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Abstracf
The 'A relationships between tree Qrowth and = site
chagacteristics were éxamined on seiected peatlgnd'sites in
ce:gial Alberta. The sEudy‘héd.a tWo—féld pQrpose. The first
part deals with tree growth in‘reiapion to peat and yatef
. nutrients and ‘?%e éecond part Qith possible relationships
between lesser vegetation ,spéciés and tree growth,l¢The
éecond part included tree gfowth comparisons among different
Vegetation ‘classes established. by Harkonen (1985). The
possible‘rélationship between'basal areé of black spruce and
tamarack . witﬁ lesser vegetation species was also
investigated.

The study inciuded two separate peatland areas which
Qere systematically sampled for tree énd vegetatiéh data.
The sample plots were later subsampled for. stem analysis,
~and water and peat quality.

Tree groﬁth was defined as being top height at  the
breast height age of 45 years. Mean site index éhrves were
.establisﬁed for black spruce (Picea mariana (Q{ll.))_ and
tamarack (Larix IéPicina (L.)). These curves were used to
adjust top height at 45 years. ('
| Tamarack growth showed .é éfronger relationship both
with site nutrients and lesser végetation species than black
spruce in the richerland wetter peatland area. In the d}ier
and poorer peatland area, black spruce growt% correlated

with =site nutrients but not with lesser vegetation species.

No correlations could be established between the vegetation

iv



classes by
Basal
individual

Harkonen (1985) and tree growth;

M\

area -of black spruce

correlated

well

with

lesser vegetation species in both peatland areas.
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. RA ' ‘ — I. INTRODUCTJION

3

The peatland area of the world 1

B R Y ' \
422 million hectares (Kiviren, Pakarinfen, 1981). Of this

e, : LS

total peatland area approzlmotely 150 miflion hectargs are-
P )

M ol

in the Sov1et Unlon, 112 . milliopf hectares in Canada, 48

million hecté:es in USA and 100 mi)lion hectares in Finland.

[

. (Heikurainen, 1971a). These ffgures are somewhat -different.

depending on the _literature acftéd‘ (é.g. Korpij#akko and

b

Woolnough, ¢ 1977).' In 'Alberta, ,peatlandsfare estimated to

- cover about 800,000 hectareés ‘the  surface. area
;(Korpijaakko and Wooinbugh,. 1977) apd about ohe—fourth to
one-third of the forested area of the province (Slack et
al., 1980).

.

"A. Pefinition of Peat.andk?eatland

>

"Peat 1s an éfganic type oﬁb‘?01l Whlch €3n51sts of

‘Encompletely decomposed organic materlal deposued° in situ

(Pa1vanen,1‘1980).r Cajander ~(1913) defines peatlaﬁdi}n two

ways: | | | | | 7

1. Geologically, pea£land§ are made up of layers of pRat on
mineral'soilﬁk | |

2.'“Biolo§i¢all§," peatlands ,suppqrt,‘. sbecial plant

& . . . » . .
communities. characterized by mire vegetation such as:

Sphagnum'gp.
Carex sp.
Eriophorum sp. S oy

Trichophorum sp..



~J

Mire shrubs (e.g. Ledum sp., Betula sp.)
i B - Y .
Moore and Bellamy (1974) define peatland and peat ag

follows: _ : , /!
"Peatland 1s an unbalanced system where the

productton of organic materiall exceeds the.rate/df

/
/

respiration and degradation. The result is/ﬁ an

accumulation of a proportion of this production as

? g
£

-

an organic deposit." : I

/

Conditions have to be favorable for the above mentioned
‘ ¢ C / o
situation to occur. This usually means a ;élatively high

water table due to disturbance or impedance in the

circulation of water and therefore ~ofly part of the

precipitation. cycles back to rivers aqé lakes. X major part

accumulates in'specific areas causing'fhe rise of thet water,
table. The high water table leads correspondingly to

incomplete decomposition of @rganjc material which results
a . ) P
in the beginning of peat formation.

/
7/
/
/

/
B. Different Types‘of Peatlands
Peatlands are usually divided into two broad

B : y
_ categories: ' 7

1. Ombrotophic mires//
2. Minerotrophic mires
The basic difference between these two fypesjof.peatlands 1s
in»the way water and nutrienfs are received ‘(Heikurainen,

- 1971a). "An ombrotrophic mire gets its water and nutrients

mainly in precipitation whereas a minerotrophic mire




receives nutrients and water from surrounding‘mine%al soils
fgmﬂground Qater and surface ruriofff Ombrotrophic mires are
usually very nutrient poor and rg}ativeiy dr' Minerdtpophic
mires,‘*on the other hand, are richer in nutrients but often
considerably wettef.

The' word ‘bog usually implies an ombrotrophic peatland
with a convex §urface. unhijérvi (1982) defines an
ombrotrophic raised bog as follows:

"Ombrotrophic raised bog develops where the peat
deposit grows thick enough to insﬁlagé the surface
végetation from the effects. of mlnerotrophlc )m1re_
waters iﬂ whlch caSe the atmospherlc input becomes
the only source of addltlonal nutrlents

\

[ o

Pl

According to Stanek ' (1877a) a bog is "all classes of wet,

DY

extremely.ndt ientt?@ér[\aci@ dmbrotrophic mirés with = the
vege£ation in Whicﬁ Sphagnum'species-play a véry important
role usually s pporting-shrub and tree vegetation, and tﬁe
'femaihs of -whicﬁ make Qp a major part of the organic

horizon".
\

The word fen is often usHk referrlng to mlnerotrophlc

mires. In addltlon to a cont1nuous supply of nutrlents the
water of a fen 1s rich in oxygen. Due.to strong flooding in

the spring~ and early summer and to relatively low

. a : ‘ . . .

evapotranspiration, many minerotrophic  mires '~ remain
o '

saturated for long periods, preventing significant



“accﬁmﬁlation of Sphagnum;iespecially Sphagnum  fuscum Jpeat
(Ruuhijénvi«1985). Usually a fen has a less acidic condition
than an7bmprbtfdphic bog because it forms in low-lying areas
which'reqeive external seepage and drainagg waters.’Féns afe
commonly sedge-rich areas with a substrate which has g high
organié. matter: content and én alkaline reaction; Sphagnum

species are usually rare or absent, whereas minerotrophic
[ B .

mosses, herbs and shrubs are abundant (Stanek, 1977a).
i 9

Lftggq_&élknown,about peatlands in Alberta and only a

RS
“few studiéS fHescribing the mires in the province have been
published (e.aiAﬁéwis and Downing, 1926; Lewis, Downing and
~ Moss, T928; Moss, 1953; Vift et al., 1975; Slack et al.fp
1980).>ComparedAto Scandinavia, élimatological conditions in
Alberta are'.relétively dry for peat forhation. Most of the
precipitation falls during the summer months (Atlas of
Alberta, 1969; Paivanen, 1980). Because peatlands collect
water ffoﬁ the minerél soils surrqunding “them, the summer
rains may explain why peat formétion occurs in Albérta
(Paivanen, "1980). |

The continental cliﬁate and the calcareous nature of
the mineral soils in most of the province have led to “the
extensive development of fen vegetation with - truly

Therefore all of the patterned peatlands can be considered
. B _ )

fens in the sense that minerotrophic ‘conditions prevail

(Vitt et al., 1975). As a result a large proportion of these

fens can be regarded as medium or rich fens., However, where

[}



precipitation is slightly higher and the parent material 1is

not as minerotrophic, poor-fen vegetation may develop.

C. Factors Affecting Forest Growth. on Peatlands

It 1s " commonly known'that'trées ghoﬁ relatively poor
growth 'perférmance §n  peatlands. On' some peatiands no
merchantable ‘timber can be found and even totally treeless
peatland areas- exist. However, occasionally tiﬁber
_prdductidn on'.mires may exceed that of mineral soils. this
greqt*variation in tree’'growth on peatland sites is mainly
'due to two factors: thebwater table on site aﬁd the nutrient
status of theyshbsfrate (Heikurainen, 1971a) .

A ‘high water tabple can ihhib;t féres£ growth even if a
large amount of nUtrients?is available. The foots, of trees
canhét survive 1if the wétérltable 1s too high, due to poor
aeration. This leads £o~redUCéé growth or even death if the

site is COmplétely saturated iof“\igng periods (Fowells,

& .

1965). High water tables also acceleragé\\ghe growth of .

i

Sphagnum moss which may prevent germination of seeds or

growthﬁof young seedlings (Le Barron, 1945; Roe;, \T949;
McEWen, 1966; Stanek, 1968a).

