| L e

Biblioiﬁégde nationale
du Canada - o

' Canadian Theses Service  Service des thases canadiennes

dlnwa. Canada
K1A OM4

NOTICE

The quality of this microformis heavily dependent upon the
guality of the origina! thesis submitted for microfilming.

very effort has been made to ensure the highest quality of
reproduction possible.

I pages are missing, contact the university which granted
the degree.

Some Pages may have indistinct print especially if the
original pages were typed with a poor typewriter ribbon or
if the university sent us an inferior photocopy.

Reproduction in full or in part of this microform is governed
by the Canadian Copyright Act, R.S.C. 1970, ¢. -30, and
subsequent amendments.

NL-339 (r.88/04) ¢

AVIS

La c’_ualité de cette microforme dépend grandement de la
qualité de la thése soumise au microfilmage. Nous avons

:put fait pour assurer une qualité supérieure de reproduc-
ion.

Sil manque des pages, veuillez communiquer avec
l'université qui a conféré le grade.

La qualité d'impression de certaines pages peut laisser 4
désirer, surtout si les pages originales ont été dactylogra-
phiées & 'aide d'un ruban usé ou si l'université nous a fait
parvenir une photocopie de qualité inférieure.

La reproduction, méme partielle, de cette microforme est

soumise a la Loi canadienne sur le droit d'auteur, SRC
1970, c. C-30, et ses amendements subséquents.

Canadi



y National Library Bibtiothéque nationale
of Canada du Canada

Canadian Theses Service Service des théses: canadiennes

Ottawa, Canada
K1A ON4

The author has granted an irrevocable non-
exclusive licence allowing the National Library
of Canada to reproduce, loan, distribute or sell
copies of his/her thesis by any means and in
any form or format, making this thesis available
to interested persons.

The author retains ownership of the copyright
in his/her thesis. Neither the thesis nor
substantial extracts from it may be printed or
otherwise reproduced without his/her per-
mission. :

L'auteur a accordé une licence irrévocable et
non exclusive permettant & la Bibliothéque
nationale du Canada de reproduire, préter,
distribuer ou vendre des copies de sa thése
de quelque maniére et sous quelque forme
que ce soit pour mettre des exemplaires de
cette theése & la disposition des personnes
intéressées.

L'auteur conserve la propriété du droit d'auteur
qui protége sa thése. Nila thése ni des e;traits
substantiels de celle-ci ne doivent étre
imprimés ou autrement reproduits sans son
autorisation.

ISBN 0-315-55444-4

Canadi



- PRIMARY SUCCESSION FOLLOWING RETREAT OF THE RORSON GLACIER,
BRITISH COLUMBIA
by

DAVID J. BLINDON / ¢
‘\_‘ VL ‘f'

A THESIS
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH IN
PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE OF
DOCTOR OF PHILOSOPHY
in

PLANT ECOLOGY

DEPARTMENT OF ROTANY

EDMONTON, ALBERTA

FALL 1989



THE UNIVERSITY OF ALRERTA

RELEASE FORM
NAME OF ALTHOR DAVID J. BLUNDON
TITLE OF THESIS PRIMARY SUCCESSION FOLLOWING RETREAT OF THE

ROBSON GLACIER, BRITISH COLUMBIA
DEGREE FOR WHICH THESIS WAS PRESENTED DOCTOR OF PHILOSOPHY
YEAR THIS DEGREE GRANTED FALL 1989
Permission is hereby granted to the UNIVERSITY OF ALRERTA
LIBRARY to reproduce single copies of this thesis and to lend or
sell such copies for private, scholarly or scientific research
purposes only.,
The author reserves other publication rights, and neither
the thesis nor extensive extracts fram it may be printed or

otherwise reproduced without the author's written permission.

Ny

PERMANENT ADDRESS:
SERMGDALE.......

A E04l DAV ..
A 77 2.5

e WL, E... 1075



THE UNIVERSITY OF ALBERTA
FACULTY OF GRADUATE STUDIES AND RESEARCH

The undersigned certify that they have read, and
recamend to the Faculty of Graduate Studies and Research, for
acceptance, a thesis entitled PRIMARY SUCCESSION FOLLOWING
RETREAT OF THE ROBSON GLACIER, BRITISH COLUMBIA submitted by
DAVID J, BLUNDON in partial fulfilment of the requirements for
the degree of DOCTOR OF PHILOSOPHY.

Supervisor

cl@'é‘” [LJ“UJ/(

LA D B2 K I RV SO ) e e s0 e

7512_/2/
L2 N BN B B BN N ]

g} .
20 s9¢ 0000000000000 000

External Examiner

mte b1l F., /959



To my parents, Elizabeth and Cyril

iv



ABSTRACT

Primary succession an highly calcareous parent material of the Mount.
Robaon glacial moraines was examined by documenting plant camunity
development. as inferred from studying surfaces of different. ages, and as
cbserved by redescribing sites previously documented. Vegetation
development: within moraines was found o be similar to that. cbserved on
a chronosequence of moraines. This similarity supports the inferential
methods used o study succession at other sites.

The vegetation on the Robson moraines was classified into three
phases. The pioneer Hedysarum phase occurred on the youngest:
recessional moraine (8) and was daminated by the herb Haedysarum boreale

var. mackenzii. The Dryas transition phase occurred on recessional
moraines 7 and 5 and was dominated by D. drummondii and H. boreale.
The oldest successional plant comunity, the Picea phase, was found on
recessional moraines 3, 2, and 1, and the terminal moraine. It was

dominated by P. engelmannii and Arctostaphylos rubra.

Importance-value curves for all the communities were essantially
linear, fitting the niche preempt.ion model which is typical of species
poor-camunities controlled by a single factor. This conclusion is
also supported by the predominance of negative interspecific
associations, which indicates that campetition may play an important.
role in structuring the cavmmmnities throughout. the chranosequence.

The legume Hedysarum boreale was considered the major nitrogen-

fixing agent on the moraines, followed by s0il microorganiams. The
estimated annual N input from biological nitrogen fixation decreased
approximately 8-fold over the 20¢ year forest. succession.

Hedysarum boreale formed centres of establishment for Salix

\'4



seedlings, and for §. glauca and Picea engelmannii which bacome
daminant. species on the older moraines, thus facilitating succession..

During succession, apatial pattern at first intensifies at the
scales initially cbserved, followsd by a general reduction in intensity
with community development., following the trends suggest.ad by other
researchers. However, the number of scales of pattern of each apecies
ramained relatively constant and did not decrease on the older moraines.

It ia concluded that. while the 2088 year old vegetation on the Robson
moraines is physiognamically mature, it has not attained all the
characterist.ics expected of a fully mature community. Future changes on
*he Robson moraines may include increased abundance of Abies lasiocarpa
ard feather mosses together with soil maturation until, in the absence
of fire, and other disturbances, the old growth P_i@-l\_biﬁ forest. of

the subalpine zone is attained.
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1, INTRODUCTION

Ecologists have long remgnized the importance of tima in the
develogmnt of plant communities. I.ong-tem s"udies involving
hundreds of years of vegetation change are rare (e.g., Glgcier Ray,
Alaska). Such studies are typically cbservations of the Vchang’e in
vegetation on a time sequence of ground surfaces created by, for
example, glaciation, mxiflows and volcaniam. One limitation of the
chronosequence or "gide-by-side" method of studying vegetat.ion
development. is the assumption that ali the stages of development. in
the sequence have or will have 'passed tlimugh an identical developmant.
sequance (Mieller-Darbois and Ellenberg 1974). This assumpt.ion cannot.
be rigorously proved and is not. always thoroughly assessed (Stevens
and Walker 1978). The suitability of a chronosequence for the study
of plant community development can be best judged fram a knowledge of
its history of formation and vegetation development.. The last advance
and retreat of the Robson Glacier (Mount Robson Provincial Park, B.C.,
Canada) has left a well developed series of moraines beginning in
1783. These moraines have been accurately dated, photographed, and
their vegetation and soil development. described a number of timas
since 1914. The Robson moraines thus provide an excellent. site at.
which to study primary succession and the development. of subalpine
forest. ecosystems in western North America.

The goal of this research project was to intensively study
tamporal vegetation changes on the Robson moraines, and tO evaluate
potential mechanisms governing rates of succession and spatial pattern

development..



’Ihree nbdels of succession, referred to as the Vf;acir,litgtij.on,
inhibitioh, and tolerance models, have been proposed by Connell and
Slatyer (1977) + The facilitation model emphasizes that early
colonizers encourage the establishment and growth of later
successional species. The facilitatiqn model should be most applicable
to primary succession where recruitment could be restricted by
limiting physical factors (Connell and Slatyer 1977). The inhibition
model states that early colonizers outcompete subsequent colonizers
for limited resources and thus discourage rather than encourage, the
establishment of later successional species. The tolerance model
contends that late colonizers will be able to survive lower levels of
resources than early colonists and eventually dominate. Finegan (1984)
and Huston and Smith (1987) consider these definitions to be
restrictive., Huston and Smith recommand they be viewsd as relative,
not absolute, mechanisms which "can occur simultaneously, with varying
degrees of importance, during every successional sequence",

Huston and Smith (1987) have proposed a model of succession which
advocates a reductionist approach emphasizing competitive ability,
life history, and physiological traits of individual species, and
nonequilibrium processes such as asymmetric competition so that
communities do not exist at competitive equilibrium. The Huston and
Smith model relies on "nonequilibrium processes, capable of
interacting with disturbances to produce steady-state communities
whose properties depend on abiotic conditions, such as temperature and
resource levels, and on the type and frequency of disturbances". In
contrast, Tilman's (1982, 1985, 1988) resource ratio hypothesis of

succession relies on population and cammunity attributes, and



eéu;ilibrium processes., 'I'ae reaource ratio hsrpothesis nﬁintains that
different colonists are better oanpetitors at cerfain ratios of
resources (e.g., light and nitrogen) and will thus daninate diffefent
stages of succesaion. Tilman (1988) predictd that "l.ong-tem. slow
changes in resource availabilities ( e.g., nitrogen) are likely to be a
more important cause of primary succession, and the transient dytxamics
of campetitive displacement are likely to be of greater importance on
substrates that are initially more nutrient rich". The resource ratio
hypothesié of succession also predicts that "If the rate of
accunulation of the limiting aoil resource is slow relative to the
rate of campetitive displacement, many of the features of primary
succession might be explained as a slowly shifting trajectory of
equilibrium plant communities, with the camposition at any point
mainly determined by the relative availability of the limiting soil
resource and light" (Tilman 1988),

The vegetation present on the 20@¢ year old Robson chronosequence
was described and classifiéd in order to gain an understanding of the
processes of primary succession on the moraines. Changes in the
spatial pattern of colonizers on the moraines were examined to
investigate vegetation change and the development. of what Sondheim and
Standish (1983) refer to as "temporary steady state conditions" on the
Robson moraines. |

Hedysarum boreale var. mackenzii is an early colonizer and

nitrogen-fixing vascular plant on the Robson moraines. The potential
role of H. boreale and other possible N-fixers in facilitating
colonization through nitrogen fixation was investigated in
relationship to community development and the rate of plant succession

on the Robson moraines.
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2. PRIMARY PLANT SUCCESSICN QN THE MOUNT ROBSCN MORAINES,
BRITISH COLUMBIA

2.1 Introduction

Succession trends are generally studied by examining "side-by-
side" contemporary comunities ( i.e., similar sustrates in
geographically separate places) (Mueller-Dombois and Ellenberg 1974, p
379). The validity of such successional studies depends on a thorough
understanding of the ecology, soils, geology and climate of the entire
area studied, and a knowledge of the starting time of successional
developmemt. Very few ot these sites have been studied for any length
of time or have a well documented written history (Mueller-Dambois and
Ellenberg 1974).

Terrestrial primary succession in North America has been well

documented (e.y., Cowles 1899; Eggler 1941; Dickson and Crocker 1953;
Heusser 1956; Leisman 1957; Lawrence 1958; Olson 1958; Tisdale et al.
1966; Viereck 1966, 197@; Heath 1967; Morrison and Yarranton 1973;
Shure and Ragsdale 1977; Birks 1983; Russell and Ia Roi 1986; Svoboda
and Henry 1987; Walker et al. 1986; Fitter and Parsons 1987).
However, very few primary succession study areas have a well
documented historical record. The Robson moraines in British Columbia
are one of the best recorded chronosequences in North America.
Originally described and photographed by Cooper (1916) in 1914, the
moraines were again described and photographed by Tisdale et al.
(1966) in 1963,

The dbjective of this study was to campare two methods of studying



succession. Primary succeasion on the Mount. Robaon glacial morainea
wag examined by: i) documenting plant cammunity development. an
surfaces of different. ages; and ii) by redescribing sites previously
documented. To accamplish these goals, vegetation on the Robson
moraines was quantitatively described and classified. Historical
documentat.ion of the vegetational development. an the moraines was
continued by rephotographing areas photographed in 1914 and 1963, thus
continuing the work of W.§ Cooper and E.W. Tisdale and his associates.

Mount: Robson (3954 m) is the tallest mountain in the Canadian

Rockies and supports a major ice and snow field. The Robson Glacier,
the largest. on Mount Robson, has deposited a terminal moraine and
approximately 10 recessional moraines during the last 200 years. The
Robson moraines (53.1 °N, 119.1 °W) are situated at an elevation of
1662 + 14 m. The moraines are 1.58, 1.49, 1.45, 1.38, 1.32, 1.17,
@.98, and @.66 km north-west from the 1984 terminus of the glacier
(Figure 2-1). These moraines are referred to as the t.erminal and
recessional moraines 1, 2, 3, 4, 5, 7, and 8, respectively (Heusser
1956). Recessional moraine 6 has been washed away by the Robson
River. The terminal moraine was deposited in approximately 1783 while
subsequent. recessional moraines were formed in approximately 1821,
1864, 1891, 1987, 1912, 1933 and 1939. Dates of formation are hased
on tree ring counts of the largest trees on each moraine (Heusser
1956), photographic evidence (Wheeler 1932; E.W. Tisdale personal
camunication), and distance measurements between Robson Glacier and

individual moraines (Cooper 1916; Wheeler 1923; Field and Heusser



1954). luckman (1986) hﬁs also reconstructed the 1z=h/1mi ceantury
and 'Little Ice Age' glacial ﬁmms at. Robson. »

No climatic data are available for the immediate #rea of Mount.
Robson. The nearest climate station is at Red Mas Junction, 20.2 km
to the southeast of the mountain at an elevation of 1859 m. Maan
daily temperature and mean annual precipitation at this station are
1.7 °C and 742.6 mm. Approximately 548 of the total precipitation
occurs as snowfall (Anonymous 1982a, b). The climate ar the study
site is undoubtedly colder and wetter than that of Red Pass Junction
due to greater elevation. The 1985 mean daily air tamperature and
total precipitation for July and August were 1l.1 °C and 16.3 mm and
7.5 °C and 86.1 mm, respectively. The 1986 mean daily air temperature
and total precipitation for July were 7.4 °C and 75.5 mqm and for
August 1-23 were 9.3 °C and 10.5 mm, respectively (see Chapter 6).

Soil development. an the moraines was first described by Tisdale et.
al. (1966) and more recently by Sondheim and Standish (1983)., In
general, the soils are well drained loams with a 4@ to 79% coarse
fragment (>2 mm) content., Orthic Regosols occur on the most recent.ly
formed moraines while Orthic Eutric Brunisols have developad on the
oldest moraines. All the soils are highly calcareocus (76-86% Ca®®
equivalent) and slightly alkaline (pH 7.75 to 7.95). O the oldest?.
moraine both soil organic matter and total soil nitrogen content. are
approximately 10 times greater than they are on the youngest. moraine
(sondheim and Standish 1983).

The first recorded description of the Robson moraines was made by
Coleman (191¢) in 19@8. At that time, Robson Glacier extended o the

present. position of recessional moraine 5. GColeman described the then



youngest moraine (4) as unvegetated with only a few amall willow
bushes on moraine 3. In 1914 Cooper (1916) visited the site and made
the first detailed decription of the vegetation on the Robaon
moraines. Qooper stated, "The £ifth moraine, upon which the ice now
rests, is very difficult of access because of the outlet atream, and
is probably entirely bare of vegetation." "The fourth, viewed from
evan a short distance, would also appear to be without plants.

Careful search however over a considerable area - an acre or two -
revealed the presence of a few scatterad individuals - about one
hundred in the space examined." (Plates 2-5 and 2-6).

Cooper found moraine 3 (Plate 2-8 and 2-9) to be sparsely but more
abundantly vegetated than the 4th moraine. He also recognized the
first definite plant comunity (Dryas Qctopetala-Arctostaphylos rubra)
on recessional moraine 3, although he described it as hardly more than

a rudimentary cammunity dominated by herbs and creeping shrubs.
the second recessional moraine, he described two communities, the

early successional gyas-ArctoataMlos cammunity as well as the later

successional Salix-Betyla glandulosa stage. Cooper also noted the

presence of numerous young spruce (Picea engelmannii), less than 1.8 m

in height, and a large percentage of hare ground (Plate 2-9),
On recessional moraine 1 and the terminal, Cooper described in
sqne detail the "Climax Forest" stage of vegetation succession on the

moraine. This community was an open forest of small Picea engelmannii

(¢6 m in height) with a dense understory of Salix sp., Betula

glandulosa, Shepherdia canadensis, and Juniperus sibirica (= J.
camunis). In open areas, the D_ryas-ArctmEplxylos cammunity

persisted (Plate 2-11)., He stated, "There are frequent small areas,



eapeciall.y on hillock summits and on the outer slcpa. that are
entiroly bare qf plants and hums."

Heusser (1956) qualitatively deacribed the vegetation in 1953, but
Tisdale et al, (1966) were the first to assess the vegetation on the
Robson maraines quantitatively. The pattern of daminant apecies
recognized by Tisdale in 1963 was similar to the trends described by
Heusser in 1953. Hedysarum, Dryas, and Salix were dominant on the
younger moraines while Salix, Arctostaphylos and Picea were cammon on

the older moraines.
The vegetation in adjacent Jasper National Park, Alberta is
predaminantly subalpine forest daminated by Picea engelmannii and

Abies lasiocarpa with an understory composed of Hylocamium splendens,
Pleurozium schreberi (Brid.) Mitt. and Barbilophozia lycopodioides

(Holland and Coen 1983, p 164).

