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ABSTRACT 

The prefiood species composition, aboveground biomass and carbon content of 

vegetation in an experimentai basin bog, L979, and refercnce basin bog, L632, were 

studied as part of the Experimentai Lakes Area Reservoir Roject w) in no&- 

western Ontario. Using aerial photographs, six plant communities were delineated in L979 

and two in L632. Communities were sampled in proportion to the area occupied by each. 

Cover was estimated for a l i  aees (> 10 cm circumference at h a s t  height (CBH)), 

saplings and tall s h b s  (cl0 cm CBH, A.5 rn tall), m e  and taiI shrub seedlings ( 4 . 5  m 

tall), low shm bs (c l  .5 m tall), herbs, bryophytes and Lichens in 1 m x 0.5 m plots. The 

eight communities were classified into physiognomic groups of open, or low to high 

density treed bog (1 1 to 54% tree cover, 362 to 2,726 trees ha-1). Picea m n r i o ~  was 

dominant except in an area in L979 that burned 12 years eariier where low density Pinu 

bcutksiam was dominant Two communities in L979 had sparse (10 and 148) Alnus 

rugosa cover. The abundant Iow shmb cover (43 to 8 1%) was dominated, or c e  

dominated by Charnuedaphne calycuha and Ledum groenlandicum. The ground layer was 

predorninantly Sphagnwn spp. (S. anguttÿoiiumlfllar and S.  magellanicum) and 

Pleuroziwn schreberi was CO-dominant with Sphagnwn in the community with dense Picea 

mariana. Surface water pH of the sites ranged h m  3.45 to 4.95, conductivity kom 20.5 

to 90.5 pS cm-' and was not significantiy different among communities. 

The biomass of trees, saplings and ta11 shrubs was estimated using ailometric 

regression equations, and the biomass of tree and tall shrub seedlings, low shrubs, herbs, 

bryophytes and litter was estimated from harvested samples. Estimates of total 

aboveground biomass in the communities of L979 and L632 ranged from 7,189 f 924 kg 

ha-' (s-e.) in the Open bog - Carex oligospenna community of L632 to 72,909 + 20,627 

kg ha-' in the High density Picea marianu - Ledum shmb community of L979. 



Carbon concentrations ranged from 430 + 4 to 540 t 5 mg C g1 among species 

and tissue types analyzed- The community carbon pool of abovegound vegetation varied 

from 3,140 + 480 to 35,010 f 8,840 kg C ha-1 (excluding litter). The available carbon 

pool (including litter and excluding tree branches and minks) in aboveground vegetation in 

the experimental site, L979, is approximately 8% of the total carbon pool estimated in the 

peat. 
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CHAPTER 1. Introduction and literature review 

1.0 INTRODUCTION 

In 199 1, the Experimental Lakes Area Reservoir Project (ELARP) was initiated to 

investigate the increased flux of greenhouse gases (Ca and CHq) to the atmosphere 

observed in hydroelectric reservoirs (Rudd et ai. 1993; Kelly et al. 1994) and naniral 

ponds situated on peat in northern Canada (Hamilton et ni. 1993). An additional non- 

human source of increased methane emission in the subarctic and b o r d  regions is dam 

building by beaver (Naiman et ai. 1986; Naiman et al. 1988). 

By 1992, about 20,000 km2 of reservoir surface area existed in Canada and another 

1 1,000 km2 were planned (Kelly and Rudd 1993). Concem and debate regarding the 

magnitude and significance of reservoirs as a source of greenhouse gases have been raised 

in the literature, not only in reference to reservoirs in Canada (Rudd et al. 1993) but also in 

other parts of the world such as the Brazilian Amazon region (Fearnside 1995; Rosa et al. 

1996). 

Mercury contamination of fish stocks is another environmental problem that has 

been observed in almost d l  hydroelectric reservoirs (Keliy et al. 1997). The increased flux 

of C@ and CH4 to the atmosphere and mercury contamination of waters are linked because 

the production of these gases and mercury methylation are microbiai activities supported by 

the decomposition of flooded organic material (Kelly et al. 1997) 

ELARP was designed to examine hydroelectric reservoirs as potentiaiiy ~ i g ~ c a n t  

sources of the greenhouse gases CO;! and CH4 and mercury contamination by measuring 

the change in CO;? and CH4 flux and mercury concentration in an experimental reservoir 

after fiwding. The mechanisms controlling changes in CO;! and CH4 flux and Hg 

concentration were to be modeled so that these parameters could be predicted for existing 

and future hydroelectric developments. When this was accomplished, it would d o w  for a 

more infomed evaluation of the environmental impacts and potentiai mitigation associateci 

with hydro-generated power. 



The study sites of ELARP are two basin bogs in the Experimental Lakes Area 

admiristerrd by the federal Departrnent of Fisheries and Oceans s o u h a s t  of Kenora in the 

Lake of the Woods region of noxth-western Ontario. One bog. designated L979, was to be 

flooded by 1.3 m in 1993 to simulate a hydroelecuic resemoir while the other, L632, 

sewed as a reference. 

A peatland was chosen to be experirnentaily flooded because (1) many hydroelectric 

reservoirs in northem countries include peatlands, and flooding of peatiands is becoming 

more common, (2) natural peatlands are important sources of rnethyl mercury to 

downstream boreal ecosystems and floodhg is expected to m e r  enhance methyl mercury 

production, and (3) peat is a large organic carbon pool and if it decomposes after flooding 

wili contribute a large quantity of CO;! and CH4 to the atmosphere (Kelly et al. 1997). 

When the experimental bog was flooded, it was converted from a net carbon sink of 

-7.6 g C m-2 yrl to a net carbon source of 180 g C m-2 yr* resulting in a net release of 

CO;! from the experimental resewoir to the atmosphere and an increased release of CH4 

The change from net C a  fixation to net CO;! release in the experimental bog is due to the 

combined effect of (1) the death of much of the terreshial vegetation in the bog, and thus 

the Ioss of it's CO;! fixing ability, and (2) the decomposition of this large pool of available 

carbon. The increased release of CH4 is due to increased rnicrobial production and 

decreased microbid oxidation to COZ It was concluded that the source of increased gas 

flux is the decomposing aboveground vegetation, although the peat is likely to continue to 

decompose at a significant rate for some time after flooding (Keiiy et al. 1997). The 

arnount of carbon available to be released as CO2 and CH4 through the death and 

decornposition of aboveground vegetation is dependent on the type and mass of the 

vegetation cover. 

The data presenied in this thesis are a component of the baseline data collecteci in 

1992 and 1993 prior to the flooding of L979 in June, 1993. The objectives of this 

component of ELARP are to (1) describe the preflood species composition of the 



experimental and reference bogs, (2) estimate the preflood aboveground biomass of plant 

communities in the experimental and reference bogs, and (3) estirnate the preflood carbon 

pool in aboveground vegetation of the experimental and reference bogs. 

The thesis is divided into four chapters. The fmt chapter provides a generai 

introduction and fiterature review relating to North American b o r d  bogs; their species 

composition, biomass and carbon content. Chapter two deals with the species composition 

and aboveground biomass of plant communities in two bogs (L979 and L632) in north- 

western Ontario. In chapter three the aboveground biomass of strata and species, and 

carbon pool in the vegetation of these two bogs are estimated. Chapter four provides a 

summary. 

1.1 LITERATURE REVIEW 

1.1.0 North American boreal bog genesis and classification 

According to the Canadian Wetland Classification System (CWCS), a wetland is 

defined as "land saturated with water long enough to promote wedand or aquatic processes 

as indicated by poorly drained soils, hydrophytic vegetation, and various kinds of 

biological activity which are adapted to a wet environment" (National Wetlands Working 

Group 1988, p. 416). Peatiands are wetiands which have an accumulation of more than 40 

cm of organic matter in the form of peat on which Organic soils develop. Bogs are 

described as peadands with the water-table at or near the surface and virtually unaffected by 

nutrient-rich groundwaters influenced by surrounding mineral soils. Bogs are generally 

acidic and low in nutrients. They May be treed or treeless and are dominated by Sphagnm 

spp. and ericaceous shmbs (National Wetiands Working Group 1988). 

Hydrology, climate, topography and geology are determinhg factors in the genesis 

of bog ecosystems. In general, bogs tend to f om in srnall depressions or basins in glacial 

moraine, or in broad, sometimes sloping plains where water drainage is blocked or 

impeded. Recently glaciated areas are conducive to bog formation, where fluvioglacial 



deposits of rock, sand or clay form a largely impermeable substrate. The accumulation of 

water, especiaily in areas with no water circulation and reduced wind action to aerate the 

water, results in a lack of oxygen and therefore a very low decomposition rate dominated 

by anaerobic processes Dansereau and Segadas-Viama 1952). This favors the 

accumulation of organic materiai in the form of peat. 

S m d  basins undergo the lake-filling process. Rushes and sedges colonize and add 

organic material to the edges of the water body. As the rush and sedge peat accumulates it 

forms a fioating mat which advances towards the center of the water body. Sphagnum 

becomes established in this floating mat behind the zone of rushes and sedges, eventually 

forming a continuous Sphagnwn ground layer. Sedge and Sphagnum peat graduaiiy 

accumulate from the edges of the basin to the center and h m  the bottom to the top of the 

water body. Low ericaceous shnibs and trees become estabLished as the organic soil 

becomes better developed and conditions at the surface become slightly drier due to the 

growth and evapotranspïration of Sphagnwn. Shmbs and trees add organic matenal to the 

soil in the form of woody peat. 

Under typical conditions, peat accumulation will continue and form a raised bog 

mound. The water-table nses above the initial water level, as does the bog surface. Moore 

and Bellarny (1974) and others contribute this rise, at least in part, to capiiiary forces. 

However, it is not likely that capillary forces could account for the great heights maintained 

by perched water-tables observeci in the field, and the accumulation of free water in natural 

pools and holes dug at the surface indicate that it is not under tension (Damman 1986). 

Ihnman (1986) suggests that the low hydraulic conductivity of compacted, well- 

decomposeci peat is more iikely responsible for the maintenance of a high water-table in 

bogs. The surface layer of an actively growing bog has relatively high hydraulic 

conductivity, aliowing for horizontal water flow, but water is impeded from gravitational 

drainage by underlying layers of weU-decomposed, compacted peat. The maintenance of 

the water-table is therefore dependent on the balance between recharge (mostly from 



precipitation, since the raised water-table of the bog mound is isolated h m  the 

groundwater of the surrounding area) and seepage. Peatland areas isolated from the 

influence of groundwater that has been in contact with mineral soi1 (minerotrophic), and 

receiving water inputs prirnariiy h m  precipitation are terrned ombrogenous (National 

Wetlands Working Group 1988). The margins of ombrogenous bogs are uifluenced by 

minerotrophic water inputs due to mnoff fiom the surrounding upland areas. 

Minerouophic water is generally more nutrient-rich, containing elements such as Fe, Al, 

Mn and Si that are largely absent from precipitation. It aiso has higher concentrations of 

many other elements, especiaiiy Ca (Damman 1986). 

Since precipitation is the only major source of water input, climate is a major factor 

in bog development. Temperature is also an important ciimatic factor, as it affects the rate . 

of evaporation, the presence of permafrost and growth conditions. Via et al. (1994) 

observe that bogs develop in areas where precipitation exceeds evapotranspiration. and in 

general where precipitation is greater than 500 mm annuaUy and the mean annual 

temperature is less than 2OC. Regional differences in climate, geology and hydrologie 

patterns result in differences in bog Iandfom that permit the mapping of zones with 

distinct and characteristic bog landform types (Moore and Bellamy 1974; Foster and 

Glaser 1986; Glaser and Janssens 1986; Glaser 1992; Via et al. 1994). 

The rnicrotopography of the bog surface is not uniform. It varies in a series of 

microtopographicaI classes. These are named pool, carpet, lawn, and hummock. They 

correspond with an increasing depth to the water-table (Okland 1990). Pools are open 

water areas with submerged vegetation. Carpets have emergent vegetation on loosely 

consolidated peat, while lawns are flat areas with weli-consolidated peat. Hummocks are 

smaU mounds formed by Sphugnzun and low ericaceous shnibs. and are always associated 

with lower and thus wetter holiows found interspersed among the drier hummock habitats 

(Bubier et al. 1995). 



The CWCS is hierarchicd, at the highest level acknowledging five wedand classes 

(bogs, fens, swamps, marshes and shallow, open waters) based on the overall genetic 

origin of the wetland ecosystem. It recognites 18 bog ' f o m '  based on surface 

morphology and pattern, water quality, relationship to open water and rnoiphology of the 

underlying mineral soi1 (National Wetlands Working Group 1988). Commonly used bog 

fom tenns include basin or kettle-hole bog (Darnman 1986), blanket bog, domed bog, and 

plateau bog. A basin bog is situated in a basin with essentially closed drainage and a flat 

peat surface. A blanket bog is an extensive, relatively shailow peat deposit occurring 

u n i f o d y  over gently sloping hills and valleys. A domed bog is relatively large, with a 

convex surface raised several meten above the sumunding area. In concenfric domed 

bogs. the highest point is in the centre with small crescent-shaped surface pools in a 

concentric pattern around it. If the highest point and surface pool pattern is off-center, it is 

termed an eccentric domed bog (National Wetlands Working Group 1988). A plateau bog 

also has a raised surface but with steep marginal slopes and relatively flat central surface 

(Moore and Bellamy 1974). Gngal et al. (1985) use the ternis raised bog for bogs with a 

raised water-table that develop on broad, flat plains, and perched bog for bogs formed by 

lake-fil1 professes that occupy smali depressions in glacial moraines. 

The lowest and most specifïc level in the CWCS is the wetland type which is based 

on vegetation physiognomy. Vegetation physiognomy is commonly used as a 

classification feature of bogs and other wetlands in classification systems developed for use 

not only in Canada (Jeglum et al. 1974; National Wetlands Working Group 1988; Riley 

and Michaud 1994), but also Finland and Scandinavia (Pakarinen 1995). Vegetation 

physiognomy is classified into open (treeless) and treed categories, with low-density, 

mediumdensity and highdensity treed sub-categories. Physiognomic groups are based on 

the tailest well-developed understory stratum (110% cover), and dominance types 

recognize the dominant species of the three rnost important strata (Jeglum et al. 1974; lüiey 

and Michaud 1994). Harris et al. (1996) have developed a wetland classification system 



for north-western Ontario that uses indicator species in addition to vegetation 

phy siognomy . 

1.1.1 Low Boreal bog vegetation 

The Low Boreal wetland region, as defined by the National Wetiands Working 

Group (1988) of the Canada Cornmittee on Ecological Land Classification, extends fkom 

the noah-east corner of Manitoba to the central region of Quebec. The bog flora of this 

region is said by Glaser (1992) to be the most species poor in eastem North Amenca and 

lirnited to the most cornmon bog species. Plant comrnunities found in bogs in this region 

are generally either 'open' (treeless) or treed with low to high tree densities. 

Open bog communities have a higher, more widely fluctuating water-table than 

forested communities. Typically they are dominated by the low ericaceous shrub 

Chamaedophne calyculatal in the low shmb layer and Sphagnwnfuscum in the ground 

layer. Andromeda glaucuphylla, Kalmia polifoliu, Ledwn groenlandicum and Oxycoccus 

qundnpetaluî are cornmon low shrubs. In addition, Kalmia angustifolia is ofien present in 

the eastern portion of the region (Kenkel 1987). Sedges, such as Carex oligospema and 

Eriophonun vaginatum. and Srnilacina trifoIia occur in the herb layer. Although they do 

not have a high amount of cover, Drosera rotundifolia is prominent on the sides of 

humrnocks and Sarracenia purpurea in the hoilows (Vitt and Bayley 1984). Other 

Sphagnum species include S. angustifoliwn. S. fallax, S. capillifolium and S. 

magellanicwn. Widely xaîîered young t.ms of Picea manona and Larix laricinu are often 

present (Reader and Stewart 1972; Jeglum et al. 1974; Via and Bayley 1984; Harris et al. 

1996), with occasional Alnus rugosa and Salk spp. either as localized occurrences or 

fomiuig a tali shrub layer (Reader and Stewart 1972; Vin and Bayley 1984). Ahus nrgosa 

l~omcnclatuce follows Scoggan (1978-79) for vascula. species. Anderson (1990) for Sphugnwn spp. and 
Anderson et aL (1990) for other mosses, and Brodo (1981) for lichens (Appendices A. I & A.2). 



and Salk spp., dong with Myrica gale, which is occasionaUy a common species in the low 

shmb layer, are indicators of minerotrophic influence (Vitt and Bayley 1984). 

Treed bog communities are dominated by an overstory of Picea m&no with 

occasional La* laricina. Ledm groenlandicum dominates the low shmb layer with 

Chamaedaphne calyculata, KaIrnia polijïolia (also K. angustifoa in the eastern portion of 

the region), Oxycoccuc quadripetu2u.s and Vacciniwn vitis-iàizea as common low shnibs. 

Srnilacina tnifolia and sedges, including Carex trisperma, are important in the herb layer. 

Sphagnwn species (S. angustifolim, S. fuscum and S. magellunicwn) are comrnon in the 

ground layer but most notable is the prominence of Pleuroziwn schreben (Reader and 

Stewart 1972; Jeglum et al. 1974; Vitt and Bayley 1984; Han-is et al. 1996). 

There is a difference in species composition between low and high density treed 

bogs. In low density treed bog communities the water-table is typicaily higher than in high 

density treed bog communities. As a result, they tend to have a higher cover of 

Chamaedaphne calyculata (Dansereau and Segadas-Vianna 1952) and Sphagnum spp., and 

lower cover of Pleuroziu. schreben than high density treed bog communities (Reader and 

Stewart 1972). 

The species composition of open and treed bog communities in the Low B o r d  

wetland region is sirnilar to that of the centrai Mid B o r d  (Segadas-Vianna 1955; Jeglurn 

197 1, 199 1; Bubier 1995) and Low Arctic (Sjors 1959; Sirns and Stewart 198 1) regions 

to the north, and north-central Minnesota to the south (Heinselman 1970; Glaser et al. 

1981, 1990; Glaser 1983, 1987; Swanson and Grigal 1991). 

Hydrology and nutrient status are important factors in the variation in species 

composition among bog community types. Jeglum (1971) showed îhat among treed and 

Sphagnm-rich types in Mid Boreal Saskatchewan sites, variation in species composition 

was most highly correlated with a gradient in depth to the water-table. In a study of Law 

Boreal bogs in north-western Ontario, variation in species composition was most highly 

correlated w ith minerotrophy (the degree of influence of nutrient-rich groundwater) , de pth 



to the water-table and shade. Depth to the water-table and shade were mrrelated along the 

same axis (Vin and Bayley 1984). 

In a study of subarctic bogs in south-east Norway, the vegetation varied along three 

gradients (1) depth to the water-table, (2) mineronophy and (3) peat productivity (Okland 

1990). Okland relates the gradient in the depth to water-table m the mire expanse - mire 

margin gradient descxibed by Sjors (1948,1950). The mire expanse and mire margin are 

floristically and physiognomically distinct. The mire expanse has a shallow water-table and 

is dominated by low ericaceous shmbs, such as Chamaedaphe cd'ycularo in North 

Amenca, and Sphagnum hurnm~cks, while the mire margin has a deeper water-table and 

minerotmphic influence fkom upland run-off which supports the growth of m e s  (Malmer 

1986). The mire expanse - mire margin m e n t  was also found to be important in peatland 

sites in Wyoming by Cooper and Andrus (1994). They f o n d  that the variation in species 

composition of these sites is best related to depth to the water-table and groundwater 

discharge rates. They relate changes in the depth to the water-table and duration of soi1 

saturation to the mire expanse - mire margin gradient and conclude that hydrologie patterns 

and processes apparently conml the mire expanse - mire margin gradient 

1.1.2 The carbon cycle in bogs 

Estimates of net prirnary production (NPP) in North American bogs show a smng 

trend of increasing NPP with decreasing latitude, ranging from 264 g m-2 annum-1 in 

cenaal Alberta to 1,045 g m-2 annum-1 in West Virginia (Swanson and Grigal 199 1; 

Snunigalsb and Bayley 1996a). Undisturbed bogs are in general carbon sinks, not 

because they are highly productive ecosystems, but because the acidic, nutrient poor 

conditions result in relatively low decomposition rates (Moore and Bellamy 1974; Malmer 

1986; Szumigalski and Bayley 1996b). 

Mimbial populations are important decomposen in peatlands, although their 

activity is low due to limiting environmental conditions such as constant lack of oxygen. 



low temperature, low pH, and low nunient availability, and/or poor substrate quality in the 

peat (Bartsch and Moore 1985; Sninggalski and Bayley 1996b). Bartsch and Moore 

(1985) and Snimigalski and Bayley (1996b) suggest that poor subsmte quality, in temis of 

high lignin and cellulose content, high C/N ratios and low N, P and K concentrations, are 

more important than environmental conditions in iimîting the rate of decomposition in bogs. 

Because mosses have higher ratios and Iignin and cellulose content, and lower 

concentrations of N and other nutrienu, they have a slower rate of decomposition than 

higher plants (Bartsch and Moore 1985; Reader and Stewart 1972; Spimigalski and 

Bayley 1996b). 

The result of the imbalance between NPP and the overall rate of decomposition is 

net carbon storage in typical, undisturbed peauand ccosystems and henœ the long terni 

accumulation of organic matta in the form of pea~ Gorham (1991) roughly estimates the 

global, long term. net dry-mass carbon flux h m  the amiosphen to undisairbed b o r d  and 

subarctic peadands at 29 g C m-2 y r  1. Amentano and Menges (1986) estimate the long 

term net carbon accumulation rate in Canadian peatlands at 19 g C rnm2 yrl. In the 

experimental L979 site, this was estimated to be 20 g C m-2 y r l  (Kelly et al. 1997). 

1.1.3 Bog biomass 

The îrend of increasing NPP with decreasing latitude in North Arnerica is also 

refiected in the biomass of vegetatïon in ~ e e d  bogr The aboveground biomass of a 

subarctic low to medium density aeed bog was estimated by Sims and Stewart (198 1) to be 

7,939 kg ha-1, which is lower than the approximately 10,000 (Reader and Stewart 1972) to 

102,000 kg ha-1 (Grigal et al. 1985) estimated for low to high density treed bog 

communities in the b o r d  mne. Reader and Stewart (1972) estimate the abovegound 

biomass of a low density and high density treed bog communities in south-east Manitoba to 

be 9,950 and 46,545 kg ha-1 respectively. The estimates of S wanson and Grigal(199 1) 

for low (31,300 kg ha-1) and high density (79,400 kg ha-l) treed bog communities in nonh 



and central Minnesota are approximately twice these figures, but similar to the aboveground 

biomass (excluding bryophytes) estimated for treed raised (35.920 kg ha-1) and perched 

( 101,755 kg ha-') bogs by Grigal et al. (1985) in the same region. 

Reader and Stewart (1972) calculate the aboveground biomass of an open bog 

community dominated by Chunmedaphne calycdàta and Ledum groenlandicum in 

southeastem Manitoba to be 5,546 kg ha-1. The aboveground biomass of open bog 

communities estimated by Wden and Malmer (1992) in Maine, however. are slightly 

lower. 4.7 10 and 5,270 kg ha-i for Kahia angustifofia and Gayhsacia baccata dominated 

cornmunities, respectively. The estimated aboveground biomass of a Chamaedaphne 

cafyculata dominated site in Maine is significantly less, 1 .O90 kg ha-l (Bartsch and 

Schwintzer 1994). 

Picea marima is the only tree species reported in studies of bog community biomass 

in the Low Boreal region (Reader and Stewart 1972; Grigal et al. 1985). The P. mariano 

biomass in a mature 'Bog forest' comrnunity with a high density of 7,829 trees ha-1 in 

south-east Manitoba is estimated at 41.860 kg ha-1 (Reader and Stewart 1972). Picea 

mariana biomass values of 100.730 kg ha-1 and 30,980 kg ha-1 are reported for the tree 

strata of perched bogs with 2.800 trees ha-1 and basal area of 27 m2 ha-', and raised bogs, 

with 4,200 trees ha- and basal area of 10 m2 ha-', respectively (GrigaI et al. 1985). 

Swanson and Grigai (199 1) suggest that Lurix laricino may constitute a portion of the tree 

cover dominated by P. mariana but report only total tree biomass estimates of 57,500 kg 

ha-i for high density treed, 15,200 kg ha-1 for low density treed, and 500 kg ha-1 for open 

bog communities. 

Reader and Stewart ( 1972) give low s h b  biomass esthnates of 4,123 kg ha-1 for 

open bog, 4,614 kg ha-l for 'Muskeg' and 1,345 kg ha-1 for 'Bog forest' communities. In 

the open bog community there is siightly more Chanmedaphne calyculata than Ledum 

groenlandicum. but in the treed 'Muskeg' and 'Bog forest' communities there is more L 

groenlandicm. Chamaedaphne calyculnta and L groenfundicum contribute the 970 and 



4,540 kg ha-1 of low shnib biomass to the esthates for the perched and r a i d  bog 

communities of Grigal et al. (1985). The low shrub biomass estimates of Swanson and 

Grigal(1991) are lower, 1,000 kg ha-1 for open and low density treed bog communities 

and 800 kg ha-1 for high density need bogs Reader and Stewart (1972) estimate 

bryophyte biomass at 937 to 2,000 kg ha-1, less than half that of Swanson and Gngal 

(1991), 4,800 to 5,400 kg ha-'. Bryophyte biomass of the open and 'Muskeg' 

communities of Reader and Stewart (1972) is dominatexi by Sphugnmfuscm but in the 

Bog forest' community by Plewozium schreberi. Difierences in biomass estimates may in 

part be due to the methods used to estimate biomass. Reader and Stewart (1972) biomass 

estimates are based on harvested 0.06 m2 simples, and Grigal et al. (1985) and Swanson 

and Gngal(1991) useù a l i o d c  regression equations. 