‘HigH water tables affect'the rooting pattern of trees.
Generally, trees have' two kindiv of root systems. Some
species tend to have a taproot, penetrating relatively
deeply in the soil, thereby offering good support égainst

heavy winds. Other species have a rather shallow, lateral

root. system making the@ suSCeptble'to windthrow. Sometimes

4 . -

/9



6

lateral roots may develop sinkers  as;?the major support

against winds (Fowells, 1965). However, species  that

A
typically grow a taproot (e.g. most pinéga show a different

‘kindbof development when growing on sites with a high water
table (Heikurainen, 1971a). Heré they teﬁéifgygrqw a lateral
root system existing in the surfacé layer of the soil Qhere
the aeration 1is better (Heikurainen,. 1971a). Some other
speciéé like spruce, typically having a lateral root system,
‘are able /to grow adventitious roots‘which is an important
factor on wet sités where older roots caﬁnot survive because
of high water table or fast growing Sphagnum moss (Fowells,
1965). - | :

The chemical characteristics of peat soils differ

considerably from the corresponding properties of- mineral

soils (Kurki 1982, .Heikurainen, 1971a). The nature of the~

mineral soil and bedrock both underlying and adjoining the

pedtland and the degree to which the peat has undergone

~decomposition have an effect on peat .properties (Kurki,
1982) .

Peat soils are generally considered to be more acidic

[

than mineral soils often having pH-values in'thegrangé of .

N

3.5—5.0‘(Heikurainen, 197+a). Seme peat soils,‘“bfch}'f§;f~

calcidm, may however, have pH-values close to nebt%a&;ty;
(Heikurainen, 1971a), ' o
The nitrogen content of ‘peat’'soils is commonly higher

than mineral soils (Heikurainen, 1971a). However, much: oﬁ‘

peat nitrogen is fixed in organic compounds and exists

o~



7

[}

largely aél podfly soluble pfo%eins (Kurki,‘ 1982). Some

, ) . _
nitrate may be present in well drained peat soils (Walmsley,
1977). It is known that,@lants use ni£rogen'in the form of
ammonium NH,"® buﬁ whether~dr not it\is preséht in peat soil
s hard to ’measure'since 1t iS‘uéilized quickly by plﬂpts

(Tamm, 1950). There are two factors, influencing nitrogen

release ahd its évailability (Walﬁsléy, 1977): the total

content of nitrogen in the soil and mi¢robial activity.

‘These two factors are both afchted'by pH (Walmsley,

1977). ‘Due to the fact that the ratio of carbon to nitrogen

decreases as peat decomposition advances, the nitrogen
content of the peat substrate is higber than tﬁat of the
peat material composing it (Kurki, 1982).

Most peats are reiatively poor in calcium (Heikurainen,

1971a). Both_total and exchangeable contents of calcium are,

~on the average, Iargest in Bryales-Carex peats and  smallest .

in Sphagnum dominant peats (Kurki, 1982).

Magnesium contents of peaf‘afe usually low. However,
plants need magnesium in only fairly‘small amounts and it is
'39t  usually the 1limiting factor  for forest  growth
(Heikuraineﬁ, 1971a). , !

Organic soils tend to be low in potassium (Walmsley,
1977). This is probably because there is little mineral
matter that is cépable‘of releasing potassium over time or

fixing applied potassium (Walmsley, 1977) o Heikurainen
W

o

(1971a), on the other hand, assumed that the low potassium

contents in the peat soils resulted from potassium being in

J



an easily soluble form in the peat and is thus often carried
away by water. In some cases, potassium is considered the
most limiting nutrient ;on peatlands for forest growth

(Heikurainen 1971a).w
Peat soils tend to be poor élso in phosphorous (Stanek,‘\
1977a; Heikurainen, 1971a)¥ Of the total phosphorus content
exis;ing in the peat, the largest proportion (approximately
75%), occurs 1n an organic. form (Kaila, 1956). Many &

‘investigators have found an irncrease in phosphorus:

solubility as pH increases (Urvas, Sillanpaa, Ervio, 1979).

D. Means to Improve Forest Growth on Peatlands’

Because forest growth on peatlands is inhibited by a'

P .

high water table and deficiency of available nutrients, and
because orgénic soils are colder than adjacent uplands, tree
growtp is hampered. To improve forest growth onqugt}gnds
the water table has to be lowered considerably ana somepiﬁééﬁ,gw,
fertilizers have to be applied to supplement or balapce the
nutrient status, | |

The. water table can be lowered by drainage leading the
excess water away from the area to a- local water system. As
a resﬁl,, hydrological conditions becomé closer to those of
mineral ‘soils.

The lower ‘water table offers better éeration for tree
roots and this has a great impact on growth.

Better aeration in the peat also causes mobilization pf

nutrients. This is due to increase of available oxygen in

-



the substrate. After drainage there are considerably more
nutrients available for vegetation than before (Heikurainen,
1971a). " |

A\ v .

The influence of drainage on soil temperature is
, coﬁplex. Drainage decreases the heat capacity of the peat
whicﬂ means that after drainége, soils Qarm up faster but
"also cool down quicker than before - (Heikurainen, 1971a).
This can 'be detrimental because the possibility of’damaging
frosts in the late spring increases with decreasiﬁg heat
Capagity. On the other hand, if cold temperatures do not
exist, decreased heat capacity may 'p;olong the qgrowing
season and have a positive effect on tree growth. .

The conductaﬁce of heat in the peat 1is smaller than
that of mineral soils {(Heikurainen, 1971a).. This means that
it takes a longer time for energy to penetrate and warm
organic soils 'than\ mineral soils. The drier the peat the
smaller the conductance of heat (Heikurainen, 1971a).

- However, not all the effects of drainage .on soil
temperature are negative, Drainage causes éompaction of peat
layers which increaseé both the heat capacity and the
conductance of‘heaﬁ, thus decreasingbthe negative effects of
drainage ment ioned above. Drainage also decreases
evapotranspiratién which can improve temperature conditions.
Improved = forest growth due to drainage has a positive
influencé on temperature. with development of a forest stand

temperature extremes are reduced. Maximum temperatures

decrease but minimum temperatures increase correspondingly
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(Heikurainen, 1971a).

E. Forest Growth After Drainage
Several experiments and large scale progfams have shown

R . P
that drainage can hqyechnSJderable effect on forest growth

‘and yield. In North America, where drainage has not been

-

used in forest manaQement,f most of the information about
¢ "

1s based on individual experiments of

L

improved forest growg?z
3%

fairly small scaleﬁ@ﬁ vere;l and McGrew (1929) found that

Y

drainage significéntlﬁ%ﬁméreased the volume growth of trees.
N ”‘g 'A’m

k)
N v Rl " . )
Lo péﬁ% atﬁg%élon to the responses of different
-~ 5 3 P 33 “‘f‘ " .

e L

tree species and ‘the ef%é&ﬁ@ of different peat and ditch
spacings vbn growtﬁ. Le Barron and Neetzel (1942) observed
the growth rate of young saplings'accelerahed‘.two to four °
times that, of controls between the ”é}ainage ditches.
Satterlund and Graham (1957) found an immediate beneficial
effect on leader QFOWth of black sp}uce (Pigea mariana Mill.
B.S.P.) due to removal of excess water from a Sphagnum bog.
Payandeh (1973 a,b) analyzed a forest drainage experiment in
no%therq Ontario and concluded thét‘ both the” volume and
value growth ofé;submarginal peatlana black épruce can be
improved significéntly by drainage. Similar results are also
described by Zon and Averell (1930), Lundberg (1952), Stanek
(1968b) and McEwen (1969).

,Ih‘ Finland, where forest drainage was started as early
as the nineteenth century, extensive drainage programs have

been carried out and. the results have generally been

I d
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positive. Drainage have been found to bring the volume
growth of peatlands up to the level of mineral seils in most
cases (Heikurainen, 1971a). About 55% (i.e. 5.5 x 10* ha) of
. the total peatland area of Finla ' as already been drained
(the goal being 6.5 x 10° ﬁa). According to the National
Forest Inventory of Finland the total increment ~of forests
in Finland increased about 2.2 million m’/year during the
ten year périod between 1948 and 1958 because of drainage
(Heikurainen, 1961). In 1982 the increased forest‘gnqzth due
to drainage was estimated to be roughly 8 million m’/year
and it 1is estimated fo reach approximately j? million
m®/year by year 2000 (Heikurainen, 1982b). -

The increases ip harvestable wood are usually obtained
between 15 and 20 years after drainage. In 1982 the increase
in the allowable cut for -Finland was estimated to be 2
.million m®/year due to drainage work in the '19§0's and
before. The 1increase in the allowable cut is expected to
reach 8-9 million m®/year by the end of the century and the
maximum of 15 million m’/year approximately 40 years from
now (Heikurainen, 16?2b). The allowable cut in Finland is
presently around 50 millidn m*/year so the figures
describing the 1increase aré' signifiéant‘ both in annual

increment and annual cut due to drainage.
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F. Criteria to Use When Considering Drainage

.
. I1f drainage is decided upon as a method to increase the

productive. forest land base, there are several factors to

consider when determining which peatland areas‘toldrain.

There should be a classification system of one sort or
another so that one would be able to pfedict post-drainage
growth of peatland forests with the help of some easily
recognizable parameters found on vi;gin peéﬁlands. These
parameters should indicate the nutrient status of the
peatland, as a basis for prediction of future growth
subsequent to drainage.

Drainage cq5ts should‘be considered so that the money
spent on éraining a site yields returns as quickly as
possible in. terms of tree growth. This' reguires some
consideration.of ditch éépacement and initial growing stbck.

