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ABSTRACT

While much attention has focused on the decline of riparian forests in
the southwestern United States, little mention is made of increases in
vegetation along the Colorado River in the Grand Canyon. This research
investigated rates of aboveground primary plant productivity and
relationships between productivity and environmental controls along a
topographic sequence of a single reattachmént bar on the Colorado River.
Environmental and plant productivity data were collected in May and July
1995. An elevation and nitrogen gradient were discerned by correlation
analysis and principal components analysis. The elevation gradient was
correlated with soil texture, soil moisture, soil organic matter, soil
phosphorus concentrations and potential nitrogen mineralization for May
1995, and the same variables, minus potential nitrogen mineralization for
July. The nitrogen component was strongly correlated with nitrate,
ammonium, and total inorganic nitrogen in May 1995, and ammonium, total
inorganic nitrogen, and potential nitrogen mineralization in July. Minimum
annual aboveground productivity ranged from 0 to 2105 g/m*, and averaged
615 g/m®. The degree of correlation among environmental controls makes it
difficult to definitively conclude what is controlling plant productivity.
however, regression analysis suggests soil mositure is most significant in
explaining productivity patterns. Environmental patterns indicate the role
that geomorphic processes play in creating and maintaining riparian



environments in arid regions. If productivity has indeed increased since
closure of Glen Canyon Dam, increased rates of nutrient use and storage by
riparian ecosystems may exacerbate the overall importance of the riparian

zone to the stream/riparian ecosystem.




TABLE OF CONTENTS K

LIST OF TABLES. ...
LIST OF FIGURE}S .........................................................................................................
INTRODUCTION .o
INtrOAUCTION. oo
Research QUeStionS. ..o
BACKGROUND...ccooiieeaee e

LAt ature REVICW o oo

SaMPUNG DEeSIGIL oo
Field Methods. .o
Laboratory Methods. ...
RESTULTS e
Environmental Data ...
Plant Productivity .o
Community COMPOSITION. oo
DISCUSSION AND CONCLUSIONS......ccooooiiiiieeiimiieiiiieinsccneremeeeeeecscssisis
DASCUSSIONL. oo
CONCIUSIONS. oo

Future ReSeaTC . oo,

REFERENCES. ...t




APPENDIX

A

B
C
D

SAMPLE LOCATION COORDINATES......cccccccovvinennc 58
ENVIRONMENTAL DATA .. 60
PRODUCTIVITY DATA i 63
SPECIES DATA . oeeeeceseessssssssssnnsssssss e 66




Table

8]

Ut

=1

LIST OF TABLES

Summary statistics for environmental variables..........

Spearman rank-order correlations between May
environmental variables.........e,

Spearman rank-order correlations between July
environmental variables. ...,

Principal components analysis resulté ...............................................
May variable means at 5 meter intervals ...t
July variable means at 5 meter intervals ...
May groundwater geoChemiStry. ..o

Spearman rank-order correlations between environmental
variables and producCtivity. ..o

Community COMPOSITION. ...

Page

14

26

34

36

41




LIST OF FIGURES
Figure Page

1  Location of Kwagunt Marsh.. ..., 7

2 Kwagunt Marsh stage elevations and species composition.. 10
3 Kwagunt Marsh sampling grid and well locations............ 12
4 May variables 0Ver SPACE. ... 27
5 July variables OVer SPace. ... 28
6  DMay nitrogen variables over Space........, 29
7 July nitrogen variables ovVer Space...........oieiineneen: 30
8  May productivity model ... 37
9  July productivity model ... 39
10 Productivity OVer SPaACE. ..o 40

ix




INTRODUCTION

Introduction

A staggering variety of plants inhabit the ecosystems of the world.
While plant composition varies over space and time, different plant
assemblages never cease to perform their vital function of creating biomass
from solar energy and the basic elements of the earth. Biomass produced by
these plants contains chemical energy which supports almost all other life
forms. Because all other living organisms are dependent upon the energy
harvested and stqred by plants,ﬂprimary productivity, or the accrual of
biomass per unit area over time, has long been of interest to many scientists.

Riparian ecosystems are the ecotones between a stream and its
adjacent uplands. Functioning as transitional zones between the aquatic and
terrestrial ecosystems, riparian ecosystems are composed of steep gradients
of environmental factors (Gregory et al., 1991) including soil moisture
(Gemborys and Hodgkins, 1971; Johnson and Lowe, 1985), nutrient
availability (Pinay et al., 1992), and soil texture (Rubin et al., 1990). These
gradients create the substrate for vegetative development which reflect the
underlying environmental controls. In the arid southwest, the gradients are
exacerbated by extreme temperature and moisture deficits in the uplands,
creating narrow riparian zones that stand in stark contrast to the adjacent
uplands Mitsch and Gosselink, 1993).

Two theories pervasive in ecological literature address riparian plant

*




productivity: the flood-pulse theory (Junk et al, 1989) and the nutrient-
spiralling theory (Newbould et al., 1981). The flood-pulse theory most
directly addresses the riparian zone, suggesting that high productivity in
riparian zones is maintained by the input of nutrients and sediments during
seasonal flooding. However, other studies performed in the midwestern
United States (Brown and Peterson, 1983; Mitsch and Rust, 1984) have
indicated that the presence of flooding may not have a direct positive effect
on productivity. Additionally, along the Colorado River in the Grand
Canyon, results of several studies (Turner and Karpiscak, 1982; Stevens et
al., 1995) indicate that vegetative development has increased since the
closure of Glen Canyon Dam. These results suggest that in the arid
southwest, flood disturbance may limit productivity, and that the flood-pulse
theory may not be directly applicable.

Nutrient spiralling links the movement of nutrients through a stream
system to physical transport by the stream and biological utilization of
nutrients (Newbould et al., 1981). Four interacting components comprise a
desert stream ecosystems: the surface stream, hyporheic, parafluvial, and
riparian zones (Holmes et al., 1994). Fluxes occurring across the
stream/riparian boundary provide pathways for nutrient transfers between
adjacent ecosystems (Ward, 1989). Plant productivity increases biological
uptake and utilitzation of nutrients, which suggests that riparian plant

productivity may play a significant role in the overall movement and
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conservation of nutrients in desert stream ecosystems.