2.3 Methods
Field studies

The vegetation an all the moraines was sampled using a
preferential sampling technique (Gauch 1982). A minimum of eight
stands (areas of uniform vegetation cover) was sampled on the terminal
moraine and each of the recessional moraines 1,2,3,4,5,7, and 8
(Figure 2-1). In addition, four stands of mature forest in the
vicinity of the Robson moraines (base of Rearguard Mountain, outcrop
adjacent to the moraines, base of Mumm Peak, and near Adolphus Lake)
were also sampled. Each stand was sampled using centrally-located
nested quadrats. The vegetation was divided into seven layers
(Mueller-Darbois and Ellenberg 1974). The tree layer (woody plants
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>5 m in height) uas sampled with a 18%28 m quadrat. The tall shrub
layer (woody plants 2-5 m in height), mid shrub (woody plants 1=2 m in
height) and low shrub layer (woody plants @.1-1 m in height) were
sampled with a 5x5 m quadrat. The dwarf shrub layer (woody plants
<@-1 m in height) and herb and graminoid layer (all grasses and
sedges) were sampled with 5 contiguous 1xl m quadrats. The lichen and
bryophyte layer was sampled with 5 contiguous @.1x1 m quadrats.
Percent crown cover to the nearest 13 wvas estimated for each gspecies
in the appropriate quadrat. Percent cover for litter, mare rock, and
bare soil was also estimated in the 1xl m quadrats. The density
(number of stems) of picea engelmannii was determined in each layer.

Diameter at breast height (dbh) was determined for all p,

engelmannii with a dbh >5 an. The largest 2. engelmannii in each
stand was cored at 38 am, aged and corrected for height (Heusser 1956)

to estimate the relative age of each stand. Stand age was based on
basal ring counts in stands where only P. engelmannii seedlings or
shrubs occurred. Basal area estimates were obtained fram the dbh
data. sampling was carried out during July 1984.

Species nomenclature followed Moss (1983), Ire_land et al. (1989)
and Hyan (1987).

Sites photographed by Cooper (1916) in 1914 and rephotographed by
Tisdale et al. (1966) in 1963 were located and rephotographed in 1984
with the vital assistance of E.W. Tisdale. Additional sites
photographed by Tisdale in 1963 were also located and rephotographed
in 1984. A total of 12 photo points were relocated, photographed in
both black and white (55 mm) and colour (35 mm) and mapped on to an
airphoto, Two recent and Previously undocumented recessional nmoraines
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(7 and 8) were also photographed, marked with rock cairns, and mapped

(Plate 2-2). Rock cairns were rebuilt, or built if necessary, at all
photo points to aid in their future relocation.

Data Analysis

In order to describe and compare the vegetation on the moraines,
stands were classified into community types (recognizable communities
characterized by a distinctive species assamblage (Gauch 1982)) using
both agglamerative (Pielou 1984) and divisive (Hill 1979) methods.
The classification analysis was applied to all the stands (n=73) using
species cover data in the 5x5 m quadrats. Community Types (CT's) were
given binamial names using the two most abundant species in the
camunity.

For each CT, three indices of alpha diversity (Whittaker 1972)

were calculated:
1) Shannon-Wiener Index (Shannon and Weaver 1949)
S
H' = =3 (Ni/N)[Ln(Ni/N)]
i=]

where Ni is the estimated cover of species i in the stands, N is the
total cover of all species and S is species richness or the number of
species present. The Shannon-Wiener Index is dependent both an the

nunber of species and evenness of cover among species.

2) Species evenness (Pielou 1974)
J' = H'/In(S)

where In(S) is the maximum possible diversity for a CT.

3) Species daminance was calculated by means of Simpson's Index



12

(Simpson 1949);
S
C=) (Ni/N)2
i=l

simi:aon's Index is a measure of the concentration of dominance using
speciep cover eatinﬁtes.

Cc_tfnuni':y structure was also examined by constructing species
'importance~-value' curves (Whittaker 1972). In addition, species
structure slope angles (A) and coefficients of determination (rz) were
calculated for each importance-value curve (Purchase and La Roi 1983)
as a test of their fit to the geametric, lognormal and broken-stick
community structure models (Whittaker 1972). The species structure
curves were also fitted to the lognormal distribution,

2.4 Rosults
Historical Evidence

On newly exposed surfaces (recessional moraine 4) which had been
ice-free for approximately 1¢ years, Cooper (1916) found the following
colonizers; Salix seedlings, Epilobium latifolium, Castilleja pallida

(= C. occidentalis), Saxifraga aizoides, Lychnis apetala, and a single
seedling of Picea engelmannii. Salix seedlings, Epilobium latifolium

and Saxifraga aizoides were also found colonizing newly exposed
surfaces in 1984. Castilleja occidentalis and P, engelmannii were

found on surfaces approximately 3@ years old, while Bryum sp. and
Dryas drumondii were found on surfaces 12ss than 20 years old.

The dominant species found on each moraine in 1984 are listed in
Table 2-1 for comparison with the earlier studies. Comparisons can be
made within and between moraines, especially within the last 77 years
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(mraines 4, 5. and 8). which show that oanparable aequencea of pl.ant
ccmnunity developtant have occurred an these surfacea. _ Ebr example.
vegetation deve].opmnt on recessional moraine: 2 in 1914 (Plate 2-9) is
similar to that an moraine 4 in 1963 (Plate 2-5), moraine 5 in 1963
(Plate 2-4), and on recessional moraine 7 in 1984 (Plate 2-3). At the
time they were described theae four surfaces were 5@, 56, 51, and 51
years old, respectively. Vegetationa) develogment on moraine 3 in
1963 (Plate 2-7) was similar to that on moraine 5 in 1984 (Plate 2-4).
These surfaces were approximately 73 and 72 years old, respectively.
This similarity supports the inferential methads used to study

succession at other sites.

Classification of Cammunities

The results of an agglamerative, metric, weighted, group average
clustering analysis employing Ruzicka's Index of Similarity (Pielou
1984) are shown in Figure 2-2. Five camunity types (CT's) were
recognized.,
HEDYSARUM-SALIX Qommunity Type

The HEDYSARUM-SALIX CT (6 stands) occurred only on moraine 8, the
youngest surface sampled (Figure 2-2). It occurred on level ground
and undulating surfaces with slopes less than 15% inclination. Total
plant cover was 11% (+2) with rock and soil daminating the ground
surface (Table 2-2 and Plate 2-3). ‘

Structurally, the HEDYSARUM-SALIX CT was a herM@rf shrub
cammunity co-daminated by the herb Hedysarum boreale var. mackenzii

and several species of Salix (S. vestita, S. alaxensis and S. glauca)

(Table 2-2). This cammunity had the lowest species richness (26) of
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the 5 CT's (Table 2-3). Stand age varied fram 2 to 20 years with a

maan of 11 years.

SALIX=-DRYAS Community Type
The SALIX-DRYAS CT (7 stands) was well represented on mrain_e 7

(Plate 2-3) with cne stand located on moraine 5 (Figure 2-2). It
occurred an level ground and north- and northwest-facing slopes (1-6%
inclination). Plant cover averaged 49% (#4) with litter having a
total cover of 47%.

This CT ms'daninated by low and dwarf shrubs (Table 2-2), Picea
engelmannii. crowns were beginning to emerge fram the low shrub layer
(<1 m) (Plate 2-3). salix glauca, §. vestita and §. ferriae were
daninant shrubs, while the dwarf-shrub layer was daminated by Dryas
drummondii, D. integrifolia and D. octopetala. Hedysarum boreale var.
mackenzii and bryophytes, especially Brachythecium spp. (e.g., B.
groenlandicum (C. Jens.) Schljak.), were also abundant in this

canmunity (Table 2-2). Stand age varied fram 18 to 33 years with a

mean of 26 years.

DRYAS-HEDYSARUM Cammunity Type

The DRYAS-HEDYSARUM CT (17 stands) occurred primarily on moraines
4 and 5 (65% of the stands) with the ramaining stands on moraines 8
and 7 and ane on moraine 3 ( Figure 2-2), It occurred predaminantly on
slopes of 4~46% inclination with varying aspects. Vegetation cover
was samewhat higher than that found in the younger SALIX-DRYAS CT with
a total plant cover of 58% (+4).

The DRYAS-HEDYSARUM CT was structurally a dwarf shrub-herb

comunity with an emergent tall shrub layer (2-5 m) of Picea



ﬂ ('mble 2-2 and Plate 2-4) It was oo-daninated by EE.
dnmmndii and Hadyg boraale var, mckenzii.v Salix gh_ 8.
vestita, and brwphytes, especially Brachﬂecium app. (e.g.. B.
groenlandicum and B. turgid am (C.J. !-m-:m) Kindb.), were also
abundant in this ccnmmity. Stand age varied fram 6 to 82 years with

a mean of 50 years.

PICEA-SALIX Gamunity Type

The PICEA-SALIX CT (20 stands) was primarily found on moraines 3
ard 4 (75% of the stands) with the remaining atands on moraines 2 and
5 (Figure 2-2). It occurred most cammonly on northe and northwest-
slopes (4-35% inclination). Total plant cover (73% +2) was the
highest of the 5 CT's studied.

Picea engelmannii and several species of Salix (S. glauca, S.
barclayi and S. vestita) co-daminated this shrub cammunity (Plates 2-5

and 2-7). Arctostaphylos rubra daminated the dwarf shrub layer and

| Hedysarum boreale var. mackenzii the forb layer. Bryophytes, mostly

Brachythecium spp., were also abundant (Table 2-2). Stand age ranged

fram 65 to 188 years with a mean of 86 years.

PICEA~ARCTOSTAPHYLOS Cammunity Type

The PICEA-ARCTOSTAPHYLOS CT (21 stands) occurred primarily on
recessional moraine 1 and the terminal moraine (76% of the stands)
with the remaining stands on moraine 2 ( Figure 2-2). It occurred
predat\inahtly on level ground and undulating surfaces with slopes of
less than 32% inclination. Total plant cover (65% +2) was slightly
less than that found in the younger PICEA-SALIX CT.

Structurally, the PICEA-ARCTOSTAPHYIOS CT was a forest co-




dcuiﬁatgd by Picea e_ng- . 'eln;nnii and Arctostagzv los rubfa (Piatea 2-10
and 2-11) . aadmia cariosa and C. M daninated the lichen
layer. Brybphytes. especially Brachythecimn 8p., were alao abundant
(Table 2-2), This CT had the highest species richneas (78) of the 5
Cr's (Table 2-3). Stand age varied fram 115 to 234 years with a mean

of 166 years.
According to the vegetation classification of Holland and Coen

(1983, p 78), this CT was floristically similar to a Picea
engelmannii-Abies lasiocarpa open-forest vegetation type (012).

Diversity

Species richness increased with stand age in the bryophyte, lichen
and herb layers and declined slightly with age in the dwarf shrub
layer. In the shrub layer, species richness reached a peak in the
intermediate DRYAS-HEDYSARUM CT (Table 2-3). Gover in the lichen and
tree layers, was highest in the oldest stage of cammunity development
(PICEA-ARCTOSTAPHYIOS CT). Bryophyte cover reached a peak in the late
successional PICEA-SALIX CT. Herb and dwarf shrub cover peaked in the
intermediate DRYAS-HEDYSARUM CT. Shrub cover changes were erratic
with a major peak in the late successional PICEA-SALIX CT (Table 2-3).

In general, cammmity diversity (Shannon-Wiener Index) increased
with increasing age except for a drop in the intermediate DRYAS-
HEDYSARUM CT' (Table 2-3). Community evenness varied little between
CT's and was lowest in the DRYAS~HEDYSARUM CT. Dominance (Simpson's
Index) was highest in the pioneer HEDYSARUM-SALIX CT and intermediate
DRYAS-HEDYSARUM CT. Species structure slope angles generally declined
with increasing age (Table 2-3 and Figure 2-3). Ooefficients of

16
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detemination for the Cr's were high for a 1inear fit. ranging £m

ﬂ 943 to a. 986, which imply a better fit to the geanetric series thnn
to alternative models. The importance-value curve of the PICEA-
ARCIOSTAM Cr was also fitted to a lognormal distribution and fouhd
to be significantly different (p¢.8a1) fram it when compared with a G-
test (Sokal and Rohlf 1981).

Picea engelmannii Density and Basal Area

There was no clear trend in Picea engelmannii density with
increasing community age (Table 2-4). Peak densities occurred in the

early SALIX-DRVAS and the late PICEA-SALIX CT's with a low in the
intermediate DRYAS-HEDYSARUM CT. The proportion of Picea engelmannii
in the dwarf shrub layer (seedlings) decreased with increasing

cammunity age to a low in the late PICEA-SALIX CT and then increased
dramatically in the oldest CT. The proportion of Picea engelmannii in
the shrub layer increased with increasing community age to a peak in
the late PICEA-SALIX CT. Total basal area increased with stand age
(Table 2-4). Total basal area in the late successional PICEA-
ARCTOSTAPHYOS CT was 19.1 + 2.6 m2 ha-l on recessional moraine 1 ang
18.3 + 3.1 m2 ha-l on the terminal moraine. Only a few fallen trees
ard exposed mineral soil were seen an the oldest moraine and no

evidence of fire was noted.

Picea engelmannii-Abies lasiocarpa Subalpine Forest

Mature stands sampled in the vicinity of the Robson moraines are
camparable to vegetation types C13 and Cl4 described in Holland and
Coen (1983, p 51 and 52) for Jasper National Park, Alberta, with the

exception of the Picea-Abies stand on a rock outcrop adjacent to the
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tmnj:ial m;'aing; which was a C24 yegetation type (Holland andCoen
(1983, p 58). uiese areas hﬁve been ice free for at least four
centuries (Heﬁaaex 1956). Heusser described the vegetation an the
outcrop as psrt of the "ancient" forest which was not overrun by ice
in the last ﬁdv&nce. The largest tree in the rock outcrop stand was
dated to be 368 years old. Species richness (S=64), diversity
(H'=2.32) and evenness (J'=@.554) of the four mature stands were
samewhat lower than those found for the late successional PICEA-
ARCTOSTAPHYLOS CT on the moraines (Table 2-3). The average total
basal area of the four stands was, however, 40.0 + 7.0 mz ha-l, more
than twice that of the PICEA-ARCTOSTAPHYLOS CT.

A fire swept through at least the western part of the valley
before 1914 (unpublished photograph of a burn on the northwest shore
of Berg Lake taken by W.S. Gooper in 1914). Evidence of fire was also

noted in the rock outcrop stand.

2.5 Discussion

Past and current research indicates that the same species have
been available for colonization on the Robson moraines for the last 77
years at least. Thus, the sequence of cammunity develogment on the
younger moraines was probably similar to that an the older moraines.
A camparison of photographs taken in 1914, 1963, and 1984 of the
Robson moraines also supports this conclusion. Future trends in
conmunity development, may of course, be different.

Three phases of vegetation development can be recognized on the
Robson moraines based on plant community structure and age. These

phases are represented on the dendrogram of clustered stands as three
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distinct groups that fused at a similarity index ot approthtoly 6%
(Figure 2-2), The ploneer Hadysarum phase (45 yaars) is represent.od
by the HEDYSARUM-SALIX CT on moraine 8. In this phaao. vagataf.ion
cover was sparse and the ground surface was pPredominantly bave rock
and soil. The Dryas transition phase (51-72 years) was represanted by
the SALIX-DRYAS and DRYAS-HEDYSARLM CT's cn moraines 7 and 5.
Hedysarum and Salix were predominant but Dryas drummondii attained its
peak cover during this phase. Vegetation cover increased dramat:ically
at this phase fram the pioneer phase of succesaion. Picea engelmannii
emerged fram the mid-shrub layer but its cover was low. The Picea

phase (93-201 years) represented the final stage of plant. commumnity
development on the mpraines and was represanted by the PICEA-SALIX and
PICEA-ARCTOSTAPHYIOS CT's on moraines 3, 2, and 1 and the terminal.
Picea engelmannii was the dominant. species and forms the tree layer.

Abies lasiocarpa and Pinus albicaulis also occupied the tree layer but.

were sporadic in cover. A dramatic increase of Arctostaphylos rubra,
bryophytes, and lichens was also evident during this late stage of
vegetation development..

These major differences in vegetation development. reflect. a
continuum of species abundance an the 200 year-old chronsequence and
do not represent. sharp changes in vegetat.ion between the moraines.
Many of the colonizers which dominate the late successional CT's are
also present. in the pioneer CT's.

At Glacier Bay, Alaska (59 °N, 136.5 °W), three stages of
vegetat.ion development following ice recession have also been
described (Cooper 1923; Crocker and Major 1935): a pioneer Alnus stage
first daminated by Dryas druwmondii and Salix and then by an ALNUS-




SALIX CT; a transition stage (100 years) distinguished by the
amargence of Populus balsamifera and Picea sitchensis, and finally a

dense cover of Picea sitchensis 17¢ years after ice melt. Birks

(1988) deacribed a auccessional Sequence following the retreat of
Klutlan Glacier, vukon Territory (6l °N, 141 °W), that progressed
fram bare ground through either.a Hedysarum-Salix or a Dryas
drummondii stage (16-3@ years) to a Salix-Picea transition stage (6@~
175 years) and finally a Picea glauca stage (175-250 yeara)., The

rates of vegetat.ion develogment. at. Glacier Bay, the Klutlan Glacier,
and the Robson moraines are comparable (Birks 1988). At all three
sites, spruce forest developnant. accurred within 182 years of initial
colonization. With respect to early successional trends, all three
areas were colonized by Dryas drumondii and Salix. Hadysarum boreale
was an important. early colonizer at the Klutlan Glacier and Mount
Robaon, both continental sites, but not at Glacier Bay which is
maritime. Mosses are important. early colonizers at. Glacier Bay but
are predaminant. anly in the late stages of succession at the
continental sites (see 4 old-growth stands in Appendix 2). ‘

In general, indices of species evenness changed little over the
200 years of vegetation development. on the Robson moraines except. for
a drop in the DRYAS~HEDYSARUM CT. This drop was related to a decrease
in diversity caused by the dominance of Dryas and Hedysarum. A
- similar trend was found by Reiners et al. (1971) and Birks (1982) for
early successional Dryas-daninated comunities. However, species
diversity increased with age, except in the DRYAS-HEDYSARUM CT, on the
Robson moraines but remained relatively constant both at. Glacier Bay
(Reiners et al. 1971) and at the Klutlan moraines (Birks 1980) over a
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camparable period of succession. This general increase in ipqcios
diversity can be attr;_ibuted to the i.ncr;eaa_o in séociel r;ichnﬂanv i.n 200
year old sites (70 species) which was greater than that found at
Glacier Bay (38 species) or the Klutlan Glacior (38 species).

Importance-value curves for the Mount Robson chroncsequance were
similar to those found at Glacier Bay by Rainérs ot al. (1971). There
was a general decline in the slope angle of the curves with increasing
age, which is indicative of increasing species richness. All the
curves. were essent.ially linear, thus fitting the geametric or niche
preamption model (Pielou 1975). Such commmities are usually specieg-
poor with a few daminant. species preempting a large proport.ion of a
limiting resource (Pielou 1975), and are typical of comunities
controlled by a single factor (e.g., polluted environmenta) (Giller
1984).