In Fiﬁ%and several studies of4 post-drainage timber
éroduction of peatlands have focused onnthe potential tree
growth on sjtes of varying quality and fertility. The majpr
factor inferncihg the growth and development of trees has
"been found to be ma;roclimate, especially temperature
(Heikurainen, 1982a).

Finnish peatlands have been classified into site tybes
(Cajander, 1949; Heikurainen, 1972). The classification is
based on thé\theory of foreét types by Cajandeg (1909; 1913;
1926; 1949), This theory states that different ground
Qegetétion éommunities reflect the overall ecological

environment indicating the growth potential of the site. In
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the peatland classification system, the vegetation
simultaneously indicates both the level of fertility and the
we;ness.

In Ff%land all types of mires which are drainable have
been _inventoried and rapked according to their potential
post drainage timber production. ~Site fertility has been
defined by the tyee of lesser ground vegetation on site. |
Fertility combined w;th macroclimatic parameters gives a
site quality index for all peatlands. This site quélity
index is then used to estimate the |post drainage forest
growth for the whole country within all the sité types.

Even Ehough the sysﬁem has been used extensively and
successfully to determine drainable peatland areas, only a
few research projects have Béen carried out to compare tree
growth on different péatland site types. Westman (1981)
found a correlation between the fertility and fhe site type
(i.e. forest growth poteﬁtial)‘but the study did not include
comparisons bf tree grofth among the sites. The tree growth
aspect. has been studied by Lukkala (1929), Heikurainen
(1959), Seppélé (1968, 1969) Keltikangas (1945) and Huikari
(1574). These studies mainly confirmed the positive effects
of drainage on tree growth. A recent stbdy'was conducted by
Laine and Starr (197%) on the nature of stand growth from
four different méin site types.

Laine and Starr (1979) studied sites drained 20—30
years before stand measureméhts and éoncluded that the post

drainage‘djfcrement of the stand was 'dependent upon the site

A
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type. This confirmed the efficacy of using the site type
classification for evaluating the suitability for forest
drainage.

Whether or not'different™peatland site types exhibit
different characteristics in terms of tree growth in virgin
*conditions isinot know’f Only one study has been conducted.
on this matter in Finland (Heikurainen 1971b) and no clear
correlation between stand voluméﬂpr increment, and site type
was found.

Canadian wetland&have been classified by Jeglum,
Boissénneau and Haavisto (1974), and Zoltai, Pollett, Jeglum
and'Adams (1975). These classifications are of general
nature and do not focus attention specificly on forest
drainag%. Forest drainage éspects inp Cdnada have been
‘étudied‘by Helkurainen (1968) and Stanek (1977 b).

Some pilot studies have been carried out in Alberta on
certain peatland areas and.. their suitability for forest
drainage (Paivanen, 1980). According ‘o géivénen (1980)
there are good possibilities in 'Albertaﬁﬁo increase the
growth of trees suffering from excess water in virgin
peatlands. Paivanen's opinion is based on the climatological
data of Alberta, and the actual response of'black'spruce and
tamarack to drainage 1in nmany areas along highwaysﬁwhere
drainage channels have been dug at the time of road
constfuctiéﬁ.

To start a drainage‘program in ‘Alberta Qould require

definite «criteria to identify peatlands that are drainable,

v
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i.e. whose post—dfainaée ‘timbér produc€i$n would give thé
greatgst‘return ‘as quickly. as ‘pOSSiblé. ‘These criteria
' should\finclude parameters that are eaFily recognizable by
1p;acti¢a} foresters. In tfying to develop a systeﬁ similar
to that '}du Fialand one faces certain pfdbighsg In Finland
the'clgésifigatibn foriforestry purposes was derived from
d:ained' peatlaﬁds by observing the development of these
parﬁicular areas after dradinage. In Alberta this is not
péssible since no peatland drainage programs or even
individual experimeﬁf% have existed in the: prdvince' until
recently. .

' Secondly, most of Alberta's‘ peatlands are c¢dnsidered
fens with fairly high pH values and these kinds of %eatlandS‘
are usually not,recommended for @rainage because of the
‘sehsitivify éf their nutrientl balance (Heikurainen,

1983).° for\this reason the nutrient relationships in areas
spggested for drainége ,shouid ‘be determined to monitor
‘possible detrimental changes in the nutrient régime.

"Only 1limited literature exists ébout, the : nutrient
regime of peat soils and its relatien to tree growth. Most
~of the authors - have studied the felationship between the
foliar concentrations of selected nQ;rients and thé
productivipy,v"i.e. sité index of peat soils (Gagnon {(1964),

Leyton and Armson (1965), Watt and Heinselman (1965), Lowry

and Avard (1967), Tilton (1978)).

__________________ ¢

'Personal communication, May 15, 1983.

d



. 16

A
Paarlahti . (1971) studied the relationship between
height growth df Scots pine (Pinus'sylvestris L.) and the
nutrien£ concentrations iﬁ.the foliage and in the peat after
N—K—E fertilization., Most studie§ pay attention to
fé?ﬁ?lization effects (Dickson, 1971; van Nostran, 1979;‘

+

Morrison et al., 19739) or seedling nutrition and seedling

growth. éharaqq_ristics on different pea types~4McEwvan,

1966fu§@ah}'§%76; Richardsbn,, 1979; Jeglum, i981) rather
than paying attention to the relétionship’ betWeen peat
nutrients%;nd tree growth directly. |
The same situation exists in research on ﬂvirgin
peatlands and their vegetation in reiation'to tree gréwth.‘
Vall;;\@nd Lowry (1970) found that lesser vegetation species
native to black spruce stands can be used to estim;te Js%ﬁe
fertility with a reasonable aegree,of accuracy. Tﬁe‘authofs
studied the‘relationshipibetween Plonski's (1956) site index
~for black /sprucei and forest vegetation. However, peatland
sites in this study formed only one sfratum. and no

comparison within peatland sites could therefore be carried

out.

G. Objectives
9

Recognizing the need of research in the area of virgin
peatlands in Alberta and the rest of the world, eapecially
-as applied to forestry, the objectives of this study were

‘forﬁulated.'



17

The primary objective of this study was to test for
relationships between tree growth and site- characteristics
of selected peatlands in central 5ﬂberta. ™
| ‘Two questions emerged from ‘this ‘which led to the
fdrmulation{of two null hypotheses.

1. By aégumfng that the hydrological conditions in the
study 'area were fairly constant, it wés‘ expected‘that
diffe;encea in nutrient regimés would lead to differences in

tree growth. This was the basis for creating the first null

hypothesis:

Ho: There' is no correlation between tree growth and site-

nutrients in the study area.

2. Cajander's (1913) theory of forest éypes was dsed to
formulate the second -hypothesis. This theory assumes a
strong correlation between different ground.vegetation types
and ecological environmént. Vegetation is believed to

indicate the true growth potential of the site.
ng second null hypothesis was therefore:

Ho: There is no correlation between tree growth and lesser

vegetation communities within selected peatland ecosystems.



Tt
N

\

~11. STUDY AREA

A, Location and General Characteristics

B The study area consisted of two separate peatland
‘waréas:'1. Saulteaux River Area - a part of a large peatland
area adjacent to the Saulteaux River and, 2. Athabasca
Highway Area - a part of a '?2rested bog' area east of the‘
junction of Highways 2.and 44 south of Hondo. Both areas are
‘,logated in the Slave Lake Forest District of ~ the Alberta
Forest Service (Figure 1).

Experiencen and knowledge about Finrish peatlandé
affééfed the decision to usehonly‘two peatland areas in the
study. In Finland a‘peatland.area offen consizts of séveral
dig¥erent site types;‘a gradient frdm'poor to fertile sites
exists. on many peatlands  (Heikurainen, 1971a). This  was
anticipated also “in this study.

Mean temperature in the study area Qaried pBiween -17 C
and -15 C 1in January, and between 16 C and 17 C in July
during the-‘thirty—year period ?f 1931-1960 - (Atlas of
Alberta, 1969). The mean annual precipitation during the
's;me‘period was 457-508 mm and-mbre thaﬁZSO%;of the annual
precipitat;on' in this area fell during the growing season
(Atlas of Alberta, 1969).

i 9 . ' .

Thgtwo areas were different in terms of their ecology.
The Saulteaux River area was very heterogeneous in terms of

tree cover, and could be considered 'real' peatland having

peat depths from 30 cm up to 150 cm and more.

e
18



Saulteaux

Figuré 1 - Map showing the locations of the two study areas

in Alberta. S = Saulteaux River Area, A = Athabasca Highway

Area.
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The Athabasca nghway area was a falrly homogeneous bog

looking peatland area Yﬁere the peat depth rarely exceeded
¢

50 cm. These two areas were analyzed separately due to their

differences.

