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Abstract

This study was conducted to assess the general pattern of the distribution of
vegetation in the perched basins of the Peace-Athabasca Delta (PAD).

Six hundred plots along 32 transects were sampled for species presence or absence
and several environmental variables. Two ordination methods showed a clear wet-to-dry
gradient among the species, and water-related variables were highly correlated with the
primary axes of variation. However, both also indicated a secondary trend among species
attributed primarily to the effects of small-scale bison disturbance.

Species were grouped into seven classes, which were then assessed statistically
against two components of the water-regime gradient: elevation and water table. Logistic
regression models were used to analyze transects individually, and results were then
combined using random effects models. The individual transect results showed a
statistically significant relationship between the species groups and both variables for a
small number of transects, and showed a wide range among p-values. The combined
analysis of transect results showed both elevation and water table not to be significant
across two large geographic areas of the PAD.

These results show that the distribution of vegetation in the perched basins is
dependent on variables besides elevation and water table. Small and large-scale
disturbance characteristics, pre-emption of resources, wave action, wind-driven seiches
and longer-term water-related variables all may be important, but shift in importance from

region to region within the PAD.
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Chapter 1

GENERAL INTRODUCTION

1. Introduction

The Peace-Athabasca Delta (PAD) is the largest boreal freshwater delta on the planet
(Griffiths and Townsend 1985), occupying the southeast portion of Wood Buffalo National
Park. It supports the majority of the largest free-ranging bison herd on earth (Timoney 1996a)
and is situated at the confluence of four flyways for migratory birds in North America. In
1982, it was designated a Ramsar Wetland of International Significance, and it was a major
factor in having Wood Buffalo National Park designated a UNESCO World Heritage site in
1983 (Timoney 1996a).

The vegetation of the marshes and wet meadows of the perched basins of the PAD are
especially important in that they comprise a major portion of the habitat essential for wildlife
populations (PADTS 1996). Bison forage on sedges in the wet meadows (Timoney 1996a)
and the basin wetlands provide important staging and nesting habitat for millions of waterfowl
and shorebirds (Timoney 1995) and support abundant emergent and submergent aquatic
vegetation essential for muskrats (PADTS 1996). Many of the indigenous people living in and
around the delta still rely on these and other biological resources for subsistence and livelihood.

During the past 70 years, several vegetation studies have been conducted in the
Peace-Athabasca Delta (e.g. Raup 1935, Fuller and LaRoi 1971, Dirschl et al. 1974,
Cordes and Pearce 1979). All have been descriptive in nature and have recognized the
heterogeneity of the PAD mosaic in landform, hydrology and vegetation. However, there

has been no analytical research aimed at specific components of this heterogeneity, either



in limiting the study area to a particular feature of the PAD complex, or in identifying
specific environmental variables and quantifying their relationship with vegetation.

To further understanding of the ecology of the PAD, this thesis focused on the
vegetation distribution of a specific landform component of the ecosystem, the perched
basins. The objectives were to identify important environmental variables contributing to
the distribution of vegetation and to test these relationships statistically. Variables were
identified using descriptive gradient analyses, and were tested using an inferential gradient
analysis. These results were used to examine processes influencing the distribution of

plant species.

2. Study Site
2.1 General Description

The PAD spans over 3900 km* across the Peace River Lowlands of northeastern
Alberta (PADTS 1996) (Fig 1-1). The area is bounded by the Peace River to the north and the
Birch Mountains to the southwest. To the east is Lake Athabasca, the north shore of which
represents the southern margin of the Precambrian bedrock of the Canadian Shield in Alberta
(Dirschl et al. 1974). Eighty percent of the area of the PAD lies within Wood Buffalo National
Park; the remainder includes the Athabasca Chipewyan Reserve and Alberta crown lands
(PADTS 1996).

The PAD lies at the confluence of the Peace, Athabasca and Birch River basins. The
delta is the assembly of these three river deltas and several large, shallow lakes interconnected
with Lake Athabasca by a network of active and inactive channels (PADTS 1996).

Surrounding this main flow system are 1200 km? of sedge and grass wet meadows contained



primarily in shallow perched basins (PADTS 1996). In the northeast portion of the PAD,
Precambrian bedrock outliers occasionally protrude from the delta plain (Dirschl ef al. 1974).

The PAD has been partitioned into two ecological units: regions where water levels are
directly controlled by Lake Athabasca, and the Mamawi-Lake Claire system; and perched
basins which at low to medium water levels do not have direct surface water connections with
the delta lakes and channels (Cordes and Pearce 1979). The latter provides the definition of
‘perched basin’ used in this study.

The ecosystem is shaped by active deltaic, fluvial and lacustrine processes (Timoney
1996a) but is driven primarily by seasonal and annual water level fluctuations (PADTS 1996).
Yearly flooding in the PAD occurs with peak water levels on the Peace and Athabasca Rivers
resulting from spring break-up in late April-early May, and high runoff from mountain
snowmelt in June or July (Peterson 1995). Although many of the low elevation basins are
recharged with water, the high elevation basins are not. However, under special circumstances
of spring break-up, ice jams severely restrict the river channels causing backwater to overflow
the banks and recharge the higher elevation basins (PADTS 1996). These large-scale overland

floods occur with a long-term frequency of one flood in 6.25 years (Timoney et al. 1997).

2.2 Physical Development

Deltas grow downstream and mature upstream (Dirschl e al. 1974). The Peace and
Athabasca deltas began their development after the last continental glacier receded from the
area about 10 000 years ago (Bayrock and Root 1972). Eventually the two deltas converged,
cutting off the eastern tip of Lake Athabasca and creating several large shallow lakes (PADPG

1973). Development of the Birch Delta then began on the west shore of Lake Claire. The



Peace Delta has now ceased active growth, and sediment is deposited only during extreme
flood events (Cordes and Pearce 1979). However, the Athabasca and Birch Deltas are
continually depositing sediment (PADTS 1996), and are advancing into the western end of
Lake Athabasca, and into Lake Claire, respectively (PADSR 1972).

The prevalence of perched basins in each of the three sub-deltas is typical of a bird’s
foot delta (PADPG 1973), and is a consequence of low levees, abundant alluvium and limited
wave erosion (Selby 1985). The development of a perched basin begins with the build-up of
levees along the channel distributaries to a height above flood water levels. Often, these
tributaries divide then reunite to enclose depressions between them. During flood periods
water in the tributaries overflows the banks depositing coarser materials on the levees, and silt
and clay in the intervening depressions (PADPG 1973). Maturation is marked by continued
accumulation of sediments, an increase in elevation with levees maintaining an elevated position
over the depressions, and a decline in flood frequency. Eventually, the river channel is
abandoned in favour of a shorter and steeper gradient, and the process begins anew (PADPG
1973).

This dynamic cycle of channel bifurcation, flooding, deposition and abandonment has
continued since deglaciation, producing an immense mosaic of abandoned and openly-drained
channels, frequently flooded basins with restricted drainage, and perched basins with closed

drainage.

2.3 Vegetation Development

The development of biological ecosystem components in the PAD parallels the

evolution of the physical environment (Dirschl 1973). Over centuries, there is allogenic



succession from the aquatic communities of open water ponds to emergent wetlands, wet
meadows, and finally to shrub and forest communities (PADSR 1972). Superimposed on this
general successional pattern are shorter-term vegetation changes which may be caused by
periodic droughts and floods, fires, animals, and the vegetation itself (Dirschl 1973).

Water is probably the primary agent of short-term vegetation change in the perched
basins. Periodic large-scale flooding slows the normal long-term development by temporarily
arresting the successional sequence, or setting it back to an earlier successional stage (Dirschl
1973, Fuller and LaRoi 1971). These floods recharge the basins with nutrient-rich waters,
deposit silt and plant seeds, and flush out or bury plant debris (Dirschl er al. 1974). Following
flooding, water in the basins recedes to the level of the lowest point of the surrounding levee
through outflow into the rivers and lakes. Any subsequent decline in the water level in the
basins is gradual and due almost exclusively to evapotranspiration (PADTS 1996). This period
of gradual water recession is accompanied by succession as the vegetation adjusts to the new

conditions, the successional sequence continuing until the next flood event.

2.4 Prior Research on Plant Communities in the Peace-Athabasca Delta
There has been a long history of written accounts of the vegetation of the PAD.
Each author has referred to the impact of the water regime on vegetation and most have
also commented on the dynamic nature of the vegetation and its pattern on the landscape.
The first written reference to the region and its vegetation was by MacKenzie
(1801). He wrote: “The last two lakes (Baril and Mamawi) are now so shallow... that in a
few years, they will have exchanged their character and become extensive forests...the

country is so level, that, at some seasons, it is entirely overflowed, which accounts for the



periodic influx and reflux of the waters between the Lake of the Hills and the Peace
River”.

When traveling through the upper Athabasca Delta in 1875, John Macoun, botanist
with the Geological Survey of Canada, described the vegetation as follows: “willow,
balsam poplar and spruce make up the forest in the above order, corresponding to the age
of the land” (Macoun 1875).

The first botanical study of the PAD was conducted by Raup (1935). Although he
did not specifically address the vegetation of the perched basins, his detailed accounts
provide useful descriptions. He writes: “Lands subject to inundations, or at most only a
few inches above the water-table, have an herbaceous vegetation ranging from semi-
floating aquatic plants to sedges and grasses. Large areas in the lower deltas have nearly
pure stands of the (marsh) sedge Carex atherodes or bluejoint grass Calamagrostis
canadensis. On the margins of the stream channels, abandoned or otherwise, are long
lines of willow Salix spp., which are limited to the slightly elevated ridges peculiar to such
areas. The farther towards the margins of the basin the more land is covered by shrub and
tree growth, so that the upper deltas and the banks of the larger channels support a forest
of (white) spruce and balsam poplar.”

Fuller and LaRoi (1971) delineated three categories of habitat in the perched
basins: aquatic, wetland, and terrestrial. The aquatic vegetation included submerged
macrophytes in deep water and floating macrophytes in shallow water. Wetland habitat
supported, in ascending elevation, rushes in deep water, sedges in shallow water, herbs,
and scrub savanna. The terrestrial vegetation on alluvium was described as willow-alder

scrub, poplar forest, and spruce forest at the highest elevations.



Dirschl er al. (1974) conducted a land facet classification of the PAD, rendering
six classes. Each land facet was then partitioned into vegetation units. The ‘Semi-active
delta’ facet corresponded to perched basins and the backslopes of levees. It differed from
the ‘Backswamp (wet depression)’ facet in that basins were frequently flooded, thereby
being wetter, richer in nutrients and possessing different communities. The communities
were named after the dominant species and were arranged in ascending elevation. They
were:  Potamogeton - Nuphar, Scirpus - Typha, Senecio, Equisetum, Scolochloa,
Eleocharis - Carex, Carex, Calamagrostis, Salix.

Cordes and Pearce (1979) delineated the following ‘perched basin and levee
backslope’ communities, in no clear order: Potamogeton - Nuphar, Scirpus, Sparganium,
Scolochloa, Scolochloa - Carex, Eleocharis - Carex, Equisetum, Carex, Salix - Carex,
Senecio, Immature fen, Calamagrostis.

Although most of these studies recognized a general wet-to-dry gradient, the
classifications of vegetation along it were subjective. Each successive account built upon
previous ones and described the vegetation in greater detail. However, this has not always
generated a clearer understanding of the perched basins ecosystem; only a proliferation of
vegetation type designations. The underlying causes of vegetation heterogeneity have not been
investigated. As a result, an objective and statistical treatment of vegetation and the variables
influencing its distribution was needed.

The objective of this thesis was to identify the primary environmental gradients
influencing the distribution of vegetation, and to test their relationship with the vegetation

in a statistical manner.



3. Analytical Tools

Gradient analysis is a research approach for the study of spatial patterns of
vegetation (Whittaker 1967). There are two general categories of gradient analysis.
Descriptive methods are used to summarize data, to identify pattern and to generate
hypotheses while inferential methods are able to test relationships statistically by explicitly
accepting or rejecting a null hypothesis. We used descriptive methods to identify variables
contributing to vegetation pattern in the perched basins of the PAD. These variables were
then tested statistically using inferential methods. By determining how environmental
variables are related to vegetation distribution, we can better understand the forces that

dictate its pattern.

3.1 Descriptive Methods

Descriptive analysis methods can be of two general types. Direct gradient analyses
involve the analysis of species distributions on recognized, easily-measured environmental
gradients (Whittaker 1967), and indirect gradient analyses use the vegetation data to
generate axes of variation, or ‘community’ gradients. These axes can then be interpreted
in light of measurable environmental variables (ter Braak, in Jongman et al. 1987, Mueller-
Dombois and Ellenberg 1974).

In ecology, ordinations are useful for descriptive analysis because they identify
structure in the data and can be used to generate hypotheses. This thesis used ordination
techniques as an indirect method to show patterns of variation in composition. These

were then interpreted using the available environmental data. Ordination techniques were



also used as a direct analysis method. Together, the results assisted in identifying which

variables were the most important determinants of vegetation pattern.

3.2 Inferential Methods

Although descriptive teéhniques provide valuable insight, they are considered
preliminary. Inferential methods, however, are able to yield statistically-tested results by
explicitly accepting or rejecting a null hypothesis. Once testable environmental variables

were identified, inferential methods were used to test two null hypotheses.

4. Data

Data for this project were from transects established as part of a long-term vegetation
monitoring plan (Timoney, 1996b). Timoney established 36 permanent transects in perched
basins across the PAD, each having a number of plots situated along its length. Thirty-two
transects were established in 1993, two in 1994, and two more in 1995 (Fig. 1-2 - transects are
denoted by Dtxx-yy: DT=Delta Transect, xx denotes year of sampling, yy denotes transect
number; transects are hereinafter referred to as DTyy).

The dataset was compiled over a four year period by sampling from a total of 673
plots. The first three years of data were collected by Timoney (with assistance by me during
1994 and 1995) and the fourth by me. In all years, data were taken over three weeks in late
July and early August to reduce the effect of seasonal vegetation growth and water changes.

Thirty-two transects were sampled in 1993 by Timoney; nine were sampled in 1994 by

Timoney and me (of which 2 were newly-established transects); and eight were sampled in



1995 by Timoney with my assistance (again, two of these were newly-established). In 1996,
we resampled 34 of the transects, and collected elevation data for 29.

The transects were placed widely across the PAD complex to represent vegetation
types in various basins in the semi-active delta. Transect length was dictated by basin size, and
varied from 176m to 926m. Each transect was situated to cross vegetation zones, typically
beginning on a dry levee and ending in a wet basin.

The plots along each transect varied in number from 8 to 23, and were sufficiently
spaced to represent all vegetation types. The method of plot placement along transects was
semi-random, and required a detailed description (Fig. 1-3). A plot spacing interval (x) for
each transect was predetermined based on transect length (for example, x=15 for the shortest
transect, length = 176m; x=40 for the longest transect, length = 926m). For a given transect
(t), a random number (r,) between 1 and 20 was selected for each plot (n). The sum of r, and
X, was the distance in meters to the next plot. For example, the first plot along transect t was
located at x,+r, meters from the start post. The second plot was situated x,.+r, meters from the
first plot. The third was situated x,+r; meters from the second plot, etc.

Each plot consisted of two subplots. The first was a 0.5m x 0.5m quadrat used for
estimating cover of all vascular plants, not including willows, alders and trees. The second was
a 10 m’ circular plot used for estimating the cover of willows, alders and trees. The smaller

subplot was located at the center of the larger subplot.

4.1 Environmental Data

Environmental variables were assessed at each plot. The level of the water table was

measured; positive values represented the depth of standing water and negative values
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represented the depth to wetting in the soil profile. Soil texture and soil drainage were
assessed, there were seven possible classes of soil drainage ranging from very rapidly to very
poorly. There were nine classes of ecological moisture regime (EMR), ranging from very xeric
to hydric. The factors influencing stand establishment were nominal class data and represented
one of the following: tree cutting and soil disturbance, fire, plant/animal effects, terrain effects,
or flood effects. Successional status was quantified using ordinal class data ranging from a
pioneer seral category to a disclimax category. Except for water table and texture, all of these
variables were from a site description manual provided by the Government of Alberta
(Resource Information Branch, 1990).

Several plot attributes were also assessed at each plot. The number of live stems
greater than Im in height was counted; the number of dead stems was counted, the woody
basal area per hectare was estimated with a factor 2 metric prism; and the dominant height of
the non-woody species at plot centre was estimated.

In 1996, 29 transects were surveyed to determine the elevation of each plot.

S. Conclusion

In Chapter 2, Detrended Correspondence Analysis and Detrended Canonical
Correspondence Analysis were used to identify the water regime as the most important
environmental variable in the perched basins of the PAD.

In Chapter 3, two components of the water regime were tested statistically.
Analysis was first conducted by transect; results were further examined by meta-analysis
to draw conclusions on a larger geographic scale. Results were discussed in the context of

ordination results from Chapter 2.

11



In Chapter 4, recommendations and directions for future research were suggested.
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Figure 1-1. Location of the Peace-Athabasca Delta, modified from PADTS 1996.




Figure 1-2. Map of the Peace-Athabasca Delta showing locations of
36 vegetation transects, modified from PADTS 1996.
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Chapter 2

IDENTIFYING IMPORTANT ENVIRONMENTAL VARIABLES

1. Introduction

Marsh and meadow ecosystems in the Prairie provinces and north-central United
States are similar in biological structure and composition (Fuller and LaRoi 1971). The
wetland plant communities in the Peace-Athabasca Delta (PAD) as described by Raup
(1935), and those of northern Wisconsin (Curtis 1959), northern Minnesota (Harris and
Marshall 1963), central Saskatchewan (Walker and Coupland 1968, 1970), and
northwestern Alberta (Moss 1953) have a high degree of similarity in dominant species
and species composition among equivalent habitats (Fuller and LaRoi 1971).

