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Nine communities within two plant associations were defined
in studies of Rithet's bog, Viectoria, B. C. Combinations of nine
Differential Specles Groups characterize the communities. Environ-
mental studies indicate that vegetaticnal distribution has been
sreatly influanced by drainage and adfscent eultivation. Increased
areation and nutrient levals, aided by fertilization resulted in
decomposition of Sphagmm peat layers in most coomumities. The
edaphlc changes have Induced succession, the possible trenda of which
are given., A map and a dlagramatic key to the communities are presented.

Methods of vegetational analysis are criticized in an Appendix.
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Introdustion

Few lowland Sphagnmum bogs remain on the southern end of
Vancouver Island. Like most of these, Rithet's bog, on the northern
outekirts of the city of Vietoria, has been greatly influenced by
adjacent forest clearing and crop cultivation during the past 75 years.
A faw floristically characteristlc commmities remain. In view of the
fact that thia unique vegetatlon-envirommental complex may scon be
replaced by a civic park and a golf course resulting from urban devel-
opment extanding north-ward from the city, this study was undertaken

to obtaln Infermation which would be scon be impossible to obtaln.

Bog studles in this reglon have been few. Those of Rigg
(1317, 1919, 1322) describe in detail numercus bogs withiu the Puget
Sound area. FRigg describes in detail the bog forest at Lost Lake
located a faw miles to the South-east of Rithet's bog. Unfortunately
species lists are incomplete and no indication of relative species
abundance is given. However, these studies do, mention the major detalls
of floristic structure and as such, are useful, A comprehensive
inventory of species in Rithet's bog by King (1960) is a useful guide
to the flora. This, however, gives little insight into specles distri-
butien. At the time of this study, it may be somewhat inaccurate due

to floristic change.

Pollen analyses {Nesbitt and Thompson 1366) (Zirul 1967) have
given sstimates of floristlc structure for specles whose pollen grains
have been preserved In peat deposits within the study area. These



studles only give an estimate for the past and are Ilnacecurate fer

reference to this study since pellen may travel from committles located

outeids of the study area.

Wade (1965) conducted a detailed study of the vegetation of

Sphagnum Bogs in the Tofino area on the West Coast of Vancouver Island.

Since snvironments will be considerably different in this region, caution

is necessary when relating Rithet's bog to this study.

1)

2)

3)

i)

5)

analysis.

The objectives of this study were:

to extract "Differential Species” (Ellenberg, 1956), which,
aither separately or in combination with other groups, are
characteristic of each community type;

to deseribs the communities in terms of the Differential
Species;

to correlate cartain environmental features with the presance
of Differential Species;

to suggest which ecological and historical factors most
strongly influence community distribution; and

to propose successional relatiomships between communities.

Certain difficultles arcose with the methods of wegetation

In Appendix III I have included a critique of these methods

along with proposals for improvement.



Description of the Study Area

Rithet's bog is located at Royal Oak on the Saanich Paninsula
of Vancouver Island (Flgure 1). Krajina (1965) includes this area im
tha Garry Oak - Douglas Fir Drier Subzone of the Coastal Douglas Fir
Biogeoclimatic Region of British Eulmhiu.l The climate is generally
moderate, lying within the rainshadow of the Olympic and Vancouver
Island Rangea. Precipitation seldom axceads forty inches per year most
of which falls predominantly during the winter montha.

Like nearby Swan, Lost and Beaver Lakes, Rithet's bog lies
in an eroded hollow bordered by glacial drift. The entire area is part
of a glacially subdued lowland which has since uplifted. Characterized
by monadnocks, this area is transitional batween the Upland and Lowland

reglons of Vancouver Island (Clapp 1913).

Rithet's bog has naturally poor drainage. That which does
occur flows through Colquitz Creek to Portage Inlet descending approx-
imately fifty feet. Drainage ditches (Figure &) established during the
1930's and in 1956 appsar to have had little affect in reducing crop
land inundaticm.

The central portion of the lowland is about four feet higher
than the surrounding agricultural land. The former remains relatively

dry while the latter region is dmundated during the winter months.

1 According to the more widely known classification of Rowe (1958) the
area balongs to the Madrona - Oak Transitlons Section of the Coast
Foreat Region.
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Figure 1l.:
Location of Rithet's Bog on the 3aanich
Peninsula, Vancouver Island, British Columbia.



The vegetation of the surrounding area resembles that of the
forest associations of the East Coast of Vancouver Island (Krajina, 1858).
Within this dry forest reglon, Douglas Fir is the climatic elimax tree
species. The presence of peat bog vegetation in such a elimatically
dry area is probably due to local topographlic features characterized
by accumulation and stagnation of water over long pericds. The vegetation
is therefore an expression of local sdaphic features rather than of

the regional eclimate and soils.

