GENERAL DISCUSSION

Levels of airborne pollutants

Additional to the aerially deposited trace element concentrations that were
measured in plant tissue, sulphur dioxide (SO,) is another potential pollutant originating
from this electrical generating station that can adversely affect forest health. Sulphur was
not chosen as a tracer element for pollution in this study as it is present in vegetation at
fairly high concentrations as a component of plant proteins, so moderate increases
resulting from SO, may be obscured (Applied Science Associates, 1978).

The maximum predicted ground-level concentration of SO; in the study area was
0.58 pg/m’ annually (based on operation levels in 1998, which were historically the
highest ever, but still only at a 42% capacity factor) (SENES, 2001). It has been
suggested that a long-term concentration threshold of 100-150 pg/m’ SO, will cause
negative growth effects on forest trees, although some studies have demonstrated that
annual average concentrations of 40-60 ug/m’ SO, show adverse effects in conifers
(Roberts, 1984). A critical level of 20 pg/m’ SO, (annual mean) has been established in
Europe for forest trees (Sanders et al., 1995). In comparison to these suggested
thresholds, the levels of SO, in this study area were far below those of potential negative
growth effects. Further, operations were historically less than 20% capacity on average,
meaning that ambient concentrations in the past would have been even lower than the
predicted annual concentration of 0.58 pug/m’ SO,.

It is unlikely that NOx emissions from the generating station had any adverse

effect on surrounding trees, as relatively high concentrations of NO; are required for
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visible symptoms to appear on plants, approximately 2 to 5 times the concentration of
SO, under the same conditions (Taylor et al., 1986; Mulgrew and Williams, 2000).

Potential environmental impacts from coal-fired stations depend on the type of
coal used, combustion conditions, station operating conditions and environmental
characteristics (Van Voris et al., 1985). For example, there have been numerous studies
on large coal-fired generating stations that use a high ash and sulphur content coal
(Agrawal and Agrawal, 1989; Gupta et al., 1995). These authors studied the impacts on
numerous tree species in India near 1550 MW and 3610 MW stations, which were
operating with coals that had more than 30% ash content. The authors of both studies
reported extensive visible injury symptoms (including necrosis and chlorosis) within 4-5
km from the generating station in almost all plant species, with injury gradually
decreasing with increasing distance from the power plant. This widespread injury to
vegetation was not present in the vicinity of the Selkirk station, which had less than one
tenth the production capacity of these large-scale operations, and used a coal with less
than 5% ash content.

Other studies that have focused on coal-fired generating stations have not
demonstrated strong, negative pollution effects on surrounding forest stands. Muir and
McCune (1988) studied foliar symptoms in sugar maple (Acer saccharum Marsh.), ash
(Fraxinus spp.), yellow poplar (Liriodendron tulipifera L.), white oak (Quercus alba L.),
and red oak (Quercus rubra L.) near a coal-fired station in southern Indiana. The authors
found that year-to-year variations in oak growth at the site near the station were
negatively correlated with SO, emissions from the station, but few differences were

evident in terms of foliar symptoms between areas. Muir and McCune (1988) stressed
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that chlorosis and necrosis can indicate many different problems, including phytotoxic
pollutant exposure, nutrient or water imbalances, presence of pests, and senescence. The
lack of differences in foliar symptoms between the two areas was attributed to the fact
that factors other than emissions from the power plant (previous history, microsites of
individual trees, and climate) are more important in controlling tree growth.

According to Smith (1974), the response of vegetation to pollutants depends on
the degree of pollutant loading. At low pollutant loads, vegetation can act as a sink for
pollutants, and no or minimal physiological alteration occurs. The pollutants are shifted
from the atmosphere to the organic or available nutrient section of the ecosystem. In a
situation of intermediate pollutant load, reduced growth and reproduction may occur, as
well as predisposition to disease and insect organisms. This may result in reduced
productivity and biomass, and possibly altered species composition. Lastly, high air
pollutant levels can lead to acute predisposition to environmental stresses and mortality.
Based on the low predicted concentrations of airborne pollutants from the generating
station in this study, vegetation likely acted as a sink for air pollution, transferring any
accumulated pollutants to the organic or available nutrient portion of the ecosystem, as no
consistent, adverse growth effects were observed in stands within the area of maximum
predicted deposition. Additionally, the Selkirk station had switched from a low-sulphur
lignite coal to a sub-bituminous coal in 1993, the latter with lower levels of trace
elements, including many heavy metals (SENES, 2001). This fuel switching would have
effectively reduced net emissions from the station following 1993.

It should be stressed however, that the Selkirk station did not possess either

electrostatic precipitators or SO, scrubbers as pollution control devices, which can
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remove approximately 99% of particulate and gaseous pollutants from airborne
emissions. Electrostatic precipitators are now the required pollution control devices on all
new coal-fired generating stations. So, although the emissions from the Selkirk station
were relatively low and discontinuous, they were comparatively “dirtier” than those from
other large generating stations that are equipped with electrostatic precipitators. Almost
all of the literature to date has focused on the adverse effects of emissions from
generating stations with electrostatic precipitators and/or SO, scrubbers as pollution
control devices, therefore it is difficult to compare results from this study directly to other
studies looking at power plants that have these devices.