In a review of papers pertaining to wetland vegetation in the Grassland biome of
Canada and the northern United States, Walker and Coupland (1970) identified five
important environmental gradients: water regime, salinity, the edaphic complex, plant
competition, and disturbance. They suggest that, of these, water regime has an overriding
importance in controlling vegetation composition and distribution. However, there is a
growing body of more recent literature on the importance of exposure gradients in
shoreline wetlands (Day er al. 1988). Pre-emption of resources is a form of competition,
and is also known to have significant impacts on wetland community structure (Ellison and
Bedford 1995).

Okland (1996) recommends parallel application of ordination and constrained
ordination to explore different aspects of plant species composition and vegetation-

environment relationships. The objectives of this chapter were to use two analytical
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techniques to identify patterns in the composition of vegetation in the perched basins of
the PAD, and identify the primary environmental variables contributing to this pattern.
The first is an ordination technique, Detrended Correspondence Analysis (DCA), and the
second is a constrained ordination technique, Detrended Canonical Correspondence

Analysis (DCCA) (ter Braak and Prentice 1988).

1.1 Peace-Athabasca Delta

Of the five gradients cited by Walker and Coupland (1970), two have little
influence in the PAD. There are few halophytes in the delta (Fuller and LaRoi 1971), and
the alluvial parent materials are virtually the same throughout the region (Fuller and LaRoi
1971).  Thus, neither salinity nor edaphic differences likely account for the variety of
biotic communities found there. Although competition and disturbance cannot be
discounted as influential processes in the perched basins, they cannot be addressed
explicitly with the data currently available. Therefore, water regime is the variable of
primary interest. However, conclusions regarding disturbance and competition may
potentially be inferred from results of this analysis.

Although the conventional understanding of the ecology of the perched basins in
the Peace-Athabasca Delta recognizes water as primary in affecting vegetation patterns
through its manifestation along an elevational gradient, there is little data to support this
view. Dirschl ef al. (1974) recognized three vegetation types, each distinguished by
elevation which determines the effect of water on the plant communities. Fuller and
LaRoi (1971) described nine vegetation zones in the perched basins arranged according to

elevation. Although Raup (1935) did not specifically address perched basins, he attributes
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the arrangement of plant cover in the PAD to differences in elevation. This view is well-
established and visible changes in vegetation have been used as an indicator of topography
for large-scale mapping (Dirschl er al. 1974). Although a strong relationship between
vegetation and elevation/water regime seems obvious, there is little direct support for it.
Dirschl et al. (1974) used an agglomerative classification approach to produce 15
vegetation types, which were then ordered along a gradient of relative moisture as
indicated by elevation above the Lake Athabasca water level. He concluded that species
aligned themselves in a predictable manner, ranging from the emergent aquatics of shallow
water and immediate lakeshores through fen species to those typical of tall shrub and
forested communities on high levees (Table 2-1). Such a description has three
shortcomings. It is general, offers little insight into processes affecting vegetation, and is
simply a visual interpretation of a table. Timoney (1996) determined that correlations
between plant cover and water depth are low, and suggested that factors other than water

are acting to depress or elevate species cover.

2. Data

Data used for the two analyses were a subset from the Timoney (1996) database,
determined as follows. First, to eliminate the effect of interannual water fluctuations, the
dataset was limited to those collected in 1993. Although there were ample 1996 data, it was a
flood year, and water levels were rising during the sampling period. This prevented the
standardization of water level data as some basins were flooded and some were not. Many of

the inundated plots contained species with poor vigour, and many were completely submerged.
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Second, only species present in at least 1% of the 600 plots were used. This was
needed to reduce ordination distortion caused by ‘similarity’ among plots being based on their
mutual absence of infrequently-occurring species (Hill 1979). Although the original data were
species cover values, they were converted to presence/absence. This both eliminated the
subjectivity of coverage values, and addressed the heterogeneity of plant cover that occurs
from site to site, even within a small area (Barbour ef al. 1987). Consequently, the ordination
used presence/absence of 59 species from 597 plots (in excluding rarely-occurring species, 3
plots became ‘empty’). To facilitate data handling, scientific names were coded (Table 2-2).

Data for the following environmental variables and plot attributes were included in this
analysis: water table, soil texture, soil drainage, ecological moisture regime (EMR),
successional status, a count of the live stems in the plot greater than Im in height (livetally), a
count of the dead stems in the plot (deadtally), the woody basal area per hectare (BAF), and
the dominant height of the non-woody species at plot centre (dom.ht.) (Timoney 1996).
Summary statistics for these variables are in Table 2-3. In addition, the factors influencing
stand establishment were included, and were class data representing one of the following: tree
cutting and soil disturbance, fire, plant/animal effects (animal), terrain-related effects (terrain),
or water-related effects (flood). Due to their nominal nature, each of the factors for which
there were data had to be considered independently (ter Braak 1987). These categories were
‘fire’, ‘animal’, ‘terrain’, and ‘flood’.

3. Methods
The DCA was performed without data transformation or downweighting of rare

species or samples. Detrending was done by segment (26 segments), and there was no
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rescaling of axes. Correlations of the environmental variables/plot attributes with axes of
variation were determined.

The DCCA included all environmental variables and plot attributes (a total of thirteen
when the factors influencing succession are included independently). The analysis options used
were the same as with the DCA. Both analyses were performed using CANOCO (ter Braak

1987).

4. Results
4.1 Detrended Correspondence Analysis

The primary axis of variation (Axis 1) had an eigenvalue of 0.78 and explained 5.9% of
the total variance in species data, and the secondary axis of variation (Axis 2) had an eigenvalue
of 0.67 and explained 5.1% of the total variance. Axis 3 had an eigenvalue of 0.44 and
explained 3.4% of the total variance, and Axis 4 had an eigenvalue of 0.36 and explained 2.7%
of the total variance. Because eigenvalues represent the dispersion of species scores along that
axis (ter Braak 1985), axes with higher eigenvalues had species scores covering a greater range
along that axis and thus accounted for more variation among the species data.

The aquatic species were located near the low end of the x axis, with emergents below
and to the right (Fig. 2-1). Meadow species occupy a central location, and at the lower right
edge are species typical of disturbed meadows. Toward the upper right are the levee species,
ranging from pioneer woody species (Salix exigua) near the center to boreal understory species
at the extreme top.

With respect to a wet-to-dry gradient, the general trend among species is from aquatics

to emergents, then to meadow species (including disturbed meadow species), and finally
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through levee species toward the upper right of the figure. This differentiation occurs primarily
along Axis 1, but exhibits neither a clear nor unidirectional relationship with either axis.

The weighted correlations between each of the environmental variables/plot attributes
and each of the DCA ordination axes indicate strong relationships between Axis 1 and soil
drainage, and Axis 1 and water table (Table 2-4). All other correlation values are small. The
variable of highest correlation with Axis 2 is basal area of woody stems, followed by
successional status and live stem tally. Correlations with third and higher axes are less than

0.30 for all environmental variables and plot attributes.

4.2 Detrended Canonical Correspondence Analysis

Eigenvalues were lower than for the DCA: Axis 1 eigenvalue was 0.51 and explained
3.9% of the total variance in species data, and Axis 2 eigenvalue was 0.32 and explained 2.4%
of the total variance in species data. The eigenvalues for Axis 3 and Axis 4 are 0.15 and 0.10,
respectively. Because the DCCA axes were ‘constrained’ to be linear combinations of the
environmental variables, eigenvalues were expected to be lower.

The arrangement of species in the DCCA ordination is similar to that of the DCA (Fig.
2-2a). The most obvious difference is that emergent species are now located between aquatics
and meadow species, resulting in a clearer arrangement of species along the water gradient. A
notable emergent outlier is Sparganium eurycarpum, situated amongst the disturbed meadow
species.

The DCCA also presents a clear secondary trend among species. In moving along
Axis 1 from aquatic species, we encounter emergents, then meadow species. At this point,

species diverge into levee species toward the upper right of the figure, and disturbed meadow
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species to the lower right. Although disturbed meadow species still occupy a region adjacent
to the mid-range of the wet-to-dry gradient, and are removed from the general trend.

The variables with the highest correlation with Axis 1 are: soil drainage, water table,
ecological moisture regime, and flood effects (Table 2-5). Those with highest correlation with

Axis 2 were successional status, animal effects, basal area of woody stems, and live stem tally.

S. Discussion
5.1 Detrended Correspondence Analysis

There is a wet-to-dry trend among the data, but it is neither simple nor strong. The
eigenvalue for Axis 1 is high, as are the eigenvalues for the other axes. Although soil drainage
and water table have high correlations with Axis 1, they show low correlations with Axis 2.
This suggests that although water-related variables may be the most important in influencing
vegetation distribution, much of the variation among the data remains unexplained. This is
surprising considering the purported overwhelming influence of water on vegetation
distribution. Either the influence of water on the vegetation is complex, or other factors are
important.

All meadow species would be expected to exist together near the midrange of a water
gradient, yet a large spread is evident among them. To the lower right of the figure are
disturbed meadow species: Plantago major, Cirsium arvense, Taraxicum officinale, Sonchus
arvensis, described as introduced weeds, and Hordeum jubatum, Anemone canadensis,
Beckmannia syzigachne, Potentilla norvegica, Ranunculus sceleratus, Achillea sibirica,
Epilobium angustifolium, Poa palustris, described as disturbance species or found in ditches

(Johnson et al. 1995). Although their habitat with respect to water would be similar to that of
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the other meadow species, the DCA analysis shows clear separation. Several of these species
are prevalent in the basins adjacent to the north shore of Lake Claire where bison calve and
raise their young (Allison 1973). Thus, these species may be adapted to the periodic small-
scale disturbances of bison trails, wallows, droppings and herbivory. Ifthis is the case, adaptive

strategies may be based on rapidly colonizing these disturbed areas and pre-empting resources.

5.2 Detrended Canonical Correspondence Analysis

The DCCA ordination provides a poorer representation of variation among the species
data, as indicated by lower eigenvalues for the axes. However, more information was used in
this analysis, and it is inherently more complicated. As with the DCA results, total variation
among the data is distributed more evenly among axes than would be expected for a system
driven by the water regime alone.

The general similarity between the DCCA and the DCA ordinations may indicate that
the environmental variables used in the analyses were important driving variables of plant
community composition. Congruent configurations are an indication (but not proof) that
optimal environmental variables have been found (@kland 1996).

Several axes correlation values for the environmental variables are high. Again, water-
related variables are associated with Axis 1, and are the most important. However, it should be
considered that there are four water-related variables, and some are highly correlated: drainage
and water (-0.86), drainage and EMR (0.63) and water and EMR (-0.60). Thus, a water bias
in the data collected may explain why the water-related gradient is stronger than in the DCA

ordination.
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If there is a water bias in the DCCA, disturbed meadow species are strongly resisting
that bias. Animal effects show a high correlation with Axis 2. This is not surprising because
many of the disturbed meadow species are prevalent where bison range in the northern portion
of the PAD. Other highly correlated variables are successional status, BAF, and live stem tally.
It should be noted that both BAF and live stem tally, as well as dead stem tally, are plot
attributes, and can only be considered in a correlative sense, not an explanatory sense. BAF
and live stem tally increased toward the top of the diagram. A possible explanation is that
constant bison activity in the area may prevent the establishment of larger woody species. The
fact that the aquatic species are situated higher along Axis 2 may be due to the presence of
flooded plots along several transects (DTO1, 02, 03). Here, willows that established in the
low-water years of the late 1960’s have persisted through several years of flood during which
aquatic species were introduced (Timoney 1996).

The water regime gradient and the disturbance component may together explain the
divergence in species along Axis 1. With drying of the basins, aquatics are succeeded by
emergents, then meadow species. Continued drying may lead to the establishment of willow
and eventually, forest species. However, if the region is frequented by bison, meadow species
may be replaced by disturbed meadow species. Because the two paths show no subsequent
sign of convergence, further drying may not lead to the establishment of woody species in
disturbed areas because continual use by bison may prevent the establishment of shrub and tree
species.

Because the disturbed species are generally found in the basins on the northern margins
of Lake Claire, and this is the region of habitual bison activity, there may be a spatial

component to vegetation distribution in the basins.
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Although conipetition among plant species was identified as a possible influence on the

distribution of vegetation, these ordination results offer no conclusions in this regard.

6. Conclusion

These results may contrast with the conventional understanding of the predominant
influence of water on vegetation distribution in the PAD, but still show clear wet-to-dry trends.
Of the five variables cited by Walker and Coupland (1970), my results find water regime
to be the most influential, with small-scale disturbance secondary in importance.

These results direct further research in one of two directions. With respect to the
water regime, the next step is assessing how water influences species distributions. Water
regime is a complex variable with many possible interpretations including water depth (or
depth to water table where the water level lies below the soil surface), flood frequency,
flood depth, flood duration, hydroperiod, and amplitude of water fluctuation, among
others. Water regime can be further complicated when the related processes of silt
deposition and wave action are considered.

Variables that are unrelated to the water regime may also be necessary to explain the
distribution of species in the perched basins. The disturbance regime also appears to be

important, particularly with respect to the small-scale effects of bison.
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Table 2-2. Species codes, frequencies, median water tables, and scientific names for 59 species
occurring in at least 10% of 597 plots, Peace-Athabasca Delta, 1993. Species are arranged
according to median water table from wet to dry; 130cm was the maximum value recorded.

- Species code | Frequency “mealan clentitic
(total plots=897) water table (cm)
o acor cal 7 ACOTUS Calamus
utr] vul 18 2 ulana vulgans
cera dem ] 30 Ceratophylum demersum
lenm Il 45 <} Lemna Insulca
femn min 112 -20 Lemna minor
utrl min o1 18 Ul nor
f.zjs?lll 12 k) 8 /atfoks
3 10 4 um tum
care ros 18 -3 Carex rosirata
ul hu P - etum Nuvia
éu com 13 =3 'S cCOmmunis
scol fes 07 ] C a festucaceae
care “ﬂu 35 -1 Carox aquaths
—gall ~ 64 0 Galum trfidum
SPAr eur 11 1 nium eurycarpum
ranu scl 18 k) anunculus sceleratus
care a kikd 4 Carex atherodes
sall pla 141 5 alkix planfiola
scir val 1 S Ipus vekdus
r':ill‘ Tul 10 7 alx lutea
| K4 K4 0
-E:l. 12 10 oeum um
aste pun 15 17 Aster puniceus
ment arv < I 24 Mentha arvensis
sall exi -4 24 Sekx "’ﬂ.ﬂr
cala can 202 5 Calamagrostis canadensis
sall dis (7] 27 ahX HSCOIOr
] ) o1 Ficea gauca
O sCa i) kk] %scabn
e nor 15 3 ofentla norvegica
zali bab N = ol bebbans
UM Mac 0 55 Geum macrophyRum
Kk syz ] 70 Beckmannia syzigachne
TUMe Mar 80 ™ Rumex Manimus
vice ame 7 77 Vicea americana
SONC arv (2] ) SONCHUS 8rvensis
cala sir 92 %0 Ca{gm(p_agosEsMcta
orth sec 3 105 Orthila secunda
cirs arv 14 115 CIrSIum arvense
ac 1 54 1!556_— [Ach¥ea sibirica
o rep ] AQropyron repens
:YITII inc 10 T30 Ams incana
anem can 21 10 ANemone canadensis
corm sto 12 T30 Comus stolonifera
epil & 25 T30 um angustfoRum
equl arv 75 T qQuiselum arvense
hord Jub 27 T30 Hordeum jubatum
plan maj 14 TR Plantago major
poa Int 10 T e r
poa pal i) T30 Wo
e ans k3 50 entla ansenna
ranu cym [ 10 anunculus cymbalana
7083 &cl 7 T30 Rosa aciculans
rubu ida 20 To0 Rubus idaeus
rubu pub [ TR Rubus pubescens
scut gal 10 T cutellana galenculata
siac pal 10 130 ;_TacEZs ﬁsﬂis
fara oa 15 T30 araxacum officinale
urti dio 12 130 Urtica dioica
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Axis 2

Figure 2-1. Detrended Correspondence Analysis ordination of 59 species,
Peace-Athabasca Delta, 1993; (Axis 1 eigenvalue = 0.780, Axis 2
eigenvalue = 0.667). Five general species groups are shown; for
complete species names, see Table 2-2.
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Figure 2-2a. Detrended Canonical Correspondence Analysis ordination of 59 species,
Peace-Athabasca Delta, 1993 (Axis 1 eigenvalue = 0.508; Axis 2 eigenvalue = 0.320).
Five general species groups are shown; for complete species names, see Table 2-2.
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Fig. 2-2b. Biplot score for environmental variables and plot attributes; symbol indicates high
value for that variable. Plot scale is identical to scale for Fig. 2-2a above.
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Chapter 3

ELEVATION AND WATER TABLE

1. Introduction

Chapter 2 provided evidence of arrangement of species in the perched basins of the
Peace-Athabasca Delta (PAD) along a wet-to-dry gradient. The primary objective of this
chapter was to explore this relationship further. Analysis was first conducted by transect and
results were then combined using meta-analysis to yield conclusions across perched basins of
the PAD. Elevation and water table were two components of the water regime gradient used
for these analyses. Results were discussed in the context of the ordination results from the

Detrended Correspondence Analysis in Chapter 2.

