Ph

Ph

G

H

H

Ph

Ph

Ph

-f'{

'i

:

I

:!

:'

.ï.ti,

.l'

',4, I
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Table 2.5: Species (fide Scoggan 1978) restrícted to rock outcrop
sample quadrats at seven sites. *Nomenclature of mosses

fi de Crum ( 1976 ) .

Speci es Li fe-form

grey crustose lichens
Tortul a rura'li s (Hedw. ) Gartn. , Meyer & Scherb.*
Grimmia apocarpa Hedw.*

Hedwi gi a ciliata (Hedw.) P. Beauv.*
Bryu[ pseudotríquetrum (Hedw.) Gartn., Meyer & Scherb.* Tc
Thuidíum abietinum (Hedw.) gSC* Tc

Poly trichum pil iferum Hedw.*
Juniperus com¡nunis L.
J. hori zontal i s Moench

Panicum capillare L.
Agrostis sp.
Al'l i um stel I atum Fraser

Th

Tc

Tc

Tc

Tc

Ch

ch

T

Hs

Gb

Betu'la g landulosa Michx. var. qlandul ifera (Rege1 ) el.
Po'lygonum convol vul us L .

Si 1 ene nocti fl ora L.
Corydalis sempervirens (L.) Pers.
Prulus pumìla L.
Geranium bicknellii Brítt.
Rhus glabra L.
Opuntja fragilis (Nutt.) Haw.

Campanula rotundifoìia L.
Achillea millefol ium L.

The following species $rere observed to be restrictecl tr¡ outcrops,
but díd not occur in the sample quadrats (see Appendix 2.3):

Andropogon g_erardi Vi t.
Heuchera richardsonii R.Br.
Saxifraga virginiensis Michx.
GrimmÍa unicolor Hook. ex. Grev.*

N

T

T

Hs

ch

T

N

Ch

Hsr
Hsr

Agropyron trachycaul on (Lí nk . ) Mal te
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Description of Cactus ColonÍes

The cactus col onies (Tabl e 2.6 ) r:anged fronl t.hree discrete

clumps with a total of 354 pads (MacArthur Falls) to over 50 cìumps

with a total of about 8,000 pads (Bìg l,,lhiteshel I ) . Col ony si ze was

not correlated with, any soil varjable. They were located 0.9-15m

vertÍ cal ly, and 10. 5-32.0m hori zontal 1.y frorn water I evel .

In 1980, field-collected pads from Bissett and ßetula Lake were

smallest, those from Bird River, MacArthur Falls, ancl Big l,Jhiteshe'll

largest (Tabl e 2.7\. Mean values for pad weight, ìength, and width

did not differ signfficantly between Betula Lake and Bjssetü (p >

0.05). Bird River and MacArtht¡r Falls rliffered only jn width. After

one year unde,r uniform laboratory conditions (T.rh'le 2.8), tire field-

collected pads from Bíssett and Betula Lake remained smal 1est, and

those from MacArthur Falls and Bird River remained sirnilar (P >

0.05). Pads from Bi g l,lhí teshel I had become s¡nal I er. There were

fewer signiticant dÍfferences in the s;econd year means than jn the

fi rst

"second generation pads" (new pads produced by field-col lected

pads in the laboratory) showecl even fewer differences amcng sites

(Table 2.9). Mean'lengths and dry we'ights (bit¡rnass) were not

stati stical ly di fferent among the si tes ( p > 0.05 ) . Bi:sse tt and

Betula Lake pads were no longer consistently smallest. l'he wjrlth of

Bíg Whiteshell pads remained greatest (P < 0.05). The djsIinctive

groupings of sites by pad length and depth in llr80 were absent in the

progeny pads.

Pad characters were not sìgnificant'ly correlated wìth mean soíl

va]ues (Appendix 2.5).
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Tabl e 2.6: CharacterÍstics and locations of cactus colonies at
seven si tes .

Si te
# cl umps
of cacti
on outcrop

approx. #
pads on
outc rop

nraximum di stance
from water (m)

hori zontal verti cal

Fal con

B í g l,Jhí teshel l

Betul a

Pi nawa

Bírd River

MacArthur Fal I s

Bi ssett

10-15

50+

10-15

16

31

3

20

5,000

8,000

1,000 +

I ,300 +

3,000 +

354

4,000

10.5

20.0

30.0

18.5

20 .0

??.0

30.0

0.q

3.0

i 5.0

2.5

7.0

?_.0

8.0



Tabl e 2.7:
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Means of characters of origÍna1 pads in 1980. Sites joined
by _bar-s do not differ significantìy (p > 0.05) using
analysis of varÍance and Student's t-fests.
(MacA = MacArthur Falls, tlig l,J = ^ig l,lhiteshell Lake)

Pad
Character Means (arranged in order of ma gni tucle )

Fresh
l^lei ght
(g)

Len
( nrn

thg

)

l,{i drh
(rrn)

Depth
(nrn)

Síte:
Mean:

Bí ssett
1.36

Betul a
1 .50

Fal con
2.10

MacA
2.99

Bi rd
2 .68 I I

0 3

Bi l^l

Si te:
Mean:

Bi ssett
20.25

Betul a
22.65

Fal con
28. 10

Fal con
14.55

Big hl

31 .80
Mar:A
31 .80

Bi rd
32.90

Site:
Mean:

Betul a
12.80

Bi ssett
13.75

Bi rd
15.30

MacA
16 .60

Big !{
18. 95

Site:
Mean:

Bi ssett
8.60

Betul a
9.40

Bi
9 0

Fal con
9 .85

MacA
10.90

g
5

Bird
10 .65

I.l

;

: .'i
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Tabl e 2.8: Means of characters of originaì pads after one year
under uniform conditions. Sites connected by bars
do not díffer significantly (P > 0.05) using analysis
of variance and Student's t-test.
(MacA = MacArthur Fal1s, Big }'l = Big Hhiteshell Lake)

Pad Character Means (arranged in order of ma ítude)

Fresh
l^lei ght
(g)

Length
( mn)

l,li drh
(rm)

Depth
(rm)

Shoot
b i omass
(g)

Root
b i omass
(g)

Si te:
Mean:

Bi ssett
0.98

Betul a
1 .43

Fal con
2.00 442

MacA Bi rd
7..45

Big l^l

2.59

l'

-t'
,i't
:\

.t

r'ì

,1

:.\
..¡.

ì,,

:J

¡l

'!,

'1

l:

Si te:
Mean:

Bi ssett
t4.4

Betul a
17 .10

Big l,l

21.75
Fa'lcon
22.29

MacA
22.70

Bi rd
27.20

Si te
Mean:

Betul a
10 .60

Bi ssett
10.90

Fal con
12.43

MacA
13 .30

Bi rd
14.Crs

Bìg W

14. 55

Si te
Mean:

Bi ssett
5.90

Betul a
7.00

Big !.I

7 .10
Fal con
8.38

MacA
8. 70

Bi rd
8.75

Si te:
Mean:

Bi ssett
.21

Betu I a
.29

Fal con
.40

Bird
.44

MacA
.47

Big l.l

.48.

Sí te:
Mean:

Betul a
.047

Bi ssett
.050

Fal con
.067

Bi g I,l

.079
MacA
.080

Bi rd
.080



Table 2.9:
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Means of characters of second gerreration pads, 1981. Sites
j oi ned by bars clo not cli f fer sï gni f i cantly (p > 0.05 )

usíng analysÍs oF varíance and SturJont's t-test.
(MacA = MacArthur Falìs, Big Vü = tlig l,lhiteshel1 Lake)

Pad Character Means (arranged in order of ma qnitude)

Fresh
wei ght
(g)

Length
(nm)

l.li drh
(nm)

Depth
(rm)

B i omass
(g)

Si te:
l'lean:

Betul a

0.74
Bi rd
0.74

Fal con
0. B1

Bi ssett
0. B4

MacA

r.0?-
Big W

t.05

Si te:
Mean:

Bi rd
17 .73

Betul a

20 .55
Big H

22.50
Fal con

22.52
Bi ssr: l,t
23.34

MacA

26 .31

Si te:
Mean:

Bi ssett
6.05

MacA

7 .4?
Fal con
7 .64

Betul a

7 .80
Bi rd

7 .\rI

Betu I a

6 .80

Big l,l

l0 .23

Bi rd
6 .91

SÍ te:
Mean:

Bi ssett
4.82

Fal con
5 .96

Big hl

6.15
l4acA

6.6?

Si te:
Mean:

Bi rd
0.136

Bebula
0.144

Bi ssett
0.145

Mar:A

0. 182

Fal corr

0.187
Big W

0.188
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Di scussion

Distribution and Abundance

A series of thirty-six geographical'ly and eco'rogica'lly isolated

coloníes of Opuntia fragilis extends across southeastern Manitoba

(49'37'N 95o12'l.l to 51o02'N 95"41'l^l) in thc watersheds of the

wi nní peg, l,lani pi gow/Maní gotagan , and Lake of the woods ri ver systems.

An unverified co'lony was reported at Norway House. 0n the basis of

numbers, I feel that t.Jhite and Johnson (1980) are justified in

exc'l uding this species from the rare and endangered sprrcjes in
Mani toba.

Most of the colonÍes exarnined had more than 1000 pacls each, with

the largest coìony on an ïsland in Big whiteshell Lake (ca.8000

pads). colony dimensÍons, pad number, and the number of coJonies per

outcrop were not c'orrel ated with soil characte:rí stics. They are

like'ly re'lated to the time since original colon j zatíon and to

frequency of disturbance at that site. The proportion of new pads

per colony appears to increase at about the sarne rate at all sites.
Human disturbance, which results in the establ íshment of nerv

col oni es , may prec'l ude enl argernent of col onÍ e s at the p i na wa , Bi rd

River, and Falcon Lake sites.

Natural disturbance by floocl, violent rainfa11, or an'imals may

also disrupt co]onÍes and result in the formation of new ones.

Habi ta!

The typical habitat of Opuntia trj|-gj-l-1.l i n the Borear Forest

Region of southeastern Manitoba can be summarizecr as follows:
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sloping, south-facing outcrops 0n isl ands or shores of waterways;

approximately ? 4m above water (except where water level,has been

manÍpulated); in mats of moss, ofben in shallow cnacks or

depressions. Restriction to waterways suggests that the species has

been elÍmínated from inland sites, and/or that clispersa'l is prirnarily

by hydrochory. Restriction to outcrops suggests aclaptati on to
stress-tolerance. Altlrough the outcrops in this region share the

genera'l cl imate (i.e. humid continental ), g'lacial history, and

physÍography of the surrounding forest, they djffer from forest ín
absence of glacial deposits, microclimate, and vegetation cover. The

discrete outcrops resembl e xerÍc isl ands jn an otherwi se mesi c

env i ronment .

Outcrop soÍls are shalIow, confined to cracks or clepressions,

and are composed of organic debris wìth a small mineral fractíon

derived from granitic bedrock. The outcrop soi'ls are also more

acÍdic and poorly drained, anct less fertile, than the til l-dcrived

forest soils. They are readily saturnted by nelt- or rain-water, but

their shallowness results in rapid drying, hence they"Fluctuate

between drought and innundation.

The virtuaì absence of an insulating layer on outcrops resúlts

in wide temperature fluctuations (c.r. Rejrnanek l97l). In late May,

the Bird River outcrop surface was as much as 1s'c warmer than

surrounding areas. Outcrops are often snow-free before the adjacent

forest, and support winter annuals. At Bird Riven, fìowers on a

branch of Prunus virginÍana resting on the rock surface reached

anthesis several days before those on upright tlranches.
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There is presumably an annual rain of propagrrles from lnesophytic

boreal species on the outcrop, but the xeric outcrop habitot ljmÍts

them to mesic micro-habítats, Ê.g. deep sheltered crevices. South-

facing outcrops are ecologically similar to praÍrie habitats,
especially in fluctuating lnoisture and temperature regi,nes that

result in summer drought Many of the outcrop species are also

common in grasslands (Löve 1959), and exhibît adaptatjons to rnoisture

and temperature stress (Grime 1979): succulence, scl erophy'l I ous or

summer-decÍduous leaves, seasonally restricted tlower procluctíon,

seasona'l vegetati ve growth, absence or irregul ari ty of seed

production, ìong lÍfe-span, seasonal germinatÍon, and regeneration by

dust propagules (e.'g. spores) . Optl$-ra f ragi-]_is exh'ibíts al I but the

last two adaptations.

Phenotypic VarÍation

The phenotypic varÍation ín field-collected pads was not

strongly related to any of the soil properties measured. Pad length

appeared to vary with light intensity which, in turn, was related to
the sìope, aspect,,and exposure of individual outcrops. Fresh weight

was dÍrectly related to water content of succulent tìssue, which

varÍed with season, síte physiography, antl soìl water-holding

characteristics. Pad characters could not be used to diffenentiate

col oní es .
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Conc'lusÌons

Coloníes of Opuntia fragilis are scattered throu ghout the Boreal

Forest Region of southeastern Mani'foba. They are confined to

waterways, where they occur on south-facing rock outcrops, 3-4 m

above water level . Thi s habi tat was characteri zecl by h í gh 1 i ght

intensity and temperature, wÍrle moisture fluctuation, and low soil pH

and nutrient content. Pad rnorpho'logy was not correl ated wi th soil

variables, but etioìation of pads under arti ficial concljtions

suggested a requirement for high light intensity.

The seven colonies under study contained over 1000 pads each.

New pads, which are produced annual ly, provided a source of

propagules for further spreacl.
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Appendix 2.L: Locations of posters requestÍng reports of
Mani toba.0punti a fragilis in

l.
2.

3.

4.

5.

6.

7.

B.

9.

10.

11.

12.

13.

14.

15.

l6

17.

lB.

19.

20.

2t.

22.

23.

24.

?5.

26.

27,

28.

29.

30.

31 .

32.

33.

34.

35.

36.

37.

38.

39.

40.

4r.

42.

43.

44.

45.

46.

47.

48.

4q.

50.

5l:

52.

53.

54.

55.

56.

58.

59.

60.

61.

6?.

63.

64.

65.

66.

61 .

68,

69.

70.

7t.

72.

73.

74.

15.

76.

77.

Ly l eton

IJaskada

Pierson

Ti I ston

Del ora i ne

Mel i ta

Ki I I arney

CartvrrJ ght

Snowfì ake

Darl I ngton

Morden

t.linkler

Aì tona

Carman

Reston

El khorn

Rivers

Minfota

Robl I n

Swan River

Bowsman

Pel i can Rapi ds

McCreary

Erl c kson

Mi nnedosa

Neepawa

Gl enboro

Aì ex ander

Gl adstone

Crane Rìver

Ebb I Fìow

|'la terhen

Moose Lake

Puka tawagan

Nel son House

God's Lake

Isl and l-ake

St. Theresa Point

0x ford llouse

Norway l{ouse

Spl i t Lake

Snow Lake

Herb Lake

Grand Rapids

Fìin Flon

¡lan l es s

Pine River

flekusko

Thicket Portage

Jenpeg

l,labowden

Pi geon River

Berens River

Amaranth

Easterville

ßlood Vein

Hi ghrock

Fort Alexander

Great Fal ì s

Bi ssett

Pointe du llois

llanipigow

Mani gotagan

Falcon Lake

Sprag ue

G'illam

Lac du llonnet

Pi nawa

Pine Falìs

Thompson

Little Grand Rapids

The Pas

Li bau

Renni e

lJh i temou th

Grandv i ew
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Appendix 2,2: Lífe-form classification of pìants.
(modified frorn Scoggan 1978).

Abbrevî ati on Li fe-form

Ms

Mc

N

ch

Phanerophytes (Ph) - trees
Mesophanerophytes, B-30 m.