The station had operated at a very low level during the summer of 2001 when the
forest health assessment was carried out, so any foliar symptoms that may have occurred
during increased operation levels (e.g. in 1998, 2000) would not have been present at the
time of assessment. The vigour index and the dieback index were used for this reason in
the statistical analyses, as they are measures of forest health that would not fluctuate
widely from year to year, as may be seen with measures of foliar chlorosis or necrosis. As
the defoliation index was primarily a reflection of the level of forest tent caterpillar
defoliation in plots in 2001, it was not selected for examining spatial patterns in relation
to the generating station as defoliating insects do not tend to have mass outbreaks in
forest trees exposed to air pollutants (Holopainen and Oksanen, 1995).

Measures of pollutant damage

Although the results of both the forest health assessment and the tree-ring analysis

demonstrate that where tree decline was found it was not associated with airborne

emissions from the Selkirk generating station, it may have been that macroscopic foliar
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symptoms and trace element analysis were not sensitive enough measures to detect any
minor adverse effects on vegetation resulting from airborne emissions in plots closest to
the station. A variety of studies have investigated methods of determining biochemical
changes in plants exposed to increased SO, levels. Ricks and Williams (1975) found that
enhanced levels of leaf sulphur leads to the preferential degradation of chlorophyll a over
chlorophyll b, most likely from the increased acidic conditions within the leaf.
Conversely, in naturally senescing leaves, they are broken down at comparable rates.
Under field conditions where low SO, conditions exist, reduction in chlorophyll level
could be a useful indicator of pollutant damage (Agrawal et al., 1991). Leaf-extract pH
may also be a useful indicator as SO, entering the leaf is dissolved in inter-cellular water
of mesophyll cells to form sulphurous acid (H,SO3), which depending on the pH of the
medium dissociates into H' and HSO5™ and SO3’, causing acidification of the cell (Puckett
et al., 1973). A decrease in ascorbic acid, starch and protein contents following SO,
exposure may also be related to the sensitivity of the plant (Agrawal et al., 1991).

If the forest health assessment carried out in the vicinity of the Selkirk generating
station had occurred in 1998 or 2000, years of increased emissions, a comparison of one
or more biochemical measures across plots could have been implemented. However, the
low levels of production in the year of assessment prevented the use of such measures.
Regardless, it remains that the focus of this research was on the observed macroscopic
decline symptoms present within the study area, and there was no evidence indicating
that crown dieback observed in bur oak stands south of the generating station was a result

of airborne emissions from the station. Additionally, the station has now completely
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converted to natural gas operation, making any additional research on the coal-fired
emissions impossible.

Conifers are considered to be more sensitive to air pollution than deciduous trees,
and for this reason plots with white spruce were originally included in the forest health
study. However, the only natural white spruce stands within the study area were in and
near Birds Hill Provincial Park, in the far south end of the study area. There were no
white spruce stands within the area of predicted maximum SPM deposition, so it would
have been difficult to make any comparisons between stands based on potential pollution
exposure. Additionally, control plots located between 42-85 km from the generating
station were also initially included in the study for the purposes of the forest health
assessment and trace element toxicology, however it was decided that focusing on plots
near the generating station would be more useful when investigating causal factors for
elemental concentrations and tree decline. Essentially, plots within the 16 km radius
study area that were outside of the predicted area of average annual SPM deposition rate
were able to serve as controls for the forest health assessment and trace element
toxicology portions of the study.

Factors affecting tree health

It was determined in this study that climatic factors, including mean monthly
temperature and total monthly precipitation, as well as soil conditions (e.g. nutrient levels
and drainage regime) can have significant impacts on the health status of bur oak and
trembling aspen trees in southeastern Manitoba. The microenvironment of individual
stands, along with climatic factors, seemed to be more important in controlling tree health

than were any adverse effects of airborne pollutants from the Selkirk coal-fired
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generating station. It is possible that in years of increased production (1976-77, 1987-88,
1998, 2000) there had been visible foliar effects and/or modifications of growth present,
however there was no evidence of this in the summers of 2001 and 2002. Even if there
was a small pollution effect from airborne emissions in the study area, it may have been
embedded in large natural variations of tree health due to local site factors, including soil
type and drainage regime.

Although tree mortality can be a useful bioindicator of forest condition, a main
disadvantage is that there may be a significant time interval between the declining health
of a tree and its death (Busing et al., 1996). For this reason, tree ring analysis was
especially useful in determining the onset of decline in the declining bur oak stands south
of the generating station. Linking the date of the onset of radial growth decline with the
construction of the road adjacent to the declining bur oak sites enabled a plausible
explanation for the observed decline.