The PICEA-ARCTOSTAPHYLOS CT on the oldest moraines is similar
floristically and physiognamically to the Picea~Abies forest on an
outcrop adjacent to the terminal moraine. The vegetat.ion on the
outcrop is camprised of species which are prevalent. in the surrounding
old-growth stands, but are either absent on the Robson moraines (e.q.,
Cornus canadensis L.) or very sporadic in cover (e.g., Abies
lasiocarpa and Barbilophozia lycopodioides). Pleurozium schreberi
(Brid.) Mitt., a cawmon subalpine forest species, has not colonized

either the outcrop community or Robson moraines. The next. phase of
"ecosystem development" (Odum 1969) on the Robson moraines may be the
colonization and eventual establishment of this group of species
during another long and nore protracted phase of pattern development..
Species diversity indices of the old-growth forest were lower than



those found on the oldest. plant. cmﬁmity on thQ mrﬁines. Theae
trende agree with Margalef's (1958), Grime's (1979) and Huston's
(1979) predictions, and evidence provided by Loucks (197@), that plant
diversity should show an initial increase during succession followad

by a slow decline.
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Figure 2-1, Map of the Robson moraines showing the
approximate age of the deposits in 1984 and the locations of
stands used in the classification analysis. The location of
sample sites on surfaces less than 45 years old are shown as
unlabeled dots. The cross-section (below) is drawn along the
survey line and shows the moraines in exaggerated relief,

(RM = recessional moraine, T = terminal moraine) (see

panorama photo in Appendix 1)
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Figure 2-2. Dendrogram derived fram a weighted, average linkage,
agglamerative analysis applied to quantitative plant cover data.
Five camunity types were recognized at the level of the dashed
line, and are arranged in increasing age fram left to right,

Stands 58 and 70 were considered outliers and were not included

in the community descriptions. (T = terminal moraine)
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Figure 2-3, Importance-value curves for the five plant
canmunity types arranged in order of increasing age fram left
to right. The camunity types are; (1) HEDYSARUM-SALIX (n=6),
(2) SALIX-DRYAS (n=7), (3) DRYAS~HEDYSARUM (n=17), (4) PICEA-
SALIX (n=20), and (5) PICEA~ARCTOSTAPHYLOS (n=21).

(n = number of stands)
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Plate 2-1. View of the Robson Glacier and moraines taken in 1908

(top) by Rev. G. B. Kinney (Kinney 1929) and in 1984 (bottam) fram the
slopes of Mumm Peak.






Plate 2-2. Aerial view of the Robson Glacier and moraines
(Province of British Colunbia aerial photograph, Flight Line
BC7515, flown Aug.3, 1973) showing the location of photograph

mints (FP) .






Plate 2-3, Northwest looking views of racessional moraine 8
(above) and recessional moraine 7 (below) fram photo points FP9
and FP8, respectively (1984). The HEDYSARUM-SALIX CT (youngest)
is shown above and SALIX-DRYAS and DRYAS~HEDYSARUM CT's below.






Plate 2-4. Northwest looking view of recessional moraine 5 in
1963 (above), and in 1984 (below) fram photo point FP7. The
DRYAS-HEDYSARUM and PICFA-SALIX CT's are predaminant on moraine 5
in 1984 (below).






Plate 2-5, Southwest looking view of recessional moraine 4 in
1914 (above), 1963 (middle), and 1984 (below) fram a marker cairn
near its east end (FP5). Note that the top of the crevasse dump
in the foreground was still bare of vegetation in 1984, DRYAS-
HEDYSARUM and PICEA-SALIX CT's predaminated on moraine 4 in 1984
(below) .






Plate 2-6. General view of the outer northwest slope of recessional
moraine 4 and the intermoraine between recessional moraines 4 and 3 in
1914 (above), 1963 (middle), and 1984 (below) . The top of recessional
moraine 4 was virtually bare of vegetation in 1914, The depression
has remained relatively bare of vegetation due to late snow

accumulation. This photo point was labeled FP4 on Plate 2-2,






Plate 2-7. southwest looking view of recessional moraine 3 in
1963 (above) and in 1984 (below) fram photo point FP6. The

PICEA-SALIX CT was predaminant on moraine 3 in 1984.
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Plate 2-8. Depression between recessional moraines 2 and 3 in 1914
(above), 1963 (middle), and 1984 (below). Recessional moraine 3 is in
the background. The intermoraine vegetation was still quite open

campared to the adjacent moraines. This photo point was labeled FP3.






Plate 2-9. Recessional moraine 2 in 1914 (above) and 1963
(below). Recessional moraine 3 is in the background. Note the
lack of vegetation on recessional moraine 3 in 1914. This photo

point was not relocated in 1984,






Plate 2-10. Depression between recessional moraines 1 and 2 in 1914
(above), 1963 (middle), and 1984 (below). The intermmoraine vegetation
in 1984 was still quite open canpared to the adjacent moraines. This

photo point was labeled FP2.






Plate 2-11. General view of the terminal moraine in 1914 (above),
1963 (middle), and 1984 (below) fram outwash in front of the
moraines (FPl), Note how close the glacier was to the terminal

moraine in 1914 (above).






51

llllllllllll

6861

a6l

406)

l681

S W

¥ W

€ W

MW

(]

TR

wo1315955G JO JED)

31s0deg

30 U85}, auleJol

(Suiesom JEu0iSSE00s = K¥) YESL W1 pum (5561 °1® 35 aepsi)) go)

*(ossL somom) geal “(oiel o) 916) LN SuIEIOE LOSGON YOES LE UoI3E1SEM Su3 jo suoiidisdssg ¢z Siqey



52

¢
@ o »e
@ s¢

o) gv2
LN R o]
2o s'v
oo e

]

[
o 1o
we ¢

"0 g°2

G0 ve
ae e
1) s 11

°e) 4o
e'o) g0
Wweie
o) zo
"o o'g
") s*a
o) z°o

€L°0) 10
(-0 1°0
e o

@ o

(8°0) 5L

(1°0) 1o
oz
e
-0 1°¢

(8°0) 0°2

I3} Wies

38 () SIRESEND SIPISYtSRS

“S3JSRY TARTIING ¥118E

3N 313554 Njjes

SSOTRRIE SirieE

. Tase)oius ==77]

€6 1°g reyB ¥jjes
o g0 STEoom)e X168

WV Es aIn

-1 63

“¥YIN TECTRPRIE STISE

VopEney $II6INCT waijd

WeoiGie Sl

SN0y (ssuspuy) STEesE)e ¥1)eS
*) SFWIE Njies

1188 SB]I555 Wjjes

TASSs6m %3ja

YUY s W

T3INN (*¥00h) SEIRIOIEE] SSIGY

b RIS I ST T B 7]

‘wstu3 WS Asusd T RS =17
¥V 23

2=

SOIMNMLSTIOW- V3318 X1Ws-v3ole

(Gz-v)

(21=0)
NIEVSAG:: - SYARG

AL ALINRNGD

(=2) (9=u)
SVARG-X1TVS NITVS-NnEVSAGIH S31334s awy 3N




53

o g6
@i o) 26
(s°0) §°2
o) s°¢
(€c°0) L°o
({ % g
o sy
e 1)
(S -}
o) e¢
€1°0) 1°6

€%0°6) L°6

é
t2°6) s°o
(°6) 10

e

e
(e'o) 2°0
($°0) v°2
tco) s°2
(9°0) §°S
o) s°e
-0 g6
(e°0) £°¢

e

¢

e

e

¢
a-en-a

[
"6 L0
(2°0) 8°0
@ero »e
oo )
- €6°1) 9°8
2°0) $°0
(e°o) s°0
(-0 1o
Qe e
(o eo

06 1o

(e°e) 20
(434 I 441
6" 9y
L) 2y
0°1) &9
@) 2
(48 B8]
(o 2¢

(z"6) s°0

o ie

(-6 g0
20 z°¢
(2°0) $°0
@ e $0
(1°0) %0
2'0) %o
(o io
o 10
(t°0) z°0

€1°0> 10

Goio

SIS SRl

STmwc) SusdionT
*T SISUSERUND SIPUSUOINE
TRIRIE BymieE
“¥00) 3 “Jueg WW}ISTOS WITES
"SRISIY TSPIOIRISIe X]1eE
*XOOH RWJIISIIEG NFTOS
TSRS o)
YA50eG Wy
IR N5
eI N1yes
$)3353 Wyyes
SIRNAN}e Njyes
SAIRGoYse] $SIqY
7 8J531WES18G S ndog
WI0Q ("SSISEAY) BISFI0T Jea
SO 13348 ¥)ie5
WA ~dds
3NN STICIAPEIG %j 0S5
“S9)188 $37350% Njies

AUV EMS PoY

SCIASMISOLINN-VSGIE  XITWS-VEGIE  WIRVSACSS-SVARG SVARG-XITWS NI TVS-NRIVSAGIS

SéAL ALINRRICT

S3133¢s O 2NV

porulue)  *2-2 s1q8)



] - - . © SR (M) SSRGS CoaACOIEY
«G°0 g0 (£0°0) 1°a - . - WP SBHjeGioE Bie3
(%0°0) 2°6 é - . *48 B B,50T ¥Se]
e - *33r e ¥eie3
- . . *3oey WWERIIY Woiv)
(£5°0) 1°0 (£0°0) 1°0 (o 10 - - SR (mousen) WSSETOR GRIAGSIEY
L . . “IWN ) WIS EiTsed]
- . é - Ay BRI Srlis]
e (oo d ¢ *1 Widie %g
=T T IOV

[ 3
a a6 o

6 o
o

(£0°0) 1°¢ e . IirediGTe nre
("2 g 21 e (o) ) - T

°o1n 3 Jopow) BiGT TTAEHTRTIoY

€20°0) 1°0 é é - - B3 Esdjuy

- - ¢ - . FESoeed UiEssEsye

(S°0) 92 (£°0) g0 2°0) »'o ($°0) s°) . *1 i3 WA

°e) 20 €1°0) 1°0 ($°6) 1°) t°0) 10 Susads ¢-1) T835.T BOTAERIESTIoY

e $°) ts°0) &'0 €S°0) 1°} te° 2 0°2 €0 .o “WeA “n STICIIESIT] $eAdg

(£0°0) 1°0 <0 13 D s (1) g°g (£°0) 2°1 "SRy TiRoesss Tkig

€20°0) 1°¢ ($0°0) 1°0 (£0°0} 1°0 ¢ P Ge3ejesT BIov

(£0°0) 1°p (£0°0) 1°0 é €20°0) 1°0 €1°0) 1°¢ ThwSTess 55373

. é . . €1°6) 2°0 FESTe Sfje

e (o te e BII338 Vs

é é (1°0 g0 ete YjTet

. é (1°e’ 20 Joedey 3 sacT 3 eacy (yoon)

ST -dss STHIR31IST Nie3

e (1°0) 1°0  wuwohkyonsg -dsp SAIAEEg WyTeE

e ) SI95063 *ama FTTSFITTIS ¥ie3

(-0 tie @0 vo BI5 53

- (-0 2°0 W35y Siies

é 3)juesieg Eitvcg

SOTANVISOLOWY-yIO1 8 XIWS-V01é  wnvsAa3n-SYANG SYANS-NITVS  XITVS-MnevSAGaN $3123¢s oW VT

3dAL ALINSIOD

Poruiue) 2.2 3)qe)



55

& 6aonoaan

2°0) »0
e
é
¢
(1°0) £°0
€%0°0) L°0
d

¢
é
(1"0) s"¢

€0 t0
o sg

LI . S A

6 6 6 & ¢ s 4 4

]
€20°0) 176
(1°6) 10
(*0°0) 1°0

(00 10
é

ee) ¢

@) ea

d

(o) 10
(i°e) 2°¢

L 8

z°o) 2°¢
é

G-e) 2o

6°1) 21

aaaaa s

(v°0) 91
(-2 o2

(ec°0) 10
d
é

(%0°0) 2°0
(9°0) 2°¢

a a oo

Buoson 31195006 $I53517
*300) BII0JIPICT SIjuIy
SS0H (°7) SASOSS 1) 1IR30
ASIIY Inﬂﬁ-m SLIMABIUY
AISUG (“YOON) SINW] BjIBSIGY
USS1n $o50J BIIBASIGY
THIUSE FSOSIN0G 1aeTOIFeg
Avig "y (*7) ioT3I0n Sssuon
*1 S1osEira STro)rkGid
I8 ¥ (") SIFIIA S)avoegen
*31v EIWIERIIVE obep) 108
SUS3YINg WRTCIES|A BjoeEe;
* SN IwES W yET)a3
TNYIIN BICTjAINE SCESIY
D (ysung) TRJIESI9C 69%)33
‘Y WICI IR 18RS g7 163
SIGOR (ASw *v*3) T ARG
“WI)N BT105)I9se B1CIAG
I8 S1S13}330 BOSNEI]
*Y WosdjAIA SRKEX)08
*1 $110)13)80000 SBEI NS
*430) FPIRIGSF)II6 8151713893
TYLE TSR SJea
“3Inp S1SI0G aREARSH
UIRSIeY] SPJTIT ST)GI0T 96T
*ds @nyosp B3
*1 Bpjoie SEea) s
-ds T33ey
3 SHieIs Sos)E

BV sE3n

SOTANSVISOLOW-VZOIE  NITVS-VESId  WAVSACIN-SVANG SVARG-X1VS

AL ALIWBOD

RITVS-RNSVSAGIN

$313245 o ¥V

PonuLuo)  -2-2 )8y



56

(9°0) $°0 -
o) 10 -
(z°0) g°¢ .

- -

. - *T8 SyFondo
. . “rEo) WRjIRC008 WARISTE
"°S°E (°rpoh) TERS)08 anjReo0TAN
- “ION 30 ("rpSy) SIRS0ISS-BI)I3 WIITIIE
(£°0) 970 >°0) v ¢ - T THSS0Y (Ca1em) SFICIFO0EK) $1I00E07 19368
1) o°g €s"0) $°¢ - - TIRUSR (“rpSH) TSRS SRR )oouedSIg
e e - - - BT (rpsH) TSTEARS WAPTITIESIeTE
(-0 z°p t£°0) 90 ")) 973 - . TGRLY (NN SITOAST WRERR
- - é . . “INIER (“npsy) BRIISIGE EIPTAG)
- Qo 1o - - TION (*3340) FECOIERS SIS
oty ($°6) 0"y 2o 2o e - T B cqusiuse (‘gon) $318SATo0 ®)n3i0]
(1°0) s°¢ (o 26 €50°0) 1°0 (o 2o - *PIIE SIISINA)S STeNTID
2°0) 9°¢ 0 €1 €%6°0) 16 (9°0) 0  (1°Q) 1°p T8 1A
@20 2z 1) &5 €$°0) 0°2 o) sz (> 9°p 0% wkag
8°0 92 1) g°¢ ({30 X2 @0 60 (50°0) 1°g Sdus) (- IBSemyas) STPESTNGT; 1315
1$°0) 6°2 G0 »2 £°0) $°0 (€0 2°0  (1'g) z°¢ ")y (mpow) TIRUTT0) 81753561
@21 s°y (€2 9761 28 o°¢ (")) ¢ ¢ e *Gs EoonAYeIE
WIUYT 31AN0AVE

L} (] LI I )
)

SOIANYISOLOWY-V3T]e XIWS-V331d NNWSAG3N-SVARG SVARG-XITVS  XITVS-newsaGan $3103¢s oWy ¥

3eAL ALINWBRD

POMULILCY  *2-7 S1q81



57

6°2) 6°2 e 177 ($°2) »es (& 2°9r (0°0) S°0 43334%

s°o) 2°0 (s°0) 570 $°1) 99 ra ey (2een 1108 Sueg

9°0) $°2 61 §°2 @D re G sez (006 s'se 3303 e
Y310

(€0 s£°0 - - - - ¥N) ("300N) SEOjrams BUYTAING

e - - - - WIS ("ISPAWS) S1I8 SUIPEID

d - - - - *ds ®ijJejos

é - - - - PIVA C7) SEoIGEe 813798

(€0°0) 1°0 e - . - AL (" )Ioumes) SISTYICEE 35 11108

€2°0) ¢°1 ¢ - - - *ds 91i%i35)

%0 9’ (€£°0) $°6 - - - 340N () DISPPNAC BHucEel)

")) 0"y (50°0) S°0 - - - “BuSuds (yoy) BEo1aNS Bjuope]3

. €°0) £°¢ - - - Y31 °G ("yOV) @NY 11500 SjucpeT3

- - (o 1o . - 1SEuSuds (*pammes WS axn4014)

SSHYCIo)9 FIUOPETI

. r) . . USSIASIL (J509M) SSPIOZ Ted BlinAwE

({80 ] €50°0) 1°0 - e . -ds SW16)

o so e ¢ z'0) ¢ - J5GI0) (“quSIysR) 5083 SuIPtUTE

(e 26 €€°0) 2°¢ (%0°0) 1°0 - 4 Tl (819M) RSOSSN BasB)3)ed
BIAVY AIO1T

- SOTANGVISOIIW-VIGI¢  NITVS-V331E  NGMVSAGIN-SVARG SVARC-NITVS  XITVS-WVSAGIH $31J34S GWY ¥

3EAL ALINBROD

PoPNI2U0)  °2.2 3198)



$9°2 {5 + ;3 1 <0°S 5y (V> 3% 34018
&16°0 860°0 si1°0 260°0 %1°0 €3) awwNog
6i2°8 65%°0 €55°0 19%52°0 6L°0 CF) SS3IMINI

so°g e [t 4 92 e'e GoB) ALIS¥3AIG

2°1) %6 (5°0) 9} €i°0) 2°0 (€°0) $°0 ("o 2o 40497 USyy

(€72 >g1 o 'R (0°2) 66 "2 o8 2°0) 6°0 Jaie) S3Aydodsg

2°0) »°s ({540 3 w71 1) 261 (€ ¢ (9°0) g% D d KT

[ o 3 SN 11z ) s 12 L) o2 >0 2°¢ SR IS Jaeng

(€£°L) 261 9 s°ge @ e €9°4) 961 €0°1) €72 J349Y gruys

€L 2" (8°0) gL G 0 0 Jade) 394}
(X) ¥3A00 NvIR

o 28 o> iy 74 sJ3497 )y

" 6 1 4 i Jadey usyayy

41 1Y (i]} 2 4 Jaiey Sxhydodag

82 s S -]} 8 Ja4e7 quay

(]} oL 1 i £ J9ADY gruyS jueng

2l <l 13 91 1 Jaie) guys

£ i 1} 0 1] Jake) 394
(S)SS3IMIITY S3173ds

Gz= (02=v) Li=v) (L=u) (gau)
SOIANVASDLOW-VIOIE  XITVS-v3I1a NRVSACIN-SVANG  SVARG-XITVS RIS -NREYSAQIN

3dAL ALINBRND

adoys aunyaniys 91090 pae SUBLINCE ‘SSaniaas
TO0ISS30MS 1) woay SI549) Lo138358sA *is U

“(S3348) 119) Janed (LT3
‘A3IsIaALp ‘ssapty $3193dg
MR (10335 pispue3s T) sanod

315835 18303 Joj Wous Sue 5)Bus

"SIALBION LOSTOR Y Lo sadAy A3 juraaes
USSe Pus SSSuYLY 8313ads

‘§-2 dqey



59

0°% €21 I 2°2s 2'em (X) JSABT Qnuys jueng
ryt S8 88 82y M 1Y (X) Jo4%7 gruys
1°% el 0 0 B (%) JaAeq 294}
(£201) &5¢S (Sew) 2ues (6LY) 6522 (9%1) @29y (826) 00%% .F.oc ») A31susg uesy
(0°2) 0°s) (8°0) 62 0 0 0 ( |5 ~5 B34y 18SEE 1830}
(lg=w) (o2=u) 21=u) =) (9=u)

SOTANGYISOLIW-V3IId  NITVS-V3S1d WARVSAG3N-SVYANG SVARQ-X1TVS NITVS - WNEVSAGIN

3EAL ALININNE]

“SJ2AR) gnuys juemp pue ‘gnuys
‘3343 o3ul pauni3iyed s1 AJISUSE UBSN  °SSULRION LOSHOY SY3 U0 S3dAY A3 1UreDd JBUDLSS3IINS SAl) woJ) TTOUGWISBUS §931g 40
(40445 pUBTUMIS 3) AJISUSP WSS LRGN FUR Celgp @ Win TIESSES $501d 40 (JOJIS PIBPUE)S +) esue jESEq 1830) “9-2 9198y




2.6 Reforences | R

Aronymous. isaza. Canadian Climate Normals 1951-1988, Temperature.
Canadian CIimte Program, Environment Canada, Atmospheric
BEnvironment Service, Downsview, ont. 306 P.

