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SUl\tlMARY

Biomonitoring of acidic precIpItation and metal deposition using lichens and mosses was first
established in the Forestry Canada ARNE\VS plots in 1985 (Palmer 1986) and re-assessed in 1988
(Enns 1989). In the re-assessment, it was noted that the mineral ash analysis from many of the
species from the Vancouver area plots (Coquillam West ARNEWS plot # 914, Coquitlam North
ARNEWS plot # 913 and V.B.C. Research ForestARNEWS plot # 902) had elevated levels of
some elements. Trends in the ash analysis indicated increases in sodium, lead, sulphur and copper
in single composited samples at that time. The use of single, composited samples to indicate
changes in mctal or sulphur cont.ent was questioned due to lack of knowledge about whether the
changes were due to random effects or not (Enns 1989). Due to limitcd budget, however, the 1988
analysis could not indicate within-spccies or within-ARNEWS plot variance; only one sample per
species per ARNEWS plot was processed. Further, the length of time between samples was too
long, in that several transplanted species died. The present study was done to verify and further
examine the results of this earlier, limited sampling in these plots done in 1985 and 1988 (Palmer
1986, Enns 1989). This paper examines within-species and within-ARNEWS plot variance in four
of the ARNEWS plots, comparing data distributions between replicated and repeated samples of
1989 and 1990, and with single samples from previous years.

Mineral ash analysis of the transplanted lichens from each of the 4 ARNEWS plots indicate that
sulphur contents of the original transplant material docs not appear to have changed as a result
of being placed in any of the four selected A_RNEWS plots. Nor does Sulphur content appear to
have been altered over a single growing season at the donor site in Saanichtol1. Lead contents of
the transplant.s indicate that the Coquitlam West ARNEWS plot # 914, Coquitlam North
ARNEWS plot # 913 and the V.B.C. Research Forest ARNEWS plot # 902 have accumulated
significantly greater lead contents than the donor site in Saanicnton (p>.05), over the sample
period. Of particular interest is the occurrence of high outlying values which can be identified here
as anomalous, random effects but may have inHuenced past lead contents of compositcd samples.
Also, Iron and Copper contents of the transplants indicate that variance is comparatively high for
these clements.

1Vlost mineral contents have decreased in transplanted materials, with the exception of Zinc,
Sulphur and Sodium, which show either slight, but significant increases (in Sodium) or no difference
(p>O.05). Significant increases in minerals did occur in materials transplanted to the Coquitlam
plots, in particular # 914, however. It is interesting to note that these increases are those
commonly associated with dusts and not with S02 deposition or acidic precipitation. The conclusion
to be drawn from this is that the expansion or the road adjacent to the Coquitlam West ARNEWS
plot # 914, and the subsequent increased traffic, has continued to caused cumulative mineral
enrichment at. this sileo 'These results provide an early warning for any mineral loading that may
occur in coniferous tissue or soils monitoring for this plot.

Results of the native cryptogam ash analysis indicated that there is a tendency for all species to
show a relatively proportional reduction in mineral contents over time. An exception to this is an
increase in lead at Shawnigan Lake Research Forest ARNEWS plot # 901. Lead enhancement
may be a function of increased vehicular traffic during the summer field season. The early
indication of slight lead enhancement in this and other ARNEWS plots (see below) are a useful
supplement to foliar and soils monitoring.



Comparisons to literature are limited for some of the cryptogams availablc for sampling within the
ARNEWS plots. However, it is probably spurious to relate mineral contents of these species with
the limited literature available, because of vast difference in soils bctween study areas. The
important measure is the difference between within-plot mineral contents over time, which does
not appear to have changed, hased on these data. A second replicated set of samples in five years
time will be useful for the indication of detrimental, and precise, changes in the air quality profile.
For example, while it is true that lead contents of native cryptogams from Coquillam West
ARNEWS plot # 914 are high in comparison to other studies, analysis does not indicate any
significant change over a single growing season.

The use of cryptogamic biomonitoring is a precise, sensitive and economical method of providing
early warning systems for increased sulphate (acid rain) deposition over time. In light of the Air
Management Branch, rvIinistry of Environment (1990) findings on sulfate deposition in Squamish,
a series equivalent to that described here should be established in the CapBano and Seymour
ARNEWS plots. A further series of replicated samples is recommended for the plots described
in this document within the next five year period. In order to provide a functional early warning
system for coniferous resources in the remainder of the province, the expansion of the programme
for other ARNEWS plots in the province is highly recommended.
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1.0 INTRODUCTION

Forestry Canada's Acid Rain National Early Warning System (ARNEWS) plots are distributed
throughout British Columbia as parl of a technology for monitoring the early effects of acidic
precipitation on coniferous resources. lbe plots near Victoria and Vancouver B.C. were part of a
specific biomonitoring program whereby lichens and mosses were used to supplement the standard
monitoring procedures first described by Magasi (1985).

1.1 Introduction to Biomonitoring

Biomonitoring is commonly used throughout the industrial world to measure the impact of metal
and sulphur deposition, and lichens are the primary medium for monitoring background and
enhanced levels of sulphate deposition (Nieboer el al. 1978, Rhoades 1988, Richardson and Niebocr
1981, Folkeson and Andersson Bringmark 1988, Walther el al. 19 1990, Kortcsharju et al. 1990,
Boonpregob and Nash 1990, Vonarb and Brunold 1990, Beck and Ramelow 1990, Tyler 1989,
Wetmore 1989, Herzig et al. 1989, Silberstien and Galun 1988, Lines 1973, Belandria and A~ta

t987, Bird and Case 1977, Gailey and Lloyd 1989, Gilbert J973, Goodman and Rose 1973).

Lichcns are extrcmely sensitive to changes in air quality (Bargagli et al. 1987), and their sulphur and
metal contents are closely correlatcd with wet and dry sulphate deposition (Takala et al. 1985,
Richardson and Nieboer 1981, LeBlanc et al. 1976). Further, metal accumulation occurs to a
measurable extent in these and other plants. lCP analysis is a precise met.hod for determining nnd
hcnce comparing mineral contents (Ali et al. 1988, Kalra et al. 1989, Jones 1977, Munter and
Grande 1980). Lichen and moss tissue accumulation of metals and sulphur is also in proportion to
ambient metals (Addison and Puckett 1980, Percy 1.983). Metal concentrations in mosses and
lichens have parallel decreases in concentrations with increasing distances from the source (Sarkela
and Nuortcva1987, Gough and Erdman 1977, Bargagli et al. 1987).

Further, there is a consistent although different between-species capacity to accumulate minerals
(Gaare 1987, Sheard 1986). Thus native cryptogams can be used to monitor changes in mineral
contents over time, with precision, between plots where similar species occur. Different species will
exhibit the range of bioaccumuIation for a given site (Pakarinen el af. 1983), also.

1.2 Introduction to ARNEWS Biomonitoring

The plots included in the biomonitoring project arc Shawnigan Lake (#901), near Victoria, B.C.,
Coquitlam West and North (#913 and #914) in the Greater Vancouver Water District forest near
Port Coquitlam, and the U.B.C. Research Forest near Maple Ridge (#902), B.C.

Cryptogamic hiomonitoring using lichens and mosses W&l) first estahlished in 1985 (Palmer 1986) and
re-assessed in 1988 (Enns 1989). In the fe-assessment, it was noted that the mineral ash analysis
from many of the species from the Vancouver area plots (Coquitlam West ARNEWS plot # 914,
CoquitIam North ARNEWS plot # 913 and V.B.C. Research Forest ARNEWS plot # 902) had
elevated levels of some elements. Trends in the ash analysis indicated increases in sodium, lead,
sulphur and copper in single composilcd samples at that time. TIle use of single, compositcd
samples to indicate changes in metal or sulphur content was questioned due to lack of knowledge
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about whether the changes were due to random effects or not. Due to a limited budget, however,
the 1988 analysis could not indicate within-species or within-ARNEWS plot variance; only one
sample per species per ARNEWS plot was processed. Further, the length of time between samples
was too long, in that several transplanted species died. The present study was done to verify and
further examine the results of this earlier, limited sampling in these plots done in 1985 and 1988
(Palmer 1986, Enns 1989). This paper examines within-species and within-ARNEWS plot variance
in four of the five ARNEWS plots, comparing data distributions between replicated and repeated
samples of 1989 and 1990, and with single samples from previous years.

In the present study, mineral ash analysis for metal and sulphur accumulation in the lichens and
mosses of four of the was repeated within a 12 month period. Samples were taken in December
of 1989 and again in November of 1990. Along with the use of native cryptogams from the
ARNEWS plots, transplants have been used to indicate air quality. This method is frequently used
where the resident cryptogam flora is insufficient for indicating short term impacts on air quality
(Gilbert 1988, LeBlanc et al. 1976, Stcinnes and Krogg 1977, Garty and Hagemeyer 1988, Garty
1988).

This report documents the results of a two part study. Comparisons have been made between
mineral ash analysis of cryptogams collected prior to the last growing season and similar collections
made after the growing season. Further, comparisons are made between single, composited samples
from previous papers (Palmer 1986, Enns 1988). Results of the ash analysis of nitrogen-fixing,
transplanted lichens arc presented and discussed.

2.0 OBJECTIVES:

The following objectives for air quality biomonitoring in the Forestry Canada ARNEWS plots were
proposed:

1. To establish a minimum of ten replicates of air quality monitoring lichen transplants in each
of the ARNEWS plots located at Coquitlam, the UBC Research Forest and the Shawnigan
Research Forest. The transplant samples were collected from a previous transplant source,
consistent with Palmer (1986). This was done to reveal accumulated metals and sulphur up
to the time of the transplant installation in December of 1989 and again, following a full
growing season in latc Scptember of 1990. Further, the ash analysis of a representative
control subset of the transplants was done at the time of initial installation and again at the
end of the transplant period.

2. To increase the number of ash analysis samples of local lichen and moss species in the
immediate vicinity of the U.B.C., Coquitlam and Shawnigan ARNEWS plots to at least 10
grabsample locations per ARNEWS plot for a total of 40 grabsample locations and a
potential of 3 samples per grabsample location (n=120). This was done to determine the
variability in metal and sulphur contents of local indicator species used, and to check for
shoft-tcnn changes in mineral contents in each location.
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3. To produce a report summarizing the results of repeated sampling over a single growing
season and to construct a five year air quality profile, as reflected by cryptogamic vegetation,
for the four ARNEWS plots (the 1:'"""'0restry Canada at Shawnigan Lake (#901), in the
Greater Vancouver Water District forest near .Port Coquitlam (#913 and #914) and in the
U.B.C. Research Forest near Maple Ridge (#902).)

3.0 METIIODS

The field work for this study has been broken into two components. The first component was the
establishment of grabsample locations and transplant boards in each of the four ARNEWS plots.
Collections of rnaterial for the transplants and sample colJections at each of the grabsample stations
was repeated during a single year. This report compares metal and sulphur accumulation trends in
the cryptogamic flora of the ARNEWS plots over a single growing season and makes further
comparisons with a similar data set from a remote area in Northwestern B.C. (Enns 1990a, 1990b:
l\tlinistry of Environment, Goldenbear Mine).

3.1 Grabsampling of native cryptogams

Ten grabsample stations were established at each of the four ARNEWS plots (the Forestry Canada
experimental forest at Shawnigan Lake (#901), in the Greater Vancouver Water District forest
ncar Port Coquitlam (#913 and #914) and in the U.B.C. Resc,'rch Forest near Maple Ridge
(#902). A series of transects running from the outer perimeter of the ARNEWS plot were
established in the second and third week of December 1989. The sample Jines extended
perpendicular and outward from the outer perimeter of the ARNEWS plots ( see Appendix 1 for
grab locations). Each station is clearly marked with a 0.5 meter florescent tipped wooden stake.
Sites were accepted or rejected at the point based on the presence and abundance of the
appropriate biomonitoring species. One sample each of a minimum of 3 species were taken from
each grabsample location. Because of abrupt changes in timber type, forest floor floristics and the
intrusion of cutblock edges, distances between. grabstalions were truncated Lo 25 meters (+/- 10
meters). Sampling tcnded to occur under small openings in the canopy. Common species (between
ARNEWS plots) as well as those with a previous sampling history were selected.