1.1 Justification for Gradients

There are many ways in which water influences plant distribution, and the ‘water
regime’ gradient can be interpreted in many ways. Day ef al. (1988) found water depth to be
one of three factors controlling vegetation composition in a riverine marsh while David (1996)
examined plant species distributions in relation to hydroperiod (i.e. depth and duration of
flooding). Vince and Snow (1984) assessed vegetation relationships to frequency, depth
and duration of tidal flooding. Franz and Bazzaz (1977) modeled species distributions
using ‘stage probability’, or the probability of flooding. Other important water-related
variables are soil depth to the permanent water table and amplitude of water level fluctuation.

Although hydrologic changes may occur on several time-scales, elevational

position remains relatively fixed. As such, many hydrological effects are inextricably
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linked to elevation within the basin. A site’s elevational position may dictate water depth
or depth in the soil profile to water table. On a time-scale of years, it may affect duration
of inundation, and possibly frequency of flooding. On a decades or centuries time-scale,
elevation may be related to depth to the permanent water table, as indicated by the level in
the soil profile at which continuous gleying occurs. To the extent that massive floods are
considered to be the primary agent for disturbance, elevation may influence disturbance
characteristics. According to Day et al. (1988), elevation affects the length of the
growing season, substrate organic content, region of wave and ice scour and region of
litter deposition. We selected elevation as a variable for inferential analysis because it has
the potential to serve as a surrogate of many other water-related variables.

In wetlands, vegetation is largely a function of water depth (Spence 1982, van der Valk
et al. 1994). However, to include sites where the water level lies below the soil surface, depth
to water table was the second variable chosen for investigation. Because no previous work in
the perched basins has tested vegetation distribution along any gradient and water table is the
simplest interpretation of the water regime, it may provide a useful starting point. Most
perched basins are flooded infrequently, and it would require several years of observation to
quantify many of the above variables. However, the level of the water table is easily measured,

and data can be collected annually.

2. Data
Species and water table data were from Timoney (1996), and we collected elevation
data in 1996. Following Chapter 2, the species and water table data from the 1993 transects

were used (Fig. 3-1), and species present in less than 10% of the plots (6 of 600) were
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eliminated from further analysis. In doing so, three plots became ‘empty’, and were also
eliminated. In addition, three transects (DT12, 18, 30) were excluded because elevation data
could not be obtained for them. Thus, the dataset for this statistical analysis included 538 plots
along 29 transects.

The primary study variable was presence/absence of species, and was investigated in
relation to the primary independent variables of elevation and water table, both of which were
measured on a continuous scale of centimeters. Elevation measurements were specific to each
transect because it was impractical to tie the transects together using conventional surveying.
As a result, the elevation of each plot along a given transect was determined relative to the plot
with the highest elevation. Water table values were positive or negative: positive values for
plots where measurements represent depths in the soil profile to the water table, and negative
values for plots inundated with a depth of standing water. Zero values indicate that the water
table was at the soil surface.

There were concerns that historical water levels and seasonal hydrologic patterns could
compromise the quality of the data. By using data collected in 1993, the effect of historical
floods on vegetation was reduced. It may take several years for vegetation to adjust to the new
hydrologic conditions subsequent to a large-scale flood. However, in 1993 it had been 19
years since the previous large-scale event. Consequently, vegetation had had a long period of
time to synchronize with slowly declining water levels. The seasonal pattern of water levels
typically exhibits a slow decline throughout the summer. To minimize seasonal effect, water
table measurements on all transects were taken within a short time period: three weeks in late-
July and early August. This may also have reduced the effects of shorter time-scale

fluctuations in water levels due to recent precipitation.
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3. Methods

A preliminary analysis showed that there was considerable heterogeneity in species
distributions across the perched basins within the PAD. Of the eight most common species,
two ‘generalist’ species were wide-spread (Carex atherodes was ubiquitous; Calamagrostis
canadensis was present on 30 of 34 transects) and were equitably distributed (Figure 3-2). All
other species were absent from at least seven transects, and had a low frequency of occurrence
on several others. Although Salix planifolia was generally widely distributed, its occurrence
was conspicuously low near the northeast shore of Lake Claire.

Species heterogeneity had two important implications for further analysis. First, it
inhibited drawing conclusions across the PAD on an individual species basis. Second, for each
transect the number of plots was too small to describe sufficiently the distribution of most
species. Further, overall species coverage in plots was so low that a special analytical tool to
deal with such data was sought by redefining the outcome measure from species coverage to a
simple binary score representing presence (1) or absence (0).

To yield conclusions across the PAD, this suggested an analysis by individual transect
with results combined using meta-analysis. This was undertaken using the following methods,

described in four steps.

3.1 Species Grouping

The spatial pattern of species shown in the Detrended Correspondence Analysis (DCA.;
ter Braak 1992) ordination results from Chapter 2 combined with knowledge of their
autecology was used to subjectively group species into seven classes (Fig. 3-3), which were

used in subsequent analyses. Other studies have grouped species similarly: Day et al. (1988)
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assigned species to functional groups based on similarities in morphology, physiology, or role
in the community, and Ellison and Bedford (1995) aggregated an unwieldy number of species
into a manageable number of functional ‘species types’. Similarly, Boutin and Keddy (1993)
devised a functional classification of wetland plants.

Figure 3-2 shows a clear delineation among five of the classes: aquatics, emergents,
meadow species, disturbed meadow species, and levee species. Two generalist species with
widespread occurrence were each treated separately, yielding a total of seven classes. Table 3-
I shows species membership by class, and the scientific names corresponding to species codes

in the DCA ordination.

3.2 Logistic Regression

The dependent variable for this portion of the analysis was presence/absence of species
classes. Therefore, logistic regression modelling was an appropriate analysis method (Hosmer
and Lemeshow, 1989). For each transect, we investigated the functional relationships
(positive, negative or quadratic) of the presence or absence of each species class with the
explanatory variables of elevation and water table. These were graphically explored initially,
and DTO07 was eliminated from the analysis because it exhibited no variance for water
table (Appendix 1); all plots had water table values in excess of 130cm - the length of the
soil auger. For the remaining transects, the number of plots per transect ranged from 8 to
23, and was too low (1) to confirm any definite pattern for all species classes but one, and (2)
to be useful in modelling because of violations of the asymptotic distribution assumption. The

lack of definite pattern justified pooling of the data across species classes to address the
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second weakness, i.e. to get a robust estimate of the slope coefficients of elevation and
water.

With a pooling approach, there was a potential problem with those classes exhibiting a
negative relationship to elevation or water table countering the effects of classes exhibiting a
positive relationship, thus potentially reducing the significance of the real effects. To address
this possibility, all models initially included interactions between species classes and both water
table and elevation. Although the preliminary graphical analysis showed aquatics to exhibit a
negative relationship to water and elevation for most transects, there was little general pattern
among the other classes when similarly portrayed (Appendix 1). However, these relationships
are best described as positive for the highest number of plots. For this reason, the aquatics
class was not included in the analysis. Due to the lack of understanding of how the non-aquatic
species classes behave, we left all final decisions to statistical testing, incorporating only the
plausible assumption that presence/absence of species classes was related to the water
level and elevation. Any classes that exhibited either all presence or all absence values were
also eliminated prior to this analysis. The possibility of there being a quadratic relationship of
species classes to elevation or water table was addressed by initially including quadratic effects
in all models.

The dependent variable for the analysis was presence or absence of the species classes.
As there was more than one class, dummy variables were created to recognize each
observation as referring to a particular species class. Consequently, for an analysis of n classes,
n-1 dummy variables were included as secondary independent variables (Hardy 1993).
Because logistic regression models investigate relative relationships, a reference class was

needed, and the ‘Carex atherodes’ class was selected because it was included in all transect
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models but one; for DT23, ‘Calamagrostis canadensis’ was used as the reference
category.

Finally, the null hypothesis tested was: presence/absence of species classes is not
significantly related to water table or elevation, nor to any differences in species classes. The
model form used for the test was: y = f(ot + Bix) + Bax2 + Paxs + Baxs + Bsxs + Bexs + Prx7),
with dummy variables excluded where not required. The ‘f * was the function linking the
binary outcome to the relevant influencing factors, and a logistic link function was initially
considered. The independent variables were: x; = elevation, x,= water table, x; = emergents, x;
= Calamagrostis canadensis, xs = meadow species, xs = disturbed meadow species, X7 = levee
species.

The success of the final model run was assessed using the Hosmer-Lemeshow
goodness-of-fit test (Table 3-2) (Hosmer and Lemeshow, 1989), and the coefficients of
elevation and water table were evaluated for significance using a chi-square test (Table 3-3)

(Hosmer and Lemeshow, 1989). In both cases, Type I error was preset to 0.05.

3.3 Cluster Analysis

The logistic regression results for DT06 showed multicollinearity and resulted in
extreme beta values (Table 3-3). Consequently, it was eliminated from further analyses. The
remaining logistic regression results exhibited some geographic pattern among transects in the
significance of elevation and water table. Consequently, the third step used a cluster analysis to
classify transects into a pre-selected number of ‘strata’ for further analysis (Norusis, 1996). A
K-means analysis allows the user to pre-specify the number of clusters (Howard, 1991), and

the procedure was conducted three times, with the number of strata pre-specified as two,
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three and four. The variables used for clustering were the slope coefficients for the two
independent variables of primary interest: elevation and water table (Table 3-3).

The result for two strata provided the most logical grouping of transects. When
plotted geographically, a clear pattem is evident (Fig. 3-4). In general, Stratum 1 (n=10) is
composed of transects located in the middle delta (around Lake Mamawi and the NE shore of
Lake Claire). Members of Stratum 2 (n=17) tend to be found at the peripheral regions of the

PAD complex.

3.4 Meta-analysis

Meta-analysis is the quantitative study of several studies relating to a particular problem
(Marriott 1990). The objective of the final portion of the analysis was to combine the results of
the coefficients for water table and elevation to obtain meaningful overall conclusions. We
used random effects models as a method of meta-analysis to analyze the two strata of transects.
The models incorporated the varying sample sizes among transects and the random transect
effect (Scheffé 1959). The model used was:

Yi=pn+oite;,
where Yj; is the estimated coefficient for water table/elevation, u is the overall mean effect of
elevation/water table and is the variable of primary interest, a; is the i transect effect and &j is
the error of estimating the parameters due to water table and elevation.

For each model, we assumed that the transect effects were random. This assumption is
justified because the 29 transects were considered a random sample of a vast number of
potential transects. Then we applied general least squares methods to estimate the overall
effect (1) due to water table and elevation.
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For each stratum, these values were used to test the null hypothesis that the effect ()
for all transects in the stratum equals zero. Again, significance levels of 0.05 were considered.

The program used for meta-analysis calculations is in Appendix 2.

3.5 Detrended Correspondence Analysis
The DCA methods were described in Chapter 2. Here, the ‘sites’ ordination, which
has not yet been presented, was of primary interest (Figure 3-5). To ease interpretation,

individual transects were then portrayed separately (Figures 3-6a to 3-6e).

4. Results
4.1 Logistic Regression Results

Interaction effects were significant in only four cases out of 29 (DTO03, 13, 15 and 24),
and because they added little additional explanation overall, they were removed from all models
for obtaining parsimony.

Quadratic effects were found to be significant in only two cases: DT10, where the p-
value for water” was 0.0413, and DT13, where the p-value for water* was 0.0161. However,
in both cases the odds ratios were close to 1 (0.9996 and 1.0005 respectively), indicating no
substantial quadratic relationship between species classes and water’. Thus, we did not pursue
the quadratic effects further.

The plot prediction rates were generally high and averaged 77.8% for all transects
(Table 3-2). The Hosmer-Lemeshow statistic showed that the final models were satisfactory

in all but two of 29 cases. Although they varied in significance from 0.0037 (DT05) to 0.88
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(DT27), only two models significantly diverged between observed and expected values at
p<0.05 (DTOS and DT19, Table 3-2).

The slope coefficients for elevation and water and their corresponding p-values are
summarized in Table 3-3. In logistic regression models, each slope coefficient represents a
‘log odds ratio’, or the logarithm of the probability of presence over the probability of
absence per unit change in the independent variable. For elevation and water, it quantifies
their relationship to the odds of presence/absence, adjusting for the differences among the
species groups. Elevation exhibited a significant relationship to the distribution of species

classes for four transects; water table exhibited a significant relationship for five transects.

4.3 Meta-analysis Results
Neither elevation nor water table were significantly related to the distribution of
vegetation when examined over the large geographic areas represented by the two strata (Table

3-4).

S. Discussion
S.1 Logistic Regression

The plot prediction rates are high for all models and the goodness-of-fit results
indicate that only two of the individual models are not useful for successfully predicting
presence or absence of these species groups: DT05 and DT19 (Table 3-2). For the
remaining transects, the range of model significance and the variation among variables of
significance illustrates the difference in character among them. This makes it difficult to draw

PAD-wide conclusions regarding the influence of these variables on the distribution of
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vegetation in the perched basins. As a result, the models are not useful beyond the basin in
which the transect is situated.

In considering general patterns among transects, however, two results were
noteworthy. Elevation was significant in four transects, and water table in five. As such, both

variables exhibited surprisingly weak overall relationships with the distribution of vegetation.

5.2 Meta-analysis

Given the arrangement of species along a wet-to-dry trend that is evident in Fig. 3-2, it
is surprising that neither elevation nor water table was found to be significant for the two strata
of transects. However, the results are not surprising considering the general low significance of
both elevation and water table for the models of individual transects. In turn, these can be
attributed to two general factors.

The first factor relates to two shortcomings in the design of the study and their effect
on the results. The perched basins characteristically have slight elevational changes occurring
over large distances, and it is questionable whether 8-23 plots per transect are sufficient to
understand species distributions. For example, DT27 exhibited the largest elevational
difference among plots, with 209 cm of elevational change manifested over a 700m distance,
but included only 16 plots. Because of the low number of plots, transects could not be
analyzed by species, and a grouping scheme was required. The result was a loss of information
at the first stage of the analysis that reduced the power of all subsequent analyses. Although
the grouping of species may be appropriate when analyzing basins of different species

compositions, all transects should have been designed to allow analysis by individual species.
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These results would have provided more information at the first stage of the analysis, and may
have affected the results for both the cluster analysis and the meta-analysis.

The low significance of elevation was especially surprising. However, the elevation
data suffered a second deficiency in that it was impossible to properly register the elevations of
each transect to a common benchmark. The only option was using the elevation of the plot of
highest or lowest elevation as a baseline, and adjusting the values for the remaining plots
relative to it. Consequently, for each transect the plot of highest elevation was given a baseline
value of ‘0’. However, the baseline plots differed with respect to vegetation composition. For
example, the baseline plot for DTO1 contained species characteristic of a wet meadow (and
even included an aquatic), but for DT10 contained primarily levee species. The differential
positions of transects along a PAD-wide elevational gradient could not be reconciled, and this
further contributed to the negative result for elevation.

The second factor that may explain the negative results is the possibility that both
variables exert less influence than conventionally believed. The level of the water table changes
over space and time, and a one-time measurement may be highly variable, and an over-
simplified interpretation of the water regime. The elevational gradient of individual basins may
be too weak to segregate species into their realized niches. If either or both of these are the
case, then other variables likely are of importance.

The difference among transects in the significance of both variables combined with the
heterogeneity of species distributions among basins suggests ecological complexity. This may
indicate that the influence that variables exert on the distribution of species may vary from basin

to basin.
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5.3 Discussion of Ordination Results

The DCA ordination results from Chapter 2 can be used to help identify which
processes may be the primary determinants of vegetation pattem. Figure 3-5 shows the
distribution of all 600 plots in relation to the first two axes of variation. The majority are
situated in a diagonal triangle from lower left to upper right, corresponding to the wet-to-dry
trend among species. While plots from some individual transects also followed this pattern,
many did not. We explore below possible causal factors of the PAD-wide heterogeneity

among transects.

5.3.1 Transects Following the General Trend

The transects that follow the general pattem are DT04, 05, 07, 10, 22, 26, 27, 29, 32
(Fig. 3-6a). Their plots traversed much of the wet-to-dry gradient, and thus they are expected
to show the strongest relationship between vegetation and both elevation and water table.
However, the logistic regressions showed that the only relationships of significance were
between species groups and water table on DT10 and DT22 '(Table 3.3).

Although these transects exhibit a similar general pattern, closer examination reveals
considerable heterogeneity. All transects present levee plots at the upper right of the ordination
plot, but differ with respect to the placement of the remaining plots. The location of the
transects may provide some insight. DT22 is in the Birch Delta; DT26 and 27 are on the
southeast shore of Lake Claire; DT04 is adjacent to Mamawi Creek; DTOS, 10, and 25 are
adjacent to the Quatres-Fourches River; DT29 is adjacent to the Rocher River; DTO7 is in an
isolated basin in the northern part of the PAD; and DT32 is in the Athabasca Delta (Fig. 3-1).

It is likely that the important influences on plant distribution vary among these basins.
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The location of DT26 and 27 on the shore of Lake Claire may subject them to a
different disturbance regime. They are located far from the origins of overbank flooding, and
may experience lake-related disturbances (e.g. wind driven seiches, wave action, and ice push).
Bayrock (1972) shows these two transects are located in the region of highest wave action in
the PAD.

