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I ofËen say that when you can measuTe
what you are speakíng abouË and express
iË ín numbers you know something about it.
But when you cannot meâsure ít, when you
canriot express ít in numbers, your knowledge
ís of a meager and unsatisfacËory kind.
IË may be Èhe beginníng of knowledge,
buË you have scarcely ín your thoughts
advanced to the sÈage of science.

Lord Kelvin

dedicaËed to May 6, 1967
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ABSTRACT

Two functíonal attributes of an ecosysËem, Ttet prímary pro-

ducËion and subsequent dry matter accumulation, ürere examined i.n

four peatland types (1agg, bog, muskeg, and bog forest) located ín

souËheastern Mani-toba .

The simple equaËion ttaccuDulatíon = income - losstt ü7as ex-

panded in a block diagram to define all poÈential sources of both

income and 1oss. Annual t'income" of lj.tter ín Ëhe four vegetatíon

zones ranged frorn 489 to 1750 gn./rn.2, which represerì.Ëeð,69-90"/. of.

Ëhe calculated net prímary production. "Loss" of dry matËer Ëhrough

decomposítion in the followíng year amounted Ëo approximaËe1y one

quarter of the 1iËter value. usíng radiocarbon-dated peat cores, an

average annual accumulaËion rate of 26-51 gm./m.2/yr. was calculated,

suggesËing that less than ten percent of the annual net primary pro-

ducËion will remaín as peat.

The four vegetation types examíned \^rere considered Ëo repre-

sent seral stages ín Ëhe process of secondary succession occurring

in the study area. The direcËion of this successíon was hypothe-

sized to be Lagg -> Bog -> Muskeg -> Bog Forest.
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StaËemenË of the problem

Man is dependent on the photosyntheËic process for per-

sonal energy, as well as for the accumulated organíc reserves

which po\^rer his industría1 society. In víew of todayrs expandíng

population and envirorurental pollution it has been stressed that

scientific management of world vegetaLion is essentíal. However,

Ëo utilize this naËural resource efficienË1y the production po-

tenËial of various vegetation types must fírst be established.

NoË only are producËion studies economically irnportanÈ,

but they also aíd Ëhe ecologist in his quest to beËter under-

stand the ecosystem. Gates (1968, p. 5) considered production

studies to be one of the fíve most important consíderaËions made

in studying naËural systems. I/ühittaker (1961, p. 179) went one

step furËher when he stat.ed that production seemed Ëo be the best

single dimension by whích specíes could be ranked according to

funct.íonal signíficance in the ecosystem.

A peatlandl is one ecosysÈem in whích little is known

abouË the productivíËy of vegetatíon present. Knowledge of thís

production is then most desirable, especially in Canada, whích

has an estimated I.I x 108 hectares of peatland (Burke & OrHare,

L962, p.647). Added ímpetus for the study of production ín the

t ,"" glossary (Appendix C)
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peaËland ecosysËem comes from the fact that peaÈ represents a

naËural producË. It is Í-mportant not only as an economíc re-

sourcer ê.9., fue1, agrículture, soil additive, poultry litter,

peat r^rax, etc. (Bellarny, 1966, p. 15), but also in maíntaining a

balanced environment, where it serves as a reservoÍr for large

quantítíes of both carbon dioxide and waËer (Deevey, 1958, p.

L20). Therefore, the following Ëhro questions were posed for fur-

ther consíderation:

(1) !ilhat is the productivity of peatland vegeËation at a

siËe in southeasÈern Manitoba?

(2) I,lhat ís the annual accumulatíon rate of peaÈ in re-

laËion Ëo Èhe amounÈ of this production?
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B. LiËerature revíew of the concepts of productíon and accumulatíon

Thienemann (1931), cited in MacFadyen (1948, p. 77), and

Engelmann (1968, p. 74) botln mentioned that the Ëerm t'produc-

tion", as used by the ecologísË, had a coffiotatíon not usually

expressed ín a standard dícÈionary. It is the ecologisËrs in-

Ëerest in community energy and dry mat.ter flow that has 1ed to

Ëhe Ëerms "production" and 'rproductivityrr beíng given specía1

Ëechnícal meaníng (MacFadyen, 1948, p. 75).

Most definitions of production are based on the concepË

iinplied in Ëhe following generaLLzed phoËosynthetíc equation:

673
kilocaloríes

6 CO2 + 12 HzO chlorophyll C6HtZ 06 + 6 02+ 6HzO
or other pígnenÈ

The formation or producËion of organic compounds by plants

dírectly from solaï energy and inorganic raw materíals ís refer-

red to as primary producËion. Previous authors have defined Ëhe

rate of production, i.e., productivity, ín terms of eíther the

organÍ-c matter produced (Blacknan, 1968, p. 2431' tvington, 1965,

p. 296), the chemical energy which Ëhis organic maËter contains

(Odum, 1959, p. 68; Scott and Billings, 1964, p. 265; I,üoodwel1

and I¡thíttaker, 1968, p. 19), or Èhe organic matËer and energy

produced used as equivalents (!üestlake, 1963, p. 3BB).

If Ëhe amounÈ of synthesized organic mat.erial available

for harvest by man and other animals ís considered, two defíni-
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tions for primary productívity are necessary:

...Gross productívíty is the raËe of production of new
organic matËer, or fixatíon of energy, including that sub-
sequenËly used by Ëhe plant and lost as heat; that is, Ëhe
observed change in biomass plus all losses, including
respiration divíded by Èhe Ëime interval.
(trùestlake, 1966, p. 317)

...Net productívity is the rate of accumulaËion of new
organíc mat.t.er, or sËored energy; ËhaË ís, Ëhe observed
change in bíomass plus all losses excepË respiraËíon,
dívided by the time interval. The net production is the
organic maËerial or energy available for exploitatí-on by
secondary producers or consumers. (I,Íestlake, a966, p. 317)

Odurn (1959, p. 68) and Mí1ner and Elfyn Hughes (1968,

p. 4) have equaËed the above concepË of net productivíty to Ëhe

Ëerms "apparent photosynÈhesis" (Pearson, 1965, p. 278) and "net

assimilatíon". Davís (1963, 7967) however, observed the need for

a furËher distinction ín the definit,íon of net primary production.

He consídered there Ëo be "...no consÈant proportionality be-

t\^reen net prímary productíon of organic maÈter and Ëhe neË prim-

ary storage of eneïgy" (Davís , 1967, p. 253). IË is possible

that equal weights of newly synÈhesízed organic matÈer would have

different energy values, since this value depends on relative

amounË of 1ípid, carbohydrate, and protein synthesízed. There-

fore, he referred to Ëhe net rate of synÈhesís of organíc matËer

as "neË primary organoproductivíty", while trnet primary energo-

producËívity" referred to the net rate of formaËion and storage

of potential chemical energy. Only 'rnet prímary organoproducËion"



r^Ias determíned in

ponents:

net primary
organoproduction
per growíng season

the current study. This

6

has the followíng com-

weight of new aerial and subsurface vege-
taËion component.s produced in the current
growíng season

/

weight of organic matÈer produced in the
current growing season but losË through
death, l-eachíng and exudates

I
weíght of organíc matter produced in the
currenÈ growing season but lost through
consumption

+

weight of maËería1 translocaËed from nerrr
to old groÌrth as reserve

weíght of reserve translocated from o1d
inÈo new growth

So far only the creaËÍon of organíc material has been

consídered, i.e. , the producÈion process. I,Iith ce11 death, the

organic compounds produced in the above process become frag-

menËed into smaller compounds Ëhrough the process of decomposi-

tion. Other losses occur through consumption by herbivores. If

Ëhe raÈe and arnount of initial net producËion exceeds the subse-

quent rate of consumption and decomposiËíon, Ëhe result is a net

accumulatíon of organic matter.
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Ecologically, 01son (L964, p. 101) has defined accumula-

tion as "income minus losstt. I4Iíth reference to Ëhe peaËland eco-

system, Ëhe process of accumulation can be summar izeð, as follows.

Each growing season there is a net productíon of organic matter,

some of which dies at the end of the same season. Thís material,

íncluding the contTíbuËíon made by perenníal portions, represenËs

"income" in the accumulaÈion process. Of this income a fraction

ís lost through decomposítion in subsequent years. This rela-

tíonshíp may be expressed by the following equatíon:

accumulation = income of litt.er - loss
resulting from through
net primary decomposítion
producÈion

The objectíve of the presenÈ sÈudy \,zas to determine the

magnitude of the componenÈs of thís equaÈion for a peatland ín

southeastern Manitoba.



C. MeËhods employed to calculate plant production and peat accumulation

A number of rnethods have been proposed for general use in

studíes of terrestríal primary productíon. These have been sum-

marízed by Odum (1959, 1968), Lieth (1965), and trrloodwell and

üIhíËtaker (1968). YeË, in any specific investigaËion the replace-

ment Tate for plant parËs must be consídered before a method for

the measuremenË of productívíty can be decided upon. In cases

where the turnover raËe of plant païts ís rapíd, biomass flucËu-

aËes lítt.1e over Ëhe growíng season and measurement of biomass

change ¡¿ith tíme does not indicate the true rate of producËíon.

However, in the peaËland ecosystem Ëhe replacement of plant parts

is minimal ín a síng1e growing season. Therefore, the observed

change ín p1ant. bíomass was used as the basís for the measurement

of annual net. prímary production.

Odum (1960, p. 35) suggested that sínce the point of maxi-

mum biomass is reached at differenË times for various species,

then changes ín plant bÍomass should be calculated for a continu-

ous series of short term intervals over the entire growing seasori.

This "short-term harvest method" al1ows a betËer estimaËe of

maxímum net primary production Èo be made.

ToËa1 net prímary productíon can be calculated either as

Ëhe sum of indívidual specíesr biomass peaks, or can be based

símply on Èhe peak ecosysËem biomass, without calculaÈing indi-
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vidual species' peaks. Malone (1968, p. 434) suggested that this

1aËter approach r¿as va1íd only when the dominanË specíes had sim-

ilar phenologíes.

Most previous production studies have concentrated on a

total quadrat approach. All plants are harvested from a nunber

of representaËíve areas, and ín each species the mean weight

íncrement per sampled area is equated wiÈh production. Yet, from

one sampling date Ëo Èhe nexÈ, plant weighËs change noË only be-

cause gro\,rth has occurred, but also because the number of índi-

viduals in the sampled areas is dífferent (Traczyk and Traczyk,

i 967 , p, S33) . I¡Iithout determining the number of indivíduals

harvested at each sampling date it ís not. valid to conclude that

the observed weíghË change is due to growËh a1one. Therefore,

in the present study net productíon was determined on an indí-

vidual plant basís. Srna11 representaËive areas of vegetatíon

were harvested, and Ëhe number of indÍvíduals of each species

present was counËed. This allowed a density value to be calcu-

lated for each species. Mean annual producËíon per indivídual

was then determined for each specíes as indicated on pages 54 and

and estimates of producËion on an area basís ü/ere made for each

specíes by multiplyíng mean production per índividual by density

(Traczyko 1967, p. 839-842). The annual production ËoÈal for the

communiËy was calculated as the sum of the individual speciest

Bi
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producËíon values.

Although production must occur before accumulatíon of

organic mat.Ëer can take place ín Ëhe peaÈland ecosysËem, the

rate of end product accumulation has recelved mosË attention ín

prevíous invesËígations. A variety of methods have been employed

Ëo esËimate Ëhe annual peat increment, mosË involvíng direct

measurement of the heíght or weighË of existíng peaÈ reserves.

Dividing height or weíghË values by the radj-o carbon age of the

same portions provides an estimate of the annual accumulation

rate of peat.

In the presenË sËudy, Ëhe average annual accumulation

rate of peat (^\) , \^ras f írst. calculated as:

^ 
n _ Ëotal mêaSured wéight or height of Þêatl-\A- = ------="'-t radíocarbon age of total weight or height

By deËerminíng values for both "income" and "loss" ín the

ac.cumulaËion equatíon below, an annual surface accumulatíon rate

was also calculated.
aAtgzo-zt - A'í = Ai - K'(Aí)

Aa = íncome of litter from current riet primary
production and from perenníal plant porËions,
ínc1udíng plant secretions (Sc^); all
sources measured during 1970 Y

AÃtglO-lt = At* = amounË of ínitial peat-forminga material remaining at Ëhe end
of. ]-977

K' = decomposition rate of litter (Lg70-Lg7I)
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The value At, represented the annual accumulation rate of

surface maËerial, since further decomposítion would take place in

Ëhe fractíon remaining at the end of 7977.

Estímating the fracËíon of original litter whích event-

ua11y remaíns requires an undersËanding of the decomposítíon

process.

The mathemaËical function descríbing Èhe course of de-

compositíon in a peatland envirorunent ís linearraccordíng to

observed values of decomposÍËion in fern petioles over a períod

of seven years (Frankland, 1966, p. 46). Gore and Olson (\967,

p. 301) have assumed the fraction remaining to decrease expon-

enËially with time. A subsequenÈ ínvesËigatíon (Mínderman, 1968,

p. 360), has indicated that decomposítion of indivídual chemical

compounds may indeed be exponent.ial in nature, yeË Èhe observed

decomposition rate for the combinaÈion of Ëhese components is

less than exponential. Minderman Ëherefore concluded "...This

makes it questíonable wheËher a logariËhrníc functíon is better

than a linear one for describing the course of decompositíon. "

In most Ëerrestrial ecosystems it can be expected that

Ëhe decomposition of annual litter will eventually proceed to

compleËion, with all compounds broken down inËo constituent e1e-

menËs. However, ín a peaËland envíronmenÈ anaerobíc condiËions

prevent complet.e decompositíon, resultíng ín an accumulation of
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ínert peat (I,üaksrnan and SËevens, L929, p. 315).

The degree of compleÈion to whích decomposítion proceeded

ín the 1ítter of surface vegetation was not measured ín Ëhe cur-

rent study. Hence, the value of ÀAa was the only estímate avaíl-

able for Ëhe annual accumulation rate of peaË. This AAa value

represented the average accumulaËion rate of the combínatíon of

peat types accumulated during the past, rather than for indívíd-

ual surface vegetatíon Ëypes noÌ¡r present.

The relationship between ttíncomett and ttaccumulationrr of

surface vegeËaËion üras obÈained from Ëhe value of net príuary

production and the amount of this production remaining after one

year of decomposítion (A i):

surface accumulation ratio = total current net
primary producÈíon

The derivatíon of current net prÍmary production and

surface accumulation values hras carríed out in Ëhro sËeps:

(1) Defíning a peaËland area where the processes of

producËion and accumulaËion were taking place.

(2) Constructing a scheme Ëo represenÈ the process of

neË primary production and the subsequent accumula-

tion of peaË. Thís scheme formed a framework for the

calculatíon of empirícal values for both production

and initial accumulatíon in the defined aïea.

I
A.r



Chapter II

DEFINITION OF A SITE FOR INVESTIGATION
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A. Locatíon

Based on a preliminary ground and air survey of peatlands

located ín southeastern Manitoba, arr area ín the Ìühitemouth

Va1ley (Lovering, 1967, Fígure 1) was selected for íntensive

study. Both íts accessibility and Ëhe variety of vegetaËion

patterns shown in a relatively sma11 area (Figure ld) made it

suitable for comparaËíve producËívity studies.

The peatland is found mainly in Section 19, Township 10,

Range 12 EPM, approximately 3.2 kílomeËers (2 rníles) southwest

of Elma, Manitob a (49o 53' N, g5o 54' I,ü). Thís section repre-

sents a sma1l extension of a larger peatland found directly souËh

of the study area (Figure 1c). Access to Ëhe site ís from a dirt

road adjacerit to the north side of the peatland.
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Fígure 1. Location of .:the peatland studied.

A. positíon of lüinnípeg ín relation to NorËh America

B. posítion of Elma in relation to üIinnipeg

C. position of Section 19 ín relatíon to Elma

D. position of Ëhe study area ín relatÍon Ëo SecËion 19
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'lo

(ofter Bonnotyne, 1964, Figure 5 )
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B. Environment

According Ëo Gorharn (1957, p. 152) "...the way ín whích

peat accumulaËes varies almost infínitely in response to dif-

ferent combinatíons of envíronmental facËors." He suggests Ëhat

the observed peat accumulaËion in any specifíc siËuatíon ís a

result of the ínteractíon of four major factors; namely, geology,

Ëopography, clímate, and biotic influences.

I. Geology

I,Íhile nearly all of Ëhe trlhitemouth va11ey is underlain by

Precambrían crystallíne rocks (Loveríng, 1961, p. 8) determina-

Èion of the exacË nature of the bedrock in the Elma area has been

hampered by the thíckness of the surface glacial drift (Davies et

aJ-, 1962, Figure 36). The ínfluence of two glacíal ice sheeËs

and Lake Agassiz I and II in this region (Dachnowskí , L925,

p. 348; Prest, 1965, p. 19) has been described by Smith et a1

(1967, p. 15) as follows:

As the ice melted, Ëhe rock maËerials were deposited
as glacial drifts in varÍous forms. The drifË deposits'
along wiËh sma11 areas of recent al1uvía1 deposits of the
present sËreams, wind blown sand and organic deposits,
constitute Ëhe parent maÈeria1 from which the soils have
developed.

