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ABSTRACT

Ecological Tolerances and Niche Structure of Sphagnum along Climate

and Pollution Gradients

submitted by L. Dennis Gignac
University of Alberta

Sphagnum mosses have proven to be good pollution monitors. In
light of this fact, this study has attempted to:

1) analyse the mineral content of sphagnum species occupying
different niches along noistive and nutrient gradients; and

2) relate these concentrations to a pollution source.

Copper and nitrogen concentrations in for sphagnum mosses were
analysed relative to smelting activities in the Sudbury area. As
well, sulphur concentrations in three sphagnum mosses were analysed

relative to Kraft wood pulping mills in the Prince Rupert area.

Emissions from the smelting operations in the Sudbury area have
resulted in abnormally high Cu and Ni concentrations in the four
sphagnum species tested. Concentrations were higher in the peat
than in the mosses, indicating that they were readily leached from

the mosses to the peat.

The total amount of reduced sulphur emitted by the kraft wood
pulping mill has not adversely affected the distribution of
sphagnum in the area and concentrations did not decrease with
increasing distance from the mill.
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ABSTRACT

The accumul ation of Cu and N emanating from snelting opera-
tions near Sudbury, Ontario, decreases in four continental Sphag-
num species with increasing distance from the snelter. At high
inputs, Cu and N were enriched in the peat indicating passive
uptake. At low inputs, active uptake was indicated by enrichnent
in the capitulum Significantly more Cu was actively taken up
than N . Concentrations of 50 ug/g of NN indicate the limt of
uptake in the capitula of all the nosses and evidence indicates
that this concentration approaches toxic |evels.

Concentrations of total S emanating as reduced sul phur from
kraft wood pulping mlls near Prince Rupert, British Col unbia,
were analysed in three maritine Sphagnum species. Concentrations
do not decrease with increasing distance fromthe mlls. The S
reaches concentrations of 1500 ug/g in the capitula of the noss,
however, the levels neasured in the nosses are not toxic to the

pl ants.



| NTRODUCTI ON

Sphagnum (peat nosses) are slender plants consisting of a
head or capitulum and a stem The head is conposed of a tuft of
short, crowded branches surrounding the apical cell. The stens
are relatively weak, of indetermnate length, and support fasci-
cles of branches. Branches are covered with spirally arranged
| eaves and are of two types, spreading and pendent (Crum 1984).
Deconposition is slow, particularly in humock formng species
(Aynmo 1965) and the stens may remain |argely undeconposed for 30
cmor more within a hummock.

Sphagnum nosses are inportant conponents of bog and poor fen
comunities (More & Bellany 1974). The principal nutrient in-
puts into these nmires are either fromdry deposition or from
precipitation (Ml mer 1962, Ml ner & Nihlgard 1980) . Sphagnum
species are well adapted to these mre conditions by having nore
binding sites per wunit area than other plants (dyno 1963)
These numerous binding sites not only retain nutrients but also
aerially deposited heavy-nmetal cations (Pakarinen & Tol onen
1976) . In fact, Sphagnum nosses have proved to be excellent
pol lution nonitors (Pakarinen & Tolonen 1976, Pakarinen 1977,
Pakarinen & Tolnen 1977, @ ooshenko & Capobi anco 1978, Pakarinen
1978b, Gorham & Tilton 1978, Pakarinen 1981b, Arafat & { ooshenko
1982, Pakarinen & Gorham 1983). Al though many studies have
analysed netal concentrations in Sphagnum only Arafat &
A ooshenko  (1982) have attenpted to relate concentrations to a

pol lution source.



Sul phur  concentrations in Sphagnum nosses have been exten-
sively exam ned (Mal ner & Sjors 1955, Mal mer 1962, Mal ner 1974,
Mal mer & Nihlgard 1980, Pakarinen 198la, Pakarinen & Gor ham 1983,
Bayl ey 1986). The effects of sul phur compounds on the growth of
Sphagnum have been studied (Ferguson et al 1978, Ferguson & Lee
1979, Ferguson & Lee 1980, Aulio 1984). However, the sul phur

conpounds studied are bisulphite and sul phate forns that are

associated with acid rain. The effects of reduced sul phur on
Sphagnum nosses have not as yet been exan ned. As well, concen-

trations of sulphur in Sphagnum have never been related to a
pol [ ution source.