Microphanerophytes, 2-B m.

Nanophanerophytes, 25 cm to 2 m.

Chanraephytes (Ch) - shrubs
(shrubs )

Hemicryptophytes (H) - perennating organs ai: ground
surface
Proto llemicryptophytes, no runners
Proto Hemícryptophytes, wíth runners
Hemicryptophytes, semi-rosette, no runners
HemÍcryptophytes, semi-rosette, with runners
Herni cryptophytes , rosettu. , no runrìers
Hemicryptophytes, rosette, with runners

Cryptophytes (Cr) - subterranean perennating organs
Rhi zome geophyte
Stem-tuber geoplryte
Root-tuber geophyte
Root geophyte
Bul b-tuber gc'ophyte
Heìophyte, perennating buds submersed or in murl.

Therophytes (T) - annuaì s

Thallophytes - non-vascular low-growing plants
Thal I o- hemi c rypto pyte
Thal 1 o-cryptophyte

l.lp

Hpr
Hs

lJ sr
Hr
Hrr

Grh

Gst
Grt
Gr

Gb

Hel

Th

Tc

T
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Ap¡nndix 2.3: $ecies lìst for qradrat study at seven sites, with life-form (Scoggan i.g7}j.
R = on rcck outcrop; F = forest hdritat. Bryol4ytes fide Crum (1976), veritied
by R.R. Ireland. Lichers verified by P. Worg.

Big
Bird hhiteshel'l Bissett Betula l"lacArthur Pina'¡a Falcon

1. LICHENS

ïh
Th

Tc

CRIJSTOSE

FOLIOSI

FRUTICOSI

R

nr
R

R

R

R

R

RF

RF

R

R

R

R

R

R

R

R

R

R

R

2. BRYOPH\TTES---.i__-

POTÏIACEÆ

Tc Tort¡¡la n¡ralis (tþdÌl,.)

Gtrtn., & Scherb. R R

R

R

R

C*ll,$4IACEÆ

Tc Grirmia apocarpa Hedr*.

HÐì¡IiGLACEÆ

Tc lleôvigia ciliata (hledì¡/. )
p.-Bezuv.

BRYACEAE

Tc gryr{tpleudotr!_Sglnn
(',o.tw.) Gtrtn., Ivbyer &
Scheñ.

LTSKEACTAE

Tc Thuidiun abietinr¡n (l-ledw.)

---85ã---
BRAC}MTHICÎACEAI

Tc Pleurcziun schreberi (Brid.)
Mirt.

POLWRICI.IACEÆ

R

R

R

R

R

F

RF

R

Tc

Tc

Polytrích{n iuqiperi nq1 Hedw.

P. píl_ifen¡n l-ledw. in.
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)

Ms

Ms

ch

ch

4 CONIFERS

PIMCTÆ

Picea glauca (l'berch) Voss

Abies ba]sarea (1.) Mill.
Juniperus cqfiunis L.

J. horizontalís I'bendr

5. ¡¡\GI0SPERIVIS

GR¡ü4INTÆ

Panicum capillare L.

Agrostís sp.

CYPERAITÆ

Hs Carex scoparia Schk.

LILIACEAE

Grh Clintonia borealis (Aít.) Raf.

Gb Alliun stellaü¡n Fraser

Grh l4rianthenun canadense Desf. F

Grh 9rrilacina stellata (1.) Desf.

Big

Bird Iùiteshell Bissett Betula þlacArthur Pin¿wa Falcon

R

F

F FF

R

R

RT

Hs

F

R

R

F F R

F

R

t: F

F

SALICACEÆ

M Ð spp.

Ms Populus trrrruloídes Michx.

BETULACIAE

Coly]ug grerþ¡1 l,lal t.
C. cornuta lihrsh.

Betula glanö'losa MÍchx. var.
qland¡lifera (Regel ) Gl.

B. papyrifera fvlarsh.

FAßAOTAE

Mg Queru¡s nngnccarpa Michx.

F

F

R

F

F

F F F F

F

R

RF

Mc

Mc

N

Ms

F

F

F

Rr-

F
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POLYGOMCIÆ

Hp Polygonun cilino& Michx.

T P. convolw'lus L.

CHTNOPODIACEAI

T Cternpodiun hybridt^cn L. var.
gí_gantosæryruTn (Ael'len)

Roulezu

CARYOPI{YLI,ACIÆ

T Sílere noctiflora L.

RA¡,llJNf,ttr-ACtAE

Grh Anffi)ng grinqlefolia L. var.

interior Fern.

FU'IARIACEÆ

Hs Corydalis ssrpervirens (L.)

Perc.

Big

BÍrd lhiteshelì Bissett Betr¡la lvlacArthur Pinar¡a Falcon

R

R

F

R

F

R

F

N

SAXIFRAGACEÆ

R. oryacanthoídes L. RR RF }iT R

ROSACEAE

N Spiraea alba Du Roi

N Rosa spp.

Hrr Frygar"g virginiana Duchæne

Hp Rubus idazus L.

Hpr l. B¡bescens Raf.

Prunus vírginiana L.

P. pensyìvanica L.

P. p¡mi'la L.

Crataegus spp.

R

F

R

R

R

R

R

F

R

RR

F

F

F

F

F

F

F

R

F

RF

RI.

R

l4c

t'b

ch

Ffc

l4c

R

FFÆelarchier spp. R}R
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Big
BÍrd htri_teshell Bissef! Betula ltcA¡thur li.ro

t) R

AI,IACARDLACEAE

N Rrus g'labra L.

ACERACEÆ

Ì4c Acer spicatr¡n Lam.

VITAffiAE

ms Partierpcissus inserta (Kerner

Falcon

T

GERA¡TACTÆ

Geraniu¡r bicknellii Britt.

R

R

R

F

)
K. Fritsch

CÆTAüÆ
Ch $untia fragilis (Nutt.) Haw. R

OMGRACzu

Hp

Hs

Epilobír4[ anEstifo'lium L.
0enot}era biennis L.

ARALIACEAE

Ch Aralia nudicau'lis L.

CMNACEAE

Hpr Cornus canadensis L.

PYRO-ACEAE

Hrr Pyrola asarifolía Michx.

ERICACEÆ

Vacciniun spp.

0trA(zu
Ms Fraxinus nigna t'hrsh.

AMYì{ACTAE

Grh Apocynnn androsaemifolium L.

F

R

RR

RR R R R

F

F

F

FF

FFN

F

F F
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Bíg

Bird l.¿hjteshell !f_ssg!! Betula t4acArthur pi1qg Falcon

RIßIACEÆ

Hp Galiun labradoricum l,liE.F
Hpr G. boreale L.

CAPRIFCI-I,ACEÆ

Mc Lonicera dioica L. var.

0laucescens (Ryô.)

Butters

L. oblongifolil (Coldie) Hook. F

Vi Þurn4! rafi nesq¡i arum

Schultes

Dierviì'la'lonicera Mil I .

Syryphoricarpos alh¡l (1. )

Blake

CAVIPA}IUI-ACEAE

Hsr Caryarn¡la rotr¡ndifolia L.

F

F

F

F

F

F

N

N

N

N

RF

RI

R

F

F R R

RR

COIPOSITAE

Hpr Solidago rigida L.

H Aster spp.

Hsr Achillea millefolium L.

Hs Cirsíun rrutictnn Michx.

F

F

R

F

Nwber of species

enco.¡nte¡ned

32 14 24 14 17n30
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Appendix 2.4: Reported locations of colonÍes of Opuntia
fraqilís in the ßoreal Forest Region of
southeastern ManÍ toba.
(* = specÍmens collectecl)

SITE LONGITUDE LATITUDE

1. * Indian Bay
2. * Falcon Lake
3. * Sailing Lake
4. * BÍg }lhl'teshell Lake
5. * Betula Lake
6. * 0tter Falls, Margaret Lake
7. * Sylvia Lake
8. * Pinawa
9. * Bird River
10. * MacArthur Falls,

l,linnípeg River
11. * Rice Lake (Bissett)
12. Mud Turtle Lake
13. l,lar Eagle Lake
14. Drurnmie Lake (= Cactus L. )
15. Jessica Lake
16. White Lake
L7. Heart Lake
18. Nutimik Lake
19. Numao Lake
7.0. Slave Falls, I.lÍnnípeg River
2I. Bì i nd Bay, Ì,li nní peg Ri ver
22. Eaglenest Lake
23. Bird Lake
24. Sl ate Lake
25. Pillow Falls,

Manigo'fagan RÍver
26. Turtl e Lake
27. Quesneì (Caríbou) Lake
28. Lake l^lanÍpigow
29 . Lake l^li nnf peg ( i sl ands of f

Manigotagan)
30. Rice River
31. Norway House

49o37'N
49 "43 'N
49 

o57 
'N

sclo06 'N

5[)"05'N
5[)o 14 ' N

50011'N
50 

009 
'N

50 
025 

'N

50024'N

51 
002 

'N

49o55'N

49 
o57 

'N

49o5g'N
50 

000 
'N

50002 'N
50"07 'N
50 "09 ',N

50009'N
50013'N
50 

01.9 
'N

50 
023 

'N
50029'N

50044'N

95012'I.l
95015't^l

95019'l^l
g5 020 

'l^I

g5 035 
'l^l

95046't,l
95055'l,l
95 

053 'l.l
95041'l,l

95050',l,.l

95'47 ' I,l

95 
039 

'l^I

96000'l^f

96019'l^l
96025'l^l
97 048'l^l

96000'l^l
95041'l,l
g5 034't^l

95035'|^l

95'15 ' l,l
g5 "36 'l^I

95 
037 

' l.l

95042't^l

95041'W
95040'l,l
95"34'l,l
95028'l^l

95014'hl
95 020 

'l,ll

95012'l^,

51 
001 

'N

49 
o59'N

49 
o55 

'N

51006'N

51014'N
51 016 

'N

54000'N
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Appendix 2.5: Correlation matrix of pad characteristics with mean soil
characteristics at six sites. Values are for first year field
collected pads (combíned with second year in bracketi).

Soi I Pad

Fresh
weí ght
(g)

Length

(rm)

l.li dth

(mm)

Depth

(rnm)

Vo]ume

(*3)

pH

conducti vi ty
( r¡nhos/cm)

avai I abl e
ní trate
( kg/ha )

aval I abl e
phosphorous
( kg/ha )

avai I ab'l e
potassi um
( kg/ha )

sul fate
( kglha )

% organic
matter

bulk density
( g/mt )

-0. 17

{ -0.08 )

0. 09
( 0.07 )

0.11
(0. 07 )

-0.03
( 0.02 )

-0.03
(0. 01 )

0. 34
( 0.24 )

-0.09
( -0.03 )

0.13
(0.06 )

0.02
( 0.0e )

0. 10
( 0.07 )

-0.41
(-0.15)

0.05
( 0.03 )

0.09
( 0.07 )

-0.L2
(-0.06)

0.01
( -0.00 )

0.19
( 0.09 )

-0. 17
( -0.04 )

0.20
(0.05 )

0. 18
(0.13)

0.14
(0.10)

0.11
( 0.07 )

0.08
( 0.07 )

0. 43
( 0.20)

0.03
(0t07)

0.02
( -0.04 )

-0.1,2
(-0.06)

0.08
( 0.07 )

0.13
(0.11)

0.13
(0. 10 )

0. 02
(0.02)

0.01
(0.01 )

0.27
( 0.16 )

0.07
(0.10)

-0.03
( -0.08 )

08
00 )

0
0(

-0.04
( -0.01 )

-0.05
( -0.02 )

0. 33
( 0.26 )

-0.06
( -0.02 Ì

0. t0
( 0.05 )
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CHAPTER THNEE

Factors Determining the Dìstribution of 0fiuntia fraqi I i s

i n Southeas tern l,lan i toba

ABSTRACT

The effects of propagule dfspersal, establlshment, and maln

0ctober 1982. Because the cactus propagates vegetatively in thi
the propaguìes used were stem unÍts (pads). .,.r ,.

l4ark and recapture, flotation experiments, and fietd observatlons.'ì'
indicated three potential dispersal mechanisms. In order of lncreaslng
rlsk to survívaì , they vrere: : 

,., , 1 .,

1. geochory, which dispersed pads localty and introduced them lnto
the ri ver. ì 

,.2, hydrochory, which dÍspersed pads over long distances, but.:,,,',.
: .:.: .;, r. .restricted their spread to wateruays. :

3. epÍzoochory, which also functioned over long dÍstances, given '

sui table vectors (e. g. humans ).

south-facing outcrops than on north-facing or forest sites.
Censuses ( tgZg 1982) of an established colony indicated that

urere dispersed from the outcrop.

perÍods may be hypothesized: 9000 7500 years BP, 7500. - 4000 BP, 'oF

4000

maintaìned by hydrochory and/or epizoochory along canoe routes.

on the dlstribution of Opunt{a flggilg (Nutt.) Haw. fn southeas
l4anitoba were tested at Bird River (s00zs'N,95041'l^r) from May I

pad nunrber was increasing by 30% per year. Approximately 6% of the pads

The original date of arrival ln Manitoba ls unknown, but three time

0 BP. The present distribution of q. fragilis appears to be

cactus is both habitat and clispersal limÍted.

.. ,. :,,,: ì: :
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Marked pads were'planted in habitats to which they might be dispersed.
After one year, establishnent was signlficantly greater (p<0.05). on ',
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CHAPTER THREE

Factors Determining the DistributÍon of 0_puntia fragÍlí_s

in Southeastern Manitoba

I ntroducti on

In the Boreal Forest Region of southeastern Manitoba, !p!n!!g
fragilís is restricted to certain south-facÍng outcrops on waterways

(Chapter II). Thís discontinuous dÍstribution suggested that the

cactus colonies were relics of past assemblages, recent colonízers,
or restrÍcted by dispersal and/or habÌtat. The aÍm of this study was

to examine the influence of three factors Ín t,he determination of
thÍs distribution: propagure dispersal, establishment
(i.e. rootíng), and maintenance (i.e, growth and propagation).
Propagules used in this study were stem segments (pads) because

0. fragiìis propagated entirely by vegetative means ín the study
regÍon (Chapters I and II).

Methods and Materlal s

Pads used in the following experíments were coljected in May

1981 from a colony on the Bird Rìver (S0o2S'N, 95o41 ,W) Ín
southeastern Manitoba. Experiments (1b), (z), and (3) !i,ere carrf ed

out at thís site.

1. lEserlgl-
(a) Hydrocho ry. Pad flotation was tested using 40 one-year-old

pads. Each was placed Ín a 500m'l Ehrlenmeyer flask

'15.¡ . _.", ì.\ixi r,-L' r.ì¿,d!,-r

7L



c0ntaÍ ni ng approx imately four cm of di s tf t I ed wa ter . 72

Twenty flasks were agltated continuously at 150 rpm whi.le

20 were not agitated. The number of floating pads was

recorded at three to four day intervals for 40 days.
Viabílity of pads (Í.e. presence of roots and/or fÍrm green

tissue) was recorded.

At the end of the experÍment, pads from the stíll water

were aÍr-dried at zz"c for two months to determine theÍr
drought tolerance. viability and vegetative growth (i.e.
new pads) were recorded.

( b) Geochory and epizooch ory . In May 19B1, 30 marked one-year-

old pads were placed on a lm2 roik surface at the

maximum helght above water at which cactus col onles
occurred. In October l9B1 and .rune 1982, the terrestrlal
dÍspersa'l of the pads was recorded as dÍstance travelled,
substrate where deposited, and viability.