Samples were bagged in paper and air dried at 22 degrees celsius. Mineral material was cleaned
following drying. Analysis is described in Section 3.3.

3.2 Traol'plantMcthods

Transplants were assembled after Palmer (1986) where branch-dwelling, shade tolerant species of
pollution sensitive lichens including Lobaria pulmonana, Pseudocephyllaria anlhraspis
Pseudocephyllaria anonw/a, and the shade-loving, less tolerant species XantllOna polycarpa have been
found to be suitable for indicating short-term changes in air quality. These species are adapted to
moisLPacific forest habitats (Vilt. et al. 1988). They absorb ambient metals and sulphur in direct
proportion to deposition from industrial sources (Blandria and A'ita 1987, Folkcson and



Andersson-Bringmark 1988, Gailey and Lloyd 1986, Gilbert 1988, Macrez and Hubac 1988, McCune
1988, Nicboer et.a!' 1977, \Vestman 1974).

Branches with the lichens attached were collected and fastened to untreated lumber, marked and
mounted on trees on the edges of small clearings directly adjacent to each of the ARNEWS plots.
The clearings have been used for transplants before (Palmer 1986, Enns 1989).

Transplant locations were marked on maps for reference (see Enns 1990). 10 discrete replicates
of tissue samples were analyzed prior to transplant establishment. Tissue from each of the
transplants were removed in November of 1990 and analyzed using similar methods to previous
ash analysis. Three transplants were missing from V.B.C. Research Forest ARNEWS plot # 902,
two from Coquitlam West ARNEWS plot # 914 and Coquitlam North ARNEWS plot # 913 each,
due to advanced decay of some of the transplanted material. Some material was recovered from the
ground in the Coquitlam plots. All ten transplants were recovered from Shawnigan Lake Research
Forest ARNEWS plot # 901.

3.3 Analysis

Ash analysis procedures followed those documented in Kalra et aI. (1989). A microwave digestion
method using HN03, H20 2 and HCI was followed by inductively coupled plasma - atomic emission
spectrophotometry (ICP - AES). Samples were processed through the Forestry Canada's Pacific
Forestry Centre laboratory in Victoria, B.C. and the Northern Forestry laboratory in Edmonton,
Alberta.

Results of the analysis were tabulated and values were compared with 1986, and 1989 ARNEWS
data. Box plots were used to determine within species and within ARNEWS plot variance (Tukey
1977, Wilkinson 1988). The boxplots (Wilkinson 1988) illustrated in Figures 1 through 3 (see pages
16 on) show the distribution of data points for a group of samples (in this case the metal contents
of transplant replicates for each ARNEWS plot). The 95% confidence intervals around the median
are indicated by a notch indenting the box above and below the median. The notch above and
below the median represents 95% confidence intervals, such the observer can be 95% certain that
notch boundaries aligned above neighbouring boxplot notches represent a significantly higher
median value. A labelled example of a notched boxplot is given in Appendix 2.

The results of TukeyJs HSD comparisons tests were used to evaluate minimum within species
variance between ARNEWS plots from Enns (1990); these are given in Appendix 1. Metal and
sulphur contents of ARNEWS species and transplant material were also compared to national and
international standards for background (ie. pristine), naturally enhanced background and high
industrial contents. Recent papers from the Pacific Northwest on mineral contents of similar species
(Rhoades 1988J Enns 1989), and similar biomonitoring projects ( Garty 1988, Kral et al. 1989,
Beaton et a1. 1965, Blandria and Asta 1987, Folkeson and Andersson-Bringmark 1988, Gailey and
Lloyd 1986, Gilbert 1988, Macrez and Hubac 1988, McCune 1988, Nieboer et al. 1977, Westman
1974) were used.
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4.0 RESULTS AND DISCUSSION

This study examines Control versus Treatment sampling of a number of replicates of transplanted
lichens, as well as repeated measures of mineral contents of native cryptogams. The repeated
measures of mineral contents of cryptogams within ARNEWS plots helps to answer questions about
short-term changes in mineral contents. I-Iowever, the use of comparisons between ARNEWS plots
using native mosses and liverworts is limited, due to the lack of ecological continuity (ie. moisture
regime dissimilarities) between ARNEWS plots (Palmer "1986). Therefore, the use of transplanted
lichens, with replication, indicates within plot variance, but it also allows for comparisons between
ARNEWS plots.

l\Ilineral contents of the transplants are presumed to be primarily due to air quality differences.
Although changes in appearance of the plants in the Coquitlam watershed versus the Shawnigan
watershed may be duc to differences in precipitation volumes, the chemical constituents of the
t.ransplants arc most likely a function of local atmospheric conditions.

The results of the transplant sample analysis are presented first, followed by the changes in mineral
contents or the native cryptogamic components or the selected Forestry Canada ARNEWS plots.

4.1 Transplant Results

Boxplots or the metal and sulphur contents of the transplanted species are presented in Figures 1
through 3. Cont.rol numbered samples (1 and 2) indicate the metal and sulphur contents of samples
from the transplant donor site at the time of transplant placement in D,~cember 1989 , and again
in November, 1990, foJlowing the transplant period. Figure 1 displays Aluminum, Manganese,
Magnesium and Zinc values for transplanted lichens in each of the ARNEWS plots and for the
pre-and post sample period control material from Wain Road, Saanichton. Broad notches above and
below the median for some of the boxplols indicate a high within-sample group variance. However,
Coquitlam West ARNEWS plot # 914 consistently has metal contents significantly higher than
other ARNEWS plots, with the exception of l\1anganese contents at the V.B.C. Research Forest
ARNEWS plot # 902).

Figure 2 iIlust.rates Potassium, Calcium, Phosphorus and Sodium levels in the pre- post and
treatment transplants in the selected Forestry Canada ARNEWS plots. Sodium and Calcium are
the only minerals with trends of accumulation, in the Coquitlam West ARNEWS plot # 914;
Potassium efllux may have occurred in transplants placed in Coquitlam WestARNEWS plot # 914
and U.B.C. Research Forest ARNEWS plot # 902. The distinct relationship between exposure
to aqueous S02, and dissolved metals and Potassium ion release is well established in the literature
(Nieboer et al. (1978), Puckett (1976), Grace el al. (1985), Puckett et al. (1977). Presumably efflux
would be registered as a lower tot.al content from similar (ie. transplanted) material, but there were
no physiological measurements to support this.

Figure 3 displays the distribution of Sulphur, Copper, Lead and Iron in transplanted lichen in each
of the selectcd Forcstry Canada ARNEWS plots. Of primary interest are the Sulphur contents of
transplants which are very similar regardless of their placement. Sulphur contents of the original
transplant material does not appear to have changed as a result of being placed in any of the fOUf
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selected ARNEWS plots. Nor does Sulphur content appear to have been altered over a single
growing season at the donor site in Saanichton. The Coquitlam West ARNEWS plot # 914 has
a higher number of samples with higher total sulphur than the other ARNEWS plots, but the
median sulphur values arc not significantly different from any of the other sample locations
(p>.05). Sulphur contents are elevated in comparison to those single sample values form 1986 and
1988, [or Hypogymnia enterofll0rpha (505 and 852 ppm, respectively). However, these values were
for a different species than the transplanted material used in 1990. It is widely reported in the
literature that different species have different absorptivity of minerals (Brown and Beckett 1984,
Beckley and Hoffman 1981, Brown 1976, Nash and Sommerfeld 198"1). Gilbert (1970) notes that
although hryophytes and lichens exhibit slightly different responses to pollution, they are markedly
similar, as a whole. Enns (1990) displayed the variance in mineral concentration in twenty replicates
each of subalpine fir (Abies lasiocarpa), Scoulers' willow (Salix scouleriana), surficial LFH layers and
Pelligera spp. from a pre-industrial biomonitoring network. She found variance wa~ greatest for
willow> fir > soils > lichens. Mineral contents of the lichcns had the closest central tendency
despite the fact that ecological differences across the Bearskin River drainage necessitated that two
species of Peltigera spp. be sampled. Comparisons between sulphur contents of two species of
conlmon Pacific Northwestern Hypogynl1lia are probably valid, in this case.

The Air l\1anagcmenl Branch (1990) states that damage to forests and lakes attributable to regional
acid rain has not yet been dctected in British Columbia. They report a standard sulphate
deposition, below threshold limits, for all of the province with the exception of Squamish which has
received acid deposition in excess of the Canadian objcctives of 20 kg/ha per. Still, they report no
detrimental impacts, although they give no details of the types of monitoring programs they have
in place.

Sulphur contents of lichens in variously impacted ecosystems are widely reported in the literature.
Rhoades ( 1988) summarized lit.erature; minimum values arc 50 ppm and maximum values are 2000.
Ilis result.s from the Olympic Mountains have a minimum content of 535 ppm and a maximum of
1460 ppm Sulphur. Industrial sulphur contents for lichens range from 2000 to 13,000 ppm in
urban/industrial areas (Nieboer et al. 1978). Rhoades reports high industrial levels of sulphur as
ranging from 380 - JOOO. This range in industrial values is not particularly helpful when trying to
evaluate sulphur contents in cryptogams from the ARNE\VS plots.

The Sulphur contents of the ARNEWS transplants are in the lower ranges of industrial values
reported by Rhoades (1988). The ARNE\VS values arc slightly lower than those reported by
Tomassini et al. 1976 for Ufnhilicaria collccted 96 km NNW of Sudbury, which ranged from 643
(+/- 10) to 2500 (+/- 25) ppm S. Although, they reported some uncertainly about sulphur
determinations, the presently used combustion - IR methodologies show good agreement with
National Bureau of Standards reference materials (Jackson et al. 1985).

Lead contents of lichens transplanted into the ARNEWS plots indicate that the Coquitlam West
ARNEWS plot # 914, CoquitIam North ARNEWS plot # 913 and the V.B.C. Research Forest
ARNEWS plot # 902 have accumulated signiricantly greater lead contents than the donor site in
Saanichton (p > .(5), over the sample period. Of particular interest is the occurrence of high
outlying values which can be identified here as anomalous, random effects but may have influenced
past lead contents of compositcd samples.
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Comparisons between lead contents of ARNEWS transplants and other studies are available.
Although the species are different, past lead contents in two compositcd samples of Hypogyfnnia
enteromorpha from Saltspring Island were 60 ppm and 63.5 ppm. These are high in comparison
to literature values; Kral el al. (1989) compared lead in Hypogymnia physodes at variable distances
and elevations from a road with heavy traffic in Bohemia. Lead contents were no higher than 4.5
ppm. Lead contents of a relative of the transplanted ARNEWS species (Peltigera aphtlwsa), from
the Golden Bear study area north western B.C., recorded pre-industrial lead contents of 1.47 to
:t47 ppm (Enns 1990). Higher values were from plots near freshly constructed mining roads. Lead
contents of Hypogyfnnia from Olympic National Park were 17.6 to 121 ppm (Rhoades 1988).
Nieboer et al. (1972) determined lead contents of species of Cladonia 48 km from the Copper
Cliff smelter near Sudbury as between 30.0 and 49.5 ppm.

Tyler (1989) defined what he considered to be extremely elevated levels of lead, or lead which are
the" maximum combined concentrations (which) could be endured under field conditions when
accumulation occurs over a long period of time" as between 718-91R ppm for Hypogylnnia physodes.
The changes in lead contents in native species between 1986 and 1990 arc evaluated below.

Iron and Copper contents of the transplants indicate that variance is comparatively high for these
elements. Copper values of Hypogynlnia enterolnorpha at the Saltspring Island ARNEWS plots
were 2.6 ppm in 1986 and 13.2 ppm in 19&~. Copper values have increased somewhat from these
values in the transplanted species in the Coquitlam North ARNEWS plot # 913, the Coquitlam
West ARNEWS plot # 914 and U.B.C. Research Forest ARNEWS plol. # 902.

Rhoades (1988) found copper contents of 3.78 to 7.35 ppm in specie'S of Hypogymnia from Olympia
National Park. The Golden Bear copper contents ranged from 7.2 to 20.4 for Peltigera spp.. (Enns
1990). Comparisons with industrial copper contents are useful also; Nieboer et al. 1972 found
copper contents of 71.0 to 182.7 ppm 48 km from the Copper Cliff Smelter. These latter values
probably represent maximum, industrial copper contents.