When correlating forest health to causative factors, the most important question to
address is whether the effects are most severe in areas of highest atmospheric pollution. It
was clear from the contour maps of both the dieback and vigour indices that no spatial
patterns relating to the Selkirk generating station were observable. Some considerations
that need to be made in a diagnostic routine include the number of species being affected,
the symptoms of injury and the part of the plant that is most affected, the distribution of
affected plants (natural features including a high water table, a frost pocket or flat
exposed areas can lead to localized stresses; symptoms in areas downwind from a
pollution source may indicate pollutant damage), the presence of pest organisms, if

similar symptoms have been seen previously (i.e. seasonality of symptoms),
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characteristics of the local terrain (soil, drainage), local management practices
(application of fertilizers, pesticides), and local pollution sources (Taylor et al., 1986).
Variation in soil type, competition, and tree age also need to be investigated (McLaughlin
and Braker, 1985). In this study, variation in soil type and a high water table were clearly
implicated as factors in the decline of bur oak, demonstrating the importance of
investigating all natural stress factors.

Predisposition to decline is thought to arise either slowly due to
microenvironment (e.g. impeded soil drainage, nutrient imbalance), or as growth shocks
resulting from physical injury (e.g. frost injury, defoliation) or physiological stress such
as drought (McClenahen, 1995). Within many oak species, oak decline is characterized
by 1) progressive terminal branch dieback; 2) branch and bole sprout and staghead (dead
branches in the outer crown) development; 3) sudden foliage wilt and browning, but no
leaf drop; 4) fans and rhizomorphs of armillaria root rot often present beneath bark of
roots and root collars on dying trees; 5) galleries and exit holes of the twolined chestnut
borer often present in stems of dying or dead trees; 6) decline found throughout the range
of oak; and 7) mortality related to site features, tree stress, and effects of insects and
diseases (Wargo et al., 1983). One of the major causes of stress in trees is growing in
locations to which they are not suited. Tree crowns most frequently begin to die back
when the roots have been damaged or are diseased, because plants grow with a carefully
balanced root/shoot ratio (Kozlowski and Pallardy, 1997). When a portion of the roots
ceases to function, a portion of the crown usually dies as well. This can occur when
already weakened trees are subjected to a particularly severe environmental stress (e.g.

drought or waterlogging), resulting in an accelerated decline and then "sudden death"
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(Hartman and Witt, 1991). Often, growth is reduced before the appearance of symptoms,
and dieback symptoms can result from the effects of stress alone (i.e. even if a pest
infestation does not occur following the reduced level of tree vigour). Stress, if
sufficiently severe or prolonged, can result in tree mortality (Wargo et al., 1983).

The stands that exhibited oak dieback in this study had thin, sandy soils with
low levels of plant-available nutrients, and poor site conditions like these are known
to cause reduced growth in bur oak (Hosie, 1979). Further, the high water table, likely
resulting from construction of a road adjacent to the plots just north of Birds Hill Park
(plots 40 and 42), was an additional stress placed on already slow-growing trees. This
added stress, although not evident by external symptoms until the late 1990’s, had
been suppressing radial growth since 1977. Soils that are waterlogged, compacted, or
shallow have previously been implicated in oak decline (Wargo et al., 1983). It
should also be mentioned that although there were no mature trembling aspen trees in
either plot 40 or 42, there were some trembling aspen trees near these plots that were
showing some crown dieback as well. These trees, like the declining bur oaks within
the established study plots, were growing in very wet soil. Soil drainage is also
important in the growth of aspen, with water tables shallower than 0.6 m or deeper
than 2.5 m limiting the growth of aspen (Perala, 1990). Aspen roots have low
tolerance for high soil moisture levels, and waterlogging of the soil can reduce the
level of suckering (Peterson and Peterson, 1996). Additionally, aspen grows poorly
on shallow soils over bedrock (Sims et al., 1990), so the combination of poor soil and
a high water table was also having visible adverse growth effects on the aspen in

these sites.
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Other considerations

For the purposes of plot selection for the dendrochronological portion of this
study in the summer of 2001, wind data were only available from the Winnipeg
International Airport weather station (40 km south of the generating station), and not
from weather stations closer to the source of emissions (see Appendix 4 for the wind rose
diagram based on data from the Winnipeg International Airport). This initial wind rose
showed that winds were predominantly from the south, and hence a subset of the forest
health assessment plots were selected for sampling along a N-S transect, as well as along
an E-W transect for purposes of directional comparison. However, after the
dendrochronological sampling was completed, new wind data from a weather station near
East Selkirk was made available, which demonstrated a SSE-NNW pattern of
predominant wind direction (Figure 2.1a). This new, more accurate wind data showed a
rotation of the previous wind rose approximately 22.5 degrees counter-clockwise, with an
increased frequency from the NNW. Had this updated wind data been available prior to
the dendrochronological sampling, selection of the plots would have reflected the new
information. However, with the way sampling was carried out, plots E1 and E2
(indicated as plots 1 and 11 respectively, in the forest health assessment) were the only
dendrochronological plots that were situated within the area of predicted average SPM
deposition. Although this led to an unbalanced sampling regime, the results did show that
trees in these two plots showed very similar radial growth trends to trees in other plots,

regardless of direction or distance from the generating station.
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Conclusions

Emissions from the coal-fired generating station do not appear to be linked to
tree decline observed south of the Manitoba Hydro Selkirk generating station, as
measured by radial growth, overall plot vigour, or degree of crown dieback. Rather,
the bur oak decline was likely a result of poor soil conditions, confounded in two
plots by restricted site drainage. Additionally, the spatial distribution of trace element
concentrations in the leaf litter was not congruent with the area of predicted SPM
deposition from the generating station, except for Ba, however concentrations of all
elements were below those suggested for potential phytotoxicity. As the radial growth
of both bur oak and trembling aspen in southern Manitoba was found to be
significantly related to climate, it should be considered an important natural stress

factor in future forest health studies in the area.
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APPENDIX 1

Soil characteristics of all stands, including soil classification and association, soil texture, % organic
matter (OM), macro and micronutrients (ppm), pH,and salinity (electrical conductivity (EC) in dS/m)
values.