Several of the other basins are adjacent to high-energy rivers (DT04, 07, 10, 22, 29,
32; Fig. 3-1), and DTOS and 25 are adjacent to medium-energy rivers. Their location can
subject them to periodic large-scale disturbances as floodwaters deposit seeds and large
amount of silt. This, combined with the weakness of the elevational gradient, may prevent
species from fulfilling their realized niches along the gradient. The most obvious mechanisms
for this are the pre-emption of resources by the species that first establishes following
disturbance, and its ensuing ability to persist. A prerequisite for it being displaced by a
competitively superior species is that the latter must be close enough for interaction. However,
the establishment by colonizers of large monospecific areas may reduce interspecific
interaction. In the event that displacement can occur, the time it might take for a weak
elevational gradient to segregate species into their realized niches would be considerable. In
the meantime, the species present may not accurately reflect the environmental conditions.

Rather than being a simple function of environmental conditions, the presence of a
species at a particular site may be dictated by its proximity to the site following disturbance, by
the timing of the release of its propagules, or by its composition in the seed bank. These
possibilities have been noted by others: Dirschl et al. (1974) describes emerging silt flats as
rapidly colonized by germinating seed present within the silt and distributed by wind; PADPG

(1973) describes new willow and meadow communities as well-established three years
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subsequent to the exposure of mudflats. If any of these factors play an important role, the

influence of elevation and water table would be diminished.

5.3.2 Middle Delta Transects

Eight transects had a narrow spread of plots across the ordination axes indicating that
the majority of plots had similar compositions, primarily dominated by meadow species (Fig. 3-
6b). For five of these (DTO08, 09, 13, 16, 28), the plots were located as a poorly organized
group near the centre of the diagram; for two (DT11, 15) the plots are similarly located but
there is a vague trend along the wet-to-dry gradient; and for DT24 the grouping is tight and
linear.

Given the general lack of trend, it is surprising that one of the transect regressions
revealed that both variables were significant (DT16), and two others showed elevation to be
significant (DTO09, 11) (Table 3.3). However, the similarity among plots coupled with the
locations of the transects may provide an explanation.

Except for DT13 and DT28, these transects are situated in basins in the middle region
of the PAD and are adjacent to Lake Claire or Mamawi. During large-scale floods, water from
the Peace or Athabasca Rivers first flows through the large lakes, losing energy and depositing
sediment. Upon recharging the adjacent basins, less silt is introduced and thus declining water
levels following recharge do not expose mineral soil. Therefore, there is a reduced likelihood
of both the mortality of pre-established individuals and the introduction of new species.
Because species are more able to persist through floods, they may be more able to arrange
themselves according to long-term hydrological conditions. This may result in the elevational

gradient better reflecting the distribution of species.
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5.3.3 Transects in Active Areas

Four transects follow the wet-to-dry gradient, but have no plots at the extreme dry end
(Fig. 3-6¢). Two of these are located in the Athabasca Delta (DT21, 31), one is in the Birch
Delta (DT23) and one is adjacent to the Rocher River (DT14). These locations are similar in
that they are all subject to overbank river flooding. Except for DT14, they are situated in areas
of active deltaic processes. In addition, the location of DT21 possibly makes it susceptible to
the effects of wind-driven seiches from Lake Athabasca. Strong easterly winds have been
observed to raise water levels at the western end of Lake Athabasca by over a meter (PADPG
1973). For these reasons, these transects may endure higher flood frequencies such that high
levee species do not persist.

With frequent inundations species may not come into equilibium with water
conditions. This has been noted by others: Jean and Bouchard (1993) assert that changes in
the hydrological characteristics of the basins and changes in vegetation may occur on different
time scales. If vegetation is responding to dynamic water-related variables, it may constantly
be lagging. This asynchronicity may inhibit the detection of a statistically significant

relationship.

§.3.4 Bison Disturbance Transects
The transects exhibiting the most obvious deviation from the primary trend are DT17,
19, 20 (Fig. 3-6d). Most plots are in the lower right of the figure and indicate transect-wide

dominance by the disturbed meadow species of Fig. 2-1.
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These transects are located in a region of high bison activity (Allison 1973), where it is
likely that ongoing animal disturbance has had an important influence on the vegetation

composition, thus overriding the effects of elevation and water table.

5.3.5 Recently Flooded Transects

DTO06, and to a lesser extent, DTO1 show plots to be clustered at the wet end of the
gradient (Fig. 3-6e). These transects, along with DT02 and DT03 were almost completely
flooded when sampled. Trends were complicated by the fact that floating aquatics were
present in nearly every plot, and co-occurred with the species existing prior to flooding,
primarily meadow and levee species.

For these transects the vegetation composition was a product of pre-flood and post-
flood hydrological conditions. Likely not enough time had elapsed to allow the majority of

species to synchronize with the water-related variables.

6. Conclusion

Previous descriptive studies showed that plant communities are related to a water
gradient in the perched basins of the PAD. Although this is supported by the descriptive results
of Chapter 2, neither elevation nor water table were found to be statistically significant using
these data.

Although these negative results may be due in part to shortcomings in the study design,
the remarkable differences in character of the perched basins may also be a contribution. The

distribution of species across basins is extremely heterogeneous, as is the influence of elevation
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and water table on vegetation distribution from the logistic regression results. It is evident that
the vegetation ecology in the perched basins is still poorly understood.

It is important that further research recognize the heterogeneity of species distributions
in the perched basins, and the impact that large and small-scale disturbances may have on their

distribution. Several other variables may be influential, and should be considered regionally.

57



7. Reference Cited

Allison, 1., 1973.  The status of bison in the Peace-Athabasca Delta, in Ecological
investigations: volume 2, Peace Athabasca Delta Project Group, Canada, Alberta,
Saskatchewan, pp. M1-M27.

Bayrock, L., and Root, J.D., 1972. Geology of the Peace-Athabasca Delta, in Hydrologic
investigations: volume 1, Peace Athabasca Delta Project Group, Canada, Alberta,

Saskatchewan, pp. N1-N47.

Boutin, C., and Keddy, P.A,, 1993. A functional classification of wetland plants, Journal

of Vegetation Science 4: 591-600.

David, P.G., 1996. Changes in plant communities relative to hydrologic conditions in the

Florida Everglades, Wetland, Vol.16, No. 1, pp. 15-23.

Day, R.T., Keddy, P.A,, McNEeill, J., and Carleton, T., 1988. Fertility and disturbance

gradients: a summary model for riverine marsh vegetation, Ecology, 69(4), 1044-1054.

Dirschl, H.J., Dabbs, D.L., and Gentle, G.C., 1974. Landscape classification and plant

successional trends: Peace-Athabasca Delta, Canadian Wildlife Service Report Series No.

30, 34 pp.

58



Ellison, A.M. and Bedford, B.L., 1995. Response of a wetland vascular plant community

to disturbance: a simulation study, Ecological Applications, 5(1), 109-123.

Franz, E.H., and Bazzaz, F.A,, 1977. Simulation of vegetation response to modified

hydrologic regimes: a probabilistic model based on niche differentiation in a floodplain

forest, Ecology 58: 176-183.

Hardy, M.A,, 1993. Regression with Dummy Variables, Series: Quantitative Applications in

the Social Sciences, Number 93, Sage University Paper, Newbury Park, Ca, 90 pp.

Hosmer, D., and Lemeshow, S., 1989. Applied Logistic Regression, John Wiley and Sons,

Toronto, Ont., 307 pp.

Howard, P.J.A, 1991. An Introduction to Environmental Pattem Analysis, The Parthenon

Publishing Group, Park Ridge N.J., 254 pp.

Jean, M. and Bouchard, A, 1993. Riverine wetland vegetation: importance of small-scale and

large-scale environmental variation. Journal of Vegetation Science 4(5): 609-620.

Marriott, FH.C,, 1990. A Dictionary of Statistical Terms, Longman Singapore Publishers

Ltd., Singapore, 223 pp.

59



Norusis, M.J., 1996. SPSS 7.5 for Windows, SPSS Inc., Chicago, IIl.

Peace-Athabasca Delta Project (PADPG), 1973. Technical Report. Peace-Athabasca

Delta Project Group, Canada, Alberta, Saskatchewan.

Scheffé , H. 1959. The Analysis of Variance, John Wiley and Sons, Toronto, Ont., 477 pp.

Spence, D.H.N.,, 1982. The zonation of plants in freshwater lakes. Advances in Ecological

Research 12: 37-125.

ter Braak, C, 1992. CANOCO - a FORTRAN program for Canonical Community

Ordination. Microcomputer Power, Ithica, New York.

Timoney, K., 1996. Peace-Athabasca Delta Technical Studies - Vegetation Monitoring Study:

Final Report. Wood Buffalo National Park, Fort Smith, N.W.T., 66 pp.

Van der Valk, A.G., Squires, L., and Welling, C.H., 1994. Assessing the impacts of an

increase in water level on wetland vegetation, Ecological Applications, 4(3), 525-534.

Vince, S.W., and Snow, A.A., 1984. Plant zonation in an Alaskan salt marsh: distribution,

abundance, and environmental factors, Journal of Ecology, 72, 651-667.

60



61

wndieakine wnueBeds mo seds
snpyea sndyos [eA 5108
SNnjeIsfass sninounuey 19 nue)
sununiiod sopubelyy  wod eayd
siIsuspeued sgsoleuseen ued ejed sapassyje xase) yye ued eyoger eydAy wydAy
WeN HHUMNIS apo sAdg AUEN HYNUNIS 3p0D 323dg RN NS 3poD sadads
sisuapeue? sisosfewejen saposayje xaie) mucun.o:.mﬂ
iofew obejuely  [ews uwyd
osuanse wniss) Al sid
euyoebizAs suuewnseg  zAs yaq
2/qeos sgsolby  eas osbe
ejenousieb euegeinds 6 1nos eueeqQuifs snounuey  wkd nues
susgseqnd sngny  qnd nqmu wnjegnfwnepioyy  qni proy exop eI O N
sneepisngny  epynqns SfRUYO Wnoexese | }o viwy SIUDUeW XWNY 181 NI
SUBINOR BSON 138 BSOS euuesue emualod  sue ajod wngfydasew wnee  2euws unab
osuanse wnjesinby ae inba Jousjus eoyq s eod supsned edduoy jed pos
IQJUOIO}S SNWOD O} W0 SISUGAI® SNYIUOS  AJP JUOS supsnyed sAyaels ted 2ups
euedys SNufy U nuje esBealou emuaod  sou ajod snaoundse)sy  und apse
epunaes epyuO 9% Yo ejous sgsaeweie) 1S eged omenny wmesnby  ny mba SsuoAR RYUS Ase Judw
eueiqgeqxgeS  qeqes SNQS APy qis 1yoe wnoxddee wneg e undb o0 suendYy  uw LN
eanefessy wbad wnyoggsnbue wrigopd3  Bue yda wnpyuy uinge 45y 1eb JoUNU BUWOT Ul LUy
10035 xRS  SIp YeS suedes vaiAdolby  das oibe wnjepo wnqosd3 1o pda exnsy) euwe] M) WA
enBxe xyes ma yes SISUGDEURI SUOWILY  UED WRUE Qjeiisal xa/ie)  SOJ eI wnsiowep wngfydojesad WP v
ey xyes | yes syjsnjed eog  |ed eod swenbe xe/e)  nbeawd sueBina eueinoyyn DA N
eyopusd xyes od yes QUBIUSWIR B8DIA W INA  |8RIILINISSY BONYI0I0IS $3§ (078 SIWeed SUodYy 13 2008
UEN JYNUNIS 3p0D sadads BN YNUNIS 3pod saadg SWEN JYNUANIS  IP0D SAIAdS SN NUNIS P02 s323ds
sa12ads aana sa192dg mopeayy paqunisig sa199dg mopeapy sanenby

‘sasse|d ajesedas asudwod ysea sysuapeued spsosbewweje) pue SaPosIYIR X318 ‘UOHNGUISIP
peaudsapmm pue 23uaun220 jo Asuanbasy ybiy o) ang °(1e103 26S JO 9) S101d YL JO %01 ISEa] 18 Ul Juasaud azem sa3idads
IV "€66} ‘eNaQ eIseqeyiy-adead ‘saweu synualds pue sapod saidads Guipnjoul ‘sa1dads Jo sasse)d uanag °i-¢ ajqel



Table 3-2. Logistic regression mode! results for 28 transects, Peace-Athabasca Delta, 1993.
Percent of plots predicted is from Chi-sq. results; Goodness-of-fit is from Hosmer-Lemeshow
significance test; models showing significance at 0.05 are shaded. The dependent variable
was pres/absence of species groups; the independent variables were elevation, water table,
and dummy variables representing species classes. For complete resuits, see Appendix 4.

ﬁmnsect % of plots (':T\i-sq. Chi-square
L predicted| stat. [Goodness-of-fit
[ [1]] 819 14.1 0.0804
DTO02 79.17 1.7 0.1671
0T03 83.53 6.7 0.4646
DT04 88.24 78 0.4399
DTO0S 625 21.1 0.0037
DT06 85.71 86 0.3793
DTO08 89.47 1.7 0.1667
DTO09 86.25 44 0.8145
DT10 73.33 9.4 0.3060
OT11 83.53 a9 0.7896
DT13 78 5.1 0.7444
DT14 77.78 39 0.7887
DT15 82.11 7.0 0.4260
DT16 71.25 8.8 0.3625
DT17 61.25 109 0.2086
DT19 73.81 17.6 0.0241
DT20 89.58 75 0.4881
DT21 72.92 9.3 0.2348
DT22 73.81 10.9 0.2059
DT23 86.67 73 0.2004
DT24 7333 75 0.4854
DT25 66.67 8.0 0.4384
DT26 70.31 8.7 0.3697
DT27 81.43 38 0.8784
DT28 76.25 9.4 0.3129
DT29 78.95 47 0.7871
DT31 78.95 15.1 0.0575
DT32 84.21 1.5 0.1194
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Table 3-3. Logistic regression results for 28 transects showing slope coefficients
and p-values for elevation and water table. Those significant at 0.05 are shaded.

Trangect | Betafor] p | Betafor| p

Elev. | value} Water | value
DTO01 0.085 0.193 -0.038 0.806
DT02 0.145 0.088 -0.077 0.174
DT03 | 0082 | 0049 ]| -0006 ] 0.823
DT04 0.100 0.148 -0.018 0.730
DTO0S 0.082 0.281 -0.035 0.248
DT06 8.210 0.853 -8.379 0.850
DT08 0.143 0.052 -0.041 0.188
DT09 0.117 0.037 -0.009 0.352
DT10 0011 | 0389 | - 0070 | 0010
DT11 0.044 0.076 0.001 0.899
DT13 0.018 0.358 | . -0.067 0.018
DT14 -0.031 0.453 0.001 0.843
DT16 0.020 0.250 0.002 0.791
DT16 - 0105 }-0000] -0020 | 0.018
DT17 0011 | 0613 ] 0.010 | 0.149
DT19 -0.009 0.737 0.002 0.873
DT20 0.124 0.071 -0.010 0.808
DT21 0.026 0.265 0.011 0.604
DT22 -0.020 0.181 0.026 0.030
DT23 -0.071 0.491 0.007 0913
DT24 0.173 0.008 0.017 0.546
DT28 0.062 0.071 -0.030 0.107
DT26 0.013 0.130 -0.003 0.650
DT27 0.015 0.279 -0.009 0.503
DT28 -0.015 0.369 0.015 0.188
DT29 0038 | 0.134 | -0.035 | 0.082
DT -0.041 0.354 0.182 0.019
DT32 0.018 0.403 -0.020 0.405
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Figure 3-1. Map of the Peace-Athabasca Delta showing locations of
29 vegetation transects established in 1993, modified from PADTS 1996.
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Figure 3-3. Detrended Correspondence Analysis ordination of 59 species showing seven
species classes, Peace-Athabasca Delta, 1993. The classes Careath and Calacan are each
composed of only one species: Carex atherodes and Calamagrostis canadensis.
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Figure 3-5. Detrended Correspondence Analysis ordination of 597 plots,
from 29 transects in the Peace-Athabasca Deita, 1993.
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Figure o-o0. FiGL 0IdINGuoNns 10r ¢ reace-Athabasca Leita transects (2 pages).
All but DT13 and 28 are in the middlie deita area.
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Figure 3-6c. Plot ordinations of 4 Peace-Athabasca Delta transects:
DT21, 23 and 31 are in active areas.
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Figure 3-6d. Plot ordinations of 3 Peace-Athabasca Delta transects disturbed
by bison activity.

DT17 DT19
2] Y 2
-~ 2. 0
Ca
Axis 1 Axis 1
DT20

Axis 2
|
-y

76



Figure 3-6e. Plot ordinations of 4 Peace-Athabasca Delta transects that have been

recently flooded.

DTO1

Axis 2
L
@

Axis 1

DTO3

Axis 2
®

DT02

Py [ Y o
L

Axis 2

Axis 1

DT06

Axis 1
3

Axis 2

77



Chapter 4

GENERAL CONCLUSIONS AND FURTHER RESEARCH

1. Introduction

The vegetation ecology of the perched basins of the PAD is complex and remains
poorly understood. While the descriptive gradient analyses (Chapter 2) showed a wet-to-
dry gradient underlying species composition in the perched basins, the two inferential
gradient analyses (Chapter 3) did not show elevation or water table to be significantly
related to the distribution of species groups in the majority of perched basins, nor across
large areas of the PAD comprising multiple basins. However, some basins in the central
portion of the PAD did yield significant results: three basins had a significant relationship
with elevation; four had a significant relationship with water table; and one had a
significant relationship with both.