Few studies have undeden  the challenge of estimating below ground biomass in 

bogs because of the ditficulty in distinguishing dead and live plant matenal. Vasander 

(1981) estimated the below ground biomass of a subarcdc treed bog at 5,267 kg ha-l 

which was 45% of total community biomass. Malmer and Nihlgard (1 980) also estimatexi 

the below ground biomass of a subarctic open bog at 45% (4,050 kg ha-l) of total 

community biomass. The biomass of bog communities estimated by Reader and Stewart 

(1972). however, show a trend of increasing percentage of below ground biomass with 

demasing me cover. In the high density aeed 'Bog Forest', low density aeed 'Muskeg' 

and open 'Bog' communities, below ground biomass was 33,62 and 78% of total 

biomass, respectively. 

1.1.4 Carbon content of bog vegetation 

There are few studies that report the concentration of carbon in the components of 

bog species but those that do, show that the overall carbn content of bog tree and shmb 

species is a third more than that of bog bryophyte species (Malmer and Nihlgard 1980). 

Malwr and Nigard (1980) found that the mean percentage dry weight of carbon is 58 



and 57 t 1% in current, and 1 and 2 year oid stems of the encaceous shrub Empetnun 

hennaphroditum, respectively, whiie the mean percentage dry weight of carbon in 

Dicranum and Sphagnwn spp. is significantly lower at 43 t 1 to 44 i 7%. The mean 

percentage dry weight of carbon in Sphngnwn and feather rnoss species reported by Bodaly 

et al. (1987), which range h m  40 io 42 % is similar to the percentages reported for 

biyophyte species by Malmer and Nihlgard (1980). The mean carbon content of L e h  

groenlandicwn with 47% in twigs and 41 % in foliage. however, is lower thaa in E. 

hennaphroditum. As in L groenlandicwn, the mean carbon content of the foliage in Picea 

mariana, 42%, is lower than that of the woody tissue, 47% for twigs, 52% for bark and 

50% for wood (Bodaly et al. 1987). The mean percentage dry weight of carbon in organic 

litter, according to Bodaly et al. ( 1987) is sirnilar to that of bryophyte species at 4 1 %. 

Schwintzer (1983) reports the mean percentage dry weight of carbon at 52% in the 

leaves of Myrica gale and 50 to 5 1 % in current, 1.2 and 3 year old stems. In the fmit and 

male buds. this is slightly higher king 55 and 56%, respectively. 

The global carbon pool per unit area of bogs/mires in cool or cold climates is 

roughly estimated at 20,000 kg C ha-' (Olson et al. 1983). however, there are no detailed, 

site-specific estimates of the carbon pool in vegetation of bog cornmunities in the literature. 



CHAPTER 2. Vegetation composition and aboveground biomass of 
vegetation in two basin bogs in the Experimental Lakes Area, north-western 
Ontario 

2.0 INTRODUCTION 

Wetlands are cornmon on the Canadian Shield where they develop in closed 

depressions in the granite bedrock. Zoltai (1979) estimates that they occupy between 5 and 

25% of the Low Boreal wetland region. which extends from the south-east corner of 

Manitoba into the cenual region of Quebec. Treed basin bogs are characteristic wetlands of 

this region (National Wetlands Working Group 1988). Peat f d s  the topographic basin so 

that the surface is nearly level. The peat is usuaiiy deepest near the centre and becomes 

shallower towards the periphery. Such peatlands are acidic, pH <4S. and nutrient-poor. 

Although mostly ombrotrophic, many of these peatlands receive run-off fkom the 

surroundhg upland or surface streams. However, these inputs tend to be acidic and 

nutrient-poor due to the nature of the granite bedrock and coniferous vegetation, thus 

contributing to, rather than buffering, these conditions (Vitt and Bayley 1984). 

The bog flon of this region is said by Glaser (1992) to be the most species poor in 

eastem North America. It is characterized by coniferous trees when present. ericaceous 

shrubs, relatively few herb species and a number of Sphagnum spp. Tree cover is absent 

or varies from low to high density black spruce (Picea mariana), with a few larch (Lorii 

laricina) in wetter habitats. The low shrub Iayer is dominated by labrador tea (Ledum 

groenlnndicwn) or leather-leaf (Chamaedaphne culyculata). with bog-laure1 (Kuhia 

polifolia), and bog cranbeny (Oxycoccus quadnpetalus). Sheep-laurel (K. angustifolia) is 

a low shmb species found in the eastern part of the region (Segadas-Vianna 1955; Kenkel 

1987). Cornmon herbs include three-leaved Soloman's seal (Smilacina tnfolia), and 

various sedges (e.g. Carex oligospem, C. trispetma). The ground Iayer is dominated by 

Sphagnum spp. (S. angustifolium. S. capillifolium. S. fallar, S. fuscum, and S. 

magelhicum) (Dansereau and Segadas-Vianna 1952; Segadas-Vianna 1955; Reader and 



Stewart 1972; Jeglum et al. 1974; Vitt and Bayley 1984; Glaser 1992). The species 

composition of bogs in northem Minnesota is consistent with that of the Low Boreal 

wetland region (Heinselmao 1970; Glaser et al. 198 1, 1990; Glaser 1983, 1987; 

Swanson and Grigal 199 1). 

The species composition of peatlands varies dong environmental gradients 

including depth to the water-table, shade, minerotrophy, peat productivity, mire expanse - 

mire margin, and duration of soii saniration (Sjors 1948, 1950; JegIum 1971; Vitt and 

Bayley 1984; Okland 1990; Cooper and Andrus 1994). Despite the continuous variation 

in species composition dong gradients, physiognomically distinguishable plant 

comrnunities are found in the field (Sims er ai. 1982; Bergeron and Bouchard 1983; 

Kenkel 1987; Glaser 1987; Jeglum 199 1 ; Okland 199 1). Vegetation physiognomy is an 

important characteristic used to classify peatland communities (Jeglum et al. 1974; 

National Wetlands Working Group 1988). The Canadian Wetiand Classification System 

involves factors such as hydrology and surface topography that influence the development 

and succession of vegetation, and thus the physiognomy of a site (Zoltai and Vitt 1995). 

Aboveground biomass is also a reflection of the factors that deterrnine the 

developrnent and structure of plant comrnunities, although there are few examples in the 

literature that include estimates for ail community components. Estimates of aboveground 

comrnunity biomass range from 5,546 kg ha-1 (including vascular and bryophyte species) 

for an 'open' (aforested) bog comrnunity in south-east Manitoba (Reader and Stewart 

1972) to 101,975 kg ha-i (including vascular species only) for black spruce forested bog 

communities in northcentral Minnesota (Grigal et ai. 1985). 

This research is part of the Experimental Lakes Area Reservoir Project (ELARP). 

The ELARP shidy involves the fiwding of an experimental basin bog in no&-western 

Ontario to simulate a hydroelectric reservoir. Postflood changes in concentrations of the 

greenhouse gases C e  and Ca, and methyl mercury wiil be compared with those of a 

reference bog and modeled. The objectives of this component of the project are to (1) 



describe the plant communities and their species composition of the experimental bog 

L979, pnor to flooding, and reference bog L632, and (2) to estirnate the aboveground 

biomass of these communities. 

2.1 STUDY AREA 

The t .  bogs, designated L979 and L632, are approximately 7 km apart, in the 

Experimental Lakes Area (ELA) (49'40'N. 93O44'W) admlliistered by the Canadian 

Department of Fisheries and Oceans, about 56 km south-east of Kenora in north-western 

Ontario. 

The bedrock in this part of the Canadian Shield is composed of Archean granite and 

gneiss. The region was glaciated most recently in Wisconsin time and became ice-free 

between 12,500 and 12,200 years BP. (Prest 1969). The terrain is irregular, local relief is 

10 to 30 m and more, with numerous outcrops and ridges, and closed depressions 

containing lakes and deposits of peat (Teller and Bluemle 1983), commonly with maximum 

peat depths of 5 to 7 m (National Wetlands Working Group 1988). Wet sites typicaliy 

support black spruce and tamarack while upland sites have trembling aspen, paper birch 

and Jack pine in early successional stages, and white spruce, black spruce and balsam fr in 

later stages (National Wetlands Working Group 1988). 

The climate is characterized by cold winten, warm summen and high precipitation 

(National Weîiands Working Group 1988). Frorn 1970 to 1987 the mean annual air 

temperature at ELA was 2A°C, with a mean of 201 ice-free days. The monthly rnean air 

temperature ranged from - l7.6'C in January, to 19.2'C in July . The mean annual 

precipitation was 679 mm, 27% f a h g  as snow, while the mean annual evaporation was 

70 1 mm (Beaty and Lyng 1989). 

Both peatlands may be classified as basin (National Wetlands Working Group 

1988) or kettle-hole bogs (Damman 1986). Each is situated within a bedrock basin, with a 

central, shailow, open water body. The water body is surrounded by bog vegetation 



rooted in well-developed organic soils, overlying peat The most important water input in 

L979 is a surface innow stream OrigiMhng h m  L240, a nlatively small, d d ,  

oligotrophic lake typical of the region. Both bogs receive water inputs in the form of 

moff  h m  the surrounding uplands. This is the most significant water input in L632 

(Beaty et al. 1994). 

Rior to flooding, the d a c e  area of the open water of L979 was 2.38 ha and the 

peatiand, 13-98 ha for a total of 16.36 ha (Beaty et al. 1994). The maximum dqth of the 

water body was approximately 4 m. 

Studies by Yazvenko et al. (1994) indicate that according to radiocarbon dating, 

deposition of organic material in L979 began by 8,700 years BP. The modern Sphngnwn 

peatland was developed about 3.000 to 2,000 years BP. Stratigraphy reveals that the 

surficial Sphagnwn pea4 which extends to a depth of approximately 3 m near the cenaal 

water body, is underlain by detrital peat near the peatland-upland interface and by 

cyperaceous peat towards the water body. Maximum peat depth of the main basin is 9.1 

m, with an average thickness of 1.7 m. Peat thickness in the sub-basin that extends 

towards the north-east (Fig. 2.1) ranges h m  1 to 1.5 m. Peat deposits are underlain by 

clay and silty clay in the centrai depression and coarse to medium sand on the sides of the 

basin. The upland surrounding the site is dominatecl by Jack pine as a result of fire in 

1980. 

The L632 site is a headwater system c o v e ~ g  4.25 h a  The water body is 0.86 ha 

with a maximum water depth of 3.5 m, and the vegetated area 3.39 ha ( B e -  et nl. 1994). 

The surficial layer of Sphagnwn peat is underlain by cyperaceous peat, then ericaceous and 

woody peat near the wata body, and detrital peat near the peatiand-upland interface 

(Branfinun et al. 19%). The maximum peat depth of the basin is approximately 6 a 

Near the peatland-upland interface the peat layen are underlain by weU-mted sand and 

grave1 (Branfireun et al. 19%). The smunding upland is dominatd by mature Jack pine 

and black spruce. 



2.2 METHODS 

2.2.0 Sampling design 

Aenal photos of L979 and L632 were examined using a Dietzgen stereoscope with 

3x magmfïcation. The photos were taken on September 20, 1991 with a Wild RC8 camera 

and a 15-UAg-35 1 lem. Color photos of L979 taken at 3,000' above sea level with a scale 

of 1:3,440. and black and white photos of L632 taken at 3,900' above sea level with a 

scale of 15,320 were used. Community types withh each site were delineated dong the 

boundaries of areas that varied in m e  density and height, as detemiined by the length of 

tree shadows, and the tone, texture and pattern of understory vegetation in the photos. 

Six vegetation community types were delineated in L979 (Fig. 2.1) and two in 

L632 (Fig. 2.2). The number of samples in each community type was assigned in 

proportion to the area occupied by each community. A stratifîed random sampling design 

was employed, with cornmunity types subdivided into approximately equal sized bloc ks 

and plots randomly distributed within blocks. An equal number of plots was sampled in 

each block. The vegetation was divided into three vertical strata for sarnpling purposes; 

(1) trees, 110 cm circurnference at breast height (CBH), (2) saplings and ta11 shmbs, cl0 

cm CBH and >1.5 m tali, (3) tree and tall s h b  seedlings and low shmbs, 11.5 m taII, 

herbs, bryophytes and lichens. 

2.2.1 Species cover 

In July, 1992, the percentage cover of tree, taIl shrub, low shmb, herb, bryophyte 

and lichen species was estimated within 1 m x 0.5 rn plots, consisting of two adjacent 0.5 

m x 0.5 rn quadrats. Plot size and shape were chosen based on the anaiysis of preliminary 

sampiing data (Kenkel and Podani 199 1). One hundred and ninety-five plots were sampled 

in L979, and 46 in L632. Plant cover was estimated to the nearest 10%. with cover 

categories of 5%, 1% and 0.5% (trace) used for smdi ancilor less abundant species. Five 



randody chosen 0.5 m x 0.5 m quacirats were flagged in each community type for the 

harvest of aboveground seedling. low s h b ,  herb and bryophyte biomass at a later date. 

Because of the diffîculty in distinguishing Sphgnwn angustifoliwn fiom S. falzar 

in the field, the cover of these species was combined into one S. nngustifoliun@allax 

category, although it should be noted that they occupy different habitat niches (Via and 

Bayley 1 984). 

2.2.2 Statisticai analysis of species composition 

The cover data were analyzed separately for each bog using a series of multivariate 

techniques. Correspondence analysis (CA) was performed on square root-transformed 

cover data of species with a mean of 5% or greater in at Ieast one cornmunity type using the 

CANOCO program (ter Brakk 1987). CA was used to summarize the data sets into a few 

rneaningful axes which could then be used as variables in canonicd variates analysis (CVA) 

to test for a significant difference and observe maximum separation among communities 

based on species composition. Plot component scores for the fmt ihree axes resulting 

from CA were used as variables in CVA. The SYN-TAX software package (Podani 1990) 

was used to perform CVA in which the resulting scores were spherized. 

2.2.3 Surface water chemistry 

Two water samples were collected from randomly selected 1 m x 0.5 m plots. Fi@ 

samples were coilected in L979, and 25 in L632. The water samples were collected in 125 

ml plastic nalgene bottles from surface pools, or h m  shaiiow pits dug to the groundwater 

table and allowed time to equiiibrate. The water samples were refngerated within 4 hours 

of collection. Conductivity was measured using a Radiometer CDM 2e conductivity meter 

and pH measurements were made using a Fisher digital pH meter 109. Conductivity and 

pH were measured within 48 hours of collection. Conductivity measurements were 

corrected for the presence of H+ ions (Sjors 1950). 



2.2.4 Tree, sapling and ta11 shrub density 

The density and CBH of trees in each community were sampled using the point 

quarter method (Cottam and Curtis 1956). The density of saplings and ta11 shmbs was 

sampled by recording the number of stems of each species present in 2 m x 2 m plots in 

communities with a well-developed sapling and ta11 shmb stratum (210% cover of sapiings 

and tal1 shmbs), and 4 m x 4 m plots in other communities. In addition, the sapling and tail 

s h b  stems in the plots were assigned to a stem diameter class for the purpose of biomass 

estimation (Ohmann et aL 1976). Stem diameter classes represented the stem diameter 15 

cm above ground level rounded to the nearest cm. Class 1 included stems 0.5 to 1.4 cm in 

diameter, class 2 stems 1.5 to 2.4 cm in diameter, class 3 stems 2.5 to 3.4 cm in diameter, 

and class 4 stems 3.4 to 4.4 cm in diameter. 

2.2.5 Tree biomass 

Species-specific, aiiometric biomass regression equations in the form; 

~ = a * #  

where Y is biomass. a and b are regression coefficients, and X is DBH 

(diameter at breast height) were used to estimate Picea mariana biomass. These equations 

were developed by Grigal and Kernik (1984) from samples coilected in a bog in north- 

central Minnesota. The DBH values were derived from CBH values coliected during the 

sampling of tree density. The biomass of other species (Betula papynfera, LCIrix Zaricim 

and Phur bankriana) was estimated from the logarithmic regression equations (1ogY = a + 
b * logX) of Ker ( 1980). The mean biomass of each species was estimated from the point 

quarter data and summed to give the total tree biomass for each community. 

2.2.6 Sapling and ta11 shrub biomass 

Aboveground sapling and taIl shmb biornass was estimated from regression 

equations developed from the biomass of saphgs and taU shmbs coliected from L979 and 



L632 in September, 1992. and June and July, 1993. Thirty individuals of stem classes 

with more than 25 stems in the plots sampled for sapling and tail s h b  density, and 10 of 

stem classes with less than 25 stems werr cokcted for each species present in the density 

plots. Only individuals with a typicd growth pattern or crown shape were collected. T h e  

predictor variables were measured on each individuai; (1 ) stem diameter ai 15 cm above 

ground level, (2) stem height and (3) canopy area (Ohrnann et al. 1976). The saplings and 

shmbs were separated into stem, branch and leaf cornponents and dried at 80'C to a 

constant mass. 

The total oven-dried mass of each species was plotted against each of the three 

predictor variables measured, and D*H, where D = stem diameter and H = stem height. 

Univariate and multivariate (using every possible combination of predictor variables) linear 

(Y = a + b * X), log-log linear (logY = a + b * logX) and allometric (Y = a * bX) 

regression models were applied to the data using SYSTAT 5.1 (Wilkonson 1989). The 

regression mode1 and predictor variable(s) that provided the best fit based on a cornparison 

of coefficients of determination (R~), standard errors (s) and F-ratios was used to estimate 

the biornass of saplings and tail shnibs sampled in the density plots. The midpoint of the 

diameter class of each sapling or tall shrub was used as the diarneter variable (Tilton and 

Bernard 1975). 

2.2.7 Seedling, low shrub, herb, bryophyte and litter biomass 

In August. 1992. the aboveground tree and tail s h b  seedling, low shmb, herb and 

non-vascular plant material was clipped. and standing and faiien Litter collected, h m  

flagged 0.5 m x 0.5 m quacirats to the level at which the Sphngnwn ceased to be green 

(Sjors 1991). The living plant material was separated from litter and then sorted by 

species. Cyperaceous and non-vascular species were grouped into Cyperaceae and 

bryophyte categories. The leaves of seedlings and low shrubs were separated h m  

branches and stems. Each category of plant material was dried at 80°C to a constant mass. 



Regressions were calculated on the relationship between percentage cover and 

biomass for the categories present in the harvested sarnples. Overall, these regressions did 

not adequately provide a predictable relationship between percentage cover and biornass 

(Fig. D.2). Since there was no clear relationship between cover and biomass, the seedling, 

low s h b ,  herb, bryophyte and litter biomass of each comrnunity type was estimated as the 

mean of the harvested plots. 

2.2.8 Standard error 

Biomass estimates were expressed as biornass per unit area (kg had1) f standard 

error. Biomass estimates and associated standard errors were calculated as follows; for 

trees, saplings and ta11 shrubs the biornass per unit area was calculated as 

Y=B*D 

where Y is the tree (sapling or tall shmb) biomass per unit area, B is the biomass per tree 

and D is tree density. The standard error of the estimate was 

S y* = Y2[(SB2/B2) + ( sD2/~2) ]  

where Sy is the standard error of the estimate, SB is the standard error of the biomass per 

tree and SD is the standard error of tree density. 

Cornrnunity biomass is the sum of the biomass for each stratum. The associated 

standard error was calculated as 

Sc2 = S T ~  + SS .TS~  + SS.LS.H.N~ 

where Sc is the standard error of cornrnunity biomass, ST is the standard error of tree 

biomass, SS~TS is the standard error of sapling and tall shmb biomass, and SS,LS,H,N is 

the standard error of seedling, low shmb, herb and bryophyte biornass (Grigal 1991). 



2.3 RESULTS 

2.3.0 Species composition 

In L979,60 taxa were recorded in the sample plots and an additionai nine species 

were observed outside these plots (Appendix A. 1). In L632,48 taxa were prewnt in the 

plots sampled, with 2 1 species observed outside these plots (Appendix A.2). Forty-nvo 

species were found in the plots at both sites. Relatively common species with a mean cover 

25% in both sites included Picea mariana, Ctuunoedaphne calyculata, Kalmiu polijiolia, 

Ledm groenldicum, Myrica gale, Oxycoccus quadripetalu~, Pleuroziwn schreberi. 

Srnilacina trifolin, Sphagnwn angustifoliunJfalLax, S. fuscwn, and S. mgellanicum (Table 

2.1). 

In L632. the surface of the peat mat extends into the centrai water body forming a 

n m w  zone of loosely consolidated, floating peat. Rwted in this zone were species 

usually associated with minerotrophic conditions including Carex paucifora, 

Rhynchospora alba, Scheuchzeria palurtrs and Xyris montam a species at the north-west 

extent of its distribution and considered rare in Minnesota (Coffin and Pfannrnulier 1988; 

Wright et al. 1992). Of these species X. montana, in particular, is known to prefer 

conditions where there is reduced cornpetition from other species (Wright et al. 1992). 

which in this site is likely due to the loosely consolidated nature of the peat and hydrologie 

fluctuations of the adjacent water body. 

In L979, a zone of floating peat and minerotrophic species was absent. probably 

because a faster flow-through rate (Beaty et al. 1994) had prevented extension of the peat 

surface into the central water body. Aiso, although the conductivity of water samples 

collected from surface pools in the va-ious communities did not indicate this, the 

groundwater and central water body of L632 may be slightly more rninerotrophic than that 

in L979 because it is a headwater system. 

Eight plant communities were recognized, six in L979 and two in L632. The 

physiognomy and vertical structure (Le. saata) of the communities were defmed according 



Table 2.1. The mean percent cover of species with a mean of 25% in at lest one 
community of L979 and L632. Lettem in brackets following the species names correspond 
to the species centroids on CA ordinations (Figs. 2.3 & 2.4). 

L979 L632 
community types 

l* 2 3 4 5 6 7 8 
species (n=32) (~32) (n=91) (d) (n=24) (-12) (n=40) (n=6)? 

Trees 
Laru: laricina (Ll) 
Picea mt-hta 0 

Saplings 
Picea rnarim m) 
Pinus bankriana (Pb) 

Tall shrubs 
Alnw rugosa (Ar) 

Low shrubs 
Charnedaphne 

caiycurCrta (Cc) 
Kahia  polifolia (Kp) 
Ledwn gruenlandicum (Lg) 
Myricu gale (Mg) 
Oxycoccus 

quadripetczhs (ûq) 

Herbs 
Carex oliguspenna (Co) 
C. t r i s p e m  (Ct) 
Lycopodiwn annotinwn (La) 
Smilacim triiolia ( S  t) 

Bryophytes 
Pleuroziwn schreberi (Ps) 
Sphagnum 

angustiifoliunJfailax (Sa) 
S. fuscm ( S f )  
S. mage flan icwn (Sm) 

* see Figs. 2.1 Br 2.2 for corresponding comrnunity descriptors. 
t number of 0.5 m x 0.5 m plots 
t trace (cl %) 







to the wetland classification proposed by Jeglum et al. (1974) where tree and tall shmb 

strata have a total species cover of 210%. 

Community physiognomy was either open in communities lacking continuous tree 

cover or treed, with trees in low to high densities (1 1 to 54% cover, 362 to 2,726 

individuals ha-1). Piceu mriaM dominated the tree cover except in the area that bumed 12 

years earlier where Pinus bcutksianu dominated. The two communities of the north-east 

sub-basin of L979 had well-developed, albeit sparse (10 and 14% cover), tail shmb strata 

dominated by Alnu rugosa. 

AU eight communities had a welldeveloped low shmb Iayer with 43 to 8 1 % cover, 

composed mostly of ericaceous species and dominated either by Chamnedaphne calyculata 

or L e d m  groenlandicwn, or with approximately equal cover of both. The cover of herbs 

in these communities was relatively low (4 to 27%) and dominated by Carex oligospenna, 

Lycopodiwn annorinwn, Srnilacina tn~olia or co-dominated by Carex t r i s p e m  and S. 

trijolia. The ground lay er was predominantly Sphagnwn spp. (S. angustifoliumcfaIIcu: and 

S. magellanicwn) except in the cornrnunity with the highest density of trees where 

Pleuroziwn schreberi was CO-dominant with S. nngus t i fo l i~a l lar .  

Cornmunity 1 High density Picea marinna - t e d m  shmb 

Community 1 was adjacent to the upland dong on the east and West side of the 

main peatland basin of L979 (Fig. 2.1). It had a relatively dense overstory of trees 

dominated by Picea mariana (37% cover), with a small number of Larix laricina (6% cover) 

(Table 2.1). There were 2,726 mes ha-1 (Table 2.2), with a mean area at breast height of 

1 1.5 m2 ha-! The low s h b  layer was dorninated by Ledwn groenlandicum (50% cover). 

Srnilacina tnfolia was the most cornmon herb (5% cover). The ground layer was co- 

dominated by Sphagnwn angustiifoliw.fulIax (27% cover) and the feather moss 

Pleurozium schreberi (27% cover) (Table 2.1). 



Communitv 2 Medium density Picea mariam - Ledm shmb 

Community 2 was located between community 3, which surrounds the central pond 

of L979, and the north-east sub-basin (Fig. 2.1). In the tree overstory, Picea mariam had 

the highest cover (17%) and a smdl number of Lnrh iizricùra (8%) were present. The tree 

density was 1.370 trees ha-1, with a mean area at breast height of 8.8 m2 ha-1. Ledum 

groenlandicm had the highest cover (39%) in the low s h b  layer. Smilacim trifollia was 

the most common herb (1 1%). Sphagnwn o n g u s ~ ~ o l i ~ l i a x  (53%) dominated the 

ground layer. 