Research on the structure and function of riparian zones has increased
in recent years, however, there is a paucity of data regarding the productivity
of riparian ecosystems in the arid southwest (Mitsch and Gosselink, 1993).
While riparian zones are stated to be productive and diverse (Nilsson, 1984),
little quantitative literature exists on the sﬁbject of productivity, and what
does exist has been generated from environments quite different from the
deserts of the southwest. Given the importance of primary production to
other ecosystem ﬁnctions, the relationship of riparian productivity to the
flood-pulse and nutrient spiralling theories, and the regional importance of
riparian ecosystems in the arid regions, the lack of data for riparian plant
productivity in the soutwestern United States indicates a need for quantitive
study. The purpose of this study, therefore, is to quantify net aboveground
primary productivity (NAPP) at a fluvial marsh along the Colorado River in
the Grand Canyon and to investigate the dynamic relationship between plant
productivity and environmental factors controlling it. This research will
provide contributions to riparian ecological theory by: (1) quantifying

spatial patterns of biomass accrual; (2) further refining the understanding of
the relationship between these patterns and environmental controls at the
scale of a single reattachment bar; (3) providing quantitative data that will
lend itself to inclusion in models of nutrient spiralling, clarifying the role of

the riparian zone in overall stream system nutrient retention; and (4)




providing baseline data for an investigation into the validity of the flood-
pulse theory.
Research Questions

The goals of this study are to understand the controls of NAPP in arid
regions and to clarify the role of riparian plant productivity in the
conservation and cycling of nutrients With'mv a stream ecosystem. Kwagunt
Marsh, located approximately 89 km (55 miles) downstream of Lee's Ferry
along the Colorado River in the Grand Canyon, was selected for this study
because it is locatéd on a large alluvial bar with varied topography and
substrate (Rubin et al., 1990), it has a variety of vegetation assemblages
within close proximity to each other, and its physical and ecological history
have been documented (Rubin et al., 1990; Stevens et al., 1995).
Additionally, it was subjected to experimental flooding in April 1996, making
this location and study appropriate for continuation in a test of the flood-
pulse hypothesis.

This study quantitatively examines patterns of biomass accrual and
community structure along a topographic sequence and examines the
relationship of those patterns to environmental controls. The specific
research questions investigated were:

(1) What patterns in community structure and NAPP emerge from

quantitative analysis of the study area?

(2) How are the patterns in NAPP and community structure explained




by environmental conditions at the site?




LITERATURE REVIEW

The term ecosystem was first coined by Tansley (1935), to define a unit
of study in ecology. The ecosystem, according to Tansley, is the basic unit of
nature, and is comprised of "...not only the organism-complex, but also the
whole complex of physical factors forming what we call the environment..."
(Tansley, 1935 p. 299). Within a given ecosystem, biotic components interact
with the physical environment in such a ménner that the flow of energy
leads to "...a characteristic trophic structure and material cycles within the
system" (Odum, 1969 p. 262). By reducing the unit of biological study to a
system, analysis progresses towards examination of the processes and
functions performed by the system.

Research into primary productivity examines the flow of energy
through an ecosystem. At the physiological level, research has determined
the primary controls of plant productivity. Plant productivity can be
understood as a biological input-output system, with primary climatic inputs
being light energy, water, and CO, (Cooper, 1973). Utilization of these
components is altered by temperature and nutrient stress (Cooper. 1973).
While the theoretical factors controlling plant productivity are understood.
there is a need for research to examine how these variables interact in
different geographic regions and ecological communities (Mitsch and
Gosselink, 1993).

While literature on wetland productivity is abundant (Keefe. 1972:

Auclair et al., 1976; Mason and Bryant. 1974; Mitch and Ewel. 1979, a
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literature search vielded little research on productivity of riparian zé()}les in
the arid southwest. Smith and others (1991) investigated leaf area and
branch length changes in riparian trees along diverted and undiverted
reaches of Bishop Creek in California. They concluded that in diverted area,
water stressed plants produced smaller leaves and had lower leaf area per
unit branch length. Similarly, Stromberg and others (1993) investigated a
variety of growth parameters for Prosopis velutina along a moisture gradient,
finding that performance was significantly better in mesic (riparian), rather
than xeric sites (uplands). Growth of Salix exigua and Tamarix ramosissima
in relation to plant water relations was investigated by Stevens and Ayers
(1993), who found that growth of S. exigua was negatively correlated with
stage elevation, and that chronically low plant water potential resulted in
decreased growth. Stevens and others (1995), in an investigation into fluvial
marshes along the Colorado River, found mean standing ash-free mass to be
641 g/c/m*, and stated that productivity is related to inundation regime, soil

texture and patch age.




STUDY AREA

Kwagunt Marsh is located approximately 89 km downstream from
Lee's Ferry along the Colorado River in the Grand Canyon (Figure 1). The
marsh is located on a larger than average but mophologically representative
reattachment bar (Rubin et al., 1990). The xeric environment above the
riparian zone at Kwagunt Marsh supports Sonoran Desert vegetation,
including the Opuntia sp., Encelia frutescens, Lyctum andersonit, and Acacia
greggii. Directly below the xeric zone, Prosopis velutina trees dominate in
the Colorado Rivex’s historical Old Highwater Zone (OHWZ). Adjacent to the
OHWZ, mature Tamarix ramosissimi trees dominate in what is known as the
New Highwater Zone NHWZ). The marsh exists on a low lying platform,
and is separated from the NHWZ by a return channekl. Vegetatively, the
study area contains many common assemblages present along the course of
the river. Specifically, within the study area, there are five distinct
assemblages present. Assemblages are listed from the river to the return
channel accordingly: a frequently innundated zone directly adjacent to the
river, dominated by Equisetum arvese; a dense stand of Phragmites australis
in lower elevations. a Salix exigua/Equisetum hiemale assemblage that
often includes Muhlenbergia asperifolia: a Tamarix ramosissimi stand on
higher elevations: and finally the return channel which is dominated by

Carex aquaitlus. A map showing stage elevations, species common to each
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stage, and study grid location is provided as Figure 2. The base map and
vegetative data were provided by L. E. Stevens from unpublished research.