The general negative results were surprising, and can be attributed to (1) an
inappropriate sampling design which may have impeded the detection of a significant
relationship, if it exists, (2) patterns of heterogeneity among basins which may have
inhibited my ability to draw conclusions across the PAD, (3) the dynamic nature of plant
communities such that they are rarely in equilibrium with environmental conditions, or (4)
a combination of the three.

This Chapter discusses these problems, provides options for management that may

alleviate them, and recommends directions for future research.
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2. Addressing Shortcomings of the Study
2.1 Sampling Design

For two reasons, the transects were unable to represent adequately distribution ranges
of species classes along either the elevational of water table gradient. First, the shallow nature
of the basins meant that only a small breadth of the elevational and water table gradients was
captured by individual basins. Although many transects included both the dry extreme of the
distribution of the aquatic species class and the wet extreme of the meadow and levee species
classes, they rarely encompassed both extremes for either class. Several transects were unable
to capture either extreme for many of the terrestrial classes, and in a small number of cases,
transects were unable to represent either extreme for the aquatic class. Although the inherent
shallowness of the basins restricts what can be learned of the distribution limits of species
classes, an investigation by individual species may have provided more information. However,
this was not practical given the transect sampling design.

The second reason was the small number of plots established in each basin. For most
of the species classes represented along a given transect, either the number of plots where they
were absent or the number where they were present was low. This was problematic in that a
small number of outliers could have had a dramatic impact on the analysis results. The low
sample size inhibited gaining a clear understanding of the distribution of species classes, and
may have compromised the results of the logistic regressions.

Both of these concerns may be alleviated by establishing more plots to increase the
sample size per basin. Although the narrow breadth of the basin gradients would remain a

problem, a sufficiently large sample size would allow analysis by individual species. A sample
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size of at least sixty plots is recommended for a logistic regression analysis, and this would

require the establishment of at least two additional transects per basin.

2.2 Elevation

Another important shortcoming of the study design was that transects were situated
too far apart to allow elevational data for each transect to be properly registered to a baseline.

A benchmark is needed to identify where individual transects exist with respect to the
elevational gradient across the PAD. There are logistical difficulties in tying the elevation data
for each transect to a common baseline, especially considering the inaccessibility and remote
location of many transects and the slight topographic differences that likely exist among them.
However, many basins could be tied together by establishing several elevational benchmarks

along the major water routes.

2.3 Patterns of Heterogeneity

The general lack of significance of elevation and water table combined with the
heterogeneity in species distributions suggest that. other environmental variables are
important, and shift in importance from region to region within the PAD.

The disturbance regime likely has a major impact on the distributions of species,
but it is complex and remains poorly understood. The most evident role of disturbance is
in the northeast portion of the PAD where small-scale disturbances by bison have given
rise to plant communities that differ fundamentally from other regions of the PAD. The
effect of large-scale disturbances is less clear. However, overland flooding may be an

especially important process in basins near the origin of a flood. The energy of the water
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filling a basin affects the amount of sediment deposited, and thus the degree of
disturbance.

In other areas of the PAD, the water regime may have an important but complex
and varied relationship to vegetation. Because the vegetation of recently flooded areas
may reflect past hydrological conditions, a time component is likely important, especially
where floods occur regularly but subject the vegetation to a low degree of disturbance.
Wind-driven seiches and wave aiction may be influential where there is a considerable
fetch.

Biotic factors may be important under special circumstances. On recently exposed
silt flats, the composition of the seedbank, the proximity of species, and the timing of the
release of their propagules may dictate which species establish.

The main impediment to investigating these processes on a regional scale is the small
number of plots per transect. Although several of the basins that are currently represented by
transects can be grouped with others, there still may be a danger of under-sampling. Again, the

option that best addresses this problem is the establishment of more plots.

2.4 Circularity among the Data

Another concem is circularity among the data. Species data were used to define
species groups, which then were used as the dependent variable for the logistic regression
analyses. More transects would have eliminated this problem by allowing some to be used for

defining species groups, and others for hypothesis testing.
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3. Management Alternatives
3.1 Short-term Alternatives

Although the study suffered some deficiencies, the results provide some direction for
work to be undertaken during the coming field seasons.

The collection of vegetation data should continue, especially considering the recent
large-scale flooding. These data would be essential to understanding how the distribution of
vegetation changes over time, and under conditions of flooding and subsequent drying.

It is important that the collection of water table data continues annually to allow
longer-term water variables to be defined for future analyses. To deal with possible
asynchronicity between water levels and vegetation, Timoney (1996) recommends a
hydroperiod index that integrates water depth and the duration of inundation.

More plots need to be established before the vegetation ecology of the perched
basins can be sufficiently understood. To maintain consistency, they should be placed
using the sampling design of current transects. However, to increase the sample size per
basin, transects should be situated in basins where there currently is a transect. They

should also have a common elevational baseline.

3.2 Long-term Alternatives

With respect to other research in the PAD, a flood history study using sediment
coring techniques would be informative. Results may clarify the disturbance effects of
flooding, as indicated by the thickness of layers of deposited silt. Pollen and seeds trapped
in the sediment layers may identify which species were available for colonization

subsequent to flooding, and may be useful markers for identifying the extent of large-scale
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flood events. Historical vegetation patterns may also be revealed in the intervening
organic layers. Together, this information may provide a clearer regional understanding of
large-scale disturbance characteristics, and the influence they have on the distribution of
vegetation.

An elevation map with high spatial and topographical resolution would be helpful
for a better understanding of the flood regime. It could be useful in identifying which
basins would be successively impacted by rising flood waters, as well as the possible

extent of both historical and future floods, and their point of origin.

4. Conclusion

In general, elevation and water table were not significantly related to the
presence/absence of vegetation classes in individual perched basins, nor across large areas
of the PAD comprising multiple basins. Given the shortcomings in the sampling design
and the likelihood that disturbance, environmental, and biotic processes affect the
distribution of vegetation in the perched basins, further research is strongly recommended.
The influences of these processes likely varies in importance among regions across the
PAD, and can vary temporally. Future research should identify the regional role of

variables before a sufficient delta-wide understanding can be gained.
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Appendices

Appendix 1. Plots for each transect showing presence/absence of seven species classes
along gradients of water table and elevation.

Appendix 2. SAS Program used for meta-analysis.
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Appendix 1. Plots for each transect showing presence/absence of seven species classes on
gradients of water table and elevation.

86



dlqe) i1912M

0s 0 us- -
00 +— f i
[
o
a
»
o
[
[ ]
0L o o e e 3
o
saloads mopeapy
alqeL 1dem lqe) 1eMm ajqey 1M
0s (0 0s- o 0s 0 0s- . 0s 0 0s- -
00 - 00 o+ 3 00 ]
[ [ ] . [ ]
o o o
3 3 2
g : 2
> > »
o o o
* [ [
: 3 : 3 . 3
(18 Q ol a ot L 4 a
sai0ads aana] sjuabiawy $9103ds mopeaw paqin}siq
Jqe) 1em Jqe) e ’qe] Jem
0s 0 0s- - v 0s 0 0s- v
00 ] o 00 ¢ i &
[} [ ] [ 3
o o o
[ ] [ 3
> > b
T o o
* 2 ®
o o
ot e o a oL o o oo 3 (1)} ] L N 3
o o 4
sisuepeued sysosbeweed seposeyje xeieH sonenby

L0\a

87



aqel 1a1epm
ool 0s 0 0S-

v
00 * “ _ '3
[ ]
o
3
8
>
3
[}
o
0l L I ¢ 3
o
$3193ds mopeajpy
alqe} 13jeMm qe] 13jeM Jqel 19)eMm
0oL 0S 1] 0s- - oot 0s o 0s- - 0oL 0s 0 0s- .
00 ! ' a 00 —eo- > 3 00 a
® [ . [ ]
o o o
3 g g
® [
5 » >
o o 3
[} [ *®
) 3 ) S . 3
o'l e o L 2N 4 Q ot Q ol L 4 9
$3193ds 3aAa] sjuabiawgzy $3193ds mopeaw paginisig
aqe] 1nem ajqe] 1ajep ajqe) saem
111] 8 0S 0 0S- o 00l 0S 0 0s- o 1018 0s 0 0s- -
00 * + oo o 00 H—eo—e- s 00 —eo t f 4
2 3 ®
i i i
[ ]
> > >
T o T
[ 4 [ [ ]
g g 3
oL o o 2 ot owe o 2 oL ® ° 8
s)suepeue? sysoibewerer seposeyje xeied) sonenby

44|

88



siqe) saiem
0S 0 0s-

v
00 . i 8
[ ]
[: 3
S
8
>
o
s
0L o o eo0®e o wee 3
[ 3
sajoads mopeapy
alqe]l 1M Jqe] 1M dqeq 1emMm
0s 0 0S- - 0s 0 0s- - 0s 0 0s- -
00 3 00 +— s 00 3
o 4 : >
[ ] [ ]
2 8 g
[ ]
B 3 3
@ -4 4
: 3 : ] . 3
0L o o eoe a 0L ) ° 8 oL e X a
$3193ds 999 sjuabiawg s3193ds mopeaw paqinisiq
Jqel e Iqe] 1aep Aqel e
0s 0 0S- . 0sS 0 0s- . 0s 0 0s- -
00 3 00 ———e 13 00 3
5 5 3
w g g
W > >
o -4 o
[ ] [ [
[ ] [ 3 [ ]
0L o o e m 0L © o o@ileo o oo m ot o lo o oo m
s/suepeue) sjsoibeweer seposaye xeied sanenby

€010

89



ajqe) sajem
00z 001 0

ooL-

°
00 ! t : i a
e
8
>
T
*
3
() L 4 L 4 2
s3|0ads mopeayy
ajqe] JeMm aqe] sa1epm Jqe] 13jem
0oc oot 0 00L- - 0oc ool 0 00L- - 1174 oot 0 0ot- -
00 ¢ t j-e— 3 00 ——&—t+—o— ® 00 ]
[ [ . L4
o o o
3 3 3
» % >
o o o
[ » [ ]
) s ) 3 : s
oL L J ¢ --® 8 oL L 4 Q o'l Q
saoads aana sjuabiauig saads mopeaw pagqinjsiq
slqe] 1dNem aqe) 1ajepp a|qel s13jepm
002 001 0 00}- o 00¢ ool 0 00L- o 00c oot 0 004- o
00 w 00 — + I— ot m 00 ——eo— L 2 | m
o o o
3 3 H
o
> > >
3 o o
[ » [
o o o
ol a oL ] ] 3 oL - 3
o o o
sisuepeued snsoibewsier sepoieyje xaien sanenby

+010

90



a|qe) 1aem

00C 004 0 0oL~ .
00 ~ } t i =
e
o
8
p
o
3
o't * o 8
$3193ds mopeapy
dIqe) 133epA qe] 1em aqe] 191eM
002 0oL 0 00L- - V174 gotL 0 oot~ o 1174 0oL 0 0ot~ .
00 ¢ + |ooe—— o 00 } 18 00t e y ]
g 5 | g
3 3 3
® o
> > >
o o 3
» [ 4 [
. s . S . s
0l ® o 2 0L Q 0ot e
$3193ds aaAa] sjuabawy $3193ds mopeaw paqinisig
Jiqel 191ep slqe] 19em lqe] 1aep
00z oot 0 00L- - 00c 0oL 0 00L- © 00C oot 0 00L- <
00 2 00 + > -—+o tape—— = 00 3
«» [ [}
o o o
3 3 3
® o
> > »
o o o
[~ ® [
: 2 : s . 3
(1)) 8 8 o'l 8 (1) 8 L 4 [
sisuspeued sysosbewee) sepoieyje xeie) sanenby

S0a

91



ajqel saem

0 0S- 00tL- .
00 ¢ ¢ i a3
[
o
3
0
9
>
o
®
[ 3
oLl e oo ® oo m
sai19ads mopeapy
ajqe] 1M alqe] epm Jqey 13em
0 0G- ooL- o 0 0S- 00L- . 0 0S- 001~ ©
[} ® . [ ]
[ ] [+ 3 [ ]
3 3 3
[ [: 3
> > >
g g g
. S . 3 . s
0l 2 ot 2 oL 8
sal0ads aana] sjuabiawy sa|0ads mopeaw paqin}sic
dqel 1M aqe) e dqe]l JNepm
0 0s- 00L- 0 0s- 0oL- 0 0s- aol-
) ° . o . °
00 —o——ome--—oo— 3 00 1 a 00 4 4 3
[} [} [~}
[ (3 [ ]
3 : g
> W >
o o (3
[} [ ] [
o [ ] [ ]
ot F oLl e o o oo a oL oo w o0 m
o o
Sisuepeued snsobewee) seposeyle xeien sonenby

9010

92



alqey 1a3em

oSt oot 0s .
00 +— 4 + a
[}
o
g
>
3
"
S
o't L 4 8
satoads mopeapy
aqeL M dlqe] 1M qe] e
oSt (11] 8 0s 0 o oSt ool 0S - oSt 00l 0sS o
00 —e t t t & 00 e ¢ t 3 00 H—eo—+ ! 3
* [ . *
[ ] [ ] [ ]
3 3 3
o
> W >
-4 g g
3 3 s
ot L 4 2 0L “ ot ® m
sa19ads 8aA9 sjuabiawz sajzads mopeaw paqinisig
alqe] 19jeM alqe] 1M dqe] 1a3epp
0sL 0oL 0S 0 - oSt oot 0s ° oSt 00t 0S .
00 —e : ! -] 00 +H—& — } -1 00 +—e + + -
[ «» [ 4
o o o
3 3 3
0L L4 m oL L 4 m o't L 4 m
s s s

sisuspeued sysosbewsp)

seposeyle xeieD

sofjenby

2010

93



Jlqe] 1aeM

0oL 0s 0 05-
. °
00 — ¢ t — 3
®
o
g
>
o
[
‘ 3
oL e 2
sa|oads mopeapy
ojqe) saepm ajqe] 1ep aqe] 191em
00t 0S 0 0G- aoL 0s 0 0G- 0oL 0s 0 06-
‘n ; ® , 9 . . ;, 9 ‘a ; . 3
00 ¢ t t 3 0o e + i 3 00! + — a
[ ®» . [}
o o o
3 3 H
o
> W >
4 4 4
8 g g
oLe 8 ot 2 oL e 8
$3193ds 3aA3) sjuabiawy s3joads mopeaw paqinisiq
Jqe] 1Nem aqe] 13em aqe] 1em
(1[0} 8 0S 0 0s- . 0oL 0S 0 0G- - 0ol 0S 0 0s- -
00 e + a o0+~ -] 00 e + =3
[ 3 ®» [ ]
o o o
3 S -4
8 e g
> > >
3 -3 [°3
[ ® -«
X 3 . s : S
ot 2 oL e 2 ot a
siIsuepeue) sysoibewejer seposeyje xeie) sanenby

80iQ

94



lqe] sajeMm

oSt ool 0S 0 .
00 + + 4 t a8
[ ]
o
g
>
[
("]
o
0L ee e o F
o
$3|93ds mopeapy
dtqe] 1aep siqe] Jaem Jlqey 1aep
st oot 0s ost oot 0S 0 oSt oot 0s 0
. v . h) . h-)
00 ] 00 ® 00 — -
2 3 . s
2 4 W
> > >
8 3 3
o't L 4 2 ol a 0ot L 4 2
$319ads 99A37] sjuaflawy saloads mopeaw paqginisig
ajqe) JaeMm sqe] 1M dqel 19ep
. o...# 2.: o.m 0 5 . oSt oot 0S 0 . . ost 0oL 0s 0 .
00! t 4 m 00 w 00 + m
o o o
3 3 3
®
> w >
g g H
0L e e o 3 1 3 { 3
) 0 L4 » 1}
8 H 8
sisuepeue? sysoibeweer) sepoJeyje xeseo sonenby

6010

95



dlqe] i3jem

oSt 0oL 0s 0 0S-

00 — } ’ " — W
-
2
»
3
oL e . s m
sajoads mopeayy
3|qel 1aepm aqe] 1em Jqe] 1xNeMm
0SL 00l 0s 0 0G- - 0St 001 0S 0 0s- - 0S¢t 001 0S 0 0s- -
[ [ . [
[1] 1] [ ]
3 3 3
1] [+ ]
> > >
g g g
3 g g
oL e ° 2 oL 8 oL e L 4 32
$3103ds aaAa] sjuabrowy sa|oads mopeaw paqunjsiq
3lqel 1epm Jqe] 1depm Iqe] Jnem
oSt 00L 0§ 0 0s- - 0S¢+ 00L OS 0 05 0SL 00L OS 0 0s- v
00 —o—+—— o 00 + o 00 s
* e S
[ ] [ ]
= &3 3
8 2 ]
> > b3
o o o
[ ] [} [ ]
[ ] [1] - 3
o't L a 0L . a oL e F
o [; ] o
srsuepeued sysosbeweper sepoisyje xeied soyenby

oLa




dqet Jaem
0st oot 0s 0 0s-

00 + ¢ + t { W
3
g
g
1l
oL e . 2
s3aloads mopeapy
aqe] 1M lqe] 13epm qe] 1ajem
oSt 001 0S 0 0S- - 0SL 001 0S 0 0s- - 0SL oot 0S 0 0s- -
00 H 00 - 00 -1
s H ) 3
w | i
e
> > >
4 4 4
3 3 2
oL e 2 ol o 8 oL e 3
sa10ads aana] sjuablawy sajoads mopeaw paqunjsiq
aqey 1eMm aqe] 1M JqeL 1aem
0SL 00L OS 0 05" o 0SL 00L 0OS 0 s 0SL 001 OS 0 05 o
00 ! + + ] 00 —e 8 00 ]
s s 3
H ] ]
: : :
3 3 H
oL e s & a oL e L 4 a ot 3
Y 8 3
sisuepeur)d sjsoibewer) sap0ieyje xeie) sanenby