2. tstab'l f shment

The effects of microhabitat on survÍval, root productíon,
and growth were measured from May lggl to June rggz, using 300

marked one-year-o'ld pads. Groups of five pads, protected by

wire mesh cages, were subjected to combÍnations of the following
environmental factors Ín a randomlzed block design (Table 3.1):
(a) aspect (either north- or south-facing),
(b) canopy (eíther present -- balsam firlwhÍte spruce forest,

or absent -- open rock outcrop), and

(c) substrate (either bare soíI, moss mat, or herb mat). Moss

mats were contÍnuous swards to sÌx cm deep, comprÍsed

)

t
l
Í
b
Ê
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Tabl e 3.1 : Experirnentar desÍ gn for establ Í shrnent experiments.

VarÍ abl e Treatment

Aspect:

Canopy:

South- faci n North-faci nq

Absent

Subst¡'a'"e : SoÍ I Î{oss Herb Soi I Moss Herb Soi t Moss Herb Soi I Moss Herb

#cages 5 5 5 5 5** 5 5 5 5 5 5 ,5

# pads 25 25 25 25 ?-5* 25* 25* 25* 25 25* 25* 25*

* indÍcates loss of single pad; **loss of two cages.

P resent Absent P resent
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mostly of Tortula ruralis and Hedwígfa ciliata. Herb mats

consisted of pure or mixed stands of Cargx specïes, ìow

grasses, and scattered indi vi dual forbs such as

Achíllea miìlefolíum.

There were five replicates of each treatment.

In October 1981 and June 1982, the number of pads Ín each

of the followíng categorfes was noted:

(a) ative, rooted, wíth new pads,

(b) alÍve and rooted, without new pads,

(c) alive, wÌthout roots and new pads,

(d) dead, or

(e) lost.

Soíl samples from beneath each cage tvere analyzed at the

ManÌtoba ProvíncÍal Testlng Laboratory for pH, conductivity,

organic, moisture, and macronutrient contents usÍng the standard

procedures of McKeague ( 197S ) . Bul k densi ty was cal cul ated

(Jeffrey 1970).

The relatÍonship between establ ishment and environment was

tested us'ing a three-way test of independence (G-test, sokal unq

Rohlf 1969). The G-test ís analogous to analysís of varÍance

but used for frequency data, It was used to test association

between the environmental factors (aspect, canopy, and sub-

strate) and each of the followlng:

(a) the number of survlvlng pads (â, b, and c above),

(b) the number of rooted pads (a and b above), and

(c) the number of pads which had produced new pads (a above).

Raw data from 1981 and 1982 were tested separately.
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3.

Three-way ana'lysis of variance (Sokal and Rohlf l969) was

used to test for variation in mean soíl characteristics wíth

aspect, canopy, and substrate. When varlatÍon was significant
(P < 0.05), the Student's t-test (Sokaì and Rohlf 1969) was used

to locate the specific dÍfferences.

Mai ntenance

Population structure and dynamics of an established coìony

were obtained by comparing pad censuses of the Bird Ríver colony

in 0ctober 1979,October 1981, and June Ig8?. The latter
included 1982's ner.t pad productíon. The number of pads ln each

of four states was recorded:

(a) established -- any pad attached to at least one pad, either

one having roots. These were categorízed as either less

than, or greater than one year o'ld,

(b) rooted -- sÍngle pad with roots,

(c) free -- sÍngle pad without roots, or

( d) dead.

Resul ts

1 Dí spersa'l

Pads were capable of dispersal by all the methods tested.

Hydro_chory. All pads in still water were intact, buoyant,

and had produced roQts after 40 days. Ninety-five percent

produced new pads withln ten days. After two months afr-drylng,

60% of the orlginal pads and 100% of the new pads were viable.

No pads were produced during drying.

Pads ln agitated water remained buoyant except when
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ruptured by violent agitation .201") or fungus ( 1S%) . pad

rupture occurred from day 14 onward. After 40 days, Z0% had

produced roots, but none had produced nehr pads. Broken root

stubs were observed at the lower nodes, and the spines on all
pads were broken and blunted. :

Pads floating in the ríver at the study site were observed

to lodge in crevices or moss on the shorelÍne, These pads had

íntact spÍnes but neither roots nor new pads.

Geocho and e i zooch . In 0ctober 1981, 2L of the 30

pads had not been recovered, and presumably had been díspersed

from the outcrop. Níne pads were located a mean of 5.1 m (range

of 1.8 to 15.0 m) downhill from the centre of p'lacement. Two of

the nine were anchored in organÍc litter ín a patch of grass,

and seven in mats of Tortula ruralÍs. Alt urere green and

turgid, Four had produced new pads.

By June L982, the pads fn grass had died, however those in

Tortula mats were stÍlt green, turgÍd, and another two had

produced new pads. survÍval of free pads on the outcrop is
estímated at:

7 =?5%

30-2

Disturbed pads rolled down rock slopes untíl thelr spines

anchored ín moss mats or soil. Small clumps of cactí were

located below large older ones on the slope. pads often adhered

to.humans (e.g, shoes or pant cuffs). Indívidua'l pads were

found on trails in the forest, but showed no sign of root or new

pad production and none survived more than one growfng season

uncler the foi"Erst canopy.



772. Establ i shment

successful estabìÍshment was defined as viabilíty, root and

new pad production. The fotlowing dÍfferences were signÌficant
(P < o.05).

Pad survival ranged from 63% to 100% per treatment, with a

total of 93.6% after 11 months (Tabte 3.2). Analysìs of October

1981 and June 1982 data showed that survivar was affected by an

i nteraction between aspect and substrate ( Appencl i x 3. 1 ) . 0n

both aspects, survíval was híghest on moss mats. 0n the south-

facing shore, it was equa'lly high on bare soí.l, whereas on the

north-facing shore, ít was also hlgh on herb mats.

In 0ctober 1981, 83% of the pads had produced roots (Tabre

3.3), but root productÍon was higher on moss mats and bare soÍ'l

than on herb mats (Appendix 3.1). By June LgBz, root productíon

was fndependent of all three factors.

By October 1981, 68.2% of the living pads had produced new

pads (Table 3.4), and this was relâted to aspect, canopy, and

substrate (AppendÍx 3.1). More werê formed on the south-facing

shore than the north-facfng, and on outcrops as opposed to

forest. 0n the south-facíng outcrop, new pad productÍon on moss

mats and bare soil was double that on herb mats. fii,
difference did not occur under the forest canopy.

The production of pads Ín the second growíng season t.ras

consídered the best críterion for establ Íshment because it
represented new growth, and it was less lÍkely to depend on the

prevÍous year's stored materials than pad productlon fn the
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Table 3'2: Percentages of pads recovered in a viable state grouped according to

aspect, canopy, and substrate. Values are for June 1982; those
enclosed in parentheses are for October 1981. N = 300

Aspect Substrate Canopy

Absent Present Both Canopies

North-facing

South-fac í ng

Moss

Herb
Soi 1

(e2.0) e2.0
(100.0) 100.0
( e5.B) 100.0

(100.0) 100.0
( e6.o) e5.8
(75.0) 80.0

( e5.5) es.7
( eB.0) e0.e
( 8s.4) 98.0

All substrates ( 95.9) 97.3 ( 89.9) 92.4 ( 91.9) 95.0

Moss

Herb
SoÍ I

( 100.0) 66.7
(63.2) 7e.2
( 92.0) 96.3

( e6.0) BB.0
( e6.0) 96.0
(100.0) 100.0

B1

0

B

1

90

87

9B

97.

96.

6)
8)
0)

All substrates ( 85.2) 89.4 (e7.3) 94.7 (el.e) e2.2

Combined Aspects Moss

HerbI son

92

B9

9B

95

84

93

.21

.1)

.e)

5

B

0

( e6.0
(

97.8

87.8

)

)

)

93

95

91

6

I
1

e6.6 )
90.4 )

e0.B)

93

92

94

1

9

I

Combined Aspects
and Substrates

(91.1) e3.6 (e3.S) e3.6 (e2.5) e3.6

:1 ,.., i i ,:. J;r;.L i : ¡ ¡r..ì'r.ap¡ïqyrf.ir¡lj



.:'
79

Table 3.3: Percentages of lÍving pads that had produced roots by June 1982.
Values in parentheses are for 0ctober 1981.

Aspect Substrate Canopy
Absent Present Both Canopies

North-fac f ng Moss

Herb
Soi I

( e0.0)
( e4.4 )
( 87.5)

81 .8
91 .3
75.0

84.4
79.2
85.0

( 82.6 ) 87.0
( 91.3) 68.0
( 72.01 eL.7

(

(

(

o)
7l
6)

B6

92

79

All substrates ( 81.7) 81.9 ( 90.3) 83.6 ( 85.7) 82.7

South-facf ng Moss

llerb
Soi 1

(100.0) 100.0
( 100.0) 68.4
( 58 .3 ) e?.3

( 87.5)
( 84.0 )

( 75.0)

81.B
83.3
88.0

(

(

(

92

91

69

7l BB.e
7l 76.7
4) 90.2 i

All substrates ( 90.4) 86.4 ( 82.21 84.5 ( Bs.6) 85.4

Combíned Aspects Moss

Herb

SoÍ l

(e0.0) el
( 67.6) ez
( e5.7) 68

9

0

2

(

(

(

BB

B1

BB

I
9

2

B1

82

87

6)
3)
4)

( 8e.3)
( 75.3)
( e2.1 )

86.4
87.9
78.0

CombÍned Aspects
and Substrates

( 85.4) 84.0 ( 85.e) 84.1 ( Bs.7) 84.0 i

't:! | i'i:.. \,i; ¡,.ar\iir ,. r-..r,:
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Table 3'4: Percentages of tiving pads that produced new pads in the June 19BZ
growing season. Va]ues in parentheses are for October 1981.

Aspect Substrate Canop.y

Absent Present Both Canopies

North- fac i ng Moss

Herb

Soi I

(

(

(

17..e)
.6)
.0)

73

82

44

4

0

2

( 50.0)
( s5.6 )
( 58.3)

( 62.8 )

( 70.71
( 51.0)

18.2
43. 5

25.0

17 .8
33.3
27 .5

24.
29.

All substrates ( 66.21 23.6 ( 54.8) 2e.5 ( 60.e) 26.3

South-facing Moss

Herb

Soi I

(

(

(

70

6B

61

0

6

0

100

52

84

94

95

58

.1)

.71

.3)

B

0

7

) 18.2

) 50.o
) ++.0

5 ) 50.0
3 ) 51.2

9) 64.0

80

81

63
Al t substrates 86.5 ) 77.6 ( 68.5) 38.0 ( 76.0) 55.8

Combined Aspects Moss

Herb

Soi I

(

(

(

(

(

(

61

62

62

82

B9

4B

4B

36

57

.5)

.1)

.6)

6

4

1

4

B

5

1B

46

36

2

B

6

(

(

(

65

70

8256

4)
4)
5)

71.
76.

9

3

0

Combíned Aspects
and Substrates

( 74.8) 47.7 ( 62.21 34.1 ( 68.2) 40.8
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f i rst season. In June 1982, pad producti on !,ras rel ated to
aspect, canopJ, and substrate (Appendix 3.1), but fewer new pads

were produced (Table 3.4). Pad productÍon was higher on the

south-facing shore than on the north-facing shore. 0n the

south-facing shore, more new pads lvere produced on outcrops than

under a canopy, however this dífference did not occur on the

north- facing shore. The advantage of moss mats or bare soil as

a substrate for new pad productíon did not recur in LgBz, and

surprísing'ly, herb mats were the best substrates under the

canopy.

Samp'le size was altered in October 1981, when 2I pads had

been lost (Table 3.1). Two cages on the south-facing shore were

accessíble and had presumab'ly been dísturbed by fishermen. By

"lune 1982, one lost cage was found but five other pads were

lost. In October 1981 , 7.5% of the remaini ng pads lvere dead.

Four had produced new pads before dying, hence only 6,4% of the

recovered pads were recorded as dead in June L9BZ.

soil properties were variabl e (Appendi x 3.2 ) . Avai I abl e

phosphorous (mean value 8,74 + 10.10 kg/ha) and potassium (94.g7

+ 37.55 kg/ha) dÍd not differ with aspect, canopy, or substrate

(P > 0.05, Appendix 3.3). SignífÌcant variation (p < 0.05) in
the remaining solt properties (AppendÍx 3.3) is summarized

bel ow:

(a) pH. Alt soÍls were acÍdic (mean value b.3 + 0.S). Soil pH

was lower in north-facing than south-facÍng habi tats,
especially in the forest.
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( b) Conductí vity. Conducti vity ranged from 0. 10 to 0.28

mmhos/cm (mean value 0.17 + 0.06 mmhos/cm). It was lower

Ín north-facing soil s than south-facing.

(c) 0rganíc content. Al I soí I s were hí ghty organíc (up to

69.6"1, by weight). 0utcrop soíl s had lou/er organic contents

than forest soils.

(d) Moisture content. Soil moísture was variabl e (mean var ue

50.11 j 14.36% by weíght). Moisture content was lower in

soils on outcrops than in the forest. It was also lower in

bare soÍls than in soÍls under moss or herb mats.

(e) Bulk density. All of the soil s had low bulk densities

(mean value 0.39 + 0.19 g/ml), Density of forest soils was

lower than that of outcrop soils.

Ma i ntenance

The number of living pads in the Bird Ríver colony

increased at a nean rate of 3L,3% for each of four years (Table

3.5). The net increase of 31.8% between 1981 and 1982 incruded

the loss of L4% of the new pads, which had been removed in

August 1981 for experiments.

At least 90% of the colony was composed of established

pads, whÍte the remai níng 10% were free or rooted pads.

Approxímate'ly 50% of all pads were new. The proportion of pads

dispersed from the outcrop each year was roughry est,imated usíng

the results from the dispersal experÍments:



lable 3.5: Pads of various categories in a colony of OpuntÍa

Date Pad State

Establ i shed

< 1 year >1 year Total

May
i 982

ûctober
i 981

û;tober
1979

755
(3e. e )

757
(s8.7)

278
( 3e.4)

!.065
( 56.3 )

423
(32.8)

375
{ s3.2)

1820
(e6.3)

1180
(e1.5)

44
(2.3)

77
(6.0 )

32
(4.5)

26
( 1.4)

Total
living

1890
(100)

1289**
(100)

7C5
(100)

fragilis at Bird River.

Free Rooted Dead

% increase/yr.

3L.8%

22.7%

39.4%

31.3%

#
(%l

#
(%l

#
&t

Lt7

32
(2.s)

49

653
(e2.6)

20
(2.8 )

i st,i mate #
t97g x

427

i;iean% {L979 -1982) (4.3) (2.2\

* estimate of minimum total from 1978 = (total 1979) - (# pads < I year old)
= 705 - 278 = 427

** 186 one-year-oìd pads were removed during experiments late in 1981, reducing the total to 1103.
co ..]lU) 'r:'
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(a) % pads rooted 7 0.33 ( from page 77 )

% pads di spersed 2L

( b) Mean % ds rooted 1.4+2.5+2.8 =0.33
Mean % pads dispersed 3

mean % pad dispersed (from Table 3.5)
(c) Mean % pads dÍspersed = 1.4 + 2.5 + 2.8 = 2.23 = 6.77%

3 0.33 per year

Di scuss i on

Harper (1939) stated that "it is one of the great mysteries of

nature how the specÍes known only on rock outcrops cou'ld have

found theÍr way to isolated localities many miles from other simìlar

habitats." Informatíon on the migrational capacity and barríers
(sensu Cain 1944) of indÍvidual species may shed light on the

hÍstorica] mÍgratÍon routes, time of arrival , status (i.e. reì ic,
invader), and restrictions of outcrop vegetatÍon.