The study area ranges in elevation from 843.093 to 844.821 meters
above sea level. Because the river level changes based upon releases from
Glen Canyon Dam, all discussions of quadrat locations relative to the river
are based upon the river level when the original study grid was created in
January 1995. Low elevation quadrats (843.093 m- 843.790 m;
mean=843.356 m) were located between 0 and 40 m from the river, andin a
return channel 65 m from the river. High elevation quadrats (843.893 m-
844.821 m; mean=844.372 m), were located between 45 and 60 m from the
river. The sedimentary history of the bar is detailed by Rubin and others
(1990), who explain the processes causing the topographic features on the -
bar. The high elevation sites are the erosional remnants of a platform that
was formed during a high flow event, and have a coarer texture than the
lower elevation sites, which are the product of lower flow depositional events
(Rubin et al., 1990).

The vegetative history of the Colorado River has been documented by
Turner and Karpiscak (1982) and by Johnson (1990). Prior to the closure of
Glen Canyon Dam, perennial vegetation along the Colorado River only grew
above elevations that were not scoured seasonally by flooding (approximately
100,000 to 125,000 ft*/s) in what is known as the Old Highwater Zone

(Carothers and Brown, 1991). Following the closure of Glen Canyor Dam in
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Represents stage elevations over 300,000 cfs. Composed of Sonoran desert
[:] vegetation, common species found in this zone include Opuntia sp., )
Eriogonum inflatum, Encelia frutescens, Lycium andersonii, and Acacia greggii.

Represents stage elevations between approximately 125,000 to 300,000 cfs. As a
remnant of the Old Highwater zone, Prosopis glandulosa dominates. Other
species include Bromus rubens, Opuntia erinacea, and Guterrezia sarothroe,
Baccharis emoryi and Baccharis salicifolia.

Represents stage elevations between approximately 45,000 to 125,000 cfs. This
zone is dominated by mature trees including Tamarix ramosissimi, Prosopis
glandulosa. Salix exigua. Baccharis emoryi, and Baccharis salicifolia. Other
species include Bromus rubens, Guterrezia sarothroe, Equisetum sp., and
Tessaria sericea.

Represents stage elevations between approximately 28,000 to 40,000 cfs. A

Salix exigualEquisetum sp. assemblage frequently occurs, as do stands of juvenille
Tamarix ramosissimi. Other species include Baccharis emoryi, Bromus rubens,
Prosopis glandulosa, Conyza canadensis, Carex aquatilus. and Sporobulus sp.

Represents stage elevations between approximately 20,000 and 28.000 cfs. A
Salix exigualEquisetum sp. assemblage, along with stands of Typha domingensis.
Baccharis emoryi. and Phragmites australis dominate. Other species include
Equisetum arvense. Carex aquatilus, Plantago major, Gnaphalium chilense,
Melilotus sp.. Muhlenbergia asperifolia. and Scirpus pungens

Represents stage elevations below approximately 20,000 cfs. A variety of species
are present. with no clear dominants. Species include Juncus articulatus,
Juncus ensifolius, Juncus bufonius, Scirpus pungens, Equisetum arvense,
Equisetum sp.. Tamarix ramosissimi, Typha domingensis, Juncus torreyi,
Conyza canadensis, Muhlenbergia asperifolia, and Phagmites australis.

Figure 2. Stage elevations and species associations are shown. Location of the
study grid relative to the bar is shown as a white box, and a more detailed
diagram of the study area is shown on Figure 3. Data provided by L. E. Stevens.

.
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1963, river flow was stabilized and the cycle of annual flooding ceased.
Changes in flow management that affect riparian vegetation include
seasonal flow patterns, maximum and minimum discharges, nutrient and
sediment transport, and water temperature (Johnson, 1990). The new flow
patterns of the Colorado River allowed land between the river stage
elevations of 100,000 to 33,000 cubic feet per second to be colonized by
perennial vegetation (Carothers and Brown, 1991), and stable flows have
created riparian ecosystems that are increasinly mesic when compared to

pre-dam conditions (Johnson, 1990).




METHODOLOGY

Sampling Design

Because the objectives of this research were to examine NAPP along a
topographic sequence, the research grid was established between January 9
and January 10, 1995 in the area of greatest topographic change across the
alluvial deposit. A grid 25 x 65m in size was oriented across the study site
with the long axis perpendicular to the river (see Figures 2 and 3). Along
both axes, survey stakes were placed every five meters, creating a grid of
fifty-four 25m* stgdy units, which are hereafter refered to as quadrats.
Survey stake UTM coordinates are provided in APPENDIX A. All quadrats
were named for the survey stake located in the upstream/canyon wall corner
of each plot. Additional sampling trips were taken on May 3 through May 7,
1995 and from July 1 to July 7, 1995. Productivity and soil samples were
collected from stratified locations within each quadrat to minimize
trampling, disturbance, and the effects of boundaries during the May and
July sampling trips. Individual samples were assumed to represent the
environmental and ecological conditions over each quadrat.
Field Vlethods

Plant productivity for each quadrat was measured using a combination
of harvest methods and allometric growth equations (Whittaker and Marks,
1975) during the May and July 1995 sampling trips. Loss due to death from

the beginning of the growing season (early January) to May was assumed to

t
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Figure 3. Kwagunt Marsh sampling grid and well locations.
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time of study grid establishment, and groundwater wells are
shown. The study grid orientation on the reattachment bar is
shown in Figure 2. Survey stake identifying numbers are shown
to the upper right of each stake in bold text, and correspond to the
identifying numbers included in Appendices A, B, C, and D.
Approximate distance to the river is shown at the far right of the
study grid in plain text.
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be zero, and could not be measured because litter samples had not been
collected at the beginning of the growing season. Loss due to death from May
to July was also assumed to be zero and an ANOVA test indicated that there
was no significant (p<0.01) difference between the amount of litter present in
May and the amount present in July.