The peatland itself appears to be underlaín totally by

quarxz si1Ë, as determined by peaÈ borings in the study area

(Figure 6), and at a location in the interíor portion of the
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peaË1and by Bannatyne (L964, p. 77). However, Ëhe influence of

this quartz síLt on 1ivíng vegetation will depend on Ëhe depth

of peat between ít and planÈ roots.

2. Topography

The main ecologícal functíon of land form lies in
deËermining loca1 moisture condítions, as against
the general pattern controlled by climate; buË
the naËure of relíef also has an important in-
fluence upon Èhe flow of nutrienLs leached from
the soil by rain (Gorham, L957, p. 155).

The peaÈland under study occupíes a slight depression ín a

region whích is otherwise quiÈe f1aË, Township 10 having a slope

of 0-5 feet per mile (Lovering, 1961, p. 13). Nutríents from the

surrounding mineral soils, which are of the grey wooded and rego

humic gleysol type (Srnith et a1 , 1967, Figure 8 and folder map) r

may indeed seep into peripheral portions of the peatland and make

an important addítion to the peatlandrs nuËrient supply.

i{híle there aïe no open rnrat.er eritrances, exits, oï reserv-

oirs found on the peatland íËself, ground Ìrater may províde some

of the moisture required by surface vegetation. Observations made

during the study period indicated Ëhat ground waËer changes fo1-

lowed the annual paËtern first described by Manson & Miller (1955),

as cited by Heinseluran (1961, p. 22), and later by Bay (7967,

p. 35). The waÈer Èable rose rapidly to the surface following

spring snow me1Ë, wiËh a recessíon during the summer, when pre-

cipítatíon rnras ínsufficient to compensate for evapoËranspiration,
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and continued 10r,ü levels through Ëhe wínter. From Ëhe tíme of

snow melt in April, 1970, Ëhe water table remaíned leve1 wíth

surface vegetaËion until the end of May, 1970. By the míddle of

August. iË had fallen 50 crn. belor¿ the surface. Subsequent rain-

fall ín September brought the water Ieve1 to wíthin 20 cm. of the

surface, where iË remaíned during winter months.

3. Climate

Another source of moisËure for peatland vegetation ís at-

mospheric precípitation. Smith et a1 (1967, p. 20) have des-

cribed Ëhe Elma area as "subhumid", wiËh a definite suulmer maxi-

mum of precipitatíon: t'Approximately 707" of precípítaËion fa11s

as rain duríng the period of Apríl to October and abouË 30% as

snow during the five winter months of November to March."

MonËhly precípitation data was obtaíned from Ëhe meteorological

statíon at. Pinawa, Manítoba, 29 kiloneters (18 uriles) north of

the Elma site. As indicated ín Figure 2, a greater than average

amount of precipitaÈion fe11 during the 1970 growing season.

Thís atmospheric precipitation makes a major contribution

to the nutrienË budget of a peatland (Gore, 1968, p. 490). Ir

also aids ín the recyclíng of nutrients by leaching mineral e1e-

menËs from vegetatíon surfaces (Taunn, 1951, p. 1S4).

A description of the Ëemperature condítions has been given

by Smith et al (1967, p. 20);
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Figure 2: Total monËhly precipitaËj-on recorded aË the meËeoro-

logical staËion, Pínawa, Manitoba.

(i) nonthly averages over the 1asË four years (7966-

Le69)

(íi) nonthly values ín 1970



TOTAL PRECIPITATION ( cm.)
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This is an area which líes in the centre of the continent
a great distance from Ëhe oceâns and theír moderatíng
effect on temperature. Summer t.emperatures are higher,
winËer temperaËures are lower and the annual temperature
range much greater Èhan the world average for the 1atí-
tude. ...Ëemperatures are particularly variable during
Ëhe spring, fa11, and winter seasons, when the area ís
affected by frequent fronÈal dísturbances between the
cold "Continental Polar" aír from the norËh and warn dry
"Maríne Polar" from Èhe south . transitíon from
winter Ëo summer is abrupt, occurríng normally in April,
and the change from summer Èo winter is usually ín
October.

The temperature data obtained from the meËeorological sta-

tíon at Pinawa, Manit,oba \^ras consídered to be representaLive of

condítions at E1ma.

Mean monthly temperatures in 1970 were similar Ëo the av-

erage of the previous four years (Fígure 3).

Smith eË

erage length for

al (7967) cíte a figure of 111-127 days as an av*

the annual ttfrost-freett growing season, whíle

during 1970 the growing season was 132 days, i.e., May 5 -

September 14.

UnforËunately the conditíons of clímate to which young

growíng plants are exposed cannot be deduced directly fron fig-

ures for c1ímate published by nearby meÈeorological sËations.

This is due to the fact that meÈeorologÍcal elemenËs are ínf1u-

enced by the neaïness of the ground, and hence are subject to

vertical change (Geiger, 1965, p. 2).

The existence of micro-environments in peatlands has been
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Fígure 3. Mean monthly

(i) monthly

Le69)

(ii) rnonthly

temperature recorded at

averages over Ëhe last

Pinawa, Manj-toba.

four years (1966-

values in 1970
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documented by Tsudaka et a1 (t969, p. 11),who found that each

vegeËatíon type in a Pacifíc coast peatland ecosystem had its

own micro-climaËe, wíËh maximum and minímum temperatures more

exËreme ín bog and swamp than in surroundíng forest and transi-

tion zones. Rígg (1947, p. 468) and Ìüi11iarns (1968, p. 796)

also found that minimum temperatures \¡7ere lower in a bog than

in surrounding upland regions.

4. Biotic influence

Man has a conËinuous ínfluence on the peatland ecosystem

situated southwest of E1ma. The presence of the tr{hitemouËh

municipalíLy garbage dump to Èhe north, separated from direct

contacË with the peatland by a series of now-abandoned gravel

pits, and the presence of agricultural lands on the three re-

maíning sides of the peaÈland, provide the opportunity for the

addÍtion of nutríenËs ínto the peatland Ëhrough seepage and via

air currents.

Some cutËíng of surface peat has occurred in a section

Ëo the south of the study area. Yet, this disturbance was far

enough removed from Ëhe actual site of sËudy that it .t^ras as-

suued Ëo have no dírect ínfluence on any values of productívíty

or accumulation obtained.

On the sËudy area itself, a surveying Ëearn (1968) left its

mark with a seríes of fel1ed trees and vehicle tracks. Animals
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other than man, ê.9., deer, rabbits, eËc., have also developed a

neËwork of paths across the surface of the study area. These

disturbed areas were avoided r¿hen vegetaÈíon üras sampled.

Due Ëo this large array of disturbances the adjectíve
trpristine" could never be applied to the peatland under study.

Yet, ín víer¿ of the present influence of man and his technology

on ecosystems thís site r¿as stiI1 considered to be relatively

natural.
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C. Vegetatíon in areas adjacent to the peatland

Elrna is found ín a portíon of the GreaË Lakes - St. Lawrence

Forest Regíon, L-Lz, as denoted by Rowe (1959, p. 53).

Low relÍef and poor drainage have favoured the develop-
menË of extensíve sr¡ramps, wíËh Black Spruce (Picea
mariana), tamarack (Larix laricína), eastern cedar
@g."id*Effg)-, wiuow and atder scrub...Large
areas of balsam poplar Gg4lgq bálsamifêra), whíËe
spruce (Lí"gg. glaùca), balsnm fír (Abies balsamea) and
scatËered tamarack (!glr" larieina) are found ín1and from
Ëhe rivers...Trembling aspen (foÞu1uS- Ëêmuloides) is
conmon throughouÈ the section. (Rowe, 1959, p. 53)

Decíduous wooded areas surroundíng the peatland (Smíth et

al, 7967, Figure 6) have a tree cover composed prirnarily of

Populus and Salix, with associated understory genera as descríbed

by Anderson (1960, p. 79-83)r e.8., Córúus, Rósa, Ribes, Gâlium,

Smílacína, PeËasítes, Fragária, Máíànthèmum, Asárum.



Chapter III

REPRESENTATION OF NET PRIMARY PRODUCTION AND

ACCI]MULATION IN A PEATLAND
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The second st.ep ín Ëhis study involved the construcËíon

of a scheme to represenË fírst, the dístribuËion of dry matter

resulting from net primary producËion in varíous plant compon-

ents, and second, the amounË of this dry maËËer which is incorp-

oraËed into peat (Fígure 4).

The following pages indicate the sequential procedure

used in attaching numerical values to mosË components ín this

scheme. At each step ín the coÍrstrucËion process values calcu-

lated ín the present study are compared to corresponding lit-

erature values. Conclusions as to Ëhe significance of the ob-

served values are noted in a discussion íncluded with each sec-

Ëion, since Ëhe volume of data involved ís t.oo great to be

handled effíciently in a general discussion.

I/üíËh Ëhe assignment of numerical values to all possíb1e

componenËs in Èhe above scheme, conclusions formed from the ob-

served relaËionship beÈween Èhe processes of production and ac-

cumulation in Ëhe peaËland studied, ate sunlmarized in Chapter IV.
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Fígure 4. The distribution of dry matter resultíng from net
prímary production.

Af = peat formed in previous growing seasons

Ai = maËeríal accumulaËed in Èhe current growing season
IAí = maËerial remainíng after one year of decompositíon
tAf = peat remaining after an additional year of decomposition

A; = total peat remaining after a yeaï of decompositíon

Cbr, = plant component produced in a prevíous growing season
tCbr, = plant component produced in a prevíous growíng season and

lost through death duríng the current growíng season

C"p = currenË production lost through herbivore consumpËíon

Cpn = plant comporient contríbuting to the production of dry
matter

ICpn = plant component produced during the current growing season
but lost through death

EFbZ = flower-fruit produced in previous growing seasons

pFp3 = flower-fruiÈ produced ín the current. growing season

HV = solar energy

f = inorganic ra\¡r materÍals required in the photosynthetic
process

j = number of non-vascular specíes present
tK = decomposiËion raÈe in litter produced in the current

growing season

ttK = decomposit.Íon rate in peaË formed in previous years and
still subject to decomposition

Lp1 = leaves and petioles produced in the current growing season
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Figure 4. (contínued)

l,SpB = laËera1s, e.g', rhízomes' produced in Ëhe currenË growíng

season

PLbl=biomassofleavesandpetíolesproducedínpreviousgÏovl-
ing seasons

PLP2 = currenË production in leaves and petíoles produced ín

Prevíous growing seasons

PLSb5 = 1aËera1s' e.g., rhizomes, produced in prevíous growing

SCASONS

PRb4 = rooËs produced in previous growing seasons

PSb3 = stems, and bark when Present' produced in previous grow-

ing seasons

Rp6 = roots produced in the current growÍng season

RRPT=currenËproductioninrootsproducedinprevíousgrowíng
seasons

Rsp5=currenËproductioninstemsproducedinpreviousgrowing
seasons

=currenËproductionlostthroughsecretion'i'e"raínwater
leachíng and rooË exudates

= terminal sËem, includíng bark when present' produced in
Ëhe current gro\^/ing season

= Ëota1 number of sPecíes Present

= a planË sPecies

= sum

= addition

= production Process

= accumulatíon Process
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A. Ve8etatlonal patterns
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1. PeaËland veget.ation

The whole peaËland could noË be subjected to analysis be-

cause of its large sLze, i.e., 140 hectares (Bannat¡me, L964,

p. 16). The smaller area chosen for study (figure 5) had the

shape of a parallelogram, with a width of 150 meters (E-!ü) and a

length of. 250 meters (N-S).

(a) Past vegêtation in the study area

To determine Ëhe sequence of previous vegeËaËion types in

the study area borings Ì¡rere made at each of the eighË permanenË

sampling poinËs used ín producËivity sarnpling and the peat profile

examined aË each point (figure 6). The presence of gleyed clay

at Ëhe bottom of each of the profiles indícaËed thaË the peatland

had developed ín a lake basin (Dachnowski, 1924, p. 107-108). In

most cases, Ëhe enËire profile was dominated by Sphágnun peatn

ofËen containing bíts of wood and charcoal. A detailed analysís

of the amorphous portions of the peaÈ cores, símilar to thaË car-

ríed out by Stewart & Durno (1969), would be required to deËermíne

the exact sequence of Èhe hydrarch successíon in the study area.

To determine the average accumulat.íon rate for exísting peaË re-

servesrthree sampling points were chosen ín the sËudy area (ON

758L,125N 758, and 240N 75E), aË which peat samples were co11ecËed

1 CoordinaËe positÍons expressed wíth reference to Figure 5
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Figure 5. Aeríal view of the study area (infra-red ektachrome

filrn). The study area ís ouË1íned ín r,¡hite, with co-

ordinates expressed in meters.

I = Bog Forest zone

2 = Muskeg zor:e

3 = Bog zone

4 = Lagg zone

. = permanent sampling poinË
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Fígure 6. Peatland macrostratigraphy at eighË selected points in
the study area. The lulunsell noËation for colour ap_

pears ín parenthesis.

1 = non-compacËed peat-forming naterial

2 = dark brornm (IOYR 3/3), slightly-humifíed, Cârex spp. fen pear,
containÍng bits of wood

3 = very dark brown (rOyR 2/z), well-humifíed, cárex spp. fen peaË

4 = reddish yellow (7.5yR 7/B), non-humífíed, SÞhâgnun peat

5 = dark brown (Z.Syn 3/2), s1Íghtly-humified, SÞhågnum pear

6 = dark brown (7.5yR_3/2), slíghËly-humified, Sphagnum p""t,
containing bíts of wood

7 = dark reddísh brown (5yR 2/2), moderately-humífied, sphágúurn
peat

8 = dark reddish brown (syF- 2/z), moderately-humífied, sphagnum
peat, containing bits of wood

9 = black (IOYR 2/7), well-humified, ?morphous pear

10 = black (IOYR 2/7), well-humifíed, amorphous peat, contaíníngbits of wood

11

L2

13

T4

15

Y

Y

s

= black (2.5YR 210), gJ-eyed clay and pear

= light grey (7.5YR 7/0), gleyed c1_ay

- wood

- quartz pebbles

= quartz silt

= Gramineae and Cyperaceae

= Salicaceae

= Ericaceae

+ = Pinaceae
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for radíocarbon datíng. The macrosÈTaËigraphy at these poínt.s

was sj.mí1ar Ëo that indicaÈed in Figure 6. The results of the

dating, courtesy of the geology departmenË, Brock Universíty, are

given ín Table f,a. The age of the deepest samples collected indí-

caÈed the peaËIand Ëo be approximately 81000 years o1d. This age

falls midway between fígures for peatland age deËermined for oËher

parËs of Canad.a by Nichols (1969, p. 63), reporting a maximum of

41350 years 8.P., and the figure of 111000 years B.P. found to

Ëhe begínning date for organic sedimenËatíon in a norËhern

Minnesota peatland tracË by Heínselman (1970, p. 255).

As stated in the íntroducËíon, Èhe acËual rate of accumu-

lation could be calculat.ed from the following equatíon:

^^- - 
totál measured weight or hei.ght of peat present

-'-r radiocarbon age of the total weight or height

The annual height incremenÈ calculaËed from these datings

(Table Ia) ranged from 0.025 to 0.042 centímeters per year. This

was less than the 0.048-0.062 centineter per year range estab-

lished by previous authors (Table IIa) for Ëhis same 47o-49oN

latitude

The t.ot.al weíght of peaË present per uniË volume was de-

termíned by coubining average heíght íncrement values, ÀAt

(height), with the dry weighËs of peat cores collecËed at each of

the eight sampling points (Table Ib). This producË provided an

esËímate of AAa (weight), the average weight of peat accumulated



THE ANNUAL ACCI]MULATION

(A) ANNUAL I,{EIGHT INCRM{ENT AT THREE
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TABLE I

RATE OF RADTOCARBON_DATED PEAT

POSITTONS IN THE STUDY AREA

(a)

Sample
Sanple Point Depth
Coordinates cm.

Analysis
Number

(b)
Age ín

Years B.P.
+ Standard

Error

(a) + (b)

ÀA* (heíght)
Ëm. /yr.

ON 75E

125N 758

240N 75E

185-190

200-205

80-85

BGS-138

BGS-13C

BGS-134

4524 !

7939 !

2960 !

L26

103

73

0.0408-0 .0420

0.0252-0.0258

0.0270-0.0287

(B) DRY T,TEIGHT

Sample poínt
coordinaËes

OF PEAT FOUND

Total peat
depth

cm.

AT EIGHT SA}4PLING

Peat dry
weíght (fOSoC)

gnr./m.2/"^.

POINTS IN THE STUDY AREA

Mean weight closesË
to radiocarbon-datíng

Þoints
w. /m.2 /"-.

ON 2E
oN 1308

B8N 77E
8BN 1O6E
170N 22E
170N 87E

255N 728
255N 91E

159
L72

201
2L2
r02
111

55
60

844.s
909.4

1218. 0
1006 ;9

990.6
990.6

1624.0
2078.7

87 6.9

1051. 5

1851.4

(C) ANNUAL I,ùEIGHT INCREMENT AT

(a)
Sample point HeíghË
coordinaËes incremenË

cm. /yr.