B. Grewing Stock in the Study Area '- ’

Mensurational parameters of theygrowiﬁg stock can be
seen in the appendix in tables A.1 and A.2. As the tables
indicate the variability in basal area within both areas was
great. The two areas were not significantly ‘different in
basal area. The mean basal area in the Saulteaux Rlver area
was 13.1 m?/ha. With the standard deviation of 8.4 m®. The
corresponding'values'in the Athabasca Highway area were 11,6
m?* with the standard deviation of 6.8 m?, Maximum basal area
in both areas vwas close to 30 m*/ha and some plots were
treeless. Other parameters such as helght and dbh (diameter .
at breast height) showed less variation.

With the exception of a few seattered older trees which
escaped past fires, both areas were even-aged. The mean age
at breast height in.the Salteaux River area was ©54.8 years
with a standard deviation of 21.9. In the Athabasca Highway
area the mean age at breast height was 42.5 years having a
standard deviation of 7.2. The difference in age between the
two areas was statistically significant.

The two main tree species growing in the study area
were black: spruce (Picea mariana (Mill.) B.S.P.du .and

tamarack (Larix Jaricina (L.)). Some white spruce (Picea
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glauca (Moench.) Voss.) and paper birch (Betula papyrifera
Marsh.) were also, found but since the occurrence of these

species was scattered and infrequent they were ignored in

the analysis.
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C. Some Siivical Characteristics of the Tree Species in the
" Study Area
Black spruce '*’q@

“Black spr%pe is one of the most importént commercial
tree species in Canada. In eaétern Canada it is the most
- common species@used by forest industry (Ketcheson and Jeglum
,1972; Hearnden, 1975). In western Canada black spfuce is of
‘less importance. Species like lodgepole pine (Pinus contorta
Dougl.), white spruce and Douglas fir (Pseudotsuga menziesii
(Mirbel.) Franco) are mofé important here.

Black.Spruce shows great variation in dimensions within

the range of habitats it occupies. On better sites it may

iy

reach the height of 30 m and a diameter of 80 to 90 cm

(Heinselman, 1957, Fowells, 1965). On poor sites its maximum

height may be less than 6 m and diameter less than 5 cm

(Fowells, 1965). The crown form of black spruce is usually-

irregular{

Root development of black spruce is.charEEteristically
shallow and it has no taprbot (Fowells, 1965). Black spruce
1s able to develop adventitious roots,’ particularly in
peatlands due to the high water table 4nd rapidly érowing
- Sphagnum moss (Fowells, 1965). Sinker roots may develop on
older trees.

| Black spruce has a largevecologiéal amplitude. It grows
from sea level to elevations ofi 2,000 m, and from dry,

. L4
shallow, or deep sands to wet, completely saturated peatland

O
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areas (Heinselman, 1957)3‘

+

X
On moist loams or well-drained uplands black spruce 1is

usually accompanied by balsam fir (Abies balsamea (Mills)),
white spruce, white birch and trembling aspen iPopulus
tremuloides (Michx.)) (Fowells, 1965). Sometimes pure black
spruce stands can be found on these sites and according to
Fowells (1965), it 1is most productive on these particular
sites.

Althbugh on very moist sites biack}sprucg can form pure
stands, it often grows with balsam fir, white spruce, white
birch, and balsam poplar (Populus balsamifera, L.) (Fowells,
1965) . : : A

On peatlands sites where the organic layer does not
exceed 1 m or én'wet clay.soils, black spfuce grows. either
in pure stands or accompanieé by white spruce, balsamgfir,
trembling aspen, balsam poplér and tamarack (Fowells, 1965).
On these sites feather mosses or Sphagnum mosses or
sometimes boéh form the ground vegetation with shrubs such
as Ledum sp. and Alnus sp. (Heimselman, 1957).

On peatlands with a thick peat layer and very wet

conditions,‘ black spruce forms pure stands or grows
sometimes wgth tamarack (Heinselman, 1957). Sphagnum species
are dominant in the ground vegetatﬁon (Heinselman, 1957;

Vincent, 1965; Jeglum, 1971a). As mentioned before, 'black
spruce grows best on well-drained loamy soils, but being
less competitive than other species it cannot occupy these

sites (Fowells, 1965), It has been suggested that one of the
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reasons black spruce -survives on extremely wet sites 1is
beca;se of'its ability to grow adventitious roots. This is,
however; ~guestionable because all spruce species have the
same ch%racteristics and few of them can grow on wet sites.
In Finland the most common tree species on peatlahds is
Scots pine (Pinus sylvestris) which does not §055ess the
ability to grow adventitious roots. It is obvious that a
certain advantage exists with the characteristic of being
able to grow adventitious roots on wet sites, but other
factors like the ability to grow in cold soils with nutrient
deficiencies are important.

In the study areas black spruce was found to associate
especially "with the two feather mosses Pleurozium schreberi
(Brid.) Mitt. and Hylocomium éplendens(Hedw.) BSG.. Ledum
gPoenlana}cUm Oeder was also common in the vegetation under
black spruce. Sphagnum species were not dominant which is
probably due to the fen-like conditions prevailing in both
of the areas under study.

Most black spruce stands are said to be of fire origin
and have an even-aged structure (Fowells, 1965). In spite of
often being the first species éfter a fire, black spruce is
not a typical pioneer species. It wusually forms climax
stands (Stanek, 1968a).

In both of the study areas, black spruce formed pure
stands or mixed stands with tamarack. The mean height of
black spruce in the gaulteaux River area for the trees of 5

‘cm or more at breast height was 6.8 m having a standard
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deviation of 1.6 m. The estimated mean age of black spruce
in this area was 51.1 years at breast height with a standard
deviation of 12.5 years.

In the Athabasca Highway area the mean height of black
‘spruce was 6.7 m for the treeg of 5 cm or more at breast
height with a standard deviation of 1.8 m. Corresponding
estimates for age at breasﬁ height were 44.6 years with a
standard deviation of 7.2 years. It was estimated that black
spruce reached breast height of 1.3 m on the average in 16

years in both of the study areas.

Tamara "k

Tamarack has one of the widest ranges of all American
conifers and it grows inréxtremely varied conditions (Roe,
1967). Precipitation over its range varies from 180 mﬁ to
1400 mm and both the length of tBe growing season and the

/" .ytemperature during the gréwing season have a great variation
in different geographical areas (Fowells, 1965).

The height of témarack varies from 15 m to 25 m and
according to Fowells (1965), in Alberta témarack reéches its
maximum.height (15 m) and diameter (30 cm) in 80-95 years.

Tamarack typically has a shallow, compact root systéﬁ
and does not grow a taprootoon péatlands whereas adventitous
roots are common on wet sites (Roe, 1957); |

According to Roe (I957), tamarack is one of the fastest
growing of the conifers of the boreal forest when growing on

fertile well-drained sites and by far the fastest growing of

-
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the species growing on peatlands. Roe (f957) stated that in
Alberta tamarack easily outgrows black spruce. on peatland
sites if enough growing space is available.

According to the tree data from the study area, the top
heigﬁt - mean height of the tallest stems - of tamarack at
the breast height age of 45 vyears . was 8.3 m. The
éorresgonding height for black spruce 'was 7.5 m. Mead
(1978), has described a similar difference between the th
species on peatlands in Ontario.

The best growth of tamarack is achieved on rich, moist,
well-drained loamy soils along streams, lékes, and mires but
most of£en tamarack is found on extremely wet, organic soils
(Fowells, 1965). Taﬁarack is able to tolerate high soil
moisture, acidity aﬁd low soil tempefatures better than many
other iocal tree species, but longlperiods of heavy flooding
will kill it (Denyer and Riley, 1964).

Tamarack can form pure even-aged sgands of considerable
extent but 1is often associated with black spfuge.and white
spruce (fowells, 1965). ‘

i
+  Tamarack 1s a very shade intolerant species. It has‘to

RS

become dominaAt after the first 3 to 4 years of its™
development or it will not survive (Roe, 1957).

Tamarack is normally the first \pioneer tree species
invading peatland areas (Fowells, 15@5). It is not able to
reproduce under its own shade like somg other species so it
1s usually succeeded by black sprﬁce on poorly drained, acid

peat or by black spruce, white spruce, and balsam fir (4bies



balsamea) on better organic soils.

| In the study area the mean height of tamarack for trees
5 ¢cm or more at breast height was 8.4 m with a standard
deviation of 2.5 m.‘The estimated mean age for tamarack was
64.2 years at breast height having a standard deviation of‘
39.5 years. In some of the ploté there were a -few extremely
old tamaracks that had obviously survived disturbance for a
long time. These o0ld trees contributed significantly to the
higher mean age and standard error values. For tamarack it

took on the average of 14 yearsrto reach breast height.

«

D. Chemical Characteristics of the Study Area

The pH values for peat and water in both areas’were
relatively high (see Table A.3). The average pH of the water
in the Saulteaux River area was 6.4 with a standard
deviation of .7. In the Athabasca Highway area the
corresponding fiqures were 7.0 and .3. The pH values for
peat for both areas were respectively 6.2 with a standard
deviation of .6 in the Saulteaux River area and 7.0 with a
standard deviation Qf L4 iin  the Athabasca Highwéy area.
These péat pH values exceed the recommended optimal range of
5.0—5.8‘for,nutrient availability (Lucas and Davis, 1961).