Dis ersal

Pads of 0pt¡..¡11.Ug lfqgi I i s are adapted to th ree di spersal

mechani sms:

1. Goochony. The terrminal pèds are easfty detached from the chain.

They roll downhllt 0R their spreading spìnes untiì the barbs

anchor in soil or moss. This mechanism allows spread within an

outcrop wÌth lÍttle risk.
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2. Hydrochory. unanchored pads may roll into the river, where they

float for long períods. The spines protect pads unless they are

broken by prolonged turbulence. The barbs anchor on banks where

the pads can survive prolonged drought. This mechanism allows

long-distance dÍspersal, but carrÍes more risk and restrícts
colonization to downstream water-edge sites

3. EpÍzoochory. spines may anchor in anÍma'rs, and also protect the

pad from damage by the anÍmal. This mechanfsm may functÍon over

long distances, but restricts colonízatÍon to animal trail s.

There is consìderable risk that most pads wírì be deposited in

unsuÍtabl e habítats.

These mechanisms are functions of propagule morphology and

presumably apply to both pads and dry spiny fruits, and have been

operative in sexually and/or vegetatively reproducing post-glacial
populations. Original colonÍzation and spread in Manitoba Ínvol ving

these mechanisms have been hypothesized for three perÍods:

1. 9,000-7,500 years BP. Propagules may have been introduced into
Lake Agassiz II by herd mammals from the west, and deposited

a'long the shones (fig.3.l). This hypothesÍs is supported"by

the presence of 9LWr_q frqgilis and other grassland species on

the Asslniboine Delta (southwestern Manitoba), s0uthern ouilet
(Red and'l'tissourl RÌver valleys), and ea$tern sp{llways (Lake of

the Woods and Kaladär, 0ntarlo). Ërom 8,000 t0 7,000 Bp, opên

pine forest occurred at picket Lake (Buchner l9B1) which

indícates dry lancl and a clímate warm enough for 0puntia

col oni zati on .



FÍgure 3.1: Approximate extent of Lake Agassfz (9000 - 7s00 years
BP) with sites mentÍoned in text. ModífÍed from

E'lson (1967).
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This may account for the origÍn of scattered colonies which

spread during later periods, but predicts (a) lancl-'l ocked

colonies, and (b) colonies near e.g. Ríding MountaÍn, exposed

during the same period.

2. 7,500-4,000 BP. gpgnqlg fragiìis may have entered Manitoba

during the warm dry Altlthermal Perfod (sensu Antevs 1948).

Grassland may have extended to the t.linnípeg River (Buchner

1981), and bison migrated to Great Fall s (steinbríng 1970),

lllhitemouth (Buchner and Pujo 1972), and Kenora (McAndrews 1980;

Fig. 3.2). Cacti may have reached the grasstand/oak grove mosaic

northeast of the l.linnípeg River (Buchner 1981) by epizoochory.

Propagules may have been further dispersed by Indians who

penetrated the forest to the l,{anípigow/Manigotagan Ríver at the

end of the Altíthermal (Buchner 1981). This hypothesÍs is

supported by (a) tfre concentration of colonies on the WinnÍpeg

River system (Chapter II), and (b) the occurrence of simÍlarily
restricted grassland species on the outcrops.

3. 4,000 BP - Present. Propagules may have been dÍspersed to

outcrops in the boreal forest by voyageurs or Indians, either

accÍdentally (e.g. on bales of fur) or purposety (e.g. for food

or technology see Szczawinskí and Turner l9B0). This would

account for colonies further upstream. ThÍs hypothesis is

supported by (a) restriction to waterways, especial ly on

portages of canoe routes, and (b) presence of other useful

species (e.9. AU iuq stel latum, Densmore l92B).

Data are insufficÌent to date the arrívar of 0puntia fragílÍ_s.

In view of its absence from land-locked sites, it seems líkeìy that

Itydl^oclror'¡ ¿,n(fqy !'r:in¿n dispi:r^,.ia'l aìong,Janoû rcut+s iras, :naÍntainecl



Figure 3.2: Approximate locatÍon of vegetation zones in
southeastern Manitoba during the Altitherma'l períod.

Modified from Buchner (1981).
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i ts pr^c.sent di s tri buti on .

Establ i shment

Knowledge of present dispersat mechanisms suggests that pads

w11l arrive on shores of rivers 0r lakes, on portagesr and along

anlmal trails. Placement of pads in representative habitats, while

monitoríng survÍval and growth, determines the ultímate success of
the dÍspersal phase.

The best criterion of establishment, pâd productÍon during the

second growíng season, was híghest on south-facÍng outcrops. since

success was unaffected by substrate, the advantage of this habitat
over forest or north-facf ng slopes presumably ínvolves 0.puntia,s

requírement for higher temperature and líght intenslty (Chapter II,
Rejmanek 1971). Pads grown fn the forest or artificial light
(e.g. envíron¡nental chamber) were weak and etiolated. New pads

retained their leaves and their spines were shor"t and weak.

Higher temperatures on outcrops extend the growing season

(chapter II), whÍch can be utiìized by the evergreen cactus stem.

Because the snow melts earlíer ín this habitat, the seasonal growth

of 0puntia fra lís cofncides wíth the period of highest moisture

availabi'lity. During the rest of the season, the pads, succulence

and thick cutícle (Chapter I) tolerate the drought caused by shallow

soi1, high degree of runoff, and exposure to wind and sun. 0punfia

fragi I í s may benefÍt from the mÍnor dîsturbance to whÍch south-facing

outcrops are susceptible. Erosion of moss mats (c.f. 0osting and

Anderson 1937) and breakage by animals may aid Ín dispersa'|. Extreme

disturbance such as trampling or fire may eliminate the cactus.



ot

Maintenance in an Establ ished popul atí on

Ëstablished coìonles serve as sources for colonization of other

outcrops (e.g. downstream) as well as expansion within an outcrop;

hence maíntenance of these coloníes is critÍcat.
The colony at Bird River has been known for nearly 20 years, and

contains individua'l chains of pads aged at 1J. years. In 1982, the

colony conslsted of nearly 2,000 pads ln 32 clumps. The net number

of pads încreased by approxÍmatety 30% per year. Half the colony was

composed of new pads whích have the potential to detach and disperse.

There .is no estimate of the frequency of detachment, but 2,2-6.8q of
the pads formed new clurhps on the same outcrop, while an estÍmated

6.8% were dÍspersed from the outcrop

The colony may be etÍminated by the development of a dense

canopy but the persistence of outcrops in thÍs region sÍnce ca.9,000

BP suggests that the formatíon of a canopy is a very sìow process.

Concl usi ons

Long-dístance dispersal by epizoochory and hydrochory has the

potential to increase the distribution of Opuntia fragilis, but pads

survive only on south-facing outcrops. The cactus is apparentiy

absent from land-locked outcrops. It does not appear to be in danger

of elimination from the outcrops on wt¡ich ít is establÍshed. These

observatíons suggest that 0. fragilís is both habitat and dispersal

limÌted.
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Appcndix 3.1:

(1) le8l
Pad Survíval

New Pad
P roducti on

Hypothesí s

G-tes'b tables of Lhree pac sr:ates (s): survi,raì , rooting, and
nt:vr paC lrrodrrct iorr , i n (i ) lgg:i . and (,?\ .igtj¿ , ¿i:co¡"di ilq "¿o
aspect (A), canopy (C), and substrate (Sub). * indicatãs
significance at p = 0.0S, n.s. = not sígnificant.

Gdf
A x Sub independence 0

0

3

11

2

1

2

2

7

n.
n.
n.
*
*

36

.t2AxSi
SubxS

ndependence
i ndependence
x S interaction

xSubxSindependence

s

s

s
AxSub

46
46

A i5.36

AxCxSíndependence 4 6.04 n. s.

c x Sub x S independence 7 9. 18 n.s

Pad Rooting A x Sub independence 2

I
2

2

1

Ax
Sub
Ax

2.34
0.00

10.84
2.18 n. s.

*

n. s.

S îndependence
x S independence
Sub x S interactÍon

AxSub x S independence

AxCxSíndependence 4

n. s.
n. s.
*

15 .34

7.36

CxS .16
.00
.84
.80

n. s.
n.s.
*

1

2

1

2

2

7

Cx
Sub
Cx

1

1

1

1

4

ub índependence I
0

10

3

S independence
x S índependence
Sub x S ínteraction

c xSubxSindependence BO5

n. s.
*

A x C independence
C x S independence
A x S lndependence
AxCxSinteraction

3.58
4.72
6.8?
2.80 n. s.

*

n. s.
*
*

AxCxSindependence 7I 92

A x Sub independence 34
82
44
80

2

5

B

-0

2

!.

2

2

7 16.80

n. s.
*
*
lì. s.
*

A x S independence
Sub x S independence
AxSubxSinteraction
A xSub xS independence

C x Sub independence
C x S independence
Sub x S independence
CxSubxSÍnteraction 1

2

I
2

2

7

1.16
4.72
8.44
0.46

24.78

n
*
*
*
*

s

CxSubxSindependence

Continued ...
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Appenriix 3. L (continu*d) :

(21 LeBz

New Pad
P roducti on

Hypothesí s df

Pad Survival AxCxS

CxSubxS

AxSubxS 7

Pad Rooting AxCxSíndependence 4

CxSubxSindependence 7

AxSubxSíndependence 7

G

4 5.10 n. s.

7 5.22 n.s

9.54 n.s.

6.68 n.s

L3.7 4 n.s

7,24 n.s

AxCxSíndependence 4 6.42 n. s.

A x Sub índependence
Sub x S independence
A x S independence
AxSubxSfnteractíon
AxSubxSindependence

2

2

1

2

7

2.34
4.46

24.00
0.80

31.60
n. s.
*

n. s.
n. s.
,(

Sub

Sí
xS
Sub
Sub

Cx
Cx
Sub

Cx
Cx

í ndependence
ndependence

i ndependence
x S interaction
x S independence

2

1

2

L

7

L,42
5 .04
4.46
ct 

^Êo. "t(,
9.38

n. s.
*
n
*
*

s

1
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A;;p:iiiix 3.2: llh¿ractcr.isIics ití' siliis í'r<¡rii l-,+o ðsi-r¡,cLs (north- or south-facing),
two canopies (bare rock outcrop or mixed coniferous forest), and
three substrates (moss, mat, herb mat, or bare soil). Va'lues are
mean * 1 s, n = 300

Soi I
Characteristics Aspect Substrate

Canopy
Absent Present Both Canopíes

3

2

3

I
3

2

3

0.4
0.4
0.5

5.3 + 0.1
5.1 ; 0.5
5.7 T 0.2

5.1 + 0.4
5.5 ; 0.5
s.4 T 0.6

5.0 + 0.4
5.5 T 0.6
5.4;0.7

+ 0.3
T o.+
: o.+

0
0

0

+

+

r
9

0

I

4

5

4

0

0

0

7

0

7

0

+

+

+

+
?

I
+

+

4

5

4

Â?
6.1
5.9

0.4
0.2
0.4

5.0 +

4.9;
5.1 î

Moss
Soi I
H

All substrates 4. +

MÓsS

Soi I
Herb

a) pll North-
faci ng

South-
fac i ng

4.9 + 0.3

Ë?+nt

94

.6

.4
5.6 + 0
s.a+o

5.8 + 0.6 5.6 + 9.5Alt substrates 5.4 + 0.5

5.1
5.0
5.5

Both Moss
Aspects Soil

Herb

TOTAL 5.2 + 0.4 5.3 + 0.6 5.3 j 0.5

b) Conducti-
vity
(nmhos/cm)

North-
fac i ng

Moss
Soí l
Herb

0. 14
0.10
0.17

.05 0

.00 0

.06 0

00 0.13
09 0.13
05 0.14

+0
To
+O

.10 + 0.

.to T o.

.t¡ T o.

+0
To
To

+0.
fo.

+

+

+

.05

.07

.05
All substrates 0.13 + 0.00 0. 13 + 0.00 0.13 + 0.00

South-
fac I ng

Moss

Soi I
Herb

0.20
0. 28
0.24

0.15 + 0.
0.22 7 0.
0.18 + 0.

07

08
05

09
06

0.00 0.
0.10 0.
0 .05 0.

19 + 0.04
24
2L

Al I substrates 0 .21 + 0.00

0.15 + 0.05
0.16 ; 0.08
0. 17 + 0.05

0.22 + 0.10 0.22 + 0.07

Both Moss
Aspects Soil

Herb

0.16
0.2L

+ 0.05î o.rr
T o.oe

0.15
0.18
0.18

0.05
0.10
0.07

+

+

;0. 19

0.16 + 0.06 0.19 + 6.¡9 0.17 + 0.06TOTAL

Conti nued



Appcrid ix 3 .?-, c<;ntî nued :

Soi I

96

Canouy
Characteri stics Aspect Substrate Absent P resent Both Canopies

c) 0rganic North-
Content (%) facing

South-
fac i ng

41 .50 + 20.26
34.t4 T r+.oo
46.13 T 14.74

69.60 + 4.95
33.74 T es.qs
67.80 î re.¡z

Moss
Sof I
Herb

54.15
33.94
60.38

+ 19.

: tg.
+ L7.

56

36
00

Al I subst rates 40.59 + 16.57 57.05 + 18.35 49.49 + 2L37

Moss

Soi l
Herb

39.
31.

28.43
18.07
9,97

45.
46.
46.

70+
86;
95;

35. 53.65 + 13.39
46.52 î s. rO
58.96 f tO.q+

+ t7.67
+ L7.42
+ 19.37

77

35

95
All substrates 36 .50 + 20.28 53.04 .t 13. 12

60,27 + 11.37
43.30 î zz.se
64.35 î to.S¡

43.36 + t7.47

Both Moss
Aspects Soil

Herb

38.97 + 19 .24
37.00 + 15.53
42.54 T tl .lt

50
40
54

.18 +

.15 î

.02 I

r8.67
19.02
18.94

TOTAL 39.41 + 16.13 55.97 + 19.14 46.11 + 19.43

d) Moisture North-
Content (%) facing

South-
fac í ng

Moss
SoÍ 1

Herb

46.46
41.02
61.93

12.39
L4.22
9.52

4.07
4.38

+1
+1
îo

+

+

+

.80+1

.05T5

.66fa

65.17 + 4.27
42.1,8 T to.tg
64.43 T t .tz

56.90
41 .60
62.79 96

All substrates 50.13 + 14.44 57.39 + 15.02 53.76 + 14.94

56.18 + 14.13
48.28 î tt.zt
48.62 + tS.eg

Moss
Soì l
Herb

41.90 + 12.87
40.64 T S.gg
33.57 r 10.3g

58
52
60

4.54
.87
.02

Alì substrates 40.57 + 11.49 58.B7 + 29.08 50.73 + 13.71

Both Moss
Aspects Soi'l

Herb

47.70 + 12.93
40.83 T rO.eg
49.88 + 17.44

63.68 + 9.86
49.05 ï V.AZ
61.66 T S.ge

56.58 + 13.68
44.s4 T t¡.ot
56.08 T tg.zs

TOTAL 45.88 + 13.84 58.13 + IZ.ZB 50.11 + 14.36

Contí nued



97Appenclix .i.2, r:ontinucd:

Soi i Can
Characteri stics As ect Substrate Absent Present Both Cano ies

e) Avaí I abl e North-
Phosphorous facing
( kglha )

Moss

SoÍ I
Herb

4.59
3.65

13 .21

t.94
L,T2
5.21

I
I
+

4.81 + 1.19 5

29.01 + 24.86
09+1
33+2
60+5

.87

I .31
.235.71 + 4"03

16

7
Al 1 substrates 7.15 + 4.01 13.18 + 17.83 9,67 + 13.2I

South -
fac i ng

Moss

Soi 1

Herb

7

9

3

7.73 + 3.04
7 .eq 1 z.ga
4.97 + 1.76

35+0
70+3
72+I

.63

.07

.18

8.28 + 3.45
5.96 + 1.47
5.gg + t.ZZ

All substrates 6.92 + 2.37 6,74 + Z.gl 6.88 + 3.Og

Both Moss

Aspects Soíl
Herb

I
I
+

6.03 + 3.
6.68 + 3.
t.zt î s.