TI1REE POSITIONS IN THE

(b)
Mean wef,ght closest

to radiocarbon-datíng
ooints¡^

gm. /ur. t /cm.

STUDY AREA

(a) (b)
AA. (weíeht)

gn. /rn.2 /yt.

ON 75E

125N 75E

240N 75E

0. 0414

0. 0255

o.o2l 9

876.9

1051. 5

1851. 4

36.3

26.8

5r.7



(A) PREVIOUS ESTIMATES OF TIIE
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TABLE ÏI

ACCiTMUT"aTION RATE OF PEAT (HEIGTTT)

Heíght
' Increment Technique

Depth
of

Peat
cm.Investigator

Durno
(1961)

Turner
(re64)

Tsukada
(Le67)

lleinselman
(1961)
(le63)

cm. / vr.

0.012-0.015

0.035-0.065

0. 036-0. 093

(i) o.o4B
(ii) 0.33-0.41

0.062

(i) 0.076-0.13

(íí) 0.060-0.30

0.22-O.38

(i) 1.s0

(ii) 1.40

Location

57oN
England

52oN
rìngland

36o-38oN
Japan

48oN
Minnesota

47o-49oN
lrlashington

4OoN
Ohio

65oN
Alaska

470N
Mínnesota

Emplo

c-14*

c-74

C-T4

(i) c-74
(ií) dated rree

roots

c-74

(í) dated conífer
needles

(ii) Literature
survey

c-74

(i) dated tree
seedlings

(ii) buríed wire

200-680

B8-173

775

(í) zts
(ii) :z-so

689

732

4r-77

Riee & Gould
(I9s7)

Sears &

.Janson
(le33)

Heilman
(1e68)

Leisman
(1es3)
(7e57)

*radíocarbon dating the basal portion of a core of known heíght
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(B) PREVIOUS ESTIMATES OF THE

TABLE lI (continued)

ACCUMULATION RATE OF PEAT (IIIEIGHT)

l{eight
Technique

Surface
VegetationIncrer4enË

n. /m.'lyr. Emoloved

c-L4 blankeË-
raised bog

computer símulatíon va11eY and
based on product- blanket bog
ivíty measuremenËs

c-14 muskeg

Investí

Johnson &

Durnham
(1963)

Gore &

Olson
(Le67)

Heilman
(1e68)

72-rOO

150-280

Location

54oN
England

54oN
England

659N;:
Alaska

97
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annually during the entire peat forming period (Table Ic).

Since AA¡ (heíeht) values urere less Èhan average values

reported previously, then ít r^ras not surprísing ÈhaË the range

of AA, (weight) values, 26.8-51.7 gm. l^.2/yr., \¡ras also much

lower than the 72-280 gm./m.2/yt. range previously established

(Tab1e IIb).

The occurrence of past fires in Ëhe area, destroying upper

peat layers, r^ras índicaËed by Ëhe presence of a smal1 amount of

charcoal ín the cores examined. These fires may be responsible

for the lower Ëhan average rate of accumulation observed. Díf-

ferences in the peat Ëypes present, and'in past envíronments aË

the síte should also be considered when atËempËing to relate long

term accumulaËíon values deríved from the cores Ëo current raËes

of production and accumulatíon.
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(b) Present surface veget.ât.ion

The composition and spatial dístribuËion of surface vege-

ËaËion musË be known before one can determine which specíes make

Ëhe greaËesË contribuËíon to producÈíon.

SpecÍ.es found on Èhe peaÈland surface at Elma (Appendíx A)

have previously been identifíed J-n peatlands on the Pacific coasË

(Riee, L925, p.266; Tsudaka eÈ a1, 1969, p. 5-7), through

Alberta (Moss, 1953, p. 46I-464), SaskaËchewan (Jeglum, L968,

p. 203-2L4), Manitoba (Ritchie, L956, p. 547-551), MinnesoÈa

(Heinselman, 1963, p. 334-335), northern OnËarío (!üi1de et a1,

1954, p. 35), Michigan (Gates, 1942, p. 239), Quebec (Dansereau

and Segadas-Víanna, 1952, p. 510-517), and Nova Scotia (8e11 and

Burehell, 1955, p. 548). These peatland species are distríbuËed

ín two planes:

(i) horizontal: i.e., the length and width of the area

(ii) vertical: í.e., position relative to a fluctuat-

íng water tabl-e, plus relative height

of aerial plant portions.

(1) Horizontal diSËributíon of vegetaÈion in the study area

To determine the range of species found in the study area,

fíve 250 m. N-S line transects r^rere set ouÈ at regular 30 n. in-

tervals, íncl.uding Ëhe entire width of Ëhe sËudy area. Along one

of these transects, species found either above, be1ow, or touching
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a píece of nylon line were recorded in one meter intervals f.or a

ËoËal length of. 262 m. The range of species encountered was then

compared graphícally (Figure 7). The substanËial åmount of range

overlap among specíes so ploËted, índicated the contínuously

changing nature of total species composíËion along the length

(N-S) of the study p1ot.

On the remaining four transects the presence or absence of

specíes was determíned at ínËervals of 10 m. By comparing the

total frequency of occurrence by a species on each of Ëhese tran-

sects, changes in the composiËion of vegetation at various widths

in the study area could be determined. Since results indicated

an absence of any well-defined trends or changes over the 150 m.

wídth, j-t was concluded that vegetation composition \¡las uniform ín

thís direction. Aerial photographs had'previously suggest,ed Èhe

same conclusions; namely, thaË there existed four concenËric pat-

terns of vegetation radiating outwards from some unknown epi-

centre in the peaËland (Figure 8). These concentric zones have

been arbitrarily delimited as follows:

zone lz Bog ForesËl: an area of closed-canopy trees (Pice"

mariana), few understory herbs or shrubs,

1 S"" Appendix C for definítion
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Fígure 7. The range of species along a

menclature is Ëhat of Scoggan

ies, and of Crum et al (1965)

(Appendíx A).

single line transect.. No-

(1957) for vascular spec-

for non-vascular species



Hypnum protense r __J
Aulocomnium . oolustre
Helodium blondowii

Corex oquotilis
Solix pedicelloris vor. hypoglouco
Alnus rugoso vor. omericono
Betulo glonduloso

Rubus ocoulis
Solix serissimo
Solix bebbiono
Colomogroslis cqnodensis
Corex rostroto

ll

U
LI

l-J

Sphognum m

Andromedo gloucophyl lo
Eriophorum spissum

Ledum qroenlondicum

, Kolmio polifolio

, Oxycoccus quodripetolus ,

, Voccinium vitis-idoeo vor. minus 
'

,Sphoqnum copillocct¡m ,

, Sphognum fuscum ,

, Polytrichum juniperinum vor.grocilius ,

Vocinium onqustifolium
bonksiono

L¡rix loricino
Piceo moriono
Pleurozium

Dicronum undulotum
Pti lium cristo- costrensis

200 ??o

STUDY AREA LENGTH COORDINATE (meters North )

ll

lr



Figure 8. The concentríc

Some snow stÍ11

nature of

remains'

vegetation patterns.

j-n Èreed areas (May, ILTO).





Zone II: Muskeg:

Zone III: 3og:

Zone IV: Lagg:

42

and a "feather-moss" substratum. (Type 5,

Heinselman, 1970, p. 242).

a Ëransition area combíning elements of

the Bog and Bog Forest zones. IË ís

characterized by a canopy of coniferous

trees (P. maríana), betrueen which are

found clumps of ericaceous shrubs rooËed

in a bryophyte substraËum. (Type 6,

Heinselman, 1970, p. 242).

a treeless area dominated by erícaceous

shrubs rooted ín a bryophyte substratum

composed mainly of Sphagnum spp. (Type 7,

Heinselman, 1970, p. 242),

peripheral area of the peatland characË=

erized by forbsr e.g., Carex spp., and

by deciduous shrub=, ".g., Salix spp.

I^Ihile the continuously variable nature of vegetation com-

posítion along the lengÈh (N-S) of Èhe sÈudy area made iË díffí-

culË to define Ëhe boundaries of these four zone", Urrr"tences ín

the degree and type of tree cover presenË allowed the zones Ëo be

dístinguished ín aerial- phoÈographs, e.g., Figure 5.

These same zones could also be Ëhought of as a series of

seral stages in the process of succession. According Ëo Moss
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Fígure 9. Vegetation in Zone I : 3og Forest

(a) Looking into the closed-canopy ?icea maríana from

the Muskeg zor,e (July, 7970). Black and white

bands of Èhe marker pole are each 20 cm. in length.

(b) Understory vegeÈation Ín the Bog Forest zone, con-

sisting prínarily of Ledum groênlaridicum and

Vacciníum ângúsÈifoliun, with a continuous carpet

of Pleurozíum schreberi beneaËh (May, IITO).

Marker pole colour band = 20 cm.





Fígure 10. VegeËation in Zone If : Muskeg

(a) widely-spaced PÍcea maríana (March, 1970).

(b) Understory shrubs consisËing nainly of Ledum

gróeqlándicuu (July, L970). Marker pole

band = 20 cm.

colour
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Figure 11. Vegetation in Zone ïïï : 3og

(a) Treeless bog mat composed of ericaceous shrubs

root.ed in a bryophyËe substraÈum. Muskeg zone

in the background (July, 1970)

(b) Close-up of the bog surface, wiËh Ledur[ groeúlândicum,

Vâccíníum VÍËiS-idaea var. minus, and Sph¿ignun fúscum

visíble (June, 1970). Marker pole colour band =

20 cm.
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Fi-gute L2. Vegetation in Zone,IV : Lagg

(a) Shrub overstory, composed naín1y

wíËh Carex spp. visible beneath

of Salix spp.,

(August, 1970).

Marker pole eolour band = 20 cm.

(b) Carex rostrata and Chanaed,aphne cal]zculata form

dominant understory vegetation (August, 1970ì.

Marker pole colour band : 20 cm.

the
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(1953a, p. 222) t1ne Picea mariana - "feather mosst' assocíaËion,

i.e., Bog ForesË, uay be ínterpreted as the edaphic cl-imax in

this process. However, this natural clímax may be offset by

burning, which causes retrogression to earlier st.ages of the sere

(Moss and Turner, I96L, p. 1191)

The sporadÍc patËern of mature black spruce, deep indenËa-

Ëíons of Bog-Ëype vegeËatÍon into Ëhe treed Muskeg porËíon, and

evidence of charcoal in peat cores, all suggested Èhat the distrí-

buËion of present surface vegetation had been determined by Ëhe oc-

currence of pasÈ fíres ín the study area. The existing vegeta-

Ëíon paËËerns Ëherefore represent seral stages ín the process of

secondary succession.

Having classified the vegeËaËion present inËo four arn.",

the aim of the curreriL study could be restaËed as: first, to

calculate annual neË piimary producËion in eacTi of the four suc-

cessional zones defíned above, and second, to esËablísh what frac-

tion of this production üras accumulated annually as peat. The re-

lationships betweeri neË primary production, subsequént peaË accum-

ulation, and tíme, ïepïesenÈed by successioo, r"t" then numerí-

ca11y defined from the calculated values.

(2) Verticál tlistríbúËion of vêgêtaËíón ín thé study ârea

In Ëhe presenË study vegetation üras considered Ëo be com-

posed of three strata: bryophyËe and líchens; grasses, sedges,
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herbs, and shrubs less than breasË height (1.3 m.) at maturity;

and trees, including saplÍngs of the same specíes, greater Ëhan

1.3 m. in height aË maturíty. This arbítrary divísion was found

useful ín constructing a sampling scheme Ëo measure neË primary

production in. each of the four prevíously defined peatland zones.

The verËical disËribution of peatland species wíth regard

Ëo Ëheir positíon above a flucËuatíng waÈer table was documenËed

by Tansley (1939, p. 688) as a hurnurock-ho1low "regeneration com-

plext'. The relative posítions of hurmock species on the peatland

understudy (Figure 13) agreed wiËh Ëheír represeritation gíven by

Moss (1953, p. 467) f.or peaËJ.ands in AlberÈa.
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Figure 13. Vertícal disËributíon of hurnmock specíes on Ëhe

of the peatland locaËed souËhwest of Elma. The

posiËion of the rnrat.eï table at Ëhe starË of the

season is shown.

surface

relatíve

growíng
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RelatÍve frequency values were calculated for each of the

speeies present ín Èhe four vegetatíon zones Ëo determíne whích

of the species made the most importanË contributíon Èo production.

The species which either touched, or ürere above a 3 mn. díameter

píece of wire ü7ere recorded at 50 points in each zorte. These

points \¡rere equally spaced wiËhín the 150 m. width (E-!f) of the

study area. Frequency and relaËive frequency r¡ras determíned for

each specíes encount.ered ín thís exercise using the following

equaËíons:

frequency =
number öf poínts at whích a specíes occurred

relative frequency (%)

50 poínts

- species t frequency válue - r rìrì- Ëota1 frequency for all species ,,a r\''t-'

An arbj-trary value of 57" was used to distínguísh between

import,anË (, 5%) and less imporËant (< 57") species. 0n1y specíes

having at least a 5"/. relaËive frequency value \¡rere consídered on

an índívÍdua1 basis ín the calculat.ion of neË primary producÈion.

The results (fabte ttf) índicared that relatively few specíes

formed the bulk of vegeÈaÈíon present, with several of Ëhese spec-

Íes beíng ímporËanË in more Èhan jusÈ one zone. The fact Ëhat

rankings of relaËíve ímportance changed from zone to zone for

overlapping specíes subsÈantiated the view that there existed a

'tvegetation continuumtt along Èhe length of the study aïea.
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TABLE III

RELATIVE FREQUENCY VALUES OF SPECIES FOUND IN EACH OF TIIE
FOUR VEGETATION ZONES

Zone
Important Specíes

(relaËive frequency values

Species

Less Tmportant Specíes
(re1atíve frequency values < 5"/.)

Specíes

> sr")

Value
7"

Value
/.

Bog
Forest

Muskeg Ledum groenlandicum
Picea mariana
Sphagnun fuscum
Chamaedaphne calyculata
Vaccinium vítis-idaea

var. minus
Kalmia po1ífolia

Lagg

Chamaedaphne calyculaËa
Polytríchum j uniperinum

var. gracilius
Sphagnum fuscum
Ledum groenlandícum
Oxycoccus quadripeËalus
Vaccínium vitis-idaea

var. minus
Kalmía polifolía
Aulacomnium palustre

Chamaedaphne calycula Ëa
Carex rostrata
Aulacomníum palustre
Hypnum pratense
CalamagrosÈic canadensis
Salix bebbiana
Salix seríssima

Vaccinium vitis-idaea
var. minus

Sphagnum fuscum
Cladonía spp.
Chamaedaphne calyculata
Vaccinium angus tif o1íum
Dicranum polyseËum
Sphagnun recurvum

Cladonia spp.
Polytrichum j uníperinum

var. gracílius
Oxycoccus quadrípetalus
Vaccínium angustif olium
Pleurozium schreberí
Sphagnum capillaceum
Sphagnurn magellanícum
PtíIium crista-castrensís
Aulacomníum palustre
Dicranum polysetum

Picea mariana
Pinus banksiana
Cladonía spp.
Sphagmrm capillaceum
Sphagnum recurvum
Sphagnum magellanicum
Eriophorum spissum

Carex aquaËilis
Ledum groenlandicum
Rubus acaulis
Polytrichum j uniperínum

var. gracilius
Sphagnum recurvum
Helodium blandowií
BeËula glandulosa

var. glandulifera
Alnus rugosa var. americana
Salix pedicellaris

Ledum groenlandicum
Pícea maríana
Pleurozium schreberi

.3
23.7
22.9

28.6
14.6
L4.6
10. 0
9.3

5.4

18.6
15.0

74.4
L3.2
9.6
7.8

6.0
s.4

27.8
13.5
].2.0
8.2
7.5
6.7
5.2

4.L
3.3
3.2
2.5
2.5
7.7

4.0
3.2

3.1
1.6
1.6
0.8
0.8
0.8
0.8
0.8

2.4
1.8
7.6
1.3
1.3
0.8
0.8

.1

4.s
3.7
2.6
2.r

2.I
L.4
0.9

0.9
0.9

Bog
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c. Bloraeernet prloarv productlon.and eubeequent accumulatfon
of non-vascular ve8etatlon
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1. Sampling scheme

Of all non-vascular speci_es found in the study area only

Ëhose indícated in Table IV were consídered to be impoïËanÈ

contríbutors to production. Calculatíon of neË primary produc-

tion for each of these species was carríed out. accordíng Ëo the

scheme previously outlined in the introduction. That ís, a

number of indívídua1s of each species were harvested at. regular

monthly íntervals throughout the 1970 growing season, from which

the weighË of new growth per índividual was determined.

