AN TISLAND PIDGEOGRAPHIC STUDY OF SUBALPINE FOREST ISLANCS

by

Larry R. Smith

B.SC., University of Calgary, 1378

THESIS SUBMITTED IN PARTIAL FULFILLMENT OF
THE REQUIREMENTS FCR THE LCEGREE OF
MASTER OF SCIENCE
in the Department
of

Geograpay

C Larry R. Smith 1981
SIMCN FERASER UNIVERSITY

1981

All righ+ts reserved. This thesis may not be
reproduced in whole or irn par*, by photocopy
or o*ther means, without permission of the author.



APPROVAL

Name: Larry R. Smith
Degree: Master of Science
Title of Thesis: An Island Biogeographic Study of

Subalpine Forest Islands

Examining Committee:

Chairman: S.T. Wong

I. Hutchinson
Senior Supervisor

R.B. Sagar

R.C. Brooke
External Examiner
Associate Professor
Department of Biological Sciences
Simon Fraser University

Date Approved: June 22, 1981

ii



PARTIAL COPYRIGHT LICENSE

| hereby grant to Simon Fraser University the right to lend
my thesis, project or extended essay (the title of which is shown below)
to users of the Simon Fraser University Library, and to make partial or
single copies only for such users or in response to a request from the
{ibrary of any ofhér university, or other educational institution, on
its own behalf or for one of its users. | further agree that permission
for multiple copying of this work for scholarly purposes may be granted
by me or the Dean of Graduate Studies. It is understood that copying
or publication of this work for financial gain shall not be aliowed

without my wriftten permission.

Title of Thesis/Project/Extended Essay

An Island Biogeographic Study of Subalpine

Forest Islands

Author: -

0§?gna+ure)

Larry R. Smith

(name)

973/65/&/1

(date)




ABSTRACT

The plan* ecology of the fores* "islands" in a subalpine
reqgion nf +he torthern Cascade Mountains of Washingtor State was
oxamined ir the “ramework of equilibrium islard biogeographic
theory. Hegression analycses were used *o relate the number of
vascnlar plant species present in a forest island with several
kabita* and enviroanmerntal variables. Particular emphasis was
placed orn islard area as a predicting variable. Addi%tionally, a=z
ordira*ion of common species was used *to separate groups of
similar forest islands in order *o expose variables affecting
only a portion of *he fores* islands sampled. The possiblity of
*ime affecting species diversity *hrough clima*ic and “ree
canopy changes, was examined by analysing island ages. The
island ages were inferred from dates obtained by tree coring.

ITsland area was found to have a significart correlation
with species number. This is consis*en* with equilibrium theorv.
However, the effects of area appear to be expressed through
changes in habi%at diversity, a factor incorsistent with
equilibhrium *heory. As well, the correlation between area and
species diversity, though significan%, is not s%trong, limiting
the relationships'biolcgical predictability. It appears that the
forest islards may be in a continual state of nonequilibrium due
+0 *the harshness of *the high altitude environment and the

corn*inually changing effects of *he tree canopy. The

*
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norequiliprinm cordition would explain the poor species-area

relationship.
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I. Objectives

The alpine timberline regions of the world have presented
biologists with a major area of study. This major vegetation
boundary, representing the upper limit of forest growth in
mountainous regions, has been separated into two types in Europe
(Tranquillini, 13973). A forest in one case may end abruptly as a
smooth continuous treelire. In this inztance the separation
between closed forest and opén-alpine zone lacks a discernible
ecotone. In the second form, the subalpine forest breaks up into
a patchy parkland acrogs a broad ecotone. Within this transition
zone both the forest clumps and individual ¢rees are reduced in
stature with irncreasing elevation until only krummholtz trees
remain. walter (1968) proposes that shade-tolerant species
generally form sharp timberlines, while light-demanding produce
open stands within a wide transition zone in the Furopean Alps.

In western North America, particularly in the Pacific
Northwest, where timberlines and alpine regions are largely
untouched by man, a sharp timberline boundary is aksent. Here a
wide ecotone with a mosaic of forest clumps and alpine meadows
exists. An uneven pattern of snow accumulation, by affecting the
length of the growing season, is thought to be “he major recason

for the presence of a wide transition zone (Brink, 1359; Brooke,
¢




1965; Franklin et al., 1371; Lowery, 1372). The fores* clumps
appear to be lccated on raised ground in the meadows, and have a
longer snow-free season (Brink, 1359; Brooke, 1965; Lovery,
1372). It appears tha* tree survival is only possible in
locations which become free of snow carly. Wardle (1974)
provides two possible explanations for the importance of the
length of the growing season. In attempting to explain tree
limits he hypo*+hkesises +hat in order for trees to survive there
must be adequate time for new shoots %o ripen if they are to
tolera*e the winter cold and dessication. In addition there must
be a sufficient temperature sustained in the leaves to pernit
growth, Because the leng*h of the growing season influences both
the ripening period and the period during which there is
sufficient temperature for growth, a variable which influernces
the growing season must influence tree survival. This variable
is the accumulation of snow. Trees are able to survive on rises
which become free of snow early but no* in depressions where
snow accumulates and lingers late into the summer months.

Trees at subalpine *imberlines are characterised by a very
slow growth rate and sporadic reproducticn. This is *o be
expected for plants growing at the limit of their survival
capabilities. %While this is aiso *true of trees within forest
clunps, tree groups have a definite ecolegical advantage over
isolated individunals (Tranguillini, 1979). A tree group fproduces

more favogable growing conditions by creating its cwn moderated




microclimate (Tranquillini, 1979). This was demonstrated in the
Cascade Mountains of North America by Lowery (1372) who, through
a detailed analysis of two forest clumps fourd that the tree
ages and growth rates were highest in the center of the clumps.
I+ is at the center that one would expect the moderation of
climatic extremes to be the greatest. Lowery (1372) used his
observations to develop a hypothesis for the development of the
forest clumps. A forest clump initially begins with the
establishment of a few seedlings. As these trees modify the
meadow microclimate, the rate of snow melt is accelerated and
the growing season extended (Franklin et al., 1371). The
acceleration of snrow melt is the result of a combination of snow
melting while it is retained on the tree canopy and raradiation
of absorbed solar energy from the dark colored bark and leavas.
In additior, the snow which falls from the tree ternds to fall
avay from the tree stem. All of these factors create a snow melt
crater around *the tree (Lowery, 1972). The extension of *he
growing season allows new seedlings *o become established and
the forest clumps develop.

Lovwery's hypothesis is not the only explanation for the
developmert of the forest clumps. Other possibilities include
the development of tree colonies through vegetative ra2productioL
or the germination of seeds deposited in caches by birds and
animals. A further explanation may b2 that certain forest cluaps

develop en masse from a major invasion of alpine meadows by tree




seedlings. Major invasiors of seedlings have been observed in
the Olympic and Cascade Moun*ains of Nor+th America (Brink, 1953;
Franklin e+ al., 1371; lowery, 1972) but <he developmen%t of
these seedlings in*o forest groups has not been £followed. The
noted major invasion of seedlings appears *o have cccurred
during a period of mild winters in the late 1320's and early
1930*s (Brink, 1959; Franklin et al., 1371).

The presence of distinct forest clumps raises several
gquestions concerning the makeup of the subalpine forest
vegetation., If one accepts the hypothesis that the pattern of
snow accumulation controls tree growth, ther the same factor
likely also affects the understory forest vegetation. The
understory mus+t also be influenced by the presence of the tree
canopy. Is *he floristic composition of *he forest understory
ir fluenced mairly by *opographic variables such as slope,
aspect, elevation and *the effects of avalanches, streams ard
snowpa*ches or are biological factors more important? These
biological factors relate specifically to the effects of +the
tree canopy on the understory. Purthermore, what are the effects
on the understory through time as the *rees grow and produce a
fuller canopy?

Thke fragmentation of +the forest may also influence the
understory. Wha*t is the effect of the size and changes in the
size of the forest clumps? What is the effect of the isolation

of the fogest clumps ard is there any limitation to the




interchange of species between them? Tinrally, does the manner in
which t+he forest clumps are established affect the understory?
FPor example, i*4 is possible that a forest clump which has
gradually developed over time will influence the understcry in a
different manner than when *he canopy develops en masse.

Ir +his study I intend directing the research towards
answering several of +these juestions. T will examine the
influences of slope, aspect and elevation on *the composition of
*he understory. The influence of common but specialised
subalpine habita*s such as avalanche slopes, s*ream edges and
snow patches will be included in the study. Any changes in the
understory which can be related to *he age of the trees will
also be examined. The age of +he trees is taken as ar estimate
of +the lenrgth of *+ime *he understory has been influenced by the
tree canopy. The effects of forest clump size and isolation are
to be examired and related to the species diversity of the
vegetation of the forest clumps. In addition I will attempt *o
include a measnre of habita* richness in explaining species
diversi*y. I will not be able to document any change in +he
species composition of *he forest clumps with *heir develcpment
because +his would require a long term ongoing study. However, I
will look a* *he age distribution of *the %rees wi*thin the %tree
clumps in an at*empt *o discover the manner in which they
developed. The *heore+ical framework in which I will exarmire

these queFtions is the equilibrium *“heory of island




biogeoqraphy, originally developed for oceanic islands bu+

applicable to subalpine forest clumps by extension.

The apparer* insularity of the subalrpine forest clumps
suggests that an analy*ical approach similar to that used in
many island kiogeographic studies is appropriate. By correlating
species diversity with island size, isolation, age ard a number
of environmertal varialkles, the answerz to these gquestions may
ke fouri.

Within *his framework =he general objec*ives of the thesis
are:

1. To produce an explanation for variations in the speciesz
diversity of the sutalpine forest islands, with particular
atter*ion paid to island area.

2. To conduct a detailed analysis of the vegetation
composition of +he forest islands at the *ime of sampling.
The forest islands wi*h similar composition will be grouped
into classes and *he similarities of these groupings
explored.

3. To examine *he ages of *he subalpire forest iszlands ani

n

specula*e on ary effects of island age or specie

diversity. The possible modes of forest island formation

will also be considered.

The study will be conducted on the vegeta*ion of +he
sunbalpine parkland in *he Northerm Cascade Mountains of

Washington State.