Community 3 Open bog - Chamnedaphne shmb 

Community 3 surrounded the centrai water body of L979 (Fig. 2.1). It Iacked 

continuous tree and tdl shmb cover but the low shrubs had a cover of 8 1 %, to which 

C h e d a p h n e  calyculata conaibuted 49%. Srnilacina tnfolia (3% cover) was die most 

common herb. Sphagnwn angustifoliu~allar (36%) dorninated the ground layer, 

however, S.fuscum (27%) was also an important species found on the tops of hurnrnocks. 

Cornrnunity 4 Medium density Picea m a h a  - Alnus shmb 

Community type 4 was located in the center of the north-east sub-basin of L979 

(Fig. 2.1). It had a mean tree cover of 54%. composed of Picea mariana with 1,372 trees 

ha-1 and a mean area at breast height of 7.1 m2 ha- l . The sparse Alnus mgosa ta11 shrub 

stratum had a mean cover of 10%. The low shrub layer was dominated by Leàzun 

groenlandicm (562 cover). while Lycopodiwn amotinwn was the most conunon herb 

(12% cover) (Table 2.1). The ground layer was dominated by Sphagnm magellanicm 

(33% cover). 



Comrnunity 5 Open bog - Alnus shrub 

Community 5, also located in the northeast subbasin of L979, lacked a weii- 

developed overstory of trees (Table 2.1). As in community 4, A ~ K S  rugosa tall shrubs 

were present. They had a mean cover of 14% and density of 14,583 stems ha-l . The low 

shmb layer was CO-dominated by Charnedaphne calycdata (278 cover) and Ledum 

groenlandicm (26% cover) (Table 2.1). Lycopodiwn annotinum had a cover of 12% in 

the herb layer, and the ground layer was dominated by Sphugnwn ungusrifoliunJfall~r 

(45%). 

Cornrnunitv 6 Low density Pinus banksiana - Ledm s h b  

Community 6 was located on the West side of the basin in an area that bumed 12 

years earlier. It had a sparse overstory of tree saplings composed mainly of P i n u  

banhiana (9%), with some Picea muriana (2% cover) which together had a density of 

7,708 saplings ha-l (Table 2.1). The low shmb layer was dominated by Ledum 

groenlandicm (63% cover). Srnilacina tnfolia was the rnost common herb ( 15% cover). 

The ground layer was dominated by Sphagnwn magellanicm (26% cover). Community 6 

had the highest rnean cover of litter (3 1%) arnong the cornmunities of L979. 

Community 7 Open bog - Chamaedaphnehdum s h b  

Community 7 vegetation covered the bog at L632 except for three relatively small 

areas with no tnxs that were deiineated as community 8. The mean tree cover of 

community 7 was just below the 10% threshold to be considered a treed bog community. 

Picea maMM dominated the tree cover which had a density of 2,250 trees ha-' and a mean 

area at breast height of 5.9 rn2 ha-1. The low shmb layer was CO-dominated by Ledm 

groenlandicwn (29% cover) and Chmedaphne calyculaîa (26% cover). Srnilacina injoïia 

(9% cover) and Carex trispena (8% cover) were common herbs. The ground layer was 

dominated by Sphagnum angustifoliwn&alla (37%). 



Table 2.2. Environmental and vegetation characteristics of the plant comrnunities in L979. 

High density Pm Medium density Open bog - Medium density Open bog - Low density Pb - 
- Ledurn Pm - tedirnt Chamaeclraphne Pm - Alnus Alnus Ledunr 

pH mean 3.70 4.05 3.90 4.25 4.25 3.65 
range 3.45 - 4.15 3.90 - 4.20 3.55 - 4.90 4.15 - 4.30 4.00 - 4.55 3.65 - 3.70 

Kmrr (M cm-1) rnean 65.5 38.0 47.5 52.0 36.0 74.5 
range 37 .O - 90.5 30.0 - 42.5 27.5 - 76.5 26.0 - 77.5 21.5 - 58.0 72.5 - 75.5 

Microtopography humrnock and hurnmwk and hurnrnock and hummock and lawn humrnock and 
hollow hollow hollow hollow hollow 

Density (ha-') 
8 Tree 2,726 1,370 1,766 1,372 865 362 

Sapling and ta11 s h b  1,406 1,406 625 - 14,583 7 ,708 

Biomass (k se. kg ha-') 
Tree 66,506 f 20,6 13 33,978 f 7,05 1 22,600 I 9,200 24,750 f 7,184 6,556 f 4,207 898 f 1,726 
Sapling 1,454 f 458 1,563 1: 516 747 I 176 - 1,979 f 65 1 3,545 f 1,189 
Ta11 shmb - 1,871 k 1,171 - 
Seedling 103 f 49 350 f 228 1,225 f 866 82 f 58 1,218 f 556 97 k 36 
Low shmb 2,463 f 450 7,404 f 1,799 10,223 f 1,866 6,099 1 969 5,825 f 1,227 8,845 f 1,367 
Herb I f 1  265 f 123 30 f 23 229 f 70 838 k 326 67 1 3 5  
Bryophyte 2,381 I 495 2,337 I 4 2 7  3,781 f 922 2,478 f 373 2,663 f 30 1 1,914 f 555 

Total community 72,909 f 20,627 46,043 I 7,163 38.6 14 f 9,297 33,65 1 f 7,256 21,168 f 4,837 15,395 f 2,53 1 

Pm - P icea muriana, Pb - Pinus bankriana 



Table 2.3. Environmental and vegetation characteristics of the plant communities in L632. 

O P  bog - Open bog - Carex 
Ledum/Chamaedaphne oligospenna 

Surface water 
pH rnean 

range 

Microtopography hummock and hoiiow lawn 

Density (ha-' ) 
Tree 2,250 
Sapling and tail shmb 2,143 

Biomass ( + se. kg ha-' ) 
Tree 27,181 k 10,705 - 
Sapling 2,376 k 495 - 
TaII shrub - - 
Seedling 34 k 34 - 
Low shmb 8,983 f 1,560 2,133 + 567 
Herb 184k 128 964 f 223 
B ry ophyte 2,626 f 592 4,047 f 924 

Total cornmunity 4 1,384 f: 10,780 7,189 + 924 



Community 8 Open bog - C m  oligospem 

Community 8 occurreù in three separate areas of L632 Ali were areas of 

groundwater discharge, near the small innow stream, on the south side of the basin, and 

near the small outfiow Stream. It was e l e s s .  The cover of low shrubs was the lowest 

among communities. C-hne c d y d a t a  and Mynca gale together provided 3346 

cover. Carex oligospemur had a cover of 16% in the herb layer and the ground layer was 

dominated by Sphagnm ung1(sn'foliiwfalallax (64% cover). 

The surface water in the communities of both sites had low pH and wnductiviry 

values. The pH ranged k m  3.45 to 4.95, and conductivity, expressed as total ions minus 

H+ an) ranged from 20.5 to 90.5 pS cm-1 (Tables 2.2 & 2.3). The communities with a 

lawn microtopography (Bubier et al. 1995) and a higher water-table tended to have a higher 

mean pH. However, there were no significant differences in either pH and conductivity 

among the communities of L979 and L632 accordhg to ANOVA. The Low density Pimu 

banksiam - L e d m  shmb (6) community had the highest conductivity value. 

2.3.1 Multivariate statistical analysis 

The ordinations ~ C S U ~ M ~  from comspondence analysis of cover data for both sites 

show differences in species composition, but not a complete separation of plot scores 

among community types (Figs. 2.3 & 2.4). In the ordination of L979 data, the plot scores 

of the same community type tend to clurnp together but overlap among communities. The 

greatest variation in the L979 data, surnmarizd by the k t  CA axis, corresponds with a 

mire margin - mire expanse gradient (Sjors 1948,1950). The mire expanse, Open bog - 

Chmadaphne shmb (3, see Fig. 2.1) community plots an on the Ieft side of the 

ordination and the mire mrngin, High density Picea d a n a  - Ledm shmb (1) plots on the 

nght (Fig. 2.3). At the mire expanse end of the gradient, plots are associated with the 

centroids of Myrica gale (Mg) and Sphagnumfuscum (Sf). The mire margin plots are 

characterized by Picea and Pleuroziwn schreben @). 



. .- .- 

AXIS 1 (eigenvalue = 0.350) 

Figure 2.3. Ordination of plot scores and species centroids resulting from 
correspondence analysis of L979 data Species centroids are represented by the letters 
assigned in Table 2.1. W i g h  density Picea mariana - Ledwn shmb (1); iMedium 
density Picea mariana - Ledm shmb (2); A Open bog - Chamaedrphe s h b  (3); 

0 Medium density Picea mariana - Alnus shmb (4); Open bog - A lnus shmb (5);  
A Low density Pinus banhiana - Ledum shmb (6). 





This gradient relates to the density and shading of the oventory mes, saplings and 

tail shnibs. It varies fmm the open community on the left side of the ordination with a 

relatively low density of sapiings a d o r  tall shmbs, characterized by the low shmbs 

Charnuedaphne cnlyculata (Cc) and Myrica gale. and Sphagnwnfuscum hummocks, to the 

densely treed bog comrnunity on the right, characterized by a relatively dense overstory of 

Picea m M M  trees, and the CO-dominance of Pleurozium schreberi in the ground layer. 

The other communities lie in between the extremes of this gradient. The Medium density 

Picea mariana - Ledm shmb (2), Medium density Picea mariana - Alnus shmb (4) and 

Low density Pinus banhima - Ledum shmb (6) communities had intermediate cover of 

trees and the Open bog - Alnus community (5) lacked tree cover but had an overstory of tall 

shnibs. 

As the density and cover of Picea mariana increased, the cover of Chanmedaphne 

calyculuta in the communities of the main basin of L979 decreased, h m  49% in the Open 

bog - Chunmedaphne shmb (3) community to 18% in die Medium density Picea mariana - 

Ledwn shmb (2) cornrnunity to 7% in the High density Piceu mariana - Ledm shmb (1) 

community. At the sarne time the cover of L groenlandicm increased from 7 to 39 to 

50%. 

The second CA axis in the L979 ordination emphasizes the difference in species 

composition between the communities of the north-east sub-basin (Medium density Picea 

mariana - Alnus shmb (4) and Open bog - Alnus shnib (5)) and those of the main basin. 

The north-east sub-basin plots are characterized by the presence of Lycopodiwn annotinum 

(La) and a layer of Alnus rugosa (Ar), both absent from the communities of the main basin. 

Univariate analysis of variance (ANOVA) of the plot scores along the first three 

axes resulting from CA of L979 data showed significant differences in species composition 

at the alpha = 0.05 level along each of these axes w l e  2.4). The relatively high chi- 

square values associated with the f k t  two canonical variates indicate that they were the 

most important in summarizing the difierence in species composition in the L979 data set 



(Table 2.5). Ordination of the spherized plot scores resulting from CVA shows separation 

of the 95% confidence cireles and thus a difference in species composition of ali 

commUMties except the Medium density Picea mnaM - Ledum shmb (2) and Low density 

Pinus banhiana - Ledum shmb (6) communities (Fig. 2.5). The fmt CA axis was most 

important in the discrimination amoag communities in L979 data dong the first CVA axis, 

as indicated by the high correlation of CA axis 1 and CV 1 (Table 2.6). This indicates that 

the fmt CA axis summarizing the most variation in species composition in the data set was 

highly comlated with the fmt CVA axis which exhibits maximum separation of the 

communities based on species composition. 

In the CA ordination of L632 cover data, plot scores for the Open bog - Carex 

oligosperma (8 )  community lie on the upper and iight side. They are characterized by 

Carex oligosperma (Co) and MyBca gale (Mg) (Fig. 2.4). The poor separation in plot 

scores between the two communities in L632 was probably due to the smail sample size (n 

= 6) collected from the Open bog - Carex oligospem ( 8 )  community. CA axis 1 may be 

interpreted as corresponding to a gradient in hydrology, with species found in drier 

habitats, Picea m n r i a ~  (Pm, Pleuroziwn schreberi (Ps) and Sphagnwn fuscum (S f) 

towards the bottom of the ordination, and M. gale, a species that c m  survive long penods 

of flooding (Sjoa 199 1 ), towards the top. Also, Piceu marianu, Pleuroziwn schreberi and 

Sphagnumfuscwn are species that are indicative of nutrient-poor conditions. whereas M. 

gale is usually associated with slightly more minerotrophic conditions (Sjoa 196 1 ; Vin 

and Bayley 1984). 

Further analysis via ANOVA showed that the species composition of L632 

significantly ciiffers between the two communities dong the fmt and third CA axes. It was 

most different dong the third axis, as it had the largest associated F-ratio (Table 2.4). The 

CVA mis, exhibiting maximum separation arnong the communities of L632, was most 

highly correlateci with the third CA axis with a value of 0.8 15. The thïrd CA axis 

emphasizes the clifference between the plots characterized by Carex o l igospem on the 



Table 2.4. Results of univariate analysis of variance (ANOVA) performed on plot scores 
dong the fmt three CA axes for L979 and L632 species composition data 

Correlation with 
correspondhg 

Variable F-ratio P-vdue canonical variate 

L979 (df*5.189) 
CA axis 1 65.484 ~0.00 1 0.930 
CA axis 2 28.765 c0.00 1 0.874 
CA axis 3 2.704 0.017 0.962 

L632 (df 1.44) 
CA axis 1 5.801 0.020 0.496 
CA axis 2 1 .259 0.268 0.242 
CA axis 3 20.156 c0.00 1 0.815 

* df = degrees of freedom 



Table 2.5. Results of chi-square tests with successive canonical variates removed for L979 
and L632 data. 

Canonical variaie Degrees of 
removed Chi-square freedom P-value 

L979 
O 329.6 1 15 <O.W 1 
1 122.13 8 ~0.00 1 
2 6.08 3 not signifiant 



Table 2.6. Comlation of CA axes with canonical variates (CV) in L979 and L632 data. 



shmb 

Mediuni 

High ensiiy Pm - durn shmb O 
AXIS 1 

Figure 2.5. Ordination of L979 canonicai variates analysis results with 95% confidence circles around the centroids. 
Centroids are represented by the numbers assigned to each comrnunity type in Fig. 2.1. Pb - Pinuî banhiana, Pb - Picea 
mariana 



right side of the CA ordination (Fig. 2.4) and the rest of the plots in L632. 

2.3.2 Community biomass 

n i e  estimates of total aboveground biomass for the communities in L979 and L632 

ranged fiom 7,189 t 924 kg ha-1 (k s-e.) in the Open bog - Carex o l i g o s p e m  (8 )  

commuoity of L632 to 72,909 f 20,627 kg ha-1 in the High density Picea markna - Le& 

shmb ( 1) community of L979 (Tables 2.2 & 2.3). The lowest community biomass 

estimated in L979, 15,395 I 2.53 1 kg ha-1, was for the Low density Pinus banksianu - 

Ledm shmb (6) community which bumed 12 years eariier. 

The community with the highest estimate of total biomass, the High density Picea 

mariana - Ledm shmb (1) comrnunity, also had the highest estimate of tree biomass, 

66,506 f 20,613 kg ha-1 ('ïable 2.2). As the density of trees in the communities of the 

main basin in L979 decreased, low shmb biomass increased, from 2,463 I450 kg ha-i in 

the High density Picea mariana - Ledum shmb (1) cornmunity to 10,223 f 1.866 kg ha-1 in 

the Open bog - Chuedaphne  shmb (3) comrnunity. The biomass of other understory 

strata dso followed this trend. 

The Low density Pinus banksiana - Ledm shrub (6) community had the highest 

estimate of sapling biomass at 3,545 f 1,189 kg ha-1 and the second largest estimate, 

2,376 i 495 kg ha-' was for the Open - Chamaedaphne/Iadum shmb (7) comrnunity. The 

Open bog - Alnus shmb (5) community had the highest estirnate of ta11 shmb biomass at 

1,87 1 i: 1,17 1. while the Open bog - Chamnedaphne s h b  (3) comunity had the largest 

estirnate for tree and tail shmb seedlings at 1,225 f 866 kg ha-1. There is no estimate for 

ta11 shrubs in the Medium density Picea mnriaM - Ahus shmb (4) community because no 

tail shrubs occurred in the randomly distributeci saphg and ta11 s h b  density plots. Herb 

biomass was, in general, low, but was highest in the Open bog - Alnus shmb ( 5 )  

community. at 838 t 326 kg ha-1, and Open bog - Carex oligosperma (8) communiiy, at 

964 f 223 kg ha-1. The mean biomass of bryophytes reached a maximum of 
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Figure 2.6. The aboveground biomass of trees, sapiings, t d  shnibs, tree and ta11 s h b  
seedlings. low shnibs, herbs and bryophytes in the communities of L979 and L632. The 
emr bars represent the standard error associated with the estimate of total cornrnunity 
biomass. 



approxirnately 4,000 f 900 kg ha-L in the two most open communities, the Open bog - 

Charnuedaphne shmb (3) co~~l~~lunity of L979 and Open bog - Carex oligospema (8) 

community of L632. The standard error ranged h m  13 to 28% and averaged 2 1% of total 

community biomass. 

2.4 DISCUSSION 

2.4.0 S pecies composition 

The species composition of the communities delineated in L979 and L632 generally 

agrees with the description of bog communities in the literature h m  the Low Boreal 

wetland region (Dansereau and Segadas-Vianna 1952; Segadas-Vianna 1955; Heinselman 

1970; Reader and S tewan 1972; Jeglum et al. 1974; Glaser et al. 198 1, 1990; Glaser 

1983, 1987,1992; Vin and Bayley 1984; Kenkel 1987; Swanson and Grigal 199 1). The 

communities of L979 and L632 were characterized by either an absence of tree cover, or 

the presence of Picea mariaM with an occasional Lark M c i ~  in medium to high densities, 

except in the area that burned 12 years earlier where there was a low density of P i m  

bahinna. The communities of the nonh-east sub-basin of L979 had a sparse tall shrub 

layer dominated by Alnus mgosa. The ericaceous low shrub layer of ail communities was 

dominated by Chamaewhne calycuiata or L e h  groenlandicwn, with Kolmio polifollia 

and Oxycoccus quadripetalus as common species. Myrica gale was a comrnon low shrub 

in both communities of L632. Srnilacina mfolia was common in the herb layer of most 

communities. Carex oligospem was cornmon in the Open bog - Carex oligospenna (8) 

cornmunity and Carer trïsperma in the Open bog - Chamaedaphne/Ledum shrub (7) 

community of L632. Sphagnwn angustifoliwn, S. f a l h  and S.  mgellanicm 

predominated in the ground layer, except in the High density Picea moriam - Lediun shrub 

(1) community where Plewozium schreberi was cedominant with S. angustifoliumlfdlax. 

Sphagnmfuscm was prominent on the tops of hummocks in the Open bog - 

Chamaedaphne (3) s h b  community of L979. 



2.4.1 Variation in species composition 

There was a significant ciifference in the species composition of the communities 

which had been delineated in L979 and L632 using aerial photos. Water chemistry is not 

likely to play a major role in these differences. The pH and conductivity did not 

~ i g ~ c a n t l y  differ among the comrnunity types of L979 and L632. Glaser et aL (198 1). 

Vitt and Bayley (19û4) and Glaser (1987) also found that water chemistry did not play a 

signifcant role in the variation in species composition among bog communities they studied 

in northern Minnesota and north-western Ontario. Instead, they found that the depth to 

water-table, degree of shading and the 'mire margin - mire expanse gradient' were 

important factors in the variation in species composition among bog communities. This 

agrees with the CA ordination of L979 species composition data. The fmt axis emphasized 

the importance of the mire margin - mire expanse gradient. This gradient was described by 

Sjors (1948, 1950) and is largely govemed by hydrology. The mire margin and mire 

expanse are flonstically and physiognomically distinct. The mire margin receives water 

inputs from the upland that have ben in contact with minera1 soil and is therefore slightiy 

more minerotrophic than other areas of the bog. Also, the water-table is lower and more 

stable than in the mire expanse. This creates better conditions for tree growth (Damman 

and Dowhan 198 1; Malmer 1986; Jeglum 199 1; Cooper and Andrus 1994) The water- 

table is closer to the peatland surface in the mire expanse than in the mire margin and 

fluctuates throughout the growing season in response to the level of the central water body. 

A high water-table creates more anoxic soil conditions (Ingram 1983) and an unfavorable 

environment for tree establishment and growth. 

The density of the oventory was correlated with changes in species composition in 

the understory. In the mire expanse of L979 (Open bog - Chmedaphne shmb (3) 

comrnunity) with a lack of continuous tree cover, C. calyculata dominated the low shmb 

cover, in large part due to its abiiity to tolerate a wide spectrum of environmental conditions 

such as variation in water-table levels (Segadas-Vianna 1955), and Sphagnwnficscm was 



a significant presence in the &round layer. In the mire margin (High density Picea mriana 

- L e d m  shrub (1) cornmunity), with a high density tree cover, t groenlandicum 

dominated the Iow shmb cover. L e d m  groeniandicum occurs in areas that are drier, more 

shaded and have less extreme water-table fluctuations (Dansereau and Segadas-Vianna 

1952). Sphagnum was co-dominant with Pleurozium schreberi, which is typicaily 

predominant in dense Picen mriana stands (Heinselman 1970; Reader and Stewart 1972; 

Jeglum 1973). 

The second CA axis in the ordination of L979 data emphasized the difference in 

species composition between the north-east sub-basin and the main basin. Both 

communities in the north-east sub-basin had a tall shmb layer of Ainus rugosa with 

Lycopodiwn motinum in the herb iayer. These species are indicators of rninerotrophic 

conditions. and were absent from the main basin. This difference is due to the greater 

influence of minerotrophic upland run-off in the sub-basin. There is water movement out 

of the main basin through the outfiow but the water-table of the sub-basin is higher and 

more stagnant, Also the peat in the sub-basin which reaches a maximum of 1.5 m in depth 

is shallower than in the main basin where it reaches a maximum of 9.1 m. 

The difference in species composition between the Open bog - 

Chamaedaphne%Ledum shmb (7)  and Open bog - Carex oligospem ( 8 )  communities of 

L632 was again primarily related to hydrology. The portions covered by Open bog - Carex 

oiigospema ( 8 )  vegetation were areas of groundwater upwelling or discharge, whereas 

Open bog - ChamaedaphneAedm shmb (7) vegetation covered areas of groundwater 

recharge (Braflfireun et al. 1996). The groundwater discharge inhibits the establishment of 

mes, and creates conditions favorable for Myrica gale and Carex oligospem. Cooper and 

Andnis (1994) also describe groundwater discharge as an important factor in the vegetation 

patterns of fens in Wyoming. 

Glaser et al. ( 198 1 )  and Glaser (1 983, 1987) describe Carex oligospem as the 

characteristic species of non-forested openings and bog drains where the water-table is near 



the surface in patterned mires and bogs of northem Minnesota. They found that these 

openings are not discemibly different in water chemistry h m  Picea marùma forested 

communities characterized by the presence of C. trispem, Vaccinium viiis-idnea, 

Srnilacina trifolia and/or Pleurozium schreberi and the absence of C. oiigospenna. The 

species composition of communities in L632 aiso fit these criteria Carex oligospem was 

largely restricted to the ûpen bog - Carex oligospem (8) community which lacked trees. 

and C. t k p e m  and P. schreberi were resaicted to the Open bog - ChomaedaphenRdum 

shmb (7) community. 

2.4.2 Comrnunity biomass 

The total biomass estimates for communities in L979 and L632 fa11 well within the 

range of 5,546 to 101,975 kg ha-' reported for bog communities in the Low Boreal region 

and northcentral Minnesota (Reader and Stewart 1972; Gngal et al. 1985; Swanson and 

Grigal 1991). The total biomass of 7,189 f 924 kg ha-1 estimated for the Open bog - 

Carex oligospem (8) community of this study was similar to biomass estimates for open 

bog communities of 9,400 kg ha-1 (Swanson and Grigal 1991) and 5,546 kg ha-1 (Reader 

and Stewart 1972). Estimates of tree biomass for the undisturbed communities of L979 

and L632. which ranged from 6,556 f 4,207 to 66,506 f 20,6 13 kg ha-1 were weil within 

literature estimates of tree biomass in other bog communities in the region which range 

from 3,678 kg ha- for a sparsely treed community in southeastem Manitoba (Reader and 

Stewart 1972) to 100,730 kg ha-1 for a densely treed community in north-cemtral Minnesota 

(Grigal et al. 1985). The low shmb biomass of communities in this study. which reached a 

maximum of 10,223 f 1,866 kg ha-1 in the Open bog - Chamaedaphne shmb (3) 

community of L979. was higher than the estimates of low shmb biomass in the literature, 

where the maximum low shmb estimate is 4,500 kg ha-1 for a treed bog community (Grigal 

et al. 1985). The bryophyte biomass estimates for cornrnunities in this study were slightly 

higher than those of Reader and Stewart (1972) which range h m  937 to 2,000 kg ha-l, 



but are approximately hdf those reportecl for bog communities in Swanson and Grigal 

(1991). These differences may be due in part to the methods used to estimate low shmb 

and bryophyte biomass. In this study, estimates were based on 0.25 m2 harvested 

samples, while Reader and Stewart (1972) harvested 0.06 m2 samples, and Grigal et al. 

(1 985) and Swanson and Gngal(199 1) used allometric regression equations. Also the 

plant materid may have ken clipped at different depths. 