Samples rrere collected from Ëwo r:andom points ín each of

Ëhe four vegeËaËion zones. At each of the eíght poínts a línear

seríes (E-III) of 25x25 cm. quadrats \^ras set up, with Ëhe random

point servíng as origin. The use of 625 cm.2 
^r"rt 

in production

sarnpling was based on the results of a "species-area" investiga-

tíon in whích nested areas rangíng Ín size from 25x25 cm. to

50x100 cm. r¡rere surveyed for both vascular and non-vascular spec-

Íes present. The "minimum area" of 625.r.2 r"" found to have

each of Ëhe desired species occurríng consistently. The number

of such 25x25 cm. quadrats harvested at each s:mpling daËe was

determined by the densiËy of species present. A mínimum of 80

indíviduals per species per zone was required to give a production

estimate T^rith a stand.ard erïor no gïeater than t ]:O"Á (the 1eve1

of accuracy suggested by Milner & Elfyn Hughes (1968, p. 12) for
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TABLE IV

IMPORTANT NON_VASCULAR SPECIES

Species Bog ForesË Muskeg Bog Lagg

Pleurozíum schreberi +

Sphagnum fuscum + +

Polytrichum j uniperinum
var. grací1íus +

Aulacomníum palustre + +

Hypnum pratense +
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productivíËy measurements) .

At each rnonthly sampling date aË least 80 índivíduals of

each species vrere harvesËed from 625 "*.2 "r""s in each zone,

placed in polyeËhylene bags, and returned to the laboratory.

Since the non-vascular plant,s were relatively small, Ëhe separa-

tion of curreÍrË from old growth had to be done for each of the

índíviduals íncluded in Ëhe sample. In each of the following

species this separation was performed under a binocular micro-

scope, ax a magnifícation of 6x.

Aulacomníum palustre

Sínce the leaves of this specíes remaín green for more than

on" y.".1 (personal observation), then the Ëota1 length of the

chlorophyllous porÈíon of a planÈ cannoÈ be equated with new

growth. I,lhíle Tarnrn (1953, p. 13) considered one third to one

half the length of the chlorophyllous portion Ëo be índícative of

new growËh, in the presenÈ study Ëhe currenË yearrs light green

groïrth could be dístinguíshed from perennial green portions by

samplíng A. palustre at monËhly íntervals throughout the gror,ring

season.

I As the contributíon Ëo producËion by perennial leaves
of all bryophytes \¡ras consídered to be negligible, no
correcËíon factor was employed for Ëhese perennial
portions in calculations of productivity.
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To ínclude the contribution made to producËion by repro-

ducËive structures, samples employed duríng the growing season

conËaíned both fertile and sËeríle shoots. Thís sampling pro-

cedure was applíed in the following specíes as wel1.

Polytríchum junipêrinum var. grácílius

As suggested by LongÈon and Greene (1967, p. 306-310)

curreriË terminal growth was identified based on dífferences ín

leaf length ín individual plants, shorÈer stem leaves being pro-

duced at the beginning and end of a growing season.

Sphagnum fuêcum

0f Ëhe three erect-growing genera examined, differentía-

tíon of neü7 grohrth from old was found mosË difficult ín thís

genus. Growth chamber studies, and subsequent fíeld observa-

tions, confírmed Ëhe facÈ Ëhat in S. fuscum the stem portion of

terminal neT¡r groùrth retained íËs chlorophyll for a single groÌü-

ing season on1y.

In this study, dÍstínguishíng beËween ne\nr gror,rth and old

was based simply on recognizing Èhe boundary beËween green and

brown pígment in a planÈ. MonËhly samplings were made during the

growing season to det.ermíne Èhe maximum weight of the chloro-

phyllous portion.

Clymo (1970, p. 21) has reeenË1y suggested Èhat some of

Ëhe material in Ëhe capitulum of Èerminal new gro\^rËh porÈions
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is formed during previous growíng períods. Following his sugges-

tion, an average weight of the capitulum was deËermíned at the on-

set of the growing season, and Ëhis mean weíght subtracted from

the total weíght of individ.ual ËermÍnal growth portions harvested

Ëhroughout the remainder of the season. ThÍs procedure províded

a more accurate value for current neË production by an índívidual

Sphagnum sp. plant.
1

Hypnum praÈense-

,". * ,re proliferous branching sysÈem of thís pleuro-

carpous moss, it was dífficult to firsË defíne an "individualr'

for production purposes. For convenience, each unbranched seg-

menË having a gror¡ring point at its apex üras referred to as an

índividual. Field observations indícated that Ëhese portions

retained their chlorophyll for more than one year however, so

thaË it was impossible to distinguish between new and o1d growth.

The alternative taken üras Ëo d.etermíne the total weíght of the

green portion supporting a síng1e growing poinË, i.e., the bío-

mass, and Ëo consíder yearly net production per individual as

one half thÍs biornass value.

Pleurozium schreberí

I^Ihile an indivídual was easíer Ëo define ín this pleuro-

1 Awaitíng verificaËÍon
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carpous genus than ín the former, iË was sti11 found impossíble

to distinguish between new and old terminal growth. Therefore,

biomass figures obtaíned from monthly samplings were divided in

half to approximate yearly net producËíon (after trüeetman, 1968,

p. 368).
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)

The new growËh porÈions idenËífíed above, consisting of

leaves, stems, and reproducÈive structures, v/ere washed. in dís-

tí1led r^raËer to remove any exÈraneous maËeríal from Ëheir suï-

faces, and then oven-dried to constant weight at 1o5oc. After

cooling in a desíccator, these individuals were weighed in groups

of Ëen, wíth no effort being made Èo separate leaves, stems and

reproducËive structures. From these weíghts, a value for current

net production per índividual r¿as obtained.

To calculate production of Èhese species on an area basis,

the value of current net production per indivídual was multiplied

by the average densíty value determined for each species. The

number of indivíd.uals peï square cenËímeter T^ras first calculated

by counting Èhe number of índividuals found ín eíther 6.5 or 9.5

cm. diameter p1ugs, usually containing a síng1e species, and co1-

lected boËh in the wínter when individuals were Í.tozen into nat-

ural position, and in the spring when ner^r groï^rth buds were evident.

At both collectíon dates plugs were gaËhered from all zones ín

which a specíes occurred. The number of plugs collected for each

species was suffícient to gíve a density value having a sËand.ard

error of less L]narr 7O%.

Next, Ëhe number of square cenËimeters occupied by each

specÍes ín a square meËer was calculaÈed, employing a "grídded"

rimary producËion of ËanÈ non-vascular species
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25x25 cm. quadraË. Each of Ëhe twenty-fíve 5x5 cm. areas coïì-

Ëained Ëherein were alloÈted a maxímum coveï value of 4%, witin

the total of the cover values recorded for a species representing

the percent cover by that species. This procedure was repeaËed

for a number of additíonar 25x25 cm. areas until a percent cover

value wiËh an acceptable standard. error of estímate (< 102) was

obtained. The 25x25 cm. areas surveyed r^rere.locaËed five meters

south of each of Èhe eight permanent sampling poínts, one half of

the quadrats locaËed at each zonal sarnpling poínt.

The product of Ëhe mrmber of individuals per square centí-

meter and the number of square centimeters occupied by a species

in a square meteï (Í.e.,700lZ cover = 101000 square centimeters),

províded an estimate of density for each of the important spec-

ies. This density value, multiplied by Ëhe speciesr neË produc-

tion value per individual provided a value for net primary pro-

ducËíon on an area basís.

Net production values calculated for individual plants aË

monthly ínt.ervals over the growing season were ploÈted against

time ín Prograrnme I. Due to the límited m:mber of points, no

conclusions r^rere drawn concerning the shape of growth curves.

The signíficant difference Ín Ëhe indívídual production

values of Sphâgnum fúScum in the Bog versus the Muskeg zone,

evidenË in the graphs of Programme I, suggested the existence



Prograrnme I. Net prímary production recorded at monËhIy intervals

for individuals of each of the ímportanÈ rion-vascular

species studied durÍng the 1970 growing seasorl.
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7L

of zonal micro-environments, wíth one set of envíronmental con-

ditions being more favourable for growËh than Ëhe other. Dif-

ferences were also apparenË in production values of Aulacomníum

palustre in the Bog and Lagg zones.

Production calculated on an area basis for these species

(table V) was dependent boÈh on Èhe value of indívidual plant

production and on the density of the species ín questíon.

lthile the rankíng of the three most productive specíes was ín-

dependent of the type of producËion expression used, i.ê.,

gm. /plant or gm. /^.2 , r¿ith Pleurozium sihreberi > pólytrichum

juniperinum var. grâcílius > Aúlâcomnium paluSËre (tagg), Ëhe

order of ímportance ín the remaining specíes was changed by

expressíng producËion on an area rather than índívidual basis.

For this reason it is preferable Ëo have measures of both indí-

vidual producËion and densÍty when comparing speciest produc-

tion. Unfortunately, Ëhere are few such values presenË in the

1iËeraËure.

Longton (1970, p, 829) has observed individual net pro-

duction ín Pölytiichum alpestre Hoppe (= P. juniÞerinurn Hedr¿.

var. gracilius I,üahlenb.) Ëo be in the range 0.6-3.7 *gut. in

various Antarctic locations, compared to the 3.9 rngrn. observed

Ín Èhe curreriË study.

With reference to Sphágnum spp. r neË primary producËion



Z
on

e

T
A

B
LE

 V

M
A

X
IM

IIM
 A

N
N

U
A

L 
N

E
T

 P
R

IM
A

R
Y

 P
R

O
D

U
C

T
IO

N
 

C
A

LC
U

LA
T

E
D

 F
O

R
 T

IIE
 I

M
P

O
R

T
A

N
T

 N
O

N
-V

A
S

C
U

LA
R

 S
P

E
C

IE
S

F
O

U
N

D
 IN

 E
A

C
H

 O
F

 T
H

E
 F

O
U

R
 V

E
G

E
T

A
T

IO
N

 Z
O

N
E

S

(a
) 

(b
) 

(c
) 

(a
) 

(b
) 

(c
)

S
pe

ci
es

 
M

ax
ím

um
 c

ur
re

nt
 

In
dí

vi
du

4l
s 

C
ov

er
 

4 
Z

on
al

 to
Ë

al
 f

or
ne

t 
pr

im
ar

y 
pr

od
uc

tío
n 

pe
r 

cm
. 

^ 
Ic

pr
, 

ím
po

rt
an

t 
sp

ec
ie

s
pe

r 
in

di
ví

du
al

 
tl 

S
.E

.Z
 

" 
.2

/^
.2

 
;=

i" 
-

m
gm

. 
+

1 
S

. 
E

. 
Z

* 
!1

 S
. 

E
. 
Z

 
B

m
. 
/m

. 
2 

f 
. 
/m

,2

B
og

 
P

le
ur

oz
íu

m
F

or
es

t

M
us

ke
g 

S
ph

ag
nu

m
 fu

sc
um

B
og

 
S

ph
ag

nu
m

 fu
sc

um

A
ul

ac
om

ni
um

 p
al

us
tr

e

P
ol

yt
ric

hu
m

 ju
nÍ

pe
rin

um
va

r.
 g

ra
ci

liu
s

sc
hr

eb
er

í

La
gg

A
ul

ac
om

nÍ
um

 p
al

us
tr

e

H
yp

nu
m

 p
ra

te
ns

e

4.
70

 ! 
6.

8"
Å

0.
55

0.
42

0.
49

3.
94

2.
L3

0.
42

* 
st

an
da

rd
 e

rr
or

 e
xp

re
ss

ed
 a

s 
a 

pe
rc

en
ta

ge

5 
.4

"/
"

6.
9"

/"

72
.8

"/
"

4.
67

.

9.
27

.

7 
.3

"/
"

+

2.
70

 ! 
3.

7%

4.
LI

 t
 4

.6
%

4.
Lr

 !
 4

.6
i¿

7.
36

 ! 
5.

7i
¿

4.
35

 ! 
9.

4"
/"

84
90

 L
 4

,6
7"

31
35

45
L5

15
09

7 
.3

6

22
.7

5

4.
L%

4,
6"

Å

2.
47

.

+

5.
77

"

9.
97

"

20
39

 ! 
2.

77
.

22
89

 t 
3.

27
"

32
60

 t 
3.

27
"

L0
7.

7

7.
L

7.
8

5.
4

35
. 

0

35
. 

9

37
.2

ro
7 

.7 7.
r

48
.2

67
 .L

\.1 t\)



73

in several species found on a blanket and va1ley bog ín England

(Clymo, 1970, p. 34) was at least one order of magnítude larger

than values observed j-n Èhis sËudy. Even when the capiËu1um

weight was added to production values of SÞhagnun fuScum the re-

sulting range of bíomass values, 39.2-57.8 grn. /t.2, (ra¡1e Vrt)

tras sti1l far below tihe 269 gm./rn.2 determíned for the same spec-

ies by Bellamy and Rieley (7967, p. 39) ín England, and rhe 200-

800 gm. /^.2 range cited in Overbeck and Happach (1956, p. 363)

for locatíons in norËhern Europe and Russia. Pearsall & Gorham

(1956, p. 198) have suggested that some chlorophyll rnay be losr

by the sËems before Èhe end of the growíng season, causíng pro-

duction to be underestimaËed. Since Èhe ídentification of new

gro!üth ín the current sËudy was based on the presence or absence

of ch1orophy11, then this suggests thaË present results may

underestímaÈe annual neÈ production in Sphágnu:ir fúScum.

Pleurozium Schrêberi, forming a conËinuous surface layer

in the Bog Forest zone, r^¡as the most productive of all non-

vascular species examined. ï.ts net prod.ucÈion value, 107 grn. /^.2,
T¡ras more than twice the 43.5-65.5 gm. /^.2 range determined by

lleetman (1968, p. 368) for the same species, fo,rrl'a under an up-

land stand of black spruce ín eastern Canada.

The wide range of producÈíon values exhibited by each of

the above species ís perhaps attributable Ëo environmental dif-

ferences beËween sÍËes examÍned.
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3. Net primary producËion of oËher species present

Since not all bryophyte species \^rere considered on an in-

dívídual basís, Ëhen the sum of important species producÈíon va1-

ues ín Table V represents an underestimate of Èhe toËa1 non-

vascular net primary production. Forman (1969, p. 586) has preví-

ously made the assumption that unsampled bryophyte specíes would

have a mean bíomass value approaching Èhe mean calculaËed from

sampled specíes. Therefore, zonaJ- net production was estimated

by multíplying the sum of important speciest production values by

the ratio of. tota|imporËant speciest cover percentages (Table VI).



75

TABLE VT

ÏOTAL NON-VASCULAR NET PRIMARY PRODUCTION IN EACH OF TIIE
FOUR VEGETATION ZONES

Zone
(a)

ZonaL total for
ímportant species

a
'Lgm. /m.

(b)
Correction for other species:

Total cover % bv a]-]- species
ToËa1 cover 7. by important specíes

(a) (b)
NON-VASC.

PROD I N

g , /^.2

Bog
Forest

Muskeg

Bog

Lagg

L07 ,7

7.L

48.2

67.r

92.s / 84.9

74.9/3L.3

93.0180.4

62.9/ss.4

116.3

17.0

5s .4

75.8

NON_VASC. PRODIN = i,
i=1

4

I cpo)i
n=1
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4. Biomass of non-vascular species

Zonal Tlorì-vascular biomass Ìras greater than t.he corres-

ponding neË primary producËion va1ue, since each of the import-

anË species studíed had perenníaI photosynthetic portions. To

estimate thís biomass, green perennial portíons of each species

were weighed at each sampling date. This perennial weíght, when

added to thaË calculated for net primary producËion, provided a

value for toËal photosynthetic biomass. Biomass for each of the

vegetaËíon zones was Ëhen calculated from the sum of species'

biomass values, multiplied by the correction factor for un-

measured species (table VII). This value is likely Ëo under-

esËímate total bíomass, as the shoot,s of certain specíes may

remaín a1íve for a períod after losing their chlorophyll

(R.8. LongËon, personal communication). However, no method was

readily avaílable for determining the extent of the brown living

portíon.
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5. The contríbuËion of non-vascular specíes to accumulaËíon income

As Ëhere was 1iËtle evidence of consumpËion of bryophytes

by herbívoïes, ít was considered that Ëhe net prímary productíon

of all bryophyËe specíes was added directly to the deËriËus cyc1e.

The total calculaËed for non-vascular producÈion represented the

annual litËer input by Ëhese species (table VIII). In the case

of perennial non-vascular species, production T^las assumed to be

of the same order each year. Hence, accumulatíon income for these

specíes could also be calculated from theír current producÈion

values.

.{þ.
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TABLE VIII

THE ANNUAL CONTRIBUTION MÄDE BY NON_VASCULAR SPECIES TO ACCI]MULATION

Zone Annual non-vascrrlar'1irr.t ínput

g^'l^'2

Bog ForesË

Muskeg

Bog

Lagg

116.3

L7.O

55.4

75.8
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uctlon.end subaeouent accumuletfon

l. lerninal net prl¡nary productlon ln vascular specles

t5
t ( tcpn)¡

i= i+l n=l
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The calculation of net primary production for important.

vascular specíes presenË ín each of t,he four vegetaËion zones

was performed ín a manner simílar to ËhaË prevíously outlined

for non-vascular specíes. However, in Ëhís case, Èhe síze of

some species, e.g., Picea marÍana, led to sampling dífficultíes.