The land surrounding Rithet's bog was cleared during the lﬂﬁﬂll

and has since been used for crop production and the grazing of Short-
horned cattle, Clydesdals horsea and Oxford sheep. According to Locke,
floeding in the agricultural land has been increasing in recent years
(Figures 2 and 3). Periodically he has been forced to relsase from

crop production those reglons closest to the bog forest, Evidence for
this is the presence of old fencing In thick bush adjacant to the bog
forest and recent abandomment of agricultural land on the east side of

the bog forest.

Extensive lowland drainage, slope logging and grazing, and
cultivation and fertilization in Rithat's Lowland has influenced the area
considerably yet has mot completely destroyed the natural bog commmities.
Therefore, the region provides a suitable area in which to study both

the natural vegetation and man's Influence upon it.

1 Mr. Arthur Locke provided most of this Information efitthe receant
history of the Rithet's estate. He has farmed the Lowland aince
World War I.



Flgure 2 Rithet's lowland during late summer 1566, Water
table depth awceads 1 m. in open field. The dark
band of lowland trees is mainly in Pinus contorta -
Gaultheria shallen Association. The light coloured
brush land Is part of the Spiresea douglassii
Association.

P

Figure 3 Rithet's lowland during December 1966. Inundation
lasts from November until March.



Mathods

The methods employed assume that vegetation to a large extent
axpressas the integrated influence of the total enviromment. Vegetational
analysis therefore precedes environmental studies after which correlations

batwean the two are sought.

Further details of methodology are given in Appendix III.
The bog was reconnoitered, vegetation observed, and eight to ten plots
astablished subjectively in homogeneous stands of esach apparently
different community type. The plot size for each community type was
determined by spacles-area curves. (See Appendix III).

Following a modified method of Ellenberg (1956), the vegetation
was analysed and synthesized Iin order to extract any Differential
Species, plants which by their presence or absence differentiate one
or more community types from other community types. Although synthesis
emphasized mainly species presence and absence, cover estimates for
sach speciss have been given. Thess follow a scals similar to that of

Braun-Blanquet (1932):

§ = Species covering 3/4 to 4/4 of the plot surface area

b W " 1/2 to 3/4

3 " 1/% to 1/2 "
2a m " 1/20 to 1/4 "
1= " "o 17100 to 1/20 n

+ = Species cover is small yet nmumercus individuals exist
R = Spacies cover is small with few individuals



In addition te height and cover of vegetation strata, habitat
records for sach plot included: quadrat size, location, slope, exposure,
and the date of analyais.

Water table leavels in seven salected plots were measured
periodically from late September to late December. One-half x 36 inch
plpe was Inserted into the soll and free water levela were recorded

as deviations from ground surface level.

So0il measurements included: thickness of upper soil horizons,
and for each horizon, measuremants of pH, available nitrate, phosphate,

and potassium, using the La Motte Soll Testing kit

Soi1 samplesa were taken from random points in sach plot and
the data statistically examined by Analyses cof Variance followed by
New Multiple Range Tests (Li, 1965). Means were compared between some
Differential Spacies Groups only, aud not betwsen commmity types.

Therafore, some means incorporate measurements common to two or more

Eroups.

Incremant cores were taken at 50 metee intervals on a transect
through the bog forest, in order to determine if any correlation existed
batween age distribution and vegetation distribution. Cores were taken

4-1/2 feet above ground lsvel on the northwest side of lodgepcle pine

1 The La Motte method is primarily designed for agricultural soclls and
gives results in poimds per acre. FRithet's solls are almost entirely
organic, a feature not common to agricultural solls.



trees, Pinus contorta.

Tha communities could not be mapped by transects as planned
because the lowland was inundated from Deeember to April (Figure 3).
An outline map was constructed from aerial photegraphs. The community
boundaries illustrated were not checked by ground surveys.

Resulta

Where possible, results have been presented in tableas or
diagrams. Enviromment-vegetation correlations do not imply cause and
affect. They caly serve as a basls for generating hypothesis on the

cause of vegetation distributicn.

Community Typas

The synthesis table (Table 1) shows the community types as
characterized by different combinations of Differential Species Groups
{hereafter referred to as DSG). The mmp (Figure &) shows the distribution
of the major community types.

Five floristically weakly defined DSGs complement Ffour well-
defined Groups, and parmit dalineation of two major community types.
Each has been progressively divided into a tentative total of nine
sub-communities. Since the integrity of BSGa A, B, E and H is almost
certain, I have emphasized them in defining the major community types.

