
Variations in above- and below-ground vascular
plant biomass and water table on a temperate
ombrotrophic peatland

M.T. Murphy, A. McKinley, and T.R. Moore

Abstract: In wetland ecosystems, little is known about the relationships between above- and below-ground plant biomass
and water table, a primary driver of their distribution in these systems. These relationships can provide a means for esti-
mating belowground stocks over large areas with variable biomass and predicting vascular plant responses to changing
water tables resulting from climate change. We measured above- and below-ground vascular plant biomass across species
and microtopography (i.e., hummocks and lawns) in a bog in eastern Ontario. We examined the relationships between
above- and below-ground vascular plant biomass their variation with water table and species richness. We took 56 cores
during a growing season, separating above- and below-ground biomass by species and plant part (small and coarse root,
leaf, stem). Hummocks had greater above- and below-ground biomass, and significantly greater aboveground:belowground
ratios than lawns. Lawns had a more even distribution of biomass across species than hummocks aboveground, indicating
that only a few species (e.g., Vaccinium myrtilloides Michx. and Chamaedaphne calyculata Moench) are able to thrive in
the driest bog conditions. Additionally, fewer species contributed to root biomass at depth, suggesting possible resource
partitioning among species. Lower water tables lead to greater belowground biomass. Total above- to below-ground plant
biomass relationships were strongest when separated by plant species.
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Résumé : Dans les écosystèmes humides, on connaı̂t peu de choses sur les relations qui existent entre la biomasse végétale
épigée et hypogée ainsi que la nappe phréatique, un élément déterminant de leur distribution dans ces systèmes. Ces rela-
tions peuvent conduire à des moyens pour estimer la masse souterraine sur de grandes surfaces ayant des biomasses varia-
bles et prédire les réactions des plantes vasculaires aux modifications des nappes phréatiques provenant du changement
climatique. Les auteurs ont mesuré la biomasse des plantes vasculaires pour l’ensemble des espèces selon la microtopogra-
phie (hummock et surfaces herbacées) dans une tourbière de l’est de l’Ontario. Ils ont examiné les relations entre la bio-
masse épigée et hypogée des plantes vasculaires avec la nappe phréatique et la richesse en espèces. Ils ont prélevé 56
carottes au cours de la saison de croissance, en séparant les biomasses épigées et hypogées selon les espèces et les parties
de la plante (petites et grosses racines, feuilles, tiges). Les hummocks montrent une biomasse hypogée et épigée plus im-
portante, avec des rapports épigée:hypogée plus grands. Les surfaces herbacées affichent une distribution plus homogène
de la biomasse selon les espèces que les parties épigées des hummocks, ce qui indique que seulement quelques espèces
(e.g. Vaccinium myrtilloides Michx. et Chamedaphne calyculata Moench) peuvent se développer sous les conditions de
tourbière plus sèches. De plus, moins d’espèces contribuent à la biomasse racinaire en profondeur, ce qui suggère une ré-
partition des ressources entre les espèces. Des nappes phréatiques plus basses s’accompagnent d’une biomasse hypogée
plus abondante. Les relations des biomasses végétales épigées et épigées totales sont plus importantes lorsqu’on les sépare
par espèce.

Mots-clés : tourbière, biomasse, épigée, racine, rapport racine:tige, diversité, nappe phréatique.

[Traduit par la Rédaction]

Introduction
Northern peatlands contain between 250 and 450 Gt car-

bon (C), or one-quarter to one-third of the global soil C
(Turunen et al. 2002). This storage results largely from an
imbalance between the rates of moss production and decom-

position; however, vascular plants also add significant
amounts of biomass above-and below-ground to these sys-
tems. The contribution of vascular plants to peatland C has
largely focused on aboveground biomass and production, de-
spite about half of total vascular plant biomass and produc-
tion being located belowground, particularly in nonforested
peatlands (M.T. Murphy and T.R. Moore, unpublished
data). While some peatland studies have quantified the be-
lowground biomass of vascular plants (e.g., Reader and
Stewart 1972; Bernard and Fiala 1986; Joabsson and Chris-
tensen 2001; Moore et al. 2002), few have looked at how
this biomass varies with soil depth and aboveground plant
biomass, as well as the environmental variables, such as
water table depth, that may influence these relationships.
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Understanding the distribution of root biomass with soil
depth is key to defining the plant community’s zone of in-
fluence belowground, where roots can influence soil micro-
bial communities and C cycling via turnover, exudation, and
nutrient and water uptake.