Therefore, imporËant vascular species ürere dívided into two

groups (raUte tx):

Group"a"- specíes less than 1.3 meters in height at

maËuriÈy, where 1.3 meters equals breasË

height (Newbould, 7967, p. 13).

Group"b'- species equal to, or greaËeï Ëhan, 1.3 meters

in heíght aË maturity.

This section considers Èhe contribution of new leaves,

stems, and flower-fruÍts, i.e., Ëermína1 new growth, Ëo the

total production of both group "a" and group "b" specíes. Also

discussed are correction factors which estímate production lost

as litter duríng Ëhe growing season.

(a) Sampling scheme for group rra" species

Sampling involved the weekly c1ípping of a minimum of B0

termínal growing points from each of Ëhe ímportant vascular spec-

ies being considered. These were taken from the 25x25 cm. quad-

rats described previously. Since more than one quadrat was har-

vested at. each sampling date, subsequent areas sampled at each of
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TABLE IX

TMPORTANT VASCULAR SPECIES

ïmporËanË species Bog Forest Muskeg Bog Lagg

Group ttatt specíes:

Ledum groenlandicum

Chamaedaphne calyculata

Vaccinium vitis-ídaea

-.

var. ml_frus

Kalmía polifolía

Oxvcoccus quádripetalus

Carex rostrata

Calamagrostis canadênsís

Group trbtt specíes:

Picea maríana

Salix bebbiana

Salíx seríssima

+

+

+

+

+

+

+

+

+

+

+

++

+

+

+

+
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the eight positions extended along a sËraíght line perpendicular

to the length (N-S) of the study plot. It was expecËed Ëhat vari-

aËion in species composiËion could be mínímized by following this

sarnpling procedure.

Buffer areas, 25x25 cm. in size, \¡rere left between sampled

quadrats, sínce experience índicated Ëhat sampling had a destruct-

íve influence on the bryophyte component of adjacenË unsampled

quadrats.

Collected materíal was placed in polyethylene bags, one

bag per 25x25 cm. area, and reËurned to the laboraËory. Here Ëhe

contents of each bag were separaËed into species and components.

This separated material was ovendried at 105oC. to consËant weight,

cooled ín closed polyethylene bags, and weighed.

By counting the number of terrninal portions employed ín

Ëhe sample mean production per growing point \das calculated for

each species analyzed. To determine a speciest net producËion on

an area basís, the number of growing points found ín quadraËs

sampled throughouË the growing season \¡ras recorded and an average

densíty value for each species calculaËed. These densíËy values

were multiplied by production/growing poinË values to províde an

estimate of Ëermínal new growÈh on an area basis.

(b) SamplinEi scheme fór group "b" species

This group is composed of species whích at maturiÈy have
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a heíghË equal Ëo, or greater than, breast heíght.

Aceordíng to relative frequency values, only Salix bébbiana,

Salix serissima, and Pícea mâriana required indívídual sampling.

However, due Ëo Ëheír size it r,ras found impossible to sample

these species on a quadrat basis. InsËead, at each sampling date

a toËa1 of eighty termínal neür groÌ^rth portions, consísËing of new

leaves, stems, and reproducËíve structures, \^rere clipped from

Ërees of averag e zonaL circumference in the case of P. mariana,

and of average zona1- heíght for each of Ëhe Salíx species.

üIhenever possible, terminal porËíons ïrere clipped from a single

tTee.

These clipped termínal portions were placed ín poly-

eËhylene bags and taken back to the laboratory, where they were

separated ínto leaf, stem, and flower-fruit, dríed aÈ 105oC.,

cooled Ín a desíccator, and finally weighed.

Knowíng Ëhe number of termína1 portions employed in Ëhe

sample allowed a value of net, productíon per growing poínt to be

calculated for each of the components. To calculate net prímary

productíon on an area basís, densíty T'ras estímaËed for each

species as the producË of the number of Èerminal growing poínts

per rooted st,em, and the number of rooted stems per square meter.

For P. maríana, an estímaLe of the number of rooted stems per

square meter was obtaíned using the quarËer method (Cottam and
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Curtis, 1956). The circumference of tTees encountered was also

measured, from whích the average tree círcumference r^7as deter-

mined. A Ëree having thÍs círcumference was selected and the

total number of individuals on this rooted sÈem r¡reïe counËed.

DensíËy for Salíx spp. \ras determíned by counting the

number of rooted sËems in sixÈeen 5x5 meËer quadrats. These

quadraËs were locaËed aË five meËer intervals along Ëhe trans-

ect used Ëo deËermine cover values in the Lagg zone. The

height of the first t\^renty trees of S. bêbbiana and S. serissima

\^7as measured and an average heíght calculated for each speci-es.

Trees of this average height \^Tere examined, and the number of

índívíduals presenË \nras recorded. The product of the number of

índivíduals per rooted stem and the m:mber of rooted stems per

square meter was mulÈiplíed by individual productíon values Ëo

províde an estimaÈe of terminal net prímary production on an

area basis.

(c) Correctíon factors for litËer 1osË fróm t.erminal portións

Values of Èerminal production had to be corrected for

the loss of leaves and flower-fruÍts, since noË all of the dry

matter produced in Ëhe current growing seasorl remained attached

to 1ívÍng portions.

Mesh bags (Figure 14) were employed in all four zones to

enclose a number of índivíduals of each important species. In
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Figure 14. Bag-types employed in determíníng 1ítter correction

factors.

(a) Cheesecloth bag used to parËía11y enclose large ín-

dívídùalsr e.g., Chanaêdâphne câlyculâra (May, LLTO).

Marker pole colour band = 20 cm.

(b) Nylon bag used to partíally enclose smaller índí-

vídualsr e.g., Picea mariana (July, L97O).
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each of these bags both Ëhe number of. atxached new leaves and

the number of vísible leaf scars vrere couTtted aË each sampling

daÈe. By equatíng the weíght of leaves harvesËed with Èhe

number of aËËached leaves found in a lítter bag at that same

date, boËh the weíght of leaves lost through death and the

Ëotal correcËed producËíon could be calculated as in the fo11ow-

íng example:

Total weíght of new leaves of specíes V harvested per

zorle = 5.00 gn.

Number of ner's standing leaves of species V in two 1itËer

bags ín that same zone = 13

Number of fallen new leaves of specíes V ín two 1íËter

bags in that same zorte = 2

Then assuming 13 leaves = 5.00 gm.

Total production is 13 * 2 = 15 leaves having a weíght

of 15
.- 13 x 5.00 = 5.77 Em.

This correctíon method was applied to leaf daËa gathered

at each sampling daËe during Èhe growing season. I,lhíle leaves

lost as liËter could be expected to weigh less than others re-

maíning attached for longer periods of tíme, all leaves were

assumed Ëo be equal in weight when applying Ëhe correction

facËor. Sínce the observed leaf weíght \¡ras never corrected by

more than ten percenË for any species, except Salix bebbiana
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(0"/" - 25%) , then the error in making this assumption was not

critíca1.

To calculate Lhe amounÈ of currenË production lost by

reproductive st.ructures during the growing seasoTr the number of

vísible flower-fruíÈ scars lnras counted aË each sampling date.

Flower weight losses could not be made according to Ëhe above

example for leaves, since only corollas and sËamens were lost

early in the growíng season. Therefore, Ëhe raËio of corolla

to total flower weight r,¡as determined for several of the im-

portant ericoids; namely, LêdurÌr gróênlándicum, Kalmia pó1ifó1ia,

Vaccinium viËiS:idâea var. minus, and Oxycoccus quadripeËalus.

The average value was 0.2g3 t IL.77".

The observed flower weight üras corrected by adding to

it the value of the following expression:

number of new corollas
lost per litter bag _. (harvested weight of newÃ flor¿ers) x (0.293)number of standíng new
corollas per 1itÈer bag

Later in the season, when flower-fruít counts indicated

that mature fruits were fa11ing, the leaf correction method was

employed to correct flower-fruit producËion toËals.

It ís these corrected values for leaf and flower-fruit

production which appear in Table X.

(d) Terminal component net primary production values

I,rlhen the weekly sums of terminal comporient producËion
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T¡Iere examined graphically (Progrr..e 2) , a sigmoid growth

curve could be traced in most cases. The Èwo herbaceous spec-

íes, Carex rostrat.a and Calamagrostis canadensis, proved to be

excepËíons, wiËh a línear relationship between Ëime and growth

evident

In several cases, e.8., Kalmiâ Þô1ifo1ía in the Muskeg

zone, there was consÍderable weekly flucÈuation ín the production

values forming Ëhe upper plaËeau of the logistic curve. Such

fluctuation is ín part a result of natural variation among indi-

vidual plants ín the populations sampled. This fluctuaËion

could be minimized by either measuríng the same plants throughout

Ëhe growing season, or by increasing the number of plants har-

vested at each date.

The maximum production value for each of the terminal

componenËs r^7as recorded in Table X. By combíning these produc-

Ëion values with density values recorded ín Table XI, values of

net prímary production per unit. area were obtained for each of

the importanË vascular species studied (Tab1e XII).

In general, Tables X and XII indícate Ëhat the greatesË

proporÈíon of toËal production was present ín the leaves, fo1-

lowed by reproductive structures, and finally termína1 stems.

The proportion of producÈíon chanelled into flowers and fruits

\^ras unusually large, especialJ-y ín the ericoíd species, ürhere,
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\,ríth the exception of Ledum groenlandícum, Ëhe weíght of repro-

ductive structures \¡ras up Ëo one half the weight calculaËed for

leaves of the same specíes.

Differences in the product.íon and density values of

specíes found ín more than one zone again suggest.ed that there

were mícroenvironmental dif f erences amorì.g the zones.



Programne 2. Terminal componenË net

plus new stem plus new

índivíduals of each of

ies studied during the

productíon, í.e., new leaf

flower-fruiË, observed ín

the importanË vascular spee-

L970 growing season.
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TABLE XI

DENSITY VALUES FOR IMPORTANT VASCULAR SPECIES FOUND

(A) Group "a" species

Important Species

115

IN THE FOUR VEGETATION ZONES

Bog Forest

t/^.2

Muskeg

t/m.2

Bog

rlm.2

LagS

r/*.2

Ledum groenlandícum

Chamaedaphne calyculata

KalmÍa polífolía

Vâcciníum vitíS-idaea
var. minus

Oxycoccus quadrípeËá1us

Carex rostrata

CalamagrosËis canâdênsis

L92.0
! 9.5"/.

843.2
! 5.9"/"

395.2
!l.0.57"

184.0
!\4.3"/.

67 6.8
t 7.47"

73r.2
! 5.77"

724.8
! 6.27"

398.4
! 6.77"

844.8
! 7 .77"

1064.0
! 9.0%

920.0
! 8.8"/"

35.2
!72.77.

Lt2.0
lLL.57"

rln'

(a) croup

Important

2 = number of indíviduals per
expressed as a percent

ttbtt species

Species Bog Forest .(I)x(R) = T/m''

Square meter, * one standard error

Muskeg
(r)x(R) = rlm.¿

Lagg
(r)x(R) = r/m.¿

Picea maríana 3182 0.782 2488.3 2s85 0.L97 s09.2

Salix bebbíana

Salix serissíma

189

76

4.90 926.r

1. 19 19. 0

I = number of
R = number of
I/m.2 = number

índivíduals per rooted sËem
rooted sËems Per square meter
of indívidual-s per square meter
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Species retaíníng functional leaves for more Ëhan one

growing season have the opporËunity to conËinue photosynthesiz-

ing during wínter monÈhs, and also ín subsequenË growíng sea-

sons.

Freeland (L944, p. 185) observed photosynthetic åcËiviËy

winÈer monËhs, although only a neglig-ín Picea mariana during

ibl-e amounË of organíc material would be created at thís tíme

(Bourdeau, 1959, p. 66). However, during suiluter monthsr aP-

preciable increases in the weighÈ of coníferous perenníal leaves

do take p1ace, as reported by Viro (1955), cited in Bray and

Gorham (1964, p. 742).

To determine Ëhe dry weíght íncrement ín older leaves of

P. mariana, for which the life span may be up Ëo tlrelve years

(Fraser and McGuíre, L969, p. 76), samples of two hundred

leaves were collected at monËhly ínt.ervals during the growÍ-ng

season. Trees sampled were those employed in the weekly sampl-

íng of terminal components.

Employing the líbrary programme (STATS 25), avallable at

Ëhe University of Manitoba Computer Center, all possible mean

leaf weights were compared. The t-tests indicated a signifí-

cant increase in the weíghË of bl-ack spruce leaves produced ín

previous growing seasons, both ín Ëhe Bog Forest and Muskeg

zones. The average increase for Èhe monËhs of August and

September amounted Èo approximaÈe1y 247" of the oríginal May



LL9

values. Sínce black spruce was Èhe dominant evergreen specíes

present, then the contribuÈíon made Ëo current production by

older leaves of group "b" specíes \¡ras assumed to be equal to

24"/" of. theír biomass (Table XIII).

In Ëhe case of group "a" species, all imporËant erica-

ceous shrubs involved in this sÈudy reËaíned at least some of

their leaves for more than one growing season. Ìfhí1e trühíËtaker

(1,962, p. 361) found thaÈ Èhe growth of older leaves in several

large erícaceous species in the GreaË Snoky MounËains was 102 -

16% of the ËoËal shooË productíon, Hadley and Bliss (a964,

p. 348), using infra-red gas analysis, observed a negaÈive net

photosynthetíc raËe for perenníal leaves of both Lédum groen-

landicum and Vaccínium viËis-idaea var. minus.

Samples of two hundred second or third year leaves vrere

collecÈed from the Bog zone aË monthly íntervals for each of

the five important ericoíds studied. Comparing all possible

mean weíghts, only September values showed a signífícanË ín-

crease. Since Èhe senescent leaves contained ín thís final

sample were collected from the surface of Ëhe Bog, a greaËer

percentage of large leaves ülere presenÈ Ëhan Ín prevíous monthly

samples. This sampling problen \¡ras responsible for the signi-

fícant weight increase noted. Therefore, Ëhe annual contribu-

tíon to current net primary productíon by older leaves of group

"a" species \¡ras considered to be zero, i.e., PLp2 = O.
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trüoody stems and branches of perennial vascular specíes

increase in weight wíËh each growing season, expandíng both in

length and in diamet.er. Whí1e the amount of stem elongatíon

can be determined by analyzing terminal rie\nr gro\nrth, direct cal-

culation of the radial increment in sËem and bark ís difficult.

It may be estimated, however, as the dífference between total

annual woody increment and Èhe corresponding termínal sËem groÌüËh.

Total woody incremenÈ r¿as calculaËed by weighing a rooted

sËem, dividíng the observed dry weight by the agel of Ëhe stem,

and multiplying the quotient by the number of rooËed sËems of

thís species found in a square meter (table XIV). In the above

calculation, fíve rooted sËems were employed for group tta" spec-

íes, one st.em for each of the group "b" species, all stems har-

vested at Ëhe end of the growing season, í.ê., September 2B,

L97O. The value of termínal sËem growth (Sp¿) was subtracted

from the Ëota1 woody incremenÈ value (RSpS + SpA), to yield an

approximaËe value for radial stem and bark growth (Table XV).

The presence of tr^ro negative RSp5 values in Table XV indicated

thaÈ this procedure \n/as not entirely satísfactory. Therefore,

RSp5 values should be considered as estimates on1y.

t 
"ra = maximum number of
(group "a" specíes) or
(group "b" species)

annual increments on a stem
the number of annual rings
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At this point values have been derived for each of the

aería1 components conËríbuÈing Ëo Ëhe production of dry matter.

The data Ís summarízed in Table XVI. Comparíng the relative

conËríbutíons of aerial component.s Ëo Ëotal production, Ëhe

only consístency found in all specíes was that current leaves

\¡rere most imporËant. The relatíve importance of Ëhe other com-

ponents varied from species to specíes.

It would be of benefit Ëo compare the producËion values

observed ín the current study with those recorded ín other sít,-

uatíons. Unfortunately, there is very 1ittle data with which

Ëhese producËion values can be compared. The fact that produc-

tion values depend both on Ëhe weight of an Índividual and on

the number of such individuals found per unít area, also makes

iË dífficulË to compare producÈion values given only in terns

of weight per unit area. For exampLe, Traczyk (L967, p.845)

reported ËhaË the net producËion of Vacciniuur vitís-idáea L.

in Èwo Pinus associations ranged from 0.15 to 0.83 gm. /^.2, con-

síderably lower than Lhe 47.4 to 52,7 gn./m.2 r^oge índicaÈed

for aerial component producÈion by Vaccíníum Vitís:ídâea var.

minus in the Muskeg and Bog zones. YeË, productíon by a single

plant inTraczykrs study was found Ëo range from 0.067 to 0.083

gm., wiËh Ëhe corresponding range at Elma 0.071 - 0.098 gn.