321¢}

97



aqe] s19jeM

00¢C 00l 0 00L- o
00 +— t } i a
3
g
>
o
"
o
oL ® ®oe m
sai0ads mopeayy
siqe) 1Iep aqe] e aqe] 19iem
00z ool 0 00tL- . ooz ool 0 ooL- - 1074 00l 0 00L- -
00 L 00 a 00 3
[ 4 [ . ”
® o
% > >
g g g
. S . S . 3
ot L 4 Q oL Q o't L 4 e
s3103ds aaAd} sjuablawy saloads mopeaw paginisig
ojqe] 1ajem sqe] 1M a|qe] 1ajeMm
00C oot 0 00L- v ooz oot 0 ooL- - goc ool 0 oot- -
00 e 00 +—— — B 00 3
[ [ ] [ ]
o ® o
3 3 H
m > >
o (3 T
[ [ [
ot L4 3 ot L 4 3 ot 3
8 8 H
sepoieyje xeien sojjenby

sisuepeues sysosbewerer

1214]

98



ajqe 13jepp
oSt o0oL 0S 0 05- -
00 ¢+ + 1 4 i 2
[ ]
[ ]
-
8
>
o
("]
[+ ]
oL e . a
[; ]
saioads mopeayy
alqe] saeMm alqe] 1EMm aqe 1a1epA
0SL  00L OS 0 0s- < 0SL 00FL OS 0 05- < 0SL  00L O©S 0 0S- <
00 + + + g ' 3 00 t a 00 ]
[ [ . [ ]
[ ] [ ] [ ]
3 3 3
[: ]
> w >
o o o
[~ ® [ )
: 3 : S . 5
oL e 4 2 ot 2 ot ° 3
saivads aana) sjuabowgy saipads mopeaw paqunisiq
alqe) 1M ajqe] 1aepm alqel Jaem
05t 00l OS 0 05 o oSt 00t OS ] 05 o 0SL 00L 0§ 0 05 o
00 — B 00 H—o—t+—— o 00 ]
[ [ [
[ ] [ ] [+ ]
3 3 3
o o
> > >
-2 o o
[ [ "] ®»
. ' - a . a
oL e 3 ol 3 0L a
[ ] [ ] [}
sisuepeued sjsolbewee) soepoisyje xesen saenby

1 424

99




ajqe] sarem

(1114 0oL 0 00L- .
00 ¢ 4 _ I 3
[ 4
[ ]
g
>
o
@
o
0l e e o ® a
[ ]
saloads mopeapy
9iqe] JaeM ’qe] 1aepM Jlqe] 1ajep
00c 001 0 00L- . ooc (11]3 0 00L- - 00c oot 0 001L- o
00 —— -] 00 -] 00 -]
° - : -
3 3 g
[+ ]
W m >
e 4 4
. S . S ) s
o'l a ol 8 ot L 4 L 4 2
s3199ds 99A3" syjuabiaw3z sa|oads mopeaw paqunisig
slqe} 1M alqey saEm slqey saem
00c ool 0 00L- o 002 ool 0 00L- v 00z 0ot 0 0o0L- -
00 ] 00 + e 00 ]
[ [} [
e o ]
: 3 g
o
» » B
-3 o o
®» [ 3 »
01 e o o 3 0t °® ° 3 ot ° L L 2 3
8 s H
sepoJayje xeien soijenby

sisuepeue? sjsosbewep)

Sha

100



alqe} e

oSt 0oL 0S 0 0s-

5]
00 ¢ ! } t i3
[
o
g
3
H
oL e m
saioads mopespy
sjqe] 1L 3iqey em dqel 1aep
0sL 00l 0s 0 0s- . 0sL Q0L 0S 0 0s- . 0sL oot 0s 0 0s- -
00 3 00 3 00 ' , 3
® ® . [ ]
o o o
2 3 -]
2 8 8
> > >
o 3 o
[ 4 [} [
: S . S . 3
ot L 4 8 0l e ot ® L _ 4 2
sa10ads aaAd sjuabiawy s3i0ads mopeaw paqnysiq
aqe] 1aepm aqe] 1deM sqe) 1NeM
0SL 00L OS 0 05 o 0L oot 0s o 0s- . oSt ool 0s 0 0s- <
00 —eo— + s 00 He— a 00 s
3 s H
g g :
> > B
o T T
[ 3 [} ®»
ot @ W . W . “
3 oL ° 8 ot 8
sisuepeued sysosbewefer sepoieyie xesen saijenby

oLa

101



siqe] inem
oSt 00t 0s (1] 0s- .
00 ! t } 4 {3
>
g
>
H
oL e s o m
sal0ads mopeapy
alqe] 19jeMm Jlqe) 13jepm sqe] 1aem
oSt 00l 0S 0 0s- - 0stL 001 0s 0 0s- - oSt 0oL 0s 0 0s- -
00 +—e— m 0o m 00 m
g g g
[+] [+]
]
B » g
g g 3
® o
. 3 . > . -
oL e » 2 oL 2 oL e » 3
sa10ads aaAa] sjuablawg saloads mopeaws paqinisiqj
ajqe] 13jem siqe) 131eM Jlqe] 13em
0SL 001 0S 0 05~ o 0st 0oL 0S 0 0S- - 0st 00t 0OS 0 0s- v
00 - m 00 +—o—+—e—t @®—— m 00 w
o [ ] o
w | ]
[1]
> > >
g g g
[ ] [ ]
oL e L 4 F oL e ® a 0L L 4 a
Y 8 8
sisuepeurd sjsosbeween sepoieyje xeiesH) soenby

41a

102




aqe) sem
0sL oot 0S 0 0s-

00 ¢+ t + t 4 W
[ 3
o
g
g
®
3
oL e L 2 8
salgads mopeapyy
ajqe] i19jem aqe) Jaem aqe] Jajepp
0st 0ol 0S 0 0s- - oSt oot 0S 0 0s- - oSt oot 0S 0 0s- -
00 3 00 +—e—t + g - 00 + 4 } 3
» « . [ "]
[ ] [: ] [ ]
3 3 g
o
> m >
-3 -3 o
[ » [
: 3 : 2 . 3
ol 2 oL o0 » 8 oL e 2 ]
$3193ds aana sjuabiaw3g sajsads mopeaw paqinisig
dlqe] 131em aqe] 1em slqey] JajeM
0SL 00t 0s 0 0s- - oSt 001 0S 0 0s- - oSt ool 0S 0 0s- v
00 m 00 e —-t—0e w 00 Heo—+—o@ w
o o o
.u, g g
> B >
o 3 o
[ [ [ ]
ot 3 oL e 3 ot 3
s H s
sisuepeued sysosbewerer sepoieyje xeien sanenby

6430

103



3qe) 1aeMm
0SL 0oL 0S 0 0s-

. °
00 + 4 + ! i 3
[ 4
o
-
8
b3
o
[ ]
®
oL e e o m
s310ads mopeapy
aqe] i1aem ajqe] 1aem dqe] 1M
oSt 00l 0S 0 0s- - 0SL 00l 0S 0 0S- - (0151 A 1 [1] § 0S 0 05- <
00 Ho—t—+t ° 00 — 3 00 ¢ t + ]
® e ’ >
o ®
3 3 3
o
> W >
4 4 4
g 3 3
0L e o 8 oL 2 oL e e ® 3
s310ads aana] sjuabioawiy sa10ads mopeaw paqinisig
ajqe] 1M qe) 1INeMm aqe] 1M
0sL 0oL o0S 0 0s- - oSt 0oL QS 0 05~ o 05l 00L OS 0 0s- -
00 ] 00 *— g 00 ]
[ [ ®
[ ] [] [
3 3 3
[+ [ ]
> > >
-3 -3 T
[ ® »
[ ] o [ ]
0L e o 3 oL e o 3 oL m
o o
sisuepeue) sjsoibeweer sepoJeyje xeied sopenby

02

104



aqel iaem

0sS 0 0s- -
00 ! i {
[ d
o
]
»
o
»
o
0L e o a
[ ]
sa|vads mopeapy
oiqe] 1M ajqel s Jlqe] 1aepp
s 0 06- v 0s 0 0s- . 0s 0 0s- -
00 3 00 ¢ i 3 00 —t 3
[ [ . [
[ ] (] [ ]
3 3 3
-3 e
g 3 g
3 H e
oL e . m 0L e somre @ 2 0l 2
[ J
$3193ds 9ana] sjuabiawy savads mopeaw paqinisiq
Iqe] Jem ajqe) 1aEepM qe] 19eMm
0s 0 05~ o 0S 0 05~ 0S 0 05 o
00 ] 00 +&——— — o 00 1 ®
[ ® [}
o o o
3 3 3
» > »
o o o
H s H
ot ° ot a o'l 4 4 a
H 8 8
saposeyje xeieD sojjenby

sisuepeue sysoibeweer)

taa

105



3lqe} saem
oSt oot 0S 0 0s-
00 + ¢ + {

ot L 4 L o J

106

s3j0ads mopeapy

92UIsqy/aduasaid

alqe] sajeMm aqe] 1em ojqe] 1a1eMm
001 0s 0 0s- 0St 001 0S 0 0sL oot 0S 0 0s-
T ) ) ) )
- 00 e 00 ]
* [ . [}
[ ] (] [ ]
g g 3
[ ]
> > m
o T o
H s e
3 . 3 . 3
2 8 o't 8 oL e 8
s3193ds aana) sjuabiawgy saiads mopeaw paqinsiq
aqe] 19eMm qe) 1M 3q2) 1NeMm
00F 0S 0 05" o 05t 00L QS 0 - 0SL o00L OS 0 0S- °
a 00 o 00 ]
[ 4 [ [
o o o
: 3 4
> m »
T T o
H H 3
L our ¢ 2 ot oNy 3 ot 3
8 3 8
Srsuepeued sysolbewere) sepoiayje xeien sonenby

caa




3lqe) 1a1eMm

0ostL 0ot 0S 0
00 ! { } } W
[ 3
o
g
>
o
®
-]
oL ° ® L N J 8
saioads mopeapy
qel 1M slqe] iem aqey s9em
oSt 001 0s 0 . 0si 001 0s 0 - oSt ool 0S 0 -
00! + t o 00 —eo—— ] 00 -
® [ . [ d
o o o
e
> > B
o o o
[ [ ®»
. 3 . 3 . s
oL L 4 L 4 L 4 a 0l a oL 2
saloads 9ana] sjuabawg saloads mopeaw paqinisiq
sqel 1em asqel Jaem aqe] Jajepm
osL oot 0S 0 v oSt 00t 0S v oSt ool 0S 0 .
00 o 00 + + t a 00 e
[ 3 [ ] [
o o o
3 3 3
> B 5
T o o
[ ® [
o o o
oL o o 3 oL * s o o0 a oL 2
3 s 8
sepoiayje xeie) saenby

sisuepeued sjjsolbewepn

€aa

107



dlqe) 13jeMm

0S 0 0s- -
00 + _ ' 3
s
g
>
3
[ ]
e
ol ° ocnuD 0o m
s3103ds mopeapy

ajqe] 13ep siqe} jaem ajqe] 1epm
0s 0 0s- - 0sS 0 0s- . 0sS 0 0s- .
00 ! —on-ee— 3 00 +—- ] 00 —— ]
s - ) e
3 3 3
5 » %
T T T
("3 ® »
. 3 . 3 . S
oL \ 4 L4 g 2 ot 2 oL 2

$3193ds 99A97] sjuabiawg salpads mopeaw pagqinisig

qe] 19em aqe] 1NeMm JqeL Jaem
0s 0 0s- . 0s 0 0s- - 0s 0 0s- o
00 * 1 — OO0 —! m 00 ——o—-— m 00 t—— m
o o o
| : :
> > m
3 o o
[} [ »
oL * o ® 3 ot o o 3 oL o o 3
H 8 s

Sisuepeued sijsoibeuiere) sapoJeyje xeien sanenby

vaqg

108



a|qe) 1a1em

oSt oot 0S 0
. ]
00 + 4 + t a
[ d
o
g
>
o
[ 4
[ ]
oL e Xy 7 m
s3103ds mopeapy

o|qe} 1M dqey 1em aqe] Jem
oSt 0ol 0S . oSt 0oL 0S 0 - oSt 0oL 0S 0 -
00 + + + ° 00 —o—rt—e i@+ 3 00 ~
[ ] [ ¢ ®
o o o
2 3 3
g 8 g
g g g
[} [ [ ]
. 3 . S . S
oL L 4 o o o 2 0L ] oL o @ 2

$3193ds 39A3] sjuabiawg sa199ds mopeaw paqunisiq

aqe] 1aem sjqe] 131eM aqey Jem
oSt 0ot 0s 0 5 (11210 001 0S 0 5 0st (11118 0S 0 5
00 —e + + w 00 ————+————-10-@— m 00 m
e o e
> > >
g g g
oL ' g o o W 3 oL e oo 3 3

. . ° .

3 3 ot e

sisuspeued sysosbeuween sepoisyje xeien sanenby

saa

109



aqe] 1Nem

1174 oot 0 ooL- -
00 ¢+ + 4 i a
[
[ ]
a
5
3
[ ]
3
oL * @ ® 8
satoads mopeapy
lqe] sajep dqe] Nem 3qeL em
(1174 0oL 0 00L- 00¢C oot 0 ooL- ooz 004 0 ooL-
. v . o . h)
00 e 00 e 00 a
® e ’ H
o [
2 3 3
o
m > >
o o o
[ ] [ [ 4
. 3 . 3 . S
ot e o 2 ot 2 ot L 4 L 4 2
S319ads 8aAa sjuabiowy s3j0ads mopeaus paqin)siq)
aqe] iajepm a|qe] 1em dlqe] 1NeM
00C 0oL 0 004~ - 00C 0oL 0 0oL- . ooz ool 0 ooL- .
00 m 00 H——e—+eo—&- w. 00 -]
S H >
3 3 3
[
> m »
g g g
o o o
o' * o 3 0l ¢ o 3 ot L J ole a
[; ] [ ] ”
sisuepeue) sfsosbeween seposeyje xeien sonenby

9aa

110



aqe] 191ep
002 ool 0 ooL-
00 - ! ' ] W
[
o
g
>
o
-
3
oL 4 » 8
safoads mopeapy

Jlqe) 1a1em lqe] 1dem alqe) 1em
1174 0oL 0 004- . 00C 001 0 00i- - 00c 0ot 0 ootL- o
00 ——e—+— ] 00 - 3 00 +— 3
H H : e
3 3 g
5 » »
4 4 4
g g g
o't L 4 L e d 2 ot L 4 2 oL L 4 8

s312ads aana sjuablawy saldads mopeaw pagqinisiq

dlqe] 191em Jlqe] 131em Jlqe] sem
00c 0ol 0 00L- o 1174 oot 0 0oL~ . ooz 004 0 0o0L- °
00 —o—t — 3 00 ——e— _ .8 00 3
[ ] [} [ ]
2] o [ ]
i i i
» > »
a 4 4
oL L 4 3 (1 8 L 4 » 3 (1)} L 4 3
H H H

sisuepeued sjjsosbewerer sepolayje xo1er) soenby

aa

111




aqey JaeMm

0stL 0oL 0S 0 -
00 ¢ ' 4 t a
s
g
>
T
[
[
0L oo o e o weoo m
saj0ads mopeapy
qe) sem Jlqe] Ja1eMm qe] 1M
0sL 0oL 0s - (1] oot 0S < 0st oot 0s 0 ©
00 ~ 00 - 00 -]
® [ M [ 4
0 [ 3 [ ]
: g |
[+ 4
> > >
T o o
» [ [
. 3 . 3 . 3
ot L 4 ® & o “ ot “ ot [ X 4 «® ¢ oo “
s310ads aana sjuabiawy saioads mopesw paqinjsig
qel 1NeMm aqe] 19)ep ajqe) e
oSt 001 oS 0 o osi oot 0s - oSt oot 0S 0 -
00 8 00 H—o®o——o— 3 00 e
[ ] ” [ 3
o o
®
> w >
T o o
® [ [ ]
oL e s | s | g
a oL e ¢ o o ®wo 8 ot 8

sisuepeued sysosbeweien

seposayje xeien

sanenby

8a1a

112



aqel 1M

0SL 00t 0S 0 0s-

113

sjqe ) Jajepm

0ot oS 0 0s-

v
00 ¢+ ' } a
[
o
=4
8
>
T
[ ]
o
0oL e o o m
s319ads mopeapy
Jqe] 19eMm alqe] 1ajepp

oSt 001 0s 0

oSt oot 0S 0 0s-

o . \ ) 2 . : . 3
; " . 3 | 00 —e— ' 3 | 00—t ' 3
[ [ 3 . ®
o o o
3 3 3
[11
> m >
T o 3
* ® [ ]
8 1. 2 | o 3
. o 3 | o1 8 0t had 3
s310ads a9Aa] sjuablawg saj0ads mopeaw paqinisig
Jqel 1M 3qe] 19eMm alqe] 19em
0oL 0S 0 0s- v 0St o00L oOS 0 . 0si 00t OS 0 0S- .
® 00 —e—t + o 00 e —+ r
[ d [ [ 3
o o o
: : g
[+ 3
> > >
3 T T
« [ [
L 2 ® 3 oL L 4 *» W (18 3
3 H 8
sisuepeued sysoibewee) sepoieyje xeied soljenby