The pgysiognomy and the pH values of the study areas
can be used to. classify these peatlands as fens. The
Saulteaux River area is an intermediate fen (pH=5.2-6.4) and
the Athabasca. Highway area a transitional rich fen

(pH=5.8-7.0) (Sjérs, 1952).



II1. METHODS AND ANALYSIS

A. Experimental Design

Tﬁe areas were systematically sampled usiqg a random
starting pofnt. First a grid of points was lbiq out on an
aerial photograph (see Plates 1 and 2). By usi%g this grid
sampling w;s done along parallel transects. The distapce
between the transects was 300 m and the distance between
plots was 150 m.

Circular plots of 0.01 ha were used and in each plot
the following parameters of trees abgve 5 cm in diameter at
breast height were recorded:

tree species : ' “ -
diameter at'breast}height (cm) to the nearest cm
height of the tree (m) to the nearest .5 m
age of every third tree f
radial growth of evg%y third tree
Both the age and the radial growth Qere determined at breast
height. |
* The vegefation of each‘plot was analyzed on two to four
sg;;I;R\Oplots (0.25 m?) inside the main plot in addition to
all the tree measurements. A total of 71 saﬁple plots were
establiéhed in  the Saulteaux River area and 39 1in the
Athabasca Highway area.

2 4

The sample plots were subsampled for stem analysis and

for water and peat quality. In the Saulteaux River area the

subsample was distributed in such a way that 1t covered the

28
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Plate 1 - Aefial phctographwwith the grid cf sample plots in

the Saulteaux River Area. Lo
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Plate 2 - Aerial photograph with, the arid of sample plote in

the Athabasca Highway Areg.



B. Analysis
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maximum number of different siﬁe types. This was done by
stratifying“the initial data into four groups: /
black spruce 76 - 100% of basal area
black épruce Si'~ 75% of basal area
6 black spruce 26 - 50% of basal area
biaék épruce 0 - 25% of basal area
Within each stratum the plots Qere subsampled randomly. In
the Athabasca Higﬁ;ay aréa this procedure was not followed
because black spruce was-practically the only species in the
area. The total number of subsample plots in the Saulteaux .
River area was.37 and in the Athdggsca Highway area 15.
Theée figures were' based on the estimated required sample
size for the chemical analysis of»fhe peét and water..
An attempt was made to measure the water table depth in
each subsample plot to assess its effect on tree growth.

This was done by using‘ two different reference points:

estimated average ground level between hummocks and hollows,

‘and  the level where most of the trees were growing on each

sample plot.

¢

Stepwise multiple regression. analyses were used in
combinatibn with analyses of variénce\ to evaluate tree
growth. Wate% and.peat nutrients were used as independeht
vaé&%bles; in the multiple regression analyses. The same
procedurem was utilized when trying to establish a

relationship between tree growth and species of ground
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vegetation. Analyses of variance were used to test for
differences in tree growth  among  Harkonen's (1&85)

vegetation classes.

Selecting the Dependent Variable for the Multiple Regression
For the multiple regression analysis, the following

models were created:

1. Tree Growth A+ ByX, + B,X, + ... B, X,
Xy, ... X, = peat and watégﬂvariables

2. Tree Growth Y, + B,Y, + ... B, Y,

i
>
+

.

Y, ... ¥, = plant species

In both of the models tree«growthvwas used as the dependent.

Qariable. At this point.it waswhecessary to détermine what
mensurational \parameter should be used to describe tree
growth. It wask%onsidered impqrtéht that fhe  tree growfh
variable sp_oul'xpress t’he .actual growth potential of thé
si%éﬁaQequately. geveral parameters were considered.

f?ﬁe stand volume,“lstand basal aréa, as waell as the

basal area increment were all rejected as the history of

each  plot ﬁ?s not known. It is impossible to.tell whether
the reasons for differences in these parémeters are due to

differences in site productivity or some other factors such

" as circumstances at the time of seed fall.

The mean Dbasal area, mean dbh and mean basal area

increment were also rejected. All of these parameters are
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very dependent on stand density on the site (Assmann, 1970).
Because tree height depends very much on site and
relatively less on density, (Loetsch, Zoéhrer and Haller,
'1973) top height at a certain age was chosen &g the
dependent variable in the models. It was assumed that top
height was an index of site quality in.the'study area.

Thére are many definifions for teop hesghf (see Loetsch,
Z6hrer - and Haller, 1973). Most often it is the mean height
of a fixed or relative number of tallest or largest t;ees in
the area. In this Study top height\for each plot was derived

by averaging the height of the tallest stems - each having

an age observation - on the plot, in such a way that 10% of

the total number of trees per plot were included. However,

no suppressed. trees were selected. This was done by

acquiring frequency distributions of height for each plot

aﬁd studying these distributions. Top height was determined
for both- tree spécies'separately. o

‘Because height of each particular tfee is a function of
age, the age has to be taken into account to be able o
comparé plots of different'age. This was done by creating
site index curves for’black spruce and tamarack growing on
the study area. First an étfempt was made to prepare the
site index c&rves by using the temporary sample plot .data.
However, the range of age classes was so narrow that this
was iﬁpossible. TQ@?height of each plot for both sbeéies can

be seen in Figures A.1 and A.2 in the appendix.

N
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To overcome this problem of the narrow age‘range, stem
analysis (Herman et gl., 1975) was done for both. species. In
the -case of black spruce 22 trees were analyzed and for
tamarack the analysis consisted of 16 trees. TheJ"sample
trees were ' selected randomly but oniy dominant and
codominaﬁt trees were chosen.

The stem analysis.data were used to prepare site index
curves for both species;‘Thése curves were created applying
the guide curve technique' by Bruce and Schumacher.(1950)
with the heip of linear regression.

This technique produces an éverage site index curve and

R

all the other curves above or below the mean curve are

~harmonized with it. In other words, all the possible curves

are proportional to. the mear curve i.e. differences between
sites result in similar differences in the‘réte of height
growth at all ages, (Bruce and» Schumacher, 1950). The
reference age_in this study was 45 years in both species of
trees. | ‘

The guidé curve technique 1is sound only if no
correlation exists between age. and’ site quality (Curtis,
1964). This problem was pértly avoidéd by setting the
reference age at 45 years at breast Beight and inéluding
only data pointér lesser than or equalvto 45 year; in the
analysis. In the black spruce stem analysis only two trees
out of 22 were younger than 45 years ag.breast height. In

the case of témarack the number of stems in the analysis was

16 of which 14 were at least 45 years old. The possible
. . )
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age-site correlation was checked.in both cases by compéring
‘the mean height of all the étem énalysis trees at their
highest common age against the mean height of those trees at
leést.45 years old (20 black spruce, 14 tamarack) at the
same age. The highest common ége was 35 years fof black

spruce stem analysis trees and 30 for tamarack stem analysis

1

érees at  breast height. This comparison showed that no
vcorrelation existed between age and site in either species
if only the data points having age lesser than or equal to
45 years were used. The reference age of 45 vyears was
justifed al'so because it was close to the average breast
height age of both species.

A straight line gave a better fit for both species than
any cur?iiinear relationship. The mean site index.curve for
'ea¢h spécies’can be seen in Figures 2 and 3 on pages 36 and
37. The top height of 9.5. m "at 45 years represented an
average tamarack .site.. An average black spruce site had
correspondingly a top heighf of 8.6 m.

By édjuséing the top height of each plot to 450years
using the prdpoftionélity assumption /of' the .ghide curve
technique as a basis, a Site‘inaex was assigned for each
plot. This made it possible to compare plots of different
age. |

Theoretically, curves describing the development of
height as a function of age would not be straight lines but
\rather asymptotic parabelic curvés. Smith . (1984), however

found that black Spruce growing on a great variety of sites
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Figure 2 Black spruce stem analysis data and the site

i‘hdex curve used to adjust top heights at 45 years.
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did not exhibit any strong asymptotic height properties for
stands up té 180 years old. Instead a linear relationship.
existed between the stand age and stand height.

Heger (1968) established site index curve; for several
tree species in eastern Canada using stem analysis data. For
‘all the species in the study a straight line gave ‘the best
fit. Similar results have been reporqéd by Heger and Lowry
(1971) who tested applicability of Plonski's (1956) yield
tables for black spruce in central and eastern Canada.’

The trees used for preparing the site index cufves lfor
the study . areas in this study were relatively young.which
probably contributed to the'form of a straight line.

The adjustment of the top heights of individual plots
using a straight line can be justified only if the trees to
.be adjusted do not represent older trees whose déQeldpment
could not be considered following a straight line.
Fortunately, only 8 out of 70-black spruce and 4‘oﬁt of 40
tamarack plots were represented by trees older than 60 years
and thus the ~bias duer to wusing a straight line as an’
indicétér of site index was ignored. |

fn some plots both tamarack and black spruce formed the
. canopy and thus were seleeted separately to determine the
- top height ~for both species. In these plots there were two
different éite indices, one for lack spruce and vghe other
for tama:ack; THe relationship of thesevtwo site indices can

be seen in Figure 4 oﬁ\page 39.
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indices in the Saulteaux River Area.
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The site index‘ufor black spruce at 45 years in the
Saulteaux River area varied from 4.5 m to 11.5 m. The mean
value was 7.5 m and the standard deviation 1.7 m. In the
same.area thé tamarack site index at 45 years had a range
from 4.0 m to 13.5 m with the mean of 8.3 m. The standard
deviation was 2.2 m. In the Athabasca Highway area, the
black spruce site 1index varied between 6.1 m and 12.0 m
having the mean of 7.8 m and the standard deviation of {.3 m
at 45 years.'