Sphagnum speci es occupy different niches along noisture and
ionic gradients (Jeglum 1971, Vitt & Slack 1975, Vitt et al 1975,
Slack et al 1980, Aulio 1982, Hayward & Clymp 1982, Vitt & Slack
1984, Vitt & Bayley 1985). The noisture gradient is indicated by
the heights above the water table, where the hollows are wetter
than the tops of the hummocks. Variations in the nutrient status
of the mre waters can be indicated by pH.

The purpose of this study is to 1) anal yse the m neral
content of Sphagnum species occupying different niches and 2)
rel ate these concentrations to pollution sources. Sphagnum
niches will be anal ysed al ong noisture and pH gradi ents under two
climtic regines.

Copper and nickel concentrations in four Sphagnum nosses are
analysed relative to snelting activities in the Sudbury area.
Concentrations of Cu and N in peatlands in the Sudbury area have

al ready been shown to be related to smelting activities (G gnac &



Beckett 1986). However, concentrations of Cu and N in the peat
nosses have not as yet been determined in the Sudbury area.

Sul phur  concentrations in three Sphagnum species wll be
analysed in the Prince Rupert area. Kraft wood pulping mlls in
the area emt on average between 225 and 547 ug/g of total
reduced sul phur per nonth (British Colunmbia Mnistry of the
Environnent, unpublished data). The total reduced sul phur pro-
duced by the kraft wood pul ping process consists mainly of hydro-
gen sul phide, nethyl mercaptan, dimethyl sul phide, and dimethyl-
di sul phide (Benjamn 1979). Little SO, is produced, thus acid
precipitation does not appear to be a problemin the i mediate

vicinity of the mlls.

STUDY AREAS

The Sphagnum species studied in the Sudbury Ontario area are
found on mres ENE of Fal conbridge (45°35'N; 80°49'W) (Fig. 1).
The Fal conbridge smelter is situated approximately 8 km ENE of
Sudbury. The peatlands fornmed in shallow basins that are a
common feature of the Precanbrian Shield. The granite or sedi-
mentary rock formations of the Shield were scoured nost recently
during the Wsconsinan d aciation and becanme ice free about
10,000 years ago (Prest 1969).

The nmires can be classified as poor fens (sensu Sjors 1952),
as the water in the hollows contain between 3.5 and 5.0 ug/g of
Ca++. The peatlands are domnated by such Ericaceae as Chamae-

daphne calyculata, Ledum groenlandicum and Kal mi a angustifolia.

The bryophyte |ayer on nmetal contami nated sites is dom nated by

Pohlia nutans, Drepanocladus fluitans and M/lia anonal a. Such




Fig. 1. Map of the area ENE of Sudbury, Ontario. The hexagons represent smelters and the circled triangles indicate the study sites.
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Sphagnum species as S. riparium S. russowi, S, rubellum 3§,

magel lanicum and S. fuscum are promnent on uncontam nated

sites.

The climate is boreal cold-tenmperate (Walter & Lieth 1960)
with cold winter tenperatures and warm sumers (Fig. 2). The
mean annual tenperature is 4.8°C and the grow ng season extends
from May to Septenber. Total yearly precipitation is 794.1 mm
with the highest anount falling in Septenber. Snowfal | accounts
for approxi mately 25% of the total precipitation.

The land surrounding Prince Rupert, British Colunbia (58°
22'N, 130°22'W) is dissected by the many inlets that indent the
coastline (Fig. 3). The major surface features are Munt Hays
(3500 m and Mount 0ldfield (3000 nj. The inlets and basins are
bordered by mountains of the Coast Range. The rise from sea
level is often steep with occasional areas of nore subdued re-
lief. The less precipitous mountain sides are covered by slope
bogs while the occasional flatter areas feature either bogs or
poor fens (Tarnocai 1982).