62a



ajqel 19jep

(174 oL 0 oL- o¢ .
00 ¢ + y } — 3
[}
o
g
b3
3
®
o
ot o o we o a
[
sa|0ads mopeayy
a|qe] 13 9qe] 13eMm Jqe] 191ep
(174 1] 0 oL- o2 (174 ot 0 oL- o2 (174 ot 0 oL- 02
) ° ) T ) o
00 ] 00 — 3 00 + 3
[ [} ‘ ”
o o
3 3 H
o [ ]
> > >
o o T
[ -« »
. 3 ) S . s
o L 4 ®»e a oL 8 0L 4
s3123ds aaAa) sjuabiawg s3j0ads mopeaw paqinisig
ajqe em dqe] saepm aqe] 1em
(174 ol 0 oL o0z o 174 1] 0 0i- o0c ° (174 oL 0 oL- o2 v
00 ! t —eo-o—1 g 00 +o-—1 @ 00 a
® e s
o o
3 3 3
]
> w >
o 3 3
@ H e
ol ° 4 o't L ok X X 3 ot o0 a
o [ ] ”
sisuepeue? sysoibeween sepoiayje xaien sonenby

42 4]

114



siqey Jajem

oot 0S (1] 0s- o
00 — t { -
[ ]
[ ]
3
[+]
e
>
o
[
. S
ot o o L ] 2
sajoads mopeapy

aqe] 1em alqey ep qel 1em
001 0S 0 0s- < 0oL 0S 0 0s- o oot 0S 0 0s- <
00 ¢ + 100- 13 00 +—o—o ] 00 ]
[ 3 [ . [ ]
[: ] [ ] [ ]
| g g
B » 5
o o o
[ 3 » [ 4
. 3 . s . S
0l o o ® Q o't e ot ® ® 2

saads aaAd sjuablowg saads mopeaw paginysiq

Jqe] sem Jqe] 1epm aqe] 1em
001 0s 0 05" o ool 0S 0 05 o 0oL 0S 0 05" o
00 e 00 —o—o+—— @ — g 00 o
[ ® [ 4
o o o
3 3 3
> > >

’ 1} ot

s H 8

sisuepeued sfsosbeweer sepoiayje xo1e) sanenby

zeng

115



uoeAal3

0 0S- 00L- -

00 + + i 3

3

2

5

4

o

oL con® oo m

s3j19ads mopeayy
uoneAa|y uonead|y uoneAdl

0 0s- 00L- - 0 0s- 0ooL- - 0 0s- 00L- -
00 3 00 a 00 3
H s s

3 3 g
m : :

_ 3 3 g

o * b o't g 3 0t oo 3

s3199ds a9Aa syuabiawg s9199ds mopeaw paqinjsiq
uoneA’|y uoiead|z UuoneAdj3

0 0s- ooL- 0 0s- ooL- - 0 0s- 00t- -

00 m 00 {——eooe6—0——— m 00 4 *-& + 4 m
[ ] o [: ]

g g g

9 e e

g g g

[ ] [} [

[ 3 [ ] [ 3

oL XX 2 m ot (K XY J m oL L XX X a
[ ]

SiIsuepeued sysosbewee) sepoieyje xeien) saienby

10lQ

116



uoeAsl3

0 0s- 004- -
00 1 } i 3
s
g
>
o
®»
S
0l ® [ 4 . 4 “
sa|oads mopeapy
uoneAsla UuoNeA] uoneAlla
0 0S- 00L- - 0 0s- ooL- . 0 0s- 001 - -
00 1 +——omsame- o 00 103 00 { - t aeme 2
> ] s
2 3 3
8 8 8
> > >
(<3 -3 o
*® b >
oL ® o Y W ol “ oL . . S
8 s 8
$319ads aaAd) sjuablowy sa10ads mopeaw paqinisiq
uoneAay uoyeAd] UoHeA}]
0 0G- ooL- d 0 0s- 0ot~ - 0 0s- ooL- -
00 ¢ + -o0Wmo-! g 00 ® 00 t — 3
[ [ [
® ] o
3 3 3
1]
> > »
o <3 o
- e 3
o o
01 * o oo 3 oL s @0 3 ot ® o oo m
o o
sisuepeued sysoibeuwee) sepoioyie xeeD saienby

c0a

117



uoneaaly

0 0s- 00l-
. )
00 ¢ t 4 3
®
[ 3
g
>
o
[
[: ]
0L aveee oave m
sajpads mopeapy

uoneA’|y uoneAd|3 uonealjy
0 0s- 00L- - 0s- ooL- . 0 0s- 00t¢- .
00 3 00 -o-aw-e '3 00 3
[ ] [ 4 . »
[+ ] [ ] [ ]
> 5 5
o (-3 o
®» [ [
) 3 ) 3 . 3
0L > e a ol ° 8 0L e 2

saads aanay sjuablawg saloads mopeaw paqnisiq

uoneA3d|l uoijeAdiy uoneA’|3
0 CS- ooL- 0s- ooL- 0 0s- aoL- o
00 o o 00 o S
[ ] [ «»
1] [1 ] [ ]
3 3 -4
g 8 8
> > -3
o o T
[ [ [ 3
o [ ] [ ]
0L & oo 3 ol L oawe 3 oL'ee o oampe -
3 3 8

sisuspeued sysosbeweer sepoieye xeied saenby

€0a

118



uoneas)z

N A
00 + t 8
o
g
g
3
oL S B oo o a
-
s3193ds mopeapy
uonead| uoyeAdly uoneAldly
0 0s- ooL- - 0 0s- 00t- . 0 0s- 0oL~ -
00 3 00 —e— 3 00 3
g s | g
w 3 3
8 8 8
> > >
o o T
[ » »
. 2 . S . 3
(VN8 ® o Q ot «» 2 o't a
$3199ds 99Aa sjuabiaw3g sa10ads mopeaw pagqinjsiq
uopneA’3 uoneAdl] uoneadly
0 0S- 0ot- - 0 0S- 00t- - 0 0s- 00L- .
00 2 00 1 L 4 o— 3 00 + — 3
H s s
w g i
[+
> > >
o o T
H s e
01 ° m 0L v @ m ot o oo 'S m
s)suepeue? sysoibewee) seposeyje xe1en sonenby

010

119



uonea’y

0 0s- 00L- -
00 {— -+ < a3
:
g
>
T
[
[ ]
oL 'S ome o m
s3193ds mopesapy
UONHEAJNJ uoneAd|3 uofjead|y
0 0s- 0o0L- o 0 0s- 0o0t- . 0 0s- 001~ .
00 a 00 3 00 ———Wme—eo—— 3
3 5 | 3
P =~
: : :
8 8 g
ol L4 ® a ot Q ot 8
saads aana sjuabawz saads mopeaw paqinisig
uoneAs|y uoneasiy uoneAl
0 0S- 00lL- . 0 0s- ooL- - 0 0S- 001L- -
00 3 00 — 3 00 ¢——o  —wme "3
s - H
[:]
> B >
o o 3
[ [ [
) 3 ) s : S
[ % [ “ ol [ X g ” oL L 4 “
sisuepeued sijsoibeweer sepoiayje xeien soienby

S0lQ

120



uonens;3y

0 0S- oot- -
00 —t § 3
H
3
8
>
[- 2
[ ]
[ ]
ot oanpo e oo m
sai0ads mopeayy
UoneA3|3z uonea’|y uoneAa|3
0 0s- aotL- o 0 0s- 0oL- - 0 0s- [4]0] By ©
00 i3 00 p-——OuBG-0>00—— 3 00 *o——1 3
[ ] [ . ®
1] [ ] [ ]
3 3 g
1] (]
> > >
o -8 o
[~ [ [
) 3 : S . s
0oL m 0t “ ol w
saads 9aA9 sjuabiawg sa|oads mopeaw paqunisig
UoleAd 3 uoneAd|3 uoneadlz
0 0s- 0otL- 0 0S- 00tL- 0 0s- 0oL~
. » : 3 : . L3
00 o 00t ——@®e@s0— 3 00 + { m
[} o
[1] [ ]
2 3 3
[ ]
W > >
o o (-3
g 5 g
0t a ol ® o oo a oL oamo o oo a
® [ ”
sisuepeued sysosbeweje) sepoieyje xeser sonenby

9010

121



uopenajy

0s 0 0s- 0ol- -
00 ! } ! — 3
>
a
>
4
[: ]
0L ° 'Yy m
s3103ds mopeapy
uonNeAdz uoneA’|3 uoneAd|y
0S 0 0s- oot- o 0s 0 0s- 0ol- o 0s 0 0s- 001- .
00 + + i3 00 a 00 ! +—— w
[ ] [ .
[ ] [ ]
3 3 3
o e
> > >
4 4 4
) S . S . s
ot L X “ ol ” ot ® ® ”
sa10ads sanaT sjuablawg saoads mopeaws paqimsiq
uoneAl3 uoyeAll3y uoyeAl)3
0s 0 0S- 00l- o 0s 0 0s- 00t- - 0s 0 0s- 00L- -
00 o 00 ¢ +o a3 00 —to® 3
H H 4
w ] ]
[ ]
> » >
(<3 3 o
@ - H
. S ) s . s
oL o (V8 ®  J [ ot g
sisuepeued sisoibewee) sepoieyje xo1eo sonenby

2010

122



uopeaaly

0 oc- ov- 09- .
00 1 ' + 1 3
H
g
>
4
[+ ]
o'l * coame o m
s319ads mopeapy

uoneAd|y uofjead|3 uofeAdl3
0 0c- ov- 09- . 0 oc- ot 09- - 0 oc- oy 09- -
00 1 t & - 00 s 00 1 t -0 i 3
> > 3
3 3 3
8 8 8
> > >
a 4 4
3 E 3
oL  J ooummne o o ot 2 ot ) ocoamm 8

o
saloads aana) sjuabiewy saioads mopeaw paqinisiq
uoneAa|y uoyjeady uofjeAdf3
0 0c- oY 09- 0 oz- ov- 09- 0 oz- ov- 09-
. g . ] . v
00 ] 00 ¢ t - 1 00 w
> 3 3
3 3 3
o

m > »
g g g
g 3 3
oL ® e o 8 oL oo ¢ il ot -« 2

siIsuepeurd sjsosbewerer) sepo.eyje xeien sonenby

8010

123



uoneasl3

0 oc- ov- -
00 1 + i 3
[ ]
o
g
>
o
[
[ ]
0L e eooo . m
$3193ds mopeapy

uoneAld)3 uonead| uoneAd|y
0 oc- ov- < 0 0c- ov- < 0 0c- ov- <
00 —® 3 00 - 00 ®
[ 4 [ . [ ]
o o o
3 3 3

o
> > >
o T <3
[ 4 » ®»
: 3 : s . 3
oL L 4 8 ot 8 o't 8
$9193ds 3ana} sjuabiawygy s310ads mopeaw paqunjsig

uoneAldl3 uonead|3 uolieas|y
0 oc- ov- . 0 0c- ov- - 0 oc- ov- -
00 + ® 3 00 +——e 3 00 -
[ [ [ ]
-3 [ ] [ ]
3 S 3
8 3 3
s > >
[ ®» »
. 3 . s ‘ s
oL o ooo ° a oL o L g 2 ot 2

sisuspeued sysoibeweer sepoleyje xesed sojenby

6010

124



uoyenasy

0 00¢- Qoz- -
00 ¢ —+ 1 &
s
2
>
o
[
o
o'l e oo o e m
s310ads mopesyy
uoneAd3 uoneAaly uoneaaly
0 0ot- 00z- o 0 0oL- 00¢- . 0 0ot~ 002- -
00 +o o.— 3 00 - ) a
[ [ . [ 4
o o o
3 3 3
W > »
o o 3
[ [} »
. 3 . 3 . 3
oL ® oo 8 ot 8 oL L Y X J 8
savads aana] sjuabiawg sai9ads mopeaw paqinisiq
uoneAd)3 uoHeAIJ uoneAd 3z
0 0oL- 00c- 0 oot- 0oe- 0 00t- 0oc-
. ] . v . v
00 F] 00— o0 — 3 00 3
®» [ ] [ ]
[ ] [ ] [ ]
2 g g
> > »
3 o 3
[ 4 [ [
) S ) 3 . -]
ot LA 4 2 oL o™ 8 ot 4 8
s)suepeue sysoibewemer sepoleyje xeie) sajenby

ona

125



uoneaadla

0 0s- 0ot~
. °
00 1 t — a3
[ ]
[ ]
-
8
>
o
®
[ ]
0L ® @ @000 @ o m
saloads mopeayy
uofieasly uoneA’dly uoneA’d(3
0 0s- 0ot- 0 0s- 0oL- 0 0s- ooL-
. v . ° ) v
00 2 00 3 00 os-e—— 3
[ ] [ . “
o o
i i i
[+
> > >
3 o T
[ ®» [ ]
. s . 3 . s
oL - eo 8 0L o L 4 8 (1) 8 8
sa10ads aana sjuabiawy s8193ds mopeaw paqinjsiq
uoiead3 uoneAsy uoneA3ya
0 0s- 0olL- 0 0S- 0oL~ 0 0s- oot-
. ey . h . °
00 a 00 o> — 3 00 -o—as-eo— g
1 4 ]
o [
3 3 3
5 » >
g g g
8 g g
0l o> o0 o 2 oL o o0 0o o 8 ot e 2
sisuepeued sysoibewee) sepoisaye xaied sanenby

L1a

126



uoneAsjy

0 0s- 00L- .
00 { t L
H
g
0OLése @ ocoom emoo m
$3193ds mopeapy

uoneAd| uoneAal3y uoneAaly
0 0s- ooL- - 0 0s- 0o0L- - 0 0s- 00l- -
00 a 00 —o—o— 3 00 {¢o——ooom—emro— 3
[ ] [ 3 . ®
g g 8

0 0
8 8 8
> > >
o o (<3
[ [~} »
. 3 ) 3 . 3
o't [ N 2 oL L 2 ot L J ”
s3103ads aana] sjuabrow3z saloads mopeaw paqnisig
uoneAdt3 uoyeAd|3 uoeAd3
0 0s- 00t- 0 0s- 00}~ 0 0s- 00L-

. h . ° ) °
00 ® 00 ® 0o ]
* s -
3 g 2
8 g g
5 g 3
s ® 3
. 3 . 3 . o -]
ot ] oL o ® oeoe ase i oL ]

sisuepeued sysoibewejen sepoieyje xeie) sonenby

ela

127



uonEAl)3
0 0z- ot~

ot L4 L& 4

salpads mopeayy

99Ua8qY/AOUISAIY

uoNeAdly uoneAaa|y uoneaaly
0 0z- o o 0 oc- ov- - 0 (17Ad ot -
00 4 } —o—t 3 00 3 00 {— ————eo®——e— &
[~ ] * N [ ]
[1-] [: ] [ 3
3 3 3
e e
> b3 >
o o o
[ [ [
. 3 . 3 . 3
0t “wr oo 2 ot [ 8 ot L 4 L 2N J ]
s3193ds 99A97 sjuabisawg sa|oads mopeaw paqinisig
uoneAay uoneAadly uonea’|x
0 0c- ot 0 oc- ot 0 oc- ov-
. a3 . 2 . L R
00 ®we—®eo - = 00 ] 00 ————%e— g
o H H
2 2 2
e 4 e
> > >
4 4 4
3 3 3
ol L 4 a ol L 4 L2 4 Q ol * 2
sisuepeurd sjsoibewere?) seposeyje xaien sonenby

1428

128



uoeA9)3

0 0s- 0oL-
. ¢ 4 'y d
00 + -+ a
[ 3
o
S
8
>
T
[ ]
o
0'L ¢ 000 ® anoeer m
s3199ds mopeayy
uoyeAd)3 uonead)y uoneadlz
0s- 00t- . 0 0s- 00L- - 0 0s- 004- -
00 a 00 > Sanees ——— o 00 3
[ 4 [ d . [
[ [ ] [
3 3 3
[ 3
> W >
T g 4
g g g
o't ° 8 oL L 4 L 4 2 0L * o
s310ads 9aAa) sjuabiawgy saisads mopeaw paqinisig
uoneAsiy uoneadly uofjeAdl3
0s- 0otL- - 0 0s- 001- o 0 0s- 00L- -
0o L 2 { m 00 —— O ——— m 00 m
o o o
i i ]
W > >
H g g
0L & 0o @@ m 0l ‘®e0e oore m ot ® o oo 3
o

sisuepeued sjsoibewee)

sepoleyie xeieH

sayjenby

sua

129



uofjeAdl3

0 0s- 00L- <
00 ¢ + -
[ ]
[1 ]
g
>
-3
«®
o
IR XX XX 5 m
saads mopespy
uoneA’y uoyeAsy uoneAldy
0 0s- 00L- - 0 0s- 00L- . 0 0s- 004- o
00 o 00 - 00 a3
[ [ ] . [ 3
3 [ ] [ ]
i i i
W > >
o (-3 o
[ [ [ 3
: 3 : S . 3
(18 » 2 o't 8 oL ® 00 2
$3193ds 3aAd) sjuabrawiy salvads mopeaw paqinjsiq
uoneAdy uoneAdla uoneAd|y
0 0s- 00L- 0 0S- 00L- 0 0s- 0oL~
) ° ) v . v
00 ] 00 *—e——1 00 3
H > 3
i : i
» 5 »
e 4 4
. 3 ) 3 . 3
0L ‘oo o> o 3 ot o o © oo 8 oL 3
sisuepeue) sisoibeweer sepoisyje xeie) sanenby

1:1274]