Plot OM Nitrogen Phosphorus Potassium Sulphur Copper Iron Manganese Zinc Calcium Magnesium
1 13.5 2 12 339 9 1.49 144 28.1 7.77 3640 766
2 19.9 1 59.1 572 17 2.32 398 30.5 169 3520 834
3 20.7 7 28 547 18 3.02 279 564 12.7 5400 1400
4 29.9 2 29 567 20 2.25 183 552 9.03 4570 1350
5 12.2 2 32 371 7 1.13 55 242 493 4820 966
6 22.4 1 45 381 9 0.75 43 272 6.84 6720 876
7 32.5 9 23 360 59 1.52 103 37  2.36 5990 1840
8 26.2 1 58.8 381 70 0.97 114 492 8.82 3630 1010
9 24.9 10 46 450 42 1.41 71 267 113 5670 1540
10 32.8 22 81 840 85 1.15 84 24.7 6 5070 1000
11 31.6 5 45 628 18 1.61 108 158 11.9 6920 1020
12 242 9 25 507 20 1.59 256 347 189 4140 1090
13 242 18 17 490 16 2.39 256 194 114 5150 1320
14 9 1 11 173 8 1.13 45 144 1.82 4040 683
15 19.5 11 27 498 7 1.18 66 188 293 5510 1180
16 177 2 13 249 18 097 122 385 131 4230 584
17 208 3 31 521 20 0.99 202 33.1 3.98 4470 753
18 16.8 4 27 331 16 1.14 48 17.1 298 6050 627
19 15.8 2 13 285 5 1.53 56 182 3.82 4180 960
20 21.5 2 23 446 8 1.15 116 36.3 23 4480 808
21 22.4 2 31 383 10 1.17 91 16.7 7.84 4370 1150
22 13.2 5 19 258 6 0.82 37 158 2.53 6340 728
23 19.9 2 18 465 14 1.66 107 248 6.17 5070 1250
24 32.9 5 15 320 17 143 271 11.7 10.7 3560 760
25 32.9 4 25 466 3 1.52 130 174 134 4660 1010
26 129 1 20 219 5 0.6 38 5 153 3020 663
27 9.5 13 20 138 4 0.25 37 7.1 221 2640 484
28 2211 2 30 466 5 1.32 181 68 753 3260 703
29 237 2 24 378 14 1.37 251 68 8385 3720 615
30 184 5 14 393 7 1.14 26 104 441 4570 1120
31 227 23 14 445 5 1.81 205 13.2 829 4760 1080
32 12.9 1 27 201 6 1.06 60 11.5 2.18 4800 777
33 34.2 5 24 387 2 1.27 113 147 11.1 4240 925
34 20.5 3 45 424 20 0.59 19 53 341 3730 941
35 14.2 1 43 337 7 0.93 46 20.6 541 6480 728
36 223 7 18 547 20 2.04 116 489 8.84 4820 1300
37 11 1 31 314 6 1.13 67 29.7 2.7 4470 911
38 19.6 5 62 404 6 2.31 119 183 12.1 6190 1200
39 28.7 10 24 600 20 1.37 85 154 16.6 5730 1070
40 102 1 5 155 4 0.65 29 88 248 4030 687
41 9.3 1 5 129 4 0.49 28 157  0.56 3640 751
42 12.9 1 9.6 198 6 0.35 26 9.1 151 3820 661

* Soil texture determined by % sand and % clay using a soil texture triangle (Canadian Soil Working Group, 1998).
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APPENDIX 1 (contd.)

Plot Sodium Boron  pH EC Soil texture* Soil classification Soil association
1 33 141 6.8 0.35 Heavy Clay  Gleyed Rego Black Chernozem Semple
2 28 1.35 6.3  0.33 Heavy Clay Orthic Luvic Gleysol Red River
3 80.3 1.76 6.7 0.95 Heavy Clay Gleyed Black Chernozem Red River
4 36 1.67 6.7 0.66 Heavy Clay Gleyed Black Chernozem Red River
5 9.3 1.38 72  0.76 Clay Orthic Dk. Gray Chernozem Garson
6 6 1.4 73  0.76 Clay Orthic Dk. Gray Chernozem Semple
7 74 167 7 0.84 Heavy Clay Orthic Dk. Gray Chernozem Semple
8 87 1.68 6.5 0.52 Clay Loam Gleyed Gray Luvisol Semple
9 9.1 231 7  0.84 Heavy Clay Orthic Dk. Gray Chernozem Semple