The mires are dom nated by Sphagnum species principally 3,

imbricatum S. fuscum S. rubellum S. nenmoreum and S. lind-

bergii. Vascul ar species include Rubus chanaenorus, Enpetrum

nigrum Ledum groenl andicum Kalma polifolia, Pinus contorta,

and Lysichitum anericanurn.

The climate in the Prince Rupert area is boreal cold-
tenperate with oceanic tendencies (Walter & Lieth 1960). Tot al
precipitation is high at 2334.9 nm per annumwi th no extended
periods of drought (Fig. 4). Slightly less precipitation falls

during the grow ng season between May and Septenber. The mean
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SUDBURY(259m) 4.8° 794.1 mm
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Fig. 2. Walter and Leith (1960) climate diagram for Sudbury, Ontario, The monthly
temperature is indicated by the lower line and the monthly precipitation thetopline.

o Mean annual temperature 4,8° C; total annual precipitation 794.1 mm; solid bar is

months with mean temperature below 0° C; hatched bar is months with absolute minimm
temperature <0° C.



Fig. 3. Inset - study sites in the Miriana Lake of northeastern Alberta and the Prince Rupert area. Map of the Prince Rupert area
showing the highly disected coast line. The solid square represents the kraft wood pulping mills. The diamonds indicate the sites.
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Fig. 4. Walter and leith (1960) climate diagram for Prince Rupert, British Columbia,
The mean monthly precipitation is indicated by the top line; the mean monthly tempera-
ature is the bottom line; mean anmual temperature 10.5° C; total anmul precipitation
2334.9 mn; solid bar is months with mean temperatures below Q° C; hatched bar is
months with absolute minimm temperature < 0° C.



annual tenperature is 10.5° C with mean nonthly winter tenpera-
tures of approximately 5° C and nean sunmer tenperature of 15° C
A control sanple of S. fuscumwas also taken fromthe Mari-

ana Lake area of northeastern Al berta (55°54'N; 112°04'W) (Fig.

3, inset). This site was selected as it was isolated from any
industrial activity. The peatland from which the sanples were
taken was a poor fen wth onmbrotrophis bog islands. The mre is

dom nated by Sphagnum angustifoliumin the poor fen portion and

by S. mgellanicum and S. fuscumin the onbrotrophic portion.

The principal vascular plants are_Rubus chanaenorus, _Ledum_groen-

| andi cum and Picea nari anna.

MATERI ALS AND METHODS

Four Sphagnum species were studied in the Sudbury area and
three in the Prince Rupert area. The species selected grew al ong
the hummock- hol | ow gradi ent. The Sudbury species include Sphag-
num finbriatum WIs. & Hook., S. russowi_ Warnst., S._ riparium

Aongstr. and S. mmgellanicum Brid. Sphagnum rubellum WIls., S.

fuscum (Schimp.) Klinggr. and S._inbricatum Russ. were studied in
the Prince Rupert area. Sphagnum speci es nomencl ature follows
Ireland (1982). Voucher specinens are deposited at ALTA.

Several hummocks forned by one or nore of the Sphagnum
species to be studied were analysed on each peatland. The pH was
measured in the water in the hollows using a portable Becknan
pH/EH nmeter. \Were no surface water was found, shallow pits were
dug and the pH taken in the water that accumul ated therein.

The height of the capitul umabove the water table was deter-

mned using a point intercept method. I'n Sudbury, a line was



strung over a hummock and solidly braced on either side. The
line was levelled to the water table and measurenents were taken
every 5 cmalong the Iine. The distance of the capitulumto the
line was subtracted from the distance of the line to the water
table to yield the height of the capitulum above the water table.
In the Prince Rupert area a plywood board supported by four posts
and levelled was used instead of a string. The remainder of the

met hodol ogy renained the sane.