Tha remaining DSGs are tentative. GSome of thesa weaker Groups are
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TABLE I

Yegetation Synthesis Table

Differential Species Groups are shown to the left, lettered
from A to 1. Upper case letters indicate major Groups and lower case,

minor Groups.

Representative plots for each community type are blocked

out as shown.

Sae "Methods" for sxplanation of wvegetatiom rating ascale.

Within each Differential Species Croup, specles are listed

in decreasing order of Presence.

Partinent plot data is given at the top of the table.
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FIGURE 4

Map of major communities of Rithet's bog, drawn from 1964
aerial photograph of the B. C. Lands Service. FPhotograph scale was
80 chains per inch.
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represented by too few plots, while the component species of others are
mora diffusely spread than is desirable for a stromg Group. Only
further sampling and analysis will verify or reject the validity of

these mynor Groups.

Since DgGs B and E are mutually exclusive for the two major
communities, by definition they can be termed "Associations" following
the Braun-Blanquet system of classificatiem (1932). I have used this
terminology, as well as "sub-Asscclation”, "Variant" and "sub-Variant".

It should be emphasized that this classification is valid
enly for the Rithet's bog area. Subsequent phytosociologlcal studies
in the reglon may require reclassification according to a geographically

mora aoonsistant achema.

The communities recognized are:

1. Pinus contorta - Saultheria shallon Assoclation

1) P. contorta - G. shallom ~ typleum Sub-Association

2} Hylocomium splendens Sub-Assoclation

a) Sphagnum capillaceum Variant

b) Hylocomium splendens - typicum Variant

I1I. Spiraea douglassii Asscciation

1) 8. douglassii - typlomm Sub-Asscciatlon
a) 8. douglassii - typleum Variant
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b} Galiwm toiflerum Variant

L. 8. triflorum - typicum Sub-Variant

11. Potentilla anserina Sub-Variant

2) S. douglassii - Cornus stolonifera Sub-Assoclation

a) C. gtolonifera - Galiuwm telfliorum Varlant

i Betula pppyrifera Sub-Variant

iie Ledum groenlandicum Sub-Variant

b) Populus tremuloides Variant

I. Plnus contorta - Gaultheria shallon Association

The Pinus contorta - Gaultheria shallon Association includes

the bog forest proper. A heavy cover of P. contorta, G. shallon, and

Ladumn grosnlandieum predominate (Figure 5.’!1. DEGs A, B, ¢ and 4 are

charactaristic, tha last two differentiating sub-communities. Group A's
range outalde of the Association may be inaccurately shown because of

sampling errors (see Appendix III).

Soils in the P. conterta - G. shallon Association have & very

thick litter layer [Mﬂ-}i extending to a depth of 8-10 em. The partially
decomposed Al horizon extends to a depth of 20-25 em. hensath which is

1 Because of film spollage, it was necessary to use some photos from
similar gegetation types in Turner Bog, Goldstream.

2 Definitions used in this paper: Aco horizom - litter;
Ao horizon - partially decomposed litter;
Al horizen - decomposed litter and peat;
Ap horizen - undecomposed peat.
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Figure 5 Pinus contorta - Gaultheria shgllon Assoclation
In background with abundant Betula glandulosa and
Ledum greenlandicum in cemter. BHote hydrarch
succession of aquaties in foreground. Fhoto taken at
Turner Bog, Goldstream.
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almost pire Sphagnum peat. Tree and shrub roots predominate in the A
horizon indlcating that nutrient avallability ls sufficient for vascular

plant growth.

Within the Pinus contorta - Gaultheria shallon Asscolation twe

sub-Associations may exist. These are the P, contorta - G. shallen

typlemm and the Hylocomium splendens sub-Associations. The former is

characterized by D8Gs A and B and is represented by one plot only,

leaving {ts existenca open to considerable doubt.

Hylogomium splendens Sub-Association

This is characterized by Group ¢ in addition to Groups A and B.
Further study may show that in fact DSG ¢ should be included in Group B.
The general features of this community are essentially those of the

Asscclation. D83 d characterizes the Sphagnum capillaceum Variant of

this sub-Association. 5. capillaceum and Eriophorum chamissonis grow

togather in small pockets within the sample plots. Because of thelr
fragmentary nature, they could not be sampled adequately and the Variant's
importance has therefore probably been underestimated. Comparing Rithet's
bog with other local bogs, it appears that this Variant actually represents
resnants of an Association which was formerly more extensive (Figure 5).

The pockets of S. capillaceum Variant lack large shrubs and
trees. Vaceinlum eoxcycoccus and Kalmia polifolia tend to be more

abundant. The pockets are particularly wet with unmodified Sphagnum peat
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layers extending to the surface.