55

B7

29

6.29 + 3.78
17.50 + 20.56
5.59 + 2.75

6. 34

12.09
6.36

3.
15

4.
43

08

11

TOTAL 6.64 + 4.15 9.90 + 12.89 8.74 + 10.10

I Avail abl e
i Potassi um

( kg/ha )

North-
fac i ng

Moss

SoÍ I
Herb

82.26 + 26.38
63.58 + 11.82

133.64 + 30.12

73.18 + 19.82
113.76 + 31.75
48.50 + S.+O

89. 75

88.67
86.26

+ 30.
+ 34.
+ 41.

95

78

6BAll substrates 93.16 + 29.52 78.48 + 26.74 88.23 + 34.84

South-
fac i ng

Moss

Soi l
Herb

8L .29 + 13. 99

99.76 + 54.46
106.69 + 30.05

97. 00

145.72
95.41

.08 +

.45 ;
+ 10.26
+ 43.2L
+ 44.28

94

115

20.40
52.77

1L0.42 + 36.80All substrates 95.91 + 46.39 112.71. + 44. 35 103.75 + 39.22

Both Moss

Aspects Soil
]{erb

88.99
81 .67

1 14. BB

+24
+42
+?7

.46

.92

.92

91.18 +

122.461
73.251

91.80 + 25.87
102.06 + 45.62
s2.s7 î gg.o¡

29. 98

40.33
37 .97

94.70 t 35.52 96.68 + 39.87 94.87 + 37.55TOTAL

Contí nued
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Append i x .l . 2, con i. i nt¡r:d :

Soi I
Characteri stics Aspect Substrate

Cano

Absent Present Both Canopies

g ) Bu]k
Densi ty
( gm/ml )

North-
fac í ng

South -
fac i ng

Moss

Soi I
Herb

0.43 + 0.20 0.23 + 0.02 0

0.47;0.14 o.5B;0.37 o

0.36;0.11 0.25; o.oe o

.34 + 0.

.52 + 0.
,29 + g,

7I
27

09
Atl substrates 0.42 + 0.i9 0.35 + 0.27 0.38 + 0.21

Moss

Soi I
Herb

0.32 + 0
0.35 T o

0.r9 + 0

27

2L

09

0.48 + 0.
0.44 ; o.
0.47 + 0.

.08 0.38 + 0.15

.06 0.38 ; 0.16

.08 0.37 + 0.12
All substrates 0.46 + 0.25 0.32 + 0.09 0.38 + O.t+

Both Moss

Aspects Soil
Herb

.45

.45
0.
0.
0.

0

0

0

28+
45+
26{

I
J
I39

0.19 0.
0.17 0.
0.11 0.

0.06
0.28
0.08

36r0
45+0
33+O

.16

.23

.12

TOTAL 0.43 + 0.15 0.33 + 9.19 0.39 + 0.19
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Appendix 3.3: Anaìysis of variance tabies for soil variables under different
cages, according to aspect (A), canopy (C), and substrate (S).* indicates a significant dífference at p < 0.05.

Source of
Soil Variable Variation df

Sum of
Squares

Mean

Square F-StatÍ sti c

*43.26
0. 9B

3.09
7 ,79
1.47
4. ga

0. 62

1

1

2

1

2

2

2

37

A

c
s
AxC
AxS
CxS
AxCxS
trror

5.06
0.11
0.72
0. 91

0. 34
1.15
0. 14

4.33

5.06
0.11
0. 36

CI. g1

0.17
0.58
0,07
0;12

pH

*

+

*5518

1

1

3

1

0

I

.07

.01

.01

.01

.00

.00

.00

.00

0
0

0
0
0
0
0
0

1

1

2

1

2

2

2

37

A

c
S

AxC
AxS
CxS
AxCxS
E rror

0.07
0.01
0.01
0.01
0.01
0.01
0.01
0. 14

Conducti vi ty
.86
.74
.11
.31
.91
.04

% OrganÍc
Content

A

c
S

Ax
Ax
Cx
Ax
Erro

1. 217.90
I 3220.84
2 t670.1.3
1 1.61
2 LtB0.20
2 1198.64
2 156.00

37 107 42.06

217 .90
3220.84
830. 07

1.61
590.10
599.32

78. 00
290.33

0. 75

.09

.88

.01

.03

.06

*

c
S

S

CxS
r

11

2

0

2

2

0 27

% l(oisture
Content

355.67
1909. 13

L2T2.2L
344.66
921 .00
288. 43
305.48

4302.39

355 .67
1909. 13

606.11
344.66
460. 50
144.22
t52.7 4
1 16 .28

A

C

S

AxC
AxS
CxS
AxCxS
Error

1

1

2

1

2

2

2

37

3 .06
16.42
5.21
2.96
3.96
L.24
1.31

*
*

*

Conti nued
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Appenti ix J. 3 ( tont,i nued ) :

Soi'l Vari abl e
Source of
Vari ati on

Sum of
Squares

Mean

Square F-Stati stÍ cdf

Bulk Density A

C

S

AxC
AxS
CxS
AxCxS
Error

1

1
a\

0.00
0.13

^.1.3
0. 02

0.11
0.09
0.02
1.15

.06

.02

.05

.05

.01

.03

0.01
4.11
2.09
0. 57

1.77
1 .46
0.40

00

13

0

0

0

0

0

0

0

0

*

1

2

2

2

37

AvaÍ I abl e
Phosphorous

1 126.09
1 97.04
2 324.45
I 109.84
2 254.38
2 422.80
2 888.00

37 2692.52

A

c
126.09

97 .04
162.23
109. 84

L27.r9
211 .40
444.00

72.77

L,73
1 .33
2.23
1.51
r.75
2.91
6. 10

S

A

A

c

A

E

xC
xS
xS
xCxS

rr0r
*

Avai I ab] e
Potassi um

1 3BBB.14

L t2.76
2 3727.I3
I 2815.92
2 1549.03
2 19695.15
? 3257.38

37 39476.55

3888. 14

12.76
1863. 56

2815.92
774.5L

9847.58
1628.69
1066.93

A .64
.01
.75
.64

3

0

I
2

0

9

1

c

s
A

A

c

A

E

x
x

X

X

73

c

S

S

CxS
r

.23

.53

*

rr0
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CHAPTER FOUR

Succes s i onal Sequence on Three Manitoban 0utcrops
and Positlon of 0puntia fraqi I I s

ABSTRACT

The successÍonal sequence on three outcrops containing Opúhti.a '

(ltutt.) Haw. vras examined using physlography and specles cover.f raqi'l i 9
Data ¡rere col'lected from June - August 1982 on five 10m line transects
at each site. A successional sequence of gpecies was predicted, based

on their life-forms, strateglesr ârìd cont,rlbution to soit formation.
Pre'l iminary ordinatÍons using reciprocal averaging/weighted averaglng
hybrÍds indicated that substrate depth was the maJor factor determfning
the species gradient, hence substrate depth was used to order samples

in weighted averaging ordinations. The resulting specles sequence was ,

positively correlated with the predicted sequence (P<0.05). The stages

of the successiona'l sequence were! (0) bare rock/pioneer lichens,
(1) primary moss mat, (2) secondary moss and lÍchen mat, (3) tertlary
mat, (4) stress-tolerant perennials, (5) perennial grasses and sedges,

and (6) chamaephytes and phanerophytes. The species composi:tion of
stages 0 - 3 Ì^,as collsistent at all three sltes. Variation ln subsequent

stages was presunrabìy due to propagule avallabillty.
The sequence was basicatly sfmilar to that of Clements (1963) but

loca'l variations ín pattern and rate of spread were related to factors
which altered the rate of soil accunlulation: slope, aspect, rock :

srrrface features, and' dlsturbance.

Opunlla fragilj:, a stress-tolerant perennial, was the fltst, ,

vascuìar plant to colonize secondary (occaslonalJy tertiary) rpss mats,
where Ít was posltíveìy associated with such spe cies as Tortula ruralis
(P<0.05). Cactus vigour was not correlated with soll or physiography, .

(p>0.05).
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CHAPTER FOUR

Successional Sequence on Manitoban Outcrops

and Posítion of 0puntia fragi ì i s

I ntroducti on

The outcrops on wtrich 0puIti a f ragÍ_l i s grovrs in southeastern

Manitoba are mosaics of rock and vegetatíon. The vegetation ranges

from thalìophytes to phanerophytes, but not in the spatíal continuum

predicted by the cl assÍcal model of succession (Clements 1963).

gp_g4f_q fragitis was usua'lly found in moss mats, wttich constitute an

earìy seral stage. These observations suggested the fol I owi ng

questi ons:

1. l,lhat is the successional sequence on these outcrops? How does

it cornpare to the classical model of lithosere successíon?

2. What is the ecologÍcal position of 0. fragilis in the sequence?

Methods and Materials

Selection of Study Sítes

Three sÍtes containing Opuntia fragilis were selected using the

following criteria:

1. The colonies shou'ld represent the widest geographic range in the

boreal region; also, they were located on three different rfver

systems.

2. Outcrops should be undisturbed but suffÍcÍently accessible for

studY

1_03
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Ihe :;ites were (fig. 2.L, Chapter II):
Post Islanri, Big l.lhjteshell Lake (5ô"06'N, gSo20,l,l) on the

t.lhiteshell River, south llinnipeg River system,

Bird River (50"25'N,95o41'l,l),6km east of Lac du Bonnet, on the

north lrlinnipeg Ríver system, and

Bissett (51"02'N,95"41'l,l) on the north shore of RÍce Lake on

the Wanipigow River.

Successíonal Se quence

At each site, five 10m transects extended down the rock slope,

through at least one clump of gru¡lig fragilj:. preliminary analysis

using the maximum mean square technique (Kershaw 1973, Mueller-

Dornbois and Ellenberg L9741 showed vegetatÍon patterns at 0.33m and

l.Onr scales (Appendíx 4.1). The transects rì,ere divided into 0.33m

samp'le int.erva'ls, corresponding to the mean sca'le of thallophytes
(c.f. Mueller- Dombois and Ellenberg 1974). l^lÍthin each sample

'interval, cover for each specÍes was measured at zcn íntervals by

dropping a 1.Snm díameter pÍn through a frame, perpendicular to the

rock. substrate depth was measured using a calibrated rod; vertÍcal
height above water and slope r,Jere recorded by surveying.

The 150 blocks per site, labelled by number, were each termed a

"sample" for the study. Two datasets were compiled: species percent

cover per sample, and physiography per sample. The species cover and

physiography values were transformed to a percentage of theír maximum

values to rnake different life-forms (sensu Raunkiaer 1937) and units

of measure commensurate within a dataset (Gauch Ig77).

The samples, spegies, and physíographÍc variables were arranged

according to varíous measures of similarity using ordination

3
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1

(Appunrlix 4.2). Ihis [echniq,r¿ 14as used to Ídentify species

cornrnunities, assocÌations, or continua, and to relate the

disfribution of specÍes to habitat physiography (Gauch tg77l.

Two ordÌnation techniques were performed on individual and

combÍned site ctata, using the 0RDIFIEX computer package (Gauch L97llz

Recíprocal Averaqincl /Wei ghted Averaqi ng hybrid. In prel iminary

ordinations, the sarnples were arranged accordÍng to thef r
sirnilarities in species cover by reciprocaì averaging, and thelr

scores on two axes rvere used to weight the samples of the second

dataset. Samples, species, and physfography were then protted

0n common axes.

2. hleighted Averaging. SpecÍ es v'rere ordered on the f i rst ax Í s by

weighting the samples with substrate depth. The choÍce of depth

as a weight was basecl on literature (e.g. l,Jinterringer and

Vestal 1956), and on the results of the.hybrid ordination above.

$Feetg$ weFÊ gr"dF,Fed on the geesnd oxtr þy the{r posft{on tn

a predicted successíonal sequence (Table 4.1) based on life-form
(scoggan 197s), strategv (_ss¡¡g Grime 1979), and contribution to

soÍ I formatíon.

The species sequences for the índividuat sítes were compared

using Spearman's coefficient of rank corre'r ation (sokal and

Roh'lf 1969). The scores of "common" specíes (frequency > 10 out

of 450 sampìes) from the combÍned sites were tested for
corre'lation with the predicted sequence.

Posítion of OpuntÍa fragi I i s

Each clump of cactus encountered on the transects was further
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Table 4.1: Fì"tfictrxl çrccessional sequ(rnce acconlìir,3 to life-form (scoggan 1978)*, strategy (Grínp
197'r) ¿¡¡1 .:ontrihr¡L,ion to soil fonn;rii;u. Ranks rcrc uærj trr veight spctes rð-r
v¡eiqlkf ¡r¡erd$irg on first axis.

Rank in
Sequence

Description SpecÍes

0

1

2

"Pioneer lichen nnt." lrb visible
contributions to soil furmation.

"Prirnary [Dss tmt". himary
colonjzers of rcck, initiabrs
of soil formation.

"Tertiary stage". Þgrer nnt
on less than 1.5on organic
debris (often colonized by
tlrcrophytes ) .

4.5 (lntermerliate) Hanicr¡ptopl¡rtes
ra¡uire shalìow substrate, in-
sìgnìficant contribt¡tion to soil
fonnation úle to size and
i solation.

"Stress-tol erant ¡n rennì aì s"
crypto-, lrunicrypto- or ch.mae-
plytes in deqrer silallow sub-
strate; either associa'üi witlr
npsic habitats (a), by rmt
sJatan (b), or col'lectirg
litter (c)

Bare rnck
low foliose lichers
(e.9. Panælia spp.)

Grinmia spp.
EIIñEã cjlíatg

Polytrichum junipen¡n
Cla<Iäa rañE-frrìna
erniïís--
ela6ñiã anaurocraea

fuuilegia canadensis
ffiTìtiin bôFeãl e

fol ia

a)
b)

tache foeniculum
ums llatum

crusbse licherc
tow frvticæe lichens
(e.9. Cladonia pæillum

"Secordary nat". lvlats r^trich Tortula ruralis
stabjlize and/or çrcrate oryan1c eladonia pyxi-õ'ta
del¡ri s

3

4

ïhuidium abíetinurm
Sl'ag-Ë11ã@rÍs
@
Felîiæra mtEscens

Polygorum conlolwlus
mGñfilTallor@ca
SiTeneãñtiEfr'ína -

"Stress-tolerant ruclerals". Panicum capillare
Therrcplytes; do mt al ter Ertiilãcã õleracea
ervirunerû, but ncr¡uire sr^bstrate Grastìiäì nuEns-
> 2on. 'trranium-¡itÏFTlii

Actri l'l ea mi I lefol ium5

6

7

"Perennials grasses arrl ædçs" with Poa glauca
dense rcot or slnot nnts: mrnenE-rgia spp.
"rÊal sod hrilders" (llinds 1&42) mlrq,ogol$*.di_

ÃgrupffiTracfcaulon
Sïirlisoffiñ5ìs

c) trm&ia llì¡eïisiç--
6uñffã TrañTis
Þ-alfiên-ocì ssus i-nserta

Juni¡nrus spp.
Prun-us rñrginiana
Ãeiarcñ'ierãlniFolia

Po'ly_gonum dolglasii

ffii-oiês

Chænaephytes arrl ¡*raneropl¡rtæ with
dcep roots; collect ard pnerate
I itter; provìde carìopy"

-L]ïe-Îorms and contrlbutìon to soil fomation
Vestal (1956).