To measure productivity of non-woody annual production, non-woody
living biomass was collected from 0.10 m? circular plots in each quadrat.
Samples were dried as long as possible in the field (approximately 3 days),
then sealed and transported back to the lab. Samples were air dried for an
additional two weeks at the lab, then weighed to the closest 0.1 g.

Due to the different growth forms of trees present at the site, several
different methods were used to estimate NAPP of tree species. Tree density
was measured by counting all trees in 1 x 1 m plots within each quadrat.
Basal diameter (BD) and height were measured on Salix exigua and Tamarix
ramosissimi seedlings located within the 1 x 1 m plots. Foliage harvests
(leaves and new stems) in conjunction with BD and height measurements
from approximately 30 S. extigua and 30 T. ramosissimi seedlings located
across the study area were used to develop species specific relationships
between tree dimensions and foliage production using regression equations.
These equations were used to estimate foliage productivity on the censused
S. exigua and T. ramosissimi trees located within the 1 x 1 m study plots.

While S. extgua and 7. ramosissimi seedlings grow from one long shbot. with
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relatively few large side branches, Baccharis emoryi produces many large
side branches from its main trunk. For this reason, the B. emoryi growth
form was not conducive to dimensional measurements and predictive
equations used to predict S. exigua and 7. ramosissimi foliage productivity.
Therefore, B. emoryi foliage was harvested from three different trees in 0.10
m- circular plots that went from the ground through the canopy during the
July 1995 sampling trip. These values were averaged, creating an estimate
of productivity per 0.10 m? surface cover of B. emoryi. This value was
multiplied by B. emoryi surface area cover, measured in each of the 1 x 1 m
census plots, providing an estimate of B. emoryi foliage productivity. The
methodology for B. emoryt trees was developed in time for May sampling,
therefore, quantitative data for B. emoryt productivity up to May 1995 was
not measured. To account for B. emoryi productivity in May, July values
were used as a proxy, and might slightly overpredict productivity in plots
with B. emoryi. Additionally, woody biomass accrual by tree species, while
recognized as important, was not measured because instruments to measure
the increase in tree trunk diameter within the appropriate margin of error
were not available. Thus, productivity measurements are assumed to be
slightly underpredicted in plots that contain trees.

To calculate the overall biomass accrual for each study quadrat, the

0.10 m*harvest plots were multiplied by 10 to estimate productivity on a 1m?
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basis, and was summed with the foliage productivity estimates for trees
within the 1 x 1 m plots. All productivity data is presented as g/m”.

Soil samples collected for analysis of nutrient content, soil moisture,
and soil texture were gathered from each of the study quadrats. The soil
samples were collected from a depth of 15 cm below ground surface, placed in
plastic bags, and put on ice within 1 hour of collection. In addition, 4 wells,
located approximately 5, 20, 35, and 60 m from the river, were sunk using 2
meter sections of PVC pipe during the May trip. (See Figure 3) From these
wells, groundwater samples were collected from a depth of approximately 2
m below ground surface, filtered immediately, and placed on ice after
collection.

A total of 54 quadrats were sampled in May. iny 48 quadrats were
resampled in July because water levels had risen sufficiently that sampling
was not practical in six quadrats.

Laboratory Methods

Within 10 days of collection, plant samples were air dried for 2 weeks
in the laboratory. then weighed to the nearest 0.1 g. Harvested plant
samples were sorted by species and weighed to provide quantitiatve data on
community structure.

Soil samples provided measurements of soil texture, soil nitrogen
concentrations, nitrogen mineraliztion potential, phosphorus concentrations,

percentage soil moisture by weight, and percentage organic matter by weight.
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To measure soil moisture, approximately 10g fresh soil samples were
weighed and then dried for 72 hours. Soil moisture was calculated using the
following equation (Allen, 1989):

Moisture (%) = (loss in weight on drying/initial sample weight)*100.

The percentage of organic matter in the soil was approximated by measuring
loss-on-ignition. Dry soil samples were ashéd at 550° C for 4 hours. Samples
were re-wet, then dried at 60° C for 72 hours so that water bound to silts and
clays would not be removed during the ashing process. Loss-on-ignition was

calculated using the following equation (Allen, 1989):
Loss-on-ignition (%) = (wieght loss /initial sample weight)*100.
Soil texture was measured by sieving approximately 120g dry weight
samples into five grain-size classes using U.S. standard sieve sizes:
> 2.000 mm pebbble
2.000 - 0.600 mm coarse sand
0.600-0.212 mm medium sand
0.212-0.063 mm fine sand
< 0.063 mm silt
The percentage of each grain size weight to the total sample weight was then
calculated for each sample. The percentage of silts in each soil sample was
used as a proxy for soil texture (Stevens et al., 1995).
Nitrate (NO;) and ammonium (NH,") were extracted from 20g fresh
soil using 200ml 6% KCl solution (Allen, 1989). Additional 20 g fresh soil

samples from each locations were placed in unsealed plastic bags to allow

aeration. The bags were incubated in a dark drawer at room temperature
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(approximately 26° ¢). To keep the samples at similar moisture levels as
found in the field, samples were reweighed after 14 day, and dionized water
was added to return the soils to original weight (Vitousek et al., 1982). After
incubation, the samples were extracted using 200ml 6% KCl solution. Net
nitrogen mineralization was calculated by subtracting the initial total
inorganic nitrogen concentrations (TIN) frofn the TIN extracted from the
incubated samples. Phosphorus was extracted from 10g fresh soil samples
using 200 ml 2.5% acetic acid solution (Allen, 1989). All samples were
corrected for soil moisture and are reported as ng of nutrient per gram dry

weight soil (ug/g).




RESULTS
Environmental Data

Variables discussed in this section incude elevation above sea level
(ELEV), the percentage of silts in the soil sample (SC), percent soil moisture
(H,O), percent soil organic matter (OM), soil phosphorus concentrations
(SRP), soil nitrate concentrations (NOy;), soil ammonium concentrations
NH,"), total inorganic nitrogen concentrations (TIN), and nitrogen
mineralization potential NMIN). Environmental data are provided in
APPENDIX B. Summary statistics for both the May and July datasets of
these variables are provided in Table 1. In general, there were decreases in
mean soil moisture, organic matter, phosphorus, nitrate, and nitrogen
mineralization between May and July. There were increases from May to
July in mean concentrations of ammonium and total inorganic nitrogen.