Spiraea douglassii Association

DSG E, composed solely of Spiraea douglassil differentiates
the Spireea douglassii Association from the P. contorta - 3. shallon

Association. 5. douglassii is dominant in the majority of stands.
DEGA f, g, H and 1 may also be considered characteristic of this
Association, even though they differentiate some of its sub-communities

(Figure 6).

Although the mmber of soil horizons present is generally
conatant, thalr development varles within the Association. Tha Aoco
horizen varies from almost nil to an extracrdinarily thick depth of
40 em. The Ao horlzen is almoat entirely absent. The Al horizon reaches
an average depth of 35 em., below which undecomposed peat extends to an
unknown depth. This rdech black Al soil is characteristic for this

Assoclation.

S, douglassii - typicum Sub-Asscciation

This sub-Association is characterized by the presence of DEQ E

and the absence of Group H. A dense cover of 5. douglassil is typleal,
particularly in the 5. douglassii - typicum Variant where trees and mosses
are absant and where litter reaches a depth of 40 em. (Figure 7).

The Galium triflorum Variant la differentiated by DSGa E and f

and i{s characterized by Group g. The litter layer is usually very thin
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Assooliation Iin Rithet's s
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of tha P. = @. shallan
The tall m is in the
Cornus stolonifera sub-
Assoclation,

8. lassii in foreground
fa illa

anserina sub-Variant,
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and sparse. This Veriant contains the Galium triflorum - typlemm and

the Potentilla anserina sub-Varisnts, the former belng characterized by

the presence of D5Ge E and f only, and the latter also by Group g.
The P. anserina Variant is found near the cropland and abandomed cropland,
poasibly because of abundant side-light avaflability from adjacent open

areas (Figure 8).

The Galium triflorum - typleum sub-variant lies closer to the

P. contorta - G. shallon Asscclation where light access 1s restricted

by dense forest.

5. douglassii - Cornus stolonifera Sub-Association

This community is characterized by DSG H. Group E is always
pressnt and DSCs A, ¢, £ and { typify certain variants (Figure 9).
There is little doubt about the integrity of this sub-Assoclation since
Group H contains five abundant, faithful spscies. Three of these species

(Cornus stolonifera, Salix sitchensis and S. scoulerisna) are deciducus

trees so that the sub-Association differs strikingly froa 211 communities

except the Potentilla anserina Variant. Within this Asscciation, the

litter layer and the Ao borizon are negligible, indicating that
decomposition is rapid because of substantial microbial actiwvity.

The C. gtolonifera - Galium triflomm Variant usually occuples

that portion of the sub-Association lying between the cropland and the
bog forest and may be further tentatively divided inte the Betula

papyrifera and Ledum groenlandicum sub-Variants. The former lies closer
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to the eropland while the latter is more closely associated with P.

contorta - 6. shallon Assocliation.

The Populus tremuloides Variant borders the dralnage ditches

(Figure %) which transect the P. contorta - G. shallon Assoclation, and

is characterized by DSG 1.

The DSGs characteristic for sach of the last communitlies may
be readily seen in Table 6. Their wvalidity is doubtful becauss sach

occurs in only a few plots.

The communities described above are surroundsd by cropland in

varying degrees of use. The cropland obviously support different
communities, some of which undoubtedly are related to the fringe communities

bordering the study area.
Ecologlical Factors

Environmental differencea reported here are significant in
the statistical sense only. Wherher these differences materially
influence vegetation distribution must be determined by autecological
axperimentation. Time and sampling limitations allowed comparisons to
be made only between some DSGas. HMore complete analyses are necessary.

Soll pH

In most cases significant differences existed between pH of

horizons of preserved peat and decomposed peat (Tabla 2). The preserved
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Ap horizon of the Hylocomium splendens typloum variant and the three

levlies of peat {ﬁpl, Apz and ﬁpa} of the Sphagnum capillaceum Variant

were more acldic than decomposed peat layers both within the Varlants
and within other communities. Significant differences cccurred between
these acid layers and those of the Potentilla anserina sub-Variant.

Available Hitrate Nitrogen

Avallable nitrate nitrogen was significantly higher in DEG g
than it was in DSGs B and H (Table 3). Within DSG g, the Ao horizon
contained significantly more nitrate than did the Al horizon. Since

DSE g differentiates the Potentilla anserina sub-Variant, it can be

eoncluded that this commmity contains more nitrata than the Cornus

gtolonlifera sub-Assoclation and ths E. contorta - E. shallsn Assccimtisn.
Tests should be made on the remaining DSGs in order to detmrmine if

nitrate levels differ significantly between other communities.
Available Fhosphate

Ho significant differences were revealsd in availables phosphate
comparisons between DSGs B, g and H (Thble 4).