The site index variable was then usea as a dependent

variable 1in the analysis separately for both species and

. areas.

Peat and Water Chemistry

The peat samples were taken with a peat core sampleg
and .were generally 30 cm deep. The water was sampled in
natural depressiohs or other open water holes on the study
"sites.

IndependenWfbariables in the nutrient analysis were ag "

follows:
Wéter
PH Ca**, mg/]
Mg"*, mg/] Na“, mg/]
K, mg/]
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Peat
pH ‘Ca'*', mg/]
C, total, Y% N, total, %
(/N - ratio NH,-N, Ng/g
NO;-N, Ng/g P, total, %
PO.-P, Ng/g CEC, meq/100 g
TEC, ﬁeq/100 g depth, cm
All these'variables were used in the stepwise multiple
regression analyses to determine whether or not a

relationship existed between tree growth and ‘chemical
characteristics of the beat and water.

/
Vegetation Analysis

Average cover percentages of different mosses and'
vascular plants were used in thg second part of the analysis
as 1ndependent variables to explain differences in tree
gfowth. Average cover .perbentages of plants. on sméller
vegetation plots were used to represent .01 ha sample plots
in the analysis. .

A total of 124 different plant species were found of
which 56 were mosses and 68 vascular 'plants. Sixty-five of
these 124 plants were selected using their frequencies as
criteria. At least ten observations of each species was
required for getting selected. These 65 plants were then
used in the stepwise multiple regression analyses in the

.

. : .
attempt to explain differences in tree growth,
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Basal area of each éreev species was also .regressed
against plant cover to see whether or not ~any lesser
vegetation species showed any correlation with stocking of
trees.
~In the last bart of the analysis, the vegetation

1

classes established by Harkonen (1985) were compared with
the tree growth data. -

Harkonen's classes were derived by ‘using a FORTRAN
program called TWINSPAN (Hill, 1979). TWINSPAN, a two-way
indicator species analysis, is a polythetic divisive method
of <classification. It produces an ordination that is based
on a few of the most preferential species. TWINSPAN offers a
ariety of options fo: the wuser, making it possible to

4
'ﬁg.ify the program according to the specifics of #the data

et

The outcome of Hérkénen's TWINSPAN anahgsis for the
Saulteaux River area can be summarized as follows:

Class 1: feather moss - Ledum - ‘Sphagnum fuscum :!%ﬁimp.)
Klingg. - group '

Class 2: feather moss - Ledum - ASbhagnum angust ifol ium
(Russ.) C. Jens. - Salix - group

Class 3: feather moss - Ledum - Sphagnum warnstorfii Russ. -
group |

Class 4: bréwn moss - Calamagrostis -~ Sphagnum teres
(Schimp.) Angstr.’ex Hartm. - group )

Class 5: brown moss - Calamagrostis - Betula pumila L., K -

group
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‘Class 6: brown mosg - Calamagrostis - Sbhagnum magelianiCUm

L4
-

Brid. - group

Class 7: brown moss - Tomenthyanm - Sphagnum warnstorf i
Russ; - group ‘ . ’

'Class‘ 8:A brown moss - Tomenthypnum - Ca]fhavbalusfris L. -
group o o : ce

e

Feather mosses here -are refer:gd as being Pleurozium
schreberi (Brid.) Mitt. and Hylocomium splendens (Hedw.)
BSC. The group 'brown mosses' consists of mosses such as:
Plégiomnium ellipticum (Brid.) Kop., B3rachytecium turgidum

o

(c.J. Hartm.) Kindb., Dreranocladus spp., Ca]lfergon sp.‘and
anyum pseudotriquetrum (Hedw.) Gaertn. et al.. ‘Qhe first
two, 'PTagibmnium ellibticun and Brachytec ‘um turgidum, were

he most important indicatcr species of the bro&n moéses in

lassification (Harkonén, 198%).

1

_ For the Athabascé Highway area three vegetation classes
were ésgggliShed: |
Class 1;vSphagnum{Fuscum ;{Betula,pumila - group
Class 2: Sphégnbh'FUSCum = Carex capillaris L. - gepup
Class 3: non - Sphagnum fuscum - group ) ¢ ‘

Although the number of classes in this area wés'three, the

) N o ' .
main division in the Massification was between the sample
. | : ' 4 j o
- plots with Sphagnum fuscum and those without it (Harkonen,

1985).

* oy} ® .2 : i 1 %\uﬂ
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In both of the sthdy'areas a -significant relationship
was found between the vegetation classes, ah8 peat and,watef
nutrients.. ‘

| Analysis of wvariance was used to test whether or not

the site index variable was significantly different in

different vegetation classes.



"N=17, M=9.2 m, Std=+2.1m

L et

IV. RESULTS

A. Nutrients
Abbreviations of the statistical terms used in this

chapter are as follows:

N - = number of observations

M = mean value of the dependent variable

Std =‘rstandard deviation of the dependent variable
Sy.x = sample standard deviation about regression
r? = coefficient of determination

In the Saulteaux River area only available ammonium
(NH,*) and extractable calcium (Ca**) had statistically’
significant correlations with the growth of tamarack. The’

regression equation computed and the contribution of each

variable to the total r: were;

Site Index»= 1.67089 + ,01783NH,* + .06057Ca"**

Sy x=#1.5m, r?=.56" %
. \
VARIABLE . r? ' :
"  NHy° R 48216 -
ca*" .08221
e total | 56437
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»

The model was sﬁatistically significant at the .01 levei of
probability.

" Black -spruce in the Saulteaux River area did not Qiye
any significant correlations with any of the independent
variables. The subéample in this case cohsisted of 20 plots.
The mean site index was 7.5 h with a standard deviation of
2.3 m. |

Invﬁhé Athabasca Highway area the total amount of

phosphorous  (P) had the highest correlation with the growth

i 8§ black spruce. Phosphorus alone had an r? of .72 and . the

.

model was significant at the .01 level. When the total
nitrogen (N) was added in the model, the r? went up to .87
and - the model was again significant at- the .01 level of

probability. The regressidn equation and the contribution of

each variable to the total r? were a& follows:

Site Index = 2.1972 + 156.63394P + 6.34777N
N=9, M=7.5 m, Std=+1.7 m

SY . x=io7 m, r2=q.é7

*‘b’%
VARIABLE | r?
P o : .72095 .
N | . 14698
' N N
total . .86793
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B. Vegetation
. Abbreviations of the lesser vegetation species used are

as'féliows:

Bepu = Betula pumila L.

Casp = Calamagrostis sp.

Cadi = Carex diandra Schrank.

Cagy = Carex gynocrates Wormsk.

.Smtr = Smilécina trifolia (L.) Desf.

Legr = Ledum gnoenléndicum Oeder

‘Vaox = Vaccinium oxycoccos L.

vavi = Vaccinium vitis-idaea L.

Drve = Drepanocladus vernjcogus (Lindb. ex C.J. Hanﬁmﬂ)
Warnst. |

Aupa = Aulacognium palustre (Hedw.) Schwaegr.

‘Hysp = Hylocomium splendens (Hedw.) BSG

"élel = Plagiomnium elfipticum (Brid.) Kop.

Plsc = Pleurozium schreberi (Brid.) Mitt.

.Toni = Tomentypnum nitens(Hedw.) Loeske \

}

In the $#ulteaux River area the following regression
¢ . |

RN kY
equation - was computed to explain differences in the\growth
of tamarack:

A

. ‘ ‘ I \
Site  Index 9.66880 + .65926Plel - 1.12205Cagy |-

2.47853Smtr - .50677Toni - .38319Drve - 1.53477Plsc +
.46775Casp
N=36, M=8.3 m, Std=+2.2 m

Sy .x=t1.3 m, r*=.79
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The model was statistically significant at the .01 level of
probability. The contribution of each species in the model

to the total r? was as follows:

SPECIES ‘ r?

Plagiomnium ellipticum .28373
Carex gynocrates ' . 12010
Smilacina trifolia .09748
Tqmenthypnum nftens .09632
'DPepanocladus vernicosus ~.09371
Pleuroz ium schreberi .06885
Calamagnbstis Sp. I .03406
total | .79425

Black spruce in the same érea showed weaker

relationships than tamarack. The following species were

selecteq in the model:

SPECIES | re

Betula pumila : .16277
Vaccinium oxycoccos . 14725
total .31002

_Both of these species were negatively correlated with tree
growth of black spruce. The regression equation ~was as

follows:
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Site index-= 8.00624 - 1.30038Bepu - .91899Vaox

N=46, M= 7.5 m, Std=+1.7 m

Sy x=%2.3 m, r?=.31

The mgdel was statistigally significant at the .07 level of
probability. .