The estimated biomass of 7,939 kg ha-1 for a subarctic Iow density Picea mariMa 

bog community in northem Manitoba (Sims and Stewart 198 1) is less than that of 

comparable bog communities in the Low Boreal wetland region. while biomass estimates 

of open bog communities in Maine at 4,7 10 to 5.270 kg ha-1 are sirnilar (Wallen and 

Malmer 1992). Botkin and Simpson (1990) estimate the tree and shrub biomass of boreal 

forests in north-western Ontaxio to be 63,400 t 36.700 kg had1, which is similar to the 

estimated biomass of medium and high density Picea marima communities in this study. 

The estimated biomass of the High density Picea m r i m  - Ledm shrub (1) mire margin 

community, however. is approximately half the 14 1.3 13 kg ha-' estimated for upland Picea 

mariam - feather moss comrnunities in Minnesota (Ohrnann and Gngal 1985). 

The ordinations of L979 cover data indicate that the species composition of these 

bog communities varied in relation to gradients in the cover of trees dong the fmt a i s  and 

taU shrubs dong the second axis. Total community biomass also varied dong a gradient in 

oventory cover strongly conelated with tree biomass (Fig. 2.7). and thus was strongly 

related to gradients in environmentai conditions such as hydrology and to a lesser degree 

minerotrophy that influence the presence and density of tree cover dong the mire expanse - 

mire margin gradient. In the absence of trees and taii shrubs more resources such as 

sunlight and nutrients are avdable to the undentory plants resulting in the higher biomass 

values for low shnibs and bryophytes in the Open bog - Chamaedaphne shmb (3) and 

Open bog - Carex o l i g o s p e m  (8)  communities. From the mire margin High density Picea 

m a h  - Ledum shnib (1) to the intemediate Medium density Picea mariana - Ledum 



Figure 2.7. The relationship between total aboveground comrnunity biomass and 
aboveground tree biomass estimated for bog communities in the Low Boreal region 
and north-central Minnesota 0 Reader and Stewart (1972). a Grigai et al. (1985), 

Swanson and Gngal(1991) and the present snidy. Y = 1 1.345 + 0.96 * X. R* = 
0.96. 



shmb (2) and mire expanse Open - Chumuedaphne shmb (3) communities tree biomass 

decreased fiom 66,506 to 33,978 to 22,600 kg ha-1, while low s h b  biomass increased 

fiom 2,463 to 7,404 to 10,223 kg ha-1 (Fig. 2.6). Bryophyte biomass increased from 

2,38 1 to 3,78 1 kg ha-! 

The biomass estimates of Reader and Stewart (1972) and Swanson and Grigal 

(1991) aiso exhibit a strong reiaiionship between total comrnunity and tree biomass. These 

data combined with the biomass data h m  this study form a highly correlated linear 

regression relationship with an R* of 0.96 (Fig. 2.7). This irnplies that a rough estimate of 

the total biomass of a bog community in the Low Boreal region and north-centrai 

Minnesota may be predicted from the biomass of the tree stratum. 

Few studies of the biomass in bog communities provide measures of variability. 

Those that do, show that variability can be high, e.g. in a study of low shmb biomass the 

standard deviation among biomass samples of low shmb components in some cases 

exceeds the actual biomass estimate (Schwintzer 1983). In communities with higher tree 

biomass. a source of increased variability is the clumped distribution of trees due to 

'layering', where lower branches in contact with the bog surface may root and develop into 

separate individuais (Walsh and Wickware 1991). The distribution of low shmbs and 

herbs is also somewhat clumped as they tend to occur on the drier habitats of the 

Sphagnum hummocks, providing another source of variability. 

The dominance of Pinus banhiana in the overstory of the Low density Phus 

bunkriana - Ledum shmb (6) community was the most obvious effect of the 1980 fire. 

Othenvise the species composition of this community was similar to the composition of the 

remainder of the main basin of L979. Community biomass was lower than the other 

communities due to the smaii size of the few P. banksiana that had reached 210 cm CBH 

since the fm. Litter biomass, however, was over 2,000 kg ha-1 greater than in other 

communities. The mean K& of surface water indicated that it was slightly richer than 

other cornmwiities. 



2.4.3 Conclusions 

The communities of L979 and L632 were open, or ined with low to high densities 

of Picea mriunu, except in the community that burned in 1980 where Pinus barrkriana 

dorninated the low density tree stratum. There was a t d  shmb layer dominated by Alnus 

mgosa in the communities of the L979 north-east sub-basin. Chanmedaphne cdycuiuta and 

Ledm grueniandicm dominated the low shrub layers and Myrica gale was important in 

L632. Carex oligospem was characteristic of areas of groundwater upwehg in L632. 

Sphagnwn angusrifoliUMJfillux, S. fuscum, and S. magellanicm were important in the 

ground layer. Pleurozium schreberi was characteri s tic in the mire margin High density 

Picea mariuna - Ledwn shrub (1) community of L979. 

The species composition and biomass of the bog comrnunities varied along a 

continuum related to the mire margin - mire expanse gradient in L979 and groundwater 

discharge in L632. These are both a result of environmental factors that relate to 

hydrology, such as the influx of minerotrophic nui-off, water-table level, groundwater 

discharge, and the magnitude. fkquency and duration of water-table fluctuations. 

Hydrology is a determinhg factor in the establishment and density of tree cover. which in 

turn influences the species composition and biornass of the understory by affecting the 

availability of light and nutrients. 

The physiognomic delineation of cornmunity types based on the relative cover of 

trees was a simple, yet effective rnethod of distinguishing bog communities that 

~ i g ~ c a n t l y  differed in species composition and biomass. This agrees with the 

concIusions of Sims et al. (1982) who used physiognomy to classifj fen community types 

and Swanson and Grîgal(199 1) who found that the classification of vegetation into 

physiognomic groups provided reasonable estirnates of total aboveground biomass. 

Therefore. despite the gradient. in species composition and biomass variation in bogs, the 

results of this study show that physiognomicaiiy distinguishable communities exist along 



these gradients which have a characteristic species and biornass composition that ailows 

typification (Okland 1990). 



Chapter 3. Aboveground biomass and carbon content of vegetation in two 
basin bogs in the Experïmental Lakes Area, north-western Ontario 

3.0 INTRODUCTION 

The standing crop or biornass of a plant comrnunity is an impoxtant measure of 

ecosystem function (Doucet et al. 1976). On a gross seale it represents a balance between 

carbon accumulation and decomposition, and the innuence of environmental factm such as 

nutrient availability, mil moisture and climate. It is an important variable in the 

contribution of vegetation to the nuaient and c a b n  cycles of an ecosystem. For the 

purposes of modeiing these cycles on an ecosystem sale. biomass estimates for ail 

components of the plant co~~munity are needed and an estirnate of the associated variation 

is desirable (Ongai 1991; Shay et al. 1991). 

This nsearch is part of the Experimental Lakes Arw Reservoir Pmject (ELARP). 

The ELARP study involves the fl&g of an experimental basin bog in north-western 

Ontario to simulate a hydroelectric mervoir. Postflood changes in concentrations of the 

greenhouse gases C e  and CQ, and methyl mercury will be compared with those of a 

reference bog and modelai The objective of this component of the project is to estimate 

the preflood biomass and carbon pool in aboveground vegetation in the ex-ntal and 

reference bogs. 

Few snidies have attemp ted to measure or estimate the biomass of al1 components 

of bog plant communities in North Amencan sites. None of these include estimates of 

associated variation. Estimates of the vegetative carbon pool for bog communities are also 

lac king. 

Snimigalski and Bayley (1996a) show that the productivity of bog vegetation in 

North Amenica decreases with latitude. Biomass estimates of treed bog comtnunities also 

exhibit this trend The estimated aboveground biornass for a subarctic (5621'N) treed bog 

community, 7,939 kg ha-1 (Sirns and Stewart 1981). is lower than the 9,950 kg ha-l 



estimated for a comparable community in the Iow boreai region (49'53'N) (Reader and 

Stewart 1972). These estimates are much lower than the estimates of 35,920 (excluding 

bryophytes) (Grigal et al. 1985) and 31.300 kg ha-L (Swanson and Grigal 1991) for low 

density treed bog communities in north-central Minnesota (47 to 4g0N), although the 

species composition of these sites is similar. Tree biomass, M y  Picea mariana, 

accounts for 29 (in the subarctic bog) to 49% (in noah-central Minnesota) of community 

biomass. Low shrub biomass contributes 3 to 50% and is predorninantly Chumaedaphne 

calyculata and Ledwn groenlandicum with small amounts of Kaimia polifolia and 

Vacciniwn vitir-idaea. Herb biomass, mostly Carex spp., reaches a maximum of 6% in the 

subarctic bog. Bryophytes account for 4 to 16% of community biomass and are dominated 

by Sphagnum fuscurn. 

3.1 METHODS 

Six cornrnunity types were present in L979 and two in L979 (Table 3.1). For study 

area and community type descriptions, and the methods used in sampling tree, sapling and 

tall s h b  density and the biomass of al1 strata, see Chapter 2. 

3.1.0 Carbon content 

The carbon content of certain species and biomass categories was estimated from 

the data of McCulIogh and Shay (in BodaIy et al. 1987). To provide an estirnate of the 

carbon concentration for species or categones not anaiyzed by McCullogh and Shay (in 

Bodaly et al. 1987). randomly selected subsamples of sapling. ta11 shrub, low shrub and 

herb biomass, collected, sorted and dned by the methods reported above, were ground and 

sieved. The samples were analyzed with an elemental analyzer at the Freshwater Institute. 

Winnipeg, MB. Carbon estirnates of the various tissue types and species in each 

community were calculated by multiplying the carbon concentration by the biornass 





estimate. Standard errors associated with the biomass and carbon estimates were calcuiated 

using Grigd (199 1). 

3.2 RESULTS 

3.2.0 Sapling and taIl shrub biomass regression 

Of the regression models and combinations of predictor variables tested, the 

aiiometric mode1 with diameter as the single predictor variable provided the best fit based 

on a comparison of R2 values, standard errors and F-ratios. High R* values, which ranged 

from 0.96 to 0.99, and F-ratios (236 to 777) indicate a significant and highiy preâictable 

relationship between total aboveground sapling and t d  s b b  biomass, and diameter (Table 

3.2, Fig. D.1). 

Leaf, branch and stem biomass as a percentage of total biomass varied among 

species. Of the total biomass of the deciduous species Alnus rugosa, Betula papyrifera and 

Lorix laricina, approximately 12 to 15% was leaf. 20 to 32% branch and 6 L to 63% stem 

material. In the evergreen species Picea mariana and Pinus banhiam, however, leaf 

biomass constituted 30 and 25%. respectively. Branch biomass was 32% of total biomass 

for P. mariana and 18% for P. banksiurta, and stem biomass 38 and 5796, respectively. 

3.2.1 S trata and species biomass 

Trees were absent from the Open bog - Carex ol igospem (8) community of L632. 

In L979 total aboveground tree biomass ranged from 24,750 f 7.184 (s.e.) to 66,506 t 

20,613 kg ha-l in the medium and high density Picea marianu (1.2 & 4) communities 

(Table 3.3). Relatively high tree biomass figures of 22,600 f 9,200 in the Open bog - 

Chamaedaphe (3) shnib and 27,M 1 f 10,705 kg ha-1 in the Open bog - 

ChamaedaphndLedum (7) s h b  community were dso estimated. The regenerating Low 

density Pinus banktiana - Ledum s h b  (6) community had the lowest total tree biomass 

estimate at 898 I 1,726 kg ha-1. Tree foliage made signifcmt contributions of 



Table 3.2. Statistics summary of allometric regression analysis on the relationship between aboveground sapling and ta11 s h b  biomass 
(kg) and diameter (cm). Y = a * bX, where Y = biomass and X = diameter at 15 cm ribove ground level. 

Remession coefficients Diameter (cm) 
Species 

- 
s* dft F-ratio a b Range Mean n* 

* s = standard error of the estimate, t df = degrees of freedom, * n = sample size 



Table 3.3. The estimated biomass and carbon per unit area in the communities of L979 and L632. Pm - Picea niuriana. 

High density Pm - Medium density Pm - Open bog - Medium density Pm - 
Ledurn shrub Ledum shrub Chrnaedaphne shru b Alws  shrub 

(1) (2) (3) (4) 
Species and tissue type ( k g h r i )  (kRchn-l)  (kgha-!) ( k g c h i r i )  (kgha-]) ( k g ~ h a - l )  (kgha-l) ( k g c h t r i )  

Tree 

Larix laricina - leaf 204 105 36 18 384 197 - - 
- branch 495 249 85 43 790 397 - - 
- stem 3,076 1,490 529 256 5,000 2.42 1 - - 

Piceamariana -1eaf 3,304 1,383 1,79 1 750 986 413 1,620 678 
- branch 8,022 3,749 4,282 2,OO 1 2,03 1 949 3,063 l,43 1 
- stem 49,874 25,2 14 26,s 15 13,405 12,853 6,502 19,656 9,943 

Total leaf 3,508 1,487 1,827 768 1,370 610 1,620 678 
f 2,038 f 872 * 943 i: 401 k 1,224 f 547 k 956 f 403 

Total leaf, branch and stem 66,506 32,189 33,978 16,473 22,600 10,880 24,750 12,053 
f20,613 f8.835 f7.051 f3,487 f9.200 f4,605 f7.184 f4.165 

Sapling and tall shrub 

Piceamariana -1eaf 430 180 467 196 223 93 - - 
- branch 458 214 498 233 238 111 - - 
- stem 549 276 598 30 1 286 144 - - 



Table 3.3 cont'd. 

High density Pm - Medium density Pm - Open bog - Medium density Pm - 
Ledurn shrub Ledurtt shrub Chrwednpline shni b Alrius shrub 

(1 (2) (3) 
Species and tissue type 

(4) 
(kg h ë l )  (kg c ha-') (kg h d )  (kg c h g 1 )  (kg ha-l) (kg c haq1) (kg h r l )  (kg c ha-') 

Seedling 

Picea mariana - leaf 39 16 170 7 1 623 26 1 45 19 
- branch and stem 65 30 1 80 84 602 28 1 37 17 

Total 103 46 350 155 1,225 542 82 36 
f 49 * 22 Jt 228 I 102 I 866 f 384 f 58 k 26 

Low shrubs 

Andromeda glaucophylla - 42 22 13 7 68 36 
- leaf 
- branch and stem 129 64 28 14 266 132 

Chamaedaphne calyculata 65 35 430 232 1,116 603 39 1 21 1 
- leaf 
- branch and stem 311 151 3,437 1,667 7,2 10 3,497 1,855 900 

Kalmia polifolia - leaf 8 4 117 62 98 52 22 12 
- branch and stem 43 2 1 456 227 388 193 80 40 

Leduna groenlandicum - lea f 660 27 1 1,033 423 340 139 815 334 
- branch and stem 1,325 625 1,602 756 826 390 2,440 1,152 





Table 3.3 cont'd. Pb - Pinirs banksic~~ia. 

Open bog - Alnus Low density Pb - Open bog - Open bog - Carex 
shrub Ledunt shrub CltandLedirnr shru b of igospem 

( 5 )  (6) (7) (8) . . . I \ -  # \ - J 

Species and tissue type (ka h d )  (kg c ho-') (kg ha-') (kg c h d )  (ka h r i )  (kg c h r 1 )  (kg ha-]) (kg c h d )  

Tree 

Betula payyrifera - leaf 3 1 15 - - - - - - 
- branch 50 24 - - - - - 
- stem 312 115 - - - - - 

Larix laricina - leaf - - 
- branch - 
- stem - - 

Picea nuriana - leaf 452 189 5 2 1,816 760 - - 
- branch 733 342 8 4 3,202 1,496 - - 
- stem 4,582 2,3 19 37 19 20,423 10,333 - - 

Pinus barrksiana - leaf 29 14 69 34 - - - - 
- branch 46 24 116 60 - - - - 
- stem 290 144 5 10 253 - - - - 

Total leaf 512 218 77 37 1,918 812 - - 
f 595 st 254 f 248 f120 fI,535 f 652 

Total leaf, branch and stem 6,556 3,186 898 389 27,181 1 3,290 - 
i 4,207 f 2,085 f 1,726 f 868 f 10,705 f 5,503 

Saplings and tall 
shrubs 

Alnus rugosa - leaf 22 1 94 - 



I I I  I I I  I I I  

I I I  I I I  I I I  

I I I  

I I I  



Table 3.3 cont'd. 

Open bog - Abius Low density Pb - Open bog - Open bog - Carex 
shrub Ledurn shmb Clicrrn/Ledurn shm b oligospem 

(5) (6) (7) (8) 
Species and tissue type (kgha-!) ( k g c h x l )  (kgha-') (kgCha-l) (kgha-') ( k g c h a - l )  (kghaml) ( k g c h r l )  

Picea mariana - Ieaf 313 131 33 14 19 8 - - 
- branch and stem 141 66 43 20 15 7 - - 

Pinus banksiana - leaf - - 13 6 - - - 
- branch and stem - 8 4 - 

Total 1,218 566 97 44 34 15 46 23 
f 556 f 264 k 36 f 16 f 34 i: 11 f 37 f 19 

Low shrubs 

Andromeda glaucophylfa 
- leaf 6 3 - 6 3 
- branch and stem 9 4 - - 5 2 

Chanmedaphne calyculata 507 274 118 64 8 12 438 225 122 
- leaf 
- branch and stem 3,112 1,s 10 922 447 3,639 1,765 613 297 

Gaultheria hispidula 7 4 3 2 8 4 - - 

Kalmia polifolia - leaf 26 14 7 4 162 85 61 32 
- branch and stem 125 62 15 7 748 372 125 62 

Ledum groenlandicum - leaf 6 15 252 1,279 524 505 207 22 9 
- branch and stem 1,407 664 6,249 2,950 605 285 2 1 10 



Table 3.3 cont'd. 

Open bog - Alnus Low density Pb - Open bog - Open bog - Carex 
shrub Ledurn shrub Chardkdurn shrub o l i l ~ o s p e m  - 
(5) (6 )  (7) 

Species and tissue type 
(8) 

(kg h d )  (kg c ha-l) (kg ha-]) (kg c ha-]) (kg ha-') (kg c ha-]) (kg h g 1 )  (kg c h r 1 )  

Myrica gale - leaf - 409 210 77 40 
-branch and stem - - 1,779 854 845 406 

Oxycoccus quadripetalus 10 5 25 1 126 280 141 133 67 

Vacciniurn angustifohm 
- leaf 
- branch and stem 

Herbs 

\ 

5 2 Equisetum sylvaticuni - - - - - - 
Lycopodium annotinu»t 607 295 - - - - 4 1 20 

Total 838 392 67 33 184 80 964 420 
f 326 f 155 f 35 f 16 f 128 f 55 f 223 f 96 

Bryophytes 



Table 3.3 cont'd, 

Open bog - Alnus Low density Pb - Open bog - Open bog - Carex 
shrub Ledurn shmb CItarrJlRdurn shnib oligospennu 
(5) (6) (7) (8) 

Species and tissue type (kRhir l )  ( k p c h a 1 )  ( k R h r l )  ( k c . c h o - l )  (kxhnm1) ( k g c h p l )  (kaha-l) ( k g c h r l )  

Litter 3,277 1,347 7,664 3,150 3,570 1,467 1,181 485 
i: 1,089 f 460 f 2,848 f 1,197 f 1,742 k 725 f 548 1 229 



approximately 1,400 to 3,500 kg ha-' in communities 1.2.3.4 and 7. It represented 5% 

of total tree biomass in the medium and high density P. m h n a  cornmunities (1,2 & 4) to 

a maximum of 9% in the Low deosity Pinus banhiana - Ledum shrub (6) community. 

Picen mnriana contnbuted the most to tree biomass in these cornmunities except in 

community 6 where P. banksiana was the largest contributor. Lurix Inricinu was a 

substantial contributor in communities 1,2 and 7. It made the largest contribution arnong 

tree species in community 3. 

Sapiings and tau shmbs were absent from the Open bog - Carex o l i g o s p e m  (8) 

community. In contrast their biomass was highest in the Open bog - Alnus shrub (5 )  

(3,85 1 t 1,340 kg ha-') and Low density Pinus banksiana - Ledum shrub (6) (3,545 t 

1,189 kg ha-1) cornrnunities. In community 5. the largest component of this stratum was 

A. rugosa. whereas in community 6 it was saplings of P. banksiana. The High density 

Picea mariana - Ledum shmb (1). Medium density Picea mariana - Ledum sbrub ( 2 )  and 

Open bog - Chamaedaphne/Zedm (7) shmb cornrnunities also had substantiai estimates of 

sapling biornass, which ranged frorn 1,454 to 2,376 kg ha-1, composed mostly of P. 

marianu. N o  sapling and ta11 shmb biomass was estimated for the Medium density Picea 

mariana - Alnus shnib (4)  cornmunity because there were none present in the small number 

of density samples. 

Tree and ta11 shrub seedling biomass was generally low but contributed about 1.200 

kg ha-l , to the Open bog - Charnuedaphne shrub ( 3 )  and Open bog - Alnus shrub (5 )  

cornrnunities. Seediing biomass was dominated by Picea mariam in community 3, and A. 

rugosa in community 5. 

Estimates of low shrub biomass were lowest for the Open h g  - Carex oligosperma 

(8). 2,133 + 567 kg ha-1. and High densiry Picea mariana - Ledum shrub (1), 2,463 f 450 

kg ha-', comrnunities. The highest low shrub biomass was estimated for the Open bog - 

Charnaedaphne shrub (3) community at 10,223 I 1,866 kg ha-1, but was also quite high 

for the Low density Pinus banksiana - Ledwn shmb (6) and Open bog - 



ChamaedaphnenRdum shnib (7) communities at 8,845 and 8,983 kg ha-1* respectively 

(Table 3.3). 

In general, Chunmedaphne calyculata and Ledm groenlandicwn contributed the 

most towards low shrub biomass, with the biomass of C. calyculata dominant in the more 

open, wetter communities (Open h g  - Chanzuedaphne shmb (3)  and Open bog - 
CbedaphntvZedwn shmb (7)) and L groenlandicwn in the dner Medium density Picea 

mariana - Alnu shmb (4) and LOW density Pinus badsiana - L e d m  shmb (6) 

communities. Myrica gale made a substantial contribution to low shmb biomass in both 

communities of L632- 

The contribution of leaves to the low s h b  biomass averaged 2 1 8 ,  but this varied 

among species. For Charnaedaphne calycufàta, leaf biomass was an average of 168 of 

total C. calyculata biomass. but was double this figure, 32%. for Ledwn groenlandicum. 

Myrica gale leaves were 19% of its total biomass in the Open bog - ChamaedaphnenRdm 

shmb (7) community but only 8% in the Open bog - Carex o l igospem ( 8 )  cornmunity. 

Herb biomass was a relatively insignificant component of community biomass. 

However, its estimates reached 838 k 326 kg ha-1 for the Open bog - Alnus shmb ( 5 )  

community and 964 t 223 kg ha-l for the Open bog - Carex ol igospem (8)  community. 

Lycopodium annotinwn was the most substantial component of herb biomass in 

cornmunity 5 but in community 8 it was the Cyperaceae. 

Estimaies of bryophyte biomass varied from 1,9 14 + 555 kg ha-1 for the Low 

density Pinus bankriana - Ledum shmb (6)  cornmunity to 4,047 f 924 kg ha-1 for the 

Open bog - Carex ol igospem (8 )  community. The estirnates were similar in the high and 

medium density Picea mariaM communities (1,2 & 4), and the Open bog - 

Chamue&phn&dm shmb (7) community, ranging from 2.337 to 2,663 kg ha-1, and 

were slightly higher in the Open bog - Chumuedaphne (3) shmb cornmunity at 3.78 1 I 922 

kg ha-1. 



The Open bog - C m  oligospemu (8) community had the lowest amount of Litter. 

1.18 1 f 548 kg ha-1 and the Iowest cornmunity biomass estimate. The highest amount of 

litter, 7,664 f 2,848 kg ha-1, was found in the regenerating Low density Pinus bmikriana - 
Ledum shrub (6) cornmunity. 

3.2.2 Carbon content 

Among woody species. leaves had a higher carbon concentration, 5 13 to 540 mg C 

g-1, than branches and stems with 480 to 503 mg C gl (Table 3.4). Cyperaceae had the 

lowest carbon concentration among species and categones at 430 mg C gl. The carbon 

content of Oxycuccus quadriperalus was approximately 50% of dry mass, while that of 

Lycopodiwn annotinwn was slightly lower at 485 mg C gl and Srnilacina trifolia siightly 

higher at 522 mg C gl. Standard errors associated with the carbon measurements were 

low. approximately 1 % of the mean. 

Carbon in m e  foliage per unit area was 42 and 43% of tree foiiage biomass with 

minor differences. When branches and stems were included, total tree carbon per unit area 

as a percentage of total tree biomass averaged 48 and 49% except in community 6 where it 

was 43%. These percentages were sirnilar for sapling. td i  shrub and low s b b  

components. 46 to 4996, but were 40 and 41% for bryophytes and litter. Despite these 

differences. the range of community carbon per unit area as a percentage of biomass among 

communities was relatively low. 44 to 48%. It was lowest in the Open bog - Carex 

oligospem (8) community where the largest proportion of Cyperaeceae and bry ophyte 

biomass was found. 

3.2.3 Community carbon pool 

Estimates of the comrnunity carbon pool (exclucihg iitter) in the aboveground 

vegetation of the communities in L979 and L632 ranged from approximately 2,140 f 480 

to 35,010 f 8,840 kg C ha-1. The relative contributions of trezs, saplings and tall shmbs, 



Table 3.4. Carbon content of species and tissue types anaiyzed, expressed as mg C g-1 dry 
weight (n = 4). 