CHEM CAL ANALYSI S

A 15 cm di ameter stovepipe was used to core each hummock
down to the water table. Two cores were removed per species per
site. Plants fromthe Sudbury area were sectioned into the
capitulum green and brown portions of the stem and sonme partial -
ly humfied peat at the bottom of the core. Since the green and
brown portions of the stemcould not readily be distinguished on
plants from the Prince Rupert area, the stems were sectioned into
5 cmincrements. The length of the stem sectioned depended on
the height of the capitulum above the water table. Thus stems of

Sphagnum rubel | um coul d only be cut to a depth of 10 cmwhile

those of S._ inbricatum could be cut to a mninmumof 15 cm

The Sudbury naterial was analysed for Cu and Ni, using a dry
ashing technique. A 0.25 g sanple of material was ashed at 600°C
for 24 hours. The ash that remained after cooling was digested
in 10 n of aqua regia and heated to dryness. The residue was
taken up in 10 mM of 2.5 N HNOy, filtered and brought to vol une
with distilled-deionized water (G gnac & Beckett 1986). The

filtrate was analysed for Cu and N by flame atomc absorption
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spectrophotometry, using a Perkin-El mer Atomc Absorption Spec-
trophot oneter Mdel 303

The Prince Rupert material was anal ysed for total S using a
wet ashing nethod. A 0.25 g sanmple was digested in acid washed
Kj el dahl flasks using 15 m of concentrated HNO; and 3 nl of 60%
HC10,. The solution was evaporated until 1 or 2 nl remained.
Two m of concentrated HC1 were added and the sol ution was heated
for 15 m nutes. The warm di gest was filtered into 50 m vol u-
metric flasks using Whatman #42 filter paper. The sides of the
flasks were washed down with distilled-deionized water. Total S
was determ ned by inductively coupled Argon plasnma spectrophoto-

metry.

RESULTS AND DI SCUSSI ON

SPHAGNUM NI CHES

Sudbury

Sphagnum finbriatum S. nagellanicum and S.__russow i_ occupy

overlapping niches relative to the height above the water table

and the pH (Fig. 5). Sphagnum finbriatum occupies the w dest pH

range and is found along the mre margins usually in shaded
condi tions. It forms pure hummocks growing in association with

stens of Ledum groenl andi cum and Chanmaedaphne cal ycul ata and is

rarely in direct contact with the peat.

Sphagnum nagel | ani cum and S. russowii_are nornmally found

towards the centre of poor fens, where the pH is |ower than al ong
the margins. Both species may grow on the sane hummocks, with S.

magel | ani cum occurring slightly lower on the hummock than S.

11
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Fig. 5. Niches of four Sphagnum species in the Sudbury area relative to the height above the water table and pH. The rectangles rep-
present the means + standard deviation for: rip, S. riparium; fim, S. fimbriatum; mag, S. magellanicum; and rus, S. russowii,
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rUSSOW i . Sphagnum magel | ani cum occupi es a narrow pH range and

is found only in the central portions of the nires. Sphagnum
russowi i occupies a wider pH range and can be found on both the
central portion and along the nmargins of the nmres

Sphagnum riparium occupies a habitat between 4 and 15 cm

above the water table. It normally grows in wet carpets or in
pool s at the bases of hummocks. It has a relatively w de pH
range, but the nmean pH is significantly higher (p < 0.05) than
the other species. It is nore abundant on the more mnerotrophic

sites and along the margins of the more oligotrophis sites.

Prince Rupert

The three Sphagnum species growing in the Prince Rupert area
occupy overl apping niches along the pi and hei ght gradients (Fig.
6). Al though they grow together on the same hummocks, generally
S. rubellumoccurs closer to the water table than either S.

fuscum or S. inbricatum  Sphagnum fuscum grows on hunmocks where

the pH is slightly higher than the other two species. Sphagnum
i nbri catum occupies the widest height range and also forms the

hi ghest hummocks on the oligotrophic peatlands

SPHAGNUM DI STRI BUTI ON
Sudbury

Sphagnum finbriatum and S. russowi occur on nmires 12.2 km

from the Fal conbridge snelter. This was the closest poor fen to
the snelter on which either species grows (Ggnac & Beckett
1986) . Both species are found exclusively along the margin of
this nire, although S. russowii can also grow in the centre on

sites farther fromthe pollution source. Sphagnum finbriatum was

13
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Fig. 6. Niches of three Sphagnum species in the Prince Rupert area relative to the height ahove the water table and the pH. The rec-
tangles represent the means + standard deviation for: rub, S. rubellum; fus, S. fuscum; and imb, S. imbricatum.
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not found on the farthest sites fromthe snelter, since the sides
of these peatlands are very abrupt and the margins are poorly
devel oped.