In the Athabasca Highway area the model consisted only

of Carex gynocrates:

Site Index = 6.95172 + .53681Cagy
N=30, M=7.6 m, Std=+1.3 m

S, x=x1.3 m, r*=,29 v' ’%

!

This model was statisgically signiﬁﬁcant at the .01 level of
pr;bability

When the basal area of each tree species was used as a
dependent variable in the model, the results were duite

different, In the Saulteaux River area the following

equation was computed for tamarack:

Basal . Area = 6.,54179 - 1.,32291Cadi + 1.76156Plel -
1.14359P1sc
N=71, M=5.8 m?, Std=+6.2 m?

S, ,=927.2 m?, re=.32
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Each species contributed to the total r®* 1in the following

way:

SPECIES r?
Plagiomnium ellipticum . 16149
Pleurozium schreberi .09105
Carex diandra ' | .06268
total | J L 31522

Plagiomnium e77ip£icum waé positively correlated with basal
areé whilg the other two species correlated negatively with
the basal area of famarack. The model was statistically
significant at the probability level of .01.'

Biack spruce in the Saulteaux River area showed
stronger evidence .of more faithful associate species than

tamarack. The regression equation was as follows:

Basal Area = 3.15524 + 1.68214Plsc + 2,72921Hysp +
1.49815Casp + 1.26203Legr - 1.37672Aupa - 3.20609Vavi
N=71, M=7,5 m?, Std=+7.7 m?

Sy x=t21.0 m*, r*=.68

The first four species were positively correlated with the
basal area of black spruce. The model was significant at the

.01 level and 'the r* was .68. The contribution of each

species to the t%gﬁl r’ was as follows:
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SPECIES ' r?

Pleurozium schreber i .34262
Hylocomium splendens .183279
Calamagrostis Sp. .06612
Ledum groenlandicum .03654
Aulacomn ium palustre .02646
Vaccinium vitis-idaea _.02331
total ' .67832

In the Athabasca Highway area the relationship between
cover percentages of some plants and black spruce basal area
was also found significant. The model consisted of the

following plants, all of ﬁhem having a positive correlation:

o
SPECIES ‘ , ' r:
Hylocomium splendens : .36414
Pleurozium schreberi , . 13592
:Tomenthypnum nitens ' . 20650
Carex gynocrates ' . 05650

total .76306

P

- The following regression equation was computed for the basal

area of black spruce:
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Basal ™ Area = =-1.20551 + 1.89356Hysp + 2.28461Plsc +
1.49084Ton1 + 1,39320Cagqgy
N=38, M=10.8 m?, Std=+7.1 m?

S, «=t3.6 m?, r*=.76

This model was statistically significant at the .01 level of

probability.

C. Comparison between Harkonen's (1985) VegetationvClasses
and the Tree Dafa

An analysis of variance was used to compare Harkonen's
(1985) vegetaﬁion classes using the site index as a respbnse
variable. Mean site 1index values of each vegetation class
for both tree species can be seen in Table 1. As the table
,iﬂdicates some of the means of tamarack site index differed
aonsiderably among vegetation ;lasses. These. differences
were, however, not significant at the .05 level of
probaﬁility. In the case of black spruce the relatiénship
between the site index variable and the vegetation classes
was even weaker and no significant differences 'could be
found.

The same anélysis wés run in the Athabasca Highway area
for black spruce but no correlations could be established

here between plant associations and tree growth.
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Table 1 - Tamarack and black spruce site index ~(top height
(m) at 45 vyears breast height) within Harkonen's (1985)
vegetation classes in the Saulteaux River Area and Athabasca

Highway Area.

Saulteaux River Area

Black Spruce ‘ ' Témarack//
Class Mean . Std N Mean Std N
1 7 2.5 3 6.6 2.0 7
2 6.1 1.7 6 7.6 1.2 8
3 7.5 2.0 4 S 10.4, 2
, :
4 7.6 1.2 7 9.6 2.3 11
5 8.1 1.9 5 10.6 0 1
6 7.9 2.1 8 9.1 2.5 4
' e
7 7.7 b7 9 (/ /] 6.8 .1 2
8 7.7 1.a 5 { 6.4 .0 1
Whole Area 7.5 1.7 47 8.3 2.2 36

Athabasca Highway Area

Black Spruce

Class Mean . Std N
1 8.6 1.7 3
2 7.3 1.0 14
3 8.2 1.5 13

Whole Area 7.8 1.3 30
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D. Water Table Level

Initially it was assumed that, because of the fen-like
conditions, the water table level would be constant. That
is, fgfferences' in the water table level between sample
plots in the study areas were expected to be small. However,
the wvariation in the water table levél was -found to be
large, even within individual sample plots, and a decision
was made to include the watefijtable observation in the
study.

Because\ a -water table well-network was lacking in tﬁg
study areas and the schedule of this project did not allow
establishment' of such a netWork, measuring the water table
level on a long term basis was not possible. It was decided
to measure the water table level on a one-time basis, but a
difficulty arose in «-i ing a consistent reference point

for measurements. Of <i a typical peatland surface consists

of hummocks and hollows and intermedia: urfaces, and their
cover percentages vary greatly. Two éeﬁ&rate water table
measurements were made on each sub-sample plot at different
reference points. Because no correlation could be
established between the results of the;e -two measurements
fr?=.11) 1t was concluded that the reference point for water

table measurements could not be determined accurately enough

to justify their use in the analysis.



V. DISCUSSION
According to the results site'index,for tamarack showed
some significant correlations with NH,' and .extractable Ca"'"’
in the peat 1in the Saulteaux River area. No relationships
were detected between black spruce growth, peat and water
W .
nutrients. ¥ : ®
The poor correlarion for tree 'growth in the Saulteaux
River area may be explained by high nutrient levels of "the
site. Tﬁe Saulteaux River area was rich in all the major
peat and water nutrients. On fertile sites little variation
would be expected'in tree growth due to wvariatiqns in the
nutrient regime. This is particularly true for trees growing
on their natural sites (Spurr and Barnes, 1980) .
 The variatioﬁ in the _soil-water relationships, even
within individual plots, seemed ro be large. The growth of
trees fis probably' influenced 'more by the hydrological
conditions than the;nutrient regime (Heikurainen,’1971b). As

a result, nutrients pvobab&y Wére not th; major factor
B . ) AR

W %% .

limiting tree growth -on the

S

The same applnes eVen §pﬁQCe,°£han

tamarack because thlS specres‘$3 fax o on- {J :f JWhe,“h

=

nutrient contents”xjn" area

gt

u-',“

& e

adequate for black spruce qrawth “‘Génerally speaklng,‘ the

black spruce 51tes
than tamarack sites
seen in Table A.4';

and water nutrients

LG~ '&‘ ’ %

more than:
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species strata. .

The fact that Ca'' correlated positively with tamarack
growth 1s somewhat ©puzzling. Ca'' contents of a substrate
Hre usually correlated with pH (Heikurainen, 1971a;
Puustjarvi, 1967), but in this gtudy this was not the case.
Whether‘or not this was because of the overall high pH and
lack of variability is not known.

Even though it is common knowledge that plants use
nitrogen in the form of ammonium (NH,'), it is not agreed
how much of all the nitrogen is .extracted 1in this form.
Ammoniﬁm 1s said to be utilized immediately by plants and
its content is hard to measure (Tamm, 1950). The analysis
method in this study included drying of the peat samples
before the chemical analysis. This method itself causes some
'ammbnium to be lost?, which has to be born in mind when

interpreting the results.

In the Athabasca Highway area «Spruce growth
showed a fairly stroné relationship with 1héﬁ total amounts
'¥6f ﬁphosphor5Ls (P) and nitregen (N). These elements were in
bgn;iderable lesser supply here than in the Saulteaux River
area (see Table A.3). The total nitrogen contents were so
low that, by the Finnish sgandards (Heikurainen, 1971a), the
area should not be drained.

Even though total amounts of these nutrients do'* not

indicate actual amounts of P and N available for trees, the

results suggest anrelationship between tree growth and these

B

*Pluth D., personal communication, December 5, 1984. £

x
2
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\\ -+ nutrients, - I . - : e
, . o

The rather ]1w1‘water table in the Athabasca Highway

A\,

area probably inhibited tree grdwtn less than lthe .higher
water table in the Saulteaux River area. Should this be the
tcase., other factors sgch as peat nutrients could be expected
to affect tree growth ~to .a eonsiderable degree in the
Athabasca Highway area. |

In both of.ape.areas one has to interpret the results
with'caution;AWitnout tissue anal&sis of the foliage one a
cannottabe certaln whether or not- the nutrlents detected in
the 5011 are fully utlllzed by the trees3 Paarlahtl (1971)
-found that a follar analy51s was useful in determlnlng some
nutrlent deficiencies in a fertlllzatlon experlment but no

-y ?

evidence was provided in favour of peat analysis.

~.