10 6.6 198 7.1  0.86 Clay Eluviated Dk. Gray Chernozem Semple
11 20 1.86 6.8 0.47 Heavy Clay Gleyed Dk. Gray Chernozem Semple
12 51 1.78 64 0.56 Clay Orthic Dk. Gray Chernozem Red River
13 19 1.78 6.5 0.49 Heavy Clay Orthic Luvic Gleysol Red River
14 85 0.68 74 045 Clay Orthic Dk. Gray Chernozem Garson
15 6 207 72 0.62 Heavy Clay Rego Black Chernozem Semple
16 13 1.1 6.7 0.31 Silty Clay Orthic Melanic Brunisol Semple
17 11 1.65 6.6 0.37 Clay Orthic Black Chernozem Semple
18 7.9 1 7.5 0.58 Clay Orthic Regosol Semple
19 76 093 72 041 Clay Gleyed Eluv. Dk. Gray Chernozem Garson
20 8 1.52 6.8 0.35 Heavy Clay Orthic Dk. Gray Chernozem Semple
21 94 175 7.1 0.41 Heavy Clay Orthic Dk. Gray Chernozem Red River
22 25 1 7.5 0.6 Clay Loam Rego Dk. Gray Chernozem Semple
23 6.6 1.73 7 0.41 Heavy Clay Gleyed Dk. Gray Chernozem Red River
24 13 157 68 029 Clay Orthic Luvic Gleysol Red River
25 13 1.9 6.7 0.39 Heavy Clay Gleyed Rego Black Chernozem Red River
26 7.7 1.1 7.6 0.21 Clay Loam Gleyed Dk. Gray Chernozem Zora
27 6 1.2 72 0.29 Sandy Loam Eutric Brunisol Pine Ridge
28 7 1.1 6.9 0.23 Heavy Clay Gleyed Black Chernozem Red River
29 74 123 68 027 Clay  Gleyed Rego Black Chernozem Red River
30 6.3 1.59 75 0.58 Clay Gleyed Dk. Gray Chernozem Red River
31 16 199 7 047 Clay Gleyed Black Chernozem Red River
32 16 0.83 7.6 0.45 Clay Loam Rego Black Chernozem Garson
33 10 1.63 7.1 0.41 Heavy Clay Gleyed Black Chernozem Red River
34 19 1.27 7.8 0.47 Heavy Clay Orthic Dk. Gray Chernozem Semple
35 15 1.36 7.5 0.64 Silty Clay Orthic Dk. Gray Chernozem Garson
36 19 167 7 031 Heavy clay Gleyed Orthic Dk. Gray Riverdale
37 14 128 73 045 Clay Orthic Dk. Gray Chernozem Peguis
38 19 1.45 75 0.64 Clay Gleyed Orthic Dk. Gray Peguis
39 17 2.34 7.2 0.52 Heavy Clay  Gleyed Rego Black Chernozem Red River
40 21 0.81 7.7  0.39 Loam Orthic Dk. Gray Chernozem Garson
41 13 062 78 031 Clay Loam Orthic Dk. Gray Chernozem Garson
42 10 0.8 7.8 0.29 Clay Loam Orthic Dk. Gray Chernozem Pine Ridge

* Soil texture determined by % sand and % clay using a soil texture triangle (Canadian Soil Working Group, 1998).
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Elemental concentrations (ppm) of arsenic (As), barium (Ba), strontium (Sr), and vanadium
(V) in the leaf litter, trembling aspen woody tissue, and bur oak woody tissue.