Anonymous. 1982b. Canadian Climate Normals 1951-1988, Precipitation.
Canadian Climate Program, Environment Canada,
Atmospheric Environment Service, Downsview, Ont. 682 pp.

Birks, H.J.B. 1980. The present flora and vegetation of the moraines

of the Klutlan Glacier, Yukon Territory, Canada: A study in plant
succession. Quarternary Research 14: 60-86.

Qoleman, A.P. 1914. Geology and glacial features of Mt. Robson. Can

Alpine J. 2: 1@08-113.

Cooper, W.S. 1916. Plant successions in the Mount Robson region,

British Columbia. Plant World 19: 211-238.

Cooper, W.S. 1923. The recent ecological history of Glacier Bay,

Alaska. Bcology 4: 223-246.

Cowles, H.C. 1899. The ecological relations of the vegetation on the

sand dunes of lake Michigan. Bot. Gaz. 27; 95~117.
Grocker, R.L. and J. Major. 1955. Soil development in relation to
vegetation and surface age at Glacier Bay, Alaska., J.
428-448.

Ecology 43:

Dickson, B.A. and R.L. Qrocker. 1953. A chronosequence of soils and

vegetation near Mount Shasta, California. II. The develomment of

60



61
the forest floors and the carbon and nitrogen profiles of the
soils. J, Soil Sci. 4: 142-154.

Egan, R.S. 1987. A fifth checklist of the lichen-forming,
lichenicolous and allied fungi of the continental thited States
and Canada. 'The Bryologist 93: 77-173.

Bggler, W.A. 1941. Primary succession on volcanic deposits in
Southern Idaho, Hcol. Monogr. 1l: 278-208.

Fitter, A.H. and W.F.J. Parsons. 1987. Changes in phosphorus and
nitrogen availability on recessional moraines of the Athabasca
Glacier, Alberta. Can. J. Bot. 653 210=213.

Field, W.0. and C.J. Heusser., 1954. Glacial and botanical studies in
the Canadian Rockies, 1953. Can. Alpine J. 37: 127-144.

Gauch, H.G. 1982. Multivariate Analysis in Comunity Ecology.
Cambridge University Press, New York, N.Y. 298 PP

Giller, P.S. 1984. Cawnunity Structure and the Niche. Chapman and

Hall, New York, N.Y. 176 pp.

Grime, J.P. 1979. Plant Strategies and Vegetation Processes. John

Wiley and Sons, Toronto, Ont. 222 pp.

Heath, J.P. 1967. Primary conifer succession, Lassen Volcanic

National Park. Ecology 48: 27¢-275.

Heusser, C.J. 1956. Post-glacial enviromments in the Canadian Rocky

Mountains. Ecol. Monogr. 26: 263-302.



62
Hill, M,O. 1979, Twinspan - A Fortran Program for Arranging

Multivariate Data in an Ordered Two-Way Table by Classification of
the Individuals and Attributes. Cornell University, Ithaca, N.Y.

Holland, W.D. and G.M. Coen. 1983. Ecological (Biophyaical) Land
Classification of Banff and Jasper National Parks. Volume 1l:
Summary. Alberta Institute of Pedology, Edmonton, Alberta. Publ.
No. M=-83-2,

Huston, M. 1979. A general hypothesis of species diversity. Amer.
Nat. 113: 81-101.

Ireland, R.R., C.D. Bird, G.R. Brassard, W.B. Schofield and D.H. Vitt.
1988. Checklist of the mosses of Canada. Publications in Botany,

No. 8, Ottava, Ont. 75 pp.
Kinney, G.B. 1949, Mount Robson. Can. Alpine J, 23 1-9,

lawrence, D.B. 1958. Glaciers and vegetation in south-eastern Alaska.

MO &io 463 89"1220

Leisman, G.A. 1957. A vegetation and soil chronosequence on the
Mesabi iron range spoil banks, Minnesota. Ecol. Monogr. 27:s 221-
245.

Ioucks, O.L. 197¢. Evolution of diversity, efficiency and cqumunity

stability. Amer. Zool. 10: 17-25.

Luckman, B.H. 1986. Reconstruction of Little Ice Age events in the
Canadian Rocky Mountains. Geographie physique et Quatermaire 4d:

17-28.



Margalef, D.R. 1958. Information theory in ecology dan. syuf.. k })
36-71, o

Morrison, R.G. and G.A. Yarranton. 1974. Vegetational heterogeneity
during a primary sand dune succession. Can. J, Bot. 52 397-410.

Moss, E.H. 1983. Flora of Alberta. 2nd ed. (reviseq by J.G. Packer) .
University of Toronto Press, Toronto, Ont. 687 .

Mueller-pambois, D. and H. Ellenberg. 1974. Aims and Methods of
Vegetation Ecology. John Wiley and Sons, New York, N.Y. 547 P

Odum, E.P. 1969. The strategy of ecosystam development.. Science 164:
262-2703.

Olson, J.S. 1958. Rates of succession and soil changes on southern

Lake Michigan sand dunes. BRot. Gaz. 119:; 125-178.

Pielou, E.C. 1974. Population and Community Ecology Principles and
Methods. Gordon and Breach Sci. Publ., New York, N.Y. 424 pp.

Pielou, E.C. 1975. Ecological Diversity., John Wiley and Sons,

Toronto, Ont. 165 pp.

Pielou, E.C. 1984. The Interpretation of Ecological Data. A primer
on classification and ordination. John Wiley and Sons, Toronto,

ont. 263 pp.

Purchase, J.E. and G.H. la Roi. 1983. Pinus banksiana forests of the

Fort. Vermilion area, northern Alberta. Can. J. Bot. €l: 804-824.

Reiners, ¥.A., I.A. Worley and D.B. Lawrence. 1971. Plant diversity

63



ina chrmosetjuence at Glacier Bay, Alaska. Ecology 52i 55-69.

Russell, W.B. and G.H. la Roi. 1986. Natural vegetation and ecology
of abandoned coal-mined land, Rocky Mountain Foothills, Alberta,
Canada. Can. J, Bot. 64: 1286’12930

Shannon, C.E. and W. Weaver. 1949. The Mathematical Theory of
Cammunication. University of Illinois Press, Urbana, Illinois.

Shure, D.J. and H.L. Ragsdale. 1977. Patterns of primary succession
on granite outcrop surfaces. Ecology 58: 993-1006.

Simpson, E.H. 1949, Measurements of diversity. Nature (London) 163:

688,

Sokal, R.R. and F.J. Rohlf. 1981. Biometry. 2nd edition, W.H.
Freaman & ., San Francisco, California. 859 PP

Sondheim, M.W. and J.T. Standish. 1983. MNumerical analysis of a
chronosequence including an assessment of variability, Can. J.

&il &io 63: 561-5170

Svoboda, J. and G.H.R. Henry. 1987. Succession in marginal Arctic

environments. Arctic and Alpine Res. 19: 373-384.

Tisdale, E.W., M.A. Fosberg and C.E. Poulton. 1966. Vegetation and
soil development on a recently glaciated area near Mount Robson,

British Columbia. Ecology 47: 517-523.,

Viereck, L.A. 1966. Plant succession and soil development on gravel

outwash of the Muldrow Glacier, Alaska. Ecol. Monogr. 36: 181-199.



65
Viereck, L.A. 1970. Forest succession and aoil developmant adjacent

to the Chena river in interior Alaska. Arctic and Alpine Raa‘. 23
1-26.

Walker, L.R., J.C. Zasada and F,S. Chapin, III. 1986, The role of
life history processes in primary succession on an Alaskan
floodplain. Ecology 67: 1243-1253.

Wheeler, A.O. 1923. Motion of the Robson Glacier. Can. Alpine J. 13:
158~159,

Wheeler, A.O. 1932, Glacial changes in the Canadian Qordilleras The
1931 Expedition. Can. Alpine J. 20: 120-142.

Whittaker, R.H. 1972. Evolution and measurement of species
diversity. Taxcn 21; 213-251.



3. INTERSPECIFIC ASSOCIATIONS DURING PLANT SUCCESSIQN ON THE
ROBSON MORAINES

3.1 Introduction
"Phytosociolagical structure” refers to the network of

interaspecific associations in a plant community resulting fram the
blological factors that cause different species of plants to grow
close together or far apart (Dale 1982).

The non-randam distribution or spatial pattern of plants in an
early successional cammunity can be partly the result of either
positive or negative associations between species. Pattern may result
when species develop campetitive canrbining abilities (Aarssen 1983
c.f, ecological combining abilities (Harper 1977, p 268))., These
canpetitive cambining abilities can occur through reciprocal natural
selection for traits which favour association. Other factors that
Cause pattern are competition for limited resources, differences in
growth form, niche partitioning, heterogeneity in the environment,
historical causes (e.q., seed bank), the combination of species that
are available for establishment, differences in seed dispersal,
animsls, or disturbance (Greig-smith 1979),

Morrison and Yarranton (1974) found that the nunber of
interspecific associations increased with cammunity development during
the first 400 years of primary sand dune succession. Kershaw (1959),
however, found that the number of associations between species
decreased with increasing grassland community age. Similarily Aarssen
and Turkington (1985) examined a chronosequence of pastures and found
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that. the frequency of randam associations was higher in older pastures
than in yomger pastures. A similar trend was reported by 0'Gannor
and Aarssen (1987) for species association patterns in a aarios of
different-agad abandaned sand quarries.

The objective of this study was to examine interspecific
associations on the 288 year old chronosequence of the Robacn moraines
and asgess trands in this aapect of cammunity developmant..

3.2 8ite Dascription

Mount. Robaon (3954 m) is the tallest mountain in +the Canadian
Rockies and supports a major ice and snow»fiel.d. The Robaon Glacier,
the largest. on Mount Robson, has deposited a terminal moraine and
approximately 16 recessional moraines during the past. 200 years (Plate
2-1). The Robson moraines (53.1 °N, 119.1 °W) are situated at an
elevation of 1662 + 14 m. The moraines under study are 1.49, 1.38,
1.32, 1.17, .98, and #.66 km north (315°) from the terminus of the
glacier, and are referred to as moraines 1, 3, 4, 5, 7, and 8 (Heusser
1956), respectively. The moraines were formed in approximately 1841,
1891, 19487, 1912, 1933 and 1939,

No climatic data are available for the immediate area of Mount
Robson. The nearest weather station is at Red pass Junction, 20.2 km
to the southeast of the mountain at an elevation of 1859 m. Mean
daily temperature and total precipitation at this station are 1.7 °C
and 742.6 mm. Approximately 54% of the total precipitation occurs as
snowfall (Anonymous 1982a and b)., The climate at the study site is
undoubtedly colder and wetter than Rad Pass Junction due +o greater
elevation. The 1985 mean daily air temperature and total
precipitation for July and August were 11.1 °C and 16.3 mm and 7.5 °C



@&t ©O.1 WM, respectively. The 1986 mean daily air temperature and
total precipitation for July were 7, 4 °c and 75.5 nm. and for August
1-23 were 9.3 °C ard 10.5 mm, respectively (see C'naptet 6)

Soil ~developmant in the study area was first described by 'I‘isdale
et al. (1966) and more racently by SOndheim’ and standist (1983) « In
general, the soils are well drained loams with 48-7§ coarse fragment
(>2 mm) content. Orthic Regosols occur an the more recently formed
moraines while Orthic Eutric Brunisols have developed on moraine 1.
All soils are highly calcaraocus (76-85% Cacd equivalent) and slightly
alkaline (pH 7.95 to 7.75). On the oldest rgcessional moraine both
soil organic matter and soil nitrogen content are approximately 19
times greater than that an the youngest (Sondheim and Standish 1983).

The vegetation an these moraines was representative of three
phases of plant comnunity develogment found on this chranosoquance
(800 haptor 2). e planeor Henlywari phine aovcurrad an mvsadne 0

and was daninated by the herb Hadysarum boreale var. mackengzii Nutr.
]

{Rich.) , the low shrubs (<1 m in height) Salix vestita Pursh and

Salix glauca L. and the dwarf shrub (<@.1 m in height) Dryas
druwnondii Richards. The Dryas transition phase occurred on moraines
7 and 5 and was dominated by D. drummondii, H. boreale and the low
shrub §. glauca. Picea englmannii Parry ex Engelm. was beginning to

emerge above the 3alix on moraine 5. The oldest successional plant

camunity (Picea phase) was fourd an recessional moraines 3, 2, and 1.
It was daminated by P. engelmannii, the dwarf shrub Arctostaphylos
rubra (Rehder & Wils.) Fern., H. boreale, the bryophyte genus

* Nomenclature follows Ireland et al. (1980), Moss (1983),
and Byan (1987)



Brachythecium (species not digfe;qngiated)._ and the lichens Cladonia
cariosa (Ach.) Spreng and C. pyxidata (L.) Hoffm.

3.3 Methods
A plotless method of sampling veéetatim was anployed to detect
intetsppcific associations (Yérranton 1966). Inteiapecific
association analysis based on qua&at sampling is of limited value
because the outcame of a test is dependent on the size of the quadrat
selectad (Pielou 1974). A plotless sampling method avoids the prablem
of sample scale and shape (Yarranton 1966).

Two hurdred randam point samples were recorded on each of moraines
8 7, 5 4, 3, and 1. At each point, the species hit by the sample
peint and the next different species in contact with it and nearest to
the samp'e point, were recorded. In cases where a species hit by the
sample point did not touch another plant, or where the only
individuals contacted were members of the same species, a 'no contact'
was recorded. 'No contact' samples were recorded to provide
information on the tendency of a particular species to occur as
isolated clumps or individuals.

Sampling was carried out in mid August 1986.

Statistical Analysis

The ariginal data, including 'no contact' samples, were arranged
in 2x2 contingency tables, and evidence of interspecific association
was detected by the G-test of associaticn applying William's
correction (Sokal and Rohlf 1981). The traditional method of
amploying the 2x2 contingency table and chi-square statistic in the



anelysia of plotleee ampling data has been damnetra*ed to be _
incorrecf (de Jong et el. 1986) As a oonaequence. ':he reeulr.s of the
r.radi*ional aaaocietim anelysia were used as an aseociat.im i.ndex.
'Ihis index was calculated based on joint presence or ebaence tha'-
resmbles x2 fest calculations: N(ad-bc)/ (e+b)(e+c)(b&d)(c+d) where a
pairs contained both species, d none, band c contaj.ned one or other
of the species but not. both, and N=ai+b+ctd (cf. Pielou 1977, p. 287).
Those pairs fhat gave an index value >4 were arbitrarily selected as
indicating association and were used to examine trends in
interspecific association on the moraines.

In order to test for evidence of significant. interspecific
associations, an iterative method of deriving maximum likelihood
expectad values for species-pair comparisons was used (de Jong et al.
1983), For the purpose of analysis, the data must be tabulated in an
"unfolded" contingency table in which the order of contacts between
species pairs are distinguished (de Jong et al. 1983, acheme (c)).
'No contact.' samples were not treated as ' peeudospecies' and were not.
included in the association analysis. Evidence of non-randomess in
the contingency table was detected by the G-test (Sokal and Rohlf
1981). The G-statistic was campared with a chi-square distributjon
with 1 degree of freedam. This test is a large sample test. and is
unreliable if the observed marginal totals are small. If there is an
expaected frequency less than ] in any cell and/or expectad frequencies
less than 5 in more than 20% of its cells, the test cannot be
legitimately applied (Zar 1984). Tables with cells with expected
frequencies <1 and/or expected frequencies <5 in more than 28% of its

ceils were excluded fram the analysis.
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| 'I’he mntingancy matrix for each recessional nbraine is f:resem:ed
in Appandix 3.
Association Index Mef.l'xod | N o
On the raarlvyx recessional moraine 8 both m drmMii and
Hedysarum boreﬁlva showad a pmpensity to occdr as isolated clumps; 10

and 168 of the 288 sample randam points hitting plants were recorded
as 'no contact', respectively. This tendency to cccur as isolated
clumps was exibited only on newly exposed surfaces, Salix barclayi
Anderss. and Poa alpina L. also tended to occur as isolated clumps.

Positive and negative interspecific associations detected by the
association index method are shown in Table 3-1. The number of
positive and negative associations based on the assaciation index
method are shown in Table 3-2.

There was little change in the number of positive asaociations
with increasing moraine age. The number of negative associations
increased o a high of 14 on the intermediate recessional moraines 4
and 5 and declined o a low of zero on recessional moraine l. 1he
proportion of posit.ive and negative associations with a )(2 index
greater than four relative to the total number of possible
associations increased to a high of 83% on recessional moraine 4 and
declined to a low of 17% on recessional moraine 1.

A few general interspecific association trends were evident on the

Robson moraines. Hedysarum boreale was always negat.ively associated

with Dryas drummundii on the youngest moraine 8 and the intermadiate

moraines 7 and 5 (Table 3-1). On moraines 5. 4, and 3 H. boreale was

always negatively associated with Picea engelmannii and always
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positively associated with Tortula norvegica (Web.) Wahlenb. ex Lindb.