. The applicabili*y cf *he equilibrium theory *o the stuily
ard “he history of its development are examined in +he nex:
chapter. In Chapter Three I discuss *the fieldwork methodoloqgy
and *he data analysis. The fourth chap*er will present and
discuss the results obt+taired leading to “he corclusions in

Chapter Five.



II. Island Biogeographic Theory
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Subalpine Forest
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A visual characteristic of subalpire forest clumps is thart
they often resemble islands in the =ubalfpine meadows. Specific
reference *o such fea*nres as islands is made by both
Tranguillini (1379) and MacArthur and Wilson (1967). MacArthur
and Wilson regard insulari*ty as a universal feature of all
natural habitats and refer to hnabitats isola*ed within adothe:
as 'habitat islards'. The meaning of "island" i a biological
cor*ex* therefore goes beyond +the common conno*ation of 1land
enveloped by water and includes terrestrial habitat
discontinuities. The subalpine forest clumps represent an
excellent example of such discontinuity. However, *the hiclogical
definitiorn of an island must take into accourt *he behavior of
*+he members of the community. Organisms which readily disperse
as propaqules or adults across habita* barriers do not recognise
*he insulari¢y of the habitat which we perceive. The hapitat
discon*tinuities which produce +he island bourndaries are also
often biologically indistinct. This complication is produced by

species which occupy both +the habitat island and the barriera.
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This situatior may also exist with islands of the standard
definit*ion, but it probatkly occurs more frequently in the case
of habitat islands.

Many of *he questions I raised in Chap*er One are related
to the assumpticns of +he equilibrium *heory of island
biogeograrhy developed by MacArthur and Wilson (1367). The
manner in which they s*tudied cceanic izlands is similar %o the
approach I will adopt here. The size and isolatior of the
islands are key elements. Preston (1360, 1962) and MacAr+hur aad
Wilson (1963, 1967) developed a hypothesis to exrplain observed
variations in species diversity. They proposed that the species
number reached an eguilibrium condition where the immigration of
new species %o an island balarces *the local extinction of
species on the island. Although there is a turnover of species
on the island, the total number of species remains the same. The
rate of immigration to an island is seen *o be dependent or the
distarce of the island from *the species source pocl and
indeperdent of island area. Ex*inction rates are considered as
being inversely proporticnal to the species population size,
which i3 in turn propor*innal to area {(MacAthur and Wilson,
1367). Considering cnly the effects of area, small islands
should have smaller porulation sizes and therefore higher
extinction rates *han larger areas. More species would +*her be

present onr large islands than small islands.



-Other hypo*hkeses have been developed to explain the
relationship between area and diversity. Williams (1964)
developed a habita*-diversity hypothesis which proposes tha+t as
+he agount of area sampled increases, new habita*s with new
species are sampled. Area is therefore simply a surrogate
measure of habita* diversity, as Abele (1974) demons:irated in
his werk on marine crus*aceans. However, Simberloff (1376a), in
examnining immigration and species furnover rates or manglove
islands, showed tha*t area has an effect independent of habitat
diversity.

A third hypothesis ignores biological processes such as
population dynamics and specialised habitat utilisation and
regards any ohserved area-diversi%y relationchip as purely a
sampling artifac* (Zonror and #McCoy, 1379). Greater effort is

pu* into sampling large areas and more species are found.

Development of *he Egquilibrium Theory

The examination of the biota of island microcosms has been
particularly fruitful for the development of ecolaogical and
evclutionary theory. The development of the Darvwin-Wallace
*heory of evolution by natural selection is closely linked with
the work of the former in *he Galapagos and the latter in
Indonesia. Darwin abandonad his view that *the Galapagos Islands

were a small separate world wher he noted the similarity be<ween

10



srecies preser* on the Galapagos Islands and those in differeat
hatitats in Sonth America. This similarity, along with the lack
ot species similarity wi+h climatically and geologically similar
islands and the differences between different islarnds in the
Galapagos group, led Darwin *o believe tha* the islands were
colonised by long distance dispersal followed by natural
selection in unlike physical and biotic environments (Darwin,
1859) .

Modernr theories of island biogeograrhy tend +o follow
Darwin in looking at *he processes of migration and evolution
{(Saver, 19697). The ratural history framework has been *0o examine
+he habitats and dispersal of local species in the diverse
hatitats which make up ar island. Research using this method has
often explained similarities and differences betweer islands
themselves (eqg. Carlquist, 1967). A second approach in analysing
island biota involved fplo%tting *the number of species per island
as a function of some common characteristic of the islaads,
usnally area. It is from these diversity-area plots that the new
field of biogeography developed. MacArthur and Wilson's (1967)
equilibrium theory became its foundatior.

MacArthur and Wilson began the development of equilibriunm
+theory by using Preston's {1963) treatmen* of island area and
equilitbtrium species number. Preston suggested *ha* isolated
areas have an eguilibrium species number related to the rumkter

of Specie§ t+he island can support. A* eguilibrium there is a
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balarce ir *the addition of new species throuqh immigration and
evolution ard *he loss of species by extinc*ion. The grarhical
model presented by MacAr*hur and Wilson relates immigration and
ex*inctionr rates to the number of species presen*. A high
species number produces lower immigration rate and a higher
extinction rate. High species numbers limi* the number of new
colonists and *hereby lower the immigration rate. The extinction
rate is also high due *to low population sizes. The eguilibrium
species number is *aken as *+he number at *the intersection of the
immigration and ex*inc*ion curves. Immigra*ion ra*es are also
high on near islands ard extinction rates low on large islands.
Theretore there will be more species on near large islands than
on remote small islands. MacArthur and Wilson ('967) +then
discuss the importance of differences in species dispersal,
demography and ecological niches, the effects of stepping-stone
islands, the s*rateqy of colonisation and evolutiorary changes
following colonisation with regards to their theory.

Several assump*ions are implicit ir the eguilibrium theory.
These basic assumptions are:
1. +he number of species on an island is constant through

time, but there is a constant *turnover of species
2. the immigration ra*e to an island is an inverse function of

species number
3. the extinc*tion rate 1is an exponential function of srecies

numbgr
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4.  for any srecies number, the immigratior rate is dependent
on island isolation
S5a for ary species number, +he ex*incticn rate is dependent orn
island area
fe equilibrium species number is *herefore a function cf
island area and isolation
Héchrthur and Wilson (1367) suggested the use of *the power
function: S=cf:, where S equals the species numbher, A “he area
and c and z are *he coefficient and exponent respectively, to
ma*hematically express the species-area relationship at
equilibrium., At*tempts *to define the biological meaning of the
coefficient and par+ticularly the exponent are numerous in the
literature. The exponen* z is the slope of the log species/log
area regression line tha* is used to approximate the power
furction. This indicates the rate a* which species accumulate
with increments of area (Connor and McCoy, 19793) . The value of =z
has been remarkably constant for most demcnstrated species-area
relationships. Preston (1962) predicted a canonical value of

0.262 but because of possible sampling errcrs accepted values i

[}

the range of 0.17 to 0.33 as possible values for z. MacArthur
and Wilsor (1967) accepted values of between 0.20 and 0.35.
However, Ccnnor and McCoy (1973) feel +hat with the abundarnce of
z values betweenr 0.20 and 0.40 a correlation between spacies
numrber and area without a functional relationship is often

indicated.’A reqular occurrence of slope values in this rarnge
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may be an expected characteristic of any reqgression system with
a high correla*tion coeficient ({(r) value and a relatively small
range in the derpendent variable compared to *the independen+
variable (Connor arnd McCoy, 1979).

There have been several explanations for cbserved
deviations in *he slope value from +the expected range. Preston
{1960) a%*tributes higher values to an increase in habitat
diversity and lower values +*o the sampling of ronisolated areas.
MacArthur and Wilson (1367) proposed that for nonisolated areas
the range in slope should he in the range cf 0.12 to 0.19. This
decreased slope value would be the resul* of the many transient
species that would be encountered ir nonisolated areas. The
transient species would flood small sampling areas and depress
+he slope of *he curve (MacArthur and Wilsorn, 1367). Therefore,
i* is *he rate at which species diversity increases wi*h area
tha* differs betweern island and continental areas, with islarnds
representing ar isolated ard continents a nonisolated situation.

This +ransient hypothesis has gained much acceptance, but
i+ is not without critics. Connor and McCoy ({19739) claim that
many of the isclate/nonisolate comparisons may not be valid due
+o a lack of sufficient overlap in area ranges. They alsoc point
out a number of studies where low slope values have bheen
obttained for true isolates.

Studies of distant archipelagos have also produced

contradictions in these circumst*ances. MacArthur and Wilson

14



(1967) predic+ed that +the slope of *he srecies-area curve should
be higher because isola*ion restric*s *he number c¢f transients
which are presen*, This hypo*hesis has of*ten heer contradictel.
Sctoener (1976), ir par*icular, has shown *that the slope
decreases with isolation in many instances.

while *he understanding of the exponent has re*reated fron
beinrg generally agreed upon to a more guestionable position, the
cocfficient has never been fully studied or explaired. Haas
{1975) attribuntes the lack of discussion *o *he large amcur* of
variation *hat the coefficent exhibi+s. MacArthur and Wilson
(1967) considered the coefficient *to depend grea*ly on
population density and “he innate species diversity of the given
+axon. They claim *hat c should be smaller ir resource-poo:
regions where the total number of organismes in the taxon is
less. Increased isolatior should also cause a decrease ih the
value of ¢ (MacArthur and Wilson, 1967). Problems ir explaininag
+te coefficient are produced by the dependence of ¢ on the =scale
used in measuring area (Connor and McCoy, 1979).

The use of the power function has gained general but no*t
universal acceptance as +the empirical model used *o explain *he
species area relationship {Gould, 13979). Other models, hgwever,
have also been applied. Ir carly work *he empirical model

S = log k + z{(log A)
received a lot of attenticn from plant ecologists. Other

possibilities besides *the power functiorn should therefore be

15



tested vhen analysing species-area data. Connor and McCoy (13793)
tested 100 published data sets by fitting the log species/log
area (pover funtion), species/log area (empirical), log
species/area and species/area regressions to them. They
concluded that there was no single best fit model. For a
particular model the most appropriate species-area model can

only be determined empirically.