In order to test for normality in each of the variable distributions, a
Kolmogorov-Smirnov one sample test was run on each of the environmental
variables. All environmental variables except SRP in the May dataset, and
SRP and NO; in the July dataset were found to significantly deviate from a
normal distribution (p<0.01). Therefore, in order to assess significant
relationships between environmental variables in the study area,
Spearman's rank-order correlations were generated for the environmental
variables. Based upon correlations from May data, there appear to be two

distinct groups of variables that are highly correlated (Table 2). The first




Table 1. Summary statistics for environmental variables.

Min

ELEV 842.64

SC  1.360
H0  0.750
OM  0.150
SRP  2.030
NO,  0.000
NH4*  0.000
TIN  0.000

NMIN -2.010

May N=54

Max Mean S.D.
844.82 843.57 0.549
65.350 27.980 19.073
42.060 15.450 11.371
3.600 1.151 0.867
24.180 7.233 4.346
0.780 0.104 0.172
4.270 0.631 0.652
4490 0.735 0.733

7.360 1..013 1.797

July N=48%*
Min  Max
842.64 844.82 843.57
1.360 65.350 27.980
0.240 28.293 14.861
0.100 3.290 0.968
0.295 2.889 1.169
0.000 0.018 0.006
0.000 5.325 1.015
0.002 5.331 1.0241

-4.014 4.261 -0.244

Mean S.D.

0.549

19.073

0.004

0.813

0.813

1.139

* July elevation and SC were calculated from 54 observations collected in January.

Elevatation (ELEV) is reported as m above sea level. Percentage silts (SC), soil moisture

(H.0) and soil organic matter (OM) are reported as percentage of contribution to a soil sample

by weight. Soil phosphorus (SRP). soil nitrate (NO,), soil ammonium (NH,") and total

inorganic nitrogen (TIN) are reported as ng/g dry weight of soil. Potential nitrogen

mineralization (NMIN) is reported as the total gain or loss of TIN in wg/g dry soil over 30 days.




Table 2. Spearman rank-order correlations between May environmental variables.

ELEV SC
ELEV 1.000

SC -0.663 1.000

H,O -0.686 0.785

OM  -0.529 0.708

H,0 OM

SRP -0.513 0.623
NO, -0.007 0.097
NH4* -0.048 0.016
TIN  -0.035 0.049

NMIN -0.383 0.366

0.094

0.435

SRP NO,

1.000
0.706 1.000
0.196 0.016 1.000

-0.044 0.032 0.

N\
Nl
]

-0.001 0.033 0.

24
(==
(e

0.546 0.493 -0.115

1
Environmental variables elevation (ELEV). percentage silt (SC). organic matter (OM).
phosphorus (SRP). nitrate (NO,). ammonium (NH4"). total inorganic nitrogen (TIN). and
potential nitrogen mineralzation (NMIN). are presented. Correlations significant at the 0.01

level are underlined in bold text. Correlations significant at the 0.05 level are shown in bold

text only.

NH4*

TIN NMIN

-0.240 -0.235 1.000
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group includes the environmental variables elevation (ELEV), percentage of
silts (SC), soil moisture (H,0), soil organic matter (OM), soluable reactive
phosphorus (SRP), and potential nitrogen mineralization (NMIN). The
second grouping includes nitrate (NO;), ammonium (NH,"), and total
inorganic nitrogen (TIN). The pattern is similar for July, however, NMIN is
correlated with the nitrogen measures rather than the other environmental
factors (Table 3). A high degree of correlation among variables indicates that
there is redundancy within a dataset. Thus, Principal Components Analysis
(PCA) was used t(; reduce the number of variables by discerning major
environmental gradients. For both May and July data, PCA generated two
components explaining over 69% of the total dataset variation (Table 4). The
two components were similar between sampling months. Component
loadings indicate the elevation component (component 1) is strongly
correlated with the variables ELEV, SC, H,0, OM, and SRP, while the
nitrogen component (component 2) is strongly correlated with the variables
NH," and TIN (Table 4). NMIN was also correlated with the elevation
component during May, however, it was correlated with the nitrogen
component component in July, mirroring the patterns shown by Spearman
rank-order correlations.

To discern how environmental variables change with distance from the
river, means were calculated for each variable at 53 m intervals from the

rivers edge. Four samples were used to compute each mean with
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Table 3. Spearman rank-order correlation between July environmental variables.

ELEV SC  H,0 OM SRP NO, NH4 TIN NMIN
ELEV 1.000

SC  -0.653 1.000

H,0 -0.765 0.774 1.000

OM -0.713 0.761 0.895 1.000

SRP -0.759 0.678 0.743 0.722 1.000

NO, 0.099 -0.212 -0.165 -0.061 -0.147 1.000

NH4" -0.043 0.059 0.170 0.136 -0.025 0.345 1.000

TIN -0.039 0.053 0.166 0.132 -0.029 0.357 0.999 1.000

NMIN -0.044 0.047 -0.101 -0.070 0.039 -0.286 -0.848 -0.844 1.000
S

Environmental variables elevation (ELEV). percentage silt (SC). organic matter (OM).
phosphorus (SRP). nitrate (NO,). ammonium (NH4"). total inorganic nitrogen (TIN). and
potential nitrogen mineralzation (NMIN). are presented. Correlations significant at the 0.01
level are underlined in bold text. Correlations significant at the 0.05 level are shown in bold

text only.




Table 4. Principal components analysis results for May and July.