Sphagnum riparium and S. magellanicum are found at 16.0 km

fromthe snelter. Sphaghum riparium is an inportant conponent of

the margin on this site (Gignac & Beckett 1986). An extensive
search of the area, however, revealed only one small humock of

S.magellanicum. It is only at 20.3 km fromthe snmelter that S.

magel | ani cum becormes an inportant conponent of the vegetation.

Prince Rupert

The distribution of S. rubellum S. fuscum and S.inbricatum

does not appear to be affected by the enmissions of the mlls at
Port Edward. Al species are an inportant part of the vegetation
on all the mres, although the abundance of S. _fuscumvaried from
site to site. The distribution of S. fuscum however is not
significantly correlated with distance fromthe nmlls, and cannot

be attributed to emssions fromthe mlls.

VERTI CAL DISTRIBUTION OF THE ELEMENTS
Sudbury

There is a general increase in the Cu and N with increasing
depth in the core for all species (Fig. 7 &8). The concen-
trations in the capitulumand green and brown portions of the
stem are not significantly different. Both Cu and Ni, however,
seem to concentrate in the partially hunified peat at the base of
t he humocks. The vertical distribution of Cu through cores of

S.girgenshonii (Pakarinen & Rinne 1979) and S. fuscum (Pakarinen

15
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1978a) on uncontam nated sitesindicate a decrease in Cu concen-
tration through the profile. Pakarinen and Gorham (1983 for S.
fuscum) and Mal mer and Nihlgard (1980 for_S. fuscum ancL.S_balti-
cum) reported that concentrations of Cu remain the sane with
dept h. This profile is what seems to be occurring on the
farthest sites fromthe snelter where Cu concentrations in S._

ri pari um and S. magellanicumremain constant or decrease wth

dept h. Al though there is no data available for N concentra-
tions, the same phenonenon seems to be occurring

The increase in Cu and N concentrations with depth on
contam nated sites is used as an indicator of passive uptake by
the noss plants (Ml ner 1962, Pakarinen 1977). The netals are
only loosely bound to the plants by cation exchange sites in the
dead hyaline cells and are not incorporated into the living
tissue (Pakarinen 1977). Therefore nmost of the Cu and N can be
| eached into the peat.

However, where Cu concentrations are |ow, the concentrations
no longer increase with depth but remain constant or decrease
(Pakarinen 1978b, Pakarinen & Rinne 1979). This enrichnent of Cu
in the living or upper portions of the mss woul d suggests that
at least small quantities are retained inside the living tissue.
At 46.3 kmfromthe snelter, the enrichment factor for Cu (con-
centration in the capitulumconcentration in the peat) for al
species is 0.57 + 0.04. The enrichnent factor for N for the
same species on the same site is 0.34 + 0.01. A t-test reveal ed
that these enrichnent factors were significantly different (p <
0.01). This may indicate that more Cu than N is actively taken

into the cells of the noss plants

17



Prince Rupert

Contrary to the results obtained for Cu and N, S concen-
trations for all species decrease with depth in the cores taken
fromthe Prince Rupert area (Fig. 9). This concurs with S pro-
files in Sphagnum fromother sites (Malner & N hlgard 1980,
Pakari nen 1981b, Pakarinen & Gorham 1983, Bayley 1986).