The condition of transplants during the post treatment collection process in November of 1990 was
variable. lbc relatively healthy-looking condition of lichens from the donor site in November 1990
appeared to be identical to the pre-t.reatment collections made in early December 1989 of 1990.
The collections of material from the Shawnigan Lake Research Forest ARNEWS plot # 901 in
November showed some necrosis and chlorosis, but the plants were intact. The transplants of the
U.B.C. Research Forest ARNEWS plot # 902 and the two Coquitlam ARNEWS plots were not
in good condition when they were collected. Up to three samples in each of these Vancouver area
plots had lost all their tissuc, and many collections from the remaining transplants were chlorotic.
Some sloughed material from transplants were collected from the forest floor. The cause of this loss
of condition can he duc to a number of factors, none the least of which may be reduced light or
increased rainfall.

Knowing whether or not the condition of plants can be used to indicate rainfall pH would be
useful. Sigal and Johnston (1986) report that the threshold for response to acidic precipitation in
Lobaria pubnonaria (the main transplant species in the ARNEWS plots) occurred between rain
pH's of 2.6 and 4.2. They reported no impac.ts between pH of 5.6 to 4.2. They found that
discoloration became evident after two years, with significant reductions in photosynthesis. Although
prl of rainfall at the V.B.C. Research Forest ARNEWS plot # 902, Coquitlam West ARNEWS
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plot # 914 and Coquitlam North ARNEWS plol # 911 have not been intensively monitored the
discoloration and necrosis of" transplanted Lobaria puluwflaria indicates that pH of rainfall may have
been below 4.2 for some period during 199f)'

The transplanted lichens have indicated that there has been a significant reduction in most elements
in the Saanichton donor site between December 1989 and November of 1990, with the exception
of Zinc, Sulphur and Sodium, which shows either a slight, but significant increase (in Sodium) or
no difference (p>O.05). The implication is that mineral loading at this site did not increase during
the growing season, but that significant increases in the Coquitlam plots, plot # 914 in particular
did occur. It is interesting to note that these increases are those commonly associated with dusts
and not with S02 deposition or acidic precipitation. The conclusion to be drawn form this is that
the expansion of the road adjacent to the Coquitlam West ARNEWS plot # 914, and the
subsequent increased traffic, has continued to caused cumulative mineral enrichment at this site.
These results provide an early warning for any mineral loading that may occur in the coniferous or
soils monitoring for this plot.

4.2 Native cryptogams of the ARNEWS plots

Tahle 1. shows the mean concentrations of elements in native species from the ARNEWS plots.
A discussion of the within ARNEWS plot variance in mineral contents of selected native
cryptogams from plants sampled in December 1989 and again in November 1990 will be discussed.
This will he followed hy a comparison wit.h mineral contents from previous years and with mineral
contents noted in the literature, where available.

Air Quality Profile:

Shawnigan Lake Research Forest ARNEWS plot # 901

Figure 4 illustrates the changes in Aluminum, Manganese,Magnesium and Zinc contents between
December 1989 and November of 1990. There is a tendency for all species to show a relatively
proportional reduction in t.he mineral content over time. It is worth noting that the Aluminum
contents of the native Hypogym.nia enterolnorpha is much higher than the transplanted Lobaraceae,
displayed previously.

Ward el al. 1977 reported the Zn content of liypnul1l cu.pressiform.es from so-called background,
mineralized and industrial areas of New Zealand. Background areas had zinc contents of 12 - 23
ppm, in industrial areas; Hypnun"l cupressiforrnes had zinc contents of 126 to 167 ppm. Gough and
Erdman's (1977) zinc contents for Parmelia chlorochroa adjacent to the Dave Johnson Powerplant
in Wyoming ranged from 25 to 40 ppm. One anomalous value of 90 ppm occurred in the
HypogYl1l1lia enlerom.orpha collected from Shawnigan Lake Research Forest A.RNEWS plot # 901.

Figure 5 illustrates the changes in Potassium, Calcium, Phosphorus and Sodium contents between
December 1989 and November of 1990. Again, all species have tendency to show reduction in
mineral content between the two sample periods. Native Hypogymnia enteronwrpha has a higher
Calcium and Sodium contenls that in the· transplanted material. Sodium values have a relatively low
central tendency and there is considerable variance in Platisnwtia glauca.
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Table 1. Average concentrations in parts per million of elements in native cryptogamic flora from
four ARNEWS plots at Coquitlam, Shawnigan Lake and the UBC Research Forest. Coly =
CaZypogeia mulleriana, Plag = Plagiothecium, undulatum, Rhyz = Rhizomnium glabrescens, Iso =
lsothecium myosuroides, Sphag = Sphagnum girgensohnii, Kind = Kindbergia oregana, Plat =
Platismatia glauca, Cladi = Cladina mitis, Clado = Cladonia gracilis.

Site Species Ai Ca CU Fe K Hg Hn Na P Pb 5 Zn

CCQN COLYl 3569.77 2268.55 29.63 3172.71 1954.25 594.88 290.39 159.02 603.99 167.19 1379.66 43.95
Ccx;)N COLY2 3456.04 2208.00 43.52 3060.21 1856.50 643.50 162.17 115.94 598.05 150.63 1268.91 37.42
Ccx;)U PLAG1 1186.13 4091.04 29.26 1183.56 2930.01 586.95 374.01 98.13 703.83 141. 89 1433.74 66.64
Ccx;)N PLAG2 1052.68 3468.60 38.58 986.45 3574.49 553.87 254.87 125.50 724.69 123.55 1317.72 71.33
Ccx;)N RHVZl 2944.11 3773.09 33.98 2520.26 1848.40 544.48 387.46 141.52 790.84 195.23 1677 .35 53.63
Ccx;)N RHVZ2 1811.11 4287.00 55.68 1716.65 1853.25 484.62 440.04 89.80 737.48 201.11 1515.31 48.93
C(XJW IS01 1375.73 4703.20 30.54 1582.55 3056.14 750.99 505.26 244.83 926.86 182.06 1679.65 59.04
CWtf IS02 1178.23 4353.00 39.45 1318.53 2847.37 635.69 429.52 172.51 899.00 155.26 1538.01 55.22
CWtf PLAG1 1105.84 4064.73 19.10 1059.86 5249.86 966.57 461.62 204.31 813.72 99.94 1414.61 86.33
C()JW PLAG2 1081.25 3346.43 34.62 1012.42 4440.64 772.99 341.09 165.30 870.70 125.93 1473.79 82.11
CCX]d RHVZl 2225.32 4124.09 26.39 1836.70 3656.90 657.65 565.49 290.85 873.68 166.71 1761. 98 62.00
C()JW RHVZ2 2455.94 4082.55 41.64 2163.86 2230.33 616.85 479.07 144.42 750.75 193.07 1473.28 54.11
C(f]fl SPHAG1 3701.15 3178.69 15.96 1156.04 5068.33 896.46 319.33 956.05 767.40 78.16 1372.58 42.23
C(JJtl SPHAG2 3120.98 2969.60 20.08 872.00 5890.67 747.60 267.58 625.03 703.88 62.19 1121.51 37.18
SHAW HYP01 802.22 7057.27 2.24 748.00 4197.13 531.67 217 .28 294.91 1511.47 13.80 1323.38 34.54
SHAW HYP02 477.82 4941. 00 6.80 522.09 3136.73 384.92 111.08 81.76 1227.13 30.55 842.24 46.59
SHAW KHilll 836.02 8348.87 4.49 693.16 3416.67 880.25 1948.40 195.34 1205.61 8.37 1029.82 39.78
SHAW KIND2 552.30 5383.64 8.94 456.08 4922.17 837.54 1277 .10 105.17 1334.82 19.44 954.61 27.63
SHAW PLATl 677.57 3313.93 8.14 646.75 3896.23 466.32 168.22 260.07 1393.33 9.32 967.16 29.36
SHAW PLAT2 435.60 1807.33 9.88 451.85 3037.63 319.23 76.61 97.18 1103.58 17.79 696.31 17 .87
UBC CLADIl 508.27 1510.22 7.37 817 .04 1481.43 278.08 88.81 313.50 418.53 37.60 763.68 65.74
UBC CLADI2 145.42 538.75 3.92 248.97 873.80 141. 95 38.04 143.83 250.11 10.01 416.47 33.95
UBC CLNX>} 510.18 1742.30 9.79 838.87 1454.00 254.05 183.77 224.06 486.61 46.68 737.58 73.14
UBC CLAOO2 325.51 956.75 5.75 459.82 1397.88 172.46 43.99 181.58 375.73 16.13 470.97 168.53
UBC IS01 1309.79 5225.93 16.00 1251. 65 3833.09 704.14 307. 06 170.58 1704.49 175.90 2010.80 57.64
UBC 1$02 1066.61 3675.78 22.58 1070.22 3548.83 560.31 302.61 127.30 1640.29 145.82 1770.14 54.03
UBC KIND1 1114.90 6343.10 14.64 1173.83 3097.95 673.43 588.99 160.83 1217 .30 118.13 1458.00 52.49
UBC K1ND2 701.55 6034.75 20.76 683.60 5293.43 701.16 530.81 204.64 1724.34 78.72 1413.07 52.93
UBC PLAG1 1150.50 4209.43 13.02 906.52 5187.62 1064.35 492.55 309.11 1333.18 122.45 1451.16 97.39
UBC PLAG2 968.90 3533.00 20.37 716.26 9271.73 1135.22 358.94 369.74 1665.36 147.14 1410.68 139.08
UBC PLATI 691.15 1914.95 10.73 761.83 2475.55 370.54 496.14 173.60 594.25 68.90 1042.00 50.85
UBC PLAT2 408.26 1194.00 12.29 488.69 2220.10 259.74 254.03 122.32 513.99 50.55 801.67 68.85
UBC RJIVZ1 1534.94 4876.70 15.99 1157.69 2918.48 618.15 1266.49 161.16 1296.13 162.25 1631.15 52.44
UBC RHVZ2 1069.43 4503.57 19.53 839.97 3841.76 497.67 385.16 149.40 1133.60 135.81 1506.76 50.25
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Figure 6 illustrates the changes in Lead, Sulphur, Copper and Iron content between December
1989 and November of 1990 at the Shawnigan Lake Research Forest ARNEWS plot # 901. As
in the transplanted species of lichens, the native cryptogams show no overall change between the
first sample period and the second sample period sulphur contents. Copper contents were
significantly higher in samples of Kindbergia oregano, but neither Platislnatia glauca nor Hypogymnia
enteromorpha had significantly higher median copper contents. Median iron contents were
significantly lower between the December and November sampling periods (p > .05) for all sampled
species.

Median lead contents appeared to have increased significantly from December 1989 to November
1990 (p>.05) for all sampled species in the Shawnigan Lake Research Forest ARNEWS plot #
901. Lead contents of composited samples of Platisnlatia glauca and Hypogymnia enteromorpha from
Saltspring Island showed little difference from 1986 to 1988, admittedly without confidence limits.
These levels ranged from 5 to 55 ppm. Hypogymnia enterolnorpha, sampled at Shawnigan Lake
Research Forest ARNEWS plot # 901 in 1990 was below that value, as was Platismatia glauca.

The increase in lead at Shawnigan Lake Research Forest ARNEWS plot # 901 is the most notable
feature of the cryptogamic biomonitoring results. Lead enhancement may be a function of
increased vehicular traffic during the summer field season. The ARNEWS plot is located at a
distance from the road which is somewhat less than that noted to have an influence on cryptogamic
lead contents (Mankovska and Kyselova 1987, Tyler 1989, Frenzel et ale 1985, Frenzel and Starkey
1987). Garty (1987) noted an increase in lead contents in transplanted lichen in Israel and
attributed it to an increase in vehicular traffic in the entire country, so the scale of such impacts
can be broader than noted in earlier papers, where lead was assumed to be limited to short-distance
dispersal (Takala and Olkkonen 1981, Vuorinen 1986). The early indication of slight lead
enhancement in this and other ARNEWS plots (see below) are a useful supplement to the
extensive foliar and soils monitoring.

