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Fig. 1.2. Relative frequency of Puccinellia phryganodes and Carex subspathacea in quadrats
along transects (tr.) in the eastern salt marsh (East Bay), southeastern salt marsh (Wawa), and
southern salt marsh (Randy) of La Pérouse Bay. In each quadrat, either Puccinellia was more
frequent than Carex (M), Carex was more frequent than Puccinellia (L1), or the two species
were of equal frequency (*). Note that Carex is most frequent in the eastern salt marsh and
closest to the willow hummocks. Transect numbers and salt marsh names correspond to those
illustrated in Fig 3.1.
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Fig. 1.3. Monthly mean temperature and precipitation at Churchill, Manitoba (30 km west of
La Pérouse Bay) in 1991 and 1992 compared to average values for the period 1951 to 1980.
Data presented in this thesis was collected during two study periods in each of 1991 and 1992.
Note that the study period of 1991 was warmer and wetter than average, and the study period

of 1992 was colder and drier than average. Data supplied by Environment Canada, Churchill,
Manitoba.
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Fig. 1.4. Daily precipitation and maximum and minimum temperatures in the summer of 1991
(a) and 1992 (b) in Churchill, Manitoba (30 km west of La Pérouse Bay). Differences between
1991 and 1992 in daily mean temperatures on each date are also shown (c). Note that 1991 was
warmer than 1992 on most dates between May and September, and 1991 was on average wetter
than 1992 between May and August. Data supplied by Environment Canada, Churchill,
Manitoba.
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Fig. 2.1. Above-ground biomass of high biomass (solid bars), low biomass (hatched bars), and
bare (open bars) sites in 1991 and 1992. Note that on almost all dates, the biomass of high
biomass sites is twice that of low biomass sites. Bare sites had virtually no biomass. Sample size
(sites/category) was identical for high biomass, low biomass and bare categories within each
date, but not between dates, and is indicated for each date (on top of the error bar for the bare
sites). Error bars are + 1 SE.
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Fig. 3.1. Topography of the salt-marsh flats (Randy’s, Wawa and East bay flats) surrounding
La Pérouse Bay. Contour lines indicate points of similar elevation, relative to a DND
benchmark. Since this benchmark was more elevated than much of the salt marsh, the elevation
of most contour lines is negative. Elevations were determined every 20 to 50 m along transects,
so small pools are not visible at this resolution and contour lines are most accurate near transect

lines. Transect lines were laid down as described in the text.

37















Fig. 3.2. Biaxial plot (first two CCA axes) of the ordination of plant species and physical
phenomena (abbreviations given in Table 3.1). Species and physical phenomena tend to separate
into four distinct communities, named and exclosed in subjectively positioned dashed lines.
Arrows represent the magnitude and direction of correlations of six environmental variables with
each of the two CCA axes; WD =water depth, EL=elevation, DR =depth of the reduced layer,
DW =distance from willows, DO=depth of the organic soil, AV=percent of area covered with

vegetation.
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Table 3.2. Inter-set correlations between environmental variables and the first two CCA axes.
Environmental variables include the percentage of area covered by vegetation (% vegetated),
water depth, elevation, distance from the willow line (distance), depth of organic soil (organic
soil), and depth of reduced soil (reduced soil). Unless otherwise noted, the data set includes all
sites. Inter-set correlation coefficients are not presented for some variables because they are
either covariables in the analysis, or because the variability of these variables was negligible
after certain sites were excluded from the analysis.
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Fig. 4.1. Salinity of soil water as a function of sodium concentration of soil water on July
12, 1992. Each point represents salinity and sodium measurements made on the same sample

of extracted soil water.
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Fig. 4.3 Sodium concentration in extracted soil water in 1991 (a) and 1992 (b) in sites
representing three biomass categories: high biomass (solid lines), low biomass (dashed lines),
and bare sediment (dotted lines). Salinity was not measured directly, but estimated from sodium

concentrations as described in the text. Error bars are + 1 SE.
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Fig. 4.4. Soil redox potential (a,c) and gravimetric water content (b,d) in 1991 (a,b) and 1992
(c,d) in sites representing three biomass categories: high biomass (solid lines), low biomass
(dashed lines), and bare sediment (dotted lines). Redox potentials were recorded as a range for
each soil sample, so the mean maximum value and mean minimum value are shown, joined by
a bar, for each category and date (the length of the bar therefore represents the average range
of redox potentials for the appropriate soil samples). Note that horizontal axes are identical in
all figures. Error bars for soil water content are + 1 SE.
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Fig. 4.5. Bulk density of soils in 1991 (a) and 1992 (b) in sites representing three biomass
categories: high biomass (solid lines), low biomass (dashed lines), and bare sediment (dotted
lines). Error bars are + 1 SE.
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Fig. 4.6. Seasonal trends in sodium concentration of extracted soil-water and water content of
soils in 1991 and 1992 in high biomass sites (solid bars), low biomass sites (bars with narrow
cross-hatching), and bare sites (bares with wide cross-hatching). Each bar represents mean
values. Note that sodium concentration in soil-water is highest on dates when water content is
lowest, and on several mid-summer dates sodium concentration in soil-water is inversely related
to water content. Data is identical to that displayed in Figs. 4.3, 4.4, and 4.5.
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Fig. 4.7. Sodium concentration of soil-water as a function of the above-ground biomass of
sites on July 21, 1992. The regression line shown was calculated by using an exponential