The sul phur that is not retained by the nmosses may 1) accum
ulate in the underlying peat (Pakarinen & Gorham 1983, Bayley
1986), or 2) be |eached from the ecosystem by water running off
the surface of the peatland (Hermond 1980, Pakarinen 1981b).
Accunul ations of S in the peat occur below the water table.
Sul phur  contained in peatland waters is readily retained as
reduced sul phur by the peat under anaerobic conditions (Brown &
McQueen 1982). Wien the water table is [owered, as a result of a
l ong period of drought for exanple, the reduced sul phur can be
oxidized to SO (Bayley 1986). This oxydized form becomes very
mobile and is leached from the system by subsequent rains. How-
ever, Hermond (1980) cal cul ated that approximately 77% of the SO
was retained in the peat.

The anmount of S retained in the peat relative to the quanti-
ties | eached fromthe peatland appears to be related to the
amount of precipitation falling on the ecosystem (Bayl ey 1986).
There is a nmininum anount of tine required for the aerially
deposited S to be incorporated into the anaerobic zone. When
| arge and frequent anounts of precipitation fall on the mre, the
S does not have tine to be incorporated into the peat but is

flushed from the system In the Prince Rupert area, where pre-

18
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Fig. 9. The vertical distribution of total S in the capitulum and 5 cm stem increments of surface cores taken fram three species in the

Prince Rupert area. The cores were cut from hummocks at increasing distances fram the kraft wood pulping mill at Port Edward. The depth

of each core depends on the height of the moss above the water table.
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cipitation exceeds 2334.9 mm per annum with no [ong periods of
drought (Fig. 4), nost of the S would appear to be washed into
the ourflow from the peatlands. Sul phur concentrations in the
water taken fromthe noat that drains the bog are four to seven
times higher than levels in water taken from pools on the mre
expanse. The relatively pronounced slopes of these bogs as wel

as the large amounts of precipitation may also reduce the tine
necessary for the sulphur to accumulate in the peat. O rel a-
tively uncontamnated sites, however, the quantity of S in the
moat water is not excessively high when conpared to water taken
fromthe mre expanse. Thus, it would appear that nost of the
sul phur inputs are retained by the living nmoss or the peat at
relatively low S deposition rates and it is only when inputs

becone excessive that S will be |eached from the soil

| NTERSPECI FI C  VARI ATI ON
Sudbury

There is a significant correlation (p < 0.05) between the
log of the Cu and N concentrations in the peat and the concen-

trations in the capitulum for Sphagnum riparium S.magellanicum,

and S, russowi (Fig. 10 & 11). This log relationship indicates
that at |ower concentrations the quantity of Cu and N retained
in the capitulumis relatively high when conpared to concentra-

tions in the peat. As the quantities of Cu and N increase,

proportionally less is retained by the capitulumand nore is
| eached into the peat. When concentrations in the capitul um
reach approximtely 50 ug/g, the capitulumretains very little

additional Cu and N and nost if not all of the excess is |eached
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TOTAL Cu IN CAPITULUM (ug 9'1)

Fig. 10. The relationship between the total Cu in ¢pe capitula of four Sphagmm species in the Sudbury area and the log of e total
Cu in the partially humified peat at the base of the hummocks. There are significant correlations (p < 0.05) for S. russowii, S.

magellanicum, and S. riparium. The log relationship is not significant for S. fimbriatun, therefore no |ine has been drawn.
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Fig. 11. The relationship between the total Ni in the capitula of four Sphagnum Species in the Sudury area and the |og of the total N

i N the partially hunified peat at the base of the hummocks.
and S, ripariun. The | 0g relationship is not significant for S, finbriatun, thereforeno line has been drawn.
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into the peat. It would appear that concentrations of 50 ug/g
in the capitulum my be very close to being toxic as the species
do not grow closer to the smelter where inputs exceed those
recorded here.

At the lowest concentrations the quantity of Cu retained by
the different species is lowest in the hollow species Sphagnum

riparium and highest in the humock fornmers S magellanicum and

S. russowii. These results agree with those of Pakarinen
(1978a).  Species growi ng on hummocks have nore binding sites per
gram dry weight than species growing in the hollows (Cyno 1963),
thus, hummock form ng Sphagnum should retain more Cu and N. At
the highest concentrations however, S. ripariumretains nore in

the capitulumthan either S. russowii or S. nagellanicum (Fig.