V.B.C. Research Forest ARNEWS plot # 902

The relationship between mineral analysis of native cryptogams done in December 1989 and in
November of 1990 in the D.B.C. Research Forest ARNEWS plot # 902 is displayed in Figures 7
through 9. A large number of species were chosen to show changes in this plot, b~£ause of it's
proximity to a weather station and because of its relatively diverse cryptogamic vegetation.

Figure 7 illustrates the changes in Aluminum, Manganese, Magnesium and Zinc contents in native
cryptogams between December 1989 and November of 1990. Aluminum contents of all the
cryptogams dropped over the nine month sample interval. In many cases, declines in Aluminum
medians were significant. Because of an anomalous sample with >6000 ppm Manganese, the
samples appear to have little between sample interval differences in Manganese contents. There is
a general reduction in variance in the second sample set, for this and other elements. Both Zinc
and Magnesium are also lower in the second sample interval.

Figure 8. illustrates the changes in Potassium, Calcium, Phosphorus and Sodium contents between
December 1989 and November of 1990. With some anomalies, there is a similar pattern as seen
in Figure 7; a general decline in elemental contents, but many of the November 1990 median
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Figure 6 illustrates the changes in Lead, Sulphur, Copper and Iron content between December
1989 and November of 1990 at the Shawnigan Lake Research Forest ARNEWS plot # 901. As
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November of 1990 in the V.B.C. Research Forest A_RNEWS plot # 902 is displayed in Figures 7
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Figure 7 illustrates the changes in Aluminum, Manganese, Magnesium and Zinc contents in native
cryptogams between December 1989 and November of 1990. Aluminum contents of all the
cryptogams dropped over the nine month sample interval. In many cases, declines in Aluminum
medians were significant. Because of an anomalous sample with >6000 ppm Manganese, the
samples appear to have lillie between sample interval differences in Manganese contents. There is
a general reduction in variance in the second sample set, for this and other elements. Both Zinc
and Magnesium are also lower in the second sample interval.

Figure 8. illustrates the changes in Potassium, Calcium, Phosphorus and Sodium contents between
December 1989 and November of 1990. With some anomalies, there is a similar pattern as seen
in Figure 7; a general decline in elemental contents, but many of the November 1990 median
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mineral contents are not significantly lower than the December 1989 mineral contents.

Figure 9. illustrates the changes in Lead, Sulphur, Copper and Iron content between Decembcr
1989 and November of 199ft Again, the pattern of declining mineral enrichment is evident.

Sulphur and lead median contents Qf native species are lower from December to November, in
V.B.C. Research Forest ARNEWS plot # 902, but not significantly lower than previous samples
takcn in November. The lead contents of D.B.C. Research Forest ARNEWS plot # 902 range
from 1. 00 to 200 ppm and are still somewhat highcr than lead contents from other impacted areas.
Ward et at. 1977 lists bryophytic lead contents of treatment plants as ranging from 74 to 125.
Nieboer et al. 1972 lists the lead content of Cladonia spp. at 48 km from the Copper Cliff smelter
near Sudbury as between 30.0 and 49.5 ppm (see above). Rhoades (1988) determined that lead
contents of Hypogymnia enterornorpha from the Olympic National Park, WA, ranged from 17.6 to
121 ppm (average = 51 ppm). Background studies of lead in Hypogymnia physodes (Kral et al.
1989) indicate that lead contents range from 8 to 20 ppm when sampled from 200 to 0 meters from
a road. In conlrast to this, Mankovska and Kyselova (1987) determined the range in lead in
Cladollia rangiferina in Tatra National Park, 1500 m above sea level in Poland to be 6.35 - 40.25
ppm. These ranges arc very similar to the U.B.C. Research Forest ARNEWS plot # 902, but the
area in Poland is an alpine park expected to have very low lead accumulation. Lead contents of
lsotheciunl, Kindbergia and Rhyzol1ulium have no known comparable literature, but appear to have
a constant level of lead from the December 1989 sampling date to the November sampling date.

Coquitlam West ARNEWS plot # 914

Mineral contents of native cryptogams sampled in December 1989 and November of 1990 are
illustrated in Figures 10 through 12. Four species were chosen to illustrate the changes in mineral
contents in the sample period.

Figure 10 illustrates the changes in Aluminum, Manganese, Magnesium and Zinc contents between
December 1989 and November of 199ft There were no significant differences between any of the
median mineral contents of December VB. Novcluber samples. Sphagnun1. moss has a high within
sample variance; this is borne out in other studies as well. Percy (1983) determined regional heavy
metal concentration for Sphagnum nzagellanicum for the Maritime Provinces of Canada. The highest
standard deviations were for Sulphur, Iron and Manganese. Manganese cont.ents were 244.56
196.78 ppm. Zinc contents were 24.()9 7.90 ppm, in comparison to 45 - 60 ppm at the Coquitlam
West ARNEWS plot # 914. Aluminum is not mentioned in Percy (1983), but Enns (1990)
documented very high standard error for aluminum measurements in lichens from a mineral rich
environment (SE = 254.6). Ward et af. (1977) notes a concentration of 126 - 167 ppm zinc for
treatment plants in Sweden. Rhling and Tyler 1970 report 80 ppm zinc as a background level of
zinc in lfypnum. cU[JpressiJor1ne. Zinc appears to be below background levels in cryptogams from
Coquitlam West ARNEWS plot # 914. However, it is probably spuriolls to relate mineral contents
of these species with t.he limited literaturc available, because of vast difJcrcnce in soils between
study areas. TI1C important measure is the difference belween within-plot mineral contents over
tilne, which does not appear to have changed, based on these data. A second replicated set of
samples in five years time may be useful for the indication of detrimental, and precise, changes in
the air quality profile
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Figure 11 illustrates the changes in Potassium, Calcium,Phosphorus and Sodium contents bctween
December 1989 and November of 1990. This figure indicates there have been no significant
changes in native cryptogamic contents in Potassium, Calcium, Phosphorus or Sodium. Although
there is a clear trend in the maintenance of mineral contents, somc paired samples appear to have
significantly lower median mineral contents in the second sample series (p>.05). These are Calcium
content in Plagiotheciun'l undulatu.ln , and sodium content in Sphagruun henryense.

Figure 12. illustrates the changes in Lead, Sulphur, Copper and Iron content between December
1989 and November of 1990. Again, this figure illustrates that mineral contents have remained
constant in this plot between December 1989 and November of 1990. There is the possible
exception of copper, which has significantly higher median levels of copper in [sothecium,
Plagiothecium undulatlun and Rhyzo/n.nium. glabrescens between December 1989 and November of
1990. ll1is may be from road dust. Some mineral contents are higher than ranges given in the
literature for similar plants. Iron was found to be 352.77 342.81 ppm for Sphagnuln from regions
of the MaritirneProvinces (Percy 19K~). However these differences may be more a function of soils
than air quality.

Cornparisons with literature indicate that lead and sulphur contents are somewhat higher in the
Coquitlam West ARNEWS plot # 914 study area than in other study areas. Ward et at. (1977)
documents the lead content of Hypnllln as ranging from 74 - 125 ppm in treatment plant areas and
[rom 8 - 14 ppm in background areas (sec above for other references to lead). The results of
native cryptogamic lead analysis coincides with the transplanted lichen lcad analysis (above) in that
ambient and soil borne lead appears to be somewhat elevated in comparison to similar studies of
background vs. impacted vegetation mineral analysis. While it is true that lead contents of native
cryptogams from Coquitlam West ARNEWS plot # 914 are high in comparison to other studies,
analysis does not indicate any change over a single growing season.

Increased mineral deposition in the Coquitlam West ARNEWS plot # 914 mayor may not be a
[unction of background enrichment. Perhaps the most probable cause of elevated levels is the
recent GVRD road expansion directly to the east of the plot. However, the Sphllgnlun samples
have the lowest lead absorption; these samples were taken while dust from the road was sifting
across the sampling surface. This species (group) may not be a good future candidate for
biomonitoring in the A.RNEWS plots, not so much because of it's seeming lack of sensitivity, but
because of its low constancy within either of the Coquitlam ARNEWS plots.

Coquitlarn North ARN EWS plot # 911

The mineral contents of Coquitlam North ARNEWS plot # 913, has two species in common
(Plagiothecilun undulatunl and Rhyz01nniu111 glabrescens) with Coquitlam West ARNEWS plot #
914. These two plots are < 15 km apart. They arguably constitute a paired sample. Figures 13
through 15 iJlustrate the mineral contents of native cryptogams sampled in December 1989 and
November of t990.

FigurcI3 illustrates the changes in Aluminum, Manganese, Magnesium and Zinc contents between
December 1989 and November of 1990. A~ in the Coquitlam West ARNEWS plot # 914, there
\vere no significant differences between any of the median mineral cont.ents of December vs.
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November samples. Rhyzo!n,nium glabrescens from Coquitlam North ARNEWS plot # 913 has
higher Aluminum content than that of the same species in the Coquitlam West ARNEWS plot #
914, hut no other differences occur.

In the case of Magnesium, Manganese and Zinc the elemental analysis is very similar for both plots.
Manganese was 743 ppm in 1986 and 717 ppm in 19&~, for composited single grabsamples of
Rhyzolnnium glabrescens from Coquitlam West ARNEWS plot # 914. Coquitlam North ARNEWS
plot # 913 samples of Rhyzonutiuln glabrescens had 455 and 550 ppm manganese in 1986 and 1988,
respectively. The ten sample nlineral content of Manganese sampled twice in 1990 indicates that
1\1anganese has remained somewhat stable, or somewhat lower, since 1986.

Further, in the case of Zinc, contents do not appear to have changed from measurements made
in 1986 and 1988 ( around 50 to 65 ppm)

Figure 14. illustrates the changes in Potassium, Calcium, Phosphorus and Sodiutn contents between
December of 1989 and November of 1990. 'Illis figure indicates there have been no significant
'changes in native cryptogamic contents in Potassium, Calcium, Phosphorus O[ Sodium.
Plagiothechun undulatulll had higher Potassium contents in 1986 and in 1988 than in 1990 as did
RhyzornniLl1n glabrescens. 111e same is true for calcium, phosphorous and sodium for both species.

Figure 15. illustrates the changes in Lead, Sulphur, Copper and Iron content between December
1989 and November of 1990. Again, this figure illustrates that mineral contents have remained
constant in this plot between Decemocr 19R9 and November of 1990. There does not appear to
be much difference between the lead contents of Plagiothecium undulatuln and Rhyzomniuln
glabrescens from either Coquitlam ARNEWS plots. Further, Rhyzomnilun glabrescens lead contents
may have risen slightly from the 1986 - 1988 sampl{~ period, but most of the single, composited
santple values from 1986 and 1988 have mineral analysis values that fall within the data distributions
illustrating the replicated sampling from 1990.

4.3 Summary statistics, Analysis of Variance and Tukey's HSD Multiple Comparisons for
RhYU)lnniUln glabrescens and Plagiolhecilun undulatul1l. T-tests of Kindbergia oregana.

Summary statistics and one-way analysis of variance tables are presented in Appendix 2. for
Rhyzontniuln glabrescen.'l, Plagiothecium undulatum. T-tests of Kindbergia oregana are also
presented. These are common species between three of Vancouver area ARNEWS plots and
between U.B.C. Research Forest ARNEWS plot # 902 and Shawnigan Lake Research Forest
ARNEWS plot # 901, respectively.

The ANOVA A tables and Tukeys multiple comparisons for Rhyz01nlliuln glabrescens between the
three Vancouver area ARNEWS, indicate that there is no significant difference between Potassium
contents in the three Vancouver area, ARNEWS plots. Further, they have a high probability of
being the same as indicated by the multiple comparisons tests.

Calcium contents between the three Vancouver area ARNEWS plots are not significantly different.
The Coquitlam West ARNEWS plot # 914 and Coquitlam North ARNEWS plot # 913 have a
probahility of 0.57 of being the same, but the U.B.C. Research Forest ARNEWS plot # 902 is not
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likely to have similar Calcium contents as either of the CoquitIam plots.

Aluminium accumulations between the three Vancouver area ARNEWS plots are not significantly
different and the Tukey'sHSD multiple comparisons indicate there arc overlaps in Aluminum
contents.