Island Biogeographic Review

Oceanic Island Studies

The reseazch published in support of or to criticise the
equilibrium theory appears to be concentrated in a nuaber of
areas. Comprehensive reviews have been compiled by Simberloff
(1974) and Gilbert (1980). The majority of studies examined
oceanic islands but a few were conducted using habitat islands.
In reviewing the literature special attentiorn will be paid to
habitat island and botanical studies because they are more
directly related to this thesis.

Criticism of many of the assumptions of the eguilibrium
theory vwere quickly brought from biogeographers rooted in the
natural history tradition of biogeography. Sauer (1969) raised

several valid criticisms. His overall opinion was that the

'Y
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equilibrinm model suvffers from extreme oversimplification
because it treats islands as a whole with lit*le attention fpaid
*o interral hahita* diversi*y and because species are treated
interchangeably without considering genetic and geographic
diversity. More specifically, Sauer finds €fault in the
assumptions that immigration and extinction rates vary as a
furction of the number of species present. The number of species
presen* only se+ a limit on the poten*ial new immigrants which
remain in a fixed pool and the number of species which could
becone extinct. The actual rates fall anywhere between zero and
this upper ceiling. Cri*icism is also pointed at the assumption
that distance affects only the immigration ra*e and not the pool
of species capable of reaching an island or extinc*tion rates and
that size affects only ex*inction rates and not%t immigration
Tates. Actually, the larger *he island the greater the chance of
a rropagnule hitting i*. The closer the island is %o the source
of propaqules *he greater the chance of continual immigration
preventing ex*inction. Ther=fore, remoteness ard size only
loosely correlate with irmigra<ion and ex*inction rates {Sauer,
1969) o

The bulk of the research involves only the demoastraticn of
the species-area relationship. MacArthur anpd Wilson (1367)
aprropriately cited several examples in support of their theory.
However, they may have been carefully selecting thkeir examples

to includg only special cases which gave a good fit to the
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species-area curve (Gilbert, 1980). In his survey of the
literature, Gilbert (1980) claimed *o f£ind only one study, that
of Diamond and Mayr (1376), which showed area as the exclusive
predictor of species number. More commonly a measure of
isolation is ircluded (eg. Weismar and Rentz, 1376; Hamilton and
Armstrong, 1965). Johnson and Simberloff (1974) found that the
number of plant species on Bri*ish islands correlated with the
numbker of soil types, log of latitude, log area and log of *he
number of soil *ypes in *hat order. In addition the number of
501l types was correlated with area. Three studies have used the
flora of the Galapagos Islands and have come to very different
conclusions. Johnson and Raven (1973) found elevation the best
predictor of species number, Simpson (1974) found only area,
(especially Pleistocene area) correlated with species nurber,
and £irally Coaror and Simberloff (1979) ccncluded that the
numher of collectirg *rips explained +the most diversity
variation.

A seccnd major “hrust in island biogeographic research came
from examiring the reduc*ion of species number due +o a
reduction in island area (eg. Diamond 1971, 1972, 1974; Terborgh
1974; Willcox, 1378). These studies have attempted to shew this
relaxa*tion effect on, for example, land-bridge islands which
have become iscla*ted due *o iacreases in sea levels follcgwing
the Pleistocene deglaciation. However, the long relaxation *imes

mean that climatic and geologic changes have likely *aken place,
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changing the equilibrium number (Abbott aad Gran*, 1376). As
well, the findirgs of Willcox (1378) have been disputed because
of rroblems ir the methodology, especially in determining island
age (Faeth and Connor, 1373). s5imberloff (1976a) providad the
only direct experimental evidence on the effects cf area changes
when he removed portions of red mangrove islands and watched the
change in species rumber. However, his findings did not support
the equilitkrium thecory.

The third and perhaps only *rue test of the eguilibrium
theory involves observing species turnover and therefore the
effects of immigration and ex*tinction. The most extensive work
along these lines were the defaunation experiments of Simberloff
and ¥Wilsor (Simterloff and Wilson, 1963, 1370; wilson ard
Simberloff, 1369; Simberloff, 1969). They intially found good
support for *the equilibrium +heory but Simberloff (1376b) has
since re-exaaired the da+ta and concluded that the true rates of
turnover are very low. The initially calculated high turncver
rates were acconnted for by a 'pseudo*urnover' produced by
transients *o “he islands (Simberloff, 1976b). Lack (1370) found
a similar base of criticisms when he noted the large nunbers of

nonkreeding birds present on a number of island groups.

1
jol}
ot
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An alternate method of at*empting %o analyse *turnover
comes from the es*ablishmen* of permanent vegeta*iorn plots.
Holland (1978) studied plots marked in a hardwood forest and

concluded ,that *he number of species present remaired constant
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but tha+t *here was a con*inuous rearrangement of srecies in
srall guadrats. However, his plot size may have been of such a

mall size as *o0 overestimate “uraxover.

n

Hatbtitat Tslarnd S*uadies

The proposi*ion <ha* theories of insularity should be applicable
to discontinui*ies in the habitat as well as land-water rreaks
has been tested in a numkter of different settings. Cave dwelling
ar*hropods were =tudied by Calver e* al. (1973) and Vuilleumier
{1¢73). However, the first study seemed to be plagued by
problems irn de*ermining area and the seccnd appeared to give
scarnt support *c the eqguilibrium theory (Gilbert, 1380). Both
Vuilleumier (1970) and Manriello and Roskoski (1974) examined
da*a on birds living in the Paramos islands of South America and
corncluded tha* area and *he distance to the species source pool
were the bes* predictors of species rumber. Simpson (1374)
3*udied the flora of the same islands and concluded that
Pleis*tocene area was the best predictcr of species diversity.
Jchnsorn (1375) studied boreal birds and concluded that a measure
of habitat diversity rather than area was the best predictor.
Brown (1971) found tha* area had an effec* on *he number of
mammals living c¢n mountain %tops in the Sierra Nevada and Rocky
Mountains. The equilibrium +heory was even applied %o arthropcds

living on single plants. The idea was introduced by Janzen

'Y
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(1968, 1373) ard has been applied by Brown and Kodric-Brcwn
(1¢74) and Seifert (1975).

Well documerted examples have been +he application of the
equilibrium theory ‘o numbers of breeding birds in woods. Agair,
not all have found consistent results (Gilbert, 1380). Examples
include the works of Whitcomb et al. (13976), Moore and Hooper
(1375) and "Yelliwell (1376).

In both oceanic and habitat island studies +he majori*y of
research has been in analysing species—-area relationships. A
sta*is%ically good fi+t of the power function should not te taken
as verification cf the equilibrium model. To examine *he

assump*tions of immigration and extinction rates “he turnover of

n
lao)
)
0

ies +hrough *ime mus*t be measured. Tn the few studies were
“tics has teen attempted con*tradictory results have been found.
Trkerefore, the only assumption which can be tested with a lack
of turnover da*ta is the rela*ionship between islard area and
iscla*tior and species diversity. Such studies should not attempt
to falsify nor verify *the eqguilibrium model but use its
treatment of islands as functioral units as a basis for the
studya

The study of the subalpine forest clumps will +*reat the

forest clumps as functional units. Ry examining the

]
h

U

characteristics of the islands as a whole explanations for
variations in species diversity will be sought. Island size aad

isolafionu variables impcr*an* in the equilibrium theory, will
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te tested for *heir predicting capabili*ies. Other environmental
variables, ir particular elevation, will be ircluded with *the
variables *es*ed as will a measure of *he habi*at diversity of
the islands. ™he floris+ic composition of the habi%at islands
¥ill be examired to assess similari*ies between them. If islands
are *oo different biologically, differences between species
assemblages may overshadow any func+ional difference between

islarnds in explaining species diversity.



III. Methodology

The area chosen for study is located on the northwest slope
of Goat Mountair (2100 meters)in Mount Baker National Forest,
Washington. Field data were collected from a small basin arnd the
enclosing ridges. Pigure 3.1‘shows a map of the study area.
Elevations range from 1500 meters in the basin to 2000 meters on
the ridges. Geologically the area consists of volcanic bedrock
which outcrops over much of the area. R small glacier is present
on the north slope of Goat Mountain and a series of ra2cessional
moraines are deposited across the basin floor.

Forest islands are present on all of the ridges up to an
elevation of aprroximately 2000 meters. In the basin itself the
forest islands are only present as small individual trees. Field
work was conducted on all of the ridges except the west ridge
wvhere the steepness of slope prevented sampling. Forest islands

in the basin werc also sampled.
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Field Studies

During July and Augus* of 1373 information on the physical
and vegetational characteristics of selected fores* islands was
collected. The forest icslands studied were selected to give as
wide a variety of sizes and locations as fpossible. Pactors used
to select forest islands for s*udy include accessibility and
ease of sampling of the terrain where the forest island is
located, and the number of forest islands similar in size and
location. Forest islands which were very difficult to get to
and/or sample were not included as were those where similar

forest islands tad teen already repeatedly sampled. In tctal 101

¢

forest islands were selected. These ranged in size from 0.5 to
582.1 square reters and had an elevational range of 1486 to 1376
meters above sea level, The boundary of a forest island was
defined as the edge of the *tree canopy of a distinct cluster of
trees. I+ did no* include seedlings scattered away from the
actual cluster although some larger, solitary trees were
included as fores* islands.

The physical properties measured were those that would
allow the forest i=lands *o be separated into specific habitat
types. All measurements were made in U.S. units and then
corverted in*to me*ric units. Elevation, slope, aspect, distance
+0 *he two neares*t forest islands, ard area were measured.

Elevation’readings were taken with a Thommen 3B5.01.2 altimeter.
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Slore and aspect were measured with a Sokkisha compass. The
slcpe readings were *akenr “o approximate the average 3lope that

a forest was on. Dis*tances *+o0 the nearest +two forest island

¥

were measured to record the degree of isoclation. A hundred foot
chain was used and measurements were taken to the nearest foot.
The area of the islands was estimated by measuring the maximum
width and maximum length with the hundred foo%t chain. By taking
into account *+he shape of the islards and applying the correc*
geometric formula, *he area waé calculated. Possible shages
included circular, ellipsoidal, tear-shaped, 'L'-shaped and
rectanqular.

Two further physical characteristics were recorded. These
were a court of the number of distinct habitats found in a
forest island and an estimation of “*he soil moisture. Habitat
type was ircluded to separate between the very distinct growing
cornditions and soil mois*ure was estimated to distinguish
betweer the *he Insh moist areas and the sparser dry sites.