('rable 3-1).
Max.imﬁn Li.keiihood Method | o -

ovdy one significant association was detected on the moraines when
the n;aximun ;ikelihood method of analysis was amployad. Hedysarum
boreale was fourd to be significantly positively associated with D.
Wii on the early recessional moraine § (G = 41.780). However,
one association out of 27 tested might arise by chance alone. All the
pairwise camparisons had to be rejected because of the accurrence of

low expected frequencies.

3.5 Discussion

A camparison of the results of the association index method and
the maximum likelihood method of assaciation analysis showed that
Hedysarum boreale var. mackenzii and Dryas druwondii were negatively

associated in the formmer analysis and positively in the latter. The
association index method of analysis includes 'no contact' samples and
thus takes into account the tendency of H. boreale and D. drummon?ii
to occur as isolated clumps on moraine 8. The maximum likelihood
methad of association analysis does not include 'no contact' samples,
& d when H. boreale and D, drumnondii are only considered when in
cantact with other species, they are most often found in contact with
one another. This is one limitation of the maximum likelihood methad,
in contrast to the association index method, since the probability of
detecting a significant association is conditional on the rejection of
isolated individuals. The maximum likelihood methad did not detect

any other associations on the moraines. It is probable that the small
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sanpls size conblned with relatively wesk spocies intaractions
resulted in the lack of detectable asscctaticns anong specias.

» fﬁae gaa_opiaf:iog j._rtdok method aﬁpwad little evidence of the
eambliswt of succesaful co-exiétence between species on the Robsaon
moraines. Tﬁa nﬁjority of associations were negative which éugé;ests
that there has been campetition between species for limiting
resourses, and further supports the earlier finding (see Chapter 2)
that resource preemption plays an important role in structuring the
camunities throughout the 208 year chronosequence .



Table 3-1. Positive and negative associations, detected by the

asaociation index method (see text P 70),on the Robson moraines. Pairs

2
of species that. have X index values >4 are shouwn. "Positive" and

"negative" refer to the sign of (ad=bc). Neither the order of the pairs

nor the order of the species in a pair has any importance,
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Pogitive Negat.ive
raine 8
5_1"
Dryas drummondil: Sallx barclayi
Moraine 7

Brachythecium spp.: Tortula
S norngca

Moraine 5

H. boreale: T. norvegica
P. engelmannii: S. glauca

H. boreale; Salix vestita
H. boreale: DItrichum flexicaule
H. mrme! D.

D. drummondiis T. norvegica
Brachytheciun sEp.mﬁi'Barclayi

H. boreale: P. engelmannii

H. boreale: s. glauca.

H. boreale; D. drunmondii

H. Poreale: s. erriae

H. boreale: _S. barcla

H. boreale: Ditrichum lexicaule
D. dromondils S. glauca

D. drummondiis s. harclayi

D. druwondil; 'r. norvaica

drwmnndii: P. enge ii

oIt



Table 3-1 (concluded)
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Fositive

Negative

Moraine 4

H. boreales T. mrvgica
E' mewi’ _s_n Clazi

Moraine 3

H. boreale: T. norvegica

Moraine 1

Cladonia spp.: Ditrichum flexicaule
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reale: P. angelmannii

[e: §. glauca
e: Ditrichum flexicaule
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&

» boreale: P, elmannii

. boreale: §. ggauca

. boreale: B 8pp.

« norvegica:s Ditrichum flexicaule
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Table 3-2. Positive and negative associations, detected
by the association index method, on the Robson moraines.
"Positive" and "negative" refer to the sign of (ad-bc).
The nurber of "Total Possible" associations refers to the
number of interspecific associations that were detected,
ard the "Proportion" refers to the percentage of

2
associations with a X index >4.

Recessional Moraine

Association 8 7 5 4 3 1l
Positive [0} 1 2 2 1l 1
Negative 5 5 12 12 4 a
Total 5 6 12 12 5 1
Total possible 19 16 17 15 9 6

Proportion (%) 50 38 71 80 56 17
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4. mmwnmmmmmovwmwwm
- ROBSON MORAINES |

4.1 Introduction
Three models of succession have been proposed by Connell and

Slatyer (1977). These are known as the facilitation, inhibition and
tolerance models. Facilitation is the claassic model deve].opad by
Clements (1916) and later by Bgler (1954) as Relay Floristics and by
Horm (1976) as bligatory Succession, which emphasizes that early
colonizers 'prepare the ground' for subsequent colonizers, thus
facilitating species replacament. Inhibition is related to Gleason's
(1926) individualistic view of plant communities and differs from
facilitation in that aarly colonizers resist the invagion of
campetitors by outcompeting them for limited resources and thus
maintaining their own Populations. The tolerance model suggests that
late colonizers will be able to tolerate lower levels of resources
than earlier colonizers. Thus they can invade and gqrow to maturity in
the presence of those that precede them and still eventually daminate.
This model was first proposed by Egler (1954) as the Initial Floristic
Composition model and later by Horn (1976) as the Competitive
Hierarchy model. Grime's (1981) model of vegetation succession
emphasizes stress tolerance as a major camponent of succession.

In the few experimental investigations that have examined models
of succession, inhibition occurs most frequently in many conmmunities
(see Dean and Hurd 19868; Turner 1983; Walker and Chapin 1986a and b).
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Facilitation should be most catmn in harsn enyimmnts such és
during primary succession where facruitmnt ocould be restricted by
limiting abictic factors (Connell and Slatyer ‘1977: Twumer 1983),
Early colonizers could ameliorate such impoverished environmants by
providing 'safe eites' (Harper 1977, p 111) for germination and/ar
ameliorating a barven substrate by contributing nutrients for the
growth of subsequent colonizers.

Aarasen and Turkington (1985) have showen that very specific
grass-legume associations can develop in mixed pastures which are
partially influenced by nitrogen enrichment from Trifolium repens and
its synbiont Rhizcbium. Aarssen et al, (1979) proposed that the

legume was a major 'driving force' in directing community change.
Intensive studies of the nutriticnal role of the tree lupin Lupinus
arboreus in ocoastal sand dune forestry in New Zealand showad that the
lupin contributed approximately cne quarter of the nitvogen required
for pinus radiata growth (Sprent and Silvester 1973 Sprent 1973),

Jefferies et al. (1981) found that nitrogen accumulated by a legume
may became available to an associated species on nutrient deficienc
mine spoils. They found that the biamass of the companion grass

Agrostis castellana sown with the legume Trifolium repens was 4.75

times that of the grass grown in monoculture.

The legume Hedysarum boreale var. mackenzii (Rich.) Nutt. is an

important colonizer (see Chapter 2) and primary contributor of
biological nitrogen (see dmpter 6) on the Robson moraines. The same
species is also an important colonizer of the Klutlan moraines, Yukon
Territory (61 °N, 141 °W) (Birks 1980). Hedysarum mackenzii (= H.

boreale var. mackenzii} has been reported to appear associated with

8l
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other pioneer species on the Robson moraines (Tisdale et al. 1966;
Sondheim and Mish 1983) and on gravel outwash of the Muldrow
Slacier, Alaska (63.4 °N, 158.6 °W) where the moss Ditrichum
flexicaule was observed growing within clumps of H. boreale var.
mackenzii (Viereck 1966).

The relationships between species can be separated into broad
categories based on the "synmetry" of the relationship. Symmetric
relationships arise when two species have similar or different
ecological requirements and are called ecological coincidence or
ecological divergence respectively (c.f., Dale 1977a) . Asymmetric
relationships result from the unidirectional effect of one species on
the environment of another. This effect is called "influence" and is
probably important in the development of patterns of species
associations (Turkington et al. 1977).

The term "nucleation", first applied by Yarranton and Morrison
(1974) to succession in plant camnmnities, refers here to the
possibility that Hedysarum clumps form centres of establishment and
nuclei for the subsequent growth of other colonizers. If this is so,
Hedysarum prepares the way for subsequent colonization which would be
evidence of facilitation. o

The cbjective of this study was to test the hypothesis that the

early colonizer Hedysarum boreale facilitates colonization and thereby

hastens vegetational development on the Robson moraines.

4.2 Site Description
Mount Robson (3954 m) is the tallest mountain in the Canadian

Rockies and supports a major ice and snow field. The Robson Glacier,



83
the largest on Mount Robson, has deposited a terminal np:aine and
approximately 10 recessional moraines during the past 260 years (Plate
2-1). The Robson moraines (53.1 °N, 119.1 °W) are situated at an
elevation of 1662 + 14 m. The moraines under study are 1.49, 1,38,
1.17, 2.98, and @.66 km north (315°) fram the terminus of the glacier,
and are referred to as moraines 1, 3, 5, 7, and 8 (Heusser 1956),
respactively. The moraines were formed in approximately 1841, 1891,
1912, 1933 and 1939.

No climatic data are available for the immediate area of Mount
Fobaon. The nearest weather station is at Red Pass Junction, 28.2 km
to the southeast of the mountain at an elevation of 1059 m. Mean
daily temperature and total precipitation at this station are 1.7 °C
and 742.6 mm. Approximately 54% of the total precipitation occurs as
snowfall (Anonymous 1982a and b). The climate at the study gite is
undoubtedly colder and wetter than Red Pass Junction due to greater
elevation. The 1985 mean daily air temperature and total
precipitation for July and August were 11.1 °C and 16.3 mm and 7.5 °C
and 86.1 m, respectively. The 1986 mean daily air temperature and
total precipitation for July were 7.4 °C and 75.5 mm, and for August
1-23 were 9.3 °C and 10.5 mm, respectively (see Chapter 6).

Soil development in the study area was first described by Tisdale
et al. (1966) and more recently by Sondheim and Standish (1983). In
general the soils are well drainded loams with 48-7¢% coarse fragment
(>2 mm) content. Orthic Regosols occur on the more recently formed
moraines while Orthic Eutric Brunisols have developed on moraine 1.
All soils are highly calcareocus (76-86% Gaa)3 equivalent) and slightly

alkaline (pH 7.95 to 7.75). on the oldest recessional moraine both



8oil organic matter and soil nitrogen content are approximately 10
times greater than they are on the youngest (Sondheim and Standish

1983).
The vegetation on these moraines was representative of three

phases of plant cammunity development found an this chronosequence .,

The pioneer Hedysarum phase occurred on moraine 8 and was daminated by
]

the herb Hedysarum boreale var. mackenzii Nutt. (Rich.) , the low

shrubs (<1 m in height) Salix vestita Pursh and Salix glauca L. and
the dwarf shrub (<@.1 m in height) Dryas drummondii Richards. The

Dryas transition phase occurred on recessional moraines 7 and 5 was

dominated by D. drummondii, H. boreale and the low shrub S. glauca.
Picea englmannii Parry ex Engelm. was beginning to amerge above the

Salix on moraine 5. The oldest successional plant conmunity (Picea
phase) was found an moraines 3, 2 and 1 and the terminal. It was
dominated by Picea engelmannii, the dwarf shrub Arctostaphylos rubra

(Rehder & Wils.) Fern., H. boreale, the bryophyte Brachythecium spp.,

and the lichens Cladonia cariosa (Ach.) Spreng and C. pyxidata (L)
Hoffn.

4.3 Methods
Sampling

Hedysarum boreale is a major colonizer on the Robson moraines. It

grows in concentric clumps and is thus ideal for a test of nucleation.
The following method is a simplified version of the sampling method
used by Dale (1977b) to examine the incidence of asymmetric

relationships (influence) in a mixed-forest commmnity. The test was

* Nomenclature follows Ireland et al. (1980), Moss (1983),
and Bgan (1987)



carried out on each of recessional moraines 8, 7, 5, 3, and 1 by
camparing the frequency of species found within 200 randamly placed
quadrats centred on H. koreale (neighbourhoods of Hedysarum) to the
frequency of species found in 206 randamly placed quadrats
(neighbourhoods of randam points). The quadrats were circular and
their diameter was determined by the average diameter of 190 randamly
selected Hadysarum plants for each moraine.

Sampling was carried out in early July, 1985.

Statistical Analysis

In order to test for nonrandam interspecific association, the data
was arranged in 2 x 2 contingency tables and possible evidence of
nucleation was detected by the G-test of association applying
William's correction (Sokal and Rohlf 1981). The G-statistic was
canpared with a chi-square distribution with 1 degree of freedam.
This is a large sample test and is unreliable if the acbserved marginal
totals are small. If an association table has an expected frequency
<1 in any cell and/or expected frequencies < 5 in more than 20% of its
cells, the test can not be legitimately applied (Zar 1984).
Associations with cells with expected frequencies < 1 and/or expected
frequencies < 5 in more than 20% of its cells were excluded fram the

analysis.,

4.4 Results

The mean diameter in am (+ standard error) of 100 Hedysarum
boreale clumps on each of moraines 8, 7, 5, 3, and 1 were 23.68 +
1.37, 22.84 + 0.83, 28.47 + 1.23, 29.13 + 1.61, and 14.95 + @.63,
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respectively. The mean diameters of Hedysarum clumps were used to

construct the circular quadrats. The results of the sampling ﬁnd

association analysis are shown in Tables 4~1 and 4-2 respactively.
n the youngest moraine 8, Dryas integrifolia L., the

hemiparasite Castilleja occidentalis Torr., Salix glauca, and Salix

seadlings were found significantly more often in the neighbourhaod of
H. boreale than in the neighbourhocod of randam points. On the -axt
youngest moraine 7, Picea engelmannii and the moss Brachythecium spp.

were found significantly more often in the neighhourhood of H. boreale
than in the neighbourhood of random points; Dryas drummondii and D,

octopetala L. were found in significantly fewer neighbourhoods of H.
boreale than of randam points. On the intermediate moraine 5, no
positive associations were detected and only the moss Campylium spp.
was fourd negatively associated with H. boreale centred quadrats. A
similar situation was found on the older moraine 3, except that D.
drummondii was found negatively associated with H. boreale. n the

oldest recessional moraine 1, Pyrola asarifolia Michx., the mosses

Brachythecium spp., Tortula norvegica (Web.) Wahlenb. ex Lindb. and

Ditricum flexicaule (Schwaegr.) Hampe, and the lichen Cladonia spp.

were found significantly more often in the neighbourhood of H. boreale
than in the neighbourhood of random points; Dryas octopetala and D.

integrifolia were found significantly less often in the nighbourhood

of H. boreale than in the neighbourhood of random points.

4.5 Discussion
Nucleation within Hedysarum clumps occurs on the early recessional

moraines 8 and 7 and the late recessional moraine 1. Most
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importantly, on the youngeat moraines, Salix glauca and Picea

engelmannii are found associated (nucleated) with Hedysarum boreale
var. mackenzij plants. These two species evantually became dominant
species on the intermediate and late recessicnal moraines,
respectively. On the oldest moraine (1), Brachythecium spp. and
Cladonia app. are daminant understory species and are found
positively associated with H. boreale.

Nucleation occurs during the pioneer HedE. arum phase of cammnity
development when H. boreale patch size is increasing, ang during the

late Picea phase of camunity development when H. boreale patch size
is decreasing (see Chapter 5). At this phase of succession Hadysarum
may be preampting resourses and inhibiting colonization. During the
intermediate phase of camnunity development on moraines 5 and 3,
Hedysarum patches are coalescing (see Chapter 5) and only significant
negative associations with H. boreale are found (Table 4-2), During
the early phase of community development, H. boreale clumps form
centres of establishment for Salix seedlings and the subsequent growth

of Salix glauca and Picea engelmannii. Hedysarum boreale may provide

more hospitable sites for the germination of these species and
eventual enrichment of the local substrate with nitrogen (through
symbiotic Rhizobium) which could be used for the subsequent growth of
these species. During the late phase of commmnity develogment, H.

boreale patches are breaking into smaller clumps and Brachythecium sp.

and Cladonia sp. are occupying sites within and between these clumps.
Turner (1983) pointed out that in the few studies that have

suggested that facilitation is the mechanism of cammunity change, norn-

obligate facilitation is the most common. That is, late colonists can



establish in areas dsvoid of early colonists but establish taster in
the prescmce of early colonists. Many of the colonizers which
dominate the late phase of cammmnity development. an the Robson
moraines are also present in the early phase (see Chapter 2). If
facilitation is occurring, it is probably non-cbligate and may affect
the rate of cammunity development and not: species camposition an the
Robson moraines. Hedysarum boreale is the primary contributor of

biologically fixed nitrogen on the Robson moraines (see Chapter 6).
Nitrogen enrichment from Hedysarum and its symbiont. Rhizobium could
became available to an associated species for subsequent. growth and
thus increase the rate of community development. on the moraines.

The method of analysis used in this study provides correlative
evidence of the role of nucleation in comunity develogment., nly an
experimental approach will determine whether nucleation and thus
facilitation is a mechanism of cammunity development. an the Robson

moraines.
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ROBSON MORAINES

5.1 Introduction

The analysis of pattern (i.e., spatial disperaion of populations)
anploying data fram transects of contiguous quadrats in plant
camunities is well documentad (Greig-Smith 1979, 1983; Kershaw and
Looney 1985). However, only a few studies have examined changes in
species pattern during primary succession (e.q., Greig=-Smith 1961b;
Brereton 1971). The results of these and similar studies of secondary
succession (e.g., Kershaw 1959, 1963) have shown that, in general,
reductions in the number of scales of spatial pattern and in the
intensity of patterns occur during the course of succession, which are
indicative of camunity develogment approaching a steady state.
Sondheim and Standish (1983) postulated that plant community
developmant on the Mount Robson moraines," had reached a relatively
stable seral state during which rates of change are camparitively
slow."

The abjectives of this study were: i) to examine the changes in the
scale and intensity of spatial pattern of species occurring during
plant canmmunity development on the Robson moraines; and ii) to test
the hypotheéis that spatial pattern development on the Robson moraines
had reached a steady or stable state in 200 years.

5.2 Site Description
Mount Robson (3954 m) is the tallest mountain in the Canadian



Rockies and supports a major ice and snow field. The Robson Glacier,
the largest on Mount Robson, has deposited a terminal moraine and
approximately 10 recessional moraines during the past 200 years (Plate
2-1). The Robson moraines (53.1°N, 119.1°W) are situated at an
elevation of 1662 + 14 m. The moraines under study are 1.49, 1.38,
1.17, .98, and .66 km rnorth (315°) fram the terminus of the glacier.
These recessional moraines were deposited in 1801, 1891, 1912, 1933,
and 1939 and are referred to as moraines 1, 3, 5, 7, and 8,
respactively (Heusser 1956).