Species and tissue type Mean C content Range 

Chamaedaphne calyculata - leaf 540 + 5 53 1 - 555 
- b m c h  and stem 485 f 5 475 - 497 

Cyperaeceae 430 + 4 422 - 440 

Kalmia polifolia - leaf 
- branch and stem 

La* laricina - Ieaf 
- branch 
- stem 

Lycopodium annotinm 485 t 4 475 - 495 

Myrica gale - le& 
- branch and stem 



tree and tail shmb seedhgs, low shrubs, herbs. and bryophytes to the carbon pool for 

each cornmunity were similar to their relative contributions to community biomass (Figs. 

2.6 & 3.1). Trees contributed 92% to the total carbon in the High density Picea mriaM - 

Ledum shmb (1) community, and 75% to the Medium density Picea mariana - L e h  

shmb (2) and Medium density Picea mrim - ALULS shmb (4) communities. They 

contributed 69.67 and 32% to the open bog communities (3,s & 7). 

Undentory contributions to the carbon pool were greater in communities with few 

uees. Saplings and tail shrubs made the largest contribution in the Open bog - Alnus shmb 

(5) community, with 19%. and in the regenerating Low density Pinus banksiana - k d u m  

shmb (6) cornmunity, with 25%. Tree and ta11 shrub seedlings only contributed < 1 to 6%. 

The carbon contribution of low shnibs increased from 3% in the mire margin High density 

Picea marianu - Ledwn shrub ( l), to 16% in the intexmediate Medium density Picea mariana 

- Ledum shmb (2) and 27% in the mire expanse Open bog - Chmedaphne shmb (3) 

communities of the main basin of L979. The largest contribution of low shmbs, 58%, was 

in the Low density Pinus banhiana - Ledm s h b  (6) community. The herb contribution 

was low except in the Open bog - Carex oligospem (8)  community where it was 13%. 

Bryophytes contributed from 3 to 1 1 8  to the carbon pool except in the Open h g  - 

Carex oligospenna ( 8 )  community where they contributed 53%. When litter is considered 

a component of the total carbon per unit area, it made contributions simiiar to bryophytes. 

except in the Low density Pinus banksiana - Ledm shmb (6) community and community 

8. Litter contributed 3 to 9% to the total carbon pool in the medium and high density Picea 

mariana (1,2 & 4). Open bog - Chunzaedaphne (3) and ChumaedaphnenRdwn shnib (7) 

communities with a hummock-hollow microtopography. It contributed 12 and 13% in the 

Open bog - Alnus shrub (5) and Open bog - Corex oligospem (8)  communities with a 

lawn rnicrotopography. It made the largest contribution of 3 1% in the regeneraîing Low 

density Pinus banksiana - Ledum shmb (6) community. 



Tree leaves 
# Tree branches and stems 

Saplings and taii shrubs 

O see-gs 
Law shrubs 
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rn Bryoph~tes 
Litter 

Community type 

Figure 3.1. Carbon content of the aboveground biomass of mes, saplings, ta11 shnibs, 
tree and ta11 shrub seedlings, Iow shmbs. herbs, bryophytes and litter of the cornmunities 
in L979 and M32. The error bars represent the standard error associated with the 
aboveground community carbon pool estimate. 



While the standard errors associated with mean carbon concentrations were low, the 

standard m r s  associated with community carbon per unit area were relatively high 

because of high standard errors associated with the conmiunity biomass per unit area In 

communities 1,3,4,5 and 7, the standard mors were 24 to 28% of community carbon per 

unit area estimates. These figures were lower, 15 to 18%. in communities 2.6 and 8 (Fig. 

3.1). 

3.3 DISCUSSION 

3.3.0 Sapling and ta11 shrub biomass regression 

The allometric regression model has been found to be the most suitable model for 

the prediction of tree and tali shrub biomass by many (e.g. Grigal and Kernik 1984; Buech 

and Rugg 1995), and is widely accepted and used (Ohmann et al. 1976; Ohmann and 

Grigal 1985). 

The results of this study show that it is possible to develop reasonably precise 

biomass regression equations with RZ values of 0.96 to 0.99 for tree and ta11 shrub species 

in bog habitats h m  a relatively smaU sample size of 10 to 30 individuals. This agrees with 

the results of Ohmann et al. (1976), Grigal and Kernik (1984), Buech and Rugg (1995), 

and Szurnigalski and Bayley (1996a) . 
Foliage as a percentage of total Alnus rugosa biomass coliected in L979 was 12%. 

agreekg with the 11 and 12% from A. rugosa dominated sites in New York uilton and 

Bernard 1975) and northem Michigan (Parker and Schneider 1975), respectively. Branch 

biomass, however, at 2696 was slightly higher than literaîure values of 16 and 2 1 %, and 

stem biomass, at 63 46, slightly lower. The proportion of total biomass in the foliage of 

Picea mariana and Pinus banhiam was higher, king 30 and 25% respectively. The 

differences in biomass proporeions among woody species tissue types in addition to 

differeni carbon concentrations result in Merences in the relative contribution of me, 



sapling and ta11 shrub components to the available carbon pool of the experimental 

reservoir. 

3.3.1 Strata and species biomass 

The total abovegound biomass estimated for the communities of L979 and L632 

ranged from 7,189 f 924 kg ha-1 to 72,909 t 20,627 kg ha-1 which is weU widiin the 

range of community biomass estimated for other bogs of the Low Boreal wetland region 

and north-central Minnesota of 5,546 kg ha- (Reader and Stewart 1972) to 10 1,975 kg 

ha-1 (including vascular species oniy) (Grigal et al. 1985). 

When the biomass of individual species is reported for bog communities in the Low 

BoreaI wetland region in the literature, Picea mariana is the only m e  species narned. In 

L979, estimates of P. m a r i m  biomass ranged from approximately 24,000 to 61,000 kg 

ha-1 for the ireed cornmunities dominated by P. mariana, with 1,370 to 2,726 trees ha-' and 

7.1 to 1 1.5 m2 ha-1 at breast height. The P. mariana biomass in a mature bog forest 

cornniunity with a high density of 7,829 trees ha-1 in south-east Manitoba, estimated at 

4 1,860 kg ha-', fails wiihin this range (Reader and Stewart 1972). Picea marianu biornass 

estimates of 100,730 kg ha-l and 30,980 kg ha-1 are reported for the tree strata of perched 

bogs with 2,800 trees ha-' and basal area of 27 m2 ha-', and raised bogs, with 4,200 trees 

ha- 1 and basal area of 10 m2 ha-i in north-central Minnesota (Grigal et al. 1985). Swanson 

and Grigai (199 1) suggest Lorir luricina may constitute a portion of the tree cover in stands 

dominated by P. mariana but do not indicate the biomass of each species in their total tree 

biomass estimates of 57.500 kg ha-l for high density treed bog cornmunities, 15,200 kg 

ha-1 for low density treed bog communities and 500 kg ha-l for open bog communities in 

north and centrai Minnesota. While P. ma- dominated the biomass of the tnx, sapling 

and seedling strata in most of the h g  communities in L979 and L632, L Inricina made an 

important contribution to the high and medium density P. manaM (1.2 & 4) and open bog 

communities of the main basin of L979 (3) and L632 (7) (Table 3.3). 



Biomass of the Open bog - Alnus shmb (5) community dominated by A. rugosa, 

estimated at 20,950 I4,675 kg ha-1, was slightly lower than that of A. rugosa dominated 

communities in northem Michigan (3 1,000 kg ha-1) (Parker and Schneider 1975) and New 

York (27,520 kg ha-') (Tilton and Bernard 1975). The maximum low s h b  biornass for 

communities in L979 and L632 was 10,223 i 1,866 kg ha-', approximately twice that of 

the maximum low shmb biomass, 4,540 kg ha-l (Grigal et al. 1985), estimated for low 

boreal bog communities in the literature. The difference may be due to the method of 

biomass estimation. In this study estimates were based on 0.25 m2 harvested samples, 

while Reader and Stewart (1972) harvested 0.06 m* samples, and Gngal et al. (1985) and 

Swanson and Grigal(199 1) used allometric regression equations. As in our study 

Chamaedaphne calyculatu and Ledwn groenidicwn are the Iargest contributors to low 

shnib biomass in the bog communities of Grigal et al. (1985) and Reader and Stewart 

( 1972) with L groenlandicum dorninating Picea mariana forested communities. 

Chunmedaphne calyculata dominated the biomass in the open bog communities in L979 and 

L632, however there was approximately equd biomass of C. calyculara and L 

groenlmdicwn in the open bog community of Reader and Stewart (1972). 

The average percentage leaf biomass for Chamaedaphne calycuiata in the 

communities of L979 and L632 was 16%. and 32% for Ledum groenlandicwn. Grigal et 

al. (1985) also found that C. calyculata tends to have a lower percentage of foliage biomass 

than L groenlandicwn but the averages of 22% for C. culyculata and 35% for L 

groenlandicwn are higher than in L979 and L632. The percentage C. calyculata leaf 

biornass in an open Myrica gale dominated bog in central Massachusetts (Schwintzer 1983) 

is sirnilar to the average percentage in L979 and L632, but the percentage M. gale foliage 

biomass, 248, is higher than the 19 and 8% in L632. 

Bryophyte biomass estimates for the cornrnunities of L979 and L632, which ranged 

from 1.9 14 f 555 to 4,047 It 924 kg ha-', are approxirnately twice those of Reader and 

Stewart (1972). king 937 to 2,000 kg ha-1, but approximately haif those reported in 



Swanson and Grigal(1991). These ciifferences are again likely due to the methods used to 

estimate the biomass of this stratum. 

3.3.2 Car bon content 

Carbon as a percentage of dry weight varied up to 11% among tissue types and 

species in this study. This resulted in variation in carbon as a percentage of biomass 

among communities dominateci by different species and for certain biomass components 

within the same community. For example in bryophytes and Iitter, carbon content was 40 

and 41% of biomass but was 46 to 49% for a i i  other components of the communities. 

Malmer and Nihlgard (1980) also found that the carbon content of bryophytes is lower than 

in the woody species of a subarctic ombrotrophic bog. Their carbon content estirnates for 

cutrent, one- and two-year old shoots of the ericaceous low shmb Empetrum 

hemphrudimm, were 57 and 58%. slightly higher than for the ericaceous low shnibs in 

o u .  saidy. Overail, however, in L979 and L632, the range in carbon as a percentage of 

community biomass was low, king 44 to 48%. 

3.3.3 Community carbon pool 

The totai carbon pool of aboveground vegetation varied h m  approximately 2,140 

t 480 to 35,010 f 8,840 kg C ha-1 (excluding litter). The relative contributions of mes, 

saplings and tail shnibs, tree and tall shmb seedlings, low shmbs, herbs and bryophytes to 

the aboveground community carbon pool and associateci standard emxs were sirnilar io 

their relative contributions to aboveground comrnunity biomass. For the purpose of 

estimating the carbon pool of aboveground vegetation that is a potential source of carbon in 

the production of C a  and CH4 in the experimental resewoir it was assumed that carbon in 

litter would be available but that of tree tmnks and branches would not. 

In the relatively dry High density Picea mariana - Ledm shmb (1) cornmunity of 

L979,92% of the aboveground community carbon pool was contributed by mes. Tree 



foliage was 23% of the available carboa pool (including litter and excluding tree branches 

and tninks), slightly more than the 18% contributed by low shmbs, but less than the 33% 

contnbuted by litter (Fig. 3.1). 

In the Medium density Picea mrim - Ledm shmb (2) community of the main 

basin of L979 and Medium density Picea mriann - Alnus shmb (4) commhty of the 

north-east sub-basin, contributions to the available carbon pool of most of strata were 

similar, 11% was contributed by tree foliage, 51 and 45% by low shrubs, and 14 and 16% 

by bryophytes, respectively. They differed in that there was a small arnount of carbon 

contributed by P. mariana saplings and approximately half the litter in community 2. Low 

shrubs, dominated by Chamaedaphne calycuIata biomass in community 2 and L 

groenlandicum biomass in community 4, contributed the most to the available carbon pool 

of these communities. 

Low shnibs, dorninated by Chamaedaphne calyculata biomass, aiso contributed the 

most (53%) to the available carbon pool of the wetter Open bog - Chamaeduphne shmb (3) 

community of L979. Litier contributed about the sarne amount as bryophytes. 15 and 16% 

respectively. and tree and tall shmb seedlings contributed the same amount as tree foliage 

(6%). 

The sapling and tail shmb stratum, dominated by Alnus rugosa, contributed 22% to 

the available carbon pool in the Open bog - Alnus shnib (5) comrnunity, and 18%. 

dorninated by Pinus bankrim, in the Low density P N l u  b&im - Ledwn shrub (6) 

community. Low shnibs again contributed the most to the available carbon pool of these 

comrnunities. 34% in community 5 and 42% in community 6. Low shmb biomass was 

dorninated by Chamaednphne culyculnta biomass in the wetter habitat of cornmunity 5 and 

L groenlandicurn in the dner habitat of community 6. Herbs, dominated by Lycopodiwn 

annotinwn, constituted 5% of the available carbon pool of community 5. The contribution 

of bryophytes to the avaiiable carbon pool of community 6, at 8%. was the lowest among 

communities. The contribution of litter in this cornxnunity at 3296, dong with that of the 



High density Picea mriaM - Ledm shmb (1) community at 33%. was among the highest. 

The bryophyte and litter components of community 5 coneibuted similar arnounts of 13 

and 16%. respectively. 

In the Open bog - Chamae&zphnP/Zedum shmb (7) community of L632, tree 

foliage contributed 9% to the available carbon pool, and saplings and taii shrubs 12%. 

Low shnibs contributed 498 ,  with approximately twice the carbon coming h m  C. 

calyculara compared with L groenlandicwn, even though they had approximately the same 

mean percent cover. Litter made a slightly larger contribution of 16% than bryophytes at 

12%. The Open bog - Carex oligosperma (8) comrnunity is the only community in which 

bryophytes made the largest contribution to the available carbon pool (46%). Low shrubs, 

with approxhitely equal amounts of C. calyculata and Myrica gale, made the second 

largest contribution at 29%. Herbs. dominated by Cyperaceae biomass, and litter made 

sirnilar contributions of 12 and 13%. 

3.3.4 Available carbon pool in vegetation of the experimenbl bog 

In L979, the low density treed bog (6) (9,907 I 1,531 kg C ha-l), and open bog (3 

& 5) (9.41 3 f 1.28 1 and 8.2 12 t 1,140 kg C ha-1) communities had the highest estimates 

of available carbon per unit area (Table 3.5). The medium and high density Picea marcMa 

communities had estimates of 6.386 i 709 to 6,966 I 1 ,O 17 kg C ha-1. The associated 

standard errors were approximately 11 to 15%. 

If we rnultiply the available carbon per unit area by the area occupied by the 

respective communities and sum these figures we obtain an estimate of the dry mass of 

carbon conûibuted by aboveground vegetation to the experimental bog, L979 (Table 3.5). 

Of the 1 17.100 kg C total carbon pool in the aboveground vegetation, more than balf, or 

62,132 kg C, was contributed by the Open bog - Chamaedaphne shmb (3) cornmunity. A 

large portion of the carbon contributed by this community (4496) originated from C. 

calyculata biomass. 



Table 3.5. Estimate of the available üboveground carbon pool in vegetation (excluding tree branches and tninks, and 
including litter) for the experimental bog, L979. 

AvGilable community Area Tord available carbon 
Community type carbon (kg C ha-') (ha) (X 103 kg C) 

High density Pm - Ledum shrub 6,462 2.25 14.5 
Medium density Pm - LRdum shrub 6,966 2.23 15.5 
Open bog - Charnuedaphne shrub 9,4 13 6.60 62.1 

Medium density Pm - Alniïs shmb 6,386 0.27 1.7 

Open bog - Alnus shmb 8.2 1 2 1.72 14.1 
Low density Pb - Ledum shrub 9,907 0.9 1 9 .O 

To ta1 117.1 

Pm - Picea mariana 
Pb - Pinus banksiana 



Although few studies of peatland biomass include estirnates of Litter biomass, Litter 

made a si@cant contribution to the avaiiable carbon pool of the experimental bog. Litter 

contributed 10 to 16% in the Medium density Picea m o r i a ~  - Ledum shmb (2) and open 

bog communities (3 & 5). and about 3046 in the High density Picea marianu - Ledwn shmb 

(l), Medium density Picea marinna - L e d m  shrub (4) and regenerating low density Phur 

banhiana (6) communities. More tree needles in communities 1,4 and 6, and the frre 

damaged moss layer in the low density P. banksiana community resulted in higher litter 

biomass in these communities. 

Since we have an estimate of the amount of carbon contributed by each tissue type 

of each species in the communities of the experimental bog, the contribution of 

aboveground vegetation may be accounted for in the mode1 of C@ and CH4 flux in the 

experimental reservoir using the decomposition rates of these tissue types (Moore 1994). 

3.3.5 Conclusions 

The carbon concentration in leaves of the woody bog species analyzed ranged from 

5 13 to 540 mg C g1 (5 1 to 54%). and 480 to 503 mg C gl (48 to 50%) in branches and 

stems. The carbon concentration of herbaceous species ranged from 430 to 522 mg C g-1 

(43 to 52%). Overall, the range of community carbon per unit area as a percentage of 

community biomass arnong the communities of L979 and L632 was 44 to 48%. 

The relative contributions of trees, saplings and ta11 shnibs, tree and ta11 s h b  

seedlings, low shnibs, herbs and bryophytes to the community carbon pool and associated 

standard erron were similar to their relative contributions to community biomass. Trees, 

including foliage, branches and stems, contributed the rnost towards the community carbon 

pool of the medium and high density Picea marianu (1,2 & 4) and Open bog - 

Chamaedaphne (3) and Open bog - Chamaedaphnehdwn shrub (7) communities, and was 

dorninated by P. marianu biomass. In the Open bog - Alnur shrub (5) community, trees 

dominated by P. mariaM biomass and low shnibs, dominated by C. calyculnta made 



similar contributions to the community carbon pool. In the Low density Pirzus bankriana - 

Ledum shrub (6) cornmunity, low shrubs, dominated by L groenlandicum biomass made 

the largest contribution, and in the Open bog - Carex oligospem (8) community. 

bryophytes made the largest contribution. 

Litter made the Iargest contribution to the available community carbon pool in the 

High density Picea mariana - Ledum shntb (1) community. Low shrubs made the largest 

contribution, and were dominated by C. calycdata in the Medium density Picea mrzizna - 

Ledum (2), Open bog - Chmedaphne (3) and Open bog - Alnu s h b  (5) communities, 

and L groenlandcm in the Medium density Piceo mrim - Alnus (4) and Low density 

Pinus b&im - Ledum shmb (6) communities. Litter is ofien ignored in studies which 

estimate the biomass of peatland communities, however, the present study showed that it 

made a significant contribution to the available carbon pool of the expenmentai hg. 

Aithough the number of biomass samples was Limited, the available carbon pool in 

aboveground vegetation of the experirnental reservoir L979 was estimated with reasonable 

precision. This figure was estimated to be 1.17 x 105 kg C, approxirnately 8% of the 

carbon pool in the peat of L979. estimated by Bubier et al. (1993) to be 1.43 x 106 kg C. 

Since the species composition and biomass of these cornmunities are typical of the Low 

Boreal wetland region these data could be applied to potential reservoir sites in this region. 



Chapter 4. Summary 

4.0 Species composition 

Six community types were delineated with the use of aerial photos in the 

experhental bog L979, and two in the reference bog L632 Tree cover of these eight 

communities was open, or ranged h m  low to high cover and density (1 1 to 54% cover, 

362 to 2,726 trees ha-'). All were dominateci by Picea manmana., except the burnad area in 

L979 dominated by P i m  bankriànu. Tall shmbs were present in only two communities of 

the nonhean subbasin in L979 which had a sparse but weMeve1oped (10 and 14%) ta11 

shrub layer (Jegium et al. 1974) of Alnus rugosu. A weildeveloped low shmb stranim (43 

to 8 1% cover) was present in all communities, dominated or co-dorninated by 

Chamaedcphne caiyculata or Ledum groenlandicum. Herb cover in LW9 was sparse (4 to 

8%), primarily Lycopodh annotinm in the northcast sub-basin and Smilacina RjColia in 

the main basin. In L632, herb cover was 9% in the comrnunity where herb cover was CO- 

dorninated by Carex trispenna and S. nifolin, and 27% where dominated by Carex 

oligospenna. The ground layer was predorninantly Sphagnwn spp. (S. 

angurrifoliiwnfailax and S. mgellanicwn) except in the community with the highest 

density of trees where Plewoziwn schreben was CO-dominant with Sphagnwn. Species 

with a mean cover 25% in both bogs included Picea mariana, C-hne calpilata, 

Kaimia polifolio, k d w n  groenlandicm, Myrica gale, Oxycoccur quadripetalus, Smrmrlacina 

tnfolia, Pleuroziwn schreberi, Sphagnum angusrifoliurnt'failax., Sphagnwn furcum, and 

Sphagnum magellanicm. 

The pH and conductivity of sirrface water in both sites was low. The pH ranged 

h m  3.45 to 4.95, and conductivity, expressed as total ions minus H+ &) ranged h m  

20.5 to 90.5 pS cm1. Thnc was no signifiant difference in either surface water pH or 

conductivities among the communities in L979 and L632. 



Species composition signifïcandy differed among the communities within each bog 

accordhg to canonical variates analysis (CVA). The mire expanse - mire rnargin gradient, 

which is largely govemed by hydrology. was interpreted as the most important factor in 

explaining the variation in species composition in L979 based on the resula of 

comspondence analysis (CA). Important hydrologie variables relaîhg to the mire expanse 

- mire margin gradient are depth to the water-table. the magnitude, fkequency and duration 

of water-table fluctuations and the infîux of groundwater from the upland at the mire 

margin that has been in contact with mineral soi1 (minerotrophic). The mire expanse end of 

the gradient, with a relatively high water-table and more fiequent water fluctuations, was 

characterized by Myrica gale and Sphagnwnfuscm. The mire rnargin end of the gradient 

has a relatively low, stable water-table influenced by mineromphic water and was 

chamcterized by Picea mariaM and Plewoziwn schreben'. This relates to a change in 

physiognomy. As the density and perœntage cover of Picea manmanunu increased h m  the 

mire expanse to the mire marpin, the cover of Chamaedaphne calj,cul[arn decreased and the 

cover of Ledwn groenlandicum incrwed. 

The second moa important factor in explaining the variation in species composition 

of L979 according to CA, was the influence of upland nin-off on the northeast sub-baîin. 

Because there is a greater edge effect in the subbasin (a higher edge to peat surface ratio) 

there is a greater minerotrophic influence. Also the peat in the north-east sub-basin is 

shallower than in the main basin. These conditions are favorable for Alnus mgosa and 

Lycopodiwn nnnotinum which were absent from the main basin. 

The variation in @es composition in M32 summarized by CA cm also be 

interpreted in relation to hydrology. Species associated with drier bog habitat conditions 

(Piceo maMnq Plewozim schreberi and Sphagmficrcum) were on one side of the 

ordination and Myrica gde and Chamaeààphne ca!yc&u in areas of groundwater 

upwelling, on the other. 



4.1 Aboveground biomass 

The ailometric mode1 with diameter as the estimator variable provided the best fit for 

regression equations developed from harvested sapiings and ta11 shrubs for estimating 

aboveground sapling and tall shrub biomass. The high R* values and F-ratios indicated a 

signifcant and highly predictable relationship between totai aboveground sapling and tail 

shrub biomass and diameter even though the sample sizes of 10 to 30 individuals were 

relatively smaii. 

Esfimates of total aboveground biomass ranged from 7,189 f 924 kg ha-1 (s.e.) in 

the Open bog - Carex oligospem community of L632 to 72.909 + 20,627 kg ha-l in the 

High density - Picea mariana cornmunity of L979. The biomass data of this study in 

addition to biomass estimates for Low Boreal and north-centrai Minnesota bog 

communities in the literature, exhibit a strong relationship between total community and tre 

biomass (R2 = 0.96). This implies that a rough estimate of the totai biomass of a bog 

community in this region rnay be predicted h m  the biomass of the tree stratum. 

There were no trees in the Open bog - Carex oligosperma comrnunity of L632. 

Tree biomass of the other communities ranged from 898 + 1,726 kg ha-l in the Low 

density Pinus banhiana - Ledwn shrub community to 66,506 t 20,613 kg ha-1 in the High 

density Picea mariana - Ledum shrub cornmunity. Tree foliage. representing the portion of 

total tree biomass important to the carbon mode1 of the reservoir, was 5 to 9% of total tree 

biomass. Sapling and ta11 shrub biomass was highest in the Open bog - Alnus shrub 

community at 3,85 1 + 1,340 kg ha-', and the Low density Phus banksiana community at 

3,545 f 1,189 kg ha-1. In general, tree and tall shmb seedling biornass was low but made 

a significant contribution. of about 1,200 kg ha-1 in the open bog comrnunities of L979. 

Low shmb biomass ranged h m  2,133 f 567 kg ha-1 in the Open h g  - Carex 

oligosperma community to 10,223 + 1,866 kg ha-1 in the Open bog - Chamaedaphne shrub 

cornmunity. Herb biomass was relatively insignificant, 1 to 964 kg ha-1 and highest in the 

Open bog - Carex oligospem comrnunity . Bry ophyte biomass ranged fiom 1,9 14 I 555 



kg ha-1 in the Low density Pinus banksiana - Ledum s h b  community to 4,047 + 924 kg 

ha-1 in the Open bog - Carex ofigosperma community. Its estirnates for high and medium 

density Picea marinna cornmunities and the Open bog - Chamae&phne%Ledm shmb 

community were similar, but were slightly higher in the Open bog - Chamaedaphne shmb 

community. Litter biomass was lowest in the Open bog - Carex oligospem community 

and highest in the regenerating Low density P i n u  banhiana - Ledwn shmb community. 