Thus, it is necessary Èo have both índívídual producÈion values
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and density values to correctly assess production potential for

a specíes when iË ís found either in diverse geographic loca-

tíons, or ín different ecosystem types.

An addÍtíonal column in Table XVI índicates the relaÈive

ímporËance of a specíes t.o zonal- production. This irnportance

ranking closely para1le1s the rankíng produced earlier, based on

relatíve frequency values (table III). Thís agreenent verifies

the assumpËion that a specíesr relative productívity is pro-

porËional Ëo iÈs frequency of occurrence.

Total aeríal productíon for importanË vascular specíes

Ís found in the first column of Table XVII. Not all species

ürere represenÈed ín these productíon figures, since only spec-

ies havíng a relative frequency value greater tilan 5% were stud-

ied on an índivídual basis.

To obtain an estimate of the productíon conÈribut,ed by

other group ttatt specíes, t,heir Èerminal ner^r gro\,lth was harvested

aË each sampling date, and Ëhe weight expressed as a percenÈage

of ÈhaÈ of lmporËant species encountered ín the same quadrats.

At the end of the growÍng season an average percentage value was

determined and Ëhe calculaËed aerial production sum íncreased by

this percentage (Tab1e XVII).

For group "b" specíes, iL was assumed thaÈ Èhe producË-

iviËy per rooËed stem of all broad-leaved specíes approached
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TOTAL AERIAL

(A) Group "a"

Zone

TABLE XVII

PRODUCTION FOR ALL VASCULAR
THE FOUR VEGETATION ZONES

SPECIES OCCURRÏNG INNET PRIMARY

specíes

(a)
5

I cp,,
n=1

ImportanË
Soecies
e . /r.2

(b)
byContribution Other Species

7" + Or.e Standard Error

(a)+(a) (b)
5

I cp,,
n=1

All Specíes

g . /^.2

Bog
ForesË

Muskeg

Bog

Lagg

52.8

24L.2

308. 2

39L.6

2r.3 t 6.9

5.3 t 1.0

2.7 t 0.6

15.6 + 3.9

64.0

2fi.9

3t6.4

452.7

(B) Group ttb"

(a)
Zone 5

specr-es

(b) 
^il of rooted stems/m.z f.or all specíes

I cp,,
n=1

Important
Soecies
g*. /*.2

(a) (b)
5

I cp*
n=1

All Specíes

gm.lm-2

Bog
Forest

Muskeg

Bog

Lagg

302.5

58.4

230.4

0.782/ 0.7 82

0.244 / 0.r97

L3 .09 / 6.06

302.5

71. B

497 .7
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Ëhe mean value calculated for Salíx bebbiana and S. serissíma,

and símilarly that the producËíon figure of needle-leaved species

approached that of Picea mâriâna. A Èotal production value for

group "b" species \¡ras arrived at by multíp1yíng the calculaËed

productíon figure per rooted sÈem by the total number of rooËed

sËems of all specíes found in a square meÈer (Table XVII).

ZonaL aerial production Èotals for group "4" specíes

showed a Ërend consisËenË with Èhe spatial- dístribution of the

four zones, í.e., Lagg > Bog > Muskeg > 3og Forest. Group "b"

species producËÍon ü/as also greatesÈ in the Lagg zoÍte, with a

trend in dírect oppositÍon to group "a" species productíon va1-

ues evídent in Ëhe remaining three zones, í.e., Bog < Muskeg <

Bog Forest. As a result, total aerial production values in Ëhe

Bog, Muskeg and Bog Forest zones were all quiÈe similar (Table

XVIII). Production in the Lagg zorte, 950 grn. /^,2, üras almost

Ëhree Ëimes as great.
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TABLE XVIII

TOTAL AERIAL VASCULAR PRODUCTION

Zone
(a)

5

I cp',
n=1

(b)
5

I cp,,
n=1

(a)+(b) , ,

AERIAI
VASC.

PRODIN

g*. /^.2
Group ttatt Species Group ttbtt 

$pecíes
grn./m.z g ./^.t

Bog Forest

Muskeg

Bog

Lagg

64.0

253.9

3]-6.4

452.7

302.5

7r.8

497 .7

366.5

325.7

3L6.4

950.4

AERIAL VASC. PRODIN = t 5

I r I cPr,)i
i=5*1 n=1
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D . 5. The aerlal cornponent blomass of vascular soecies
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Biomass values of aeríal plant components produced in

previous years were obtained from c1íppings made at each weekly

sampling date. By combining Ëhese values with the weight of

current Ëerminal productíon, a veekly value for the total bio-

mass (TB) of a single planÈ was deríved for each species:

TB= 5

Icprr* I.to
n=l n=l
number of rooted
stems ín the weekly
sample

Due to dífferences in the amount of woody bíomass con-

taíned ín the weekly samples values of TB varied considerably

over the growing season. Therefore, in calculatíng Ëotal bio-

mass for plants of each specíes on an area basis Ëhe average

of weekly TB values was multíplíed by the mean number of rooËed

sËems found ín one square meter (table XIX).

A biomass value for aería1 componenËs of all vascular

species (Tab1e XX) was determined wíth the following equatíon:

aerial bíomass of all vascular ÈotaL aeriaL producËíon of
specl-es all vascular specíes
aeríal biomass of ímportant
vascular species

toËa1 aerial product,íon of
ímporÈanË vascular species
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Of the aeríal planË components conÈTibuËing to the pro-

duction of dry matter, iÈ can be expected ËhaË leaves' repro-

ductive structures, and some branch wood and bark wí11 be lost

each year through death. In the case of deciduous specíes it is

the leaf maËeria1 produced ín Ëhe curïent growing season that ís

lost, while in semi-decíduous and perennial species leaves formed

in previous growíng seasons are losË. Tt \¡7as assumed that the

number of leaves fa11íng from perennial portíons was equal to

the number of newly produced leaves. Sínce leaf material was

losË from eiËher current or pererurial portíons buË noË boËh, then

the annual amount of leaf litter was determíned from the produc-

tíon values calculaËed for Ëhe new leaf componenË (tpf). How-

ever, Ëranslocatíon of maÈerial in senescing leaves musÈ also be

considered, sínce it reduces Ëhe amounÈ contributable by new

leaves. The amount of weight lost from leaves during senescence

was calculated for each species studíed on an indivídual basís.

At Èhree sarnplíng dates in 1970 (¡uty 20, Augusx 24, September

27), Ëwo hundred new leaves of each of the important vascular

specíes were collected, theír dry weíghË determíned, and the

largest of Èhe three weights used Ëo calculaËe the maxímum

single leaf weight in each of these specíes. Senescing leaves

of the same specíes were also co11ecÈed on August 24th, when the

leaves were stil1 aËtached to livíng stems, and on September 28th
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when the leaves had fal1en. Unfortunately, ericoíd leaf sam-

ples collected from the bogts surface contained a greaËer per-

centage of large leaves than did prevíous samples, since after

falling smal1 leaves were difficult to co11ect. This resulted

in September leaf values beíng equal Ëo, or signíficantly

greater than, Èhe maxímum nernr leaf weíghËs. Therefore, August

values of perenníal leaf weight hTere used Èo determine the sen-

escence weight loss. Since Oland (1963, p. 686) found the dry

weight loss from leaves Èo take place duríng a period Ëhree Ëo

four weeks prior to abscission, Lhen ít was considered valid to

employ these AugusË values Ëo represent minimum leaf weights.

Using an unpaired t-test the maximum and minimum leaf

weighËs \¡rere compared. These values are 1ísËed in Table XXI .

If a signífícant decrease was indicated, then the percenËage

lost during senescence \¡ras calculated for the species as follows:

maxímum observed minímum observed
leaf ¡¿eight - léaf ineíght 1^.

maximum observed r""iffia x Loo"/"

Comparing the observed senescence losses wiËh existíng

líterature values, the I77. Ioss reporËed by Mutoh et a1 (1968,

p. 72) f.or the grass Miscanthus sp., r¡ras nuch less t1nan 43.5"/"

1osË by Calamagrostis caúadênsís. Bray and Gorham (1964,

p. L42) eLte a sÈudy by Viro (1955) in whích 19 - 237. of dry

weight in deciduous angiosperm leaves was lost on seriescence'
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TABLE XXI

SENESCENCE 
-IÀIEIGHT LOSS IN LEAVES OF IMPORTANT VASCULAR SPECIES

ImporËant Zone M S D %I,üeightLossOn
Specíes Sanpled Senescence

Group ttatt specíes

Ledum groenlandicum

Charnaedaphne calyculata

Kalrnia polifolia

Vaccínium vitís-ídaea
var. nínus

Oxycoccus quadripetalus

Calamagro stis canadènsís

Carex rostraËa

Group ttbtt specíes

Picea mariana

Picea maríana

Sa1íx bebbiana

Salix serissíma

ForesË

Lagg 24.0 77.2x

Lagg 31. B 45.7* +

Bog

Bog

Bog

Bog

9.53

7 .O4

s.16

3.92

7.69

38.4

258.0

8.15

4.98

3.7 4

4.33

1. 65

2L.B*

2L6.Ox

Bog

Lagg

Lagg

Muskeg

Bog

74.4

43,4

27 .5

0

0

43.5

16. 3

0

28.3

1.82 1.76

1.0s 1.04

![=
*=
c-

D-

maxímum leaf dry weíght (mgm. ) observed duríng the growing season
senescent leaf dry weíghts (mgur.) recorded on September 28, I97O
senescent leaf dry weight (rngm.) recorded on August 24, L970
dífference between "M" and "S" l-eaf weights indicated by an un-
paired Ë-tesË (P=0.05), where 0 = no difference; - = signíficant
decrease; += significant íncrease
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slightly less than tne 28i% loss determíned for Salix bebbíana.

The fact thaË perennial leaves of Píceá mâriana conËinue to

gaín weíght ín subsequent growíng seasons accouïrLs for the fact

that senescenÈ perennial leaves showed no appreciable díffer-

ence in weighË from the maximum weight of current leaves.

Although senescence values \¡¡ere calculated from changes

in leaf weight on1y, reproductive strucÈures also lose weighË

when senescíng. Therefore, the senescence correction \^las aP-

plied to both leaf (l,pf) and flower-fruit (FFp:) weighËs (Table

XXII). Summing the resulËing values for ímportanÈ species and

correcËing the toË41 for Ëhe contríbution by t'othertt species

provided an estímate of total leaf and flower-fruiË materíal

added annually to peat.

Bray & Gorham (7964, p. 119) esËimated that in both an-

giosperm and gymnosperm forests leaf líLter represenÈed an aver-

age of 70% of. Ëhe total annual lítter increment. Therefore,

based on Ëhe relative values of leaf and flower-fruit produc-

tion, it was estimated that reproductíve sËructures contributed

LI?" to Ëhís t,oËa1 , while the remainder of L9"/" was contributed

by woody tissues. To calculaLe the t.otal annual litter incre-

ment, Ëhe weight of leaf and flower-fruit 1itËer was multiplíed

by the value fraction 100/81 (Table XXIII).

Corrected values índicated thaË the greaËest amount of
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litter fe1l annually in Èhe Lagg zoÍLe, this amount, 524.8 grn. /^.2,

beíng between two and Ëhree tÍmes greåLer than the amount falling

in any of the oËher three zones. Yet, when Ëhe amount of annual

líËËer fall was compared I^Iíth the value of aerial production,

the Bog and Muskeg zones had the greaÈest annual rate of ín-

corporaËíon. Litter production in all zones amounted to at leasË

48"/" of the aería1 neË production value. Reiner and Reiner (7970'

p. 514) had previously found the proportion of above ground net

prínary producËion enËeríng Èhe detriLus paËhr^ray as litter fal1

to be greater thån one half - 51% in a sr^ramp , 557" in an oak for-

est, and 64"/" in a fen. The latÈer value is greater than t}re 55%

recorded for the marginal fen ín this study.
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In a peatland there is a contínuous development of nernl

rooËs as aerial stems become buried under accumulatíng peat

(Heath et a1, 1938, p. 348). Because these roots represent a

source of direct additíon Ëo peat. iÈ was necessary to esËímate

ËheÍr bíomass and producËion values. UnforËunately, the diffi-

culty encountered in sampling subsurface porÈions made íË ím-

possíble to calculaÈe net produetion for individual components

Cp6 through CpB on a specíes basis. InsÈead, subsurface neÈ

prímary producËion in each zone tras estimated (table XXIV) on

the assumption thaË:

maximum aerÍal
net producÈíon

maximum subsurface
= net production

average aerial bÍomass average subsurface biomass

Although Ëhis equation has not been experínentally verified

(Newbould, 1968, p. 188), no other suitable rnethod exisËs for

the esËímatíon of rooË production.

Values for aerial productíon and biomass ín Ëhe above

equation were deríved prevíously, while subsurface biomass va1-

ues r¡rere obtaíned by sampling t\^7o 25x25x25 cm. blocks of peat

from each of the four zones. The above sampling was carried out

at a síngle date ín both July and September to a1low for Ëhe pos-

sible ËranslocaËion of reserve maËeríals beËween aerial and sub-

surface portions (Mooney and Billíngs, 1960, p. 597; Dahlrnan and

Kucera, 1968, p. 1201). Due Ëo this liniËed sampling of sub-
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surface plant components, biomass values are only approximaËe.

Most information concerning the relatíve magníËude of

root productíon has been derived through the use of the so cal-

led "rooË/shooË" ratio, whÍch in thís case ís mean subsurface

bíomass divided by mean aerial biomass. Although Ëhe usual

range of values observed in forested areas is 0.2'0.3

(I,Íhíttaker and tr{oodwe1l, 1968, p. 11), values for the Bog ForesË

and Lagg zones r^rere appro*it"t.1y 0.5, vüith fígures for the

oËher Ër^ro zones boÈh greaËer than uníty (Tab1e XXIV). RooË/

shoot ratios wíth values between three and eíght have prevíously

been reported by Chapman (1970, 'p. 447) for ericaceous shrubs in

a dry heath ecosysËem in southern England.

Values of subsurfacef aetía1 producËion ratíos \,rere símí-

lar to bíomass ratíos, wiËh the greatesË absolute value of root

productíon, i461' 1 grn. /*.2, found ín the Bog zone.

The observatíon that zonal root/shoot ratíos increased

!üith greater light exposure, although originally applied Ëo in-

díviduals of a síngle species (Maggs, 1960, p. 434) ' \,'las also

relevant in the currenË situaËion. As competitíon for light

increases among specíes it can be expected that a greaËer per-

cenËage of the total bíomass and productíon wíll be aerial,

\nrith less emphasis placed on subsurface absorbíng and support-

ing organs. Therefore, it was noË surprísing to fínd that the
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Ëhree treed zones each had greaËer aerial bíomass values than

Ëhe treeless bog zorte, r¡hi1e subsurface biomass values were of

similar magnítude ín the four zones.

There r¡ras no way of estimating the fracËion of current

subsurface production and perenníal biomass added to the de-

triËus cycle annually. Therefore the value calculated for sub-

surface net production was considered to be equal in magnitude

to the actual amounË of subsurface "litËer" accumulaËed an-

nua1ly. This was a valid estimate of accumul-ation irr"ot.,

sínce t,he neÈ producÈion Ëotal represenÈs the annual addítíon

rnade by subsurface plant componenÈs to existíng peat reseïves.
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Total neË prímary production was calculated as Ëhe sum of

non-vascular, aerial vascular, and subsurface vascular produc-

tion. However, the weight of dry matËer produced in the curreriË

growíng season, but lost from planÈs eiÈher through herbívore

consr-rmption (Ccn), or by secreÈion (Scn)¡ e.g. ' root exudates

and raÍnwater leaching, was noË íncluded ln the above total.

Consequently, Ëhe magnitude of these losses had to be estímated

from exísting líterature values.

The amount of annual leaf consumptíon found by Crossley

(1963, p. 429), Bray (1961, P. 73), and Bray and Gorham (1964'

p. I44) approximated 57" to 87" of plant bíomass. Based on the

srna11 amouriË of insect damage observed in erícoid leaves (per-

sonal observatíon), and Èhe fact thaË moss consumpÈioll \^7as neg-

ligible (Smírnov, 1958, p. 365; 1961, p. 180) it was expected

tha| 5% would represenË the maxímum percentage lost through con-

sumption.

A smal1 amounÈ of míneral matter is also 1osË from aerial

plant surfaces through raÍnwater leaching (Tanm, 1951, p. 184;

Rodin and Basilevích, 1-965, p. 99; Car]-j-sle, Brown and trlhite'

L966, p. 97). The counterpart of such weight loss in subsur-

face portions is root exudates (Stenl-íd, 1958, p. 630; Bonner,

1960, p. 396; lloods, 1960). However, íÈ was expected that both

of the above exudate losses did not amount to any more Èhan 1%
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of the Ëotal calculated net prímary production.

Therefore, to account for the uruneasured losses of con-

sumptíon (5%) and secretion (I7"), total current net primary

productíon r^ras estímated as J:06:Z of the calculated value in

each of the four zones (Table XXV).