The vegetation on these moraines is representative of three phases
of plant cammunity development found on this chronosequence, The
first phase, the "pioneer" successional camuni.ty. was daminated by
Hedysarum boreale var. mackenzii Nutt. (Rich.) , the low shrubs Salix

vestita Pursh and Salix glauca L. (<1 m in height) and the dwarf shrub

Dryas drummondii Richards. (<@.1 m in height). The second phase of

successional plant community development found on moraines 7 and 5
were daminated by D. drummandii, H. boreale and the low shrub S.
glauca. Picea englmannii Parry ex Engelm. was beginning to emerge
above the Salix on moraine 5. The third phase, the oldest plant

canmunities on the Robson moraines were found on moraines 3 and 1.
They were daminated by P. engelmannii, the dwarf shrub Arctostaphylos
rubra (Rehder & Wils.) ‘Fern., H. boreale, the bryophyte Brachythecium

§p., and the lichens Cladonia cariosa (Ach.) Spreng and C. pyxidata

(L.) Hoffm.
No climatic data are available for the immediate area of Mount

¥ Nomenclature follows Ireland et al. (1988), Moss (1983),
ard Hyan (1987).
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Robson. The nearest weather station is at Red Pass Junction, 26.2 km
to the southeast of the mountain at an elevation of 1059 m. Mean
daily temperature and total precipitation at this station are 1.7 °C
and 742.6 mm. Approximately 54% of the total precipitation occurs as
snowfall (Anonymous 1982a and b). The climate at the atudy site is
undoubtedly colder and wetter than Rad Pass Junction due to great.er
elevation., The 1985 mean daily air tamperature and precipitation for
July and August were 11.1 °C and 16.3 mm and 7.5 °C and 86.1 m,
respectively. The 1986 mean daily tamperature and precipitation for
July was 7.4 °C and 75.5 mm and for August 1-23 was 9.3 °C and 18.5
mm.

Soil development. was first described by Tisdale et al. (1966) and
more recently by Sondheim and Standish (1983). In general the soils
are well drained loams with 49-70% coarse fragment (>2 mm) content.
Orthic Regosols accur on the more recently formed moraines while
Orthic Butric Brunisols have developed on the older moraine 1. All
soils are highly calcareous (76-86% Ca(D equivalent) and slightly
alkaline (pH 7.95 to 7.75). On the oldegt recessional moraine, both
soil organic matter and soil nitrogen content are approximately 10
times greater than they are on the yourngest. (Sondheim and Standish
1983).

5.3 Methods
Field Studies

The percent cover of each species was estimated in 10x13 om
quadrats. This size was considered small enough to detect the pat.tern

of most vascular plants and larger mats of mosses and lichen thalli,
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but not so amall that an impoesibly large number of Quadrats would be
neaded to cover a reasonable length of transect. A 30x30 om frame was
divided into a grid of 9 10x180 om quadrats and sequantially placed
along a 68 m belt transect. One belt transect of 1880 quadrats
(3600 quadrats) was sampled on each moraine. Each belt transect was
randanly located within a 6 m section of the middle of the south slope
of each moraine and traversed a predetermined survey line (see Figure
2-1),

Sampling was carried out during July and August 1985,

Pattern Analysis

The transect data were analyzed using Hill's (1973) two-term local
quadrat variance (TTLQV) method, a modified block-size analysis of
variance. Gontiguwous quadrats were sequentially blocked together in
groups of 2, 3, 4 ... 153. The variance was plotted as a function of
block size and peaks in this graph were interpreted as corresponding
to the scales of pattern in the vegetation in the usual way (Greig-
Snith 196la; Usher 1975; Ludwig 1979; Kershaw and Iooney 1985). The
scale of pattern is defined by the average of the mean size of patches
(dense vegetation) and the mean size of gaps (sparse vegetation) along
the transect. Parallel transects of contiguous quadrats were amployed
to campare the peaks in variance and the heterogeneity among the
variance-block size plots.

Recently Dale and MacIsaac (1988) have proposed refinements to the
interpretation of Hill's ( 1973) TTLQV method. Their modifications
enable one to estimate and compare the intensity of several peaks in

the same data, to remove the overriding effect of larger more intense
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patterns on less intanse smaller acale patterns which are often
obliterated or appear cnly as "shoulders" in the baaks associated with
the larger block sizes (Figure 5-1), and to detect peaks that are due
to resonance, i.e., harmonic or regular waves which occur in data with
an exact periodicity (Usher 1975). For a perfect pattern, the
intensity of pattern is essentially the difference betwean the mean
abundance of vegetation in the patches and gaps. The estimatad
intensity 4 that gives rise to the peak in the variance-black size
plot is defined by Dale and MacIsaac (1988) to be a function of the

variance V  at block size b and the block sizes

b
d ./ 6b Vb/(b2+2)

where d is the intensity of a perfect patch at scale b that would give
rise to the observed variance, the maximum possible would be around

108, since cover was measured as a percent.

Mean cover (% cover/18x1# an quadrat) and the frequency (%) of
each species in quadrats in each transect were included to aid in the
interpretation of pattern intensity. A high proportion of ampty -
quadrats can lead to aberrant results (Errington 1973; Ludwig and
Goodall 1978) and caution should be exercised in interpreting the

pattern results in such cases.

5.4 Results

The results of the pattern analysis for the most comon species on
the Robson Moraines are shown in Tables 51 to 5~13. In the tables
the peaks are aligned in a totally subjective way to make comparisons
easier. However, it is realized _that this may give the impression
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that. there was nbre regularity among transects than there actually
was. A summary of the number of scales of pattern for each species on
each moraine are shown in Table 5-14. The raw data for each species
in transect. 2 are shown in Appendix IV.

There was little change in the number of scales of pattern with
increasing surface age, and a general increase in the intensity of
pattern of tle daminant colonizer Hedysarum boreale with increasing
surface age, reaching a maximum on the intermediate moraine 3 and

declining on the oldest recessional moraine (Tables 5-1 and 5=14).
Hamogeneity among transects was highest. on the early moraine 8 and at
block sizes of 3 to 7 and 8 to 1@ with increasing moraine age.
Homogeneity refers to the coincident occurrence of three peaks at a
particular block size range in the three transect analysis.

Dryas drummondii, a dominant colonizer on the intermediate
moraines 7 and 5, showed little change in the number of scales of

pattern with increasing surface age, and a general increase in pattern
intensity with increasing surface age reaching a peak on moraine 5
(Tables 5-2 and 5-14). The scale of pattern was heterogeneous among
the transects, as demonstrated by the occurrence usually of only 2
peaks at a particular block size in the three transect analysis (Table
5-2). Dryas octopstala L., a late colonizer on the Robsan moraines,

showed a general decline in the number of scales of pattern, and an
increase in pattern intensity with increasing surface age (Tables 5-3
and 5-14).

Salix glauca, a dominant. shrub on all the moraines showad a

relatively stable number of scales of pattern with increasing moraine

age, and an increase in pattern intensity with increasing surface age
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reaching a peak cn moraine 5 ('rabies 5-4 and 5-14).
Salix vestita showed a persistent scale of pattern at a block size
of 6 to0 8 throughout the Robson chronosequence (Table 5=5). Pattern

intensity and the nurber of scales of pattern declined with increasing
moraine age (Table 5-14).

Salix barclayi (includes S. brachycarpa Mutt. ssp. brachycarpa
which could not be readily distinquished fram §. barclayi Anderss. in
the field) showed several persistent. scales of pattern on all the
moraines (block sizes 6 to 8 and 16 to 21) (Table 5-6). Ppattern
intensity decreased with increasing surface age 0 a low on moraine 1.
The nurber of acales of pattern showsd little change with increasing
moraine age (Table 5-14).

Arctostaphylos rubra, a dominant understory species on the older

moraines (3 and 1), showsd little change in the number of scales of
pattern and pattern intensity with increasing surface age (Tables 5-7
and 5-14).

Picea engelmanii, the dominant species on the older recessional

moraines, showed a general increase in pattern intensity with
increasing surface age (Tables 5-8 and 5-14). The number of scales of
pattern reached a peak an moraine 3 and declined slightly on moraine 1
(Table 5-14).

Cladonia spp., the dominant lichen on the oldest moraines (3 and
1), showed hamogeneous scales of pattern among the three transects on
moraine 7 (block size 3 to 4 and 19 to 22) and the older moraine 3 at
block sizes of 4 to 6 and 33 to 36. Pattern intensity increased with
surface age to a maximum on moraine 3 for several scales of pattern

(block sizes 4 to 6 and 33 +o 36), but continued o increase at block
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8izes 11 t0 14 (Table 5-9). The number of scales of pattern ramained
relatively constant with increasing moraine age (Table 5~14).
Brachythecium spp. (includes B. turgidum (C.J. Hartm.) Kindb. and
B. groenlandicum (C. Jens.) Schljak.), the dominant moss on the
moraines, showsd a amall increase in the nunber of scales of pattern

and a general decline in pattern intensity with increasing surface age
(Tables 5-1@ and 5-14).

Bryum spp. generally showad a heterogeneous scale of pattern among
the three transects an the moraines, excapt. for block sizes 6 to 7 on
moraine 3 and block sizes 22 to 25 on moraine 1 (Table 5-11). Pattern
intensity generally increased with increasing surface age to a peak on
the late recessional moraine 3. The number of scales of pattern
increased with increasing moraine age (Table 5-14).

Tortella inclinata (Hedw.) Limpr. showed a decrease in the nunber

of scales of pattern with increasing surface age, and an increase in
pattern intensity with increasing moraine age to a maximum on moraine
3 (Table 5-14). On moraine 1 there was a minimal development. of
pattern with only a few single peaks in the variance-block size
analysis (Table 5-12).

Ditrichum flexicaule (Schwaegr.) Hampe, also an important moss on

the Robsan moraines, generally showed heterogeneous scales of pattern
among the three transects, except at a block size of 407 m
moraines 8 and 5 and a block size of 11 to 14 on moraine 5 (Table 5-
13). Changes in pattern intensity with age were generally irregular
ard lowest on moraine 5. The number of scales of pattern remained
relatively constant an moraines 8 through 3 but declined on the oldest

moraine (1) (Table 5-14). There was a minimal development. of pattern
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on moraine 1 even though the mean cover and frequancy of occupied
quadrats was highest on this moraine (Table 5-13).

5.5 Discussion

Kershaw (1959) and Greig-Smith (1961b) postulated that the initial
colonization of an area would be randam unless more favorable
microsites were available to a species and then a non-randam pattern
could occur. In the early stages, pioneer species should show a
relatively small scale of pattern, intense and morphologically
determined, although environmental heterogeneity may result. in a
second larger scale of pattern. A maximum scale of pattam for any
ane species should be reached at the stage of succession optimal for
the species. The later stages of succession should show either: a) a
decrease in the acale of pattern if conditions for the species became
unfavorable due to interference fram other species, or b) an unchanged
scale of pattern if conditions became generally unfavorable together
with a decrease in intensity as a result of the randam elimination of
individuals within patches. The later stages of camunity development.
should show little pattern (the randam distribution of individuals)
with a reduction in the intensity and number of scales of pattern
which are indicative of vegetation development. approaching a steady
state, '

The results of the spatial pattern analysis by species of the
Robson chronosequence showed that. pattern intensity increased
initially followsd by a general reduction in the intensity of pattern
with coomunity development following the trends suggested by Greig-
Snith (1961) and Kershaw (1959). However, the number of scales of
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pattern by species remained relatively constant on the Robson
chranosequence, and showsd no tendency o decrease an the older
moraines.

It is concluded that. the changes in species spatial pattern that
have occurred in the last 280 years on the Robson moraines do not
represent an initial phase of vegetaticn change culminating in a
steady state in comunity development. This conclusion is alao
supported by the absence of same species on the older moraines that
are characteristic of old-growth forests in the area such as Cornus

canagensis L. and Pleurozium schreberi (Brid.) Mitt. Abies

lasiocarpa, a dominant old-growth forest species is still sporadic on
the moraines (see Chapter 2). This is not consistent with the
findings of sondheim and Standish ( 1983), that. nitrogen and organic
carbon in soils on the Robson moraines appear to have reached a
"temporary steady state” in less than 200 years, during which rates of

change are relatively low.



Figure 5-1. Two-term local quadrat variance (TTLQV) plots for two
scales of pattern (block size 4 and 22) with three intensities at the

larger scale (fram Dale and MacIsaac 1988).
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Table 5-14.

each species on the Robson moraines.
species the moraine with the highest intensity

of pattern is underlined.

The nurber of scales of pattern

(peaks in the variance-block size plots) for
For each

Species

Moraine

($2]

[

Hedysarum boreale
Dryas drummondii

ag octopetala
Sallx glauca
Salix vestita
Salix barclayi
Arctogtaphylos rubra

Picea enge 1
mga spp-
Brac@ecim spp.

Tortella inclinata
DItrichun flexicaule
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6. DINITROGEN FIXATION (ACETYLENE REDUCTION) IN PRIMARY
SUCCESSION' NEAR MOUNT ROBSCN, BRITISH COLUMBIA *

6.1 Introduction

All the nutrients required for plant growth are often present in
the soil parent material, except nitrogen (Jenny 198@), which
originates primarily through biological-fixation (Black 1968).
Nitrogen is often limiting in the early stages of primary succesaion
(Vitousek and Walker 1987) and is a critical factor in the development
of ecosystams (Marrs et al. 1981).

The importance of nitrogen-fixing organisms in the build-up of
soil nitrogen during primary succession has been widely reported
(e.g., Dickson and Crocker 1954; Crocker and Major 1955; Crocker and
Dickson 1957; Leisman 1957; Olson 1958; Tezuka 1961; Tisdale et al.
1966; Viereck 19667 Lawrence et al. 1967; Stewart and Pearaon 1967;
Syers et al. 1970; Van Cleve et al. 1971; Jacobson and Birks 1983;
Skeffington and Bradshaw 1980; Fitter and Parsons 1986). However,
only three of the aforementioned studies have examined biological
dinitrogen fixation directly. lawrence et al. (1967) studied nitrogen

15
fixation ( N ) by Dryas drumandii, an important colonist at Glacier
2

Bay, Alaska, in greenhouse experiments. Stewart and Pearson (1967)
15
examined dinitrogen fixation ( N ) in Hippophae rhamnoides on sand
2

dunes in eastern England. Skeffington and Bradshaw (1980) examined

nitrogen fixation rates (C H reduction) associated with leguminous
22

* A version of this chapter has been submitted for publication.
Blunden, D.J. and M.R.T. Dale. Arctic and Alpine Research.
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spacies (e.g. Lupinus arboreus) and non-leguninous species (e.g.
Agrostis tenuis), and ni*.mgan accumulation during the natural

development. of ecosystans on china clay waste in England.,

At Glacier Bay, Alaska (59 °N, 136.5 °W). Crocker and Major (1955)
found that total soil nitrogen increasad by a factor of 45 during the
first 100 years of glacial retreat, while Sondheim and Standish (1983)
reported a 10-fold increase at Robson Glacier, British Colurbia
(53.1 °N, 119.1 °W) for a camparable length of time. At the Herbert
and the Mendenhall glaciers in Alaska (58.5 °N, 134 °W), total soil
nitrogen increased 6-fold during the first 120 years after glacial
retreat. (Crocker and Dickson 1957). During the firat 3¢ years of
dune succession along the southern shore of Lake Michigan (41.5 °N,
87.5 °W), total soil nitrogen increased approximately 15-fold (Olaon
1958).

Tilman (1982) has proposed a resource ratio hypothesis for primary
succession which predicts thar. succesaion is directional or
predictable only to the extent. that the relative supply rates of
limiting resources change in a directional or predictable manner. If
this hypothesis is correct., then the rates of biological nit.rogen
production by nitrogen-fixing organisms will strongly influerce the
rate of plant succession on the Robson moraines.

The dbjective of this study was to estimate the rate of biological
dinitrogen fixation in successional plant. camunities on the Robson

moraine chronosequence.

6.2 Site Description
Mount: Robson (3954 m) is the tallest mountain in the Canadian

Rockies and supports a major ice and snow field. The Robson Glacier,
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the largest on Mount Robson, has deposited a terminal moraine and
appmxmtely 16 recessional moraines during the past 200 years (Plate
2-1). The Robson moraines (53.1 °N, 119.1 °W) are situated at an
elevation of 1662 + 14 m. The moraines under study are 1.49, 1.17,
ard @.66 km north (315°) from the terminus of the glacier, and are
referred to as moraines 1, 5, and 8, respectively., These recessional
moraines were formed in approximately 1881, 1912, and 1939 (Heusser
1956).

The vegetation on these moraines is representative of three phases
of plant cammnity development found on this chroncsequence, The
first phase, the "pioneer" successional mnmi.ty. was dominated by
Hedysarum boreale var. mackenzii Matt. (Rich.) , the low shrubs salix

vestita pursh and Salix glauca L. (<1 m in height) and the dwarf shrub
Dryas drummondii Richards. (<@.1 m in height). The second phase of
successicnal plant commmity development found on moraines 7 and 5

were daminated by D. drumnondii, H. boreale and the low shrub 8.
glauca. Picea englmannii Parry ex Engelm. was beginning to emerge
above the Salix an moraine 5. The third phase, the oldest plant

camunities on the Robson moraines were found an moraines 3 and 1.
They were dominated by P. engelmannii, the dwarf shrub Arctostaphylos
rwbra (Rehder & Wils.) Fern., H. boreale, the bryophyte Brachythecium
§p., and the lichens Cladonia cariosa (Ach.) Spreng and C. pyxidata

(L.) Hoffm.
No climatic data are available for the immediate area of Mount

Robson. ‘The nearest weather station is at Red Pass Junction, 20.2 km

¥ Nomenclature follows Ireland et al. (1980), Moss (1983),
and Bgan (1987).
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to the southeast. of vf.he ubumain at an elevatim of 1459 m, Maun dﬁily
tamperature and totai precipiuticn at this atation are 1.7 °C and
742.6 mm. Approximately 54% of the total precipitation ooccurs as
snowfall (Anonymous 1982a and b). The climate at the study site is
undoubtedly colder and wetter than Rad Pass Junction due to greater
elevation.

Soil development. an the Robson moraines was first described by
Tisdale et al. (1966) and more recently by Sondheim and Standish
(1983). In general, the soils are well drained loams with a 43 to 70%
coarse fragment. (2 nmm) content.. Orthic Regosols occur on the more
recently formed moraines while Orthic Eutric Brunisols have developed
on the oldest moraine (Sondheim and Standish 1983). ALl soils are
highly calcareous (76-86% CaC0 equivalent) and slightly alkaline (pH
7.75 %0 7.95). On the oldest :ecessional moraine both soil organic
matter and soil nitrogen content are approximately 1@ times greater
than that on the youngest (Sondheim and Standish 1983). The build-up
of total soil nitrogen occurs in three phases. There is a phase of
slow nitrogen accumulation during the first 5@ years of colonizat.ion,
followed by a rapid accumulation phase fram 50 to 188 years, and
finally a plateau phase of slow decline fram 188 to 200 years (Figure
6-1).