Lead concentrations are not significantly different between any of the samples of Rhyzomnium
glabrescens in any of the Vancouver area ARNEWS plots. The V.B.C. Research Forest ARNEWS
plot # 902 has a high probability of being similar to Coquitlam West ARNEWS plot # 914,
however.

Copper concentrations are significantly different bctwecn Vancouvcr area ARNEWS plots, but the
probabilities of being different are low, indicating that statistical differences may be weak.

Sulphur is also significantly different between the threc Vancouver area ARNEWS plots, but the
probabilities of being the same are weakly defined in the Tukey's HSD comparisons.

Summary statistics and T-tests of Kindbergia oregana in Shawnigan Lake Research Forest ARNEWS
plot # 901 versusU.B.C. Rescarch Forcst ARNEWS plot # 902 are also presented in Appendix
2.
Potassium, Sulphur, Copper and Lead arc all significantly different bctween U.B.C. and Shawnigan
Lake ARNEWS plots.

The ANOVA tables and Tukcys multiple comparisons for Plagiothecium undulatum between the
three Vancouver area ARNEWS plots indicate that for Calcium, each of the three Vancouver area
ARNEWS plots are not significantly different and have a high probability of being the same.

Potassium contents between the threc Vancouver area ARNEWS plots are significantly different.
The Coquitlam West ARNEWS plot # 914 appears to be dissimilar from the Coquitlam North
ARNEWS plot # 913 and the U.B.C. Research Forest ARNEWS plot # 902.

Aluminium accumulation between the three Vancouver area ARNEWS plots is not significantly
different and the Tukey's HSD multiple comparisons indicate there arc strong overlaps in
Aluminum contents.

Lead concentrations are not significantly different betwecn any of the samples of Plagiothecium
ulldulatul1l in any of thc Vancouver area ARNEWS plots.

Copper concentrations are significantly different bctwecn Vancouver area ARNEWS plots, but the
probabilities of being different are low.

Sulphur contents of Plagio{heciufn undulatum are not significantly different betwccn the three
Vancouver area ARNEWS plots, and the probabilities of being the same are quite strongly defined
in the Tukey's IISD comparisons.
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5.0 CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE BIOMONITORING

rOle ash analysis results indicate that Sulphur contents of transplanted and native cryptogams,
although relatively high in comparison to values from the literature, appears to have been
maintained between Decemher of 1989 and November of 1990. Lead contents of the transplants
indicate that the Coquitlam West ARNEWS plot # 914, Coquitlam North ARNEWS plot # 913
and the V.B.C. Research Forest ARNEWS plot # 902 have accumulated significantly greater lead
contents than the donor site in Saanichton (p>.05), over the sample period. The use of replicated
samples (n= 10, N=50 for transplants) reveals the presence of infrequent, high outlying values
which can be identified here as anomalous, random effects but may have influenced past metal and
Sulfur lead contents of composited samples. Also, Iron and Copper contents of the transplants
indicate that variance is comparatively high for some elements in some plants native to the
ARNEWS plots.

The results indicate that most mineral contents have decreased in transplanted materials, with the
exception of Zinc, Sulphur and Sodium, which show either slight, but significant increases (in
Sodium) or no difference (p>O.05). Materials transplanted to the Coquitlam plots, in particular
# 914, showed significant increases in minerals did occur. These are thought to be a result of dust
deposition and not sulphate loading. The road adjacent to the Coquitlam West ARNEWS plot #
914, and the subsequent increased traffic, may have caused cumulative mineral enrichment at this
site. Lead accumulation at the Shawnigan Lake Research Forest ARNEWS plot # 901 may also
have occurred due to vchicle access nearby. lbese results provide an early warning for any mineral
loading that may occur in coniferous tissue or soils monitoring for these plots.

The native cryptogam analysis indicated a relatively proportional reduction in mineral contents
bctween the two sample periods. There does not appear to be a dramatic change in within-plot
mineral contents over time, based on these data. The period of time between sampling was only
one growing season, however. In light of the growing concern about air quality in the Fraser River
drainage, the long-term change in thc...c;e samples metal and Sulfur contenls bear examination.
Therefore, a second replicated set of samples in five years time is recommended. This will be
useful for the indication of precise changes in the air quality profile.

The Air 1Vlanagemcnt Branch, Ministry of Environment (1990) records show increased sulphate
deposit.ion in Squamish. This may warrant further examination of the CapBano and Seymour
ARNEWS plots as potentially receiving deposition. A series equivalent to that described here
should be estahlished in the Capilano ARNEWS plots and in the Seymour ARNEWS plot; and
comparisons could then be made between the air quality data from the Ministry of Environment
Squamish monitoring station and the Capitano ARNEWS plot, with the Seymour plot functioning
as a (potentially lesser-impacted) control to the Capilano plot.

This paper indicat.es that replicated samples can he useful in explaining anomalous ash analysis
values, hut also that replicated cryptogam sampling, especially of transplants, and particularly within
limited between-sample periods, can precisely indicate trends in air quality. Cryptogamic
biomonitoring acts as an advance warning of changes in air quality and is useful for indicating
potential detrimental impacts on the fore"t resource. In order to provide a functional early warning
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system for coniferous resources in the remainder of the province, the expansion of the programme
for ot.her ARNEWS plots in the province is also recommended. Of 15 ARNEWS plots in the
province, only 5 in the Lower Mainland - Coastal area have been monitored using cryptogams,
although impacts from industry have been not.ed in other areas of the province (van Barneveld et
al. 1989). In order to allow the ARNEWS plots to function as an early warning system, a series
of replicated native cryptogam samples should be processed and an air quality profile constructed
for the 10 remaining ARNEWS plots. Careful correlation between conifer pathology and
biooloniloring will be necessary to make this programme effective. The elevated levels of sulphur
and lead in some of the ARNEWS species, in comparison to literature values, is a trend that
requires further correlation with impacts on coniferous tissues and soils. The use of cryptogamic
biomonitoring in this instance has allowed the ARNEWS system to function as an early warning
of some additional sulphur and lead deposition from 1985 to 1990.

16



Transplant Site

300 r--,----,----,---,.--r--~--.

200

E
~

~

*100

~~ $*

~

700

600 -.

600

E 400 *

*
~

*
~ 300

*200

100

0
~?-O'-\~?-O,-'2.. GOO~GOO'-N S'(\p..'-N \jroC

G(J\\ GO~

1ransplant Site

2000 r---,--,---,-----r--,.--..----. 1000 r--,---,------.----,.--or-----.-----.

o

1500

E
0
.9- 1000

*
~

500 2f
E £ ~~

c
N

800

600

400

200

*
o '-----'----'L----'----f--L-l--J..--...L.---J

,,\\?-O'-~\?-O'-'2.. GOO~0cP~ S~'-N \)€p
GO--- 0 0\---

Transplanl Site Transplant Site

Figure 1. Aluminum, Manganese, Magnesium and Zinc values for transplanted lichens in each
of the ARNEWS plots and for the pre-and post sample period control material from
Wain Road, Saanichton..

17



8000 1UUOO

7000 E 0

*
8000

6000 ** ¥ *

~
5000 6000

0

1
0 140008-

<'0
~ 0

3000 g 4000

'"

~ ~ ~
2000

'" *2000

1000 S ~
0 L...---L. 0

\\\\O\'"\,,\\O\...'2. OOO~000'-!'1 S',-\~\N \.\0J _\,\\O\'"\,\\O\...'2. OOO~GdJ~ S\A~~ \)'2P
00'" Oa 0 0\ OO~

Transplant Site Transplant Site

Transplant Site

IS

Potassium, Calcium, Phosphorus and Sodium levels in the pre- post and treatment
transplants in the selected Forestry Canada ARNEWS plots.

Transplant Site

a '---_--L--__--'-_--L__-'-_-4.__--'-_----'

O\...'\ O\"''2. 00\'\ rJl,tt ,-.\~'!'J 0'00
OO~,,?lOO~,?I 0 G~ S~'

500

Figure 2.

2500 500..

2000 8 400
*

1500 'E 300
Ea. ~E-
o.. m

1000 z 200



2500 r---',--~I--r-.-'Ir---"-I---r--I ---., 25 .--.---,----,--,--,..--....,..----.

E
0.
-9-
(J)

2000 f-

1500 f-

1000 ~

500 !-

-

-

-

20

15
E
0.
-9-
::J

o 10

5

*

o I • I I I

GO\--\~\lgt~\\?D'--?- CJOO~GOO\l'l S\·\p...\l'l

Transplant Site Transplant Site

1000 ~-~

*

*

*o

200

400

600

800

Q)
LL

E
0.

-9-o

o

40

20

50

E
0.

-9- 30
D
0....

Transplant Site Transplant Site

Figure 3. Sulphur, Copper, Lead and Iron levels in the pre- post and treatment transplants

in the selected Forestry Canada ARNEWS plots.

19



*
2000

2500 r--,-----y----.---y__..-_oopo-__1500 r----.----r-_--.__....-_........-_-...-_----,

1000 -

E M E
1500

**s
AA

~ 0« c

$
~ 1000

500

* ~

500

OL-....--'-----'------1__-L.-_...L-_-..L_----I

0'<?O'\0'<?O?" y.~~Q '\ ~~Q?.?\-P-\ '\ ?\-P-\?.

Species & Time

o L-----'--.......L---..L.._---l__L-_..l.-_....I

0'i?O"\ 0,<t>O?'- y~~~Q"\ ~~Q?-?\-P-' '\ ?\.--~, '}..

Species & Time

1000

~$E
0-
S
OJ
:2

500 ~
~R
~

o -L---L_--.l-----L---l_----'__

\-\,<,,0'\ ",'<'YO?. y....\~Q"\ y....\~Q'2. ?\...~\ '\ ?\...P--\ '2.

Species & Time

100 '--,-.- r--r- I

80 ~ -
I

l.-

E
60 - -

0-
S

$rG 40 -

~
-

~
~.

R
T ~

20 ~ -

0 I ,
I I I

\-\'i"O"\~?O'2. y.J.~Q"\ y.J.~Q?. ?\...p..' '\ ?\...p..' '2.

Species & Time

Figure 4. Changes in Aluminum, Manganese, Magnesium and Zinc in the Shawnigan Lake
Research Forest ARNEWS plot # 901 .

20

-



6000

0000

*
4000 ~ ~$'[
3000 ~ ~S

~

2000

1000

<U
o

10000 r-----r-----y---...----r---r--~-_.

8000

6000

4000

2000

o
\\'-{?O'\ y...'-{?O?' ~~Q '\ ~~Q7- ?\.-P--\ '\ ?\-P--\?'

o '--_-'--__-'--_---'-_---L__"-_..J.-_-J

\\'{?O'\\\~?O? .{~~Q '\ ~~Q7-?\-~ '\ ~~\?~

Species & Time Species & Time

2000 ..----,-----, I r--- 500 ,--,.------y----r---,---r---,----,

100

O~_...L-----'-----.L-----'--..a..-_.....J.-_.-J

0~?O'\0~?O?" ~~Q '\ ~~Q??\..~ '\ ?\..~1-.

400

~ 200

300

~

o
~?O '\~?O1-. ~~O '\ ~~O?-. ?\.-~\ '\ ?\..~\ rz..

1500

600

E
S 1000
a..

Species & Time Species & Time

Figure 5. Changes in Potassium, Calcium, Phosphorous and Sodium in the Shawnigan Lake
Research Forest ARN EWS plot # 90 t

21



2000 , I 25

'-i
20

1500 f- -

15 0

E

~
E

0

~ ? *
0. 1000 f-

'T $
0.

S-

A
- E-

(f)
:::J
0 10

~
500 f- -

5

0
, I , I I I 0

\\'-{?O'\\~?O~ ~~Q '\ y~....\Q~?\-P-\ '\ ?\_P-\?- 'r\{?O'\ 'r\{?O~ y~~Q '\ V~\\Q?-?\-P-\ p..\?-
~ -

Species & Time Species & Time

1500 r--.,----,----,r--,---,----r--..