The treeless bog zone üras the mosË productive of Ëhese

zones, with an annual dry matter increment of almost 2000

W. /m;2. This value r^ras much greater than the 300 - 600 gm. /m.2

suggested by Rodín and Bazíl-evich (1965, p. 50) for moss bogs

in the U.S.S.R. It was also greater than the maxímum value of

420 gn./*.z t"porËed by Gore and Olson (1967, p.311) for a

hígh leve1 blanket peatland in England. Most other literature

values for peatland production refer only to above ground com-

ponents (Barclay - EsËrup, 1970, p. 246; P'Yavchenko, L96O,

p. 597; Solonevich, 1963) in which net productíon ranged from

178 to 670 gm./^.2. with the exception tt trr. Lagg zone,

aerial totals calculat,ed in the curreriÈ study also fel1 in thís

range. It is possible that subsurface production was overest-

inated ín the current study, since the method of determination

was based on the yet unverífÍed assr:mption that Ëhe rates of

Ëurnover are the same for above and below ground plant compon-

enfs.
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Total plant biomass was calculated as the sum of net pro-

ducËion and perenníal bionass values (Table XXVI). These Ëota1

bíomass values declíned from the Bog Foresx zoîe, through Ëhe

adjacent Muskeg zone, to Èhe Bog zone beyond. On Ëhe other

hand, zonaL net producËion values showed exacLly the opposite

trend, í.e., Bog > Muskeg > 3og ForesÈ. Since community sËab-

ility has been observed to increase wiÈh either a decrease in

productívity or an íncrease in bíomass (Leigh, 1965, p. 777),

then Ëhís suggested that of Ëhe cornmunity types examined, the

Bog Forest zorie would be least suscepÈible Ëo change.

A simílar conclusion rnras reached from examining calculaËed

values of the neË production/bÍouass ratio (Tab1e XXVI). As suc-

cession proceeds Ëhe ratio expressed by primary productíon/total

biomass wíll drop due to an íncrease in the bíomass and a re-

ducËíon in the primary producÈion (Margalef, 1963, p. 360). The

calculaËed P/B values suggesËed the successional sequence Ëo be

Bog -> Muskeg -> Bog ForesË, which agreed with the scheme pre-

víously proposed by Moss (1953a, p. 222). I,[hile the P/n value

calculaËed for Èhe Lagg zone (0.428) índicaËed that ít followed

the bog sËage in the peaÈland sere, in the presenË sítuation it

was thought ËhaË Bog vegetat.ion replaced Lagg vegetatíon as peat

accumulated and bog vegetation spread into surrounding areas.

The replacement of lagg-type vegetation by bog species has prev-



iously been suggesËed by Cooper (1913, p.

course of secondary succession occurring

considered to be Lagg -> 3og -> Muskeg ->

1s8

203). Therefore, Ëhe

in the study area üIas

3og Forest.
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As índícated in Ëhe introducËíon, values for both the

surface accumulation rate of peat, AA 1970-71, and AAa, the

aveïage amounË of peat accumulated annually, were esËímaËed for

each of the four vegetatÍ-on Èypes

Values of AA, ïIere previously calculated (p. 33,) from

measured heights and weights of radíocarbon-daËed peat. They

represerited an estímate of the average amourit of peat formed

annually by plant types found in the dated cores.

The annual raËe of surface accumulation fot a number of

these same planË t)æes was calculated from empirícal values

deríved for each of the Ëerms in Ëhe following accumulaËion

equation:

ÀAtgzo-zt - A'i - Ai K'(Aí)

1. Calculating accumulation "íncometl

At Ëhis point, consíderation has been given Ëo all con-

ceivable sources of accumul-aËion income. The sum of these va1-

ues provided an estímaËe of Ai, whích is the iníËía1 weíght of

peaË-forming maËerial added to Èhe peatlandrs sutface annually

(Table XXVII).

Of the four zones examined, it was ,roa 
".rtntisíng 

to find

that the Bog zone showed Ëhe greaÈest annual accumulatíon of

1itËer, l75O gm./m.2, since this zone also had Èhe greatest net

primary production. In Ëhe oËher three zones, the amount of
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annual 1ítter was subsÈantially 1ess, i.e., 489-LI29

In Ëhese zones more of the neÈ primary production .t^lâs

ated with woody Ëissues, whÍch ü7ere not added to the

on a yearly basís.

g^. /m.2.

associ-

surface
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2. Calculat.ing accumulation'rloss"

The decomposition rate (rt ) of vascular and non-vascular

lítter components \¡ras estimat.ed by enclosing leaf lítter ín re-

coverable nylon mesh bags and determining the weight loss afËer

one year.

Observed decomposiÈion raÈes depended on a number of

factors. These íncluded Èhe amount, condítíon, and placemenË

of enclosed material, as well as the type of enclosure employed.

1. The type óf enclôsure used: The confinemenË of 1ítter in

mesh bags has raísed the question of wheËher or noË observed

decornposition raËes are natural. Effects of confÍnement on

lítter breakdown have been examÍned by several authors,

I,triËkarnp and Olson (1963, p. 146) finding Ëhat leaf confinemenË

led to a t\¡ro to three times slower raËe of decompositíon, while

!üood¡,¡ell and Marples (1968, p. 462) concl-uded thaË confinemenË

had no serious effect on Ëhe naËural rat.e of decomposition.

Bocock (1964, p. 278) ]has suggested Ëhat the effect of confíne-

ment depends on envíronmental condiÈions with effects beíng

less marked on ttacidíctt as opposed to rrbasictt sítes.

The effecËs of confínement \^rere considered to be mínimal

in thís study.

Gílbert and Bocock (1962' p. 348) revier,¡ed the litera-

ture concerning the types of enclosures co'non1y employed in
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decomposition studíes, and concluded that mesh bags were the most

convenient to use. The mesh síze employed regulaËes the type of

decomposer agents enteríng. Considering that microorganísms rep-

ïesent the chíef source of decomposer acËion in peatlands (Dubos,

1928, p. 26; Clymo, 1965, p. 754), Ëhen the use of 1 un. mesh

nylon bags should have had 1ítt1e effect on the naËural raLe of

decomposition (Edr¿ards and IIeaLh, 1963, p. 77). This 1 mm. size

uras small enough to pïevenË Èhe loss of mat,erial Ëhrough frag-

mentation.

2. AmounË of maËeríal enclosed: Using mesh bags 10x30 cm. for

vascular species, and 5x10 cm. for bryophytes, an effort rnras

made Èo enclose an amounË of leaves which would resulË in a

normal spatial dístribution when replaced on the peaËlandrs

surface. The number r^ras standardÍzed at one hundred for each

of the vascular species, wiËh Ëhe exception of Carex rostrata'

for whích only ten leaves and two sheaths were employed. Non-

vascular bags contained the green biomass portion of one hundred

planËs, minus the apices, which ordinarily do not undergo de-

composítion.

3. CondiËíon of Ëhe malerial subjected to decomposítion: Newly

fallen leaves and green bryophyte portions were co11ecËed in all

four vegeËation zones aË Ëhe end of SepËember (L969), and re-

Èurned to Ëhe laboratory for preparaËíon of Ëhe decomposition
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bags. Since both air and oven dryíng reduces Ëhe amount of

natural deeomposítíon (llo11ny, L897, as cited ín Starkey, 7924,

p. 295; Clymo, L965, Table VI), the 1ítter \¡ras sËored ín a cold

room (6oC.) unËil replaced on the peatland siËe seven days

later.

A portion of the leaves and mosses collected was oven-

dried (105oC.) just before the liËter bags ruere replaced on the

peaËlandts surface. Using the percentage weight loss recorded

ín Ëhís porËion, the oven-dry weight of litter replaced on the

síte was esËímaËed.

4. Placement of Ëhè deconpoSiÈi-on bags: Two bags per species

per zone were placed at an arbitrary posiËíon ín the zone from

which the litter ùras collected. Leaf portions were placed

dírectly in contact with the moss layer, and in all cases among

natural lítter of the same species (Fígure 15). Moss decompo-

sition bags were placed 0-5 cur. below the surface. This iní-

tial placement was completed duïing the first week of OcËober,

L969.

In October, 1970, Èhe bags were retrieved, returned to

the laboratory, conËenËs oven-dried at 105oC., and weíghts

determined. The initía1 decompositíon rate in each species

(Table XXVIII) was calculated according to Ëhe followíng

formula:
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FÍgure 15. Nylon mesh bags used to det.ermine the ínitial d.ecompo-

sition .rat.es of leaves ín each of the four vegetation

zones.

(a) LíËter bag located ín the Bog Forest zone, con-

taíning leaves of Ledun gröênlândicun.

(b) LiËËer bag containíng leaves of Chamaedaphne

calyculâta in the Muskeg zone.
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TABLE XXVIII

FRACTION OF ORIGINAL üIEIGHT LOST IN LEAVES SUBJECTED TO DECOMPOSÏTION
FOR ONE YEAR

(A) Vascular species

Group ttatt species

Ledum groenlandicum

Chamaedaphne calycúláta

Kalmia polifolia

Vaccíníum vitis-idaea var. mínus

Oxycoccus quádripetalus

Carex rostrata

CalamagrosËis canadensís

Group ttbtt specíes

Picea mariana

Salíx bebbiana

Salíx serissima

(B) Non-vascular specíes

Pleurozium schreberí

Bog Forest Muskeg Bog Lagg

tr¡lKKKK

0.332 0.178 0.138

0. 28s 0.301 0 .L7 6

0.r42 0. 355

0.343 0.387

0. 071

0.220

0.243 0.337

0.290

0.26L

0.247

0.017 0.001

0. 139

0.089 0.076

Sphagnum fuscum

PolyÈríchun juniÞerinum var. gracilíus

lf4eggrÊiglg palústre

Hypnum pratense

I
K = decomposit.ion rate
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x = xo (l-Kt)Ë or Kt = xo - x urhen t = 1

xo

where X = fínal 1iËter weíght after time t

Xo = initíal liËËer weight

Kt = linear decomposítíon rate between tíme zero and

tíme t.

The rate of iníËial weight loss in vascular leaves, L47" -

387", was gïeater Ëhan the 5% - 757" observed both by Cormack and

Gimingham (L964, p. 245) and Chapman (1967, p. 680) in a dry

Calluna heath. For non-vaseular species, the observed decomp-

osíËion rat.e of Pleurozium schreberi, 24-7"/", agteed well with

the 25.5% loss reported by Míkola (1954), as cited in Kílbertus

(1968, p. 22), tor Ëhe same species. Decomposítíon weíghÈ los-

ses ín other non-vascular species ülere quite sma11, with a neg-

lígible amount, O.Li¿ - I.77", lost in Sphagnum fuscum. I'ühile

Clymo (1965, p. 749 - 752) lnas reported losses of up to 207"

in several other species of Sphâgnurn, the smal1 amount of de-

composiËíon observed ín the currenË study \^las not restrícted

just to S. fuscum. The coTresponding range of decomposítion

values for Sphagnum magellânicum, also found in the Bog zone,

was 0 - 3.42, wiËh 0% decomposÍtion found in bags containing

Sphagúum capillâceum.

Thus, whíle a smal1 amounÈ of non-vascular maËerial was

originally accumulated as l-itter, Èhe percentage of Ëhis bryo-
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phyte material remainÍng afËer one year' and presumably ín

subsequent years as well, üIas much greaËer than ín vascular

species. !ühile the toËal amount of peat-forming material

initially has a low bryophyËe contenË, the relatíve ímporËance

of this componenË can be expected to increase over Ëhe years,

as evidenced by the composíËion of older peat.
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3. CalculaËing ínítia1 accumulaËion

The value of a specíesr iniËial decompositíon rate (Kt )

was mulËiplied by its corresponding liÈter value (Ai) to pro-

vide an esËímate of the weight 1osË during the first year of

decomposítíon. The sum of these products was subtracted from

the zonal litter value to give the annual surface accumulatíon

¡lrate, A'1. These A i values are deríved in Tables XXIX - XüII.

The zonaL At i values üIere beËween t\^lenty and thirty per-

cent less than ínítial 1ítter values (Ai) ' and decreased in

magnitude wiÈh succession. This was the result of both an in-

crease in average zonal decomposiËion values (Kt ), and a cor-

responding decrease in initíal líËter values (Ai).

Such changes favour the hypoËhesis that a dynamic

equílibrium will be establíshed between t'income" and "loss" in

the cliurax síËuation (Jenny et a1, 1949, p. 428)-

A further inplícaËion of these successional changes ís

that Ëhe theoreËj-cal models suggested by Jenny et al (1949),

Greeland and Nye (1959), and Olson (1963) to describe the

course of organic mat.Ëer accumulation can noË be applíed to

calculate equílíbrium values of peaË. BoËh litter production

and inítíal decomposition rates are assumed to be consËant in

Ëhese models, yet neiËher appeared Ëo remaín fixed ín value in

the currenÈ study. Therefore, equations defining the relation-
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ship of both litter production and íniËial decompositíon rate

wíth tíne must be established. In the present study, an at-

tempt was made Ëo deríve such equations by plottíng observed

zona! litter and decomposition values against the maximum rad-

íocarbon age of each zone. UnfortunaËely however, prevíous

surface fires in Ëhe area had altered surface vegetaËion types

such thaË it was ínpossible to derive a logícal relationship

between total peaË depth, presenÈ surface vegetaËion type, and

Ëime, in the four zones. Only in a situatíon where unídírec-

Ëíonal successíon has occurred can these relationships be quan-

tified for use in Ëhe above models.

. To determine the relatíonship beËween surface accumula-

Ëion and current neË primary production a "surface accumula-

tion raËío" vtas est.ablíshed, i.e., the zonal Ar1 value divided

by zor'ia:- net primary production. Table xxxll índicated that

following an initÍal year of decomposition, at least 0.48 of

the original net prímary producËion toËal sti1l remained, wiËh

thís fracÈion havíng a maxímum value of 0.74 ín the Bog zorle.

sÍnce decomposition had noË been completed during this

fÍrst year, Ëhen Atí values did not índicaËe the amounË of

orígínal producËion r¿hich would evenÈually remain as inert peat'

The value of thís undecomposed fraction could not be calculaËed

direcÈly. Howeveï, ÀA¿ values represenËed a rough estimaËe of
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thís annual accumulaÈion ra¡e. Derived by radiocarbon dating

existíng peaË reserves' Ëhe range of these valuesr 26.8 - 51'7

,2gm./m.-, trvas consídered to be a s1ÍghÈ underestímate of Èhe true

accumulation rate, due to the past occurTence of surface fires

in the aFea. Yet, esËímaÈes of even Ëwice this range would

sËil1 amounË Ëo less than one fífth the amount of orígína1

producËíon Ín any zof1e. Thus, the percentage of original net

primary productíon which is eventually sËored as inert peaË

is sma1l indeed.

A concise sunmary of the ímportant successional changes

occurring during the accumulation process, rePresented ín this

ease by income, loSs, and net accumulation terms, iS provided

ín Table XXXIII.

In addíËion, a visual sulmlaïy of the distribution scheme

for plant ma¡Ëer resulting from net prírnary productíon is found

in Figure 16. Thís ís sirnpl-y the original scheme noÌ47 havíng

numerical values attached Ëo each of the componenË b1ocks1.

Direct comparison of successíonal changes in any of the cal-

culaËed values can easily be made using these fígures'

1íÈter remaining unde-
to calculate values for

Not knowing the fraction of
composed, it was imPossible

I r' | ' - tK ,AfandAa.
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Fígure 16. Numerical values for both net primary production and the

annual accumulation of peaË ín each of the four vegeta-

tion zones. All numerÍcal values shown are in grams per

square meter.

(A) Bog Forest zone

(B) Muskeg zone

(C) Bog zone

(D) Lagg zone
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Chapter IV

SUIN,NNV AND CONCLUSTONS
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In the preceeding pages an effort has been made to

ans\¡rer the two basic questíons posed in Ëhe íntroduction, i.e.,

what is the net prímary product.ion of peatland vegetaËion, and

whaË fracËion of productíon is subsequently accumulated annu-

a1ly as peat?

In the present study both quesËions were asked of four

peaËland vegetaËíon types - a marginal lagg' a tïeeless bog, a

muskeg, and a bog forest. All were found ín close proximity'

and represented different seral sËages ín Ëhe process of peat-

land successíon in souËhern Manitoba. This added anoÈher di-

mensíon Ëo Ëhe problem, wíth the aím of the current study beíng

Ëo esËablish numerical relationships beËween peaËland production,

accumulaËion and tíme.

The simple equation ttaccumulation = income-losstt was

first expanded and presenËed in Ëerms of a block diagram to

define all potential sources of boËh income and 1oss. Numerí-

cal values l¡reïe atËached to each of the blocks in thís scheme

to solve the accumulation equaÈíon in each of the vegetaLíon

types examíned.