Possible types of habita*s include:

1. very exposed rock ridges

2. moist cracks in rocks

3. morainal debris

4. stream edces

5. avalanche slopes

6a areas o0f open meadows

7. areas, of seepage or depressions where water collects
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8. . small rises in +the ground without extreme exposure

An irdex for estimating s50il moisture was established with four

levels, The cri*eria i+ was based on were:

1. Hydric =~ seepagde sites from snowpa“*ches which linger well
irto *he summer and areas along water channels

2. Mesic - slopes wi*h north aspects, we*tter easterly and
westerly slopes and avalanche slopes

3. Xeric = southerly slopes and exposed wes*erly slopes

4. Very Xeric - very exposed slopes and ridge tops

The vegetatioral aralysis involved censusing *the species
composition of *the fores* islands and stem coring to determine
the age of the oldest *rees. The to*tal number of vascular plant
species and the narme of each species were recorded. Sample
specimens were collected and pressed for later identificatiocn in
the laboratory. The tree, or trees, which appeared %o be the
oldest were cored. Usually *he tree which was the largest was
assumed *o be the oldest.

A more de*ailed study of the age distributions for a subset
of the forest islands was also undertaken. The islands s*tudied
were chosen to obtain a representative cross-section of island
types with preference given to those islands where regeneration
vas eviden*. Alcng *wo perpendicular transects running through
the center of the forest islands every tree was cored or a
cutting was taken, if the tree was *o0o small to core. The trees

were cored as close *to the grourd as possible. The height of the
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trees sampled was either measured direc+tly or measured through
trianqulation using a compass. Finally +he distance and

directior along the *ransec*s were recorded for each tree.

In tte lab the plant samples were identified. Terminolcgy
used was tha* of Hi«chcock, Cronquist, Ownbey and
Thempson (13969) . The *ree cores and cuttings were aged using a
stereo-microscope. The ravw ages were then adjusted to take into
acccunt the corirg height. These adjustments made use of growth
rates calculated for those forest islands used in the detailed
age study. Growth Tates were calculated for those trees with a
coring heigh* +hat was nct more than 0.25 meters by dividing the
tree height by the number of tree rings. If the coring height
was greater than zero, *te coring height was sub*racted fror the
tree height. Average growth rates were ob%ained for each species
for each forest island. 1f trees were present which appeared to
be stunted, their growth rates were averaged separately. For
each *ree with a coring height greater than zero the coring
height was divided by the average growth rate for +*hat srecies.
The result was added “o the raw age *o give the final adjusted
age. Por those forest islands where no growth rates were
calculated, the average growth rate used was that calculated for

the selec%ed forest island whose physical characteristics most
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Closely resembled “hose of the fores* island urder study.

Regression Analysis

An explana*ion for the variations in species diversity was
sought using a series of regressioral analyses. All regressions
utilized the BMDP biomedical compu*er programs (Brown, 1%77).

In the initial stage of the analysis a stepwise multiple
reqression was conducted. The number of species was the
dependent variable. Island area, the number of habitats, slope,
elevation, the distances *o the nearest two forest islands,
aspect and the age of “he oldes*t tree were used as independert
variables. Two regressions were run and none of the variables
vere transfcrmed. The first regression included all of the
independent variables but the second excluded habitat nunker
frcm the analysis. A *+hird multiple regression was thern
conduc+*ed *to aszsess the relationships of the variables,
excluding species number, *o habitat diversity..

The second stage of the analysis involved using a series of
simple linear regressions *o determine the bes+t fit of the four
possible combinations of un+*ransformed and logarithmically
transformed variables in explainiang variations in species
number. In +this aralysis area was used as the inderendent

variable and species nnrbker as *the dependent variakble.
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After +h ini*ial analysis was comfplete the data were
examined %o de*ermine if a1 bet*ter fi%* could possibly be
achieved. 7This involved examiring +he environmental data of
every fores* island with very large residuals from the predicted
line, *o assess if any similarities existed between islarnds. If
ary patterns existed, certain forest islands could validly be
excluded or the data subdivided. In accordance with *his a
nurter of €fores* islands were excluded and simple regressions
rerun. In this aralysis area and the number of hakitats were the
independent variables and no transformations were made.

The effects of island age on the species diversity and area
of the forest islands were then analysed. A linear regression of
species number versus island age was conducted with species
number as *he deperndent variable. When it appeared tha%t a second
or third degree polynomial model wonuld provide a better fit of
the da*a, these vwere *tested. Finally the data was subdivided by
age into two groups. Those forest islands with %rees older than
200 years and those with *rees exclusively younger than 200
years old were put into separate groups. Again simple linear
regressions were run using no transformations and toth dependent

variables.
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To determire if there were any dis*inct grougings of forest
islards based or their veqgetational composition, the forest
islands were ordered mul*idimensionally using Bray-Curtis
ordiratior techriques. These are described by Mueller-Dorbois
and Ellenberg (1974). In this *echnigue the forest stands are
placed in a multidimencsional space geometrically, based on their
degree of similarity, and vegetation clusters are then
sukject ively delinmited.

The ordination process begins with the calculation of
sizilarity indices for every forest island pair. The index used

was that developed by Sorenson (1948):

i

1S 2c / (A+B) X 100
where IS is the similarity index, ¢ is the number of species in
common betweer *wo sample areas, A is the total number of
species present in one area and B is *he total number of species
present in the second area. Because similarity indices, when
used in ordination calculations place the most similar stands
farthest apart, indices of dissimilarity are substituted. The
index of dissimilarity is simply 100 minus the index of
similarity.

The first ordination or the the linear seguence of the

forest islands is constructed along the x-axis using the twc

least similar stands as the axis endpoints. To avoid proklenms
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resulting from using *oo dissimilar s*tands, any endpoint of the
X~axis or any subsequent axis must =how a similarity of a* leas+t
50 percent with a* least *three other forest islands (Swan and
Dix, 1966). The lenqgth of any axis is the dissimilarity between
the twc endpoints.

The remaining stands are then positioned along the x-axis
by *heir dissimilarity %o *he two endpoints. Their relative
position is de*erminred by using the Pythagorean theorem which
was rewritten by Beals (1360) in the form:

x = (L +(da) - (dB) ) /2L

In the equatior, L is the leng+h of the axis, dA is *he

ot

dissimilarity from +the €first eandpoint and dB is *he
dissimilari*ty from *hem second endpoint. The relative position ,
x, is measured from the first endpcint.

To ge* a Lbetter georetric approximation of the similarity
cf the forest islands, *hey were separated irnto a second
dimension with the construction of a y-axis. The first endpoint
of *he y-axis was chosen for its dissimilarity frcm both
x-endpoints. This dissimilarity is based or the calcula*ion of
an e-value. The formula for calcula*ing e is:

e = dA - x .
The first y-endpoint is choosen as “ha* stand with the highest

e-value provided it falls within the mid 50 percent range of the

ct

x-axis (Newsome and Dix, 1968). The second endpoint is that

stand wiﬁ' the lowest similarity with the firs¢ endpoint. It
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also must be within 10 percent of the position of the first
y-endpoint on *he x-axis (Meuller-Dombois and Ellenberqg, 1374).
This is *o keep the y-axis as perpendicular with *he x-axis as
possible. The forest islands are then positioned along the
y-axis using Beals €ormula. The positions of the islands along
both axes can now be plotted and groupinrgs made.

To align the fores* islands in a *hird dimersion a z-axis
is cons*ructed. The £first endpoint on *he z-axis should be t*the
island which has the greatest dissimilarity from both the x- and
y-erdpoints. This is determined as the fores* island with the
highest value for e + e , with e calculated in *he same rarner
as e . This endroirt must be within the mid 50 percent range of
both the x- and y-axis (Newsome and Dix, 1368). The secon
z=endpoint 1is that stand which is the most dissimilar %o +he
first end-point. Again the forest islands are positioned alorg
the z-axis using Beals formula. Two further plo*s can be

obtained, z/x and z/y.

Fores* Age Analysis

All of the *ree ages were analysed to detect any
concentrations over *time which would indicate a spurt of tree
establishment in the area. The ages were plotted along a *time
series frcm zero to 200 years before present. Freguency of

cccurrence, was plo*tted as *the y-variable. The ages were smoothed
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with.a five year moving average before plotting.

The data from those forest islands which were more
intensely sampled for tZee ages was plo*ted to show position and
ages of *he trees. These plots were thern subjectively examined
for any patterrs in the dis*tribu*ion of ages, any evidence of

regeneration and the possibility of expansion of the forest

islands.
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IV. Results

o]

In +his chapte

[B]

an explanation for variations in species

7

diversity is sought. The habitats of the forest islands are

initially described with importarn* variables and characteristics

&

noted. The explora*ory multiple regression inves*igation into
these variables' relationships *o species diversity is
discussed. This is followed by a more detailed discussion of the
species-area relationship, its deficiencies and the reascns for
the deficiencies. Throughou* the chapiter the usefulness of the
equilibrium nodel is considered culminating with the concluding

sta‘*emen* on its appropria*eness.

Dezcription of Fores* Island Habitats

The forest islands s*undied are located on the northern
slopes of Goa* Moun*tain and or the eastern anrnd northern ridges
surrounding *he central basin. A few forest islands were also
sampled in the basin itself. The pattern of snow accumulatiocn is
probably the mos*t impor*tant variable irnfluencing *ree location.
Trees are present is areas which became fzree of snow early. In
addition to the apparent primacy control of snow depth on *ree

location, the morphology of the trees *themselves varies sith
’ P

.
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elevation, aspect and slope steepness. On the northern slope of
Goat Mountair and on *he ecastern ridge *the trees are strunjy out
alcng the ridge tops arnd clustered 1in grours on s%eep, ToOCKYy
slopes. On the ridge crests the trees are very twisted and
stunted. Here *hey spread out laterally as if clinging tc the
edge of the cliff,

The northern ridge, with a gentler slope, had trees
restricted *o topographical rises ir the meadows. These rises
become free of snow early in the summer while +*he surrounding
depressions remain‘covered with snow. It was not until late July
tha* these depressions, along with avalanche slopes and the
basin itself became free of snow. The ridges and higher
locations were free of snow by late Juanea.