The relationship between above- and below-ground bio-
mass is important in allowing predictions of the latter, as
have been developed for forest and grassland ecosystems.
Currently, most peatland C models either ignore the below-
ground plant biomass or rely on fixed ratios of above- to
below-ground plant biomass. These fixed ratios ignore varia-
tions across plant type, microtopography, and environmental
gradients such as water table within and among peatland
ecosystems. How biomass above- and below-ground, species
richness and diversity and water table relate to one another
is crucial in understanding patterns of plant C sequestration
in these systems and how they may respond to global
change phenomena.

The position of the water table is a major ecological
driver of both the plant ecology and biogeochemistry of wet-
lands. Plant distribution, aboveground biomass, and net pri-
mary production are closely related to microtopography and
water table position within peatlands (Moore et al. 2002;
Bubier et al. 2006; Laine et al. 2007). Hummocks have
greater aboveground vascular plant biomass and a deeper
water table than lawns. While there are several studies on
belowground biomass and production responses to water ta-
ble manipulations (e.g., Laiho and Finér 1996; Weltzin et al.
2000), there is less information on the relationship between
natural variations in belowground biomass and water table
in wetlands (Dwire et al. 2004; Saunders et al. 2006). The
contributions of individual vascular plant species to below-
ground biomass has not been evaluated before in peatlands,
although some studies have distinguished between trees and
field layer plants (Vasander 1982; Laiho and Finér 1996).

In peatland systems, plants have adapted to different hy-
drological conditions so that species assemblages reflect
spatial variations in hydrology and water table. A few stud-
ies have found that vascular plant diversity decreases as the
water table drops (Johnson and Leopold 1994; Locky and
Bayley 2006).

Our study was conducted on a bog in eastern Ontario,
Canada. The objectives of this study were to (i) characterize
differences in the hummock and lawn vascular plant com-
munities with respect to aboveground biomass, root biomass
and its depth distribution, and species richness and diversity,
(ii) establish relationships between water table and plant bi-
omass distribution above- and below-ground and species
richness and diversity, and (iii) establish predictive relation-
ships between above- and below-ground biomass at the site.
We hypothesized significant differences in plant community
diversity and composition, and the distribution of biomass
above- and below-ground across hummocks and lawns, re-
sulting from differences in water table level. Shallow water
tables would restrict the volume of aerated soil that plants
could exploit for nutrients, yielding shallow root distribu-
tions, and small below- and above-ground biomass. We also
anticipated that areas with shallow water tables would have
higher species richness and diversity, as the majority of the
vascular plant species in bogs are better adapted to wetter
conditions. Additionally, we hypothesized strong positive re-

lationships between above- and below-ground biomass, as
documented in many terrestrial systems, and in particular
between leaf and small root biomass. Small roots (0.5–
2 mm in diameter) often represent more recent growth that
is more closely coupled to current leaf activity.

Materials and methods

Site
Mer Bleue is a bog located east of Ottawa, Ontario, Can-

ada (45.408N, 75.508W). Peat formation began 8500 years
ago and peat depth ranges between 2 and 5 m
(P.J.H. Richard, unpublished data). The mean annual tem-
perature is 6.3 8C and the mean annual precipitation is
943 mm (Environment Canada 2006).

Woody, ericaceous shrubs are the dominant vascular
plants at Mer Bleue. These include the evergreen Chamae-
daphne calyculata Moench, Ledum groenlandicum Oeder,
Kalmia angustifolia L., Andromeda glaucophylla Link., and
Vaccinium oxycoccus L., and the deciduous Vaccinium myr-
tilloides Michx. The dominant herbaceous species are the
tufted sedge Eriophorum vaginatum L., as well as Maianthe-
mum trifolium (Smilacina as it appears later, in an abbrevi-
ated form). The distribution of species is related to
hummock and lawn microtopography and water table posi-
tion, with V. myrtilloides and C. calyculata found mostly in
drier areas of the peatland while K. angustifolia and
E. vaginatum prefer wetter areas (Bubier et al. 2006). At
the Mer Bleue bog, shrubs comprise *70% of the above-
ground plant biomass, while Sphagnum capitula comprise
*25% (Bubier et al. 2006).

The study was conducted at two sites within the bog. The
first is a hummock and lawn terrain located near the Fluxnet
tower (Roulet et al. 2007). The second site is located near
the eastern edge of the Mer Bleue bog, 4–8 m upslope from
a drainage ditch dug in 1922, and consists mostly of hum-
mocks. We sampled at the second site to capture vegetation
trends at the driest end of the spectrum of water table levels.
Data from the tower site were used to compare hummock
and hollow terrains. All other analyses included data from
both sites. The sample area was approximately 10 000 m2 at
the tower site and 500 m2 at the drained site.