30
*1000

E
*

Ea. a.
~

*S- 20 S-
D ill

~0.. LL

~
500 R

~ ~
10

0 0
'0 ?O~ ~~\) '\ y..\'1-\\)?-?\..p...\ '\ ?\..p.-\ ?- 0'-{?O'\ r\'-{?O?- ~'t\Q '\ ~'t\Q?-?\..P'-\ '\ ?,-p...\ 1.-

Species & Time Species & Time

Figure 6. Changes in Sulphur, Copper, Lead and Iron in the Shawnigan Lake Research Forest
ARNEWS plot # 901

22



o

OL-........l.-..J--....L-.-...-l---J.-.-.L---1-,..--,----,---,-...--L--'---''---'---'

GV'fb~~ifJ'l-~O\~07v$lO~i'~~~,.r~~~~~~(~(1~\(t'-

OI..-.!~__......L-. .....L..--J.4--.L--L--J--J...--L--L--L--'---J

o-~~~i,~'PO\'Vrfl'f1!>~.•t1V~"C~,,~~1~~?-

1000

2000

5000

6000

14000

§ 3000

*

2000 .

3000

1.s
~

1000

[~ 't$.

Species & Time Species & Time

1500 r-l-. I r-- 250

200

~1000 -

E

~$
E

150 .
0.

~?~~
0-

~
-9 E-
o> c
:2 N 100

500

~gX -~~¥~ 0

~~>'<~lfg~~
50

*

0 0
GV'-~~'8J.orfleo' 6~~~'·~~,,\~v"~~(1~(l-'2. c'-".~~'fJO'-e~1$)~~~~~1~tfl.'l-

Species & Time Species & Time

Figure 7. Changes in Aluminum, l\-fangancsc, l\1agncsium and Zinc in the lJ.B.C. Research
Forest ARNEWS plot # 902

23



15000 I I I I I I I I I I I I I I

8000

*

o
v\.",~t~~7.'f',O''f'P'2..p:t:>~f:\t,..~~,,~~,..~~{~'2.

2000

4000

6000

m
o

-

E:g:-f:>l<
I I L-.-1----J1l--.l-.......1 .--1.1---11'--'1---.-'--1.....1---'-1---11----1o

oJ"\!JJ~6,lft,.rP?-eO' eo~\O~~,.r-v....~C\l~"~~~~~1-?-

5000 '-

10000 -

Species & Time Species & Time

700

600

o I L-L-,---,--...L---J..-..J

G\l''t'u-g!.~rf:,{).0d2-6°' ~~~"IO~\:I1l"rR'~"'''~'''~~-t(1~~1.'l.

100

200

o '--...L----Jo.-_L----..l----'----'-_:L.--..L--...L--L---L...--L--.L--1---'

v\..,..~t'g).~eO''6~..\O~~~1l''<R"c~v'~~'''~~1.?

500

~ 300

1 400
E

500

1000

1500

2000

n..

Species & Time Species & Time

Figure R Changes in Potassium, Calcium, Phosphorous and Sodium in the U.B.C. Research
Forest ARNEWS plot # 902

24



2500 30

2000 -

~~g~~ ~
* **

~~
20 * * ?

~1500
E E

~0- S ~

~
..9-

::J

~~
(f)

II g~ ~
>< 01000

:$: 10 ><

~500

I ~
0 0
GJ'~I.g}~,.s:P'}.'f;JO'\6(~~~~\'~~rR~~"~~"'~&~11~~(l.'}.

Species & Time Species & Time

*

o L-..L-_...L-~-L----L-~--L--L.~-L.-..J..-..L----'---II.-..I

v0"'t~tP?eO\'6~~~"'~"'~"'''I~''I~-z:z.

1500

~
*

E *
~ 1000
ill

~

~~* ~
LL

~
g

600

*g
o

)~~ ~ >;<
o I I I I

oJ.rttl>-g:.~dft ~.,o\ eO\l\O~'·fil".f\t"C\l"'~~"'"\~~~1.?

100

200

E
0-
.9-
.0
0...

Species & Time Species & Time

Figure 9. Changes in Sulphur, Copper, Lead and Iron in the U.D.C. Research Forest

ARNEWS plot # 902

25



E
0.

..9-

10000

*

*5000

o

Spedes & Time

1500 --,--,---.-,--r-----,.-.---.--,--

2000 r-----r---.----r----w--,----.----,..----.--.....