APPENDIX 2

Leaf litter Bur oak woody tissue Trembling aspen woody tissue
Plot As Ba Sr \% As Ba Sr \% As Ba Sr \%
1 1.3 145 553 10.7 0.6 573 31.6 0.06 05 586 59.1 0.05
2 0.5 84 769 0.6 57 589 0.08 05 41.1 6438 0.05
3 1 131 72,1 3.87 05 789 49.1 0.06
4 06 506 857 4.15 06 269 86.1 0.06
5 06 942 242 403 06 536 147 0.08
6 06 558 266 252 06 454 124 0.06 06 246 204 0.06
7 05 564 479 214 05 20.1 306 0.05
8 06 408 587 145 06 344 354 0.06 05 235 48 0.05
9 0.6 9206 45 3.26 0.5 47 26.7 0.05 06 206 372 0.06
10 05 51.1 352 241 0.6 352 16.2  0.06 05 237 213 0.05
11 06 77.6 63.6 1.61 0.6 59.4 62 0.06
12 0.6 115 518 3.99 0.6 898 439 0.06
13 07 912 648 7.69 05 448 31.2 0.05
14 06 518 13.6 219 0.6 24 10.2  0.06
15 0.5 60 53 1.71 0.6 31.8 31.6 0.06
16 05 564 197 1.52 06 483 772 0.06 06 216 118 0.06
17 05 939 295 286 05 886 189 0.05 06 293 24 0.06
18 06 559 243 2.5 0.5 341 123  0.11 06 146 137 0.06
19 05 407 243 1.27 06 552 192 0.06 06 174 18 0.06
20 0.6 82 236 324 06 776 13.8 0.06 06 298 16.1 0.06
21 06 569 517 1.86 06 589 312 0.06 06 30.1 437 0.06
22 1.6 67 18.8 14.1 05 582 162 0.05 0.6 157 144 0.06
23 0.6 83 263 1.84 06 568 19.1 0.06
24 05 795 552 275 06 347 25 0.06 0.5 325 432 0.05
25 06 875 60.1 3.38 06 886 43.6 0.06 06 41.1 518 0.06
26 0.6 367 431 1.97 0.6 154 225 0.06
27 06 458 179 1.82 06 509 114 0.06 06 167 122 0.06
28 0.7 657 53 4.09 06 36.5 26.8 0.06 0.5 314 402 0.05
29 06 802 464 3.3 05 369 197 0.05 05 261 267 0.05
30 0.6 465 39.7 0091 06 543 22.5 0.06 0.5 30.6 345 0.05
31 08 751 423 536 0.6 65 283 0.06 0.6 32 388 0.06
32 1.3 87.7 21.1 12.6 0.6 348 17.2  0.09
33 07 988 424 474 0.5 521 30 0.06
34 06 667 317 501 05 401 234 0.05 06 149 186 0.06
35 06 788 255 4.12 0.6 333 19.7  0.07
36 1 779 566 118 05 257 23 0.05
37 09 849 222 10 0.6 579 156 0.07 0.5 23 12.6 0.05
38 1.7 859 38.6 18.6 05 216 285 0.05
39 2 115 36.9 19.2 0.5 86.3 39.6 0.05 0.6 352 36.7 0.06
40 06 333 16 3.04 0.6 115 8.9 0.11 05 725 9.14 0.05
41 0.7 36.7 16.9 5.6 0.5 11.7 10.9 0.05
42 0.6 38.1 16.9 224 06 187 114 0.06

Blank values indicate no data for that plot
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APPENDIX 3

Forest health assessment categories and values for all bur oak and trembling
aspen stands surveyed. Values are expressed as a percentage of trees per plot
exhibiting the presence of a given descriptor, unless otherwise indicated.

Vigour Defoliation Defoliation Defoliation Defoliation Defoliation

Plot Vigour 1 Vigour 2 Vigour3 Index* 1 2 3 4 Index*
1 5.00 10.00 70.00  78.33 75.00 10.00 0.00 0.00 23.75
2 6.25 40.63 4688  76.04 93.94 0.00 0.00 0.00 23.48
3 0.00  40.00 60.00 86.67 80.00 13.33 0.00 0.00 26.67
4 1111 16.67  50.00 64.81 72.22 0.00 0.00 0.00 18.06
5 9.09 2121 5455 7172 78.79 0.00 0.00 0.00 19.70
6 13.64 2727 4545 68.18 31.82 0.00 0.00 0.00 7.95
7 833 20.83 5417 70.83 0.00 0.00 0.00 0.00 0.00
8 2.17 21.74 58.70 73.91 0.00 52.17 26.09 0.00 45.65
9 476  19.05 7143 8571 4.76 19.05 71.43 0.00 64.29

10 294 1471 68.63 7941 78.43 0.00 0.00 0.00 19.61
11 20.00 10.00 66.67 80.00 73.33 13.33 0.00 0.00 25.00
12 8.00 40.00 32.00 61.33 80.00 0.00 0.00 0.00 20.00
13 833 16.67 5833 7222 79.17 0.00 0.00 0.00 19.79
14 10.00  90.00 0.00  63.33 100.00 0.00 0.00 0.00 25.00
15 7.89 3947 50.00 78.95 47.37 7.89 0.00 0.00 15.79
16 3.03 3.03 81.82 84385 60.61 0.00 0.00 0.00 15.15
17 6.58 10.53 68.42 77.63 63.64 0.00 0.00 0.00 15.91
18 1143  60.00 2571  69.52 11.43 25.71 2.86 0.00 17.86
19 8.11 18.92 70.27 85.59 18.92 32.43 16.22 0.00 33.11
20 11.11 1481 5926 72.84 25.93 25.93 22.22 0.00 36.11
21 0.00 29.63 48.15 67.90 77.78 0.00 0.00 0.00 19.44
22 25.00 8.33 58.33 72.22 83.33 8.33 0.00 0.00 25.00
23 556 2222 5556 7222 58.33 16.67 0.00 0.00 22.92
24 3.03 4848 4242 75776 78.79 3.03 0.00 0.00 21.21
25 392 1961 7451  88.89 41.18 3.92 0.00 0.00 12.25
26 5.00 30.00 4750 @ 69.17 42.50 32.50 0.00 0.00 26.88
27 0.00 1579 8421 9474 21.05 57.89 0.00 0.00 34.21
28 328 31.15 6393 8579 95.08 0.00 0.00 0.00 23.77
29 6.67 3556 5333  79.26 91.11 2.22 2.22 0.00 25.56
30 6.67 10.00 56.67 65.56 60.00 13.33 0.00 0.00 21.67
31 4,00 38.00 42.00 68.67 32.00 32.00 16.00 0.00 36.00
32 18.18 5455 18.18  60.61 0.00 0.00 0.00 90.91 90.91
33 17.65 8.82 61.76 73.53 58.82 0.00 0.00 0.00 14.71
34 952 57.14 2381 65.08 14.29 47.62 19.05 0.00 41.67
35 476  19.05 6190 76.19 85.71 0.00 0.00 0.00 21.43
36 16.13 3871 3548  66.67 45.16 32.26 9.68 0.00 34.68
37  23.08 7.69  61.54 7436 15.38 38.46 0.00 0.00 23.08
38 4.26 6.38 8298  88.65 91.49 2.13 0.00 0.00 23.94
39 9.09 30.30 57.58 80.81 78.79 9.09 0.00 0.00 24.24
40 38.89 11.11 27.78 18.01 50.00 5.56 16.67 0.00 27.78
41 0.00 38.89 55.56 81.48 83.33 11.11 0.00 0.00 26.39
42 80.00 0.00 0.00  26.67 86.67 0.00 0.00 0.00 21.67