Available Fotassium

Potassium may be less abundant in DSG B and thus in the P.

Gontorta - G. shallon Association (Table 5). Statistical significance,

however, is lacking.
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Water Tabla

Flgure 10 illustrates the distinct difference in water table
depths and fluctuations between DSCs B, d, g and H. Water table
fluctuation is greatest in the 5. douglassii Asscciation and least in the
P. contorta - G. shallon Association. In the former the water table

rose more than a metre during the three-month pericd, and in the latter

only about 15 cm. In the Sphagnum capillaceum Vardant the water table
remained nearly constant. After January lst the water lavel bansath

the pines changed little, while it rapidly inundated the 8. douglassii
Assoclation by more than a metre. Increasing asplitude &6f water lavel

fluctuations appears to be correlated with increasing amounts of

decomposad peant.
Other Observaticms

The center of the bog forest is about one metre higher than
the surrounding conmunities, a feature typlcal of so-called "high moor"

bogs .

No particular pattern of age or productivity is evident from
tree growth ring analysis. The cldest individuals approach B3 years,
while a few younger ones occur. Hany 50 te 60 year old pines are small
and stunted. Large pine windfalls scattered through the forest indicate

that E0 years is about the maximum age an average tree may attain before
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falling over, probably because of insufficlent suppert provided by the
combination of a sofft substrate and a shallow root system.

Rare individuals of Picea sitchensis, Pseudotsuge menziesii

and Thuja plicata were found in the Pinus contorta - G. shallon

Association. These speciea, now 10 metres high, were recorded as

seadlings by Rigg (1922). Certain specles previously recorded in the
bog forest were not seen including Sphagmm palustrs, found in more

hydric communities in nearby bogs (Figure 11). This indicates that
the hydrie Sphagnum comsunities have been replaced by ths P. contorta -
G, shallon Associatien.

Cattle, squirsels, owls end pheasant frequented the lowland
during the study period.

Digseussion

The data collected combined with szome knowledge of the bog's
history facilitate discussion on possible causes of present vegetation
distribution and of successional trends. Nevertheless, while environmental
differences may correlate with community variatien the reasons for
vegetation change may be for quite different: e.g. compitition which
restricts certain Differential Bpecies to a range of enviromments which
might be wider if competition was not present; or vegetation may induce

environmantal changes which may or may not be self-limiting. Further
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observation and experiment should clarify these points. The following
comments may facilitate subsequent investigations.

The bog forest is the last reglon of relatively undisturbed
vagatation in the lowland. Apparently it has changed relatively littles
in the past fifty years. The wet Sphegnum capillareum Variant differs
from the typleal Hylocomium splendens Variant in having more undscomposed
peat and a stable water table at surface level, and probably represents

the community closest, in the successional sensa, to what must have been
an open water condition in the lowland. Continuocus surface scil
saturation and hence low asration prebably prevents establishment of
many specles found in the successicnally adjacant Hylecomium splendens
Variant. Within the Assoclation, high acidity of the peat induced by
Sphagnum respiration and water stagnation probably prevents all organic
matter decomposition in the subsurface horizons.

Had man not doained and cultivated the area, succession from

the originally more widespread Sphagnum capillaceum community to the

Pinus contorta - Gaultheria shallon Assoclation would not have besn so

rapid. Without disturbance, this Asscclation would probably be salf-
parpetuating since poor drainage would maintain the acid Sphagnum peat

soll indefinitely in the center of the lowland. Hutrlent rich seepage

and runoff from the adjacent slopes might maintain a slightly higher pH
and base content thus encouraging peat decomposition and thereby support

a fringe of communities dominated by nitrophilous wetland species such as
Thuia plicata. The comments of Locke and the pa¥ynological of Eirul (1987)
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tend to support this wview.

During the 1880's all but the central portion of the lowland
was cleared. Improved soll aeration, through tilling and drainage,
probably stimulated microbial action in the upper layers of peat so
that decompoaition took place rapidly. There are now approximately

30 em. of humus overlying the peat in the Spiraea douglassii Association.