o
1500

E
0.
E- 1000
c
:2

Species & Time

1000 100

* tJ,E

l~
E

0. 0.
B- E
0> C

g~
*

~~~8
:2 N

500 50

0 0

\SO\ \SO~'-'~G~~G~0~1-~0--{~$0~~~~G~ \SO'\ \S0?" ~G'\ ~G?.~"L\\__{1.?.0~G ~~G?.
?'-' ?'-' ~ ~ s? Sf?

Species & Time Species & Time

Figure 10. Changes in Aluminum, t\'1.angancsc, Magnesium and Zinc in the CoquiLlam West
ARNEWS plot # 914

26



15000 T I 1 I I I , I 7000

*
6000

6000

~*
0

0
10000 f- -

E E 4000
~ ~

*0.
..9-

<U 3000 -Y: 0 'if*5000 f-

* 2000

1000

0 I I I I t 0

\'0°'\ \SO~~f>-G~p'-G~0~1-~0;'{~~0~~~f>-G?- foO\ \SO~\...~G~~G~x-\fl-i0'{~,~~~p'-Grz.

Species & Time Species & Time

*
*

500

a

*

500

1000

Species & Time Species & Time

Figure II. Changes in Potassium, Calcium, Phosphorous and Sodium in the Coquillam West
ARNEWS plOl # 914

27



2000 60

*

~~ ?
50

*1500 - E *:+:

40

E f E
* Q.a 1000 S- 30,g.

~
'"

::J
(f) 0 :+:

20

500

10

0 0

\SO'\ \SO~,--~G~~G~0'{Z.~~~~y\~~~~G'l. \'00 \ \So~,--~G~,--~0~0,<1.~0,<~~y\~~~~G'2.

Species & Time Species & Time

400 ---.---,--r--'-- .-1.----.----,---,

*

300

*

E
~ 200
.D
0...

100

o

o
o

*

3000 -

E
0.
..9 2000

Q>
lL

Species & Time Species & Time

Figure 12. Changes in Sulphur, Copper, Lead and Iron in the CoquiLlam West ARNEWS plot
# 914

28



O'----_J.-_-'--_--'-_--L._--l_---JL----J

CeJ...-.'{ '\cO-'{7..?\...p.-G\~)\...p.-G7. ~~1-'\ ~1-'],

OL.--+-L+--.l-----L----L-....!...J-!.--l-.-.I

CO\"''< '\cetv'{'2-~p.,.G\,\...p.,.G7..~y..,<"t '\ ~y..,<"t7.

15000 1000

0

800
*

10000

'K E
600

..9- ~
::{ §

400

5000 0

-0 200

*

Species & Time Species &. Time

Species &. Time

0'-----'------l..-----L----'---1_---JL----J

GO\"''{ '\CO\...'{'2-?\...p.-G'\?\...p.,.G7..~~1..'\ ~"t'2.

50

100

150 r---,----.-----.--~-___r--.------.2000 , I r 1 , I

0

1500 ~

~
S- 1000 ~ -
OJ
:2

~ fl *

~500 ~ ~ L? E -

0 I I I I

C00 "Co\...'{rz.~p.,.G '\ \l\...p..G'2-\\y..'iL-'\ ~'(\'{L-rz.

Specles & Time

Figure 13. Changes in Aluminum, Manganese, Magnesium and Zinc in the Coquitlam North
ARNEWS plol # 913

29



6000

6000

4000

Ea. ot.
E- 3000

E
a)

?
0

2000

1000 *1000

2000

3000

4000

5000 ,---r----r---.---..--.....----r----.

a
cO\""'< "CO"'::'7--?\....~G '\ ?\....p...G'l.?-0"i1-'\ ?-0"i1-7--

o l.---_..L--__L..-_--I.._---l__.L--_-1-_-J

cIJ-'< '\cO\....'{7--\,\....p...G'\ ?\....p...G7--?-~1- '\~1-7-

Species & Time Species & Time

1000 I r I , , , 300

0

?
>I< *

800 '-

~ 8 -

8 '$ 200
600 . $ -

]. 1
E- "g.

!l- eu
400 - - z

100

200 ~

0 . I I I I I 0
O\...."i '\ 0...::.7-- p...G'\ ~G'l.~"i1- '\ 0,<1-7-- G0'-,<"\GO\....,<7--\,\....p...G"\?\....P--G7--\\~1-"\ \\~1-rz.GG ?\....?\.... ~

Species & Time SpecIes & Time

Figure 14. Changes in POLassium, Calcium, Phosphorous and Sodium in the Coquitlam North
ARNEWS plot # 913

30



2000 200 I I I I I I

1500

**
¥~ 150 - 0 -

$
~

1
1000 * S- 100 - -

(f)
::l
0

500 - 50 -

*
* $$

-0
0

* ~-==-
*

a a I I I I I I

GO\...i '\G00~?\...~G '\ ?\...f:>..G~y\\Ai1.'\ y\\Ai1.'2- GO-~ '\GO\"''{'2.?\..f:>..G'\?\..~G'2. ~-z.'\ 'Y\~1,..7,
Species & Time Species & Time

400 ~-~--.----.---..---..--..--~ 10000 r---.,...---,-----.----.----..-_..--_

0-----'-...0......4----'-.....I.-L---'-----'-----'-----.JL...-----J

GO\"~ '\GO\"~~?\..-f:'-G'\?\..f:'-G'2-?-~1. '\ ?-~-z.'2-

2000

4000

6000

8000

o
OO\...i '\GO\...i~?\..f:'-G'\ ?\...f:'-G'2-?-'r\il..'\ ?-\A~l..~

300

E 0 !~ 200
~

(])
u.

100 **
Species & Time Species & Time

Figure 15. Changes in Sulphur, Copper, Lead and Iron in the Coquitlam North ARNEWS plot
# 913

:H



6.0 BIBLIOGRAPHY

Air Management Branch. Ministry of Environment. 1990. ~lOE working rcport: summary
information package on acid rain effe<:ls on forests and lakes of British Columbia. Province
of British Columbia, ~1inistry of Environment. 19 pages.

Bargagli, R. F.P.Iosco and C. Barghigiani. 1987. Assessment of mercury dispersal in an
ahandoned mining area by soils and lichen analysis. Water, Air and Soil Pollution 36:219
225.

Bealon, J.D. A. lVloss, I MacRae, J.W. Konkin, W.P.T. McGhee and R. Kosick. 1965. Observations
on Foliage nutrient content of several coniferous tree species in British Columbia. For.
ehron. 41: 222-236

Beckley, P.K. and G.R. HolTman. 1981. Effects of sulphur dioxide fumugation on photosynthesis
respiration and chlorophyll content of selected lichens. Bryol. 84(3): 379-390.

Blandria, G. and Asta J. 1987. Les lichens bioaccumulateurs: rgression de la pollution tluore
dans la Valle de la Romanche (Isre, France). Bulletin d' Ecologic 18: 117-126. (Flouride
levels in X. Parietina 1984 revealed a decrcaase from 1976 concentrations, relating to falling
levels of flollride pollution.

Beuford, W., J. Barber and A.R. Barringer. 1977. Uptake and distribution of mercury within
higher plants. Physiol. Plant. 39:261-265.

nird, C. D. and J. \V. Case.t 977. Epiphytic lichens as indicators of air pollution. Alberta
Environmental Research Trust. University 01" Calgary. 13 p.

Boileau, L.J.R. and P.J. Beckett, P.Lavoie, E. Nieboer, D.H.S. Richardson. 19R2. Lichens and
mossess as monitors of industrial activity associated with Uranium mining in Northern
Ontario, Canada. Envir.Poll. Series B. 4(1) 69-84.

Bosserman, R.W. and J.E. Hagner. 1981. Elemental composition of epiphytic lichens from
Okefenokee Swamp. Bryologist. 84: 48-58.

Brown, D.H. 1976. Mineral uptake in lichens. In: Brown, D.H., D.L. Hawksworth and R.H. Bailey,
cds. Lichenology: Progress and Problems. pp. 419-4439.

Brown, D.H. and R.P. Beckett 1984. Differential sensitivity of lichens to heavy metals. Ann. Bot.
52: 5 L-57.

Case, J. W. t985. Mapping acid precipiatation deposition patterns in Ontario using hiological
monitors. Pr<~senled at lVluskoka '85, tnt. Symp. on Acid. Precip. Sept 15-20, 1985.

Case, J. 1988. Personal Communication regarding the site descriptions and locations of his lichen
grab samples at the Golden Bear Mine site in the fall of 1987. Calgary, Alberta.

32



Dabbs, D.L. 1985. Atmospheric emissions monitoring and vegetation effects in the Athabasca oil
sands region. Environmental Research MOJlograph 1985-5. Syncrude Canada Ltd., 127.

Davidson, C.I., W.D. Goold, T.P. J\'lathison, G.B. Wiersma, K.W. Brown and M.T. Reilly. 1985.
Airborne t.race clements in Great Smoky Mountains, Olympic and Glacier National Parks.
Environ. Sci. Techno!. 19:27-35.

Davis, R. Personal communication. 1989. S02 monitoring in areas adjacent to the Vancouvcr
Victoria ARNEWS plots. Ministry of Environment. Waste ivfanagcmcnl Branch. Victoria,
B.C.

Denison, \V., CaldwclI,B.,Bonnan,B., Etched, L., Swanberg,C., & Anderson, S. 1976. The effects
of acid rain OIl nitrogen fixation in Western Washington coniferous forests.Proc. of First
International Symposium on Acid Precipitation in the Forest Ecosystem. USDA Tech.
Report. NE-23

Denison, W.C. and S.M. Carpenter. 1973. A guide to air quality monit.oring with lichens. Lichen
Technology, Jnc., Corvallis, OR39 pages.

Department of Lands, Forests, and \Vater Resources. (1974) Pollution Control Objectives for the
Chemical and Petrolcum Industries of British Columbia. Water Resources Service, Victoria,
B.C. technical advisors: Dr. F.E.Murray, Mrs. E. Ostapchuk, Dr. J.M. Rienstra and
Dr. J.B. Smith, M.D. 36 pages.

dePriest, P. 1987. Mapping elemental concentrations in Great Smoky lVfountains National Park
with lichens. Northrop Services, fnc. - Environmental Sciences, Research Triangle Park, NC.
69 pages.

DeSueIlc, S. 1984. L'utilization des lichens pour Ia detection et l'estimation de la pollution par Ie
plumb. Bull. Ecol. 15: 1-6.

Dodd, C.t 990. Personal communication regarding status reports for mammals, birds, reptiles and
amphibians for the Stuart-Cassiar. lVlinistry of Environetnnt, Fish and Wildlife Branch,
Victoria, B.C.

Douglas, G.W. and A.C. Skorepa. 1976. Monitoring air quality with lichen: a feasibility study.
Syncrude Canada Ltd., Environmental Research fvlonograph 1976. 269 pages.

Enns, K.A. 1990a. Analysis of vcgetation and soils [or the Goldenbear mine area. For: Ministry
of Environcmnt.Draft Report.

Enns, K.A. .1989. Cryptogamic biomonitoring of the Canadian Forest Service ARNEWS plots: a re
assessment. Unpublished report. Prepared for Forestry Canada, Pacific Forestry Centre,
Victoria, B.C. 37 pages.



Enns, K.A. 1989. Golden Bear Biomonitoring Project. I: Reconnaissance sampling for ycar I, II:
Sample dcsign for year two. Draft report prepared for the Ministry of Environment, \Vastc
Management Branch.

Enns, K.A. 1990a. Golden Bear Operating Company Limited Biomonitoring Plan. Unpublished
Report. Larkspur Biological Consultants. Victoria, B.C.

Enns, K.A. 1990h. Recommended biomonitoring process for the Goldenbear mine. Prepared [or
Goldcnbear Operating Company Ltd., Draft Report.

Environment Canada. 1986. Precipitation chemistry data. Used by permission. Envir.Service.
Scientific Services Division, Environment Canada.

Environment Canada.t 988. Precipitation dlcmistry data. Used by permission. Envir.Scrvicc.
Scientific Services Division, Environment Canada.

Environment Canada. 1979. Proceedings of a workshop on long range transport of air pollution
and its impacts on the Atlantic region. Dartmouth NS. October 17-18.

Ferry, B. W.,M.S. Baddeley and D.L. Hawksworth. 1973. Air Pollution and Lichens. Athone Press.
Univcsity or London. 389 pages.

Folkeson, L. and Andersson- Bringmark, E. 1988. Impoverishment of vegetation in a coniferous
forest polluted by copper and zinc. Can.l.Bot. 66: 417-428.

Fostcr,D.R. 1984. The dynamics of sphagnum in forest and peatland communities in southeastern
Labrador, Canada. Arctic. 37: 133-140.

Frenzel, R. W. and E.E. Starkey. 1987. Concentrations of arsenic and lead in hair of mountain
goats from Nlount Rainier, Olympic and North Cascades National Parks, Washington.
CPSU/OSU 87-3. Cooperative Park Studies Unit. College of Forestry. Oregon State
lJnivcrsity. Corvallis. 31 pages.

Frenzel, R. W., G.'V. Witmer and E.E. Starkey. 1985. Concentrations of metals and sulphur in
subalpine fir needles and a lichen in Olympic and Mount Rainier National Park, Washington.
CPU/OSU 87-2. Cooperative Park Studies Unit. College of Forestry. Oregon State University.
COlvallis. 31 pages.

Fritz-Sheridan, R.P. 1985. The impact of acid rain on the nitrogenase activity of Peltigera
@hthos~ and Peltigcra QQ1ydaclyla. Lichenologist. 17:27-31.

Gaarc, E. 1987. The Chernoblyl USSR accident: can lichens be used to characterize a radiocesium
contaminated range? Rangifer. 7 (2): 46-50

Gailey, EA.Y. and ().L. Lloyd. 1986. lVtethodological investigations into low technology monitoring
of atmospheric metal pollution.: Part 3- degree of rcplicability of the metal concentrations.
Environ. Pollut. Ser B. 12: 85-109

14



Gilbert, O.L. 1973. Lichens as indicators of air pollution in the Tyne Valley. In Goodman,G.T.
Edwards, R.W. and Lambert, J.M. (cds) Ecology and the Industrial Society, 35-47. Oxford
Blackwell.

Gilbert, O.L. 1988. Colonization by Parmelia saxatalis transplanted onto a suburban wall during
declining S02 pollution. Lichenologist. Short Communication. f-Q.: 197-198.

Gulden Bear ()pcrating Company. I9H9. A focussed stage II submission to the B.C. Mine
Development Steering Committee. Golden Bear Project, Bear Skin Lake, B.C. Vancouver,
B.C.

Goodman, G. and F. Rose 1973. Epiphytic lichens as indicators of air pollution by sulphur
dioxide. Linn. Soc. Proceedings Vol 5(4):21

Gough, L.P. and J.A. Erdman. 1977. Influence of a coal-fired powcrplant on the clement content
of Pannelia chlorochroa. Bryolagist 80: 492-501.

Goward, T. 1980. Personal communication regarding the typical phenotype for Peltigera rufescens
UVeiss) I-lulnb. Kamloops Regional office, Ministry of Forests field excursion. Cache Creek,
B.C.

(J<J\vard, T. and W.B. Schofield. 1983. The lichens and mosses of
Southwestern British Columbia. Sycsis. 16: 53-69.

Burns Bog, Fraser Delta,

Grace, B. T.J. Gillespie and K.J. Puckett. 1985. Uptake of gaseous sulphur dioxide by the lichen
Cladina rangiferina. Can J. Bot. 49: 1389 - 1399.

Hale,M.E. 1983. The biology of lichens. 3rd Edition. Edward Arnold. Maryland, U.S.A. 190.pp.

llawksworth, D.L. and F. Rose. 1976. Lichens as pollution monitors. Institute of Biology's Studies
in Biology No. 66. Edward Arnold Press. London. 60 PI'.

Hcnriksson, E. and L.C. Pearson. 1981. Nitrogen fixation rate and chlorophyll content of the lichen
Pcltigera ~anina exposed to S02. Am.J.Bot. 68(5): 680-684.

Holopaincn, T. H. 19R4. Types and distribution of ultrast ructural symptoms in epiphytic lichens in
several urban and industrial environments in Finland. Ann. Bot. Fenn. 21:213-230.

Jackson, L.L., E. E. Engelman and J.L. Peard. 1985. Determination of sulphur in lichens and plants
by combust.ion - infra red analysis. Environ. Sci. Tcchnol. 19: 437-441.

John, M.K. 1975. Symposium proceedings; International Conference on Heavy Metals in the
Environment. Page 365.

Johnson, D. W. 1979. Air pollution and the distribution of corticolous lichens in Seattle, Washin
g l 0 n.

35



N:'ItlMl..~

&ience.
53: 257
263.

Jones, C. 1989. Personal communication regarding the Gold River monitoring programme and