* Indices range from 0-100
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APPENDIX 3 (contd.)

Dieback Dieback Dieback Dieback

Gall-forming Defoliating

Plot 1 2 3 Index* Chlorosis Necrosis Wilt Insects Insects
1 10.00 5.00 0.00 6.67 0.00 0.00 10.00 0.00 70.00
2 2121 21.21 0.00 21.21 0.00 0.00 24.24 0.00 75.76
3 20.00 0.00 0.00 6.67 0.00 0.00 26.67 0.00 13.33
4 5.56 0.00 5.56 7.41 0.00 0.00 0.00 0.00 0.00
5 18.18 3.03 0.00 8.08 0.00 44.13 0.00 0.00 78.79
6 9.09 13.64 0.00 12.12 0.00 0.00 0.00 0.00 4.55
7 0.00 4.17 0.00 2.78 0.00 0.00 0.00 0.00 0.00
8 8.70 2.17 0.00 435 0.00 0.00 0.00 0.00 78.26
9 14.29 0.00 4.76 9.52 12.60 17.98 0.00 0.00 95.24

10 3.92 0.98 0.00 1.96 0.00 14.04 0.98 6.86 75.49
11 13.33 0.00 3.33 7.78 0.00 0.00 13.33 3.33 83.33
12 32.00 8.00 8.00 24.00 0.00 39.23 0.00 0.00 76.00
13 8.33 4.17 4.17 9.72 0.00 18.83 2.08 4.17 66.67
14 80.00 10.00 10.00  43.33 0.00 56.79 0.00 0.00 100.00
15 7.89 0.00 0.00 2.63 0.00 0.00 0.00 0.00 55.26
16 0.00 0.00 3.03 3.03 0.00 17.55 0.00 0.00 33.33
17 5.19 1.30 0.00 2.60 0.00 13.17 0.00 0.00 23.38
18 17.14 0.00 5.71 11.43 0.00 22.21 0.00 0.00 40.00
19 0.00 0.00 2.70 2.70 0.00 21.57 0.00 5.41 64.86
20 3.70 7.41 0.00 6.17 0.00 0.00 0.00 0.00 77.78
21 3.70 0.00 0.00 1.23 0.00 28.13 0.00 11.11 77.78
22 0.00 16.67 0.00 11.11 0.00 0.00 0.00 8.33 91.67
23 5.56 2.78 0.00 3.70 0.00 33.56 0.00 0.00 75.00
24 21.21 6.06 0.00 11.11 0.00 27.42 0.00 15.15 78.79
25 1.96 0.00 1.96 2.61 0.00 30.32 0.00 1.96 45.10
26 2.50 2.50 0.00 2.50 0.00 40.69 0.00 0.00 75.00
27 0.00 0.00 0.00 0.00 0.00 23.41 0.00 15.79 78.95
28 6.56 0.00 1.64 3.83 0.00 32.90 0.00 9.84 93.44
29 4.44 0.00 0.00 1.48 0.00 24.94 0.00 11.36 93.33
30 3.33 0.00 0.00 1.11 0.00 14.96 0.00 6.67 73.33
31 12.00 2.00 0.00 5.33 0.00 31.95 0.00 44.00 84.00
32 4545 18.18 0.00 27.27 0.00 0.00 0.00 0.00 90.91
33 8.82 0.00 2.94 5.88 0.00 22.55 0.00 32.35 58.82
34 38.10 14.29 476  26.98 0.00 29.21 0.00 38.10 80.95
35 57.14 14.29 0.00 28.57 0.00 0.00 0.00 0.00 100.00
36 6.45 16.13 0.00 12.90 10.35 10.35 0.00 0.00 87.10
37 15.38 7.69 7.69 17.95 0.00 0.00 0.00 0.00 53.85
38 6.38 2.13 0.00 3.55 0.00 0.00 6.38 0.00 91.49
39 2424 12.12 9.09 2525 0.00 0.00 6.06 0.00 87.88
40 15.00 770  31.00 41.13 13.63 31.81 0.00 33.33 77.78
41 5.56 0.00 0.00 1.85 0.00 0.00 0.00 11.11 94 .44
42 0.00 53.33 33.33 68.89 0.00 0.00 0.00 33.33 86.67

* Indices range from 0-100
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APPENDIX 3 (contd.)