form of biomass.
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Fig. 4.8. Rate of water loss from small tubes pressed into the sediment in adjacent
unvegetated and vegetated areas in each of several sites in the salt-marsh (each site occupies
a different position on the horizontal axis) and on several dates in 1992. Error bars are + 1
SE and are not shown where smaller than the symbol.
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Fig. 5.2. Experimental design to determine the effects of site biomass and grazing on the growth
of Puccinellia phryganodes and the effect of site biomass on the growth of Carex subspathacea
in 1992. The approximate dimensions of the study area, on the eastern salt marsh, are shown
and compared to that in 1991, as well as the positions and dimensions of sites within this study
area. Note that there are 22 replicates of Puccinellia for each grazing level category (grazed,
exclosed) in each site. In high biomass and bare sites, but not low biomass sites, there are 25
replicates of Carex in the grazed area of each site.
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Table 5.1. Salinity (g dissolved salts/l) in grazed and exclosed areas of demography plots
(numbered) in high biomass (H), low biomass (L) and bare (B) sites. Plots were compared to
average (+ SD) salinity of 14 other plots in grazed areas, and two plots from each biomass
category were rejected on the basis of having higher or lower salinity than this average. The
high salinity of the grazed area of H4 was assumed to be a measurement error, and indeed
sodium concentrations of H4 (grazed) were later found to be less than that of H6 (grazed) on
July 12, July 21, and July 30.
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Fig. 5.3 Sodium concentration in soil water as a function of shoot density of sites in 1991.
Sites were divided into four treatment categories for analysis: * = high biomass (0 to 2 g/l
Na*), a = low biomass (0 to 2 g/l Na*), © = low biomass (2 to 4 g/l Na*) and o = low
biomass (4 to 8 g/l Na*).
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Fig. 5.4. Sodium concentration in soil water (a,b,c) and above-ground biomass (d) of grazed
(open symbols) and exclosed (closed symbols) areas of sites. Sites (numbered) represented either
high biomass (circles), low biomass (triangles), or bare (squares) vegetation. All areas were
exclosed on June 26, 1992. Note that the vertical axes differs between (a), (b), and (c). The

biomass of bare sites was negligible and so is not shown in (d).
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Fig. 5.5. Sodium concentration in soil water as a function of site biomass for sites in 1992.

The regression line was calculated for an exponential form of biomass.
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Fig. 5.7. Seasonal-based leaf demographic parameters of Puccinellia plants of high biomass
origin ([J, M) and low biomass origin (O, @®), in grazed ([J1,O) and exclosed (I, ®) areas of
sites in 1991. Dotted lines separate sites in different treatment categories (based on site biomass
and the sodium concentration of soil-water). Demographic parameters were calculated for the
- period June 11 - August 9, 1992. Error bars are + 1 SE. Note that the vertical axes are not
identical.
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Table 5.3. Regression equations explaining seasonal leaf demographic parameters (see text for
units and abbreviations) in terms of site variables. Significant site variables include sodium
concentration in soil water (Na), plant density (density), above-ground biomass (biomass), and
grazing category (graze: O=exclosed, 1=grazed). In 1991, all terms are significant at a 15%
significance level, while in 1992, results at both a 5% and 15% significance level are given for
reasons discussed in the text.
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Fig 5.10. Total leaf birth rates (a), death rates (b) and plant mortality (c) of Puccinellia plants
grown with or without algal crust in three sites. Bars in (a) and (b) represent mean values for

25 plants, and error bars are + 1 SE.
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Fig. 6.3. Mean number of live leaves per living plant of Puccinellia phryganodes and Carex
subspathacea and mortality of Carex subspathacea plants grown under natural conditions at La
Pérouse Bay in 1991. Plants were watered with either 0 ((J), 8 (@), 16 (<), 24 (a), or 40 (X)
g dissolved salts/l. Values are means for 19-20 plants. Only one Puccinellia plant died (= 5%
mortality at 8 g dissolved salts/l) so mortality data for Puccinellia is not shown. Note that dead

plants are not included in the calculation of live leaves per plant.
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Fig. 6.4. Leaf birth and death rates (a) and plant mortality (b) of Puccinellia phryganodes plants
watered with solution of varying salinity. Plant mortality is shown after 13 days (<) and 26
days (LJ) of growth, the latter being the end of the experiment. Plants were grown in pots under
natural conditions at La Pérouse Bay in 1992. Treatments with the same letter are not
significantly different from each other (Steel-Dwass rank tests, p > 0.05). Error bars are + 1 SE.
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Fig. 6.5. Leaf birth and death rates of Puccinellia phryganodes plants grown in pots in a growth
chamber in 1991 and immersed in water of varying salinity. Treatments with the same letter
were not significantly different at the 5% level (Steel-Dwass rank tests). Error bars represent

+ 1 SE. Data is represented by shaded areas only.
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Fig. 6.6. Change in leaf number of Puccinellia phryganodes plants calculated either as the
difference or quotient of total leaf births (TLB) and total leaf deaths (TLD). Plants were grown
in pots in a growth chamber in 1991 and immersed in water of varying salinity. Treatments with
the same letter are not significantly different at the 5% significance level (Tukey’s tests for TLB-
TLD, Steel-Dwass rank tests for TLB/TLD).
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Fig. A3.1. Experimental data (symbols) and calculated equations (lines) for relationships
between grazing and NAPP/leaf demography (a), between salinity and leaf demography (b), and
between above-ground biomass and salinity (c). See text for details of equations.
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