4.2 Carbon content of aboveground vegetation 

Carbon concentrations ranged from 430 i 4 to 540 + 5 mg C gl among species 

and tissue types anaiyzed. Among woody species, leaves had a higher carbon 

concentration than branch and stem tissue. Cyperaeceae had the lowest carbon 

concentration. in bryophytes, carbon was 40% and in Litter 4 1% of biomass. This was 

lower than the 46 to 49% for al1 other components of the community. Overail, the range of 

total community carbon as a percentage of total community biomass in L979 and L632 was 

relatively s m d ,  44 to 48%. 

In the cornmunities of L979 and L632, the comrnunity carbon pool of aboveground 

vegetation varied from 3,140 f 480 to 35,010 I 8,840 kg C ha-1 (excluding litter). The 

contributions of trees, saplings and ta11 shnibs, tree and tail s h b  seediings, low shnibs, 

herbs and bryophytes to the carbon pool for each cornmunity were proportional to their 

contributions to cornmunity biomass. If Litter is considered a component of total 

cornrnunity carbon it's contribution was similar to that of bryophytes, except in the Low 

density Pinus banhiana - Ledum shmb cornmunity where the amount of litter was almost 

four times that of bryophytes. 

4.3 Available carbon pool in vegetation of the experimental bog 

Tree trunks and branches were not included when estirnating the carbon pool in 

aboveground vegetation that would be an available source of carbon in the production of 



CO;! and C& in the experimental reservoir, but litter was included. The Low density 

Pinur bankirna - Ledum shrub, Open bog - Chanmedaphne s h b  and Open bog - Ahur 

shmb cornrnunities contributed the highest amount of avaiiable carbon per unit area to the 

reservoir with 9,907 + 133 1,9,413 I 1,28 1 and 8.2 12 I 1,140 kg C ha-1, respectively. 

Over half the avaiiable aboveground carbon pool of 1 17,100 kg C in the 

experimental bog, L979, was contributed by the mire expanse Open bog - Charnuedaphne 

shmb comrnunity. Forty-four percent of this originated fiom C. calyculata biomass. The 

available carbon pool in aboveground vegetation in the experimental bog was 

approximately 8% of the carbon pool in the peat estimated by Bubier et al. ( 1993) to be 

L .43 x 106 kg C. Since the species composition and biomass of these cornrnunities are 

typical of the Low Boreal wetland region these data are applicable to potential reservoir 

sites in this region. 

4.4 Application to future studies 

This study was restricted to two sites that were pre-selected by the Experimental 

Lakes Area Reservoir Project (ELARP). Future sarnpling in replicate bog cornmunities in 

other sites of the region would increase the validity of these data in application to a broader 

area. 

The approximate average aboveground plant biomass per unit area (excluding Litter 

and weighted by the area occupied by each community type) in L979,4 1,500 kg ha-', is 

similar to that of L632. at 35,332 kg ha-! The approximate average carbon content per 

unit area in the two sites is also similar (19,760 kg C ha-1 in L979 and 16,967 kg C ha-' in 

L632). However, differences in the hydrology, physiognomy and species composition of 

plant cornmunities between these sites point to the importance of considering the vegetation 

when chwsing experimental and reference sites for multidisciplinary studies such as the 

ELARP. The sites differ in hydrology in that L979 is a flow-through system with a higher 

flow-through rate than L632, which is a headwater system. The latter is manifest by 



differences in species composition, iracluding (1) a narrow zone of mineromphic 

vegetation surroundhg the cenaal water body of L632, (2) sedge meadows in areas of 

groundwater upwelling that are absent in L979, and (3) the presence of M y r h  gaIc as a 

cornmon shmb throughout L632, M. gaie is an indicator of rnineroûophic conditions (Vin 

and Bayley 1984; S j o s  1961). These ciifferences suggest that L632 is a slightly more 

mineroûophic system than L979. Also, the L632 site was approfimately one fourth the 

size of L979 and thus perhaps a less than optimal reference for the ex-entd site, L979. 

Since the existence of plant species and connnunities in a particuk area is 

dependent in large part on the environmental conditions in that area, vegetation is an 

important indicator of these conditions (Bubier 1995, Bubier et d. 1995) and thus an 

important component of baseline data for such studies. 
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APPENDIX A. Species lists 

Species and taxa observed within sample plots in L979 

Trees 
Betula papy~era Marsh* 
Larix lariciha (Du Roi) Koch 
Picea mariana (Mill.) BSP. 
Pinus banhiana Engelm. 

TaIl shrubs 
Alnus rugosa (Du Roi) Spreng. 
Salk pyrifolia Anders. 
Salk spp. L. 

Low shrubs 
Andromeda glaucophylla Link 
Chamaedaphrze calyculaia (L.) Moench 
Gaultheria hispidula (L.) Muhl. 
Kaimia polifolio Wang. 
Ledm groenlandicum Oeder 
Myrïca gale L. 
Oxycoccus q d p e t a l u s  Gilib. 
Rubus idaeus L- 
Vacciniwn angurtifoliwn Ait. 
V. vitis-idaea L. 

Graminoids and herbs 
Calamagrostis canadensis (Michx.) Nutt. 
Carex spp. L. 
Carex limosa L. 
C. m i c h a ~ ~ t ~ ~ ~ ~ ~  Boeckl. 
C. oligospem Michx. 
C. paupercula Michx. 
C. rostrata Stokes 
C. trispenna Dewey 
Cornus canadensis L. 
Drosera rohuidifolia L. 
Equisetum sylvaticwn L. 
Eriophorum vaginatwn ssp. spissum (Fem.) Hul t. 
Eriophorwn spp. L. 
Hypen'cum virguiicurn L. 
Listera cordata (L.) R. Br. 
Lycopodium unnotintun L. 
Lycopus unijlorus Michx. 
Monotï-opa unipora L. 

* Nomenclature foliows Scoggan (1978-79) for vascular species, Anderson (1990) for 
Sphagnum spp. and Andenon et aL (1990) for other mosses, and Brodo (1981) for 
lichens. 



Muhlenbergia aspenfolia (Nees & Meyen) P d  
Samenia purpurea L 
Srnilacina trtyolia (L.) Desf. 
Solidago canademis L. 
Violn nephrophylla Greene 

Bryophytes and lichens 
Aulacomniwn palustre (Hedw .) Schwaegr. 
Ceratodon purpureus (Hedw.) Brid. 
Cladina rnitis (Sandst-) Haie & W. Culb. 
C. rangferha (L.) Nyl. 
Cladonia spp. 
Dicranwn spp. Hedw. 
Hylocomium splendens (Hedw.) Schimp. in B .S .G. 
Mylia anomla (Hook.) S. Gray 
Pleurozim schreberi (Brid.) Mitt. 
PohZia sphagnicola (Bruch & Schimp.) Lindb. & Ameil 
Polytrichum commune Hedw . 
P. srrictum Brid. 
Ptilidiwn ciliare (L.) Hampe 
Ptilium crisîu-castremis (Hedw . ) De Not. 
Sphagnum angustifolium (C. Jens. ex Russ.) C. Jens. in Tolf 
S. capillifoliwn (Ehrh.) Hedw . 
S. fallur (Klinggr.) Klinggr. 
S. fuscum (Schirnp.) Klinggr. 
S. magellanicum Brid. 
S. rubellurn Wils. 
S. subsecundum Nees ex Sturm 

Species observed outside sample plots in L979 

Amelanchier alnifolia Nutt. 
Betula glandulosa Michx. 
Carex lasiocarpa EhrIi. 
Drepanocladus uncinatus (Hedw.) Warnst. 
Eriophonun ungush~oliurn Honckeny 
Glyceria canademis (Nash) Batch. 
Iris versicolor L. 
Menyanthes tnfoliata L. 
Sphagnum girgensohnii Russ, 



Species and taxa observed within sample plots in L632 

Trees 
Picea mariana (MU.) BSP. 
Larix laricinu (Du Roi) Koch 

Tall shrubs 
Alnu rugosa (Du Roi) Spreng. 

Low shrubs 
Androrneda glaucophylla Link 
Chamaedaphne calycuhta (L.) Moench 
Gaultheria hispidula (L.) Muhl. 
Kalmia polifolia Wang. 
Ledum groenlandicm M e r  
Myrica gale L. 
Oxycoccus quadnpetalus Gilib. 
Vacciniwn angustifoliwn Ait. 
V. vitis-idaea L. 

Graminoids and herbs 
Calamagrosris canadensis (Michx.) Nutt. 
Carex spp. L. 
C. oligospenna Michx. 
C. paucif~ora Lightf. 
C. puupercula Michx. 
C. rostrata Stokes 
C. trispenna Dewey 
Cornus canadensis L. 
Drosera rotundifolia L. 
Eriophorum spp. L. 
Hypericum virginicwn L. 
Lycopodium annotintun L. 
Lycopus unifIarus Michx. 
Melampynan lineare Desr. 
Sarracenia purpurea L 
Srnilacino trifoliu (L.) Desf. 
Trientalis borealis Raf. 

Bryophytes and lichens 
Aulacomnium palustre (Hedw.) Schwaegr. 
Clizdim mitis (Sandst.) Haie & W. Culb. 
C. rangiJerin (L.) Nyl. 
Cladonia spp. 
Dicranum spp. Hedw. 
Mylia anornala (Hook.) S. Gray 
Pleuroziwn schreberi (Brid.) Mtt. 
Pohlia sphagnicoh (Bruch & Schimp.) Lindb. & Arneii 
Polytrichum commune Hedw. 
P. juniperinum Hedw. 
P. strictum Brid. 
Ptilim crista-castrensis (Hedw.) De Not 



Sphagnwn angustifoliwn (C. Jens. ex Russ.) C. Jens. in Tolf 
S. capillifoliwn (EM.) Hedw. 
S. fallax (Klinggr.) Klinggr. 
S. fiLTcum (Schimp.) Klinggr. 
S. magellanicm Brid. 
S. papillosum Lindb. 
S. pulchnun (Lindb. ex Braithw.) Wanist. 
S. rubellm Wils. 

Species observed outside sample plots in L632 

Acer nrbrum L. 
Betula papyrifera Marsh. 
Botrychium virginianum (L.) S W. 
Carex canescens L. 
C. interior Bailey 
C. lasiocarpa Ehrti. 
C. limosa L. 
Drosera inîemdia Hayne 
Dryopteris austriaca var. spinulosa (Muell.) Fiori 
D. cristata (L.) Gray 
Eriophorum angusrifolium Honckeny 
E. vaginatum ssp. spissum (Fem.) Hult. 
Juncu brevicarrdatus (Engelm.) Fem. 
Monotropa uniflora L. 
Potentilla palustris (L.) Scop. 
Rhynchospora alba (L.) Vahl 
Rubus idaeus L. 
Scheuckeria palustris L. 
Scirpus cyperinus a.) Kunth 
Sphagnum majus (Russ.) C .  Jens. 
Xyris montana Ries 



APPENDIX B. Species composition data. 

Table B. 1. Percent cover of species and taxa in 1 m x 0.5 m plots (the mean of two 
adjacent 0.5 m x 0.5 m quadrats) sampled in the High density Picea rnariana - Ledwn shmb 
(1) comrnunity of L979 (n=32). 

Plot No. 
Species and taxa 1 2 3 4 5 6 7 8 

Dead wood 
Litter 
Open water 

Trees (2 10 cm CBH) 
La& lariciha 
Picea maRana 
Safi pyrifolia 

Saplings (< 10 cm CBH, > 
1.5 m taii) and Ta11 shnibs 
Picea mariana 
Salk sp. 

Low s h b s  (5 1.5 m) 
Chamaedaphne calyculata 
Gaulrheria hispidula 
Kahia polifolia 
L e d m  groenlandicum 
Oxycoccus quadnpetafus 

Seedlings and Herbs 
Caimgrostis canadensis 
Carex rrispenna 
Carex sp. 
Equiserum sylvaticum 
Lycopodium annotinwn 
Picea mariana 
Srnitacina tri!olia 

Bryophytes and Lichens 
Aulacomnium palustre 
Claàim rnitis 
Dicranwn spp. 
Pleuroziurn schreberi 
Pohlia sphagnicola 
Polytnkhum stntnchun 
Sphagnum 

angustifoliwn/fallax 
S. fuscum 
S. magellanicm 



Table B. 1 cont'd. 

Plot No. 
Species and taxa 9 10 11 12 13 14 15 16 

Trees (2 10 cm CBH) 
Pkea mariana 

Saplings (c 10 cm CBH, > 
1.5 m tall) and Tai1 s h b s  
Picea mariana 

Low shrubs (5 1.5 m) 
Andromeda glaucaphylla 
CrUUnaedaphne calyculata 
Gadtheria hispidula 
Kalmia polifolia 
Ledum groenhdicum 
Oxycocctis quaciripetalus 

Seedlings and Herbs 
Carex sp. 
Carex t ~ p e r m a  
Eriophorum sp. 
Lycopodim annotinum 
Monotropa uniflora 
Srnilacina ?rr$blia 

Bryophytes and Lichens 
Cladha mi'tis 
Clodonia spp. 
Dicranwn spp. 
Pleurozium schreberi 
Pohlia sphgnicola 
Polytn-chum strictm 
PtiIidim ciliare 
Ptilium crista -cas?rensis 
Sphagnum 

mgu.st~ifoliunJfallax 
S. fuscum 
S. mageilanicwn 

t - trace, < 1% 



Table B. 1 cont'd, 

Plot No. 
Species and taxa 17 28 29 20 21 22 23 24 

Trees (2 10 cm CBH) 
Picea mariana 

Saplings (< 10 cm CBH. > 
1.5 m tall) and Ta11 shrubs 
Picea mariana 

Low shrubs (S 1.5 m) 
Chamaedaphne calyculata 
K h i a  polifolia 
Ledm groenlandicum 
Oxycoccus q d r i p e t a l u  

Seedlings and Herbs 
Picea m h  
Srnilacina tnrolia 

Bryophytes and Lichens 
Aulacomnium palustre 
Cladina rnitis 
Dicranum spp. 
Pleuroziurn schreberi 
Pohlib sphagnicola 
Sphagnum 

angüstifoliunJfallax 
S. fuscum 
S. magelZrnicm 

t - trace, < 1% 



Table B. I cont'd. 

Plot No. 
Species and taxa 25 26 27 28 29 30 31 32 

Trees (1 10 cm CBH) 
Lmix larich 
Picea mariarur 

Saplings (< 10 cm CBH, > 
1.5 rn ta) and Tail shrubs 
Picea mariana 

Low shmbs (I 1.5 rn) 
Andromeh glaucophylla 
Charnuedaphne calyculara 
Gaultheria hispidula 
Kalmia polifolia 
Ledm groenlandicum 
Oxycoccus q d p e t a l u s  

SeedIings and Herbs 
Eriophorum sp. 
Smilacim tnyolia 

Bryophytes and Lichens 
Cladonia spp. 
Dicrnnum spp. 
Hylocomium splendens 
Pleurozium schreberi 
Pohlia sphugnicoZa 
Polytrichm strictwn 
Ptilidiwn ciliare 
Ptilium crista-castremis 
Sphagnum 

angush~oliwnJfull~~ 
S. fuscum 
S magellanicm 

t - trace, 4% 



Table B. 1 cont'd. 

Species and taxa Mean 
(n=32) 

Dead wood 
Litter 
Open water 

Trees (2 10 cm CBH) 
Larix larkina 
Picea rttarimza 
Salk pynyoliu 

Saplings (< 10 cm CBH, > 1.5 m 
tail) and Tail shrubs 
Piceamariana 
Salk sp. 
Low s h b s  (5 1.5 m) 
Andromedo glaucophyZla 
Chamaedaphne caZyculara 
Gaultheria hispidula 
Kalmia polifolia 
Ledum groenlandicum 
Oxycoccus quadnpetalus 

SeedIings and Herbs 
Calamagrostis canadensis 
Carex frispetma 
Carex sp. 
Equisetum sylvaticum 
Eriophorurn s p. 
Lycopodium annotinum 
Monotropa unifiora 
Picea muriana 
SrnilacuuZ trifolia 

Bryophytes and Lichens 
Aulacomnium p a l m e  
CZaàina miris 
Cldunia spp. 
Dicrmwn spp. 
Hylocornim splendens 
Pleurozium schreberi 
P o h h  sphugnicola 
Polytnchum stricfm 
Ptilidim ciliare 
PtiluUn ctista-castremis 
Sphagnum a n g u s t i f o l i u ~ a l ~  
S. fuscm 
S. mageilanicwn 

t -  trace, 4% 



Table B.2. Percent cover of species and taxa in 1 rn x 0.5 m plots (the mean of two 
adjacent 0.5 m x 0.5 m quadrats) sampled in the Medium density Picea mariana - L e h  
shmb (2)  community of L979 (n=32). 

Plot No* 
S~ecies  and taxa I 2 3 4 5 6 7 8 

Trees (2 10 cm CBH) 
Picea mariana 

Saplings (< 10 cm CBH, > 
1.5 m taii) and Ta11 s h b s  
Picea rnariunu 

Low shrubs (5 1.5 rn) 
Andromeda glaucophylla 
Charnedaphne calyculata 
Kalmia polifollia 
L e d m  groenlclttdiciun 
Oxycoccus quadnpetalus 

Seedlings and Herbs 
Carex trispetma 
Carex sp. 
Drosera rotundifdia 
Eriophorum sp. 
Lycopodium annotinum 
Picea mariana 
Srnilacina tnrolia 

Bryophytes and Lichens 
Aulacomnium palustre 
Pleurozium schreberi 
Pohlia sphagnicola 
Polytrichum strictum 

t - trace, 4% 



Table B.2 cont'd. 

Plot No. 
- 

Species and taxa 9 10 11 12 13 14 15 16 

Trees (2 10 cm CBH) 
LarUc laricina 
Picea mariana 

Sapiings (c 10 cm CBH, > 
1.5 m tail) and Ta11 shrubs 
Larix laricina 
Picea mariana 

Low shrubs (I 1.5 m) 
Andromeh glaucophylh 
Chumedaphne calyculata 
Kahia polifolia 
Ledum groenlandicum 
Oxycoccus quadripetalus 

Seedlings and Herbs 
Carex trtkpenna 
Carex sp. 
Eriophorum sp. 
Sarracenia purpurea 
Srnilacina trifolia 

Bryophytes and Lichens 
Aulacomn iwn palustre 
Pleuroziwn schreberi 
Pohiia sphugnicola 
Polytrichm strictwn 
Sphagnum 

angrcstifo1iuntJfallax 
S. fuscum 
S. rnagellanicwn 



Table B.2 cont'd- 

Plot No. 
S~ecies and taxa 17 18 19 20 21 22 23 24 

Trees (2 10 cm CBH) 
Larixlaricma 
Picm mariana 

Saplings (c 10 cm CBH, > 
1-5 m tail) and Ta11 shrubs 
Picea mariana 

Low s h b s  (I 1.5 m) 
Andrumeda glaucophylh 
Charnedaphne cuiyculata 
Kahia polifolia 
kdum groenlandicum 
Oxycoccus quaàripetalus 

Seedlings and Herbs 
Carex lUnosa 
Carex trispenm 
Carex sp. 
Drosera rotundifolia 
Eriophorum spissum 
Eriuphorm sp. 
mtera chorahta 
Picea mariana 
Sarracenia purpurea 
Smiiacina tnrolia 

Bryophytes and Lichens 
Aulacomnium palustre 
Pleurozium schreberi 
Pohlia sphagnicola 
Polytrichum strictum 
Sphagnum 

angusrifoliunJfallax 
S. fuscum 
S. magellanicm 

t - trace, 4% 



Table B.2 cont'd. 

Plot No. 
Species and taxa 25 26 27 28 29 30 31 32 

Trees (2 10 cm CBH) 
L a k  l a r i c h  
Picea mariana 

Saplings (C 10 cm CBH, > 
1.5 rn tall) and Taii s h b s  
Larixlancura 
Picea mariana 

Low shmbs (5 1.5 m) 
Androrneda glaucophylla 
Charnedaphne cuiyculata 
Kalmia polifolia 
Ledwn groenlandicurn 
Oxycoccus quadn'petalus 
Vacciniwn vin's-i'daea 

Seedlings and Herbs 
Carex sp. 
Drosera roWtfo l ia  
Eriophorurn spi 
Pkea nuuiana 

Bryophytes and Lichens 
Aulacomnium palustre 
Dicranum spp. 
Mylia anonlaia 
Pleuroziwn schreberi 
Pohiia sphagnicola 
Polytrichum commune 
P. strictum 
Ptilium crisra-castremis 
Sphagnum 

ongustiifoliwn/falIax 
S. fuscum 
S. rnagellunicwn 

t - trace, cl% 



Table B.2 cont'd. 

Species and taxa Mean 
(n=32) 

Trees (2 10 cm CBH) 
Larix laricvra 
Picea mariaM 

Saplings (e 10 cm CBH, > 1.5 m 
taii) and TaU s h b s  
hrù: laricina 
Picea mariana 

Low shnibs (S 1.5 m) 
AmIrorneda ghucophylla 
Chamedaphne caiyculata 
Kahia polifolia 
Ledm groenlandicum 
Oxycoccus quadripetalus 
Vaccinium vin's-idaea 

Seedlings and Herbs 
Carex limosa 
C. trispenna 
Carex sp. 
Drosera rohurdrjlolia 
Eriop horum spissum 
Eriophorurn sp. 
Listera chordata 
Lycopodium annotinm 
Picea marianu 
Sarracenia purpurea 
Smilacvio tnfiia 

Bryophytes and Lichens 
Aulacorn iwn palustre 
Dicranum spp. 
Mylia mmala  
Pleuroziwn schreberi 
Pohlia sphagnicola 
Polytrichum commune 
Polytrichum strictum 
Ptilium crista-cc~srremis 
Sphngnm angustifoliw.fallux 
S. fuscum 
S. magellanicm 

t - trace, 4 % 



Table B.3. Percent cover of species and taxa in 1 m x 0.5 m plots (the mean of two 
adjacent 0.5 m x 0.5 m quadrats) sampled in the Open bog - Charnedaphne shrub (3) 
community of L979 (n=91). 

Plot No. 
Species and taxa 1 2 3 4 5 6 7 8 

Dead wood 
Litter 
Open water 

Saplings (c 10 cm CBH, > 
1.5 rn tall) and Ta11 shmbs 
LarUclaricùla 

Low shmbs (5 1.5 m) 
Charnedaphne calycuhta 
Kahia polifolia 
Ledum groenlandicum 
Myrica gale 
Oxycoccus quadripetaius 

Seedlings and Herbs 
Carex rostrata 
Carex tkperma 
Carex sp. 
Drosera ro&yolia 
Picea mariana 
Pinus banhiana 
Srnilaciha hifolia 

Bryophytes and Lichens 
Aulacomnium palustre 
Cladina m i h  
Clodonia spp. 
Pleurozim schreberi 
Pohlia sphagnicola 
Polytrichum strictum 
Sphagnum 

angustifoliim@allax 
S. fuscum 
S. rnagellanicum 
S. rubellm 
S. subsecundum 

t - trace, 4% 



Table B.3 cont'd. 

Plot No. 
Species and taxa 9 10 11 12 13 14 15 16 

Trees (2 10 cm CBH) 
La& lar ich  

Saplings (< 10 cm CBH. > 
1.5 m tall) and Ta11 shnibs 
Larix larich 
Picea m a t h a  

Low shrubs (5 1.5 m) 
Andromeda glaucophylla 
Chatnedaphne calyculara 
Gaultheh hispidula 
Kalmia polifolia 
kdum gruenlandicum 
Myrica gale 
Oxycoccus quadn'petuius 

Seedlings and Herbs 
Carex sp. 
Drosera rorwrdifolia 
Eriophorum sp. 
Picea man/oza 
Srnilacina tn!Jolia 

Bryophytes and Lichens 
Aulacomnium palustre 
Cladonia spp. 
M y h  anornala 
Pleuroziwn schreberi 
Pohità sphugnicola 
Polytrichum strictum 
Sphagnum 

angustifoliunJfal2ax 
S. fuscum 
S. rnagellanicum 

t - trace, ~ 1 %  



Table B.3 cont'd. 

Plot No. 
Smcies and taxa 17 18 19 20 21 22 23 24 

Saplings (< 10 cm CBH. > 
1.5 m taU) and Ta11 s h b s  
Picea mariana 

Low shrubs (S 1.5 m) 
Andromeda glaucophylla 
Charnedaphne calyculata 
Kalmiu polifilia 
Ledm groenldicwn 
Oxycoccus quaùripetalus 

Seedlings and Herbs 
Carex trisperrna 
Carex sp. 
Drosera rotundr'fiolia 
Eriophonun sp. 
Srnilacina trifolia 

Bryophytes and Lichens 
Aulacomnium palustre 
Pleurozium schreberi 
PoMia sphagnicola 
Polytrichum strictwn 
Sphagnum 

angustifoliWlJfailux 
S. fuscurn 
S. mageilmicm 

t - trace, 4% 



Table B.3 coot'd. 

rlot NO. 
Species and taxa 25 26 27 28 29 30 31 32 

Litter 
Open water 

Trees (2 10 cm CBH) 
LarixlaricUur 

Sapiings (e 10 cm CBH. > 
1 -5 m tall) and Ta11 shmbs 
Larix laricinu 
Picea marianu 

Low shrubs (5 1.5 m) 
Androrneda glaucophylla 
Charnedaphne calycuiu fa 
Kalmia polifoliu 
Ledm groenlandicum 
Oxycoccus quadripetaius 

Seedlings and Herbs 
Carex rostrata 
Carex trispenna 
Carex sp. 
Drosera rorundifolia 
Equisetum sylvaticwn 
Eriaphorum sp. 
Sarracenia pwpurea 
Srnilacina trifolra 

Bryophytes and Lichens 
Aulacomnium palustre 
Cladonia spp. 
Dicranurn spp. 
MyZh ano& 
Pleuroziwn schreberi 
Pohlia sphagnicola 
Polytrichum strictm 
Sphagnurn 

angustifolium/failax 
S. fuscum 
S. magelianicm 



Table B.3 cont'd. 