This decomposition probably resulted in: 1) a reduction in the physical
volume of the substrate; and 2) a concurrent loss of the character-
istically high water holding capacity of undecomposed Sphagnum sp.
Consequently the cleared region gradually became lower with respect to
the water table. Assuming that the same quantities of water still drain
from the watershed and reach tha lowland as bafore cultivatien, this
would contribute to progressive annual increases in flooding. Silting
in of drainage ditches may also be a contributing factor allowing higher
water levels to accumulate in the lowland. Relatively more water would
accumulate in the cultivated areas and less In the bog forest. Although
a bog forest may fluctuate with the water table level (Buell, 1341),

reduced amounts of water reaching the Pinus cont~rta - Gaultheria shallon

Assoclation may be contributing to drying of the soil in this Association
thereby accelerating the disappearance of Sphagnum communities and the
establishment of more mesic species such as Pseudotsuga menziesil and

Piesa sfitchensis,

Whatever its cause, increased flooding has forced periodic relsase
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of the cleared agricultural land. I suggest that each reglon vacated

may be represented by a different community. If the ecultivated portions
have been fertilized every year, the high nitrate content of the Potentilla
anserina sub-Varisnt is explainable. Since the sub-Variant lies

adjacent to recently used cropland where Potentilla anserina ceccurs

extensively, the species of this commmity in DSC g may also have
demanding light requirements and thus be restricted by excess shade in
the other communities. Light need may also play a major role in
delinsating the Spirwea douglassii (DSG E) boundary with the E_ﬂ_’._l]&l_

contorta - Gaultheria shallon Association, probably in combination with

reduced nutrisnt availability and lower pH of the latter. FReduced S,
douglassii cover in the Cornus stolonifera sub-Assoclation supports this

hypotheais.

Having been modified from undecomposed peat to muck soil, the
lowland will subsequently support different vegetation types. This
change in the vegetation is either artificially Induced or secondary
succession. Assuming that the lowland was at or nearing the edaphic
climax econditicn, then any discrepancy from the climax communities can
be attributed to man's influence.

Based on the foregoing data and discussion, beth naturally and

artifically induced successional trends are suggested in Figure 1l.



Summary and Conclusicn

During the fall and winter of 1966, the bog foreat and adjacent
vegetation and the enviromments of Rithet's lowland were studied.

Vegetation analysis based on the methods of Ellenberg (1956)
revealed nine Differnetial Species 8roups of Varying integrity. The
Vegetation Synthesis Tabla (Table 1) gives the detalled specles composition
of these Groups which in varicus combinations delineate nine communities
comprising two Associations. Four impertant communities are:

1) Pinus contorta - Gaultheria shallen Associstion.

This is differentiated by DSG B and Includes DS5Gs A, ¢ and d.

P. contorta, G. shallon and Ledum groenlandicum are dominant.

Boils are acidiec with little decomposition. Water table

fluctuations are moderats.

2) Sphagmum capillaceum Variant. This is represented by small

fragments of a previously more extensive community within the
pine forest. The Variant is characterized by Group c.

Sphagnum capillaceum, Ericphorum chamissonis, Vaccinium

oxcyeoccus and Kalmia polifolim are dominanmt. Undecomposed

Ephagnum psat prevails in all esoil horizons. The water table

lavel does not fluctuate.

3) Spiraes douglassii typlcum sub-Asscciation. This part of the
5. douglassii Associatiom and includes Groups f and g. 5.



- R

douglassil is deminant. Water table fluctuations are large,

The soil nutrient level is high.

4) Cornus stolonifera sub-Association. This is part of the 8.

douglassii Association and i3 differentiated by DSG H. It
ineludes Groups A and part of £, £ and i. Soll nutrient

lavels are high. Water table fluctuations are larga.

Figure 12 briefly summarizes distribution of the DSGe within
the communities. This diagram may also serve as a practical key fer
fisld fdentification of coemunities in Rithet's bog.

The majer environmental features influencing wegetation
distributicn appear to be pH, soil nitrate content, water table fluetuation

and the history of disturbance.

a) Low pH in undisturbed areas maintains a high undecomposed peat

content and leads to support typical high moor vegetation.

b) Cultivation and drainage probably encourages increase in
nitrate nitrogen content and permits development of the Potemtilla

anserina sub-Variant in abondoned ereplands.

¢) Peat decomposition has not only increased soil richness, but
has prebably caused increased flooding and water table fluctatiom,

particularly in areas where substantial flooding occurs.

Cultivation and drainage during the past sighty years has
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Figure 12, Diagrammatic key for identification of
communities in Rithet's Bog using Differential Species
Groups. See the Vegetation Synthesis Table (Table 1)

for apecies composition of DSGs,

indicates "strength" of DSG.

Pot, Ans. - Potentilla anserina; L.G. - Ledum
Pop. trem. - Fopulus trémaloides,

groanlandicum;

The width of band



stimulated an irreversible change in the edaphic features of Rithet's

bog resulting in considerables vegetation change. Omce nutrification

had resulted in transformation of undecomposed Sphagnum peat to muck

solls, the vegetatien composition evolved from acidophilous to neutrophilous
species. The new edaphic climax has not yet been reached but will

probably lead to a Thuja plicata-hardwood forest.
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Appendix I

Check List of Specles

Seed Planta

Alnus rubra Bong

Betula glandulosa Michx.
Betula papyrifera Harsh
Calamagroatis sp.