On +his northern ridge the forest islands can be
subjectively divided inrto *wo groups. On the highest rises are
the largest and oldest trees and therefore presumably the oldest:t
forest islands. The largest trees in these forest islands are
approximately 200 +o greater than 700 years old. Cften dead and
brcken *rees are present. The second group of forest islands are
muich younger, usually with trees less than 125 years old. These
forest islands are found in less pronounced rises in the
meadows. This suggests that a period of milder wirters may have
occurred within the last 125 years which allowed these triees to
become establiched. Overall, it appears that *rees will grow in

alrost ary locat*tion with suitable physical conditions. They do
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not appear *o ke restricted in any way by cother forms of
vegetation.,

Within *he basin i<self +he forest islands are often
restric*ted *o single trees which are much younger *than the
oldest *rees on *he ridges. The trees are very scattered and are
located on *he recessicnal moraines. A3 the distance of the
moraines from *the glacier increases the trees present on then
increase in age and sta*ure. This suggests a gradual
colonization of the basin during a period of climatic moderation
which may have produced the glacial retreat from the basin.
Trees present on the youngest of the moraines show minimum ages
of 22 to 39 years indica*ing *hat they were most likely
established during *he relatively warm climatic period between
1920 and 1950 (Mathews, 1351; Hubley, 1356). Minimum ages for
trees on older moraines range from 48 %o 101 years indicating a
gradunal invasior of the tasin after the last large glacial
advance which erded approximately 300 years b.p. {(Mathews,
19€1). The smaller trees in *he basin may develop with time into
larger forest islands similar *o *hose present on the ridges.

The makeup of the subalpine fores*t in the study area

consists exclusively of subalpine fir ({Abies lasiocarpa) and

mountain hemlock ({Isuga mertensiara). Pacific silver fir (Abies

amabilis) ard Alaska-cedar (Chamaecyparis nootkatensis) were

found by lowery {1372) on an adjacent mountain bu* were absent

as *rees ip the study area. The occasional presence of
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Rlaska-cedar as a sh-ub in “he study area was nho*ed, hoswever. Of
the +wo domirart *%rees, subalpine €ir has been found to be the
mos* prevaler* in drier sites with high radiation exposures,
suck as very steep, high elevation, south-facing slopes (Lowery,
1972) . Moun*tain hemlock is found primarily on mesic sites which
tend to be less inclined and have more ncrtherly exposures

(Lowery, 1972). In the study area mountain hemlock appears to be

o
rh

n most

[

+he dominan* *ree the forest islands. It is usually
the larges* tree in the islarnds and is present in 96 percent of
all the jislands studied. On the west-facing easterly ridge
mountain hemlock is the sole tree in most of the higher
elevation forest islands. In locations where subalpine fir and
mountain hemlock are present together, they are often found
growing within inches of each other. In these situations the
mountain hemlock tree is larger and older. These findings
contradict those of Lowery (1972) who found that subalpine fir
predominated in *he center of the forest clumps.

AR number of the srecies present in the unders*ory of the

forest islands are also common in the nearby meadows. Of these,

Yaccinium deliciosum, Cassiope mertensiara, Phyllodoce

empetriformis,and Luetkea pectinata were found in 85, 83, 91 and

78 per cent of the forest islands respectively. They were also
very ccmmon in the meadows. In many instances *hese species
dominate the unders*ory of the fores*t islands. Obviously the

habitat ranges must overlap *o include both meadow and forest
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conditions. This habitat overlap probably reduces the isclatiorn

cf the fores* islands for the unders*ory species.

7]

Localised plant communities are found in special hatitats.

These include Mimulus lewisii, Epilobinm latifolium and

Epilobium glandulosum-dominated streambed and seepage-area

compumities. Veratrum viride, Erythronium grandiflorum ard Viola

glabella are common on avalanche slopes. Pioreering species on

——

the moraires and rock ou*crops include Penstemon davidsorii,

Antennaria alpina, Phlox hendersoaii and several Saxifraga
species. These species were only present in the forest islands
if their special habitat happened to occur there.

The variables determining the species composition and
diversity of the forest islands appear to be complex. Sncw
accumulation pattern, slope, aspect, and eleva*ion appear to be
very important con*rols on *he location and physiognomy of the
trees *themselves. The understory vegetaticn appears to be
strongly influerced by *the floristic characteristics of the
surrounding meadow vegetation, the presence of localised
habitats ard *he sui*abili*y of the substrate to suppor:
vegeta*tion. The variables which influence tree location and fornm
also play strong roles in determining the *ype of meadow
vegetation, the placement of localized habitats and site
prcdoctivity. The vegetation should then be *treated as a whole.
Ceommunity characteristics rather than *he distribu*tion of

individual species will therefore be the primary focus of the

39



following discussion.

The results of the multiple regression analysis of specics
diversity to the independent variables (area, aspect, forest
island age, habitat diversity, elevation and island isolation)
are given in Table 4.1. The only two variables shown as
significant by the regression are habitat number and elevation.

The absence of area as a significant predictor of species
number in the multiple regression analysis appears to be due to
the inter-relationship between the habitat diversity and area
variables. When habitat diversity is removed from the multiple
regression, area becomes the only significant variable related
to species number. It is therefore apparent that habitat number
and area are explaining almost exactly the same variation in
species nunber. A multiple regression to show the relationship
of habitat diversity to the other independent variables
indicates that area explains 55 percent of the variation in
habitat number (Table 4.2). A graph of this relationship is
shown in Figure 4.1. The other two significant variables, age
and the index of isolation explain only a further three fpercent
of the variation each. These two variables, although
statistically significant, are of very little use in predicting

hatitat nymber.
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Takle 4.1 ~ Results of multiple regression analysis

used *o explain variations in species number

Independent Variable R R-sguared Increase in R-squareid
No. of habitats 0.6208 0.385u 0.3854
Elevation 0.6673 0.4453 0.0593

Table 4.2 - Results of multiple regression analysis

used o explain variation in habitat number

Independent Yariable R R-34quared Increase in R=-sguared
Area 0.7408 0.5488 0.5u88
Islard age 0.7588 0.5757 0.0269
Cistance (1) 0.7761 0.6024 0.0266

The failure'of area as a predictor can therefore be
explairned by its covariatior with habi*at diversity. Reasons for
the absence of cther variables are no*t as apparert. Elevaticn
and isolation, in particular migh%* also have been expected to
have a higher ccrrelatior with species diversity.

Elevaticn was fourd to be the seconrd mos* important
variable explaining species diversity from the multiple

regression results. However, it only explained an additicral six
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percent of the variaticn in species number on “op of *he
explanation provided by habitat. An increase in elevation might
be expected +o0 correspond with a decrease in species nunmnber as a
result of *he increasingly harsh envircnment. However this does
not appear *o be occurring. Many of +the plant species have an
ltitudinal range a*t least equal *o the range ot the forest
islands sampled. It therefore appears that *there are few species
removed with an increase in altitude, or *hat in those
situnations where species are not able to survive, *hey are
rerlaced by new species which could. Any effects of decreasiny
species diversity corresponding to elevational increases may
only shovw up if a larger elevation range is sampled, which might
have to extend almos* to the limits of *he alpine region.
Interestingly, elevation did not explainr arny of the variation in
hatita* diversity. This may be interpreted as further suppor+*
for the idea +ha* the elevatioral range sampled represents only

a srall increase in envircnmental stress.

[¢]]

Isolation does not appear to be important in predicting any
of the variation in species number. The reason may be that *the
distance to the nearest forest island may not be a good measure
of *he isolaticn of the forest island. There seems %o be a
hatitat overlap of many of *the meadow species into the fcrest
islands. I+ appears that only the two tree species, several of
+he tall shrubs and species in localized habitats are potentally

isolated. Of these the species presen* in localized habitats are
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more dependent on the presence or absence of their habitat *han
isolation. T* is also likely *that the %ree species, in
particular, and possibly many of the unders*ory species have
seed-dispersal dis*ances which are grea+er *har dis*ances
betweer patches of suitatle habita*. FTor example, *he seeds of

Abies lasiocarpa, are predominantly dispersed by wind. Seed may

be carried for several hundred meters away from the parert s+tand
withir one genera*ion. Such long distance disperal is aided by
the high degree of exposure in the subalpine areas. Therefore,
isola*ion may orly be impor*an% on very isolated islands on the
ridges or the moraines, particularly a* high-altitudes, where
vegetative reproduction is common. These fores* islands are
usually sparéely populated but this sparseness may also Lke due

to the poor quality of the habitat rather than to isolation.

slarn Tea and Species Diversity

The poor correlation of area to species number through <he
effects of habitat, is *he seccnd complication in need of
discussion. Because only *he nontransformed lirear model had
been tested the three possible logarithmic *ransformations were
also *ested. These linear regresssions of species rumber to area
alsc showed *tLa* area only explained a small amount of +he total
variation in species diversity (Table #4#.3). Al*hough all of the

ccrrelations obtained were statistically significant, B-sguared
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Table 4.3 - Linear aralysis of the number of species versus area

Type of transforma*ion R R=s5quared F=-ratio Prob.
species/area 0.4636 0.2149 27.10 €.0000
log species/area 0.3899 0.1520 17.75 0.0001
species/log area 0.3434 0.1221 13.77 ¢.0003
log species/log area 0.3230 0.1043 11.53 0.0010

values were low. Of *he four regressions tested, the
nentransformed model still produced the best results. Hera, area
explained 21 percent of the variation in species number. A plot
of this regression is shown in Fig. 4.2. The double logarithmic
regression, which is commonly used *o aprroximate the power
function in the equilibrium model explained only 10 percen* of
the variation. Tt therefore nust be concluded that the power
function is an inappropriate model *o explain *he floristic
cemposition of the subalpine forest islands.

To explain *he poor correlation of area *o species number a
number of variatles were further examined. The relationship
tetween habitat and area, and the fact that habitat predicted
slightly mcre of the variation in species number than area,
suggests that habita* should be further examined. As well, a
more detailed look at *he age of the forest islands may te
use ful.