6.3 Potentjal Nitrogen-Fixing Qrganiams
These phases of nitrogen accumulation correlate well with the

abundance of the potential nitrogen-fixing plants, Hedysarum boreale

and Dryas drumondii, which attain their peak cover during the phase

of rapid accunulation.
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Worley (1973) has described a black crustal developgment in the
early stages of primary succession at Glacier Bay, Alaska. He applied
the term 'black crust' to at least three separate crust types on
recently deglaciated surfaces: a) Cyanophyta mats camposed principally
of either a £ilm of Scytonama and Nostoc overgrowing moss colonies, or
of Glosocapsa and Phormidium on mineral substrate surfaces; b) mats of
the leafy liverwort Lophozia badensis (Gott.) Schiffn. which may be
filled with blue-green algae (e.q., Nostoc sp.); and ¢) lichen mats.

Nostoc sp. (e.g., N. camune Vauche), a potential nitrogen-£fixing |
organism, appears to be most cammonly associated with mosses on the
early recessional moraines, which suggests that mosses may be sites of
nitrogen fixation. Mosses attain their peak cover 82 to 100 years
after colonization (Chapter 2). Gloeocapsa sp. is found growing as a
'black crust' an the mineral substrate surface of the youngest
moraine,

Fourteen species of lichens are known to colonize the Robson
moraines and form an important camponent of the understory vegetation
on the older moraines (Chapter 2). Same of these lichens (e.q.,
Peltigera aphthosa (L.) Willd., P. rufescens (Weis) Hurb., Panneria

pezizoides (Weber) Trevisan, Solarina saccata (L.) Arch, and
Stereocaulon sp.) are known to fix nitrogen (Millbank 1976). The most

abundant lichens on the older recessional moraines are Cladonia

cariosa and C. Pyxidata but have not been reported to fix nitrogen.

The lichen Rinodina turfacea (Wahlenb.) Korber forms a 'black crust'

on the older moraines.

Barbilophozia lycopodioides (Wallr.) 1pesk., and Iophozia sp. also

colonize the older moraines. Examination of these hepatics with a
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hand lens revealed the presence of colonies of Nostoc sp. amang the
thalli, indicati@ tﬁat hepatica may be sites of nitrogen fixation.
However, these leafy hepatics do not form a 'black crust' on the
Robaon moraines as they do at Glacier Bay, Alaska (Worley 1972).

The shrub Shepherdia canadensis (L.) Mutt. bears nitrogen-fixing
ncdules (McNabb and Geist 1979) and the dwarf shrub Dryas octopetala
L. is known to be nodulated (Lawrence et al. 1967) but has not been
reportad to f£ix nitrogen (Waughman et al. 1981). Both are laté
colonizers on the Robson moraines. Dryas integrifolia M. Vahl also

colonizes the moraines and has recently been reported to fix nitrogen
(Henry and Svoboda 1986). Arctostaphylos uva-ursi, an early colonizer
on the Robson moraines, was thought to have nitrogen-fixing root
nodules (Allen et al. 1964; Bond 1974) but was later reported to be
mycorrhizal (Becking 1974) or have vegetative buds (see Bond and

Wheeler 198@).

6.4 Methods

Recessional moraines 8, 5, and 1, representing three phases of
plant camunity development, were sampled for their nitrogen~fixing
potential using the acetylene reduction technique (Stewart et al.
1967). Samples of potential nitrogen-fixing organisms (Hedysarum
boreale var. mackenzii; Dryas drummondii; D. octopetala; Shepherdia
canadensis; Nostoc cammune; the mosses, Tortella inclinata (Hedw.)

Limpr., Bryum sp., and Ditrichum flexicaule (Schwaegr.) Hampe. in

association with N. cammune; the lichens, Peltigera aphthosa, P.

rufescens, Cladonia pyxidata, C. cariosa and Rinodina turfacea; and

free-living soil micro-organisms (e.g., Gloeocapsa sp.) were placed in



either 435, 465, 988, or 1706 ml glass canning jars and sealed with
lids fitted with butyl rubber stoppers. Within approximately 15
minutes of collecting the sample, air was ramoved by syringe fram the
jar and purified acetylene was introduced to give a 9;1 v/v air
acetylene mixture. After 1 hour, a 14 ml gas sample was ramovad and
injacted into a 100x16 mm Vacutainer tube (Becton/Dickenson) which had
previously been opaned, aired and re-evacuatad to remove contaminating
gases (Marowitch et al. 1987). The selection of a short incubation
period was based on recammendations by Hardy and Holsten (1977),
Sloger (198@), Knowles (1984), and Silvester(1983). After 1 to 3
weeks, samples of 1 ml were removed fram the tubes and analyzed for
acetylene and ethylene with a Hewlett-Packard 5880 gas chraomatograph,
fittad with a Poropak Q colum (3.¢5 m) and a flame ionization
detector,

Total ethylene (imol) was estimated by the method of Turner and
Gibson (1980), An ethylene standard (pmol/unit area under peak in
calibration curve) was determined for each assay vessel fram the
average of 19 to 2@ injections of a known volume of pure ethylene.

Samples were collected four times during the 1986 field season,
July 3-7, July 17-23, July 31-August 9, and August 14-22 cn moraine 8

and the last three times on moraines 5 and 1. Barbilophozia

lycopodioides was sampled between August ‘14 and 22. Shepherdia

canadensis was sampled between August 14 and 22, 1986, and between
July 2 and 6, 1987, on moraine 1. Dxryas drummaondii and D. octopetala
were sampled between July 3 and 7, 1986, on 7. A minimum of six

samples of each organism were collected during each sample period.

Five samples were incubated with acetylene and one was used as an
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uninnoculated control o determine natural ethylene production.
Ethylane was not detected in any of the controls, and thus ethylene
production was a product of acetylene reduction. |

Whole plants of H. horeale, §. canadensis, D. drumondii, and D,
octopetala were excavated and incubated in buried jars to approximate
true soil temperatures. Care was taken to remove soil adhering to the
root.s and to ensure that nodules remained attached to the roots.
Excision of roots from shoots of crop legumes is believed to
significantly depress ethylene production (Smith and Hume 1987).
Howaver, Grove and Malajczuk (1987) found that excision had no
significant effect on vates of ethylene production in forest. lequmes.

Each moraine was divided into 3 sections (lower, mid, and upper
slope), and within each section, samples were taken at. regularly
spaced intervals to ensure that. a range of sites were sampled. Due to
the difficulty of excavating S. canadensis with intact root. nodules,.
sanples were removed where they could be found.

Soil cores (5.5 an x 5 an deep) fram vegetated and unvegetat.ed
sufaces were incubated in buried jars to simulate soil temperatures.
Moss and lichen cores were incubated in jars left. 5 am above ground
level to allow sunlight to enter for photosynthesis. The lichen
samples wers moistened with a few drops of water. Thalli of Nostoc
camune, sufficient to cover the bottom of the incubation vessel, were
oollected fram the bottam mud of several temporary ponds. The
incubation jars were placed in a pool of water o allow light
penetration and temperature equilibrat.ion.

The abundance of organisms which were examined for nit.rogen

fixation was determined for each moraine as part of a vegetation study
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(see Chapter 2). Eight 25 m2 quadrats, each containing 5 contiguous 1
mz quadrats, were preferentially located on moraine 8 and 10 were
located on moraines 5 and 1. The density of §. canadensis was

determired on moraine 1 fram 14 randamly placed 25 m quadrats. No
attempt was made to determine the abundance of Nostoc cammune and
Gloaocapsa sp.

The nurber of nodules per plant on each moraine was determined for
Hedysarum horeale by excavating 20 randamly selected plants, arnd for
Shepherdia canadensis by excavating 17 randamly selected plants. For

Dryas drummondii and D. octopetala, 3¢ plants were excavated.
Surface and soil temperatures (5, 16, 15 and 25 am depth) on

moraine 8 were monitored hourly throughout the field season using
thermistors and an autcmated data logging system (Campbell Scientific
CR5). Temperatures of the buried incubation jars and adjacent soil
were also measured periodically. Differences between the jars and
adjacent gsoil ranged fram -1 to +5 °C.

Air temperatufe was recorded by Belfort hygrothermograph and
precipitation by Taylor rain guage on moraine 1 during July and August
1985 and 1986. The hygrothermograph was housed in a Stevenson Screen
(base height 115 am). The rain gauge rim height was 41 am.

Mean rates of ethylene production (umol rn.2 h-l) for each organism
on each moraine were calculated for the entire field season. Mean
rates of ethylene production were adjusted for cover (%) to determine
total rates of ethylene production for each organism by moraine. For
conversion of acetylene production to dinitrogen fixation, the
theoretical ratio (3:1) was used (Minchin et al. 1983). Estimates of

annual nitrogen input fram each moraine were based on a daily 8 hour
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nitrogan-fixing pericd (mean hourly air temperature >1@ °C) and an
estimated 98=-day growing season,

6.5 Rosults
Tamperature and Precipitation Data

The 1985 mean daily air temperature and precipitation for July and
August were 11.1 °C and 16.3 mm and 7.5 °C and 86.1 mm, respectively.
The 1986 mean daily temperature and precipitation for July was 7.4 °C
and 75,5 mm and for August 1-23 was 9.3 °C and 1@.5 mm.

The mean and range of surface and soil temperatures for the July

and August 1986 incubation period are shown in Table 6-1.

Acetylene Reduction Activity

A summary of the mean seasonal acetylene reduction activity for
each moraine by all potential nitrogen-fixing organisms is given in
Table 6-2.

On recessional moraine 8 the highest activity rates were found for
colonies of the blue-green alga Nostoc commme (169.84 + 23.13 umol
m-2 h-l) in ponds, which was almost twice that of the legume

-2 =]
Hedysarum boreale (57.47 + 11.47 ;»olm h ). Nostoc in association

~ with mosses, and soil cores in vegetated areas showed camparable
acetylene reduction activities (23.52 + 4.32 and 26.05 + 8.69 ol m-2
h-l, respectively) followed by soil cores in unvegetated areas (19.80
+ 10,15 ymol m-.2 h-l) + Blue-green algae colonies were noted in thrae

of the soil cores, suggesting that N. camune may also be an important
nitrogen-fixing organism in soils on the younger moraines.
On the intermediate moraine 5, H. boreale showed the highest

-2 =1
acetylene reduction activites (45.66 + 5.71 ol m h ) followed by
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-2 =)
soil cores in vegetated areas (17.74 + 3.4l ol m h ). Nostoc

associated with mosses, and soil cores in unvegetatad areas, showad

camparable acetylene reduction activities (3.35 + .74 and 2.95 + 0,70
-2 =l
wolm h , respectively) (Table 6=2).

No nodules were found on the roots of Dryas drummondii or D.

octopetala. As a ccnsequence,'ghe_?cetylene reduction activity of D.
drummondii (1,97 ¢+ .22 umlm h ) and D. octopetala (1.14 + 2.76
ol m-z h-l) were very low. Tisdale et al. (1966) reported finding
nodules on the roots of Dryas at. the site, as well as on Hadyaarum
boreale. They found that nodules on Dryas were about. ane quarter of
the abundance of nodules found on Hedysarum. During this study,
nodules were sometimes found among the roots of D. drumondii, but
were never found attached to the main root stock. Based on a Dryas to
Hedysarum nodule ratio of 1:4 (Tisdale et al. 1966), and estimates
fram this study of 42, 8, and 3 rodules per plant for Hedysarum on
moraines 8, 3, and 1, one would expect. ton find a small number of
nodules an Dryas roots (.79 nodules per plant an moraine 1, 1.6
nodules per plant on moraine 5 and 16 nodules per plant on moraine 8).
It is conceivable that nodules on the roots of Dryas ocould go
undetected on moraines 1 and % due to their diffuse pattern of
nodulation (Lawrence et al. 1957) and the degree of difficulty of
excavating intact root systems. However, the latter was much less of
a prablem on the younger moraine 8 and still no nodules were found.
Therefore, fram the findings from this study and Tisdale et al. (1966)
it appears that D. drummondii and D. octopetala are not nodulated on

the younger moraines and only to a small extent on the older moraines-
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On the oldest recessional moraine, higﬁest mean rates of acatylené
“reduction were found for the lichens Pe tigera aEhthoa a and p.
Tufescens (24.84 + 13.60 and 6.96 + 3. 36mlm- h ). Mxh lowr
levels of acetylene reduction were found for the ramaining organisms
on moraine ) (Table 6-2), Shepherdia canadensis had the lowest mean
rates of acetylene reduction on the moraines (Table 6~2)» This may be
a result of several factors, Only saplings of S, canadensis (shoots
1240 om in height, rcots 16-27 am in length) could be incubated due
to the volume restriction of the incubation vessels. Some of the
nodules of S. canadensis appeared to be old and in poor cordition (26%
of the nodule meristems were darkened in colour). This ia in marked
cantrast to the fleshy creamy-yellow nodule clusters found an
Hedysarum boreale roots. Also, the low levels of ethylene production

may be due to a lag phnse in acetylene reduction. Gas samples removed
from the same incubation vessel after a 1/2 hour, 1 hour and 2 hour
periads showed a 24% (n=3; increase in ethylene. This is in contrast
o the vigorous ethylene production and increases of 180% for soil
~cores (n=2) and H. boreale (n=6) aftar a 1/2 hour and 1 hour period.
The estimated mean cover (%) of unvegetated and vegetated soil,
ponds, mosses and potential nitrogen-fixing organiams on the Rebaon
moraines is summarized in Table 6~3. The highest total rate of
ethylene production on all the moraines was on the youngest
recessional noraine (8). Hedysarum boreale made the greatest

-2 =]
contribution (57.47 + 11.77 om0l m h ) to the total ethylene

production on moraine 8 followed by unvegetated soil (15.73 + 8.06
-2 -1
aolm h ) (Table 6-4). Nostoc, free living in ponds and in

association with mosses on land, made only small contributions to the




137

’ i ' o -2 =1
total ethylene production (8.981 + 2,208 and @.53 + .16 wOlm h ,

respectively) because of their low cover on the moraine (Table 6-3).

On roraine 5, H. boreale made the greatest contribution to the total
- -2 -l

ethylene production (45.66 + 5.71 ymol m h ) followed bg vegetated

and unvegetated soil (10.22 + 1.96 and 1.21 + 0,29yl m h ,

respectively). The lowest total rate of ethylene production was found

on moraine 1. Hedysarum boreale made the greatest contribution to the
total ethylene production (8.91 + 1.73 umol m-.2 h-l) followed by
vegetated soil (2.77 + @.37 umol m“2 h-l). and Nostoc associated with
mosses (3,232 + 3.878 jmol m.-2 h-l). Peltigera aphthosa and B.

rufescens only made small contributions to the total rate of ethylene
-2 =1
production (@.012 + @.807 and @.031 + 0.615 amolm h ,

respectively) because of their low cover (Table 6-3). Cladonia spp.

made a small but higher contribution than Peltigera to total ethylene
-2 =l
production (@.190 + @.657 ol m h ) because of its higher cover

(Table 6-3). The remaining organisms contributed little (Table 6~4)
due to their low mean ethylene production (Table 6~2) and cover (Table
6=3).

The estimated annual N input £ m nitrogen fixation on the Robson
moraines is shown in Table 6~5. The highest values were on the
youngest moraine (534 mg N m-.2 yr-l) and decreased to a low of 68 mg N

-2 -1
m yr an the oldest moraine. Hedysarum boreale contributed the

majority of nitrogen on all three moraines 8, 5, and 1 (72, 79, and
873%, respectively) followed by soil micro-organisms (26, 2d, and 8%,
respectively). All the other organisms made a minor contribution to

the estimated annual N input (Table 6~5).
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6.6 Discussion

There are few studies that have examined biological nitrogen
fixation in relation to primary succession (see Waughman et. al. 1981).
In addition, a variety of techniques have been used to assess nitrogen
fixation (i.e., acetylene reduction, isotopic studies, N balance and
biamass accretion) making direct camparison of results difficult.
However, when total soil nitrogen is low (<@.1%), the majority of
nitrogen in diazotrophs is generally due to fixation, and est.imates of

accretion and nitrogen-fixation are comparable (Silvester 1983).

At Glacier Bay, Alaska, the early colonizer Dryas drummondii
-2 =]

accumulated 762 my N m  yr over a 42 year period (Lawrence et. al.
-2 =l
1967) and yp 0 1236 My Nm yr over 25 years, while the secondary

-2 =1
colonizer Alnus crispa accummulated 6808 mg N m yr over a 43 year

period (Crocker and Major 1955). At Glacier Bay, Dryas is less
effective than A. crispa in building up soil nitrogen, but is
important in places where Alnus is absent (Lawrence et. al. 1967). On
recessional moraines of the Athabasca Glacier, Alberta (52.2 °N,
117.2 °W), Fitter and Parsons (1987) found that D. drummondii was not.
nodulated and speculated that the slow accumulation of soil nitrogen

was due to a lack of synbiotic fixation. Dryas drummondii does not:

appear to be nodulated on the Robson moraines and is a dominant early
colonizer an the moraines. To campare properly the N input. of D.
drummondii on the Robson moraines with that at Glacier Bay and on the
Athabasca moraines, the net amount of biclogical nitrogen contributed
would have to be based on estimates of biomass accretion. It is

hypothesized that. Hedysarum boreale var. mackenzii has a primary role

similar 0 A. crispa at Glacier Bay, whereas soil micro-organisms
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(e.g., Glosocapsa sp.) and blue-green algae (e.g., Nostoc commune)
appear to play a gecondary role similar to that of D¢ drumundii at
Glacier Bay.

Nitrogen fixation by herbaceous legumes during primary succession
on abandoned mine spoils has been investigated (Skeffington and
Bradshaw 198¢) but to the best of my knowledge, has not been
previously examined in natural primary succession. Skeffington and
Bradshaw (1988) found that nitrogen fixation rates associated with
leguninous species were ten times greater than that of non-leguminous
species and were the most effective of all the species in the
pramtion of nitrogen accumulation in the reclamation of china clay
waste in England. Intensive studies of the nutritional role of the
tree lupin Lupinus arboreus in coastal sand dune forestry in New
Zealand showed that the lupin contributed approximately one-quarter of
the nitrogen required for Pinus radiata growth ( Sprent‘ and Silvester

1973; sprent 1973). Jefferies et al. (1981) found that nitrogen
accynulated by Trifolium repens may became avajilable to associated

species on nutrient deficient mine spoils. They found that the

biamass of the campanion grass Agrostis castellana sown with the

legume was 4.75 times that of the grass grown in monoculture.

Hedysarum boreale may play a similar role an the Robson moraines.

Salix glauca, Salix seedlings, and Picea engelmannii were found more

often within clumps of H. boreale than not, suggesting that H. boreale
may provide "safe sites" and facilitate establishment and growth (see
Chapter 4).