Plot No. 
Species and taxa 33 34 35 36 37 38 39 40 

Bare ground 
Litter 

Saplings (c 10 cm CBH, > 
1.5 m tall) and Ta11 shmbs 
Picea mariana 
Pinus bLznkrLana 

Low shmbs (5 1.5 m) 
Andromeda glaucophylla 
Charnedaphne calycuhta 
Kalmia polifolia 
Ledwn groenlandiicwn 
Myrica gaie 
Oxycoccus qULlCiripeta1u.s 

Seedlings and Herbs 
Calamagrostis canadensis 
Carex rostrm 
Carex sp. 
Drosera ro&~olia 
Eriophorum sp. 
Hypericum virginicum 
Lycopus uniflorus 
Picea mariana 
Sarracenia puipurea 
Srnilacina trjfdia 
Viola nephrophylla 

Bryophytes and Lichens 
Aulacomnium palustre 
Cladonia spp. 
M y h  anornala 
Pleurozium schreberi 
Po& sphagnicola 
Polytrichum strictuni 
Sphagnum 

angustifoliun/fallax 
S. fuscum 
S. magellanicm 
S. rubellm 

t - trace, 4% 



Table B.3 cont'd. 

Plot No. 
Species and taxa 41 42 43 44 45 46 47 48 

Saplings (c 10 cm CBH, > 
1.5 m tail) and Tail shmbs 
Picea marUma 

Low shrubs (I 1.5 m) 
Andromedn glaucophylla 
Charnedaphne calycuha 
Kalrnia polijolia 
Ledm groenlandicm 
Myn'ca gale 
ûxycoccus quaàripetalus 

Seedlings and Herbs 
Carex rostrata 
Carex sp. 
Drosera rotunàifolia 
Eriop horum spissum 
Eriophorum sp. 

Bryophytes and Lichens 
Aulacomnium palustre 
Cladonia spp. 
Mylh anornala 
Pleurozium schreberi 
Pohlh sphagnicola 
Polytrichum strictum 
Sphagnum 

angustifioliWnyallar 
S. fuscum 
S. mageilan icum 
S. rubellum 

t - trace, cl% 



Table B.3 cont'd. 

Plot No. 
Species and taxa 49 50 51 52 53 54 55 56 

Saplings (< 10 cm CBH, > 
1.5 m tall) and Tail shrubs 
Picea mariana 

Low shrubs (5 1.5 m) 
Andromeh glaucophylla 
Charnedaphne culycuiafa 
Kahia polifalia 
Mun groenlandicm 
Oxycoccus quadripetalus 

Seedlings and Herbs 
Carex sp. 
Drosera rotwzdifolia 
Eriophorum sp. 
Picea mariana 
Samacenia purpurea 
Smihcina tnfolia 

Bryophytes and Lichens 
A ulacomniwn palustre 
Mylia anomla 
Pohlia sphagnicola 
Polytrichum stnktum 
Sphagnum 

angurtifoliu~ailax 
S. fuscum 
S. magellanicm 
S. rubehn  

t - trace, 4% 



Table B.3 cont'd. 

Plot No. 
Species and taxa 57 58 59 60 61 62 63 64 

Trees (2 10 cm CBH) 
Pkea mariaM 

Sapiings (c 10 cm CBH, > 
1.5 m taU) and TaIl s h b s  
Picea mariana 

Low shnibs (I 1.5 m) 
Andronteda glaucuphylla 
Charnedaph calycuhta 
K a h î a  polifolia 
Ledm groenlandicum 
Myrica gale 
Oxycoccus quadripetaius 

SeedIings and Herbs 
Carex oligospenna 
Carex thpenna 
Carex sp. 
Drosera rotundifolia 
Eriophorm spissum 
Eriophorum sp. 
Picea ma- 
Srnilacina tnyolia 

Bryophytes and Lichens 
Aulacomnium palustre 
Chdina mitis 
C. rangifeerùia 
Cladonin spp. 
Dicranum spp. 
Mylk anuntala 
Pleuroziwn schreberi 
Pohlîa sphagnicola 
Polytrichum stnktm 
Sphagnum 

angust i fol i~al lax 
S. fuscum 
S. magellanicm 
S. rubellm 



Table B.3 cont'd. 

Plot No. 
Species and taxa 65 66 67 68 69 70 71 72 

Saplings (< 10 cm CBH, > 
1.5 m tail) and Tall shmbs 
Picea mariana 

Low shmbs (5 1.5 m) 
Andromeda glaucophylla 
Charnedaphne calycuhta 
Kahia polj01Iin 
Ledwn groenlandicum 
Myrica gale 
û q c o c c s  quuùripetalus 

Seedlings and Herbs 
Carex trispenna 
Carex sp. 
Lkosera rohutdifolia 
Eriophorwn sp. 
Picea mariana 
Samacenia purpurea 
Srnilacina trifoh 

Bryophytes and Lichens 
Aulacomnium palustre 
Cladonia spp. 
Mylia arwmala 
Pleuroziwn schreberi 
Pohlia sphagnicola 
Polytrichum stn'ctm 
Sphagnum 

angustif01iwnIfaZLa.x 
S. fuscum 
S. magellanicum 

t - trace, 4% 



Table B.3 cont'd. 

Plot No. 
S~ecies and taxa 73 74 75 76 77 78 79 80 

Dead wood 
Litter 
Open water 

Trees (2 IO cm CBH) 
Piceumanana 

Saplings (< 10 cm CBH, > 
1.5 m tail) and Ta11 shrubs 
Pkea mariana 

Low shrubs (5 1.5 m) 
Androrneda glaucophylla 
Charnedaphne culyculata 
Kahia polifolia 
Ledum groenldicum 
Myrica gale 
Oxycoccus quadripetalus 

Seedlings and Herbs 
Carex sp. 
Drosera rotundrrolia 
Eriophorum sp. 
Picea mariana 
Sarracenia purpurea 
Srnilacina tnfolia 

Bryophytes and Lichens 
Aulacomnium palustre 
C l a d i ~  mitb 
Clodonia spp. 
Dicranum spp. 
Myria a?wm& 
Pleuroziwn schreberi 
Pohlia sphagnicola 
Polytrichm strictm 
Sphagnum 

angustifoliunJfallax 
S. fuscum 
S. rnagellanicum 
S- rubellm 

t - trace, 4% 



Table B.3 cont'd. 

Plot No* 
Species and taxa 81 82 83 84 85 86 87 88 

Dead wood 
Litter 
Open water 

Trees (1 IO cm CBH) 
LmiXlarZcina 

Saplings (< 10 cm CBH, > 
1.5 m tall) and Ta11 shmbs 
Picea mariana 

Low shmbs (5 1.5 m) 
Andromeda glaucophylla 
Chcmedaphne calyculata 
Gaulthena hispiciula 
Kalrnia polifalia 
Ledm groenld icm 
Myrica g& 
Oxycoccus quaùripetalus 

Seedlings and Herbs 
Carex rostrata 
Carex trispenna 
Carex sp. 
Cornus cCUUICtensis 
Drosera rotum@&lia 
Equisetwn sylvaîicum 
Eriophorum sp. 
Hypericum virginicwn 
Pkea mariana 
Saracenia ptupureu 
Srnilacina trtiolia 
Solidago canadensis 
Viola nephrophylla 

Bryophytes and Lichens 
Aulacomnium palustre 
Mylia anoltZOlD 
Pleuroziwn schreben 
Pohlia sphugnicola 
Polytrichm stn'ctum 
Sphagnum 

angustifoliun@allax 
S. fuscm 
S. magellanicum 
S. subsecundum 

t - trace, 4% 
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Table B.3 cont'd. 

Plot No. 
Species and taxa 89 90 91 Mean 

Bare ground 
Dead wood 
Litter 
Upen water 

Trees (1 10 cm CBH) 
Larix laricina 
Picea mariana 

Saplings (< 10 cm CBH, > 
1.5 m tall) and Ta11 s h b s  
Lurk laricina 
Picea mariana 
Pinus banksiana 

Low shrubs (I 1.5 m) 
Andrumeda glaucophylla 
Chumedaphne calyculuta 
Gauithek hkpiduia 
Kalrnia polifolia 
Ledm groenlandiicum 
Myrica gale 
Oxycoccur qundnpetalus 
vacchium viîis-idae~ 

Seedlings and Herbs 
Calamagrostis canadensis 
Carex rostrata 
Carex trispenna 
Carex sp. 
Cornus ccurademis 
Drosera rotundïfolia 
Equisetum sylvaticurn 
Eriophorum spissurn 
Eriophorum sp. 
Hypericum virginicurn 
Lycopus uniflorus 
Picea mariana 
PUucs bQnkSiana 
Samaceni0 pwpurea 
Srnilacina tn@?olia 
Solidago c d e m i s  
Viola nephrophyllo 



Table B.3 cont'd. 

Plot No. 
Species and taxa 89 90 91 Mean 

(n=9 1) 

Bryophytes and Lichens 
Aulacomnium palustre 
Chdinu mitLs 
Cladina rmgiferina 
Cladonia spp. 
Dicranwn spp. 
Hylocomium splendem 
Mylia a n o h  
Pleurozium schreberi 
Pohliùl sphagnicukl 
Polytrichum strictwn 
Sphagnum 

angustifoliunJfllZax 
S. fuscum 
S. mage llanicum 
S. rubelliun 
S. subsecundum 

t - trace, 4% 



Table B.4. Percent cover of species and taxa in 1 m x 0.5 m plots (the mean of two 
adjacent 0.5 rn x 0.5 m quadrats) sampled in the Medium density Piceu marianu - A b  
shmb (4) community of L979 (n=4). 

Plot No. 
Species and taxa 1 2 3 4 Mean 

(n=4) 

Bare ground 
Dead wood 
Litcer 

Trees (1 10 cm CBH) 
Picea mariana 

Saplings (< 10 cm CBH, > 1.5 m 
tall) and Tali shrubs 
Alnus rugosa 

Low shrubs (I 1.5 m) 
Andromeda glaucophylla 
Chanmedaphne calycuida 
Gadherin hUpùida 
Kalmîa polifolia 
Ledurn groenlandicwn 
Oxycoccus quairipetulus 
Vaccinium angust$iolium 

Seedlings and Herbs 
Carex sp. 
Lycopodium annotinum 

Bryophytes and Lichens 
Aulacomn iwn palustre 
Pleurozium schreberi 
Pohlia sphagnicoia 
Polytrichm commune 
P. strictm 
Sphagnwn angustifoliu~allax 
S. rnagelianicum 

t - trace, CI % 



Table B.5- Percent cover of s~ecies and taxa in 1 m x 0.5 m   lots (the mean of two 
adjacent 0.5 rn x 0.5 m quadrits) sarnpled in the &n bog - Âlnw Shmb (5 )  community of 
L979 (n=24). 

Plot No. 
Species and taxa 1 2 3 4 5 6 7 8 

Bare ground 
Dead wood 
Litter 

Saplings (< 10 cm CBH, > 
1.5 m tall) and Tall shrubs 
Ahus rugosa 
Picea mariana 
Salk plunifolia 

LOW shrubs (I 1.5 m) 
Charneabphne calyculnta 
Gaultheria hispidula 
Kalmia polïjolia 
kdum groenlandicum 
Ogcoccw qundnpetalus 

Seedlings and Herbs 
Alnus rugosa 
Calamagrostis canadensis 
C. trispenna 
Carex sp. 
Equiseturn sylvaticwn 
Lycopodim annotinum 
Picea mariana 
Srnilacina frifolia 

Bryophytes and Lichens 
A ulacomnim palustre 
Pleuroziwn schreberi 
Pohlia sphagnicola 
Polytrichum strictm 

t - trace, 4% 



Table B.5 cont'd. 

Plot No. 
Species and taxa 9 10 11 12 13 14 15 16 

Bare ground 
Dead wood 
Litter 
ûpen water 

Sapiings (< 10 cm CBH, > 
1.5 m tall) and Ta11 shrubs 
Alnus rugosa 
Betulo pizpyn~era 
Pkea ma- 
Salk planifolia 

Low shrubs (5 1.5 m) 
Anùromeàu glaucophylla 
Charnedaphne calyculata 
Gaultheria hipidula 
Kalmia polifolta 
Ledum groenlandicum 
Oxycoccus quadripetalw 
Rubus sp. 
Vaccinium angustifoliwn 

Seedings and Herbs 
Calamagrostis canademis 
Carex mîchaUXiLUlCI 
C. trispenna 
Carex sp. 
Equisetum qlvaticum 
Lycopodium annotinwn 
Smihcina trifolia 

Bryophytes and Lichens 
Aulacomnium palwtre 
Cladha rangi feh  
Cladonia spp. 
Pleurozium schreberi 
Pohlia sphugnicola 
Polytrichum commune 
P. strictum 
Ptilidim ciliare 
Ptilium crista-castrensis 
Sphagnum 

angustifoliUmyalZax 
S. capillifolium 
S. magellanicum 
S. rubellunt 

t - trace, cl % 



Table B.5 cont'd. 

Plot No. 
Species and taxa 17 18 19 20 21 22 23 24 

Saplings (c 10 cm CBH, > 
1.5 m tail) and TaH s h b s  
Picea nrarUma 
Saiix phifoiia 

Low shrubs (I 1.5 m) 
Charnedaphne caiyculara 
Gaultheria hispiduh 
Kalmia polifalia 
k d m  groenlanàicum 
Oxycoccus quadnpetalus 

Seedlings and Herbs 
Calamagrosiis canademis 
Carex trispenna 
Carex sp. 
Equisetum sylvaticum 
Eriophorum sp. 
Lycopodium annotinwn 
Picea mariana 
Srnilach tnjblia 

Bryophytes and Lichens 
Aulacomnium palustre 
Dicranm spp. 
Pohlia sphagnicola 
Poiyrrichum commune 
P. strictm 
Sphugnum 

angustifolium/fallar 
S. magellanicum 



Table B.5 cont'd. 

Species and taxa Mean 
(n=24) 

Bare ground 
Dead wood 
Liüer 
Open water 
Saplings (c 10 cm CBH, > 1.5 m 
tail) and Tall shrubs 
Alnus rugosa 
Betda pupyrifera 
Picea mariana 
Salk planifolia 

Low shrubs (5 1.5 m) 
Andromeda glaucolphylla 
Charnedaph calyculata 
Gaultheria hispidula 
Kalmia polifoiia 
Ledum groenlandicum 
Oxycoccus quadripetalus 
Rubus sp. 
Vaccinium angustijiolium 

Seediings and Herbs 
Alnus rugosa 
Culamagrostis cMcLdensis 
Carex michauxiana 
C. trispenna 
Carex sp. 
Equiseturn sylvaticum 
Eriopharum sp. 
Lycopodium annotinm 
Piceu mwiana 
Srnilacina tnfiolia 

Bryophytes and Lichens 
Aulacomnium palustre 
Cladha rangi feh  
CZaàbnia spp. 
Dicranm spp. 
Mylùl culornala 
Pleuroziurn schreberi 
Pohlia sphagnicola 
Polytrichum commune 
P. strictum 
Ptilidium ciliare 
Ptiiim crista-castrersis 
Sphagnum angustifoZiun@aZZax 

t - trace, cl % 
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Table B.5 cont'd. 

Species and taxa Mean 
(n=24) 

t - trace, cl% 



Table B.6. Percent cover of species and taxa in 1 m x 0.5 m plots (the mean of two 
adjacent 0.5 m x 0.5 m quadrats) sampled in the Low density Phus  banksiana - Ledum 
s h b  (6) community of L979 (n= 12). 

Plot No. 
Species and taxa 1 2 3 4 5 6 7 8 

Saplings (< 10 cm CBH, > 
1.5 m taII) and TaU shmbs 
Pinus banksiana 

Low shmbs (S 1.5 m) 
Chamaedaph calycuiaîa 
Kalmia polîjiolù~ 
Ledum groenlandicm 
Oxycoccus quudripetalus 

Seedlings and Herbs 
Carex sp. 
Carex tBspenna 
Picea mariana 
Pinus banhiana 
Srnilacina tnyolia 

Bryophytes and Lichens 
Cemtodon purpureus 
CIadonia spp. 
Dicranum spp. 
Pleuroziwn schreben' 
PohIia sphugnicola 
Polytrichm commune 
P. strictwn 
Sphagnum 

angustifoliunJfallax 
S. fuscum 
S. magellanicum 

t - trace, cl% 



Table B.6 cont'd. 

Plot No. 
Species and taxa 9 10 11 12 Mean 

h= 12) 

Saplings (< 10 cm CBH, > 1.5 rn 
tall) and TaU shrubs 
Pkea nzanQna O 
Pinus b h i a n u  25 

Low shrubs (I 1.5 ni) 
Chamaedaphrte calyculata O 
Gadtheria hispidula O 
KaIrnia polifolia O 
Ledwn groenlandicum 75  
Oxycoccus quîtùripetaius O 

Seedlings and Herbs 
Carex sp. t 
Cura tkpenna O 
Eriophorum sp. t 
Pkea mariana O 
Phus banksiana O 
srnilacura trifolia 35 

Bryophytes and Lichens 
Ceratodon purpureus 
Cladonia spp. 
Dicranwn spp. 
Pleurozium schreberi 
Pohlia sphagnicola 
Polytrichum commune 
P. strictum 
Sphagnwn angustifoLium/falkax 
S. fuscum 
S. magellanicm 

t - trace, 4% 



Table B.7. Percent cover of species and taxa in 1 m x 0.5 m plots (the mean of two 
adjacent 0.5 m x 0.5 rn quadrats) sampled in the Open bog - Chamoedaphne/Zedum shmb 
(7) community of L632 (n=40). 

Plot No. 
Species and taxa 1 2 3 4 5 6 7 8 

Trees (2 10 cm CBH) 
Pkea mariana 

Saplings (< 10 cm CBH, > 
1.5 m taii) and TaIl shmbs 
Pkea mariaM 

Low shrubs (5 1.5 m) 
Chmnaedaph calyculaa 
G d t h e  M hispidula 
Kaimla polifolia 
Ledm groenlandiicwn 
My& gale 
Oxycoccus qdripetalus 
Vacciniwn angustifoliwn 

Seedlings and Herbs 
Carex oligospennu 
C. pauc~jlora 
C. rrispenna 
Carex sp. 
Drosera rotund$olia 
Lycopodium annotinum 
M e h p y n u n  lheare 
P icea mariana 
SmihcuZa înyolia 

Bryophytes and Lichens 
Aulacomnium palustre 
Cladina miris 
C. rangiferùra 
Cladonia spp. 
Dicranum spp. 
Pleurozium schreberi 
Pohlia sphagnicola 
Polytrichum commune 
P. juniperinum 
Sphagnum 

angustriJioliunJfaIIÇrx 
S. capillifolium 
S. fuscwn 
S. mageilanicwn 



Table B.7 cont'd. 

Plot No. 
Suecies and taxa 1 2 3 4 5 6 7 8 

t - trace, 4% 



Table B-7 cont'd, 

Plot No. 
Species and taxa 9 10 11 12 13 14 15 16 

Trees (2 10 cm CBH) 
Picea mariana 

Saplings (c 10 cm CBH, > 
1.5 m t d )  and Tall shrubs 
Larrjrlaricina 
Picea mariana 

Low shrubs (I 1.5 m) 
Chamaedaphne calyculata 
Gaultheria hispiAIlln 
Kalmia polifoiia 
Ledum groenlandicum 
My& gale 
Oxycoccus quadripetalus 
Vaccinium angusrifolium 

Seedlings and Herbs 
Carex trisperma 
Carex sp. 
Lycopodiwn annotinwn 
Picea marUaza 
Srnilacina tnyolia 

Bryophytes and Lichens 
Aulacomnium palustre 
Cladina rmgi$erUra 
Dicranwn spp. 
Pleurozium schreberi 
Pohlia sphagnicola 
Piilium crista-castremis 
Sphagnum 

a n g u s ~ ~ t l i ~ a t I a x  
S. capilli$oliwn 
S. fuscum 
S. magellanicm 
S. rubellm 

t - trace, 4% 



Table B.7 cont'd. 
-- 

Plot No. 
Species and taxa 17 18 19 20 21 22 23 24 

Trees (2 10 cm CBH) 
Picea mariana 

Saplings (c 10 cm CBH, > 
1.5 rn taii) and Tall shrubs 
Picea mariana 

Low shmbs (I 1.5 m) 
Andromeda glaucophylla 
Chamae&pk calyculara 
Gaultheria hispidula 
Kahiu poli$olia 
Ledm groenlandicum 
Myiica gale 
Orycoccus quairipetalus 
Vacciniwn mgustifoliwn 
V. vitis-idaea 

Seedlings and Herbs 
Carex oligospem 
Carex tr ispem 
Carex sp. 
Drosera r o ~ ~ o l i a  
Lycopodiurn annotinwn 
Sarracenia purpurea 
Srnilacina trifolia 

Bryophytes and Lichens 
Aulacowt iwn palmtre 
Cladonia spp. 
Pleuroziurn schreberi 
Pohlia sphugnicola 
sphugnum 

angushyo l iunJfa1Ia.x 
S. capillifoliwn 
S. fuscum 
S. pulchrum 
S. rubellm 

t - trace, 4% 



Table B.7 cont'd. 

Plot No. 
Species and taxa 25 26 27 28 29 30 31 32 

Litter 
Standing water 

Trees (2 10 cm CBH) 
Picea mariana 

Saplings (< 10 cm CBH, > 
1.5 m tall) and Tall shnibs 
Picea mariana 

Low shmbs (I 1.5 m) 
Anàromeda glaucophylla 
ChQmaedaphne calyc&a 
Gadtheria hispidula 
Ka lmia polifollia 
Ledm groeniùndicum 
Myrica gale 
Oxycoccus quadtipetalu~ 
Vacciniwn angustifoliwn 

Seedlings and Herbs 
Carex oligospenna 
C. rostrata 
C. trispemm 
Carex sp. 
Cornus canadensis 
Drosera rorundiijolia 
La& lancina 
Melantpynun lineare 
Picea mariana 
SmilacUuz tnfolia 

Bryophytes and Lichens 
Cladina mit& 
Pleuroziwn schreberi 
Pohiia sphagnicola 
Polytn'cm strictum 
Sphgnum 

mgusti~olium/fallax 
S. capillifolium 
S. fuscum 



Table B.7 cont'd- 

Plot No. 
S pecies and taxa 33 34 35 36 37 38 39 40 

Low shrubs (I 1.5 m) 
Chamaedaphne calyculata 
Gaultheria hispidula 
Kahia polifollia 
Ledwn groenlandicwn 
Myrica gale 
Oxycoccus quadripetalus 
Vaccinium angustifiolium 

Seedlings and Herbs 
calamagrostis canadenru 
Carex oligospenna 
C. rostmta 
C. trispenna 
Carex sp. 
Drosera ronuzdifolia 
Hypericwn virginicwn 
Lycopus uniyorus 
Picea mariana 

Bryophytes and Lichens 
Aulacomiwn palustre 
CIrrdonia spp. 
Po& sphagnicola 
Poiytncum smètum 
Ptiiim crista-castremis 
Sphagnum 

angusiifoliunJfailax 
S. capiliifolium 
S. fuscum 
S. rubellum 

t - trace, 4% 



Table B -7 cont'd. 

Species and taxa Mean 
(n=40) 

Dead wood 
Litter 
Standing water 

Trees (2 10 cm CBH) 
M laricinu 
Picea mariaM 

Sapiings (< 10 cm CBH. > 1.5 m 
tall) and TaIi s h b s  
PCceamariana 

Low s h b s  (5 1.5 m) 
Andromeda glaucophylla 
Chamaedaphne calyculara 
G a d t h e ~  hispidula 
Kaimin polifollin 
Ledum groenlandicwn 
Mjvica gaie 
Oxycoccus quodrpetalu 
Vacciniwn angustifoliwn 
V. vitis-idaea 

Seedlings and Herbs 
CahgrostLI canademk 
Carex oligospenna 
C. paucijlura 
C. rostrata 
C. trisperma 
Carex sp. 
Cornus canademis 
Drosem r o ~ j r o l i a  
Hypericwn virginicwn 
L a k  laricina 
Lycopodium annotinwn 
Lycopus mzyorus 
Melampym lineare 
Picea mariana 
Sarracenia ptupurea 
Srnilacina tn~ulfa 

Bryophytes and Lichens 
Aulacomniwn palustre 
CladUra miti3 
C* rmtgferina 
Cladonia spp. 
Dicrmwn spp. 



Table B.7 cont'd. 

Species and taxa Mean 
(n=40) 

Pleurozium schreberi 
Pohlia sphagnicola 
Polytrichum commune 
Polytrichum juniperuZm 
Polytricum sm-ctum 
Sphognum m g u r r i f o l i ~ a l l a x  
S. capillifolim 
S. fuscm 
S. magellanicm 
S. pulchnun 
S. rubellurn 

t - trace, < 1 % 



Table B.8. Percent cover of species and taxa in 1 m x 0.5 m plots (the mean of two 
adjacent 0.5 m x 0.5 m quadrats) sampled in the Open bog - Carex oligosperma (8)  
community of L632 (n=6). 