Measurements
Biomass was measured in 56 cores (25 cm � 25 cm, area

625 cm2) taken over the growing season (June through Au-
gust 2006) to a depth of 40 cm. The majority of the root bi-
omass was coarse roots of perennial shrubs, which was not
likely to visibly change over a single growing season. In-
growth core production estimates from the site indicate that
the majority of the roots produced over 1 year are consider-
ably smaller than the minimum size class that we sampled
for biomass (>0.5 mm diameter). Communities with signifi-
cant herbaceous vegetation were not sampled until mid-
season (July–August) when E. vaginatum is known to
reach peak biomass (Sullivan and Welker 2005). There
were no significant differences in biomass across months.

We sampled 21 lawn and 19 hummock sites at the tower
site and 16 hummocks were sampled at the drained site.
Hummocks and lawns were distinguished visually based
upon species composition. Hummocks were dominated by
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C. calyculata and V. myrtilloides, which prefer lower water
tables. Lawns had a more even mixture of hummock species
along with other shrubs (L. groenlandicum, A. glaucophylla,
K. angustifolia) and herbs (E. vaginatum, S. trifolia), more
tolerant of higher water table conditions (Bubier et al.
2006).

Preliminary sampling indicated that there were few living
roots below 40 cm. Since the hummock water table level
rarely drops below 40 cm, woody shrub roots are unlikely
to survive below this depth, although some E. vaginatum
and S. trifolia roots occur below 40 cm.

Roots were extracted by hand from each core and sepa-
rated into live and dead at 10 cm depth intervals Live roots
were separated from dead roots visually based on their elas-
ticity and color. Brittle roots and (or) roots that were dark at
the center were considered dead (see Aerts et al. 1989; Sjörs
1991; Laiho and Finér 1996). Highly decomposed material
was considered humus and excluded from our measure-
ments.

During this process of extraction for each core, we also
attempted to identify the live roots by species following the
root networks of individual plants from their aboveground
stems for identification. This method was able to identify
88% of the total root biomass by species. The remaining un-
identified woody biomass was labeled as unknown and used
to calculate belowground biomass but not species biomass.
Herbaceous roots were larger and white and visibly distin-
guishable from woody roots which were often brown and
highly branched. Extracted roots were washed with water
and oven-dried for 48 h at 85 8C.

All roots > 0.5 mm diameter were removed from the peat.
We were unable to remove roots < 0.5 mm diameter since
their size (often < 0.05 mm) and fragility prevented us from
untangling them from the peat in a timely fashion without
breaking them. For 24 of the cores (7 ditch hummock, 7
tower hummock, and 10 tower lawn cores), we further sepa-
rated roots into coarse roots (‡2 mm) and small roots (0.5–
2 mm diameter) to determine whether there were different
relationships among roots of different sizes and other envi-
ronmental variables. The small size class distinction was
used to distinguish roots of a lower branching order and
thus a younger age.

The majority of roots > 0.5 mm diameter in this system
function physiologically as coarse roots, i.e., they do not ab-
sorb the majority of nutrients and water but instead serve as
a means of transport and structural support for plants. The
term ‘‘small root’’ was consciously chosen to avoid confu-
sion with the physiological definition of fine roots (absorp-
tive) versus coarse roots (conductive) (McCully 1999),
which are often distinguished in the literature by diameter
classes > 2 mm (coarse) and < 2 mm (fine). While this may
be a reasonable assumption for trees, ericaceous shrubs have
extremely fine, branching root systems for which this diam-
eter distinction does not reflect physiological differences be-
tween roots which absorb nutrients and that transport water
(Valenzuela-Estrada et al. 2008). Thus, the size classes rep-
resented in our study are mainly conductive in function and
long-lived, displaying little variation in biomass from year
to year.

Aboveground biomass from the cores was clipped at the
bottom of the living moss layer where there was no visible

green tissue, following the identification and sorting of
roots. Samples were separated into live and dead biomass
by species. Non-brittle stems and green leaves attached to
stems were considered living. For the same subset of cores
that were separated into coarse and small roots, the above-
ground biomass was sorted into living leaves and stems.
Samples were dried and weighed, as described above.