íum
ocflænmns

of species rankd 0-3 are frun Winterrirger and



descriirer'l iry:

l. i t.s s i ze (trr l.al number' 0f 1;ar'l:, nLlnrtrer of ¡;a,rs ( 0rìê year o1d) ,

2. pad characters (ìength, width, depth, fr:esh weÍght, and bíomass;

n = 20 onLì-year-old pads),

3. substrate depth at the centre of the clump, and

4. soíl properties. A soil sarnple (10 x l0 x 6crn) was collected,

f rozen , and anal yzed at the l,lan i toba prov i nc i al soí I Testi ng

Laboratory using the standard procedures (McKeague r97B) for pH,

conductivity, organic, moisture, and macronutrient contents.

comparisons vJere made between sites for mean pad and soil
characters using analysis of variance and the Student's t-test (Sokal

and Rohlf 1969). In addition, relationships þetween cactus vígour

and substrate characters vlrre tested usíng correlation coefficients.

samp'les were examined for species associations wíth cactí using

chi -square (Sokal and Rohl f 1969).

Resul ts*

Successiona'l Sequence

Bare rock, bare soiì , crustose I ichens, Hedweqia ci t iata , and

Tor.tula ruralis were found at all three sites. Each site contained a

srnal I proportion of "local ized" species which tvere absent from the

other two sites: Crataegus s pp . , Popul us lremutlfgex, lrulls

*species authorities are given in the species list (Appendix 4.3) and

follow Scoggan (1978) for vascular p'lants, and Crum (I976) for
mosses. Lichens were verifÍed by P. Wong.
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jr_eJl.Ð/ìvl.ani._q, ]],p_!.!l]_]_a., and jir,ilr'oglEJI gerar-di at Bird Ri,ver;

!_,!L1JI_U_{1 !rgq11!1ùs and "to$!]_q!g _o-liracea at Bissert; and Bryum

pseudotri ue trum, lsl¿ginum !_q!gl-g¡[j, and Carex spp. at Big

whiteshell. All predicted seral stages (Table 4.r) were found at

Bi rd Ri ver and Bi ssett; there t,lere no chamaephytes or phanerophytes

in the Big l.lhiteshell outcrop samples.

r The followjng ordination results usÍng combined site data app'ly

equalìy weì1 to individual site data wtrich, for space considerations,

have been placed in Appendix 4.4.

Reciprocal averaging al one expìained less than hal f the

d'ispersÍon of sampìes and species, i.e. the eigenvalues of the fírst
two axes were less than 50% (Figure 4.1). Even inefficÍent
ordinat'ions are usefu'l if they illustrate an ecoìogical trend (van

der Maarel 1980). In cornbinatÍon with weíghted averagíng, the

ordination revealed three trends:

1. l-ovr species richness wils especially evident in disjunct samples.

The isolated-samples in Fì9. 4.1 contained one or two taxa

( e.g . !gl-e¡ spp . , I.r,¡. gluqq) .

2. Sequences of species were sirnilar to the classical model of

succession. Bare rock and xeric líchens were posìtioned at one

ext.reme, with herbs and shrubs at the other.

3.; ßoth axes could be relaterl to soil depth. The variable "depth"

was positioned high on both axes

The inclivídual síte sequences of species derived from weighted

averaging were positively correlated with one another at P < 0.05

(Appendix 4.5). The combined site sequence (fig. 4.2) was positÍvely

correlated with the predicted sequence (Appendix 4.5). Deviations

f rorn the predictecl sequence were generaì ly species of later seral

stages, especia'l1y chamaephytes (Tabl e 4.2).



Figure 4.1: First and second axes of a reciprocal averagìng/weíghted
averaging hybrid ordination for species (frequency > 10),
sampìes, and physiography from three sites.
Species maxima were standardized to 100 (Gauch 19771.
Sum of percent eìgenvalues for these two axis was IL.647,.
For key to species numbers, see Appendix 4.3.
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Figure 4.2: First and second axes of a weighted averagÌng ordínatìon
of specìes (frequency > 1,0) and samples from three si'bes.
Samples were weighted by soil depth (crn) on the first axís;
species were weighted by pred'icted successional rank (see

Table 4.1) on second axÍs. Species maxjma standardized to
100 (Gauch 1977\, key to species numbers, see AppendÍx
4.3.
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Bare rock

Griryria lltry_le!

Ïable 4.2: Sequonce oI species frorn wei,¡lrtêd averagìng ordination, with
coi'rf:Sl)orìLl ing rank f rorn pri:if ir:tr:il SequenCe (0-7 ) .

Crustose I ichens Cl adonÍa amaurocraea
Physgi a mi'll egrana 0p_unti a fragi I i s
Parmel i a taractica lfg_lgl- pumila

Pol trichum juniperinum

C I adi n_a rangi fer'i na

Bare soil
Thuidium abietinum

Cl adon'ia pyxidata sel_qgi neu_q rupestri s

B ryum p seudo tri cluetrum Campanul a rotundi fol i a
Parmel ia cumberlandica Sax i fraga
l{edwigia ciljata !-oli9ese mi ssouri ensi s

Pel ti gera rufescens l-_oe gl auca

Çg|gl spp.

Silene antirrhina

Tortula ruralis
Cl adi na mi ti s

!]3_qg.[r_q pgc_t-] 1!U Muhlenbergia racemosa

m convol vul us Crataegus spp.
ParthenocÍ ssus i nserta

0

0

0

0

I
3

2

3

0

1

3

2

3

0

4

5

3

5

7

3

5

3

3

4

4

4.5

5

6

virginiensis

6

6

7
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o u-'-i-! i-"1' i .9,gllr.l i-lrgifi.l=
Ilrti tlltm¡rs,lt fJirrl Iìiver c()iìt.¿inerJ the greatest number of old

and ncw pads (P < 0.05, 'table 4.3). In addition, pads at this síte

were the largest (Table 4.3, Appendix 4.6). Cactus vigour was not

correlated with physíography or soil (P > n.05, Appendix 4.7,1,

The posi tion of 9pg¡liq lggf_l_rl at three si tes di f fered (p <

0.05) in:

1. physi()graphy (Table 4.3). 'lhe clumps at Big t,lhÍteshell were

located rìLrârer the water level on a less steep slope than those

at the other si tes.

2. soil (Table 4.4). Soils under cacti at Big l,Jhiteshell were

lowest in pl'|, bulk rlensity, and conductívity. Those at Bírd

River were highest in concluctivity and available potassium

(Appendix 4.8).
:3. species richness (Table 4.5). 0!untí.a tragl_l_lg occurred with

the greatest number of species at Bissett, and the'least number

at Bird River. It was founcl with more moss species at Bissett.

The cactus was most ofüen found with none or one lichen species,

zero to two moss species, and without vascular species (Table 4.5).

It was positively assocÍated with bare soil, Clsdonia pyxÌdata, C.

poci11um, _Q.lg3_l-l"g ra ngi f er,!_!g, Tortul_a rural i s , Saxi f ra ga

virqiniensis , and þ_ glgucq; it was negatÍve'ly associated with bare

rock, lgnelj_q t.{rySfl_ca, P. curnberl andi ca Muhì enbergi a racemosa,

and _Crata_e_g_!i: spp. (Appendix 4.9) .
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Table 4.3: Charar;terÍst'ics of colonies of _ilnun!!_q fragi'lis at three sites. Values are
rrr,riln + I s " l{erans joined by a lr'i:iãñtãT*6ar are not signífícant]y
rli f I'ercrrrt (P > 0.05).

Si te
Characteri sti c Bi q Whi teshel I Bi ssett Bi rd Combi ned

Locati on :

elevation (m)

sl ope

Col ony:
# new pads
total # pads

Pads:

Length (cm)

lrlidth (cm)

Depth (cm)

Fresh l,leight (g)

Biomass ( g)
( dry wei ght)

4.79 + 1.91

0.22 + 0.09

5.66 + 1.46 5.85 + 0.66 5.20 + t.72

0.40 _+ 9.69 0.43 + 0.07 0.30 + 0.13

103.
158.

51

97
+

+

.f

+
129.74 64.20 + 54.03
r91.63 143.12 T r¡Z.Og

210.81 + 134.89 104.6
189.60

0.11
210.99440.81 7 Zll.ZO

2.36 + 9.67 2.31 + 0.56 3.06 + 9.76 2.34 + 0.S3

1.30_+0.30 1.35+0.27 1.36+O.gO L29 + 0.25

0.63 + û.14

1.25 + 0.64

0.21 + 0.09

0.65 + 0.11

1.56 + 0.70

0.25 + 0.10

0.79 + 0.17 0.66 + O.tt

2.09 + 1.02 1.61 + 0.80

0.26 + 9.110.27 + 0.11
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Table 4.4: SoÍl properties of cactus colonir)S dt three sítes. Values are
rnÊian j I !. 14t'ans ioÍned by a hoi'i¿ontal bar arr not significantly
d i fferent (P > 0.05 ).

Si te
Soil Proper ty Bí q Whi teshel'l Bí ssett Bi rd Combí ned

Depth (cm)

pH

Conducti vi ty
( nrnhos/cm )

% MoÍsture

% Organic
Matter

Buì k densi ty
( g/ml )

Available phos-
phorus ( kg/ha )

Avai I ab1 e potassi um
( kg/ha )

2.01 + 1.98 2.1,5 + 1,62 2,25 + 1.77 2.09 + 1.84

4.82 + 0.50 6.00 +.9.49 6.01 + 9.37 5.34 + 0.76

0.16 j 0.09 0.25 + 0.12 0.34 + 0.10 0.21 + 0.12

7.51 + 5.86 39.38 + 22.28 48.69 + 16.45 22.99 + 22.65

47.23 + 13.59 35.24 + 6.01 36.13 + Lt.07 42.00 + 12.73

0.36 + g.gg 0.44 + 0.05 0.41 + 0.0+ 0.39 + 0.08

21.35 + 2L.36 7.26 + 2.80 13.19 + 4.04 15.74 + 17.21

7.2I + 3.qS 7.25 + 1.90 9.71 + 1.54 7.52 + Z.9S



LL7

Tabl e 4. 5: com¡rarison of species richnt:.;s in indÍviduar 0.33m samples. samp.lesw(i'c selected to contain gp_t[r.trg rrgr_'[s, whÍch is r'nc]uded as avascular species berow. vaïiiis-are ãampre size (n), mean 
-i-r--

standard deviation (x + 1 , ¡, and mode imost f..qrËnti,-ä.*.rinS
number).

Si tePlant Grou p Bi ssett Bird i ver Biq i teshe ombi ned

Moss

x+
m

L i chen
x+19
m

x+1-s_
m

I s 0

I
2

2

0. 65
0

0.67 + O.O7
0, 1 -

.56 + g.96

.20 + 9.79 .94 + 9.56

.24 + 9.56

2.82 + t.07
2-
L7

1.31 + 1.06 .93 + 9.95
I

.54 + 9.65 .50 + 9.62

3.79 + O.7g 3.63 + t.S1
3-
123

3

1

2

0

0

+ 0.99

52

72 + 2.913.
4

54

0.69 + 0.73
0

.39 + 1.93

Vasc ul ar

Comb i ned

I
1

1

1

1

1

I
I

X

m

n

+1s



Discussion

SuccessÍonal Sequence on 0u tcrops

Description of Sequ ence on Mani toban outcrops . The ear''l i est

pioneer species u/ere crustose lichens and low fol iose and fruticose

I ichens such as Parmelia taractica (Fi g. 4.3). The "primary moss

mat'f , composed of Grimmia unicolor, G. apoca¡la , and Hedwi gi a

ciliata, was the true initiator of soil formation because jt (1)

colonized bare rock or pioneer lichen mats equal'ly well, (2) produced

more litter, and (3) trapped soil particles more effectively than

crustose lichens. The deepest litter was invaded by a "secondary

rnat" of rnosses (e. g. Tortul a ruralis) and líchens (e.9. Cladonia

amaurocraea), which increased the accumulation of micro-litter and

inorganic particles. Soils > lctn deep were colOnized by a "tertiary

mat" of c'l umped, robust ntosses (e.g

Thuidjum abietinum) and occasional 1y Se'lag i ne'll a rupestri s. The

pioneer lichen rnat and "primary rììoss mat" were presumably e'l iminated

by shad'ing, burial, and seepage. Stress-tolerant ruderal s, such as

Draba nemorosa, were components of the secondary and tertiary Stages.

The'ir scant aerial biomass was lost from the mat by erosion, and the
ì

contribut.ion of theír root biomass to soil formation was negligible

(McVaugh 1943). The nexl; seral stage lvas composed of stress-tolerant

perenn'ials, which colonized soil s of various depths but persisted

only on deeper deposits such as Ín crevÍces or depressions. These

species were ìow, spread'ing, ancl anchored litter and soil. The "real

sod builders" (Hinds 1842) were perennÍal grasses which ínvaded

deeper soiì deposits. Their dense swards contributed to rapid

. Pol trichum juniperinum,
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FÌgure 4.3: Successional sequence on rock outcrops fn south'-
eastern Manitoba.
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rjetri tus accumul ation and el

cornpeti ti on. The dens í t.y

ßissett) preverrt.cd invasion

the successiona'l seque

( e. g. Crataegus s PP.) and

tremuloides) on soils > 6cm deep. Even the most sparse canopy

contríbuted to litter accunrulation and presumabìy reduced drying of

the substrate by virtue of its shade. :

Va ri ati o sites. The íní ti a'l stages of the

successional sequence

bare rock ->Hedwig.ia--->Tortula ruralis
crustose I ichens glllãlg- anA-@Tîa--

were ídentical at all three sites. presumably these species were

consístent because they produce dt¡st propaguìes (e.g. spores), hence

are not dispersaì limited, ancl/or are xerophytes. VarÍation in
subse.quent staltes was attri buted to:

1. Availabil ity of propa guì es . Localized species which filled
sirnil ar posi tions in the ordinatíon sequence at different si tes

were presumably dispersal limited. polygonum dou gì asi i (BÍ g

!.lhiteshelì ) occupied a position similar to thaf of Muhlenbergia

racenosa (Bird River). The chamaephyte position was filled by

!.qlpef!_! no_lzgtgl i s at Bi ssett, and by prunus yi rgi r! þna , p .

pgt_sJ,l v_q¡l!_c-g_, anrl Crqr.aegus spp. at BlrC Ri ver.

2. þl_qqrye Droportions of nersi c and xeri c speci es. Potenti al

colonizers from mesic habitats are more numerous than those

adapted to xeric habitats, hence there is a greater chance of

variatiorr in nnre mesic seral stages than in xeric ones.

imin,-rf ,:d previous stages, presumably by

of [hilse stancls occasjonal'ly (as at

by subsequent stages. The final stage Ín

nce l,./as composed of chamaephytes

stunted phanerophytes (e.9. popuì us
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3. Ixtr::tlt of lrlccessiona] clev: l..t¡nient. The ßl rd Ri ver contai ned .

rlxt.tlr¡:;f v,-: !'¡rass an<j ch¿ltr.lc¡riryte/phaneropliyte sta ges . l-he 
,ßissett site was intermerriate; deveropment had reached the ,

stress-tolerant perenniaì stage, with a few patches of perennial

grass and one chamaephyte. The Big whíteshell outcrop contained

"seconclary" ancr "tertiary" mats with stress-tol erant perennÍaì s

anrl few patches of per.enniaì grass.