Carex flava L.

Caprax Sp.

Cirsiom eadule Hutt.

Cornue stolonifera Michx.
Crataegus oxyacantha L.
Drosera rotundifolia L.
Epilobiom angustifoliam L.
Eriophorum chamissonis Mey.
Escholtzia californica Cham.
Galium triflorum Michx.
Gaultheria shallon Pursh.
Hedera helix L.

Hieracium albiflorum Hook,
Ilex aquifolium

Juncus balticus Willd.
Kalmia polifolia Wang.
Ledum groenlandicum Oeder.
Lonicera involucrata Banks
Lycopus labiatas

Lysichiton americanum Hulten and St. John
Myosotis laxa Lehm.
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Osnanthe sarmentosa FPresl.

Pinus contorta Dougl.

Poa sps

Populus tremuloides Michx.

Populus trichocarpa T & G

Potentilla anserina L.

Feeudotsuga menziesii (Mirb.) Franco
Pyrola asarifolia Michx.

Pyrus fusca

Quercus garryana Dougl.

Ranunculus sp.

kFhamnus purshiana D.C.

Rosa nutkana Presl.

Rosa plsocarpa Gray.

Rubus witifolius Cham. £ Sch.

Balix geyeriana Anderss

SBalix scouleriana Andress

Balix sitchensis Andress
Sanguisorba ap.

Sisymbrium officinale (L) Scop. Var. leiccarpum D.C.
Sorbus aucuparia Foem.

Spirea menziesii var douglassii
Stellaria media (L.) Cyrill.

Thuja plicata Doan.

Triantalis arctica Fisch.

Vaccinium exycoccus war. intermedium Gray.
Veronica scviellata L. (Marsh 5.)
¥iocla sp.

Pteriddphytes

Equisetum aruensis L.
Prteridivm aquilinum Undarw.
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Bryophytes

Camptotheciom megaptillum L.

Dierarum scoparium L.

Eurynchimm oregamm

Hylocomium splendens 5. & 5.
Iscthectlm stoloniferum

Lophocolia sp.

Mnium punctatum L.

Perells sp.

Rhytidiadelphus loreus (Hadw.) Warnst.
Rhytidiadelphus triguetrus (Hedw.) Warast,
Sphagnum capillaceum Weiss.

Sphagnum recurvum tenue Kling.
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Appendix II Basic Data

Table
pH Eatimates
Horizon
Flot
No. Aoo Ao Al Ap
1 .l §.0 3.8 -
2 4.8 5.0 3.7 -
2 5.0 4.2 3.9 -
2 5.3 5.1 3.7 -
& 6.4 6.5 5.2 -
7 6.0 5.2 6.1 =
10 - 6.4 6.0 -
10 - 6.2 6.2 -
12 5.9 8.0 6.7 -
13 6.5 5.5 5.6 -
13 B.4 5.9 5.8 -
13 6.1 6.2 6.0 -
14 6.5 5.9 6.0 5.5
15 5.5 5.7 5.4 5.2
16 5.5 6.3 5.8 -
17 - 5.5 8.0 B.0
20 6.9 6.0 6.5 5.5
21 5.8 7.0 4.8 4.9
22 6.5 5.0 6.5 6.8
24 6.0 8.3 5.2 E.u
25 6.2 6.2 5.1 -

= Absent valuss in Aco indicate that no litter
was presant.
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Hitrate Nitrogen Eetimates

Table B
Hoerizon
Flot
Ho. Ac
1 15, 25, 20,
2 5 5, 8,
3 10, 10, 10,
7 20, 10, 25,
10 25, 40, 35,
10 30, 30, 25,
13 40, 30, 30,
1y 20, 10, 10,
15 30, 20, 30,
18 45, 40, &0,
18 5, 10, 15,
25 25, 50, 30,

4§ praplications per traatment

20

10
15
ko
B0
35
10
as

&0

units in pounds per acre

15,

20,
20,
a5,
s0,
50,
15,
25,
25,
20,
us,

Al

10,
20,
10,
15,
s,
50,
50,
20,
20,
20,
10,

50,

10
20
10
15
S0
80
60
20
25

23

&0
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Table 9
fvailable Phosphorus and FPotasaium

Available Phoaphoreus Available Potassium
Horizon
Plot
No. Al A2 Al A2
1 T5 150 250 200
2 150 175 178 150
3 175 150 100 175
7 100 175 200 300
10 200 75 220 280
10 75 75 300 200
13 75 150 220 180
14 150 100 220 200
15 150 125 260 220
18 1258 150 300 280
18 150 100 220 220