Species richness (R) was measured as the total number of
species present in each core. Diversity was measured using
the Shannon–Wiener index (H’):

½1� H 0 ¼
Xs

i¼1

pi½ln ðpiÞ�

where pi is the proportion of aboveground biomass in spe-
cies i and S is the total species richness (Weltzin et al.
2000). Both species richness and diversity were calculated
for the above- and below-ground component of each core.

Water table measurements were made at each core 2 days
following excavation, and measured from the bottom of the
living moss layer. At a subset of cores, wells 3 cm in diam-
eter were installed and monitored monthly throughout the
growing season. Changes in the water table over time at
these core wells corresponded to similar changes over the
same period of time at the continuously monitored wells at
the tower nearby allowing an estimate of the average grow-
ing season (1 June to 29 August 2006) water table depth. At
the ditch site, we used the same method, but referenced our
core water table measurements against wells that were
sampled daily through the growing season.

Vertical root distributions were modeled using the asymp-
totic equation described by Gale and Grigal (1987) and
Jackson et al. (1996). The following equation

½2� Y ¼ 1� bd

models the cumulative root fraction (Y) as a function of soil
depth (d) with b as the biomass distribution parameter, de-
termined for individual cores as well as species. High b va-
lues (e.g., 0.96) indicate a greater proportion of roots at
depth, while low values (e.g., 0.85) indicate a shallow root
distribution (Jackson et al. 1996). We examined the relation-
ship between core b values and water table depth, above-
ground biomass, belowground biomass, and (or)
aboveground:belowground ratios using a forward stepwise
regression.

Statistical analyses
Differences between microtopographies at the tower site

(hummock vs. lawn) were analyzed using t-tests. Where
data were not normally distributed, Mann–Whitney non-
parametric statistical tests were used. Species differences in
above- and belowground biomass and aboveground:below-
ground ratios were evaluated using ANOVA and the Bonfer-
roni post-hoc test.

Linear regression analysis was used to explore the rela-
tionships among plant biomass parts (i.e., total above, total
below, root, leaf), plant community structure (i.e., species
richness, species diversity) and water table depth. Hum-
mocks and lawns were combined in these analyses along
with the hummocks near the drainage ditch. Additionally,
above- and below-ground biomass relationships were ex-
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plored by species. Model normality was evaluated using
Kolmogorov–Smirnov normality test following Lilliefors
procedure and, when necessary, variables were log-
transformed. All analyses were done using SYSTAT
version 10 (SPSS, Inc., Chicago, Illinois, USA).

Results

Aboveground biomass
Aboveground live biomass was greater in hummocks than

lawns (df = 18, t = –4.2, p = 0.001). While hummocks had
significantly greater stem biomass than lawns (df = 15, t =
4.1, p = 0.001), leaf biomass did not differ between the two
microtopographies. Hummock vascular vegetation allocated
a greater proportion of their biomass aboveground relative
to those in lawns as indicated by significantly larger above-
ground/belowground ratios of vegetation in hummocks
(0.56 ± 0.30) than lawns (0.31 ± 0.11) (df = 38, t = –3.75,
p = 0.001) (Table 1).

Chamaedaphne calyculata had the largest total live bio-
mass in both microtopographic classes (45% in hummocks,
32% in lawns) followed by V. myrtilloides (28%) in the
hummocks and L. groenlandicum (25%) in lawns. The spe-
cies E. vaginatum and V. oxycoccus were common in lawns
and absent or in trace amounts in hummocks. Additionally,
E. vaginatum had a significantly lower aboveground:below-
ground ratio (0.28 ± 0.28) than ericaceous shrubs (0.54 ±
1.38), while V. oxycoccus had a significantly higher A/B ra-
tio (1.38 ± 0.70) than all other species (Table 2).

Aboveground, species richness averaged 4.2 ± 1.1 spe-
cies per core and did not differ between microtopographic
classes. Using the Shannon–Wiener index (H’), however,
lawns had a more even distribution of biomass across
species aboveground (–0.953 ± 0.30) than hummocks
(–0.698 ± 0.42) (df = 18, p = 0.025).

Belowground biomass
Hummocks had significantly greater belowground live bi-

omass (df = 18, t = 2.5, p = 0.02) than lawns (Table 1). Be-
lowground differences were caused by discrepancies in
coarse root (>2 mm diameter) but not small root (0.5 to

2 mm diameter) biomass (df = 9, t = 3.40, p = 0.008).
Greater total root biomass in hummocks was the result of
significantly greater live biomass at each depth in hum-
mocks (Table 3). Overall, dead biomass increased with
depth in hummocks and lawns, while live biomass consis-
tently decreased with depth in lawns only.