130



uoneAd3
0 0s-

001-

°
00 + -1
[
o
g
>
o
®»
3
oL 0 IR OOB> e
s3atoads mopeapy

UonBAd|3 uopea’ uoneAdly
0 0s- ooL- - 0 0s- ooL- - 0 0s- 00L- -
00 a 00 * 00 s
[ [ N [ ]
o o o
3 3 3

®
> m >
o o o
® [ [
. 3 . s ‘ 3
OL® & o 8 oL S oL L XX 8
saivads aana sjuabiawiy s3|0ads mopeaut paqunisiq

uoneAd|z uoHEAd|3 uoneAd3
0 0s- 00t~ - 0 0S- 00tL- . 0 0s- 0oL~ .
00 m 00 m 00 a
H o 3
3 3 3
e e
Z g g
[ ] ®» [
o o o
0L W o 2 oL o ®» oo 4 oL L 2 2
8 8 8

sisuepeurd sjsosbewee) sepoigyje xeied sanenby

JAR 4]

131



uopeAs)|3

0 0G- 00tL- -
00 1 ¢ i
H
3
»
-4
]
0L o®e oo come m
$3(03ds mopeapy

uonea’|y uonea’|y uoneAs|3
0 0s- 00L- < 0 0s5- 0oL- - 0 0s- 0oL~ -
00 g | oo —e——— § | 00} —e ‘3
[} [ . ®
[13 [ ] [
2 3 g
» » »
g g g
3 ] S
oL 3 oL o 8 OCLome oo o 2

$319ads aana sjuabiawg sanads mopeaw paqinisig

uoneAd|a uoneAdly uofieAd|3
0 0s- 00L- - 0 0G- oot- ° 0 0s- ootL- o
00 ] 00 -—-0Pe——— g 00 o
® [} [}
o o o
: g g
B > B
3 o o
® ®» ("]
o o o
ot a oL e [ J 3 ot L 3
o o [ ]

siIsuepeued sjjsolbewefer sepoiayje xeien) sajjenby

6Ld

132



uoneaala

. 0 0s- ooL- -
00 + LI
[ 3
[ ]
3
8
>
o
[ 4
o
0L Comemuens o m
sa10ads mopeapy
uoneAd| uojjeAaly uoflead3
0s- 0oL- < 0 0S- 0ot- < 0 0S- 00L- <
00 3 00 pomsmpenes—o——— 3 00 3
s 3 H
3 3 g
e ®
> > >
o T -2
« [ [
. s . s . 3
0L-e e 8 ol 2 0'L & oasemee 2
$3103ds aana] sjuablaw3y s3109ds mopeaw paqinysig
uoneas|y uoneaal uoneAd|y
0s- 00t- - 0 0S- 0oL- - 0 0s- 00L- .
00 —_ m 00 — - ——@—————| M 00 SO+ —— ]
3 s s
3 3 3
g 8 8
> > >
o T (3
H 4 s
OLle e o 3 0L do® o Geme a oL o o 2
8 ] 3
sepoieyje xoieD soljenby

sisuepeued sjsolbeureen

oza

133



uojjea’y
0 0s- ootL- -
00 1 t R |
®
o
g
>
o
®
S
0L o aw»eoe ® ”
s3|9ads mopeapy
uoneAd|3 uofjeadly uopeasly
0 0s- 001- 0 0G- 00t- 0 0s- o0ot-
. o . , , D . o {9
00 -» +—eo 13 00 e-eo—o t i3 00 —e® T &
[ ®» ‘ [ 4
o o o
o
> m >
3 o o
* s s
o o
. 3 . 3 . 3
0L o@ o0 “ oLoa @ ® ” ol ”
$3193ds aaAa] syjuabiowy saloads mopeaw paqnjsiqg
uofjeAd|3 uoneAdly uoneasly
0 0s- 0oL- 0 0s- 0ot~ 0 0s- ooL-
° ) ° . °
00 o 00 — 3 00 + — 3
[ ® «
o o o
3 3 3
8 e 8
> > >
3 (3 (3
» ] «
: 3 g
ol m 01 . eve 3 ot o IS 3
sisuepeued sysoibeweer sepoleyje xesen soljenby

1aa

134




uohjeAdl3

0 00L- 00Z- .
00 1 + -1
[ ]
o
3
g
>
o
[~
o
0l * o oo m
s310ads mopeapy

uoNeAd|3 uonead|z uoneAa’ly
0 oot- 00¢- . 0 ooL- 00Z- o 0 004~ 0o0z- <
00 a 00 ¢———o o meom@® — 3 00 ¢——o—owoo®—
® [ * [ ]
o o o
3 3 2
g g :
> > >
T o (<3
[ [ [
. 3 ) S ) S
oL o o0 a oL 8 ot L 4 8

sa19ads aana sjuablowy sa)0ads mopeaw paqinisiq

uofeAdl3 uoneaaly uoneA’d|3
0 00L- o0oz- . 0 00L- 00Z- o 0 0oL~ ooc- -
00 3 00 0000 — 3 00 3
5 3 3
3 3 3
> > >
o o (73
] ® o
8 s 2
ot ® oo 0 ot (1 £ g 0 ot >0 0
o o o

srsuepeue) sysoibewee) sapoJayje xeie) sanenby

Zad

135



uoyeaaly

0 06- ooL- .
00 1 t ' 3
[ ]
o
3
8
>
o
®
[: §
oLe e eo o o a
o
$3193ds mopeapy
uoijead|y uoneA’|3 uoyeAd|3
0s- 00L- 0 0s- oot- 0 0S- 00L-
. - . 3 . v
00 —e—— 3 00 *——oo—o—1 o 00 P~
[ [ N ®»
[ ] o [
2 3 3
[
> m >
T (<3 o
[ [ [}
: s . ] . 3
oL X J L J i ol - ° 2 oL Q
$3193ds aana sjuablawg sa|oads mopeaw paqinisig
uoneAd|3 uoieAsly uoljeA’dl3
0s- 001~ 0 0s- 00L- (1] 0s- oot-
. v . T . R
0o t < i o 00 { - t t o 00 1 a3
®» [ ®»
o o o
> W 3
8 8 ]
> > >
o T o
® » [}
. 3 . 3 . s
oL oo o o 2 oL L J oo o 2 oL ) 8

Sisuepeued sjsosbeween

sapoiayje xeien

sonenby

1 XA ]

136



uoieAsly

0 oi- oc- oe- o
00 1 ' } i 3
[ ]
[ ]
8
g
[ 4
o
0L W o000 o m
saloads mopeayy
uoneAs|y uoneA’d|3 uo{jeAsly
0 0i- (1 oe- . 0 oL- (VA oe- . 0 oL- oc- oe- -
00 ) 00 3 00 00— 0i00—o1 3
[ [ ] . [ 3
o o o
> » 3
3 o T
* - s
. 3 . S . S
18 L 44 L 4 8 ol 2 (1} 8
saioads sana] sjuabawy saloads mopeaw paqumsig
uoneA’y uoneAd|3 uoyeAdy
0 oL- 0c- 0e- v 0 olL- 0z oe- - 0 ot- 0c- oe- v
00 ] 00 —e o 00 ¢————00ies0—000—0 g
o e s
o a
3 3 3
[ ]
B > >
4 4 4
[ o [ ]
o'l ” » a 0L ®wes o o 3 0L (XX 24 F-1
o - ] ”
sisuepeued sysosbewelen sepossyle xe1en sanenby

vaa

137



uoneAaly

0 0S- 00L- <
00 1 ! 1 3
[ ]
o
g
>
o
s
0L © 00000 ¢oemre o o m
sa|oads mopeapy
uoneAd|3 uonNeAdl3 uoneAd|3
0 0S- 00L- . 0 0s- 00t- - 0 0S- 00L- -
00 1 + *—o— & 00 ] 00 a
* * : H
[ 3 0
2 3 g
[ d
w > »
T o o
[ [} ®»
[ 1 3 [ ]
0'L & 0000 soawe m ol m oL ° o @00 o m
s319ads 99Aa] sjuafisawy sajoads mopeaw paginisiq
uoneAajy uoneAdl3 uopeAlly
0 0s- 00L- v 0 0s- 00L- v 1] 0s- ooL- -
00 o-o— g 00{t——oaeo—o0— 3 00 -
« [ [}
o o o
3 3 3
B 5 5
-4 e 4
o o o
0L - oo o comme a 0L o000 o o ° 3 0L . 3
o o e
sisuapeued sysolbewee) sepoieyje xaien sanenby

saa

138



uoneAd|3
0 00i- ooc-

°
00 ¢ + i 3
[
[ ]
g
>
3
[
]
ot o eve owwe m
sa|oads mopeapy
uoneas’ly uoneAd3 uoijeAaldlz
0oL- 00z- o 0 ooL- 00¢c- < 0 00t- 00c- <
00 a 00 $—o—emoom®s—— 3 00 -]
[ [ 4 . [ ]
® o o
3 3 3
o
> 3 >
T 3 3
[~ [ [
. 3 . 3 . 3
oL > O e 8 0L 3 oL ® o 2
sajoads aana sjuabiawg $919ads mopeaw paqinysig
uoneAl|z uoneA’3 uoneAd|z
ooL- 00z 0 004- 00z 0 ooL- 00z
00 ..._-.. 00 *—0—+-0We————— m 00 >—— m
® o o
> > >
(<3 -3 T
[ [ [ d
. 14 . -] . ]
0L o oo 3 oL L 2 e 3 0L o o 2
[ ] - ]
sepoieyie xeien soyenby

sisuepeued sysoibeween)

sa1a

139



uoyeAa3

0 00L- 00¢- 00€- <
00 1 + ¢ i 3
s
g
;
0L® ove oo m
s3aloads mopeapy
uoljeAd|y uoneA’|3 uoneAdly
00L- 00c- 00€- - 0 004- 00c- - 0 00t- 0o0z- ooe- -
*—& *»-o ! w. 00 —0-————| m 00 m
[1] [ ] [ ]
3 3 3
B » »
e g g
g 3 8
owo ® a 0L L 2 o't 8
s3109ds aana] sjuabawgy sajoads mopeaw paqnjsig
uoyueAl|3 uoneAl)3 uoyeAdl
001L- 002- ooe- oo 0 00}- 00¢- W oo 0 0ol- ooe- 0o0¢- m_
——e®— g 0 1 1 t y DO — |
. 5 H H
5 > >
o T o
[~} [ ] [
o o 3 0l oo oo 3 oL o0 3
3 s 8
sepolayje xeien sanenby

sisuepeusd sysoibewees

L2a

140




uoyeAd|3z

0 0S- 00L- -
00 ¢ { -
m
g
>
0L ® 60 ¢0 60 @ 00 @ m
sa1vads mopeapy

uoneAdly uoneAdlg uoyeA’|y
0 0S- 0oL- - 0 0S- ooL- - 0 0s- 0oL- .
00 a 00 s 00 a
[ [ 4 . [
[: ] [ ] [
5 » »
o 3 o
" [} [ 3
) 3 . S . s
0L ®w o L4 8 o'l 8 oL e o0 ® oo 2

s310ads 29A97) sjuabswy sajpads mopeaw paqinysiq

uonjeAd)3 uoneaaly uonjeadly
0 0s- 0oL~ - 0 0s- 00L- < 0 0s- 0oL- -
00 a 00 oo +——— 4 3 00 Lamaan o o o0 2 2 I
[ ] [ [ 3
] [ ] (]
i i i
» B 3
(3 3 o
*® s H
0l 3 oLe e coas o000 3 ol 3
8 H 8

Sisuepeue? sjsosbeweje) sepoioyje xeien saenby

saia

141



uoneasly

0 0s- 0oL~ oS- -
00 4 4 + -
s
3
8
>
o
[}
[ ]
oL ® oo o ame m
$9193ds mopeayy
uogjead|3 uoneAaly uofjeAas|y
0 0G- ooL- oG- - 0 0s- 00t~ 0St- - 0 0s- 0ooL- oSL- <
00 1 t t i 3 00 ] 00 -]
[ d [ * “
o ]
3 3 g
] o
> > >
g g g
e s s
ol ® oo o aw a ol » F ot e o m
o o
sai0ads aana sjuabiawy sa103ds mopeaw paginisig
uoneA’3 uoneAd3 uonea’iy
0 0s- 0oL- 0St- 0 0s- ootL- 0stL- 0 0s- ooL- 0G4~
. 3 . 3 . v
0o - 00 ® 00 a
[ 4 [ [
o o o
3 3 3
o o
> » >
4 g (-3
8 g 8
oL L g o e 3 oL e o o ow 8 oL  J 3
sisuepeued sjsosbewere) sepoleyje xeie) sajjenby

6210

142



uoieAaly

0 0z- ov- 09- -
00 ¢ 4 ! 3
[}
1]
3
8
>
3
[
0
0LO® o0 coR® o m
sajoads mopeayy

uonead| uoea’| 3 uonea’dx
0 oc- ov- 09- - 0 oc- o 09- - 0 oc- ov- 09- -
00 —- 00—+ -] 00 — 3 00 -
® [ [
[ 1] [ ]
3 3 3

®
m > >
a g g
g g g
0L & & e cume L 2 8 ol 8 oL 3
saioads aana sjuabiawg sajpads mopeaw paqunjsiq

uoneAd|3 uoneadly uopeA’dy
0 oc- ov- 09- - 0 oc- ot 09- . 0 0c¢- ot- 09- -
00 - 00 tm————+ 3 0o o
§ 5 s
3 3 3
8 8 8
> -3 >
<3 o 3
[} » ®
o h o o
0L oo o0 eve a 0l o oo o a oL 'S . a
[ ] - . ]

Sisuepeue) sfisoibewee) sepoleyje xeien sonenby

Lela

143



uoneaa|y

0 0S5 0o0L- oS- <
00 + + + -
®
o
g
>
o
[~
o
0Lé® ¢ amp o o m
sajoads mopeapy
uoneas|y uoljead|y uoneA’ly
06- 00L- 0SL- - 0 0S- 00L- 0SL- - 0 0s- 00lL- 0st- -
00 1 4 —-e0—— 3 00 o 8 .00 3
s - ®
3 3 g
[: ]
> m >
4 4 4
3 g 3
oOLe® ¢ wamme o 8 ol 8 0L ® ® 8
$319ads aane] sjuabiawy saloads mopeaw paqinisig
uoneAdy uonead|l UoneAd3
0s- 00L- ost- - 0 0s5- 0o0L- 0Si- v 0 0s- 0oL~ 0StL- -
00 m 00 o0—o—ommrOo+——— m 00 m
® o o
3 -] S
g 8 g
> > >
T c o
[ » [~}
] [ ] [ ]
0ot o amw e w ot 4 PS Poy w oL ° W
® ° 4
siIsuepeue? sysosbewere) sepoieyje xesed sonenby

cea

144



Appendix 2. SAS Program used for meta-analysis.

THE META ANALYSIS PROGRAM (SAS)

*assume bl b2 sel se2 are set up as vectors*;

Proc IML;

A={

1.00 .085 ,065 -.038 .073,
1.00 .145 .085 -.077 .056,
1.00 .062 .032 -.006 .028,
1.00 .100 .069 -.018 ,053,
1.00 .082 .076 .035 .030,
1.00 .143 .073 -.041 .031,
1.00 .117 .056 -.009 .009,
1.00 .105 .,030 -.029 .012,
1.00 .,124 .069 -.010 .020,
1.00 .,173 .066 .017 .027,
1.00 .062 .034 -,030 .01s8,
1.00 .038 .025 -.035 .020,
2.00 -~-,017 .013 .019 .009,
2.00 .044 .025 .001 .009,
2.00 .020 .020 -.,002 .009,
2.00 -.,031 .041 .001 .o010,
2.00 .020 .017 .002 .007,
2.00 -.011 .021 .010 .007,
2.00 -.,009 .026 .002 .011,
2.00 .026 .023 .,011 .o021,
2.00 -.020 .015 .026 .012,
2.00 -~.071 .103 .007 .o0e61,
2.00 .013 .,008 -,003 .006,
2.00 .015 .014 -.009 .013,
2.00 -.015 .017 .015 .012,
2.00 -.041 .044 .182 .077,
2.00 .018 .,021 -.020 .025 };

bl = A[ 1:12,4]:

b2 A{13:27,4);
sel = A[ 1:12,5];
se2 = A[13:27,5);

*print bl, b2, sel, se2;

sigal

ssq(bl - sum(bl)/nrow(bl))/(nrow(bl) - 1);

siga2 = ssq(b2 - sum(b2)/nrow(b2))/(nrow(b2) - 1);

sigepl = sel##2;
sigep2 = se2##2;

CapSigl = J{nrow(bl),nrow(bl),sigal);
CapSigl = CapSigl + diag(sigepl);

CapSig2 = J(nrow(b2),nrow(b2),siga2);
ig2 = CapSig2 + diag(sigep2);

= J(nrow(bl),1,1);
one2 = J{nrow(b2),1,1);

betal = inv(onel'*inv(CapSigl)*onel)* (onel

“*inv(CapSigl) *bl);
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varbetal = inv({onel’*inv(CapSigl)*onel);

beta2

= inv(one2 *inv(CapSig2)*one2)* (one2 *inv(CapSig2) *b2) ;

varbeta2 = inv(one2 *inv(CapSig2)*one2);

print
print

print
print

print
print

quit;
run;

"Beta wl", betal,,:;
"Var Beta wl", varbetal,,;

"Beta w2", beta2;
"Var Beta w2", varbeta2,,;

/ bl, sel, sigal, sigepl, CapSigl;
/ b2, se2, siga2, sigep2, CapSig2;

*ends iml*;
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