May July

Component 1 2 1 2
% TV 41.88 27.10 44.73 28.36

Loadings Loadings
Component 1 2 Communality 1 2 Communality
ELEV -0.791 0.037 0.627 -0.856 -0.219 0.781
SC 0.879 0.006 0.773 0.869 0.227 0.807
H.0 0.913 0.189 0.869 0.947 0.188 0.932
OM 0.810 -0.007 0.656 0.807 0.033 0.652
SRP 0.710 -0.025 0.505 0.803 0.213 0.69
NO, 0.001 0.667 0.445 -0.210 -0.311 0.141
NH,” 0.052 0.928 0.864 0.334 -0.917 0.952
TIN 0.047 0.982 0.967 0.333 -0.917 0.952
NMIN 0.609 -0.362 0.502 -0.279 0.770 0.671

RS e s e e e
The percentage of total variance (TV) explained by each component. component loadings and

communalties are shown. Bold loadings indicate that the variable is strongly explained by the

given component.




the exception of locations at the rivers edge (0 m), where only two samples
were collected. Tables 5 and 6 show May and July mean values at successive
distances from the river. Figures 4 and 5 show transect graphs of mean SC,
H.O, OM, and SRP, along with a site topographic map for May and July.
Additionally, Figures 6 and 7 show a site topographic map and transect
graphs of NO3-, NH,*, TIN, and NMIN for May and July.

Two distinct environments seem to occur at the site, those located
between 45 and 60 meters from the river, and those that are not (F igures 4,
5, 6, and 7). Sites located between 45 and 60 m from the river have higher
elevations (mean = 844.28 m) and a lower percentage of silts (mean = 4.09%),
less soil moisture (May mean=1.49%, July mean = 2.0%), less soil organic
matter May mean = 0.39%, July mean = 0.33%), and lower soluble reactive
phosphorus concentrations (May mean = 3.28 ng/g, July mean = 0.45 ng/g).
Sites located at distances between 0 and 40 m from the river. as well as
locations 65 m from the river have lower elevations (mean = 843.24 m) and
higher percentages of silts (mean = 37.76%), more soil moisture May mean =
21.43%, July mean = 21.29%), greater amounts soil organic matter QMay
mean = 1.47%, July mean = 1.29%), and higher concentrations of soluble
reactive phosphorus (May mean = 8.72 pg/g, July mean = 1.53 ng/g).

One-way ANOVA tests were performed on each variable to determine

if there were statistically significant differences between the erosional



Table 5. May variable means at 5 m intervals.

Distance
65
60
55
50
45
40
35

30

Elevation is reported in m above sea level. Silt content (SC). soil moisture (H,O). and organic

Elev

843.48

843.94

844.62

844.56

843.98

843.53

843.26

843.23

843.34

843.44

843.33

843.23

842.88

842.70 !

SC
20.69
2.59

3.46

38.74
33.69
34.11
31.21
34.60

44.06

(W]
(S
o
=1

H,0
15.73
1.73
1.10

1.88

21.38
28.39
21.70
19.72
19.23

18.08

OM

0.91

0.33

0.35

0.48

2.16

0.59

1.10

SRP

5.32

9.91
6.05

5.30

NO;

0.06

0.03

0.02

0.19

0.08

0.13

0.18

0.00

0.05

0.06

0.03

0.51

0.48

0.47

0.41

0.60

0.56

0.48

0.62

0.45

TIN

0.36

0.54

0.50

0.66

NMIN

-0.05

-0.34

0.13

0.10

0.58

0.44

0.44
0.99

3.69

matter (OM) are reported as the percentage contribution to a soil sample by weight.

Phosphorus (SRP). nitrate (NO,). ammonium (NH,). and total inorgainc nitrogen (TIN) are

reported as wg/g drv weight soil. Potential nitrogen mineralization (NMIN) is reported as the

total gain or loss of TIN in wg/g dry soil over 30 days.



Table 6. July variable means at 5 m intervals.

Distance

65

60

55

50

45

40

35

30

25

ELEV
843.48
843.94
844.62
844.56
843.98
843.54
843.26
843.23
843.34
843.44
843.33
843.23

842.88

3.46

5.61

4.70

45.99

52.09

38.74

33.69

34.11

31.21

34.60

44.06

52.37

H,0

18.39

24.15
21.30
19.88

19.85

[ &)
1o
[V
Lo

N/A

N/A

0.85

1.26

N/A

N/A

SRP

0.88

0.43

0.40

0.45

0.50

0.90

N/A

N/A

NO,
0.01
0.00
0.01
0.01
0.01
0.00
0.00
0.00
0.01
0.01
0.00
0.00
N/A

N/A

NH,'
1.35
0.90
0.96
0.66
1.03
0.90
1.87
0.66
1.01
0.94
0.92
0.97
N/A

N/A

TIN

1.36

0.90

0.67

1.04

0.91

1.87

1.01

0.95

0.97

N/A

N/A

NMIN

-0.90

-0.45

-0.35

0.31

0.89

-1.03

-0.31

-0.44

N/A

N/A

Elevation is reported in m above sea level. Silt content (SC). soil moisture (H,O). and organic

matter (OM) are reported as the percentage contribution to a soil sample by weight.

Phosphorus (SRP). nitrate (NO,). ammonium (NH,"). and total inorgaine nitrogen (TIN) are

reported as ug/g dry weight soil. Potential nitrogen mineralization (NMIN) is reported as the

total gain or loss of TIN in wug/g dry soil over 30 days.
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Figure 4. Spatial patterns of environmental variables in May.

Silt content (SC), soil moisture (H2O), soil organic matter (OM), and
phosphorus (SRP) are averaged at 5 m intervals from the

river. X-axes show distance from the river at the time of study grid
establishment. Error bars represent one standard deviation.
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Silt content (SC), soil moisture (H20), soil organic matter (OM), and
phosphorus (SRP) are averaged at 5 m intervals from the
river. X-axes show distance from the river at the time of study grid
establishment. Error bars represent one standard deviation.
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Figure 6. Spatial patterns of nitrogen variables in May.

Nitrate (NO,.), ammonium (NH J‘+), total inorganic nitrogen (TIN),

and potential nitrogen mineralization (NMIN) are averaged

at 5 m intervals from the river. X-axes show distance from the river

?1t the time of study grid establishment. Error bars represent one standard
eviation.
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Figure 7. Spatial patterns of nitrogen variables in July.