Skujins et al. (1987) examined dinitrogen fixation in a Picea

ergelmannii secondary succession. They found that Lupinus argenteus



made a marked eontrib\_:;ion (558%) to the nitrogen input in the
intermediate Populus tremuloides stage, which was lower than the
nitrogen contribution made by H. boreale (79%) an intermediate
recessicnal moraine 5. However, the mean nitrogen-fixation rate by H.

boreale of 3.22 + @.46 MOl CH h per plant was very similar to

24 -1
that of L. argenteus (3.12 + 1.64 im0l CH h per plant).
-2 =1 24

The annual input (8 mg Nm yr ) on the 185 year old
recessional moraine 1, which was dominated by Picea engelmannii, was
very similar to that found in an Australian Pinus radiata forest where

A -2 =]
litter and soil micro-organisms fixed 64 myNm yr (Baker and

Attiwell 1984). This value was higher than that found in a 120 year

old Swadish Pinus silvestris forest where free-living nitrogen-fixing
-2 =l
micro-organisms added 35 my N m yr (Granhall and Lindberg 1978),

and was also greater than that found in a subalpine P, engelmannii
forest in Utah where synbiotic and non-gynbiotic nitrogen-fixing

-2 -1
micro-organisms added 32 mg N m yr (Skujins et al. 1987).

However, N-input on this oldest moraine was much lower than that fourd

in a mixed Picea abies and Pinus silvestris stand in Sweden where

free~-living micro-organisms, principally blue-green algae in
association with Sphagnum mosses, fixed 320 mg N m-2 yr:-1 (Granhall
and Lindberg 1978).

Stewart and Pearson (1967) examined nitrogen fixation (15N2) by

Hippophae rhamnoides (Elaeagnaceae) a daminant colonizer on sand dunes

in eastern England. They found nitrogen fixation increased fram 442
-2 =1 -2 -1
my Nm yr on embryo dunes to 5780 my N m yr on intermediate

successional dunes and declined considerably on the mature dunes to
-2 -1
15 my Nm yr . A similar trend has been reportad by Skujins et
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al. (1987) for a subalpine secondgry succession. They !.’ourﬂ that.
dinitrogen-fixation (C H ) increased fram 33 mg N m“2 yr-l in the
early subalpine madwzsgage toll5m N m-z yr-l in the intermediate
aspen stage and fell to 32 mg N m..2 yr-l in the late éucm-sional

Picea engelmannii stage., They concluded that the decreass of nitrogen
fixation could be another mechaniam "tightening" the nitrogen cycle in
late successional cammunities. On the Robason moraines examined, peak

nitrogen fixation occurred on recessional moraine 8 (51 years old) and
declined to a low on the late recessional moraine 1. Thus the overall
trend appears to be a marked drop in nitrogen fixation in the mature
camunities. These results are consistent with the trends to be
expected in ecological succession by Qdum (1969), Vitousek and Reiners
(1975), and Gorham et al. (1979). In less than 208 years, total soil
nitrogen on the Robson moraines appears to have reached a temporary
steady state, where rates of change are relatively low (Sondheim and
Standish 1983). Decreased nitrogen fixation could be one mechaniam
which helps to maintain this steady state,



Figure 6-1. Percent total nitrogen of soils (@-15 am depth) on the
Robson moraines (fram Sondheim and Standish 1983), The position of
the recessional moraines (RM) sampled and the major phases of
vegetation development are shown. The phases of vegetation
development are labeled as:

I. Pioneer Hedysarum

II. Dryas transition

III. Picea
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Table 6-2. Maan rats of ethyler.: precduction (t 8.E.) and number of samples on
the Rabaon moraines.

“

RECESSTONAL MORATNE
Yoarg . Intarmediate old
8 5 1
ORGANTSM Wl CHy m~2 p7l
Soil:
unvegetated 19.80 (10.15) 2.95 (0.70) —
=25 w15
vegetated 26,05 ( 8.69) 17.74 (3.41) 0.79 (0.38)
=20 =14 =15
Nogtec commme:
free living in ponds 109.04 (23.13) — —
w27
associated with mosses 23.52 ( 4.32) 3.35 (0.74) 1.45 (0.49)
=83 n=55 =36
Lichens:
Peltigera aphthosa —_— — 24.84 (13.60)
n=16
P. mufescens -— — 6.96 (3.36)
=15
Cladonja sp. — — 1.59 (0.90)
) =15
Rincding turfaces -_— — 1.51 (0.96)
=15
Liverwort:
Barbilophozia lycomodioides —_— — 0.532 (0.403)
=5
Vascular plants:
=15
D. octopetala — 1.14 (0.76) -—
=9
Shepherdia canadensis — — 0.015 (0.003)
=50
Hedvsanum boreale
var. mackenzii 57.47 (11.77) 45.66 (5.71) 8.91 (1.73)

=51

=29

=23
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Table 6-3, Estimated maan cover (%) of qumm m tad soil, ponds,

mosses ard 1ivnmm. lichans tead dansity
(plants m™ )Mnmotmmlo per plant are shon
tor shephendis caradensis and Hedveanm boreale.
—-“-—_“
RECESSIONAL MORAINE
ORGANTSM 8 5 h |
Soil:
nwegetated 79.45 (5.06) 41.20 (3,92) 0.0% (0.05)
vegetated 18,00 (4.76) 47.60 (3.90) 98,00 (0.94)
m °'9° — ——
Mosses 2,26 (1.13) 12.02 (3.55) 15.97 (3.06)
Lichens:
P. nufescens 0.05 (0.03) — 0.45 (0.25)
mﬁmﬂ Spv — — 6'32 (1097)
Rinodina turfacea — 0.09 (0.05) 0.96 (0.61)
Liverwort:

0.52 (0.28)

Earhilophozia lyocopodiojdes -
Vascular plants:

Dryag dnmmondii 4.37 (2.29) 13,13 (3.76) 0.01 (0.01)
D. octovetala 1.08 (0.69) 1.42 (0.70) 3,77 (1.17)
{plants m‘s)* -— — 0.39 (0.06)
Hﬁvl?;gm boreale
(plénts n )+ 5.58 (0.80) 14.18 (1.58) 7.80 (1.21)
*hodule meristems per plant — — 11,12 (6.28)

+nodule meristems per plant  80.30 (27.65) 16,10 (3.48) 6,30 (2.03)




Table 6~4. Total rate of ethylens procuction (% 8.2.) on tha Robeon

roraines
M““-

RECESSIONAL, MORATNE

8 5
JM0l CoH, w2 pd

Sojl:
unvegetated
vegetatad

Nogtoc comming:
free living in
associated with mosses

15,73 (8.06)
4.69 (1,56)

1.21 (0.29)
10,22 (1.96)

0.981 (0.208) —_—
0.530 (0.100) 0.403 (0.089)

0.003 (0.002)

[

0.086 (0.053)
0.012 (0.008)

0.259 (0.160)
0.016 (0.011)

57.47 (11.77) 45.66 (5.71)

79.502 57.769

0.77 (0.37)

0.232 (0.078)

0.012 (0.007)
0.031 (0.015)
0.100 (0,037)
0.014 (0.009)

0.012 (0.007)

0.043 (0.029)
0.065 (0.013)

8.91 (1.73)
10.189
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Table 6-5. Estimatad N irput from dinitrogen tivation on the Robson
mraines '

Dinitrogen Fixation (mg N m~2 yr~Y)

RECESSIONAL MOARINE

CRGANTSM 8 3 1

Soil microorganisms 137.2 76.8 5,2
Algae 10.1 2.7 1.6
Liveruvort -— - 0.1
Lichens -— - 1,0
Shephaxdis canadensis - -— 0.4
Dxyas sp. o 0.6 1.8 0.3

hovea)
H%rm?mmmzu 386.2 306.8 89.9

(5]
%]
£
*

-
w
D]
>~
L

P
8
]
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7. GENERAL DISCUSSION

The vegetation on the Robson moraines representad three phases of
primary succession in the subaipine forest zone of the Canadian Rocky
Mountains. The pioneer Hadysarum phase occurred on moraine 8 and was
dominated by Hedysarum boreale var. mackenzii, Salix vestita, Salix
glauca and Iryas drummondii. The Dryas transition phase occurred on
moraines 7 and 5 and was daminated by D. drummondii, H. boreale and S.
glauca. Picea engelmannii was beginning to amerge above the Salix on

moraine 5. The oldest successional plant comunity, the Picea phase,
was found on recessional moraines 3, 2, and 1 and on the terminal
moraine. It was daminated by P. engelmannii, Arctostaphylos rubra, H.

boreale, with Brachythecium spp., Cladonia cariosa and C. pyxidata in

the ground layer.
Importance-value curves for all the successional cammunities were
essentially linear, fitting the geametric model or niche preamption
model (Pielou 1975), which is typical of species poor-conmmities
controlled by a single factor (Giller 1984). The niche preemption
model assumes that a small nurber of abundant species (dominant
species) outcampete other species for a large proportion of a limiting
resource (Pielou 1975). This conclusion is also supported by the
predaminance of negative interspecific associations detected by the
association index method on the Robson moraines, which indicates that
competition may play an important role in structuring the cammunities
throughout the chronosequence. On the intermediate roraines (4 and 5)

the DRYAS-HEDYSARUM CT was predaminant. Species diversity indices
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(Shannon-Wiener Index (H') and Evenness (J')) and the mean stem
diamster of picea engelmannii decreasad in this CT. Dryas and
Hedysarum patches are coalescing at this phase of succession, and it
is probable that these two species inhibit the establishment and
growth of other coloniste at this stage by mtmmeting them for
limited resources.

Evidence suggesting that facilitation is an important mechanism of
cowmnity change an the Robson moraines is the observation that

Hedysarum boreale forms centres of establishment for Salix seadlings,

for S. glauca and for Picea engelmannii, which becane dominant species

on the older moraines. However, on the Robson moraines, P.
engelmannii does colonize surfaces younger than those occupied by
Hedysarum, and can establish on newly exposed surfaces in the Canadian
Rocky Mountains within 12-17 years (Heusser 1956). If facilitation is
occurring, it is therefore non-cbligate and may affect the rate of
canmunity development by enrichment of the local substrate with
nitrogen (through symbiotic Rhizobium) which could be used for the
subsequent growth of associated species, and not direct species
replacement in a strict Clementsian sense.

Only an experimental approach will determine whether facilitation
is occurring during the early phase of canmunity development an the
Robson moraines, and whether inhibition (campetition) is occurring
during the intermediate phase. The importance of nitrogen in plant
community development on the Robson moraines could be examined by
fertilizer additions to the moraines which would test whether nitrogen
and/or other nutrients were limiting growth (see Lee et al. 1983).

The role of facilitation and inhibition on the moraines could also be
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examined by transplanting S8alix and Picea seedlings in mineral soil at
different phases of succession and monitoring the diameter growth of

these species. The effect of root competition on Salix and Picea

seedling transplants and naturally established geedling could be
examined by trenching plots montaining these seedlings and removing
potential competitors (e.g., Walker and Chapin 1986). However, as
Botkin (1981) points out, species removal experiments, to test whether
a species facilitates, inhibits or has no effect on another species,
involving long-lived forest species will take decades to complete and
are thus impractical for individual investigators.

The results of the plotless method of detecting interspecific
associations (Chapter 3) showod that there was a predaminance of
negative associations of species with Hedysarum boreale on the Robson
moraines. In contrast, the results of the sample plot method of
detecting interspecific associations (Chapter 4) showed that there
were more positive associations and fewer negative associations of
species with Hedysarum. This apparent contradiction can be explained
by camparing the two methads of detecting interspecific associations.
The fundamental difference between the two methods is one of scale.

To detect a positive interspecific association, plot sampling methods
require only that associated ‘species be in close proximity (i.e., in
the neighbourhood) of the other species. The limitation of plot
sampling to detect interspecific associations is that the outcame of a
test is dependent an the size of the sample plot used (Pielou 1974).
However, to detect a positive interspecific association employing a
plotless method of sampling, the positively associated species must be

in physical contact with one another. Thus species which are in the
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neighbourhood of ane another but not in physical contact with ane
another would be negatively asasociated. This is a limitation of the

plotless methad of sampling to detect positive interspecific
associations. For example, Castilleja occidentalis was found to be

negatively associated with Hedysarum boreale when sampled by the

Plotless methad of detecting interspecific associations but was found
to ba pcsitivély associated when the plot sample method was used.
Castilleja species are known to be hemiparasitic (Lawrence 1971), and
haustoria were found attached to the roots of Hedysarum an the Robson
moraines. In this case, Castilleja would be expected to be positively
associated with its host but not necessarily in physical contact with
Hedysarum's above-ground foliage. As discussed earlier, it remains to
determine experimentally whether those species found in the
neighbourhood of Hedysarum are also positively influenced by
Hedysarum,

Reductions in the intensity of the spatial pattern of species
occurred with increasing cammunity age and are indicative of commmnity
development approaching a steady or stable state (Kershaw 1959; Greig
-Smith 1961), during which rates of change are relatively low.
However, the number of scales of pattern of each species ramained
relatively constant and showed no tendency to decrease on the older
moraines, which would be expected if cammunity development was
approaching a steady state (Kershaw 1959; Greig-Smith 1961). This
observation is not consistent with the findings of Sondheim and
Standish (1983), that total soil nitrogen and organic carbon levels on
the Rol*.:n moraines appear to have reached a "temporary steady state"
in less than 208 years, Guring which rates of change are camparatively
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slow. Additional evidence to support or tejéct the steady state
hypothesis could be obtained by utilizing Markovian models to examine
whether the camposition of the seral cammunities on the Robson
moraines approaches a steady state (e.g., Lippe ot al. 1985; see Hormn
1981 and Usher 1979, 1987).

The legume Hadysarum boreale var. mackenzii was considerad to be

the major nitrogen~fixing agent on the Robaon moraines, contributing
72% of the biologically fixed nitrogen input in the picneer Hadysarum
phase, 79% in the Dryas transition phase and 87% in the Picea phase of
cawmnity development. The estimated annual nitrogen input fram
nitrogen fixation decreasad approximately 8-fold over the 200 year
forest succession. These results are consistent with the trands to be
expected in ecological succession by Odum ( 1969), Vitousek and Reiners
(1975), and Gorham et al. (1979). The decline in nitrogen fixation is
characteristic of the late stage in camunity development and could be
one mechanigm which helps to maintain the steady state in the amount
of total soil nitrogen.

It is concluded that while the 200 year old vegetation on the
Robson moraines is physiognanically mature, it has not attained all
the characteristics expected of a fully mature community. This
conclusion is also supported by the absence of same species on the
older moraines which are characteristic of old growth forest in the

area, such as Cornus canadensis and Pleurozium schreberi. Future

changes an the Robson moraines may include increased abundance of
Abies lasiucarpa and feather mosses together with soil maturation

until, in the absence of fire, and other disturbances, the old growth

Picea-Abies forest of the subalpine zone is attained.
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Appendix 1. Photographs of selected sites on the Robson

moraines.
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Plate 2-12.

General view of outwash looking southwest
towards Robson Lake in 1963 (above) and 1964
(below) . Except for the odd Salix,
colonization was still sparse after 21 years.
This area was under ice in 1949. This photo

point was labeled FP10 an Plate 2~2.






Plate 2-13. View of a macroplot in 1963 (above) and in 1984
(pelow). Note the colonization of Dryas

drummondii, Hedysarum boreale var. mackenzii,

and Salix over the 21 year period. This area
was under ice in 1949. This photo point was

labeled FP11 on Plate 2-2.






Plate 2-14. Overview of recessional moraine 5 in 1963
(above) and 1984 (below) fram an outcrop east
of the moraines. This photo point was labeled

FP13 on Plate 2-2.






Plate 2-15. Overall view of recessional moraines 4 and 3 in
1963 (above) and 1984 (below) fram an outcrop
east of the moraines. This photo point was

labeled FP13 on Plate 2-2,






Plate 2-16. View of the east end of recessional moraine 3
and recessional moraines 2 and 1 in the
background in 1963 (above) and 1984 (below)
fram an outcrop east of the moraines. This

photo point was labeled FP1l2 on Plate 2-2.






Plate 2-17. Panorama of the Robson moraines in 1984 looking
west fram the highest point on an outcrop east
of the moraines. This photo point was labeled

FP14 on Plate 2-2,






Appendix 2. Vegetation data of selected subalpine Picea-
Abies forests in the vicinity of the Robson

moraines,
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Nperdix 2. Contirned
Xolghs Mym Rearquard
IAVER AND SPECTES Lake feak  Mamtain (adjacent to
Rabacn meraines)

FORB-GRAVINOID IAVER
Thalictam vernloam - 1.8 - -
Atemisia noxverion 1.3 0.7 - -
Sy cannsis 2.2 0.5 = 0.1
Listers condlats 0.3 0.2 P -
Vigls exbicuata 1.1 0.1 - -
Bt Weinizm 05 o4 - -
Amermacia peglects 0.5 2.6 = -
Exigsn pevenring 0.7 0.3 - -
Buisohum acirpoides 0.1 - 0.5 -
Bxliqlaris hmcteces 1.7 0.4 - P
othilia seordh - 0.2 0.7 -
Amice omxlifolia P 0.3 0.5 -
Verata vizide - 0.1 - -
Epilchium argustifol jum P P P =
Bnola asaxifolia P 0.2 0.5 -
ol seards - - - 0.4
Baolp bracteats - - - 0.2
Mryeses wniflors - - 0.5 0.5
Hakerayia viridis - - 0.5 -
Saxhvern =p. - - 0.2 P
Anileaia Qavescers - P - -
Eymy jmovatis 0.5 0.4 - -

ERYOFHYTE-HEFATIC TAVER
mmm mﬂ 30.3 28.7 0.9 -
Hylocomiun spledons 0.2 1.0 80.0 75.0
Doepareclanlys incimtus 7.0 0.4 7.3 22.4
Eelliun crigta-castrensis 0.5 3.0 - -
Ricranan scoparium - 5.4 P 0.1
Ditxichm flexjcaule P 0.1 - -
m @v . - 0.1 0.1 -
Totula perverica - 0.1 - -
Totella inclimta P - - -
Brachvthecium sp. P = - =
Campvlivm ep. P P - -
Babilinveia Jvocpodioides 17.4 36.4 8.5 0.2
Iephezia sp. - - - 0.1

5




2rperdix 2. Contirned
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' Xolphs Mrm  Rearguard ‘
TAYER AND Lake Fak Mamtain (adjacent to
meraines)
mﬁmm 2.4 1.1 4.6 0.9
Bltiomn canire - - - 0.1
SAxinia pxddata P 0.4 P -
Qainis sulchain - - - )
Qading mitis P - - -
thkrewn 0.5 0.5 - -
OTHER
Rare rock - - - 0.5
Bare soil - - - -
Litter 42 39 4 -1




Appendix 3. Interspecific association data.
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Apperdix 4. Percentage cover of each species in 600
cantiguwous 10x10 on quadrats on transect 2 of
recessional moraines 8,7,5,3, and 1. The data

are arranged by row fram left to right.
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HEDYSARUM BOREALE VAR. MACKENZII (MORAINE 7)
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