Modeling vertical root distribution asymptotically at Mer
Bleue produced an average biomass depth distribution pa-
rameter (b) of 0.938 (Fig. 1a), which increased with a low-
ering of the water table (Fig. 1b). Variations in b were best
explained by a linear model, which combined water table
depth and the aboveground:belowground biomass ratio as
predictors (r2 = 0.44, p < 0.001). Water table and the above-
ground:belowground biomass ratio explained 36% and 8%
of the variation in b, respectively. Species varied in their
rooting depth distribution (Table 2). The shrub V. oxycoccus
had the shallowest rooting distribution (b = 0.816), while
M. trifolium had the deepest rooting distribution (b = 0.965)
and other species were intermediate (b = 0.931 to 0.948).

Neither species richness nor the Shannon–Wiener index of
belowground material differed between hummocks and
lawns. A paired t-test comparing aboveground with below-
ground for all cores indicated that there was a more even
distribution of species aboveground (–0.838 ± 0.35) than be-
lowground (–0.775 ± 0.36) (df = 58, p = 0.01). Species rich-
ness of belowground biomass decreased with depth in the
peat profile, with the 30–40 cm depth having significantly
lower species richness (2.3 ± 1.1 species) than all other
depths (3.6 ± 1.1 species) (p < 0.001). ANOVA indicated
that diversity (H’) was significantly different by depth (df =
3, F = 12.18, p < 0.001), with significantly lower diversity
at depths from 20–30 cm and 30–40 cm than at depths from
0–10 cm and 10–20 cm. Thus, one or two species dominated
the root biomass at depth while at the surface the distribu-
tion of root biomass was more even across species.

Biomass relationships
Using linear regression analysis, the best predictor of total

live belowground biomass was total live aboveground bio-
mass, explaining 48% of the variation (Fig. 2a). When a
subset of data was further separated into leaf and small

Table 1. Lawn and hummock comparisons of mean biomass (kg�m–2) of above- and below-ground biomass (total,
leaf, small, and coarse roots) and aboveground:belowground and leaf:small root ratios at the tower site.

Property Microtopography N Mean ± SD Min. Max.
Total aboveground* Hummock 19 1.00±0.66 0.42 3.29

Lawn 21 0.33±0.12 0.16 0.55
Leaf Hummock 16 0.22±0.12 0.06 0.48

Lawn 17 0.16±0.10 0.05 0.46
Total belowground* Hummock 19 2.03±0.89 0.61 3.32

Lawn 21 1.19±0.59 0.40 2.30
Small root Hummock 10 0.35±0.16 0.10 0.59

Lawn 12 0.59±0.55 0.09 2.05
Coarse root* Hummock 10 1.65±0.81 0.51 2.66

Lawn 12 0.79±0.53 0.19 1.70
Above:belowground ratio* Hummock 19 0.56±0.30 0.20 1.21

Lawn 21 0.31±0.11 0.17 0.56
Leaf:small root ratio Hummock 8 0.66±0.38 0.28 1.36

Lawn 10 0.38±0.17 0.21 0.76

Note: Asterisk denotes significant differences (p < 0.05) between lawns and hummocks (t-test, two groups).
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roots, the best predictor of small (0.5 to 2 mm diameter)
root biomass was leaf biomass, explaining 57% of the varia-
tion when both variables were log-transformed (Fig. 2b).
Neither water table nor total aboveground biomass in the
subset of data was a significant predictor of small root bio-
mass. The relationships between above- and below-ground
biomass was strongest using individual species (Fig. 3, Ta-
ble 4). Average June–August water table depth explained
33% of variation in aboveground biomass (n = 56, p <
0.001) and 26% of the variation in belowground biomass
(n = 56, p < 0.001) (Fig. 2c). Water table depth, however,
was not significantly related to the aboveground:below-
ground biomass ratio (r2 = 0.00, p = 0.45).

Discussion

Above- and below-ground relationships
At the Mer Bleue bog, plants allocated the majority of

their biomass belowground in both hummocks and lawns
(Table 1). These large belowground biomass stocks can be
attributed to nutrient-poor characteristics of these systems,
requiring plants to invest more C in roots to adequately cap-
ture what nutrients are available (Chapin et al. 1987). The
dominance of the belowground plant biomass stock is a trait
reported for numerous peatland sites (Reader and Stewart
1972; Lindholm 1981; Wallén 1986; Sjörs 1991; Saarinen
1996), emphasizing the importance of studying the peatland
root biomass and understanding the spatial and temporal pat-
terns of distribution of this significant C stock.