Nitrate (NOs-), ammonium (NHy*), total inorganic nitrogen (TIN), and
potential nitrogen mineralization (NMIN) are averaged at 5 m intervals
from the river. X-axes show distance from the river when the study grid
was established. Error bars represent one standard deviation.
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surfaces present between 45 and 60 m from the river, and depositional
surfaces between 0 and 40 m and at 65 m from the river. ANOVA results are
presented in Table 7. The only variables that were not significantly
different were NO, and NMIN in July.

While NMIN was significantly correlated with ELEV, SC, H,0, OM,
and SRP data collected during the May sampling trip, none of the other soil
nitrogen variables (NO;, NH4", TIN) are significantly correlated with other
environmental variables, nor do they appear to have distributional pattern
similar to other variables (see Figures 6 and 7). July data indicate that while
the soil nitrogen measures NO;, NH4", TIN, and NMIN are significantly
correlated with each other, they are not significantly correlated with any
other environmental variables. Soil nitrogen predominantly occurred as
NH,", with NO; concentrations larger than NH4™ concentrations found in
only four quadrats sampled in May and two quadrats sampled in July.
Nitrogen mineralization during May appears to be a significant contributor
to nitrogen availability, with the flux of mean net nitrogen mineralization
being greater than mean TIN in the soil. In July. however, mean net
nitrogen minerization was negative, indicating that more nitrogen was lost
rather than gained over the thirty day incubation period. This suggests that
nitrogen limitiation might be more severe in July than in May.

An additional source from which plants aquire nutrients from is in the

water stored in beach sediments. Duplicate samples collected in May 1995



Table 7. ANOVA results for May and July.

May July
ELEV p<0.001 p<0.001
SC p<0.001 p<0.001
H,0 p<0.001 p<0.001
OM P<0.001 P<0.001
SRP P<0.001 P<0.001
NOy p=0.015 P=0.060
NH," p=0.002 p=0.002
TIN p<0.001 p=0.002
NMIN p<0.001 p=0.392

.-
Variables elevation (ELEV), silt content (SC). soil moisture (H,0). soil organic matter (OM).
phosphorus (SRP), nitrate (NO;). ammonium (NH,"). total inorganic nitrogen (TIN). and
potential nitrogen mineralization are tested for significant differences between erosional and

depositional surfaces. Significant differences (p<0.05) between surfaces are shown in bold.



from each well location were averaged, and values are reported as mg/l in
Table 8. NO; ranged from 0.000 to 0.009 mg/l, NH4" ranged from 0.158 to
0.886 mg/l, and TIN varied from 0.158 to 0.891 mg/l. TIN increased in
concentration from 5 to 35m from the river, but decreased at 60 m from the
river. Phosphorus concentrations (SRP) did not follow the same pattern as
nitrogen concentrations, were highest in the well located 20 m from the river,
and were approximately equal at all other sample wells.
Plant Productivity

Because loss due to death and herbivory are assumed to be negligible,
and because the beginning of the growing season was not known, all net
aboveground productivity values are reported as standing biomass of
understory herbaceous and tree foliage produced within the growing season.
For this reason, no temporal component is included in the unit of measure.
All productivity data are provided in APPENDIX C. Estimated productivity
for individual plots ranged from zero to 1003.00 g/m® in May (mean 276.91
g/m?), and zero to 2105 g/m*® in July (mean=614.71 g/m?). Trees provided
little of the actual biomass in most samples collected, as evidenced by the fact
that productivity of herbaceous plants is greater than that of trees in 46 of 54
quadrats in May, and 43 of 48 quadrats in July. Quadrats in which the tree
foliage productivity was greater than herbaceous vegetation productivity
were all located at least 45 m from the rivers edge.

Productivity values measured at equal distances from the river were
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Table 8. Groundwater geochemistry data for May 1995.

Distance from river (m) NOj NH4* TIN SRP
5 0.008 0.273 0.281 0.045
20 0.009 0.469 0.477 0.181
35 0.005 0.886 0.891 0.033
60 0.000 0.158 0.158 0.042

Samples collected 2 m below ground surface. All values are given in mg/l.




averaged and are plotted in Figure 8. Vegetation assemgléges tended to
change parallel to the river, therefore, with the exception of approximately
two distance intervals from the river (25 m and 65 m) averaged productivity
values were from the same basic assemblage type. In general, during both
sampling months, productivity was highest for quadrats found from 10 to 40
m of the river, and for the quadrats located 65 m from the river. Quadrats
located within 5 m from the river had low productivity, presumably due to
disturbance and removal of vegetation by the river. Quadrats located on the
topographic rise between 45 and 60 meters also had relatively low
productivity.

In order to understand how productivity is related to environmental
variables, Spearman's rank-order correlations were calculated. Results are
presented in Table 9. To further explore the relationship between
productivity and environmental variables, a regression analysis was run
using pairwise combinations of the variables selected from the two groups of
autocorrelated variables discerned using PCA. For both the May and July
datasets, observations collected within 5 m of the river were discarded for the
regression analysis due to the fact that the biomass had potentially
been removed from these sites by highwater flows, and quantitative
measures of disturbance had not been calculated or measured. Biomass
accumulation from the beginning of the growing season to May appears to be

most readily explained by soil moisture and NH,™ concentrations (Figure 9).
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Table 9. Spearman rank-order correlations between environmental

variables and productivity.

May productivity July productivity
ELEV -0.284 -0.686
sC 0.466 10.677
H,O 0.480 0.747
oM 0.507 0.702
SRP 0.578 0.624
NO, 0.097 -0.211
NH,” -0.057 0.070
TIN 0.010 0.059
NMIN 0.273 -0.024

Variables include: elevation (ELEV), silt content (SC). soil moisture (H,O), phosphorus (SRP).
nitrate (NO,). ammonium (NH,"), total inorganic nitrogen (TIN). and potential nitrogen
mineralization (NMIN). Correlations significant at the 0.01 level are underlined in bold text.