Leaf mining Skeletonizing Sucking

Plot Insects Insects Insects Leaf spot Leaf rust Cankers  Conks
1 0.00 0.00 25.00 0.00 0.00 20.00 5.00
2 0.00 87.88 0.00 0.00 0.00 27.27 0.00
3 0.00 66.67 93.33 0.00 0.00 0.00 0.00
4 0.00 72.22 0.00 11.11 0.00 27.78 16.67
5 0.00 81.82 81.82 0.00 0.00 0.00 0.00
6 0.00 31.82 0.00 4.55 0.00 4.55 0.00
7 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 0.00 71.74 2.17 0.00 0.00 2.17 8.70
9 0.00 19.05 76.19 0.00 0.00 0.00 0.00

10 61.76 69.61 3.92 0.00 0.00 12.75 0.98
11 0.00 83.33 0.00 0.00 0.00 33.33 0.00
12 0.00 80.00 80.00 0.00 0.00 4.00 0.00
13 10.42 25.00 54.17 0.00 0.00 2.08 2.08
14 0.00 100.00  100.00 0.00 0.00 0.00 0.00
15 7.89 50.00 0.00 18.42 0.00 10.53 5.26
16 21.21 21.21 21.21 0.00 0.00 3.03 3.03
17 10.39 38.96 0.00 0.00 0.00 10.39 0.00
18 8.57 31.43 14.29 2.86 0.00 2.86 0.00
19 21.62 37.84 541 2.70 0.00 0.00 0.00
20 0.00 77.78 7.41 0.00 0.00 18.52 3.70
21 0.00 77.78 62.96 14.81 0.00 11.11 0.00
22 0.00 91.67 0.00 0.00 0.00 0.00 16.67
23 72.22 75.00 75.00 0.00 0.00 5.56 0.00
24 21.21 57.58 66.67 3.03 0.00 3.03 0.00
25 33.33 45.10 37.25 0.00 0.00 1.96 1.96
26 35.00 40.00 0.00 22.50 0.00 5.00 0.00
27 0.00 78.95 0.00 0.00 0.00 0.00 5.26
28 81.97 91.80 14.75 4.92 21.31 3.28 1.64
29 48.89 93.33 28.89 40.00 0.00 4.44 4.44
30 30.00 73.33 13.33 3.33 0.00 16.67 0.00
31 80.00 84.00 20.00 2.00 0.00 0.00 2.00
32 0.00 0.00 0.00 0.00 0.00 0.00 0.00
33 50.00 58.82 50.00 0.00 0.00 2.94 0.00
34 80.95 80.95 9.52 4.76 0.00 9.52 4.76
35 0.00 85.71 0.00 0.00 0.00 9.52 0.00
36 0.00 87.10 0.00 0.00 0.00 0.00 3.23
37 0.00 53.85 0.00 0.00 0.00 0.00 7.69
38 0.00 36.17 0.00 0.00 0.00 2.13 27.66
39 0.00 87.88 0.00 6.06 0.00 0.00 0.00
40 50.00 72.22 33.33 5.56 22.22 16.67 0.00
41 83.33 94.44 11.11 0.00 0.00 0.00 22.22
42 0.00 86.67 86.67 0.00 0.00 0.00 6.67
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APPENDIX 4

Wind rose diagram generated from the Winnipeg International Airport weather
station, over a four-year period (1985-1989). Source: SENES Consultants Ltd.

WIND ROSE
FOR WINNIPEG
(1985-89)

NOTE:

l. WIND SPEED INDICATED AS m/s*
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APPENDIX 5

Designations for plots used in the forest health assessment, trace element
toxicology, and dendrochronological portions of the study.

Forest Helath and Trace

Element Toxicology Plots Tree-ring Plots Owner*
1 E10, A G. VanAert
2 A. Gavel
3 n/a
4 n/a
5 S10 E. Dalebozik
S2A W. Pervank
6 n/a
7 n/a
8 n/a
9 n/a
10 D. Hygard
11 E2A C. Wazny
12 n/a
13 W30 n/a
14 n/a
15 n/a
16 n/a
17 n/a
18 n/a
19 Government of Manitoba
20 n/a
21 L. Pearson
22 E30, A n/a
23 n/a
24 Lower Fort Garry Nursery
25 n/a
26 S5A Bazan
27 S40, A D. McGuire
28 Danbo
29 Denz
30 n/a
31 W10 n/a
32 E40 n/a
33 W20 n/a
34 n/a
35 N10 n/a
36 N3A L. Waznylyk
37 N20, A n/a
38 N4A J. Rolls
39 L. Hoppe
40 S30 R. Northwood
41 J. Tye
42 J. Tye
Cl1A Reid
C20 n/a

n/a = Owners did not provide his/her last name.
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