4. nq techni que. lhe location of shrub cdnopy was not always

related to the depth of soir beneath it, as aeríaì cover, not
rooted cover, was measured. The low positions of prunus

vr_Iglll3l_rg, P. lgns¿ì r,g¡¡¡¡:j, and populus tremul oi des i n the
weì ghted averaging ordination were due to branches whí ch

extencled over bare rock ancl pioneer lichens.

Compari son of observed sec¡uence wi th c'l assical mode'l . The

successional sequence proposed for outcrops in sot¡theastern Manitoba

was simÍlar to those observed by other workers in North America, and

differe'd only slightìy from the cìassical model of succession on bare

rock.

1. Cl ass ical morlel . Cl ernents ( 1963 ) proposed a concentrÌc ri ng

morlc'l of succession, in wlrich bare rock was f i rst col oní zed by

crustose lichens. As the rnechanical action of these lichens
weathered the rock (Fry 1gZ7), soil partícles collected in the
roughened surface. Foliose lichens invaded the deepest deposits

at the centre, trap¡ling more debris until fruticose lichens and

xerophytic mosses invacled. The patch of vegetation continued to
spread outward ín concentric zones. Annua'1, bíenníal, and

perenni al herbs anil f r¡rbs Ínvaded the centre Ín tu rn .
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2

tventual ìy the humidity and protection afforded by the

vegetati orr aì lowed the devel oprnent of a thì ck manil e of soi'l ,

supporting a climax (mesic) forest.

This pattern of vegetation development on flat smooth

outcrops occurs throughout North America, and has been described

by 0osting ancl Anclerson (1939), McVaugh (1943), and l,{interrÍnger

and vestal (1956 ). It can be seen in l,Jhi teshe'l I provincial

Park, l4an j toba

Deviation from the cl assi cal model . The di sconti nuous

vegetation on outcrops suggests that devíation from clements'

model is not uncommon. 0n the Manitoban outcrops, four main

deviations from the classical model were prímarily due to

physìography and dis,turbance:

(a) tg!!glr¡-gl_$Ig¡19. 0n tlre Manitoban outcrops, the pattern

of vegetation w¿s el ongated or skewed rather than

concentríc. coloni zation a'long soil -trapping cracks u/as

much rnore extensive than lateral spread. slope a'l so skewed

the pattern of spread. Eroded soil collected at the upper

margin of moss nats and supported later seral stages, whi'le

i ni t'ial col oni zers advanced the lower edge (f tg. 4.4) .

0ost'ing and Anderson (1937 ) suggested that progress.ion on

the lower edge was accelerated by protect.ion from erosion,

and by prolonged nroisture supply (seepage). The advancing

eclge therefore supported loosely attached secondary and even

tertiary mat species, rather than prÍrnary mats which are

i ntol erant of seepage. 0n smooth sl opes, the skewed

patches, anchored to the rock surface by nross rhizoids, were

readily eroded. I-hey rare'ly developed past the,'stess-
tol erant perenni a'l " stage .



Figure 4.4: Three stages {n the.development (A through C)of a skewed vegetatfon mat'on a iock sioóe. '
Numbers represent seral stages (see Tablä +.t).
Q = pr'oneer lichens/bare roók,I = prfmany moss mat,
2 = secondary mat,
3 = tertlary mat,
4 = stress-tolerant ruderals,
I = stress-tolerant perenniaÍs,
6 = perennial grassei and sedgás.
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( rr ) i[v_9¡¡.q]_Ljtro l:tU1qlq¡- ql., or arrest at ct:rtai n sta qes. The

iirrer: l,'l.rii t.oban si tes ¡¡1:;,r.r,ìFuC to have ;"eached di f f ercnt
seral stages. In adclition, a disconti nuous mosai c of
various stages occurred on individual outcrops. Inhibition
of succession appeared to result from removal of soil or

prevention of accLrmuì ati on , which lvere reì ated to sl ope,

surfar:e features , and substrate di sturbance. Soi'l deposíts,

perhaps loosened by frost-leaving, were washed downhill by

spring melt and sunìmer rain. During ure summer, bare dry

soil was removed by wind. Eroded mat,s and soil often
reached the river or lake, so vlere tost fron the outcrop.

SÍmilar conditions were clescríbed elsewhere in North America

by l^Jhitehouse (1933) and McVaugh (1943). Soil erosion was

f urthe'r acce'lerated by ilre high temperatures and resul ti ng

dessication on south-facing s'lopes (Keever et al. 1951).

tt,linor dÍsturb¿nce rndy arrest succession, e.g. portage

trai I s were devo id of vc'getati on . 0n very srnooth steep

slopes, where soil deposits are repeatedìy eroded, bare rock

or I ichen communi ti es formed a "pioneer equi ì ibri um,, ( sensu

0osting ancl Anderson 1g3g). Extreme disturbance can reverse

succession. In summer, dry rnoss and lichen mats are

susceptible to fire, which often removes the shallow organic

soi I s ds wel I as vegetati on (Kel sal I et a_] . Lg77l ,

Remaíning mineral soil and ash are frequently eroded, hence

the outcrop is returned to bare rock.

(c) Acceleration of se uence . Acce'l erati on , i . e. tel escopÍ ng or

el inrination of ear'ly seral stages, occurred in seepage
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areas' crevices, and along the forest-outcrop ecotone. The

effect of seepage viras i i'luslrated in the clcvelopment of the

lower edge of the skewed mat (Fig. 4.4).

Irregularities in the rock, which accelerated soil
accumulation, also Íncreased water retention. píoneer and

primary mat species were absent, presumably due to their
intolerance of prolonged nroisture (McVaugh 1943). Inítiat
colonizers rvere ìoose'ly attached secondary and tertíary
mats, and occas'ionally OpuntÍa fragiljj. Acceleration of

this kind was often later arrested by factors which limíted

soil development. At the Bird RÍver site, a seedlíng of

Pi nus banksiana in approximately ei ght cm of soi I was

stunted by restricted root space and extreme fluctuatÍons ín

soíl moisture. simil ar observations have been made

el sewhere by Ì,lhi tehouse ( 1933 ) , McVaugh ( 1943 ) , and

Wi nterrí nger and Vestal ( 1956 ) .

The forest-outcrop ecotone, where the soi I was

continuous with that under the forest canopy, was more mesic

than the outcrop. As soil accumulated along the edge, some

of the mesic forest vegetation ínvaded by means of rhizomes

but was unable to extend onto the rock surface. pioneer and

primary nat species were absent, presumabìy due to shading

and seepage. Hence the later, mesÌc, seral stages slowly

extendecl over tlre rock.

(d) Discontinuity of ve getati on . The rock-vegetation mosaic b,as

attributab'le to different rates of succession at different
points, i.e. (b) and (c) above, caused by rock surface
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f c'otures. (Jn smooth Stee¡r surt'aces, a "¡iíoneer equÌl ibrjunr"

wäs mai ntai ned. Crevices, cracks, and depressions
accelerated soil development and supported later seral
stages. The scale of the mosaic varied according to the

scal e of rock su rface features. Hence the sampl es

containing one or two mesic species .(fig. 4.1) vúere partly
due to a vegetation scale greater than 0.33m (c.f. Mueller-
Domboi s and El I enberg 1976 ) .

Position of !gq!üj_q fragilis in the Se quence

_O_p_g!_Ua fragilis occupied an earlÍer position in the
successional sequence than predicted. It was not sÍgnificantìy
associ ated wi th other stress-tol erant perenni a'l s. It was po si ti veì y

associated with bare soi'l , Tortula ruralis , llgSgrlg poci il um,

_C_. pyxi cla_ta, gl_r{l_1q ranqi feri na , and Saxifraga virginiensis. It was

negat'iveìy associated with the initÍal stages of the sequence
(e.g. bare rock, parmeìÍa taractica, and p . cumberl andÍ ca ) and wi th
I ater stages ( gfglgggqs spp . and l'luhl enbergi a racemosa ) . Thi s seral
p'lacement of 0. _tr!_gl_Us was further supported by the finding that it
was usually the on]y vascuìar species in a mixture of one or two moss

and none or one lichen species in the 0.33m ìinear sample units.

position in the sequence may be attril¡uted to íts aerial perennating

organs, which do not require a soil cover. The ecoìogicaì position
of 0. ftgsi-'!-:-.- courd be further described by its physiography:
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(location) 5.20 + 1.72 m above water, (s'lope) 0.30 + 0.13. 0ther

soil features scarcely dÍfferecl from those founrJ on other outcrops in

southeastern Manitoba (see chapter II), i.e. soils were h.i ghìy

organic with low bu]k densi ty and low ¡rH. pad number was probabl y

attributable to the length of time since their colonization and

amount of disturbance. Pad number may be used as an inclicator of the

longevity of the Opuntia seral stage, i.e. the'large colonies at Bird

River are an examp'le of a site in whích the 0luntia seral stage has

,been prol onged.

Concl usi ons

The successional sequence on three geograph i ca'l I y di verse

outcrops in southeastern Mani toba is very simil ar in its inítial
stages and Ís generally consistent with the classical model described

tty Clements (1963), as we'll as outcrop succession describecl by other

workers in North America. succession can be halted, reversed,
slowed, or accelerated on different parts of a single outcrop, by any

factors which Ínfluence the rate of accumulation of soiì, i.e. s'lope,

aspect, rock surface features, and disturbance. variation in these

factors within a single outcrop results in a mosaic of bare rock and

vegetatíon patches. Each of the latter represents a group of seral

stages

0puntia fragilis occupies shallow soil s with loosely attached

secondary (occasiona'l ly tertiary) mat species, especial ly
Tortula ruralis. The prolongation of succession on the outcrops

suggests that the posítion occupied by g. lggJ.is has been available

for a long t,ime, and lìkel.v v;'ill be available jnrlet ìni t,l1y in

southeastern l4ani toba .
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AppendÌx 4.1: Scales of vegetati0n cover using maxÍmum mean square technique
( Kershaw 1973, Mueì r er-Domboi s and E'r I enberg Lgl 4). peaks at
0.33m and 1.0m Índicated that two scales of vegetation exìsted
on the outcrop.



Appendíx 4.2: Use of 0rdination

0rdination is a trend-seeking technique particularly val uabl e in
the inítial stages of a study. Gittins (1969) statect, ,'The a.im of

analysí s is to revea'l precÍ se'ly those rel ati onshi ps between pl ants

and envíronrnent which are most likely to repay closer investjgation.',

In ordination, muìtivarÍate data points are arrangecl a'long one or

more axes by a selected statistÍcal procedure. There are two major

approaches to ordínation (Gauch IgTll:

1. It may be used as a mathernatical tool to reduce the
' dimensional ity of a datcr structure for inspection. These are

termed "taxometric ordinations", or

2, It may be used to relate sarnples and species to environmental

gradients, thereby relatíng patterns in cornmunities to patterns

in environmental factors. Thís is called "ecologica'l
ordÍnation", and forms the main focus of this study.

Four techni ques are commonl y used : pri nci pa'l components ana'lysi s

(PCA), polar ordínation (P0), reciprocal averagirrg (RA), and weighted

averaging (WA). Their effective use depends on the assumptions,

strengths and weaknesses of the technique, taking into account the

dataset properties. The general attributes of these techniques are

from Gauch ( 1977 ).

1_31
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Appendi x 4.2:

PCA and RA are mathematicarìy objective, and both are eigen

analysÍs techniques, Í.e. the variance in the data explained by.each

axis Ís expressed as an eígenvalue in the form of a percentage of

tota'l variation. PCA is based on assumptions of linearíty whích do

not hold in normally distributed data. RA may províde an excellent

first axÍs, but Ís subject to curvilinear distortion of subsequent

axes.

wA and P0 requi re a .pri orÍ dec'i si ons , so may be very sub j ecti ve .

The statisticïan selects the extremes (or endpoints) of the gradient

for P0, and positÍons (or weights) of species (or samples) in l.lA.

There is no statístíc in either techníque to express the proportion

of variance explaÍned by the ordination. Both techníques are subject

to less distortion on subsequent axes than RA and pcA, and are very

useful when some knowledge of the system has been acquíred.

Gauch (Lg77) pointed out that "ordination performance is strongly

aff ected by clata set propertÍ es , incr uding beta di versi ty' (]'i ...
heterogeneity), dÍsjunction versus contínuíty, noÍse level (i.e.
random variation), and the number of environmental gradi.ntr'iinr.n
influence the íntrinsic dimensionality of the data matríx.,, It is
important to reduce the variatjon due to lntrlnsÍc dífferences in
order to clarify the ecological dífferences that are of interest.



133

A¡t¡lert<1i¡ 4.2

r First, fìoristÍc and envjronmental data must be ordinated
separately. Second, the data in each data set must be commensurate.

lrfhen variables have different scales of measure, transformation must

be used to standardize the scales. (A thorough discussion of
transforrnation techníques and their impìícations is found in Noy Meir

et r'f.. , Ig75l .

Gauch (rg77) suggested a technique for combiníng the resu'lts of

ordination of two data sets when there is a third in common. He

termed the following technique a RA/WR hybrid. First the data set of

primary interest is ordinated by RA and the best two axes chosen,

The RA scores of the common data set are then extracted and used to

weigh the same set in the second ordination. I,lA is performed,

resultìng in placement of the third set on a common pair of axes with

the first and second sets. As Gittins (1969) shov/ed, the

contribution of the variables from the third set to the initial
ordination can be determined by theÍr position on the axes. ThÍs

hybrid techniqile r{,as found to be useful in my study.
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Appendix 4.3: lnecies encountered on 15 transects. vascr¡lar pìants fide
Sc,:lge,tn (197U); bryo¡il;_r,1es ficle Crum (19/b), u.iified try--
R. iì. lrel and; I jchens ver.i f iccl by p. I^iong.

I. Lichens

I
PHYSC IACTAE

ruy:gl_g qll'legfslq Desel .

PARMIL I ACEAT
2. Parmel ia
3. P. -farac

PELTIGERACTAE
4. Peltiqera rufescens (l.leÍss) Humb.

64 . CRUSTOSI .SPEC I ES

I I. BRYOPHYTES

DITRICHACTAT
10. Ceratodon p_q!:lt!re_!: (Hedw. ) srt ¿ .

Bi ssett Bi rd Big l.l.

cumberl andia (Gyel n. ) Hal e X
tica K7emp. X

X

X

X

X

XX

X

X

X

X

X

X

X

XX

X

X

X

X

5.
6.
7.
8.
9.

CLADON IACEAE

!!adina mitis (Sandst.) Hale & W. Culb.g. Igt-gjqfna (1. ) t¡yl .
Ll aõ-oniã arnaurocraea if l orke ) Schaer.tr pocîTlì¡m TÃ-cTlT-0. ntãrr.-' --
q. Þre_Lq (1.) Horrm.

X

X

X

X

X

X

X

X

X

X

X

POTT IACTAT
1 1. Tortul a rural i s (Hedw. ) Gtrtn. ,-. - --M._eyer-, 

&' Scherb.

GRIMMIACIAE
12. Grimmia apocarpa Hedw.
13 . G. -un i-Col or lr-oäT. ex Grev .

HEDl^lIGIACTAT
t+. Hgqylgig !_!lt_1!g (Hedwís) p. Beauv.

B R YAC EAE
15. Br um seudotr i uetrum (Hedw. ) Gtrtn.,

r, X

L ESKEACEAE
16. Thuidium abieLinunl (Hedw. ) BSG

POLYTR ICHACEAIì

X

X

X

XX17. Pol tr i chum uni erinum (Hedw. )
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Bi ssett Bí rd 9t_q J!_._

I I I . f:[Ri'ls ,a,r r'f-RN ALI- I ES

SILAGI NËLLACTAE
18. letggfle_lla rup_est_rîs (1. ) Spring

POLYPODIACEA.E

19. t^lgg4:ia l_rvglfl: (1.) R. Br.