*
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In the iritial mul*iple regression analysis the number of
hatitats explained 38 fpercent of the variation ir species number
and was sta*istically sigrifican*. The relatively low R=-squared
value results from *he large residuals fcund ir areas of low
hatita< diversity (Fig. 4.3). These residuals may be *he result
of the differences in species diversi*y per habita* *ype showing
up in *he total species rumber to a grea*er degree in forest
islands with only a few habita*t types represented. ¥With a large
habitat diversit*y, the rela*ive species diversities would be
averaged and tlrerefore produce a more predic*table result.
Supportive evidence comes from examining those forest islands
thougkt tc be restricted to one habitat type (Table 4.4). In the
four different *ypes of habitats the average species rnumkter
ranges from approximately six *o fourteen. These differences are
probably due to the exclusion of many of *he understory species
by environmen*al condi*icns. The presence of a late-lying snow
pack or the avalanche slopes or exrosed mcrainal debris may
reduce *he comretition from many of +he heath plants and allew a
greater diversity of specialist plants *o grow. There would,
therefore, be an increase in *he species diversity in sites
where the heath plants were excluded. However, where just *two

different Labitat types are represented in the same forest

47



FIG. 4.3 - SPECIES NUMBER-HABITART OIVERSITY RELATIONSHIP

28.00

.00 24.00

MB

M []
L A

oU

.00

*

T
L. 45

2.91 4,36 5. 82 7.27
HABITAT DIVERSITY

48



Table 4.4 - Average species diversity for fores* islands

restric*ed to one habitat *yfe

Hakitat Type X Species No. S.EB.  Island No. Range
Rock ridges 5.8 Q.44 6 5-8

Morainal debris 13.3 1.4 7 10-22
Avalanche slopes 14.3 1.56 4 9-17
Rises in meadow 3.6 0.42 41 4-18

Table 4.5 - Average species diversi*y for forest islands with

two habitat types

Habitat Type . X Species No. Sa Ea Island No. Range

Rises in meadow/
Moist rock cracks 11.1 0.32 15 8-18

Ofren meadows/
Rises in meadow 11.6 1.84 7 8-23

Avalanche slopes/
Moist rock cracks 11.0 —— 2 10-12

Rock ridges/
Moist rock cracks 10.0 1.56 6 3=-15
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island, +the rarge in average species diversity is only from ter
to twelve, (Table 4.5). While this generalisatior fails to
consider marny factocs i% does sugges*t that an averaging in
species number occurs with an increase in *he number of habita+
types present.

The habitat characteristics of individual and groups of
islands were then examined *“o determine if a reason for the poor
fit of both the species-area and species habitat regressions
could be found. A number of attempts were made %o examine and
modify the data set *o produce a better but still valid fit for
the regression model. The initial approach was to examine *he
habitat information for those fores* islands with extreme
residuals from the regression line. This examination was made
for both the habita*/species number and the area/species nurnkber
reqressions. In bo*h instances, the same fcrest islands were
usually examined. While it was found tha* several forest islands
might be validly excluded, no single or group of features seemed
to characterise those forest islands examined.

Examples of those forest islands which showed unique
features included forest;islands which had extremely dense
caropy cover. This feature is probably *he explanation fcr the
depauperate flora which these forest islands showed. Another
possible reason for lower species numbers than expected could be
the result of the fores* island being located in an unusually

harsh environmen* in conjunction with ex*reme isolation. Islands
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located on rock cliffs where the sucrournding vegetation cover
was very sparse exemplify this conditiona

Several of those fores* islands with a much higher species
numher *han expected could be explained by +the presence cf a
combination of a large number of highly diverse haktitats. For
example, the presence of small s*reams or pools of standing
water adjacent to or within a forest islard greatly increases
the number of species present. However, many of the deviations
on both sides of the reqgression line are not readily
explainable, The exclusicn of those forest islands whose large
residuals can be explained did no*t increase the fit of the
regression line, This unexpected occurence may be because +the
small increase in the fi* of the regressiocn lire was compensated
for by the decrease in degrees of freedom which accompanied the
decrease in size of the da*ta set. Therefore, all of the forest
islands were kept in +he data set.

The similarity of *the forest islands based on common

floristic species was +then examined. This allowed groupings of

4]

sirilar islands *o be made. When *he habitat types for ttes
groups are compared discrepancies in the habitat classification
may be shown., As well, distinct clusterings of one or more
groups of islands away £from *he remainder may indicate tha*
cer*tain islands should be separated out. This examination was
conducted through the use of an ordina*icn based on similartity

indices calculated for island pairs. The similarity indices
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allowed the islands +o be arranged along three axes according to

[

the rules ontlired in Chapter 3.

The calculation of similarity indices for *he forest

rh

islands showed a number of fores+t island pairs with zero
similarity. This indica*es *tha< they have Tno species in commcn.
All of *hese forest islands failed *to show a similarity of
greater than fifty percent with at least *hree o*her forest
islands. This eliminated them as endpoints €for the ordinaticr
axis. The forest island pair with +*he lowest similari%y but the
required associated similarities were forest islands 63 and 78.
These two islands showed ten percent similarity. Therefore the
length of the x-axis was 90 units. Forest islands 43 and 45 were
chosen as the erdpoints for the y-axis. They showed a similarity
of 25 percent, producing an axis 75 units.long. Thke z-axis
endpoints were forest islands 11 and 63 with a length of 82
units.

The three possible plots of these three axes are shown in
Figures 4.4 *p 4.6. In these plots *he forest islands are
subjectively divided into *wo groups based or the *ypes cf
habitats present. This separation is most clearly shown c¢cn the
x/y and y/z rlots. The firs+ group con*tains all of those forest

islands made up of any combination of only the following dat:a

types:
1. very exposed rock rtidges
2. moist cracks ir rock faces
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3. -small rises in +he ground without ex“‘reme exposure
The second group con*tains forest islands which have at least one

of the following habita* *tvpes present in i*s boundaries:

1. morainral debris

2. stream edges

3. avalanche slopes

4. areas of open meadows

Se areas of seepage or depressions which collect wvater

This grouping subdivides *the habita* *ypes by cer*ain common
features. Group one includes relatively ccmmon habitat +%jypes
vhereas +those in group *wo are rela*ively rare. As well, those
habitat types 1ir group *wo are more likely to be associated wi*h
a very distinctive and perhaps richer flora. These distinctive
floras would explain the way *he group twc fores+t islands are
not clustered ir *he plo* although *hey are separa*ed frcm +he
grcup one islands.,

The species composition of the two forest island grcups is
very similar in terms of *the most common species. Tables 8.6 and
4.7 lists the sSpecies present in greater than twenty percent of
the forest islands of the two groups and their percentage
occurence. The same seven species have *the highest percentage
occurences in beth groups. The difference between the twc groups
is shown by *he greater number of species present in group *wo

forest islands and the greater variability of +the flora.
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FIG. 4.5 - FOREST ISLANO ORDINARTION - X/2 AXES
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FIG. 4.6 - FOREST ISLAND ORDINATION - Y/Z AXES
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Table 4.6 - Group 1 Porest Islands - 53 species total

Species Name

Percentage fOccurence

Phyllodoce empetriformis 98.6
Tsuga mertensiana 94,3
Cassiope mertensiana 4.3
Vaccinium deliciosum 91.4
Leun*kea pectinata 77.1
Abies lasiocarpa 15.7
Yaccinium membranaceunm 61.4
Vaccirium ovalifolium 38.6
Alnus crispa 27.4
Sorbus scopulina 25.7
Deschampsia atropurpurea 21.4
Rhododendron albiflorum 21.4
Table 4.7 - Group 2 Forest Islands - 75 species total

Species Nanme

Tsuga mertersiana
Leutkea peciinata
Phyllcdoce empetriformis
Abies lasioecarpa
Casgsiope mertensiarna
Erigeron acris

Vaccinium membranaceun
Valeriapa sitchensis
Brnica latifolia
Polygorum bistortoides
Erigeron aureus

Trise*um spica*un

Luzula hitchcockii
Bitella breweri
Rhododerdzror albiflorunm
Potentilla flabellifolia

Rutus pedatus
Deschampsia atrcpurpurea
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Percentage Occurence

96.7
80.6
4.2
67.7
58.1
58.1
54.8
51.6
41.9
38.7
32.2
32.2
29.0
25.8
22.6
22.6
22.6
22.6
22.¢6



- The separatiorn of the forest islands into *wo groups by <he
ordination process lends a lit*le credibility to *he habitat
*ype classificatior sys*em., However, it did no%* provide any
insight into s*reng*hening *he species-area correlation. Species
versus area regressions for these two groups provide R-sguared
values of 0.0257 for group one and 0.13%9 for group %*wo. This
decrease ir explanation could be due +o the separation of
habitat. With *the rumber of habitat *ypes partially explaining
species diversity the sepa:ation of forest islands with a low
number of habitat types into groug one and those with numerous
habita*s in*to group two coula have the same effect as isolating
a sirgle habitat. For a single habitat type there was no
correlation of species number with area and there is no

correlation be*vween species number and area for the two groups.

Forest Island 2ge

The age of the subalpine fores* was analysed in two ways.
First, the maximum age cf *he “rees in each forest island was
used as an indica+ion of the age of +he island. The ages of the
forest islands wWwere then used in an attemp* *o0 exgplain species -
diversity. Seconrd, the +tree ages were used to assess the amount
of tree regenera*tion and possible expansicns of the forest
islands. This information will be employed to discuss +he

eqﬁilibrigm state of the forest islands.
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-Initially “here appeared *o be no relationstip between
island age anrd species number. A linear reqgression for these
variables showed zcro correla*ion between the *wo variables. An
examinatior of *the plo* cf this regression (Fig. 4.7) indicated
that a seccnd or *hird polynomial regression may produce a

3ituation, hcwever, as

[o)]
0n
[e)
-+
I
jo o
o

tet+ter relationship. This w
neither of these regressicns showed a rela*ionship of greater
than three percent. Therefore there was no direct effect of age
on species nurber. However, by subdividing the da%a se+ into
older and younqger forest islands the correlations ketween
species number ard island area and species number and hatitat
vere altered. Pecause a na*tuaral break occurred in *he list cof
tree ages between the ages of approximately 150 *o 200 years,
the 200 year mark was taken as the dividing line. Included in
the older age group were those forest islands composed only of
ycunger *rees tbut where large dead *rees or stumps indicated a
grea*er age. The results of the linear regression analyses using
“hese two data sets are shown ir Table 4.8 and plots of the
species-area rela*ionships are showr in Figures 4.8 and 4.9.
Hhen these results were compared tc those for the undivided data
set the species/habitat relationships were very similar but the
species/area Telationships showed big differences. For those
fores* islands aged less than 200 years *here is an improvement
ir the speciesy/area relationship. However, for the fores*

islands aged greater *han 200 years, *here is a large decrease
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FIG. W.7 - SPECIES NUMBER-FOREST ISLAND AGE RELATIONSHIP
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FIG. 4.8 - SPECIES NUMBER-ARER RELATIONSHIP - YOUNGER ISLANDS
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FIG. 4.9 - SPECIES NUMBER-RRER RELARTIONSHIP - OLDER ISLANDS
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Table 4.8 - Reqression analysis for the da*a set divided by

forest island age

Type of regression R R-sguared E-ratio Drob.

a) Forest islands less than 200 years
species/habita+* - 0.6383 0.4674 37.12 0.0000

species/area 0.A153 0.3786 32.90 0.0020

b) Forest islands greater than 200 years
species/habitat 045937 0.3567 23.84 0.0000

species/area 9.2887 0.0834 3.9 0.05u4

in the fit of the regression line so *hat it is no longer
statis*tically zignificant at the 35 percent level. This
indica*es that for the ycunger fores* island there is a strenger
relationship betweenr species number and area. For the older
islands, area appears *to have little influence on species
number. This may be due to the irfluence of *he canopy cover and
over a longer period of time as the *rees get larqger with age.