concurrent mill shut-down. Vancouver Island Building and Construction Trades Council.
Victoria, B.C.

Khan, A.A., S.SJ\'lalholra, F.Radronl and P. Addison. 1981. Effects of S02 nn lichen physiology.
Alberta oil sands Env. Res. Programme. Edmonton, Alherta. 8 pp.

Kral, R., L. Kryzova and J. Liska. 1989. Background concentrations of lead and cadmium in the
lichen Hypogy11'mia physodes at different altitudes. The Science of the Total Environment.
84: 201-209.

Laaksovirta, K. and H. Olkkoncn. 1976. Influence of air pollution on elemental contents of pine
needles and lichens in Kokkola, W. Finland. Paper presented at Kuopio Meeting on Plant
Damages Caused by Air Pollution, August 1976, Finland.

leBlanc, F., RobitailJe,G. and D.N. Rao. 1976. Ecophysiological response of lichen transplants
to air pollution in the Murdochville, Gaspe copper mines area, Quebec. Jour. Hatt. Bot.
Lab. 40.p 27.

Lcchowicz, 1\1.J. 1984. The effects of simulated acid rain of the growth of Cladina stellaris.
BuII.EcoI.Soc.Am.65: pl44.

Leroy, L. W. anuM. Koksoy. 1%2. The lichen - a possible plant medium for mineral exploration.
Econ. Geo!. 57: 107-111.

Lines, R. cited in: Gilbert, O.L. 1973. Lichens as indicators of air po(lution in the Tyne Valley.
In Goodman,G.T. Edwards, R.W. and Lambert, J.M.(eds) Ecology and the Industrial
Society, 35-47. Oxford Blackwell.

Linzon, S.N. 1978. Eflects of airborne sulphur pollutants on plants. In:Sulphur in the environment.
Part 2. Ecological Impacts. J.O. Nriagu (cd) John Wiley and Sons. Toronto. pp 111-162.

Lodcnius, 1\1. 1981. Ambio. 10: 183. Cited in: Bargagli, R. EP.Iosco and C. Barghigiani. 1987.
Asscssmcnt of mercury dispersal in an abandoned mining area by soils and lichen analysis.
\Vater, Air and Soil Pollution 36:

Lounamaa, KJ. 1965. Studies on the content of iron, manganese and zinc in macro lichens. Ann.
Bot. Fennici. 2:127-137.

Macrcz, V. and C. Hubac. 1988. Exposure to S02 and water stress in Picea abies (L.) Karsten.
Water, Air and Soil Pollution. 40: 251-259.

36



l\tlankovska, B. and Z. Kysclova. 1987. l-leavy metal content of lichens in the region of the Tatra
National Park, Poland. Biologia (Bratislava). 42: 893-902.

Marsh, Bob. 1989. Golden Bear Focused Stage II Assessment. Unpublished memorandum.
Environment Section. \Vasle ~tanagement Branch. 3 pages. Used by permission.

Marsh, Boh. 1989. Personal communication: Location of predicted A and B level exceedanccs at
the Golden Bear roaster site. Marked on al: 50,()(X) air photo. Larkspur Biological
Consultants, Victoria, B.C.

McCune, B. 19H8. Lichen communities along 03 and S02 gradienLc; III Indianapolis. The
Bryologist.91: 223-228.

~tcCune, B. 1988. PC-ORD; an integrated system for multivariate analysis of ecological data. Biotic
Resources Program. HoIcom Research Institute, Butler University, Indianapolis, Indiana. 4
pages.

McCune, B. and J.A. Antos. 1981. Correlations hetween forcstlayefs in the Swan Valley, Montana.
Ecology 62: 1196-1204

Ministry of Environment. Waste Management Branch. 1988. Addie Precipitation data. Used by
permission. Victoria, B.C.

~tinist:ry of Forests. 1988. Biogcoclimatic zones of B.C.. Base map 1:2,000,000. Research Branch,
Victoria, B.C.

l'vluir, P.S. and B.McCulle. 1988. Lichens, tree growth, and foliar symptoms of air pollution: are
the stories consistant? laurn. of Env. Qual. 17: 361-370.

Munter, R.C., T.L. Halverson and R.D. Anderson. 1984. Quality assurance for plant tissue analysis
by ICP-AES. Commun. in Soil Sci. Plant Anal. 15:1285-1322.

Nash, T.H. III. 1975. Influence of effluents from a zinc factory on lichens. Ecol. rvlonogr. 45: 183
R6.

Nash, T.H. 111., and~f.R. Sommerfeld. 1981. Elemental concentrations in lichens in the area of
the Four Corners Power Plant, New Mexico. Environ. Exp. Bot. 21(2): 153-162.

Niehoer, E.A., K.J.Puckett, and D.H.S. Richardson. 1972. Heavy metal content of lichens in relation
to distance from a nickel smelter in Sudbury, Ontario. LichenoJogist 5:292-304.

Nicboer, E., and D.IlS. Richardson. 1981. Lichens as biomonitors of atmospheric deposition. In:
Steven J. Eisenreich, cd., Atmospheric Pollutants in Natural Waters. Chapter 17. Ann Arbor
SciencePuhl. Ann Arbor. pp 339-388.

Nicbocr, E.,D.H.S. Richardson, KJ. Puckett, and P.O. Tomassini. 1976. The phytotoxicity of

17



sulphur dioxide in relation to mcasureahlc responses in lichens. In: T.A. Mansfield, cd.,
Effects of Air Pollutants on Plants. Cambridge University Press. Cambridge. pp. 61-85.

Niebocr, E., D.H.S. Richardson, and ED. Tomassini. 197K t\1ineral uptake and release by
lichens: an overview. The Bryologist. 81 :226-246.

Nicboer, E., F.D. Tomassini, K.J. J>uckelt, and D.H.S. Richardson. 1977. A model for the
relat.ionship between gaseous and aqueous concentrations of sulphur dioxide in lichen
exposure studies. New Phytol. 79:157-162.

Norccol (1987). Unpuhlished data. Suppied by Ministry of Environment. Victoria.

Novick, S. 1969. A new pollution problem. Environ. 11:J-9.

Pakarinen, P. 1981. l\1etal content of ornbrotrophic sphagnum mosses in Northwest Europe.
Ann.BoLFenn. 18: 281-292.

Pakarincn, P. 1981. Nutrient and trace metal content and retention in reindeer lichen carpets of
Finnish ombrotrophic bogs. 18: 265-274.

Pakarincn, P. M. Kaistila and E. llaesaenen. 1983. Regional concentrations levels of Vanadium,
Aluminum, and Bromine in mosses and lichens. Chemosphere. 12: 1477-1486.

Palmer, K.A. 19R6. The establishment or cryptogamic biomoniloring subplots to supplement the
Forestry Canada ARNEWS plots. Forest Insect and Desease Survey publication. Candian
Forestry Service. Victoria, B.C.64 pages.

Pearson, R.O. and K.E.Pearcy. 1989. Biomonitoring. In.: Terrestrial Effects Subgroup Research
Monitoring and Coordinating Committee. 1990 Assessment Draft "Document. Forestry
Canada. Pacific Forestry Centre. Victoria, B.C.

Peterson, \V.L. and G. W. Douglas. 1977. Air Quality monitoring with a lichen network: baseline
data. Environmental ResearchfVtonograph 1977-5. Syncrude. Edmonton, Alberta. 79 pages.

Pike, L.B. 197 (. The role of epiphytic lichetlR and mosses in production and nutrient cycling of an
oak forest. Ph.D. Thesis. University of Oregon, Eugene, OR

Pike, L.I-I. 1978. The importance of epiphytic lichens in mineral cycling. Bryol. 81: 247-257.

Province of B.C. 1974. 1: 50,000 air photography of l\tluddy Lake.

Puckeu, KJ. 1976. The effect of heavy metals on some aspects or lichen physiology. Can. J. Bot.
54: 2695 - 2703.

Puckelt~ KJ., r.D. Tomassini, E. Nicbocr and D.H.S. Richardson. "1977. Potassium efflux by lichen
thalli following exposure to aqueous sulphur dioxide. New Phytol. 79: 135-145.

18



Purvis, O.W. and P.W. James. 1985. Lichens of the Coniston Copper Mines, England, U.K.
Lkhcnologist. 7: 221-238.

Pyatt, EB. 1970. Lichens as indicators of air pollution in a steel producing town in south Wales.
Envir. Pollut. 1: 45-56.

Quesnel, H.J. compiler. 1988. Sensitivity to acidic precipitation. 1:2,OOO,()()O. Management map of
Far-stOll and Lord. Agric. Canada. Ministry of Environment.

Rafiq, Mohammed. 1990. Personal communication regarding a memorandum on mercury content
in soils samples from non-contaminated areas in B.C. Ministry of Environment. Waste
l'vlanagcmcnt Branch. Surrey, B.C.

Revis, N.W., T.R. Oshorne, G. Holdsworth and C.Hadden. 1990. Arch. Environ. Conlam. Toxicol.
]9: 221-226.

Richardson, D.H.S. and E. Nieboer. 1981. Lichens and pollution
127-'133.

monitoring. Endeavor. 5:

Rhoades, EM. 1988. Re-examination or hage-line plots to determine effects of air quality on
Lichens and Bryophystes in Olympic National Park. National Park Service Report. Air
Quality Division. Northrop Services Inc. Environmental Sciences. Denver, CO. 189 pages.
Includes extensive tables from recent literature.

Robertson, J.D. and C.J. Price. 1986. An assessment of mercury emissions from the AIton copper
smelter, British Columbia, Canada. Journ. Air PoJIut. Control A~s()c. 36:803-807.

Rose F,19R8. Phytogeographical and ecological a~pccts of Lobarion communities in Europe. BioI.
Journ. of the Linn. Soc. 96: 69-79.

Rubec, C.D.A~ 1981. Charactcrsitics of terrestrial ecosystt~ms impinged hy acid precipitation
across Canada. Lands Directorate Working Paper no. 19. Environment Canada.
Ottawa, Ontario. 30 p.

Ruhling, A. and G. Tyler. 1970. Sorption and retention of heavy metals in the woodland moss
Hylacornium splendcns. Oikos. 21: 92-97.

Sarkela, M. and P. Nuorleva. 1987. Levels of AJ, Fe, Zil, Ca, llg in some indicator plants growing
in unpolluted Finnish Lapland. Annales Bot. Fenn. 24:301-305.

Scoller, G.W. 1972. Chemical composition of forage plants from the reindeer preserve, Northwest
Territories. ARCTIC 25: 21-27.

Shaw, G.G. and L Cocks. 1985. The effect of S02 on food quality for wild herbivores. page 571
587. In: PRoceedings; Acid Forming Emissions in Alberta and their Ecological Effects.
Alherta Department of the Environment and the Canadian Petroleum Association. Oil

39



Sands Environmental Study Group.

Sheard, J.W. 1986. Distribution of uranium series radionuclides in upland vegetation of northern
Saskatchewan. Can. J. Bot. 64: 2446-2452.

Sheridan, R. P., C. Sanderson and R. Kerr. t 976. Effects of pulp mill emissions on lichens of the
l\1issoula Valley, ivlonatna. 1be Bryologist. 79: 248-252.

Showman, R.E. 1981. Lichens as indicators of air quality around a coal-fired power generating
plant. The Bryologist. 78:1-6.

Siegel, S.]\it and S. Siegel. I981. Hawaiian volcanoes and the biogeography of mercury. US Geol.
Surv. Pap. No. 1350: 822-839.

Sigal, L.L. and T.R. Nash Ill. 1983. Lichen communities on conifers in Southern Califorina
mountains: an ecological survey relative to oxidant air pollution. Ecology. 64:1343-1354.

Stcinncs, E. and H.Krog. 1977. Mercury, arsenic and selenium fall-out from an industrial complex
studies by means of lichen transplants. Oikas. 28: 160-164.

Stone, D.F. Succession of epiphytes on Quercus garryana branches in the Willamelte Valley of
western Oregon. Ph.D. Thesis. Univ. Oregon, Eugene OR. 118 pages.

Takala, K and H. Olkkonen. 1985. Titanium content of lichens in Finland. Ann Bot Fenn. 22: 299
306.

Takala, K and H. OIkkonen. 1981. Lead content of an epiphytic lichen in the urban area of
Kuopio, east central Finland. Ann. BoL Fenn. 18: 85-89.

Takyi, S.K. and M. Nyborg. 1977. Sulphur dioxide and acidification of soils in the oil sands
area. In: Soil research related to revegetation of the oil sands area. Alberta Forest Service.
50 pages.

Tomassini, F.D., K.J. Puckelt, E. Nieboer, D.H.S. Richardson and B. Grace. 1976. Determination
of copper, iron, nickel, and sulphur by X-ray f10urescencc in lichens from the Mackenzie
Valley, Northwest Territories, and the Sudbury Dist.rict, Ontario. CanJ.BoL 54. 1591-1603.

Tukey, J.W. 1977. Exploratory data analysis. Addison-Wesley. Reading, Mass. 461 pp.

lIre, A.M. andM.L. Barrow. 1982. The element constitutes of soils. Envir. Chcm. 2: 94-202.

van Barneveld, J.W., R.D.Marsh, J.H.Wiens and KJ. \-Vipond. 1989. Port Alice S02 impacts: air
quality, soil, vegetation and health. Waste Management Bran(:h. ~10E Working Report.
206 pages.

Van Sickle, A. 1989. Personal communication regarding use of Picea species in Forestry Canadas'
air quality monitoring programme. Pacific Forestry Centre. Victoria, B.C.

40



Yilt, D.H., J.E. l\tJarsh and R.B. Bovey. 1988. Mosses lichens and ferns of Northwest North
America. Lone Pine Publishing, Edmonton Alberta. 296.

Vuorincn, A. 1986. Distribution and forms or lead compounds in the environment near highways
in southern Finland. Vestnik Moskovskogo Univcrsiteta Seriya XVII Pochvovedenie. 1: 33
36.

Walther, D.A., OJ Ramclow J.N. Beck, J.e. Young, J.D. Callahan and 1"1.F. Marcon. 1990.
Temporal changes in metal levels of the lichens Parmolrenw praesorediosum and Ramalina
stcno.'l{Jora, Southwest Louisiana. Water Air and Soil Pollution. 53: 198-200.

Ward, N.J., R.B. Brooks and E. Roberts. 1977. Heavy metals in some New Zealand bryophytes.
The Brynlogist. 80: 304-311.

Warrell, A.196K Arsenic content of Douglas-fir as a guide to some gold, silver and base metal
deposits. Can. Mining and Mel. Bull. July issue: 860-866.

Warren, H.Y. DcJavault, R.E. and K. W. Fletcher. 1971. l\tfetal pollution - a growing problem in
industrial and urban arcas. C.I.M. Bull. 64: 1-12.

Westman, L. 1974. Air pollution indicators and growth of spruce and pine near a sulphite plant.
Ambia. 3: 189-193.

\Viens, J. 1985. Sensitivity of B.C. Soils and geology to acidic inputs. In Proceedings of the
Add Rain Symposium. J. Baldwin (ed.) University of Victoria, Yictoria,B.C. p. 149- 169.

Wilkinson, Leland. 1988. SYSTAT: The system for statistics. Evanston, Illinois. p 490-491.

WiJlwolf, S.1980. Effects of a "clean" coal-fired generating station on four common Wisconsin
lichen species. The Bryologist 83: 296-300.

41



..

APPENDICES

I. Grabsample Locations..

2. Example of a notched boxplot
Analysis of Variance, Tukey'sHSD and T-tests..

J. Data summaries for 1990 cryptogamic samples..

42