The strong positive relationships between above- and
below-ground biomass at Mer Bleue indicate that such rela-
tionships can be useful in predicting belowground biomass
at this site and other peatlands (Fig. 2 and Fig. 3). Because
annual stem burial by mosses can be significant, the amount
of aboveground biomass added annually to the belowground
system through burial depends upon the size of the above-
ground pool. The Mer Bleue bog grows upwards at about
0.5 mm�y–1, burying shrub stems which can produce roots.
The majority of coarse root biomass in our study (>2 mm)
is likely to be buried stems. Wallén (1986) estimated that
3% to 20% of aboveground shrub biomass can be buried an-
nually by vertical moss growth, equivalent to one year’s
growth for perennial plants (Backéus 1990). These buried
stems have a long life span relative to smaller roots, as they
become key pathways connecting fine roots with above-
ground parts and storage units for carbon and nutrients be-
lowground.

Relationships between above-and below-ground biomass
can be improved by distinguishing vegetation type (Mokany
et al. 2006). Our study indicates that within ecosystems, sep-
aration to the species level within vegetation type can fur-
ther improve the predictive power of these relationships
(Fig. 3). The species specific allocation patterns (Table 2)
between above- and below-ground biomass may arise from
different degrees of phenotypic plasticity among species,
which allow species to shift biomass allocation and (or)
growth patterns in response to different ranges of environ-
mental conditions or competition for resources (Aerts et al.
1991). Certain species may be able to respond more effec-
tively to different conditions by shifting biomass allocation
patterns above- and below-ground.

Significant small root:leaf ratios provide a means of esti-
mating small root biomass in these systems (Fig. 2b), pro-
viding valuable information on current patterns of biomass
allocation (Litton et al. 2003). Positive relationships between
small roots and leaves likely reflects that the growth and
maintenance of small roots depends on recent photosyn-
thates produced by leaves (Fitter et al. 1999; Gaudinski et
al. 2001; Edwards et al. 2004). Such distinctions in root
size classes can link a plant community’s photosynthesis po-
tential with its potential for nutrient and water uptake by ob-
serving relationships between leaf biomass and fine root
biomass. Such relationships have been established in boreal
forests (Santantonio 1989; Vanninen and Mäkelä 1999; Hel-
misaari et al. 2007), where tree fine roots are larger and eas-
ier to separate from soil than those of shrub dominated
system.

The fine roots of many ericaceous shrub species can range
from 40–80 mm (Olsrud and Christensen 2004; Valenzuela-

Fig. 1. (a) Mean cumulative root fraction by soil depth at Mer
Bleue Bog. Error bars show standard deviation. Trend line is the
modeled cumulative root fraction by depth using the equation
y = 1 – bdepth with the average b parameter of 0.938. Higher
b values denote a greater proportion of roots at depth. (b) Relation-
ship between b and water table depth (cm) for all cores.
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Estrada et al. 2008) and are generally short lived, surviving
from 120 to 155 d (Valenzuela-Estrada et al. 2008). Thus,
they do not contribute significantly to the standing stock of
belowground plant biomass that is carried across years, but
represent a key flux of C from the plant to the soil in any
given year, as the majority of this biomass dies and decom-
poses within a year. At peak belowground biomass, this fine
root biomass has been found to be 30% of the peak below-
ground biomass in a shrub dominated tundra ecosystem,
roughly half the biomass of the coarse root component
(Olsrud and Christensen 2004).

Biomass allocation and water table
Water table is a key factor influencing plant biomass allo-

cation in peatlands. Greater above- and below-ground vascu-
lar plant biomass and a greater above- to below-ground ratio
in areas with lower water table (Fig. 2c, Table 1) correspond
to similar findings reported across peatland microtopogra-
phies (Moore et al. 2002) and in peatland water table manip-
ulation experiments (e.g., Minkkinen et al. 1999; Laiho and
Finér 1996). Strong relationships between water table level
and biomass have been reported for aboveground (Forrest
and Smith 1975; Vasander 1982) and belowground biomass
(Forrest and Smith 1975; van der Valk 1994; Howard and
Mendelssohn 1995; Laiho and Finér 1996; Clawson et al.
2001).