The development of a forest island may induce a seguence of
events, As the tree seedlings are ofter invading meadow rather
+han bare ground a cer*air number of species will be pres=ent
when the forest island is intially recognizable. Such a

situnatior would no* occur in the case of trees initially
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colonizing a bare pa*ch cf ground. such as a moraine. In the
meadow 3itua*icn few changes ir species rumber could occur until
the tree canopy develofs enouqgh to begir affecting the
environment benea*h it. During this develcpment stage any change
in *he species compositicn would be due to a turnover in the
meadow species. With the developmen* of *he tree canopy, the
local extinction rate of the meadow species and the immigration
ra*te of new species shouid increase. Wi*h the maturation of +the
forest the effec*s of shadirng and +he modifica*ion of the fores+*
floor may show a decrease in diversity, resul*ing from the
removal of species which cannct tolerate the new conditicns.
There is also the possibili+*y of a decreasing rate of
establishment due to the poorer hati*a* beneath the canopy. This
would also produce a decrease in species diversityvy with the
aging of the forest.

The plo* cf species rumber versus age (Fig. 4.7) showed
several interesting fea‘ures. The graph can possibly be divided
into three general domains. The first area includes those forest
islands aged less than 200 years. These are *the forest islands
which showed a slight increase in +he correlation betwean
species number and area. With the exception of five forest
islands their range in species number is between 4 and 17
species with *te majority having less *han 12 species. The five
exceptions can be explained. The forest island with a very low

species nupber tas an uncommonly dernse “ree canopy and almost no
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unders*ory. Three 0f *he four forest islands with large cspecies
numbers also have a large number of habi*at *ypes present withain
+hem. This would tend *o increase *he species diversity cf thesc
islands. The final fore=+* island is a 3mall island located near
a s+*ream ir the basir. The presence of many sSpecies common to
strear edges increases it+s species rumber. With the exception of
these five forest islands, in the remaining fores+* islands the
characteris*ics of *he alpine meadow or the harshness of newly
colcnized grournd would be present.

The second group are those fores*t islands wi*th ages between
200 and 6C0 years. The species numbers in these islands
fluctuates widely. This i35 possibly *the time when *he effects of
the fores* canopy are beginning to be £felt and a <urnover in
species is occurring in an unpredictable manner.

The third group includes seven forest islands with ages
over 600 years. The species numbers for these islands are
clus*ered be*ween B and 12. These could rossibly be only those
species with very broad habitat ranges. The species presen® ia

+*he very 0ld forest islands are usuwally ccmposed of very common

species present in most islands and ofter found in *he meadows.

Tree Age Analyesis

The aralysis of the age of the fores* is important because

it allows the state of regeneration and the possible equilibrium

'y
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of +he fores* islands *o be assessed.

Tree reqgenreration appears %o be mos® successful in areas of
lovwer elevation and less exposure. This is eviden* from the
general lack of younger *“rees in *he higher and/or exposed
sites. When *he complete list of “ree ages was smoothed with a
five year movirg average, the establishment of “ree secdlings
aprears to be irregularly spaced over *ime (Figure 4.10).
Periods of seedling establishment appear *o be present in the
early 1960's, 1950's, 1940's, 1930's, 13920's, There is nc
temporal pat*tern visible before this, presumably due to the
combined action of unequal *ree survival, and coring and aging
errors.

A nurker of forest islands were subjected *o more irternsive
age samplirng. HWher the rositions and ages of *the trees were
plo*ted, several characteristics emerge. These are summarised 1in
Table 4.9, Two differen* types of forest islands are present.
Some forest islands contained a mixture cf old and young trees
while others showed large numbers of evenly-aged young treas.
Figures #.11 and 4.12 show characteristic examples of these two
types cf forest islands.

One of the common features exhibited by the forest islards
was the lack of concen*ric age groupings with *+the cldest trees
near the certer and the youngest at the perime*ers. This has
previously beer found (Lowery, 1372) and was used %o explain the

develcpment of *the fores+* islands. Tn those forest islands
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Table 4.9 - Regenera*ion characteristics of selec*ed

forest islands

Island Oldes* Tree Seedling FExpaasion Infilling Elevation

No. Age Grewth Evidence Evidence
1 331 poor yes no 1518 ma
n 42 good yes yes 1511
15 4 pcor yes no 1718
22 115 qo00d yes yes 1563
25 283 poor no no 1816
28 228 fFoor no yes 183¢
42 277 poor yes no 1875
46 2513 good no yes 1564
62 27 good yes yes 1494
a1 245 good yes yes 1514
83 671 good yes yes 1513
85 383 gcod no yes 1521
26 69 good yes yes 1538
EA 133 good yes yes 1670
96 663 gcod yes yes 1526
37 45 good yes yes 1513

69



F16, 4,12 - Tree Ace DisTRiBUTION = FOREST [sianp &1

S 1
M - Mountain Hemlock
s 3 S - Subalpine Fir
S 2
s 1
s 2
S 4
S 1
s 2
M,S 1
M 5
W (9%} & (V%)
M
GE C SES
AGE CLAS M5
0-25 --1
26 - 50 =--2
51 =75 == 3
76 - 100 == 4 .
200 = 250 == 5 0 M
Scale
S 4

70



studied there appears “o be a mixture of tree ages throughout
the forest islard. This could mean *ha*t *here has been an
infilling wi*h younger *rees or a regenera%tion of the forests.
I+ is possible that the forest islands vwere not initially
established from a core of trees. Possibly there could be ecither
a massive invasion of seedlings into a meadow area or a number
of individual *rees could become established followed by an
infilling to form a larger forest island. The initial
possibility is supported by *the number of young forest islands
with trees of *he same approximate age. Support for the second
suggestion comes from *hose forest islands which have widely
scattered older trees wi*h younger trees in between. Both types
of forest islands were found in *he area.

The scattering c¢f young trees among old would seen to
indicate that the forest islands are regenerating themselves.
Similarly the presence of forest islands composed solely of
young +*rees, usually less than fifty years of age, indicates the
possibility of new forest islands becoming established.

one of *he objectives in conducting the intensive tree
coring was to detec* a possible change in the area of the forest
islands. A concentraticn of young *rees or seedlings at the
perimeters cf fcrest islands would indicate a growth of the
forest islands. ITn many c¢f *he forest islands examined ttere
were a few younger trees present at the edges. This may indicate

a very slow expanrsion of the forest islands.
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The other possibili*y, a reduction in area, was not evidenr
as there was no evidence of dead “rees a* the perimeters. The
vas* majority of dead or 1ying trees appeared *o be very old.

To summarise +he age analvsis of the forest islands, it
would appear “tat there is an ongoing regeneration in the
present forest islands, the establishment of new forest islands
and the possible expansicn of both. The establishment of new
trees does not appear to be evenly spaced over *ime but
concentrated in a few years scat*ered over the age history.
There was evidence for *he regeneration and establishment of
both mountair hemlock and subalpine fir.

The slow growth of *he trees, by prcducing continual
changes in the forest flcor envircnmen*, and *he sudden buz
major charges following the death of one cf the larger trees,
may never allow the species nuaber in *he fores* islands to
stabilize. The failure of variables such as island area,
isolation, elevation and habi*tat +to adequately explain
variations in species diversity appears to suggest that the
forest islands are in a nonequilibrium situation. This is
further suppor*ed by *he analysis c¢f tree ages. The stronger
correla*ion of species number *o area for younger islands
compared to older islands and *he possible environmental charges
tha* would accompany treec replacement ir the forest indica*e
that there may ke a number of equilibrinm stages for the forest

islands dgpending on *he degree of development of the tree



canopy. By looking at forest islands with a wide range irn ages a
gereral norequilibrium si*ua+ticn cculd be produced.

Abbot* and Granant (1S76) +hink +ha*t nonequilibrium
situvations should occur in areas wi*h strong climatic
fluctuations. There is the possibilityv tha* small scale climatic
chanqgecs have subtle effects on dispersal patterns and hatizats
which produce fluctuations in species number. Rbbo%** and Grarnt's
study was based on passerine birds on high latitude islands but
the *heory of climatic fluczuations shcunld be transferable to
high altitude corditiors. In *the subalpine, climatic conditioas
rrobably fluctuate as much or more than a*+ high la*itudes. These
climatic changes in the harsh subalpine environment may prevent
habita+ sa*turationr and equilibrium from occurring. The
additioral microclima*ic and edaphic effects 0f a gradunally
changing tree canopy may re-inforce the nonequilibrium sfecies
number of the subalpire forest island flora which was induced by
the climatic fluctuations., In this situation the eguilibrium

model wonld no* be appropriate.
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V. Conclusions

The equilibrium model of MacArthur and Wilsorn was fcund to
have a number of shortcomings in its applica*ion %o +the fores:
islands of the study area. The centrzal tene*t of the model is
that*t for an island of given area there is a *temporally cons*an+
number of species of a given taxon *hat can cccupy +he island.
This equilibriur number is determined by dynamic in*teractions
tetween immigration of colonis+*s and ex*inctiorn of residents.
The size of *he equilibrium species pool is thus closely
correlated with island area and its isolation from the mainland
and other islands.