IV. CONIFTRS

P I NAC TAE

Juni perus communi s L .

XX

XX

20.
2r.

x
Xhorizontal is Moench

ANGI OSPERMS

GRAI4INEAE

22. Agnpylol- !t1-c!ygq!Lì_on (Link) Nalte var.
1o_vae_qi1q_'lj_ry_ (Scri bn . ) Ferrr .

Andro pog0n g.e.rardi_ Vi t.

q

V

XX X

X

X

X

23.
24.
65.
25.
26.

27.
28,

lltlLl g fuS fqt_q l_qggmo rg
Uni denti fi ecl grass

lg11t_crry qgst.ll_qlg t.
þq Sl iuqa Vahl

(Michx) BsP.
X

X

X

XX

CYPTRACTAE

Carex scoparia Schk.

9glq. sp.

SAL I C ACIAE
Pusq_lL¡j 

_t re11t.ql_qi4S_g- Mi c hx .

um convol vul us L .

l, lgtgl-qsii Grec'ne

PORTUL ACACTAE

Portulaca oleracea L

CARYOPHYLLACIAT

Cerastium nutans Raf.

X

LILIACEAE
29. Alliu¡n stellatum Fraser

X30

BITULACTAE
31. qo-1yl rr: co¡1l{t_q. Marsh.

POLYGONACTAE

X

XX32.
33.

34.

X

X

XX

X

X

35.
36, Si I ene anti rrhi na L .
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38.
39.

n Au l,ll,iû uL Ä.i,r A[37. Aquile gl,l
!.:1.1¡ì_(iell_s_i e L .

SAX I I- RAGACEAI.
Saxi fra vlr iniensis Michx.

e s

B i s sett Bi r"d 9i-s--ü..

X

X

X X

X

X

X

X

X

X

X

X
X

40.
41.
42.

norvegica L.
l.luTtì-TãF. mi I 1 egrana (Engelm.)

Rosa sp.
P¡dtãnti I I a
?î-f i-v-ã]15--t{dts;

ROSACTAE

Rubus idaeus L.

LEGUM INOSAE
V'icia americana Muhl .

46.
47.

43.
44.
45.

4B

IrftiïI's þênSyl vanica L.
P;-pir'ri]ã-
P. Vi-rg--fni ana L .

E@eg-qqr-pp.

X
X
X
X

49
GERAN IACEAT
Geranium bicknellií Britt.
V ITACTAT50. Parthenoci ssu: llæl:lg (Kerner) K. Frirsch

CACTACEAEst. lrrL$ls fta-gl_lis (Nutt.) Haw.

E R I CACTAE
52. Arctostaphyì os uva-urs'L (1. ) Spreng.

APOC YNACEAE
53. Apocynum anrJrosaemi fol i um L .

LAB IAIAE
54. Ags:lscle foenjculum (Pursh) t<tze.

RUB IACTAE55. Gal i um bo.reg] e f .

CAPR IFOL I ACTAE56. !y¡51!:'o11gg.¡1p_f al bus

CAMPANULACEAE

(1. ) Bl ake

57 . 9-ugqqql_q rotundifolìa L.

COMPOS ITAT
Soì i dago spp
ÃcïiTTëä mi'l

V I . SUBSIf{ATTS

X

X

X

X X

X

X

X

X

X

X

X
XX

58.
59.

X
X
X

X

X
X
X

X

X
X
X

X

lefolium L.

60 Rock
Soi l
Li tter
Wood

61.
67-.
63.



Appendix 4.4: 0rdination diagrams for individual sites.

L"3J

Maxima of species cover (frequency>4) were standar-
dized to 100 (Gauch L977). Key to species numbers

in Appendix 4.3.
1. Reciprocal averaging, first two axes.

a) Bird River; sum of % eigenvalues = L2,66%,

b) Big l,rlhi teshe'll ; sum of % eigenvalues = 1g.74%,

c) Bissett¡ sum of /" eigenva'lues = L5.231".

2, Weighte<l Averaging, first two axes. Samples were

weighted by soil depth standardized to 100 on the
first axis. Species were weighted by predicted suc-
cessional rank (Table 4.1) on the second axjs.
a) Bird River.
b) Big t^,hiteshell.
c) Bissett.
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Appendix 4.5: S¡rearnr,,rrt' s rank r-'orrel a i io'¡ coef f Ícit:nts fclr:
1. sequence obtaÍned frorn wejghted averaging versus predicted

sequence (Table 4.1), and

2. sequences obtained by weighted averaging at three sites.
Values are rs; all values were highly significant at p <

0.05.

( I ) Combined Si tes

(2\ Individual Sites

Site

0.805

Si te
Bi rd Ri ver Bi ssett Bi q Whi teshel I

Bird River
Bi ssett
Big l.lhiteshell

1 .000

0. 960

0. 997

I .000

0.835 I .000



r45

Appendi x 4 . ô: 0ntt-t'ray .inul.ysi s of varr ¿ncc tabl es for phys'iographíc and coì ony
prol)ilrtir.:s of three sit.cs. * índicates si-lirri f ìcant rjif ference
among site means at p < 0,05.

Source of
Vari ance

Degrees rtf
Freedom

Sum Mean Sum
VarÍ abl e ofS ares of S uares F

El evati on
(m)

51 ope

# New pads
per coì ony

Cel I means
err0r

Cel I means

error

Cel I means
error

226 ,682.3
I ,555, 146.0

1,113,903.6
4,369 ,347 .6

217.79
178.27

74.31
508.87

0. 7B

106.74

3.33
21.50

87.66
675. 91

0.55
T2.91

113,341.2
12,541 .5

556,951 . g

35,236.7

108.90
I .43

37. 16

0. 40

0. 39

0.08

r.67
0.02

43.83
0. 53

0. 2B

0.01

76. 36 *

72.58 *

9.04 *

15.81 *

93. 83 *

4.67 *

99. 53 *

83.32 *

27.40 *

2

t25

2

r25

2

124

2

r24

2

1 285

2

I2B5

2

I 285

2

1 285

2

1 285

0. 54

0. 0i
08
93

1

0

Total #
pads per
co'lony

Pad I ength
(cm)

Cel I means
error

Cel I means

error

Pad widbh
(cm)

Pad depth
(cm)

Pad wei ght
(g)

Cel I ûrean s

error

Cel I means
error

Cel I means

error

Pad bionrass Cel I means
( dry error
weight)(g)
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Append i x. 4 .l : Correl ât ion tnatri x of cat: ì. rrs vi t'touÌ' Vêtsus envi ronnrental

ver jahl ',':s. Ilone wet'e si'l,i f jcant (P > 0.05).

Cactus Vigour

Envi ronmental
Vari abl es

Pad
Length

(mrn)

Pad

l¡,i dth
(nrm)

Pad

Depth
( mm)

Pad

Wei ght
(qm)

Pad Dry
Wei ght

(qm)

# New

Pad s

Total' #

Pad s

a) Soil l
pH 0. 111

Conducti - -0.021
vity

Avaiìable 0.099
p ho spho rous

Available -0.22I
pota ss i um

% Organic 0.045
content

% l'loisture -0.202
content

b ) Physi ography
Substrate

dep th
51 ope
Heì ght

ahove
water
I evel

c ) Speci es Di versi ty
# Pl ant 0.038

specíes
present

# Moss spp.-0.061
present

# Lichen -0.163
spp.
p re sent

# Vascul ar 0.324
spp.
present

0. 175
0.134

0. 176

-0.076
0.093
0. 205

0.022
0.14?

0.052
0.220

0.022
0.064

0.159
0.137

0. 201 -0. 108 0.300 0.334 0.229 0. 125

-0. 1 R3 -0 . 335 0 .027 0. 07 1 0 . 074 0. 066

0.222 -0.021 0.105 0.116 0.123 0.211

0.226 -0.352 -0.054 0.018 -0.114 -0.157

0.286 0.231 0.111 0.247 0.190 0.103 0.037

0. 049
0. 215

0.216
0.220

0. 126
0. 053

-0.001 -0.007
0.068 -0 .245

0.r77
-0.209

0.087 -0.060 -0.048 -0.064 0.154 0.173

0.050 -0.064 -0.054 -0.044 0.101 0.226

-0.2r7 -0.163 -0.157 -0.133 -0.052 -0.118

0.333 0.161 0.168 0.102 0.176 0.133
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Appendjx 4.8: ftne-way ana]ysis of vari.ince tables for soil prgperties at thrce
sit'.rs. t indicates siqnifi¿ance at P < 0.05, n.s. = not
s i gni fi cant.

Vari abl e

Source of
Vari ance SS MS df F

pH

Conducti -
vi ty

Avai ì abl e

Pho spho rus

Cel I means

error

Cel I means

error

Cel I means

error

37. 19

16.69

0. 26

0. 93

11,366.98

55,511.12

18. 59

0.18

0. 13

0.01

5,683.49

610.01

2

91

2

91

2

91

101 .35

L2,90 *

9.32 *

7 .57

1.39 n.s

0.009 n. s

49.14 *

0.04 n.s

*

Avai I abl e

Potassi um

% Moi sture
Conten t

Cel 1 means

error
34,932,224.00 17,466, 112.00

209 ,858. 928. 00 2 , 306, 142 . 00 9l
2

2Cel I means

error
20.54

67r .40

0.16

777 .7 r

r0.27

7.38

% 0rganic

Conten t

Bul k

Dens'ity

Depth

Cel I means

error

Cel I inean s

erro r

Cel I means

error

^. 195

0.248

0

B

0.018

0.002

0.15

3.48

91

2

91

2

I2s

2

r2s

08

55

0. 30

435.40
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Appendi x 4 .9 l)h'i -sqrrart: values caìcrrl:rt,,C for occurrence ol s¡it-.cies with

!p1i¡_ti-a f¡_a.Cj ]_1_s i n 0.33n serlnrcnts of a tranSt)ct.. * ind jcati.
significant assocjation between the species and 0. fragi'lis (

0.05 )

5û
P<

Speci es Calculated chi-square Associ ati on

9r¡:qq pseudotrj quetrum
Cerati um u rpu reum
Grimmia unicolor
Tñuì ¿i um-*a-¡i eti num

Grímmia apocarpa
ciliata

Pol ytri chum i_Ul!_Ue::_lLt¡t
Sel agi nel I a rupestri s

Tortula ruralis
Achillea -mîllãfolium
Agastache foeni cul um

Agrgryrgl !r qglv-cgq-lgl
Allium st,ellatunr
åt4ryrggn_f!. ge"lqt{l

androsaenrifol ium
a canadensi s

Campanul a rotundi fol i a
qqlg_{ lcg!3tins-
Cerasti um nutans
Cor lus co rnu ta
Crataegus spn
Gal i um boreal e

Geranium bicknellii
gsliPsrq s communt s

J . hori zontal i s
Panicum capììlare
Parthenoci ssus i nserta
Polygonum convol vui us
P. dougl asi i
Portul aca ol eracea
Pr¡tentilla rivalis
!. no-.¡1v_e-g-i_c_q

lfgng: v_i rgl¡-q¡g
l. sru-l_q
P . pensyl vanj ca
Ri bes

0.003
0.009
r.372
1.306
0.009
0.4?4
0. 016
0.000

27.020
2.295
0.24r
0.201
0.027
0.813
0.241
0.24r
0.291
0. 181

2.20r
0.192
5.092
0.Q27
0.481
0.009
0. 036
0. 813
3.698
2.855
0. 192

0. 540
0. 210
0.24r
0.481
0. 857
0. iBl
0.210
0.24r

*

*

Posi ti ve

NegatÍ ve

Rosa sp
canthoì des

Contí nued
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Spr:c'i e s Cal cul at,ed c hi -square

r49

AssociaIion

Rubus i daeus
Sax'i f raga vi rgi ni ana
Si I ene anti rrhi na

Sof i dago spp.
Symphoricarpos alba
Vicia americana
t/oodsi a i I ven s 'ts

Leaf I i tter
I^lood

Bare soil
Bare rock
Cl adoni a amaurocraea

9. ryri-{qle
9. psct I r*q11

Cl adi na rangi feri na

Crustose I ichens
Cladina mitis
Muhl en sp.

9gler spp.
l4uhl enbe racemosa
Parntel i a taractica
lgtt4lyj lrçqq-l ! t-9e r
Unknown grass species

igq gl_a¡1ca

Parmel i a cumberl andi ca
Pr'.y:S_t_q !l[l:UfUq
Pel ti gera rufescens

0.192
5.854
0.046
3.663
0.192
0.481
0. 813
0. 353

I .403
4. 880
6.05ÍJ

0. 152

15. ô20
4.249

.608

.613

.663

.009

.597

.363

.956

.167

.4?4

.899

.909

.997

.638

* Posi ti ve

Posí ti ve
I'legati ve

*
*

*
*
*

Posi ti ve
Posi ti ve
Posi ti ve4

I
3

0

3

4

4

I
4

6

14

0

3

*
*

*
*
*

Negati ve
Negati ve

Posi ti ve
Posi ti ve
Negati ve
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Concl usions

I . Di stri buti on and Habi tat .

_Opr$& IteE1_ll: occurs throughout the Borea'l Forest Region of

soutlreastern l4anitoba, from Indian Bay (49"37'N, 9so12'l.l) to Bissett
( 51"02'N, 95"41'!,l) . More northern colonies have been reported, but

not verified. The seven colonies have been contained over 1000 pads

each. This provided a source of propagules for further spread,

cactus colonÍes werr) located in acídic, nutrient-poor organic

soi I s ín rnoss inats, on south-faci ng rock outcrops al ong waterways ,

3-4m above water'level. This habitat was more xeric than forest or

north-facing habi tats .

2. Restrictions on DisLribution.

Pads were dispersed over short distances by geochory, and over

longer djstances by epizoochory and hylclrochory. Their confinement

to waterways suggested that hydrochory was the main dispersaì

mec han i srn.

Although pads could be dispersed to varÍous boreal habitats,

they became establ ished on'ly on south-f acing outcrops. Thi s

suggested a requirement for hjgh ìight intensity and temperature, or

an inatl iì ity to compete in more rnesjc habitats

0nce estalll ished on south-facing outcrops" colonies appeared to

be able to ma'intajn or increase ttre'ir size over perr'ods of at least

twenty yLìars, pFêsumab'ly unl ess destroyed by severe di sturbance ,

e.q. fire.
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ìlr¿,ilir;friirutí0il of thjs:ìpr-,clils appcarcd to De restrícÈecl to

avail abil ity of suitable habitats, and by dispersal mechanisms.

3. Position in Successional Sequence

The sequence of vegetation on rock outcrops appeared to be a

temporaì continuum from bare rock to forest canopy. The contÍnuum

y¡as often altered (temporaììy or spatia'lly) by any factors whÍch

altered the rate of soil accumulation. variatíon in aspect, slope,

rock surface features, and disturbance resulted in a spatial mosaic

of seral stages, caused by loca1 acceleration, arrest, or reversal of

successi on.

9p,{!a ffggjlf_f was positively associated wi th species in the

secondary (occasíonal'ly tertiary) rrrat stages, ê.g. Tortula ruralis,
Cladonia pJ-¡ldaJe, C. pocillurrr, Cladila rangifelina , Saxi fra ga

y_r_lgrLislLS_Þ, and bare soil. It occupied an earlier stage than the

other sbress-tolerant perennia'l s, presumably due to its aerial
perennatirrg organs which did not require a soil cover.