10).

The pattern of N accumulations in the capitulum at |owest
concentrations does not seemto follow the hunmock-hol | ow grad-
ient (Fig. 11). The order of species according to Ni concentra-

tions in the capitulumis as follows: S.magellanicum < S._

riparium< S, russowii. This order is reversed at the highest
concentrations and seems to follow the distribution of each
species relative to the distance fromthe snelter. Sphagnum

magel | anicum  which contains the highest concentrations in the

capitulum is found farthest from the snmelter, while S. russowi
is found on the closer sites. This pattern may indicate that N
rather than Cu is the nore toxic of the two elenents.

Sphagnum finbriatum does not follow the same patterns as the

ot her nosses, as it often grows on the stenms and branches of

Eri aceae and may not be in contact with the peat surface. Thus
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there is no significant correlation between the amount of Cu and

N in the capitulum and the concentration in the peat.

Prince Rupert

The same | og relationship exists for Sphagnum species in the
Prince Rupert area. The quantity of Sin the capitulumis signi-
ficantly correlated with the concentrations at the base of the
hunmock for all three species (Fig. 12). As was the case for Cu
at lower concentrations, the |owest species along the humock,
S. rubellum contains the smaller quantities of S. At higher
concentrations the order is reversed, Wwth S.rubellum containing
the nmost S in the capitulum The maximum S contained in the

capitulumis approxi mately 1500 ug/g.

VARI ATI ONS W TH DI STANCE FROM THE POLLUTI ON SOURCE
Sudbury

The concentrations of Cu and N decrease in the different
portions of the nosses with increasing distance from the snelter
(Fig. 7¢&8). Since nuch of the input is [eached from the noss
plants into the peat, concentrations in the peat are probably the

best indicator of the total Cu and N inputs on a site

Prince Rupert

Sul phur  concentrations in the capitula of the three noss
species are highest at 4.8 kmfromthe pollution source although
there are severeal sites closer to the mlls. It woul d appear
that this siteis in the direct path of the plune unlike other

sites that are closer. Some of these sites may also be partially
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TOTAL S IN CAPITULUM (pg g~ %10%)

Fig. 12. 'Ihe relationship between the total S in the capitula of three Sphagnum species in the Prince Rupert area and the total S in the

5 am stem increments at the base of the humocks. There are significant correlations for S. rubellum, S. fuscun, and S, imbricatum,
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sheltered fromthe pollution effects by ridges. Beyond 4.8 km
concentrations decrease with increasing distance fromthe mlls.
At 8.9 kmfromthe mlls, S concentrations in the capitula
of S. fuscumare approxinmately the same as the |evels neasured in
Alberta (Fig. 9). Concentrations in the capitula of S. rubellum
at this site are also simlar to results obtained by Mlner &
Sjors (1955) in uncontam nated areas of Sweden. Thus S concentra-
tions would appear to be at background levels at 8.9 km How
ever, the study area should be expanded to ascertain if this

holds true for British Col unbia

SUMVARY AND CONCLUSI ONS
Em ssions of netal particles fromsnelting operations in the
Sudbury area resulted in abnormally high Cu and N concentrations
in four Sphagnum species commonly found on peatlands in the area
Concentrations of these netals decrease in the capitula, green

and brown portions of the stems of S riparium S. magellani cum

and S. russowi i with increasing distance fromthe snelting opera-
tions. Concentrations of both Cu and N in the peat are sub-
stantially higher than accumulations in the nosses and provide a
rough measurenent of the total input into the peatland

The increase of Cu and N with depth indicates that nost of
the particles are only loosely bound to the noss and are readily
| eached into the peat. However, small quantities of Cu and N are
taken into the plants, wth Cu being taken up in greater quanti-
ties than N .

The total reduced sul phur emtted by the kraft wood pul ping

mlls at Port Edward has not adversely affected the distribution
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of Sphagnum in the area. Accumul ations of S in the plants have
not reached toxic levels even though sone nosses contain higher
levels in the capitula.