Information on the allocation of biomass to functionally
different plant parts (leaves, stems, coarse roots, and small
roots) can provide insight into shifts in plant strategy in re-
sponse to water table. Greater belowground biomass in these
lower water table communities is the result of both higher
root biomass through the profile (Table 3) and a greater
overall rooting depth (Fig. 1b). Increased volumes of aerated
soils in hummocks translate to greater volume of accessible
soil and soil nutrients (Gorham 1991) for shrubs that lack
the aerenchymous tissue that allows other wetland plant to
exploit soils below the water table. Differences in root bio-
mass are driven by differences in coarse root biomass sug-
gesting that Sphagnum growth and peat accumulation buries
a greater amount of stem biomass in lower water table com-
munities. Because vertical peat increases remain similar
among hummocks and lawns, we attribute the higher coarse
root biomass in hummocks to the greater density and size of
aboveground stems available for burial. Håland and Brække
(1989) noted similar differences in total belowground bio-
mass with water table but found higher root biomass in the
surface peat of hollows, citing extreme water limitation at
the surface of hummocks as a possible explanation. Both
site characteristics, such as water table, rainfall and nu-

Fig. 2. (a) Relationship between total live belowground and total
live aboveground plant biomass. 1:1 (solid) and 1:5 (broken) lines
have been added along with the trend line. (b) Relationship be-
tween fine root biomass and leaf biomass. (c) Relationship between
average growing season water table depth and total live above-
ground biomass (open circles, broken trend line) and average grow-
ing season water table and total live belowground plant biomass
(filled circles, solid trend line). Water table is shown in centimetres
below the surface, biomass is in grams per square metre. Analyses
were done using linear regression on log transformed biomass data.
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trients, as well as plant community composition could also
cause differences in root distributions across sites.

As lower water tables increase plant access to nutrients in
newly aerated soils, plants can increase biomass above-
ground to increase photosynthesis (Fig. 2c). As the plant
size and (or) density increases aboveground, increased com-
petition for light may cause plants to increase stem biomass
to better position their leaves for light capture (Reader and
Stewart 1972). Allometric regressions for predicting above-
ground biomass at the site have indicated that height is the
best predictor of aboveground biomass (J.L. Bubier, per-
sonal communication, 2007) at Mer Bleue, and as such, dif-

ferences in stem height and not stem diameter are primarily
responsible for the differences in aboveground biomass.
Aerts et al. (1991) noted a similar response to increased
light competition in one bog species, where leaves were pro-
duced at higher levels in the canopy to better compete for
light acquisition. Taller stems help hummock species to bet-
ter compete for light in the canopy. Foliar biomass has been
found to be similarly unresponsive to water table manipula-
tions while the total aboveground biomass has, suggesting a
similar stem response to water table (Weltzin et al. 2000).

Understanding the relationships between vascular plant
community composition, plant biomass, and water table can

Table 3. Mean biomass (kg�m–2 ± SD) of coarse and fine roots by depth in hummock and lawn microtopo-
graphic units at the tower site.

Live Dead

Depth (cm) Hummock Lawn Hummock Lawn
0–10 0.56±0.23a 0.34±0.16b 0.02±0.03a 0.01±0.01b
10–20 0.41±0.21a* 0.31±0.17b* 0.03±0.05a 0.05±0.06a
20–30 0.42±0.22a 0.25±0.15b 0.06±0.08a 0.14±0.15b
30–40 0.64±0.43a* 0.26±0.27b* 0.15±0.13a 0.18±0.19b

Note: Letters indicate significance (t-test) between hummocks and lawns within each depth. Separate tests were done for
live and dead biomass.

*Denotes Mann–Whitney non-parametric significance test (p < 0.05).

Table 4. Linear regression equations describing the relationship between above- and below-ground biomass
for individual species.

Species n r2 p Equation
A. glaucophylla 10 0.71 0.0013 log B = 1.12 logA – 0.13
C. calyculata 55 0.86 <0.0001 log B = 1.01 log A + 0.12
E. vaginatum 15 0.84 <0.0001 log B = 1.07 log A + 0.66
K. angustifolia 40 0.80 <0.0001 log B = 1.10 log A + 0.08
K. polifolia 17 0.54 <0.0001 log B = 0.72 log A + 0.59
L. groenlandicum 33 0.70 <0.0001 log B = 1.10 log A – 0.08
V. myrtilloides 21 0.83 <0.0001 log B = 0.99 log A – 0.32
V. oxycoccus 23 0.94 <0.0001 log B = 1.1 log A – 9.13

Note: Biomass above- and below-ground was log transformed to achieve normality of model residuals.