Plot No. 
Species and taxa 1 2 3 4 5 6 Mean 

(n=6) 

Dead wood 
Litter 
Standing water 

Saplings (c 10 cm CBH, > 
1.5 m tall) and Tai1 shmbs 
Alnus rugosa 
Picea mariana 

Low shmbs (I 1.5 m) 
Anùromeda glaucophylla 
Chamaedaphne calyculata 
Kahia polifoliiz 
Ledum groenlnndicum 
Myrica gale 
Oxycoccur quadnpetalus 
Vaccinim ungustifoliwn 

Seedlings and Herbs 
Calmgrostis canaaènsis 
Carex oligospema 
C. rostrata 
Carex sp. 
Drosera rotwuiifolia 
Lycopodium annotinum 
Picea marirma 
Srnilacina tn~olia 
T h t a l i s  borealis 

Bryophytes and Lichens 
Po& sphagnicola 
Sphagnum 

angirsrifoli~allar 
S. fuscum 
S. magellanicm 
S. papillosum 
S. pulch mm 



APPENDIX C. Tree and taIl shrub density data. 

Table C. 1. Point quarter data coiiected in the High density Picea mariana - Ledum sbrub 
( 1) community of L979 (n= 16 points). 

Point S pecies Distance (m) Ckumference (cm) 

Pkea mariana 
P. ?nariana 
P. murianu 
P. mariana 

P. mariana 
P. marianu 
Lurix lancina 
Piceamariana 



Table C. 1 cont'd. 

Point Species Distance (m) Circumference (cm) 



Table C.2. Point quarter data coiiected in the Medium density Picea mnrirma - IRciirm 
shmb (2) community of L979 (n=16 points). 

Point Species Distance (m) Circumference (cm) 

Larix lancina 
Picea manha 
hrù laricina 
Picea rnariana 



Table C.2 cont'd. 

Point S~ecies  Distance (m) Circumference (cm) 



Table C.3. Point quarter data cokcted in the Open bog - C h e d a p h n e  shmb (3) 
community of L979 (n=21 points). 

Point Species Distance (m) Circumference (cm) 

P. mariana 
P. mariana 
P. mariana 
P. mariana 



Table C.3 cont'd. 

Point Species Distance (m) Circumference (cm) 

P. mariana 
P. mariana 
Lurix laricina 
Pkea mariana 

P. mariana 
Larix lancina 
L. lancina 
L h e i r a  

L lancina 
L A  larich 
L hriciira 
Pkea marimur 

L a k  laricina 
L laricina 
L lancina 
L laricina 

L laricina 
L laricina 
L lancuuz 
L. lancina 



Table C.3 cont'd. 

Point Species Distance (m) Circumference (cm) 

20 L laricim 1 1.47 17.4 
L. laricina 22.73 32.5 
L lancina 19-12 26.6 
Pkea mariana 29.8 1 27.5 



Table C.4. Point quarter data coilected in the Medium density Picea mariruia - L e h  
shmb (4) community of L979 (n=4 points). 

Point S~ecies Distance (ml Circumference (cm) 



Table CS. Point quarter data coiiected in the Open bog - Alnus shnib (5) community of 
L979 (LI= 12 points). 

Point S pecies Distance (ml Circumference (cm) 

Picea mrùma 
P. mariana 
P. ??tariana 
P. mariana 

P. mariana 
Pinus b&ianu 
Alnus rugosa 
Picea mriana 



Table CS cont'd. 

Point Species Distance (m) Circuderence (cm) 



Table C.6. Point quarter data collected in the Low density P i n u  banksima - Ledm s b b  
(6) community of L979 (n=6 points). 

Point Species Distance (m) Circumference (cm) 

1 Phus bankirma 
P. banksima 
P. banksianu 
P. banksiana 

3 P. b & i ~ a  
P. banksiana 
Pkea mariana 
Pinus banksiana 

4 P. banhiana 
P. banksiana 
P. banhiana 
P. banhiana 

5 P. banhiana 
P. banksiana 
P. banhiana 
P. banksiana 

6 P. banhiana 
P. banksianu 
P. banksiana 
P. banksiana 



Table C.7. Point quarter data coiiected in the Open bog - Ch.edaphne%Ledwn shrub (7) 
community of L632 (n=46 points). 

Point Species Distance (m) Circumference (cm) 



Table C.7 cont'd. 

Point Species Distance (m) Circumference (cm) 



Table C.7 cont'd. 

Point S~ecies Distance (rn) Circumference km) 



Table C.7 cont'd. 

Point Species Distance (m) Circumference (cm) 

Larix laricina 
Picea mariana 
P. mariana 
P. mriana 

P. mariana 
P. mariana 
La& laricina 
Picea murimu 

~ l a r U = i ? l a  
Picea marimra 
P. mariana 
P. maRana 



Table C.7 cont'd. 

Point Species Distance (m) Circumference (cm) 

P. mariana 
P. mariana 
llarix lancina 
Pkea mariana 



Table C.8. The density of saphgs and taii s h b s  in 4 m x 4 m plots in the High density 
Picea murianu - Ledwn shmb ( 1) community in L979 (n=8). Stem class is the stem 
diameter 15 cm above ground level rounded to the nearest cm. 

Plot No. 
Species Stemclass 1 2 3 4 5 6 7 8 

Picea mariana 



Table C.9. The density of saplings and tall shrubs in 4 m x 4 rn plots in the Medium 
density Picea ma- - L e h  shrub (2) community in L979 (-8). Stem class is the stem 
diameter 15 cm above ground level rounded to the nearest cm. 

Plot No. 
S~ecies Stemclass 1 2 3 4 5 6 7 8 

Total 0 6 1 3 2 2 1 3  



Table C. 10. The density of saplings and tail shrubs in 4 m x 4 m plots in the Open bog - 
Chmuedaphne s h b  (3) community in L979 (n=23). Stem class is the stem diameter 15 
cm above ground level rounded to the nearest cm. 

Plot No. 
Smcies Stemclass 1 2 3 4 5 6 7 8 

Picea mariana 

Plot No. 
S pecies Stemclass 9 10 11 12 13 14 15 16 

Plot No. 
Species Stemclass 17 18 19 20 21 22 23 



Table C. 1 1. The density of  saplings and tali shrubs in 2 m x 2  m plots in the Open bog - 
Alnus shrub (5) community in L979 (n= 18). Stem class is the stem diameter 15 cm above 
ground Ievel rounded to the nearest cm. 

Plot No. 
S~ecies Stem class 1  2 3 4  5 6 7 8 

Betula papynïera 

Picea maricpur 

Total 9 8  10 7 10 18 5 O 

Plot No. 
S~ecies Sternclass 9 10 11 12 13 14 15 16 

Betula papynïera 

Picea mariana 

Total 8 1 1 5 1 0 8 2  



Table C. I 1 cont'd. 

Plot No. 
S~ecies Stem class 17 18 



Table C. 12. The density of saplings and tall shnibs in 4 rn x 4 m plots in the Law density 
Pinus banksiana - Ledwn shmb (6) communiîy in L979 (n=3). Stem class is the stem 
diameter 15 cm above ground level rounded to the nearest cm. 

Plot No. 
Species Stem class 1 2 3 



Table C.13. The density of saplings and tail shrubs in 4 m x 4 m plots in the Open h g  - 
Chamaedaphne/Zedum shmb (7) comrnunity in L632 (n=2 1). Stem class is the stem 
diarneter 15 cm above ground level rounded to the nearest cm. 

Plot No, 
S m i e s  Stem class 1 2 3 4 5 6 7 8 

Picea rnariana 

Total 0 4 8 4 0 8 7 4  

Plot No. 
S pecies Stemclass 9 10 11 12 13 14 15 16 

Picea mariana 

PIot No. 
Species Sternclass 17 18 19 20 21 

Picea mariana 



APPENlDlX D. Biomass data. 

Table D. 1. The aboveground dry mass, circuderence, height and canopy area of 
harvested Alnus rugosa shmbs (n=30). 

Sample No. 
Comwnent 1 2 4 5 6 7 8 

Biomass (kg) 
Leaf 0.0198 0.1014 0.0227 0.013 1 0.0036 0.0064 0.0051 
Branch 0.0329 0.2505 0.029 1 0.056 1 0.006 1 0.0233 0.0 102 
Stem 0.06 15 0.3 10 1 0.08 1 1 O- 1536 0.0352 0.060 1 0.0367 
Total 0.1142 0.6620 0.1329 0.2228 0.0449 0.0898 0.0520 

Circumference (cm) 4.0 9.2 5.5 6.0 3.8 4.4 3.7 

Height (m) 2.00 3.00 2.10 2-60 1 .70 1.77 1.57 

Sample No. 
Com~onent 9 10 11 12 13 14 15 

Biomass 
Leaf 0.0175 0.0163 0.0082 0.0051 0.31 14 0.0727 0.0418 
Branch 0.0486 0.0745 0.0423 0.0179 O. 1588 0.0406 0.7584 
Stem 0.0936 O. 1 195 0.0939 0.0632 0.0217 0.0877 1 .O606 
Total 0.1597 0.2 103 O. 1444 0.0862 0.4919 0.2010 1.8608 

Circumference (cm) 5.4 7 6.9 4.6 7.8 5.5 13.9 

Height (m) 2.23 1.8 1 1.72 1.7 3.16 2.15 3.75 



Table D. 1 cont'd. 

Sample No. 
Component 16 21 23 24 25 26 27 

Biomass 
Leaf 0.0057 0.0081 0.0457 0.0464 0.0154 0.0191 0.0175 
Branch 0.0031 0.0833 0.3527 0.2681 0.1849 0.0495 0.0580 
Stem 0.0393 0.2333 0.8605 1.4390 0.8780 O. 1 130 0.1534 
Total 0.0481 0.3247 1.2589 1.7535 1.0783 0.1816 0.2289 

Circumference (cm) 3.9 7.9 11.4 13.1 12.2 9.0 6.0 

Height (m) 1.75 2.60 4.20 4.87 4.80 2.3 1 2.90 

Sample No. 
Component 28 29 30 31 32 33 35 

Biornass 
Leaf 0.0 159 0.0 164 0.0167 0.9292 0.0187 0.0 146 0.0 1 1 1 
Branch 0.063 1 0.0274 0.0328 0.2883 0.04 15 0.1682 0.13 10 
Stem 0.1334 0.08 15 0.08 13 0.89 14 0.1 185 0.5344 0.3708 
To ta1 0.2124 0.1253 0.1308 2.1089 0.1787 0.7172 0.5129 

Circumference (cm) 6.7 4.6 5.1 13.1 6.2 10.3 9.4 

Height (m) 3.13 2.20 2.1 1 3.95 2.10 3.20 2.85 

Canopy area (cm2) 10350 5170 2912 20000 5395 18125 16250 

Sample No. 
Component 36 37 

B iomass 
Leaf 0.0549 0.03 10 
Branch 0.2287 0.6 129 
Stem 0.4 160 0.7580 
To ta1 0.6996 1.40 19 

Circurnference (cm) 9.9 13.0 

Height (m) 3.45 4.00 

Canopy area (CI$) 17 100 2 1750 



Table D.2. The aboveground dry mass, circumference, height and canopy area of 
harvested Benda papynferu sapiings (cl0 c m  CBH and > 1.5 m in height) (n= 10). 

Sample No. 
Component 93/46 93/47 93/30 93/31 18 19 20 

Biomass (kg) 
Leaf 0.0090 0.0149 0.0049 0.0724 0.0569 0.0517 0.0548 
Branch 0.0098 0.0181 0.0082 0.092 0.1307 O. 1542 0.2026 
Stem 0.0443 0.0464 0.0328 0.0590 0.53 16 0.5396 0.4475 
Total 0.0631 0.0794 0.0459 0.1406 0.7192 0,7455 0.7049 

Circumference (cm) 2.9 3.7 2.8 3 -8 9.9 9.3 8.9 

Height (m) 1.680 1.648 1.524 1.610 3.130 3.950 3.280 

Canopy ares (cm2) 3760 2475 3894 1672 7225 10925 13750 

Sample No. 
Component 22 34 93/45 

Biomass (kg) 
Leaf 0.068 1 0.0637 0.0095 
Branch 0.1661 0.2171 0.0139 
Stem 0.423 1 0.7617 0.0421 
To ta1 0.6573 1 .O425 0.0655 

Circumference (cm) 9.5 11.8 3.1 

Height (m) 2.7 3.68 1.68 



Table D.3. The aboveground dry mas,  circumference, height and canopy area of 
harvested Larix laricina saplings ( 4 0  cm CBH and > 1.5 m in height) (n= 10). 

Sample No. 
Component 38 39 40 41 42 43 93/52 

Biomass (kg) 
Leaf 0.0410 0.0314 0.0752 0.0472 0.0533 0,0491 0.0635 
Branch 0.089 1 0.0895 0.242 1 0.0829 O. 1027 0.1579 0.1345 
Stem O. 1 143 0.1990 0.428 1 O. 15 16 0.23 15 0.6586 0.2957 
Total 0.2444 0.3 199 0.7454 0.28 17 0.3875 0.8656 0.4937 

Circumference (cm) 7.7 7.9 10.8 7.2 8.7 11.5 8.5 

Height (m) 1.650 2.130 2.560 1.900 2.350 2.570 2,326 

Sample No. 
Commnent 93/53 93/54 93/55 

Biomass (kg) 
Leaf 0.0856 0.0 178 0.0347 
Branch 0.1533 0.0440 0.1 101 
Stem 0.2624 0.0904 0.1410 
To ta1 0.50 13 O. 1522 0.2858 

Circumference (cm) 8.7 4.9 5.9 

Height (m) 2.044 1.606 1.674 



Table D.4. The aboveground dry mass, circderence, height and canopy m a  of 
harvested Picea mariana saphgs ( 4 0  cm CBH and >1J m in height) (n=29). 

Sample No. 
Comwnent 931 1 9312 93/3 9314 9315 9316 93ff 

Biomass 
Leaf 0.0726 O. 1730 0.17 16 0.0605 0,0747 0.1208 0.207 1 
Branch 0.0476 0.2703 0.1244 0.0321 0.0367 0.0732 0.1217 
Stem 0.0966 0.4909 0.3547 0,0846 0.1495 0.151 1 0.4027 
Total 0.2 168 0.9342 0.6507 0.1772 0.2609 0.345 1 0.73 15 

Circumference (cm) 5.6 11.0 8 -6 5.0 6.5 6.4 8.6 

Height (m) 1 .56 2.62 2.45 1.72 1.86 1.76 2.80 

Canopy area ( c d )  4248 14577 6106 2842 3953 4824 3290 

Sample No. 
Componen t 9318 9319 93/34 93/35 93/36 93/37 93/38 

Biomass 
Leaf 0.1386 0.3198 0.2192 0.1153 0.1287 0.2254 0.1749 
Branch 0.039 1 O. 1 1 16 0.4059 O. 1766 O. 1736 0.3067 0.4 143 
Stem 0.08 12 O. 1 132 0.3048 0.1966 0.3575 0.3490 0.3479 
Total 0.2589 0.5446 0.9299 0.4885 0.6598 0.881 1 0.9371 

Circumference (cm) 5.7 8.3 8.9 7.0 8.2 9.8 9. O 

Height (m) 2.04 2.68 2.0 i 1.68 2.38 2.07 1.79 

Canopy area ( c d )  2585 5976 16002 12192 7462 17024 21870 

Sample No. 
Com~onent 93/39 93/40 93/41 93/42 93/43 93/44 93/48 

B iomass 
Leai 0.1753 O. 1409 O. 13 17 0.094 1 0.467 1 0.36 19 O. 1560 
Branch O. 19 18 0.2297 0.0758 0.0720 0.40 12 0.2966 O. 1 19 1 
Stem 0.25 14 0.2844 0.093 1 0.1 156 0.7682 0.8 130 0.1069 

Circumference (cm) 8.3 8.1 5.5 5.3 11.0 11.4 5.9 

Height (m) 1.78 1.78 1.56 1.93 3.84 3.42 1.49 

Canopy area ( c d )  821 1 7050 4560 8091 16240 9010 8568 



Table D.4 cont'd. 

Sample No. 
Component 93/49 93/50 93/51 93/56 93/57 93/58 93/59 

Biomass 
Leaf 0.3925 0.4 f 44 0.2003 0.4405 0.346 1 0.3 120 0.5459 
Branch 0.4503 0.2835 0.1592 0.4459 0.5706 0.4495 0.4914 
Stem 0.5294 0.5828 O. 1696 0.9039 0.5784 0.5357 0.6233 
Total 1 .3722 1.2807 0.529 1 1.7903 1.495 1 1.2972 1.6606 

Circumference (cm) 1 2.0 8.5 6.5 10.9 11.5 10.9 11.5 

Height (m) 2.40 2.70 1.67 3.34 2.64 2-50 2.77 

Sarnple No. 
Component 93/60 

Biomass 
Leaf 0.2948 
Branch 0.53 17 
Stem 0.4870 
To ta1 1.3 135 

Circumference (cm) 10.9 

Height (m) 2.36 

Canopy area (cm*) 19840 



Table D.5. The aboveground dry mass, circumference, height and canopy area of 
harvested Pinus banksima saplings ( 4 0  cm CBH and > 1.5 m in height) (n=2 1). 

Sample No. 
Component 93/1 93/2 93/3 93/4 93/5 93/6 93/7 

Biomass 
LRaf 0.0726 0.1730 0.17 16 0.0605 0.0747 0.1208 0.207 1 
Branch 0.0476 0.2703 0.1244 0.0321 0.0367 0.0732 0.1217 
Stem 0.0966 0.4909 0.3547 0.0846 0.1495 0.1511 0.4027 
Total 0.2 168 0.9342 0.6507 O. 1772 0.2609 0.345 1 0.73 15 

Circumference (cm) 5.6 11.0 8.6 5 .O 6.5 6.4 8.6 

Height (m) 1 .56 2.62 2.45 1.72 1.86 1.76 2.80 

Canopy area (cm2) 4248 14577 6106 2842 3953 4824 3290 

Sample No. 
Component 93/8 9319 93/10 93/11 93/12 93/13 93/14 

Biomass 
Leaf 0.08 12 0. 1 132 0.05 15 0.3375 O. 17 12 0.0479 0.0094 
Branch 0.039 1 O. 1 1 16 0.03 19 0.3 19 1 O. 1492 0.0286 0.0598 
Stem 0.1386 0.3 198 0.1 008 0.7500 0.5857 0.1547 O. 1683 
To ta1 0.2589 0.5446 0.1842 1.4066 0.906 1 0.23 12 0.2375 

Circumference (cm) 5.7 8.3 5 .O 11.2 9.2 5.5 5.9 

Height (m) 2.04 2.68 1.73 3.18 3.78 2.32 1.85 

Sample No. 
Component 93/15 93/16 93/17 93/21 93/22 93/23 93/24 

Biomass 
Leaf 0.2460 O. 1269 O. 1972 0.0335 0.0 152 0.0302 0.0 145 
Branch 0.2244 0.1417 0.2124 0.0157 0.0062 0.0162 0.0063 
Stem 0.7 100 0.5339 0.5229 0.071 1 0.0326 0.0519 0.0423 
Totai 1.1804 0.8025 0.9325 0.1203 0.0540 0.0983 0.063 1 

Circumference (cm) 1 1.6 11.6 10.0 4.1 2.9 3.7 3.4 

Height (m) 3 -46 2.96 2.88 1.89 1.62 1.65 1.59 



b) Betula papyrifera 
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f) AI1 shrubs 
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Figure D. 1. The allometnc (Y = a * bX) relationship between saplhg and tail shmb 
oven dry mass (ODM) and stem diameter in (a) Alnus rugosa (n=30), (b) Be& papyn$iera 
(n= 10). (c) LarU: laricina (n= IO), (d) Picea mariana (n=29). (e) Phus bankranu (n=2l) 
and (f) ail shrubs together (n=100). 



Table D.6. The aboveground dry mass (g) of plant material harvested in 0.5 m x 0.5 m 
quadrats in the High density Picea mariana - Ledum shmb (1) cornmunity in L979 (n=5). 

Sarnple No. 
Categories I 2 3 4 5 Mean 

Chumaedaphne calyculata 
- leaf 
- branch and stem 

Kalmiu polifolia 
- leaf 
- branch and stem 

Ledum groenlandiicum 
- leaf 
- branch and stem 

Picea mariana 
- leaf 
- branch and stem 

Bryophytes 



Table D.7. The aboveground dry mass (g) of plant material harvested in 0.5 m x 0.5 m 
quadrats in the Medium density Picea mariaM - Ledum shmb (2) community in L979 
(n-5). 

Sample No. 
Chtegories 1 2 3 4 5 Mean 

Andromda gloucophyila 
- leaf 
- branch and stem 

Chamaedaphne calyculara 
- leaf 
- branch and stem 

Kahia poiifalia 
- Ieaf 
- branch and stem 

Ledum groenlandiicum 
- leaf 
- branch and stem 

Lycopodium annotinrun 

Picea mariana 
- leaf 
- branch and stem 

Bryophytes 



Table D.8. The aboveground dry mass (g) of plant material harvested in 0.5 m x 0.5 m 
quadrats in the Open bog - Chunmedaphne shmb (3) communîty in L979 (n=5). 

Sample No. 
Categories 1 2 3 4 5 Mean 

Andromeh glaucophyh 
- leaf 
- branch and stem 

Chmnaedaphrre calyculata 
- Ieaf 
- branch and stem 

Kalmia polifolia 
- Ieaf 
- branch and stem 

Ledm groenlundicum 
- Ieaf 
- branch and stem 

Pkea marimur 
- leaf 
- branch and stem 

Bryophytes 



Table D.9. The aboveground dry mass (g) of plant material harvested in 0.5 m x 0.5 m 
quacirats in the Medium density Picea muriana - Alnus s h b  (4) community in L979 
(n=5). 

Sample No. 
Catecrories 1 2 3 4 5 Mean 

Androrneda glaucophylla 
- Ieaf 
- branch and stem 

Chamaedaphne c u Z y c ~  
- leaf 
- branch and stem 

Cyperaceae 

Drosera ratundr~oliu 

Gauitheriu hispidula 

Kalmiu polifolia 
- leaf 
- branch and stem 

Ledm groenlundicm 
- Ieaf 
- branch and stem 

Lycopodiwn annotinwn 

Oxycoccus quadripetafus 

Picea m h  
- leaf 
- branch and stem 

Vaccinium angustifolium 
- leaf 
- branch and stem 

Bryophytes 

Litter 



Table D. 10. The aboveground dry mass (g) of plant material harvested in 0.5 m x 0.5 m 
quadrats in the Open bog - Ahur shrub (5) community in L979 (n=5). 

Sample No. 
Categories 1 2 3 4 5 Mean 

Alnus rugosa 
- leaf 
- branch and stem 

Andromeda glaucophylla 
- leaf 
- branch and stem 

Chamaeuùphne calyculata 
- leaf 
- branch and stem 

C yperaceae 

Equisetwn sylvaticum 

Gaultheria hispidula 

Kahia polifolia 
- leaf 
- branch and stem 

Ledum groenlandicum 
- leaf 
- branch and stem 

Lycopodium annotinum 

Oxycoccur quadripetalus 

Picea mriana 
- leaf 
- branch and stem 

Srnilacina trifolia 

Bryophytes 

Litter 



Table D. 1 1. The aboveground dry rnass (g) of plant material harvested in 0.5 m x 0.5 m 
quadrats in the Law density Pinus banksiana - Ledum s h b  (6) community in L979 
(n=S). 

Sample No. 
Categories 1 2 3 4 5 Mean 

Chanmedaphne calycuha 
- leaf 
- branch and stem 

Kalmïa polifilia 
- Ieaf 
- branch and stem 

L e d m  groenlandicwn 
- leaf 
- branch and stem 

Picea mariana 
- leaf 
- branch and stem 

Pinus bank~iana 
- leaf 
- branch and stem 

Bryophytes 



Table D. 12. The aboveground dry mass (g) of plant material harvested in 0.5 rn x 0.5 m 
quacirats in the Open bog - ChamaedaphnelZedum s h b  (7) community in L632 (n=5). 

Sample No. 
Category 1 2 3 4 5 Mean 

chamaedaphne c a l y c ~ a  
- leaf 
- branch and stem 

Cyperaceae 

Kahia polifolin 
- Ieaf 
- branch and stem 

Ledm groenlanàicwn 
- leaf 
- branch and stem 

Myrica gale 
- leaf 
- branch and stem 

Pkea mriana 
- leaf 
- branch and stem 

Vaccinium angust&6oZim 
- leaf 
- branch and stem 



Table D. 13. The aboveground dry mass (g) of plant material harvested in 0.5 m x 0.5 m 
quadrats in the Open bog - Carex o l igosperm shmb (8 )  community in L632 (n=5). 

Sample No. 
Categories 1 2 3 4 5 Mean 

Alnus rugosa 
- leaf 
- branch and stem 

Andromeh glaucophylln 
- leaf 
- branch and stem 

Chmueahphne calyculaa 
- leaf 
- branch and stem 

Cyperaceae 

Kalmia polifolia 
- leaf 
- branch and stem 

Ledm groenlundicm 
- leaf 
- branch and stem 

Lycopodium annotinm 

Myrica gale 
- leaf 
- branch and stem 
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Figure D.2. The relationship between biomass and percent cover for the components of 
0.5 m x 0.5 m harvested samples. 



APPENDIX E. Carbon content data. 

Table E. 1. The carbon content of species and tissue types analyzed. 

Tissue type Sample No. me c 

Chamaedaphne calycuiata 
leaves 1 534 

2 539 
3 53 1 
4 555 

C. cdyculara 
branches 

C yperaceae 

Kalmia polifollia 
leaves 

K. polifoiia 
branches 

La& laricina 
leaves 

L laricinu 
branches 



Table E. 1 cont'd. 

Tissue type Sample No. mg c g-1 

L lan'cuuz 
stems 

Myrica gale 
leaves 

M. gale 
branches 
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