To establish a significant correlation between the S content
of the nosses and the distance fromthe wood pul ping mlls, the
study area should be expanded approximately 50 km Al though S
levels in S. fuscumat 8.9 kmfromthe mlls, approxinmate those
encountered in unpolluted sites in A berta, it would be inportant
to determne background levels in British Colunbia. By expanding
the study area, background levels for such maritine species as S._
rubel lum and S. inbricatumthat are not found in Alberta, could
al so be quantified.

Suitable sites within that area are not accessible by road.
Alternate and ultimately nore expensive nethods of transportation
must be used within this expanded study area. However, this woul d
be a worthwhile effort in order to determne the extent of S
accunul ati ons.

Sphagnum speci es growing close to the water table contain
more Cu and S than species grow ng higher up the humocks, when
inputs are relatively |ow. However, at higher levels, this
pattern is reversed, and species growing in the hollows contain
nmore Cu and S than hummock species. At relatively high inputs of

N, S. magellanicumaccunul ates more Ni in the capitulumthan S.

FUSSOW i . The latter species is found closest to the snelter.
Concentrations of 50 ug/g of Nl in the capitulum are probably
toxic to the nosses and is the most toxic of the three elenents

anal ysed.
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Concentrations of Cu and NI deposited on sites within 12 km
ENE of the Fal conbridge smelter exceed the tolerance limts of
poor fen Sphagnum species. As a result, Sphagnumis conpletely
absent from these nires, thus the mre ecosystemis disrupted and
peat accunulation is greatly reduced

The use of |iving Sphagnum species as bio-nmonitors of
m neral deposition is very effective at |ow deposition rates.
Hurmock form ng species are the best nonitors as they retain nore
of the aerially deposited elements than species occurring in
hol | ows. Several species may be used to detect |ow |evels of

atnospheric inputs including Sphagnum inbricatumin oceanic re-

gions and such species as S.  fuscum, S. nmgellanicum and S.

russowii that are found in both continental and maritime cli-
mates. An inportant consideration is to choose the nost abundant
species in the study area

When pol lutant inputs are relatively high, the use of Sphag-
num species as environnental nonitors becones nore conpl ex. Un-
der these conditions species growing closer to the water table
retain nore of the pollutants than do hunmock forming species
Therefore, both a humrock species and a species grow ng closer to
the water table should be included in a study of high mnera
deposi ti ons.

Atvery high inputs of potentially toxic pollutants, living
Sphagnum pl ants are not useful bio-nonitors. Wien deposition
surpasses certain levels, for exanple 50 ug/g of Cu and Ni or
1500 ug/g of S in the capitulum the moss will retain very little

addi tional influx. Wien using concentrations of pollutants in
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Sphagnum to nonitor excessive |evels of minerals emanating froma
pol lution source, deposition close to the source appears to
remain constant when it actually increases. In this case the
partially humfied peat bel ow the humocks gives nore accurate
data regarding mneral deposition close to a pollution source

The presence or absence of Sphagnum on poor fens and bogs in
the immediate vicinity of a pollution source, can provide an
easily verifiable and econonmic means of monitoring pollution
stresses. This method is especially useful for nonitoring aeria
deposition of pollutants. Sphagnum particularly hummock formng
species, are very sensitive to aerially deposited pollutants.
Sphagnum growth is affected at |ower pollutant concentratons than
vascul ar plants. Al though nmires nay appear to be unaffected by
pol lutants, the absence of humock form ng species provide the
first indications that inputs are reaching toxic |evels.

The absence of Sphagnum species in close proxinity to a
pol lution source indicates that toxic concentrations of pol-
lutants are being emtted by the source. Their sensitivity to
aerially distributed pollutants nake then an excellent indicator
of toxic pollutant Ilevels not only in peatlands but also in
terrestrial and aquatic ecosystens. Thei r absence can provide
the first indications of pollutant stresses on the environnent
before effects of these stresses becone visible in other eco-
syst ens. Their absence can al so provide further justification
for nore in-depth studies of the inpact of an industry on the

envi ronnent .
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