Table 2. Mean species contributions to total aboveground vascular plant biomass (%) at the two sites (Tower and Ditch)
and between microtopographies (hummocks and lawns) at the tower site.

Average total live aboveground biomass (%)

Tower

Species Lawn Hummock Ditch A/B Depth distribution (b)
A. glaucophylla 4.8±15.0 — 10.4±26.0 0.86±0.53b /
C. calyculata 32.1±27.4 44.5±36.9 53.4±26.6 0.54±0.28bc 0.944
E. vaginatum 7.3±18.8 0.0±0.0 3.6±10.3 0.28±0.28a 0.938
K. angustifolia 15.0±18.6 9.3±23.4 5.0±8.2 1.22±2.29bc 0.931
K. polifolia 0.6±2.4 1.1±3.6 3.6±6.8 0.71±0.39bc /
L. laricina 1.0±4.4 0.0±0.0 0.6±1.3 / /
L. groenlandicum 25.4±29.3 14.2±16.7 12.6±21.8 0.91±0.66b 0.932
M. trifolium 1.5±3.4 0.3±0.8 — / 0.965
S. pupurea — 0.9±3.8 — / 0.938
V. myrtilloides 1.9±5.7 27.7±32.6 10.5±17.3 0.59±0.36bc 0.948
V. oxycoccus 10.5±14.07 2.1±3.7 0.3±1.0 1.38±0.70bc 0.816

Note: Mean aboveground:belowground biomass ratios (A/B) and depth distribution parameters (b) were similarly calculated for each
species. Statistical differences in A/B ratios were tested using ANOVA. Letters represent significant differences in A/B averages across
species. The depth distribution parameter was calculated using the equation Y = 1– bd, which models the cumulative root fraction (Y) as a
function of soil depth (d) with b as the biomass distribution parameter; /, indicates insufficient data to calculate A/B ratios and B values;
—, indicates that there was not aboveground biomass for the species in the three areas (tower hummock, tower lawn, ditch).
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provide insight into how these plant communities may re-
spond to a predicted drawdown in water table in the future,
as a result of changing climate in northern regions. Our find-
ings suggest that a drawdown of water table could increase
C storage in vascular plant biomass both above- and below-
ground with a greater proportion being allocated above-
ground to stems, which are long-lived. At an ecosystem
level however, while aboveground vascular plant biomass
may increase this may be outweighed by a decline in
mosses, which prefer wetter soils (Vasander 1982; Weltzin
et al. 2000). Sphagnum can constitute 32% of total above-
ground biomass and can decline to 17% of the total as a re-
sult of water table drawdown (Vasander 1982).

Diversity and water table
Peatlands generally have low vascular-plant diversity and

the average number of species per core at Mer Bleue was
4.2. We found that communities with a higher water table
had a more even distribution of aboveground biomass across
species than communities with a lower water table, which
tended to have one species dominating aboveground bio-
mass. It is likely that, as a wetland ecosystem, there are
more vascular plant species able to tolerate the wet condi-
tions of lawns than the drier conditions of hummocks, where
only a few species can thrive (e.g., V. myrtilloides,
C. calyculata). Diversity in peatlands is lower at environ-
mental extremes, such as pH and alkalinity (Locky and Bay-
ley 2006), where only a few species have adapted to
withstand such conditions. At Mer Bleue bog, hummocks
represent an extremely dry environment within the ecosys-
tem and only a few species can tolerate both the low nu-
trient conditions of bogs and the low water table of
hummocks.

The biomass distribution among species is more even
aboveground than belowground as a whole. Belowground,
there are both fewer species contributing to root biomass at
greater soil depths and a more uneven distribution of bio-
mass across species at greater soil depths. This could be a

key indication of resource partitioning by depth among spe-
cies to reduce competition. Different rooting distributions
among species have been noted (Wallén 1986; Håland and
Brække 1989).

Under a water table drawdown scenario, lawns are likely
to develop typical hummock water table levels and existing
hummocks would become even drier. As a result, we could
expect a similar shift is vascular plant communities from
lawn-types with low biomass to hummock types with high
biomass. Preexisting hummocks may then see an increase in
tree colonization and tree growth (Vasander 1982). Woody
shrubs will continue to dominate while the presence of
sedges may disappear (Malmer and Wallén 1993; Weltzin
et al. 2000). We could also expect a decline in overall diver-
sity as V. myrtilloides, C. calyculata become the dominant
species.
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