The weak correla*tion be*ween species diversity and island
size, in the s*tudy area, would seem to make *the model
inapplicable in this contex*. I sugges* there are *three reasons
for this failure:

1. The effects of variable habitat u*tiliza*ion, compounded
with the effects of habitat diversity

2e The effec*ts of a fluctuating environmern*

3. The effects of inconmple*e biological isolation

The species—area rela*tionship which was found *o exis+,
aprpears *o be the resul* of variable habitat u*ilization by the

subalpine plan* species. The rela*ionshir be*tween habitat

74



diversity ard species diversity coupled with *he colinearity of
hakitat diversi*y and island area produces the aprparent
Species-area relationship. Howeover, a relationship produced by
hatita+ utilization rather *harn populaticn dynamics is
inconsistent with equilibrium theory. In addition, *here are
unpredictable increases in habitat diversity, which cannct be
explained by area increases alone and ¢his compounds the effects
of variable habitat u*ilization. These increases ir habitat
diversity are rela*ed to the placing of topographic
irregularities. Such features as streams, pondings, snow pa*ches
and avalanche slopes may have great influence over habitat:
divérsity but they are no%* con*rolled by the area of the forest
islands and help to explain *the higher correlation of species
diversity with habitat diversity *han with aréa. The ordination
analysis of *the vegeta*iocn composition of *he forest islands
supports this conclusior. While no distinc* clusters of forest
islands are recognizable in the ordinaticn, islands containirng
habitats produced by special topographic features were separated
from islarnds that did not.

A’ second reason for the failure of the MacArthur and Wilson
nodel may be due *o *the effects of a fluctuating subalpine
environment, in terms of both local climatic trends and the
microclimate of the island communities. Such a fluctuating
environmer* could result in *the forest islands not being in

equilibripm. Y€ a noreqnilibrium state exists, then obviously a

75



model based on a cerntral tenet of equilibrium cannot be expected
to mirror reality. A nonegnuilibrium situation could either
resul+t from the effects of the harsh physical environment in *he
sutalpine reqgions, or from the continual microclima*ic changes
that accompany thke aging of the forest islands. The climate of
high-altitude areas is of%*en urstable, fluctuating with
year-to-year vafiations and also undergoing longer term warming
and cooling trerds. These instabilities accompanied by tte
relatively long life-spans and hardiness of the established
subalpine flora may not allow the plant srecies to responi *o
climatic changes in time for equilibrium *o be reached. This is
a situvation of no fixed equilibria, a hypcthesis which Abbot+t
and Grant (197¢) made for high latitude islands. In both high
altitude and high latitnude azeas climatic conditions fluctuate
irregularly and 3o, correspoadingly, do equilibrium sizes.

Changes which accompany the aging and development of the
trees in +the forest islanrds may also prevent an equilibrium
species numter being obtained. Such changes would be due %o the
development of *the itree canopy, which would induce microclimatic
variations on the forest floor and therefore create a
continually charnging understory habitat. Similarly, the nmarner
in which the forest islands develcp would have effects on
equilibrium ard species diversity. If a forest island gradually
develops frecr a single or a srall number of trees a

rrogressiyely changing understory microclimate may be expected
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as the forest island expands. However, if the fores* island
develops from a group of seedlings all of *he same age, the
habi*a+ changes may be of either a minor or a dramatic nature,
depending on the age of the trees. Although nonequilibrinm
situvations would be expected in both cases the species
diversities may be substantially different. As there was
evidence for bo*h types of development in the study area this
wcnld suggest *that there would be problems in applying the
equilibrium model, part*ticularly in at*enrting *o fit a
SfFecies-area relationship.

Pinally, there may be effects of ircomplete biological
isolation. The meadows which isclate *he forest islands are
easily crossed bty seed dispersal c¢f many of the subalpine
plants. As well, many of the unders*tory species are able to
inhabi+ bo*th +he forest floor and *he meadows, thereby
elimina*ing ary isolation. The effect of the lack of isola*icn
would be 4o increase colcnization and pos=sibly to inflate the
species numbers present.

The study of *he subalpine forest islands wi+thin ar island
biogecqgraphic framework reaffirms some of the argumerts which
have bteen made against the blind application of the =2quilibrium
theory *to all situations. The species-area relationship, which
forms *he basis of eguilibrium theory, has beern frequently
overemphasized ard incorrec+tly accepted as proof of +he model. 2

statis*tically significant species-area relationship may also be
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associa*ed with a low degree of correlation between the other
variables. In suchk a situation, it would be be*ter to ignore the
statistical significarce and to search for a more realistic
model., I% would appear +hough “ha*t many researchers are
corn*iruing *c apply the traditioral model (eg. Holland and Jain,
1981) Furthermore the equilibrinm “heory may not be suitable for
many habi*at island si*uations as i* tends to iqnore important
hatitat characteristics such as +the ability to support differing
species diversities, which override many of the populaticn
interactions.
Ary predictive model for +he species diversity of the
subalpine forest islands would have to include:
1. a measure of +the influence and charges produced by the
developing tree canopy over time
2a a method of assessing *the importance of unique habita*s :o
tte total species composi*ion of *he forest island
3. a considera*ion cf *he importance of climatic fluctva*ions
Information or the climatic influerce of the tree canopy
could be obtaired by takiné climatic measuremen*s beneath the
cancpies of forest islands of different ages. If the intervals
separating the islands are shor*t enough in terms of :the island
age, the climatic information should allow an assessment *o be
made of the changes tha*t have occurred simultaneously with
caropy developmert. The contributions frcm unique habitats might

best be optained by enumerating the species composition cf the
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different types of habi*ats along wit@ +heir physical condi+tions
and proper+ies. This *ype of informa*ionr would generate a highly
complicated model, hu* i%+ appears *ha*t this i3 necessary as the

previously used simpler models have beer inappropriate.



Appendix A - Habitat Characteristic of Porest Islands

\
Column Headings
A - Forest Island Number
B - Species Number
C - Area (Sguare Meters)
D - Aspec* (Prom True North)
E - Elevation (Meters)
P - Slope (Dearees)
G - Isolating Distance #1 (Meters)
H - Isola*ing Distance #2 (Meters)
I - Moisture Tndex
J - Habitat Diversity
K - Age of Oldest Tree (Years)
L - Maximum Tree Beigh* {(Meters)

A B C D E F G H TJ K L
1 5 144.4 144 1518 10 8.2 14.0 2 1 373 ©N/A
2 8 8.8 1392 1521 4 4.9 17.4 2 1 207 9.1
3 1 16.4 139 1517 6 3.7 4.3 2 1 107 5.5
4 7 154.4 126 1532 18 4.0 11.0 2 Y 254 10.7
5 2C 60D.6 156 1503 15 3.0 23.0 3 5 101 4.6
6 8 47.0 157 1540 24 3.0 6.1 2 2 384 15.2
7 8 512.4 183 1550 23 1.2 14.6 2 2 315 15.2
B 16 196.6 246 1553 3¢ 7.3 1.0 3 4 77 3.7
3 12 12.6 251 1573 26 18.3 23,5 2 2 43 3.7

10 6 131.3 283 1563 10 3.8 18.3 2 2 441 15.%

11 12 52.8 273 1511 18 13.7 27.7 3 2 43 3.5

12 5 1.2 233 1562 13 1.8 109.7 1 1 46 1.2

13 27 u66.6 271 1583 19 30.5 73.2 3 7 349 N/A

14 21 445.2 284 1641 27 6.1 9.1 3 3 194 10.7

15 10 29.2 295 1718 13 7.6 38.7 1 2 112 3.3

16 5 21.8 252 1714 25 3.0 7.6 1.1 67 3.8

17 5 7.3 158 1658 15 45.7 200.0 1 1 95 1.8

18 3 26.3 220 1691 17 2.7 4.6 2 2 150 7.6

19 6 26.3 248 1637 15 4.6 7.0 1 1 130 6.1

20 13 582.1 240 1530 35 3.7 6.1 2 4 497 16.7
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70 - 8 2.6 350 1563 43 3.4 13.1 1 2 68
71 8 33.5 185 1556 29 5.5 14.3 2 1 £&7
72 8 26.3 184 1558 31 5.5 7.3 2 2 50
73 11 125.2 275 156€ 16 17.7 19.5 3 1 711
74 12 1.5 231 1533 27 8.8 11.3 3 1 w1
7¢ 15 6.4 281 1590 45 2.1 2.4 3 1 104
76 17 2.7 2471 1582 45 2.1 2.7 3 1 80
77 16 12.3 213 1564 50 4.0 36.656 3 1 &4
78 9 f.U4 213 1579 39 .4 13.1 3 1 50
79 11 SR 0 1532 O 2.1 6.7 3 1 83
BO 14 3.6 0 1530 0 2.7 7.6 3 1 65
81 18 168.5 127 1514 26 2.7 12.2 2 2 259
B2 18 31.5 131 1481 25 12,8 15.8 2 1 245
83 12 291.1 132 1513 22 3.0 14.0 2 2 94
84 12 18.7 133 1512 22 3.0 12.8 2 1 114
85 10 70.2 130 1521 25 12.5 16.5 2 1 504
86 3 165.8 40 1538 15 1.5 hao1 2 2 T4
87 g 96.7 131 1522 29 9.4 11.3 2 2 322
38 10 131.3 1931 1522 19 6.1 3.4 2 1 210
89 14 12.8 234 1598 419 4.0 5.2 3 2 N/A
3¢ 10 1.2 234 1598 5 5.2 5.5 3 2 38
31 19 87.5 226 1670 26 4.6 7.3 3 1 133
32 12 28.0 218 1670 32 2.1 11,6 2 1 237
33 22 1.8 0 1482 0 4.9 5.2 3 1 39
240 12 0.5 254 187 17 0.6 2.7 v v 22
95 14 0.9 328 1486 21 2.4 8.5 1V 1 24
96 8 36.8 147 1526 25 8.8 11.0 2 1 742
97 12 17.7 100 1513 10 1.8 2.4 3 1 48
38 9 7.0 98 1515 M 1.5 4.9 3 1 59
39 14 40.7 144 1517 3 1.2 2.4 3 1 58
10¢ 10 1.8 163 1517 19 2.4 3.7 3 1 65
101 10 7.0 163 1518 10 0.9 2.1 3 1 61
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