"Incomett ín thís equation resulted from the annual pro-

ducËion of dry matter ín surface vegeËation, íËs death at Ëhe

end of Ëhe growing season, and subsequenË accumulaÈion as

ttlittertt.
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The annual net prímary production of vegetaËion in each

of the four zones \"ras measured on an índívidual basis. This in-

volved establishing dry weight values for current producËíon Ín

each of the comporienËs of índívidual plants. Time linítations

prevented the desired degree of accuracy (standard error of

t LOT") from being achíeved in all measurements, e.g., radial

stem íncrements. All species considered to be ímporËant con-

tributors to zonaL neÈ primary productíon were studied on an

indívídual basís. "Indivídual'r sampling r¡ras carried out aË

regular inËervals through an entire growing season, whích a1-

1or¿ed maxímum producËion values to be derived for each compon-

ent, and also allowed the pattern of dry weíght íncrease to be

plotted. The majority of species had a sigmoíd growth curve.

The variatíon among weekly production values in the upper plat-

eau porËíon of Ëhe curve could be reduced by increasing the

number of planÈs sampled at each date.

The assumption that the relaËive producËivíty of a

specíes was related to iËs frequency üIas orígínally used to

delimit "important" and "1ess imporËant" species in each of

the four zones. This assumption \^ras verÍfíed by comparing

specíesf rankíngs based on relative frequency and aerial pro-

ducËion. YeË, comparison of the absoluËe neË producËion vâlues

of the same species in two or moïe of the zones examined, indi-
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cated that differences existed both ín plant density and in

índívídual plant productíon. These differences suggested Ëhe

existence of. zona]- microenvironmenÈs.

Such differences also indícaËed that values of both

density and índivídual plant productíon musË be known before

any conclusions can be drawn concerning the productíon poËen-

tía1 of a species.

ToËal aeríal net primary produetion in each of the four

zones was calculated as the producÈ of the sum of important

species I production and a correcËíon factor for the productíon

of unmeasured species. This correction was calculated on Ëhe

assumpËion that unmeasured species had a productíorÌ mean

equivalent to the average value of Ëhose specíes in which pro-

duction \4ras acÈually measured. Aerial productíon Ëotals were

,
greatest in Ëhe heavily Ëreed zones, i.e., Lagg (1026 gn./m.')

and Bog Forest (482 gn. /-.2), with smaller totals recorded in

Ëhe Bog (371 gm. l^.2) and Muskeg zones (342 eu.. /^.2). Since noË

all measurements were made with the same degree of accuracy'

dífferences in the magnítude of zorra1- toËaIs was of greater ín-

teresË Ëhan were the absoluËe val-ues of Ëhese riet production

totals.

While the moss component of vegeLation formed almost a

contínuous layer in the Bog, Muskeg, and Bog Forest zones' up
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to 95% of the aerial dry maËter produced annually \^7as conËríbuted

by vascular species. However, rl.on-vascular productionr espec-

íally Sphagnum production, may have been underesËimated, since

sorne diffÍculty hras erlcounËered in dístínguishíng beËween new

and old growËh.

The neË prímary production of subsurface components \¡7as

calculated directly for each zone. Values of the subsurface

bíomass/aeríal biomass ratio \¡lere greater than uniËy ín both

the Bog and Muskeg zorles, indícatíng a high percentage of total

productíon Ëo be associated with these subsurface portions. The

greatest subsurface net production toÈa1 , |146I-1 gm. f^.2 ,as r"-

corded in the Bog zone, wÍth a mínimum of 186.9 gm./rn.2 ín the

Bog Forest. The aerÍa1 plus subsurface net primary producËion

total was also maxímum in the Bog zone, \g43 gm./rn.2, while

values of the same toË41 declined through the other three zones

Ëo a minimum of 710 gn./rn.2 in the Bog ForesË. These calculated

net productíon totals were much greater than Ëhose previously

reported.

The results for aerial production in Ëhe current study

\^rere comparable Ëo existing literature values. Iri contrast,

values for subsurface production, and consequently for the toÈa1

of aerial plus subsurface produCËion, hlere much greater than

previous estimates. However, iË was suggesËed that Lhis may
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have been partly due Ëo the method of analysis. Thís indicates

Ëhe need for a suítable, YeË accuraËe method for the estimation

of annual root producËíon for use in future studies.

Combíning the above production toËals with biomass val-

ues Ëo form production/bíomass ratios (PlB), allowed some ím-

portant conclusíons Ëo be drawn concerning the directíon of

secondary successíon in Ëhe four vegeËatíon types. It has been

prevíously inferred that the amount of bíomass suPported per

unít of production increases wiËh succession to become a maxi-

mum in the climax situation (odum, L969, p. 263; Margalef, 7963,

p. 360). If this is the case, then P/B values calculaËed in

the present study indicated a successíon of vegetatíon Ëypes

proceeding from the Bog, Èhrough Ëhe Muskeg, to a Bog Forest-

type of vegetatíon, as previously hypoËhesízed by Moss (1953a'

p. 222).

lilhíle the lower P/3 value of the Lagg zone suggested it

to be moïe mature Ëhan the Bog zoÍte, ín the presenË situatíon

it was thought that bog vegetaËion replaced lagg vegeËation as

peaË accumulated and bog vegeËation spread inËo surrounding ar-

eas. Therefore, the couTse of secondary Succession occurring

in the sËudy area is belíeved to be Lagg -> Bog -> Muskeg ->

Bog Forest.

',iþl

According to the accumulation scheme, a portíon of aerial
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net prímary productíon ís added Ëo the surface of the peatland

at the end of the growing season, whíle subsurface production

ís added directly to former peat Teserves. Aeríal 1ítter

amounted to a minimum of. 49il of annual net primary production

in each of the four zones, while includíng subsurface lítter

raísed this minímum figure to 697..

t'Loss" in the accumulation process ís due primarí1y Ëo

the decomposition of planÈ litter. The initial decomposiËion

weight loss recorded for vascular leaf litter T^las greater Ëhan

the corresponding loss occurring in non-vascular species. There-

fore, even Ëhough the initial litter conËribuËion made by bryo-

phyËes was smaller than Ëhat of vascular species, after several

ye.ars of decomposition ïron-vascular remains would eventually

form the bulk of accumulated Peat.

On a zorra1- basís, approximaËely one quarËer of the or-

ígínal 1ítter was lost during the first year of decomposiËíon,

with the aveïage initial decomposíËion rate increasing wíth

succession, i.e., from the Bog to Bog Forest zones. This

favours the hypothesis that in the clinax siËuation "loss"

equals ttíncomett.

The fact thaË Èhe average zona]- decomposÍtion rate does

not remaín consËant with time is of great importance when con-

síderíng the possibílíty of calculaËing equilibrium accumula-
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tion totals from models based on geometric progressions. The

models of Jenny et al (L949>, Greenland and Nye (1959) and

Olson (1963) assume both constant litÈer production and initial

decompositíon rates, while neiÈher appeared to remaín consËanË

over the successional period in the currenË study. Unless the

funcËíon defining the relatÍonship between litter producËion,

ínitíal decomposiËion ïaÈe and Èíme are known, Ëhese accumula-

Ëion models should noË be applied. The fact that succession

\^ras not unídi-rectíonal in the present, study prevenËed the re-

lationship between each of Ëhe Ër¿o variables and tíme from

being esËablíshed.

The empiríca11y derived values for both "íncome" and

ttlosstt \^rere used to solve the accumulation equation ín each of

the four zones. After one year of decomposiËíon Ëhe amount of

peat-forming material present ranged from a maximum of I42B

grn./m.2 ín the Bog zone, Ëo a minímum of 345 gm./in.2 in the

Bog ForesË. Thus, the relationship between surface accumula-

tion and successíonal Ëime is similar to ËhaË between zonal

net primary productíon and time,

i.e., Bog > Lagg > Muskeg > Bog ForesË.

A relationship between annual neË primary production and

the resulting surface accumulaÈion was deríved by dividíng the

surface accumulation ËoËal by the neÈ prirnary producËion ob-
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served in the same zone. Thís ttsurface acctrmulation ratiott

r¡ras a maxímum in Ëhe Bog zone, where almost three quarters of

the original net primary production stí11 remained after one

year. A mínímum value of 0.48 was recorded ín the Bog Forest

zone.

Since decompositÍon had not been completed in Ëhe litter

afËer one year, Ëhen Ëhe fraction of iníËia1 producËíon everit-

ually accumulaËed as inert peat would be considerably 1ess.

An approximaËion of the annual- accumulation rate of

inerË peat \nlas provided by radiocarbon-dating a porËion of the

peat accumulated during previous years. The range of values

indicated by Ëhís C-14 dating, 26.8 - 51.7 gn. 1..2, represented

less Ëhan one Ëenth the value of original production ín any of

the four zones examined. Reducing Lhe zonat value for materíal

remaíning after one year (Rti) by one order of nagnítude pro-

vides a reasoriable esËímaÈe of the relaËive amount accumulated

annually by each vegeËation Ëype.

CalculaËíon of the actual amount of peat forued by each

vegeËatíon Ëype woul-d requíre an examinaËion of the decomposí-

tion process over a number of years. Such an examinaËion would

provide values for Ëhe decomposition and accumulation raËe of

peat forned ín previous years, i.e., Kt'and Af, which \^7ere noË

calculated in the present sËudy. Tirne línitaÈíons prevenËed
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this from being undertaken. Ileinselman (1970, p. 259) has re-

cenËly emphasized the need to also understand the chemícal and

microbial factors regulaËing the raËe of peat accrunulaËion and

decay, for these factors regulaÈe the Ëopographic evoluËion of

surface vegeËatíon types. An investigation of abíotíc influences

on Ëhe rate of accumulation ín the four zones is suggested. Thus,

while t,he presenË sËudy has provided a parËial soluÈíon to

questions concerning Ëhe rate and amount of peat accumulation,

questions concerníng the ttholnltt and ttwhyrr of peat accumulaËion

sËi1l have to be answered.
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A. Specíes identified in the study area

Voucher specímens of the followíng specíes, collected

from the peatland near E1ma, Manít,oba, have been placed in Èhe

herbarium of the University of Manítoba. NomenclaËure and ar-

rangement of vascular species ís aceording to Scoggan (1957),

whí1e Ëhat of bryophytes is after Crum et a1 (1965), and for

lichens, Hale and Culberson (1966).

(a) Vascular species

Pínaceae Pínus banksiana Lamb.

Larix laricína (ou noi) K. Koch

Picea mariana (Mi11.) SSP.

Gramíneae CalamagrosËís óánadensís (Míchx.) Nutt.

Cyperaeeae Eríophorum spissum Fern.

Cárex aquaÈiIis tr{ahl.

Carex canescens L.

Carex rostTata SËokes

Liliaceae Smilacina Ërifolia (L.) Desf.

Salicaceae Pópulus balsámifera L.

Populus Ërémuloides Míchx.

Salix bebbiana Sarg.

Salix pedicéIlarís Pursh. var.

hypoglauca Fern.

Sâ1ix petiolaris Sm.
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Salícaceae Sa1íx serissíma (nailey) Fern.

Salix pyrifolia Anderss.

Salix dÍscolor Muhl.

Setulaceae Alnus rugosa (Du Roi) Spreng. var.

qme¡licana (Regel) Fern.

Betula glandulosa Michx. var.

glandulífera (Regel) G1.

Saxifragaceae Ribes hirtellum Michx.

Rosaceae RubuS idâeus L. var. sËrigosus

(l.lictrx. ) Maxíur.

Rubus acaulis Míchx.

Amelanchier alnifolía Nutt.

Onagraceae Epílobium angustifolíum L.

Cornaceae Cornus stol-onifera Míchx.

Erícaceae Lédud groenlandicum Oeder

Chamaêdaphne calycúláta (L.) Moench

Ka}iia polif o1ía trùang.

Andronédâ glaucoÞhy11a Link

Gaúltheria hispídula (L.) Bigel.

Oxicóccus quadrípetalus Gi1ib.

Vacciniurh ânguSËífolium Ait.

Vaccinium myrtí11oides Michx.



Ericaceae

Caprífoliaceae

Composítae

(b) Non-vascular specíes

(i) BryophyËes:

Sphagnaceae

Dicranaceae

Aulacom.niaceae

Thuidiaceae

Brachytheciaceae

EntodonËaceae

Hypnaceae

207

Vaccinium vítís-idaea L. var. mínus

Lodd.

Lonicera víllosa (Michx.) R & S

var. solonis (Uat.) Fern.

PetasiÈes sagitËatus (Pursh) Gray

Petasites vitífolius Greene

Sphagnum capillaceum (I,Ieiss) Schrank

Sphagnurn fuscum (Schirnp.) Klinggr.

Sphagnun mage11ânícum Brid.

Sphagnum rècurvum P. Beauv.

(-æ""" ¿gË")

Dicranum polySêtun Sw.

Dicranum undulatum Bríd.

Aulaeorinium pâlústre (Hedw. ) Schwaegr.

Thuidiun recogúítum (Iledw. ) f,ina¡.

Helodium blandowíi (Web. and Mohr)

ÏIarnst,.

TomenËhypnum níténs

Pleurozium schreberi

(Hedw. ) Loeske

(nri¿. ) ruirt.

ex Sprucel

1 Awaiting verification

Hypúum prátènse Koch
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llypnaceae Ptilium crísta-castrensís (Hedw. )

De NoË.

Hylocomniaceae Hylocomium splendens (Iledr^r. ) B.S.G.

'Polytrichaceae Polytríchum commune (Hedw. )

Polytríchum juníperinum Hedw.

var . gracílius l,üahlenb.

(ii) Lichens

Cladoníaceae Cladonía carneola (Fr.) Fr.

Cladonia cenoÈea (Ach.) Schaer.

Cladonia cristatella Tuck.

Cladonía gracj.lia (L.) Wíl1s. var.

dilatata (Hoffm.) Vaín.

Cladonia mitis Sandst.

Cladonia multíformis Merr.

Cladonia rângiferina lüÍgg.
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B. Data processíng by digíta1 computer

The Ëremendous number of calculations required to calc-

u1aËe producËíon and accumulation Ëota1s in the cuTrenË study

1imíts the feasibilíty of applyíng a similar Ëechnique in other

sítuatíons. The dígita1 computer proved to be a partial solu-

Ëíon Ëo this problem.

A computer prograrune, writËen ín ÌüATFIV to accompany

the origínal scheme (Figure 4), handled the fína1 portíon of

the data processing ínvo1ved. Input Ëo Programme 3 consisted

of net primary production values (g*./*.2¡ tor eomponents of

all important specíes in each of Ëhe vegetation zones studied.

Ilhen corresponding biomass and 1ítter values were also supplied,

the fína1 result \¡zas an ouËput of. zonaL neË primary production,

bíomass and surface accumulation totals, as well as ratios ex-

pressing the relatíonshíp between annual neË productíon, bío-

mass and accumulatíon.

Explanatory conments have been ínserËed 1ibera11y

throughout the lísting of the programme to índicate what calc-

ulatíons are beíng performed. Symbols employed are those in-

Ëroduced in Fígure 4.



Programme 3. Calculating the annual net prímary productíon, biomass,

and surface accumul-ation rate of peatland vegetation

according to the scheme presenËed ín Figure 4.
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c. Glossary

AccumulaËíon:

Biomass:

Bog:

DecomposíËíon:

Fen:

Laggz

Muskeg:

PeaÈ:

Peatland:
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íncome of dry matter resulting from net
prímary producËion mínus the amount losË
through decompositíon.

the weight of all living materíal pre-
senË ín a uníÈ area at a gíven time.

a peat.-covered or peat-filled area uríth
vegeËation characterized by erícaceous
shrubs and mosses, mostly Sphagnun spp.
(Heinselman, 1963, p. 373; Catpenter'
1956, p. 46; Dansereau and Segadas-Vianna,
L952, p. 490).

Ëhe separaËíon or resolutíon (as of a

subsËance) into consËiËuenË parts or
elemenËs or into símpler compounds.
(Ìüebsterrs Third New International
Dictionary, L967, P. 587)

European term applied to grass, sedge,
or reed-covered peat.lands, ofËen with
some shrub cover and sometimes a scanty
tree layer. trÙater table at surface
mosË of time. trùaËers and PeaËs noË
very acid. (Heínselman, 1963, P. 373)

a marginal fen. (Sjors, 1948, P. 286)

a large expanse of Sphagnum peatland
bearing sËunted black spruce and tam-
arack. (Heinselman, 1963, P. 374)
See also RiËchj.e (1956, P. 547)

peat ítse1f is sinply an accumulation
of plant remains in varyÍng stages of
alËeration by chemical, physical and
nÍcrobial processes. (Heinselman,
1963, p. 329)

all classes of Peat-covered 1and.
(Heinselman, 1963, p. 374)



Prímary
production:

Semidecíduous:
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the weíght of new organic materíal
created by photosynthesis, or the
energy which Èhis represenÈs. It ís
Ëhe increase observed in Ëhe biomass
of green planËs over a period of Ëíme
plus any losses (e.g., excretion, res-
píration, damage, deaÈh, or growing).
Gross production is Ëhe observed change
in bíomass plus all losses, whíle net
production excludes Ëhe loss through
respiration (lüestlake, L966, p. 316).

refers to planËs which retaín Ëheir
leaves unÈí1 the next seasonts leaves
have developed, as opposed to plants
on which Ëhe leaves persist for many
years. overlaps with the term ttever-
green". (Lems, 7956, p. 199)