In the Saulteaux River area the . percent cover of
* different plant'species correlated well, statistically, with

the‘growtn of tamarack. The ' growth "~ of black spruce was
poorly correlated with different ground vegetation species

%g”both areas. .
It seems that the species in the model for ‘tamarack

‘partly reflect the nutritional conditions of the sites The

less demanding ground vegetatlon species formed the majority

»

of the plants in the model and had a negatlve partial

correlation with tamarack growth. The less .demdnding species

in the model were Carex gynocrates, Smilacina trifolia and

N PleuPOZ[Um schreberi (Heikurainen 1971a; Jeglum,}1971b). The~

Pluth D., personal communication, December 5, 1984.

; . , i
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two positi&ely correlated species Plagiomnium ell.ipticum and
Calamagrostis sp. can both be considered more demanding
species in terms of their nutrient reguirements

(Heikurainen, 1971a). Plagiomnium ellipticum had an r? of

.28 by 1tself

Wrhus wa's by far themmost,important species
in the mode? “
~ A more‘ demanding moss species with a negative
correlatioﬁ“ = Dceganocfadds vernicosus  described the
whydrélogiCai condition of the site, because the moss usually
grows on rich, comﬁletely saturated sites where tree growth
would be poér or eveﬁ impossible (Heikuraiqen,_1971a).
The f}fth negatively correlated speéies‘ Tomenthypnum
nitenSA is another demanding moss species growing on drier
peatlénd surfaces, iﬂe. hummocks. . The reason why-

Y

_Tomenthypnum nitens sighificantly énd negatively correlated

I
‘' with the growth of tamarack is hard to explain ecologlcally
The sampllng for vegetatlon was carried out u51ng a small
sample plot size. ThlS accorélng to dlscu551ons‘ w1§H
'Zoltai‘, could lead t? great variation and-randomness\in the .
results of the veggtation. aﬁalysis and -thus make it
difficult to use thefvegetation data for further analysis.
Nutrient rich sftes\can support a great variety of
“different plant sﬁecies incbﬁding‘those thatlﬁ%rmally grow
on'nutrienf poor sites. The sites occubiéd by‘tamarack were

both nutrient rich and wetter. These sites exhibited great .

variation in their lesser vegetation but littléVVariationfin
*Zoltai §, personal communiéation, December 5, 1984, v

]
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‘lesser veget%”

- Tamarack, or
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the“peat and water quality. This may have influenced the

/

results of the analysis.

. In thgwéaulteaux River area the same reasoning can be
used tO'ﬁexpyafn why black spruce growth did not show any
practical sigh%ficant relationships with any of the 1lesser
vegetation species. The fact that tamarack did and black
spruce; did not can »be‘ related ‘to’ different site

requirements. In this nutritionally rich area more demanding

tree species like tamarack (Chapin, 1983) can be expected to

[a)

-have a stronger relationship with, most of the" site

parameters ‘than a less demanding species like black spruce
I

-

(Chapin, 1983) growing on very nutrient rich sites. B

'“ﬂﬁ';

Even though * there were differénces in some macro- .

s
¢ v

’nutrients between sample. plots -th@se differences did not

show up in the vegetatlon analy51s in the Athabasca ~Highway

area, The reason why these differences affected tree growth

o

but not the lesser vegetation is unclear.
Using the basal area of both tree species separately as
a dependent variable it~was the black sprucde that showed a

5

distinct relationship with‘ the percent covef of certain”

‘on spec1es in both areas. The relatlonshlp of
the tamarack basal area w1th the lesser vegetation was weak

This might :eflect the ggfferent ecological ranges these two

tree species cover. Black spruCe'grows,normally on- poorer

and drier si%es than tamarack where ground vegetation js
/
{

less variahle, and represented by a few dominant species.

|

n
P
f

the other hand, tends to grow on richer, wetter
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v

o

sites where the ground vegetation varies greatly supporting

& great number of species with fairly small individual

4

percent cover,

Some lesser vegetation speéies correlated weli with tﬁe
basal area of black spruce. The asséciate species for black
spruce in both areas were especially the two feather mosses
Pleurozium schreberi. and Hylocomium splendens. In M the
‘ Saulﬁeaux éi;er area ‘they had a major contribgffon to the
totai r? of..6é in the regression model and had an r? of
.52; In “the Athabasca Highway area the same speciés had an
‘r? of .50 while the total r? of the model was .76. These'two
mosses are generally described to be common under black
spruce (Fowells, 1965). |

Beéahsé of the great.heterogeneity in the vegetation
/angzthe fairly small variabilify in the nutrients among
plqté and ‘Sftes, it was not surprising that Hérkénenfs

(1985) vegetation'classeg did not'cofrelaﬁe well with tree

growth, Although many of her classes had a distinct

¥

-

relationship with the nutrient stptus in the areas, the

small differenées in nutrients between different sites did’

not show up in the tree data. h

P

In  Harkénen's (1985) vegetétipn classification a total
of eleven different classes mere established. Eight of these
claéses‘ were in the Sadﬁﬁéaux River area and three in the

Athgbasca Highway area. Because the number of vegetation
s ,_{(‘_, . : ¢ . ] : - .
cli'seﬁﬁiwas relatively high, many of them were represented

TR
T v

‘.’f“;ﬁ‘ K : - . .
- bywa only few sample plots. All the eight vegetation classes

. ;S.U

) ﬁ:v
LR

i
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in the Saulteaux River area were used in the analysis for

both* species. Five of these classes consisted of less than

five sample plots. The small sample. size in many of the
.classes resulted in great variability in site index and thus
probably coﬁtributed to the results of the analysis.

A larger  variation in terms  of the chemical
characteristics}in the peat and water would probably be
neéded to detect differences in tree growth between
diffe}ent classes of lesser vegetation based on selected
chemical properties of the growing substrate.

One has to remembér that the clasé&fication' developed

by Harkonen (1985) 1is only one approach to categorize the

vegetation of .-a peatland ecosystem. A TWINSPAN analysis was

used to classify the vegetation and in the interpretation of '~

.such an analysis subjectivity is hard to avoid. The

ciassification as it‘stands at the moment is very botanical
and could not be wused e.g. by field foresters for any
practical decisions. Since‘some individual lesserlvegetation
species corfelafed with tree grow;h%&n this study, maybe an
autecological‘ approach could é; &Zea to classify peatland
végetation in the province. Such an apprdaéh sh@uld result
in , easily recognizeable indicator species that would
correlate with tree growth. This kind of <classification

would be handy in terms. of finding the mostbeconomical

peatland utilization projects.



VI. CONCLUSiONs AND SUGGESTIONS FOR FURTHER STUDY
The results show that chemical characteristics of the .
peat can be . used vonly, in limited cases to ekpléin ﬁree
growth on virgin peatlands judging from the data of this

study. Tissue analysis of the foliage should be hnéi@ded in

e

future anal&ses to determine the correlation bety

)?é?f the
foliage nutrients and the nutrients in the growingﬁéﬂbstrate
of the peatland. .

In the case of the lesser veéetation, individual plants
and their combinations did not satisfactorily explain tree
growth in»the_study areas. Broad groups of lesser'vegetation
gave rise to poorer relationship with tfee gro;th than did
individual species of lesser vééetatioﬁ.

The water table and. its variation éhould be included.in
the analysis. Without measuring this variable on a long term
basis the experiments on virgin péatlands lack control and
the results are hard to interpret.

In Alberta, where most of the peatlands afe reportly
fens, (Vitt et al. 1975), further research should be focused
on drainage effects on nutrient mobilization and -possible
disturbances in the nutrient balance of these peatlands. If
thev peaﬁlands in the province are nutrient rich, as
suggested, the differences in tree growth due to differences
in the nutrient regimes of Alberta's organi; soils would be
marginai. A disturbance in the peat nutrients due to

drainage could, however, endanger the results of large
Lty &
A K

drainage prbjects and 1its 1importance in qutland studies

62
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must be emphasized.

A new approach to classify the peatland vegetation in
the province should also be considered. Efforts should
continue to develop a classification system that would
include tree growth aspects along with easily recognizeable

individual indicator plants.
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Table A.1
diamefer
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V111. APPENDIX
Means and standard deviations of height,

breast height, age at breast height, and basal

area for black spruce, tamarack and white spruce combined in

the Saulte

Age .

Height
DBH.

~Age

aux

£

2 ¥

Basal Area

River Area and Athabasca Highway Area.

4

Saulteaux River Area

Mean o '§td . N
7.3 m +2,2 67i
8.8 cm £3.4 - 67 °
54.8 years #21.5 .. @ 67
13.1 m? +8.4 71
L ,, ‘
y

Aug%basca Highwéy Area = .
T - .- Has .y o
Mean . .sta , f‘N3
, »
6.7 m - +1.6 . 37
" 7.8 cm’ £2.7 ﬁg’ 37
42.5 years +7.2 - 36 N\
B ) ) T \‘\‘. ‘ :
" 11.6 m* +6.8 -39, L
. . § ) : Co .
L 5
( ,
. v
75 .
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-Figure A.2.- Top heiqhtwa‘tamarack in relation to age at

breast height in the Saulfeaux River Area.
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Figure A.2 - Top height of tamarack in relation to age at

breast height in the Saulteaux River Areg. S