25 150 175 200 250



Table 10

DEe
Date
29/09/66
12/10/66
30/10/66
13/11/66
28/11/66
18/12/66
6/01/67

oWy

Water Table Depths

B d E H
+ 33 + 2 *> + 100 > + 100
+ 30 + 4 > + 100 * + 100
+ 20 '] + 53 + L8
+ 28 o + 60 + 55
+ 14 i) + bb + 432
+ 11 o - 8 - 7
+ 12 4] < = 100 = B0
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Appendix III

A. Plot Size Determination by Minimal-Area Techanlque

1)

2)

a)

4)

5)

8)

Ralatively homogeneous stands were selected in each subjectively

chosen community type.

In each stand a quadrat was astablished which appeared to

be substantially smaller than that raquired for full axpression
of the community type. The pumber of specles In the guadrat
was recorded.

Quadrat size was repeatedly doubled, each time recording the
accumulative total of the mmber of species found within the
plot. This process was continued until the increass in the

number of species had decreased markedly.

Specles-area curves were constructed (Figure 13).

The minimal area was chosen a8 that point on the curve where

the inorease in the number of species approached mero.

The plet size was then taken as twice the minimal-area in

order to cbtain an adequate sample.



Ho.of
species

= L =

20
- ~——)
A
104
Bog Forest- Minimal Area = 128n°
D S—
32 6l 128 256 ot
20
ﬁ )
104&
& Willows- Minimal Area = 8z~
2 '8 a8 B 16 m2
—
Spirea- Minimal Area = 4um?
= E—— —= = == S S
1 2 o
Figure 13, * .

Hinimal Areas ForFlot Size Determination,



Pl 1, =

B. Critique of the Methods of Vegetation Analysis

The purpose of this section is to point out shortocomings of
the methods used in this study and to present some ideas which may

contribute to improved methodology.

Determining Plot Size by Species-Area Curvaes

By definition the minimal area is the smallest area in which
a community may fully develop and thus in which the community can be
adequately samplad. Species-area curves have generally been the means
for determination of minimal area (Figure 13), yet, for this purpose

they are deficlent in two major respects:

1) Chelce of the minimal area point on the curve is subjective

and will vary from person to person.

2) For the same data and the same person, the minimal area will

vary if the ratio of the ordinate to the abscissa are changed.

The "ten percent method" outlined by Rice and Kedting (1855)
eliminates these fallings to some extent, yet the results are still
dependent on both the units of area used, and the total number of

guadrats included.

Even Kilburn's (1968) method of differentiating the equation
which describes the spacles-area curve is not area independent. This can
be illustrated by the following proof.
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If ona considers the equation, Y = Kzﬂ. as representing a
typical species-area curve, then d¥/dx = X where T is bhe accumulative
total of the number of apeciss and where X is the area of the quadrat.
If X is the area of the guadrat, then /X is the unit df measurement.

For example, where /X = 1 meter, X =1 meter.

Asguming that /X = 1 meter, then. /X = 3.781 feet. If
/2 =1 foot, then /% = 3.281 JZ. Substituting into the species-area
squatfon we get: Y = (3.281./Z )* /2 = 57.6022 7Z'. Differentiating
this equation yields dY/dz = 115.884 7. Since X = 10.7649 %, 4Y/dx #
df/dz. Therefore, Kilburn's methdd is still dependent on the unit of
area used. If a standardized unit of measurewas employed, the results
would be cbjective and identical for all workers. Since dY/dx = dZ/dxe
dY/dz, a eorvectlon factor (4AZ/dx) oould be introduced to convert all

data into the standard unit.

Although standardization of thevunits of measure along with
conversion factors permit objective plot siza determinaticma by the
minimal area technique, the fundamental question seems to be "can one
logically determine minimal area using a method whose results are area

dapandant in tha first place?”
Comparing Vegetation From Plots of Different Sizes

The concept of minimal-area may not be as useful as it is thought to

be in plot size determination for community comparisons. Consider this
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study where DS3. & of the Vegetation Synthesis Table (Table 1) is

apread over three sampla plot aizes. Plnttluﬂﬁnlnndplnt?ah

smi. In town of probability a species such as Eurynchlum oreganum
which ccours once in avery plot of 256 m® should oceur only once in

32 plots each being B m?. On this basis one cannot legitimately discard
plot 23 from DSG A, Therefore DSGs cannot be analysed objectively if
there ls variation in the sige of their plots. By the sama token
communities delineated according to DSG distribution would also be open

to question.