(Correlations significant at the 0.05 level are shown in bold text only.
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A model using these variables was significant (p<0.01), and explains 44 % of
the variations in plant productivity. For biomass accumulation to July, the
most effective combination of paired variables was H,0O and NMIN,
producing a significant model (p<0.01) that explains approximately 48 % of
the variation in plant productivity (Figure 10). Residuals from both models
were graphed as normal plots, and based upon visual analysis, did not
appear to deviate from normality.
Individual Species Contribution to Productivity

Biomass Wés calculated as the percentage of each species per quadrat.
Quantitative data on assemblage composition is provided in APPENDIX D.
Phragmites australis was the dominant plant in terms of biomass during
both May and July (Table 10), but was only found in plots between 5 and 35
m from the river. The second most dominant species during both sampling
months was Equisetum hiemale, which was only found in plots at least 35 m
from the river's edge. Overall. biomass was more evenly divided between
species in May than in July, however, during both months, the majority of
biomass at the site was composed of just several species. In May, over 80
percent of the biomass was produced by 4 species: P. australis, E. hiemale,
Salix exigua, and Scirpus pungens. In July, over 80 percent of the biomass

was produced by 3 species: P. australis, E. hiemale, and S. exigua.
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Table 10. Individual species contribution to productivity.

May July
Species % total biomass % total biomass
Phragmites australis 4461 58.10
Equisetum hiemale 20.08 ' 19.14
Salix exigua 11.99 6.14
Scirpus pungens 6.77 4.28
Baccharts emoryi' 6.56* 3.11
Tamarix ramosissimi 3.74 1.35
Equisetum arvense 2.45 0.09
Juncus sp. 1.62 0.00
Carex aquatilis 0.93 1.11
Muhlenbergia asperifolia 0.72 5.46
Conyza canadensis 0.27 1.19
Gnaphalium sp. 0.24 0.00
Plantago major 0.03 0.03

Species shown as the percent total biomass per month.

* Biomass contribution was based upon the productivity estimates from July.




DISCUSSION AND CONCLUSIONS

Discussion

The physical environment of reattachment bars vary topographically
and environmentally. Rubin and others (1990) investigation into the
sedimentary petrology of the bar indicates that many different fluvial events
are responsible for the formation, maintenance, and current conditions of the
bar. However, two geomorphic processes are ultimately responsible for the
patterns found on reattachment bars: deposition and erosion. The results of
this research suggest that these geomorphic processes strongly influence the
patterns in enviro‘nmental controls, and thus plant productivity.

Topographically, the study site contains a low lying platform bar
created by the product of lower flow depositional events, as well as a
topographic rise that is an erosional remnant of an eal;ﬂier depositional
event. All of the environmental variables, with the exception of nitrate and
potential nitrogen mineralization in May, were significantly different
between these erosional and depositional surfaces. Pinay and others (1990)
investigated the linkage between erosional surfaces, depositional surfaces
and environmental conditions on the Garonne River in France, finding that
depositional surfaces had finer soil texture, higher soil moisture, higher
nitrogen concentrations, and higher phosphorus concentrations in
comparison to erosional surfaces. The findings of this research support Pinay

[ BICEN
and others (1990) researeh that it is vital to consider the geomorphic context
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of riparian zones. Additionally, it illustrates that, with regard to riparian
environments and nutrient dynamics, geomorphic processes produce similar
results in both temperate (France) and arid regions (Kwagunt Marsh).

The results of this study did indicate, however, that fertility of soils at
Kwagunt Marsh were dramatically lower than soils found along the Garonne
River (Pinay et al., 1990). Table 11 provides data comparing nutrient
concentrations at Kwagunt Marsh and at the Garrone River in France (Pinay
et al. 1990). Soil phosphorus concentrations at Kwagunt Marsh (May mean
7.22 uglg, July mean 1.17 ugl/g) were similar to those found along the Ottowa
River in Canada, where reported mean values by vegetation type ranged
from 4.4 ngl/g to 7.8 ng/g (Day et al., 1988).

Hupp and Osterkamp (1985) examined how geomorphic processes
influence riparian vegetation in Virginia. and found that vegetation patterns
were best explained by hydrological processes associated with different
landforms, as opposed to the effect of sediment texture. The results of my
investigation, however, seem to suggest that this may not be the case on
impounded rivers, where hydrological events effecting these landforms are
less frequent. Specifically, Hupp and Osterkamp (1985) state that on
Passage Creek, vegetation patterns were predominantly controlled by flow
characteristics, and secondarily controlled by the effects of soil texture. They
also, however, indicate that while these findings are supported by others,

they are in disagreement with the findings of Frye and Quinn (197 9, who
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Table 11. Kwagunt Marsh soil nutrient concentrations compared to the

Garonne River.

Kwagunt Marsh--July Garonne River--September
Erosional  Depositional Erosional  Depositional
NO; 0.007 0.005 12.4 32.0
NH,” 0.888 1.078 9.4 20.0
P 0.445 1.531 32.0 374.0

"
Soil nutrient contents are compared between Kwagunt Marsh and the Garonne River in
France. Garonne River values from Pinay and others (1990). All values are repported as ug/g

of dry soil.
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conclude that edaphic gradients are responsible for species distribution.
Kwagunt Marsh was scoured of all vegetation between 1983-1986 (Stevens et
al., 1995). From 1986 to the conclusion of this research, Colorado River
discharge did not exceed its mandated maximum of 892 m?/s, a level that did
not submerge vegetation located 5 m from the river's edge in January 1995.
Therefore, it appears that when the effects of flooding are removed by
impoundment and controlled releases from dams, the relative influence of
soil texture is magnified.

Because of the lack of literature regarding riparian plant productivity
in the arid southwest, it is difficult to directly compare the results of this
study to others. Studies of marsh productivity have, however, been
performed in locations other than the southwestern United States. Because
productivity is generally reported in g/m?*/year, productivity of Kwagunt
Marsh measured over the seven month period will be assumed to represent
the minimum annual productivity for this site. Standing biomass at
Kwagunt Marsh ranged from 0 to 2105 g/m*. Mean standing biomass, and
therefore mean minimum productivity at Kwagunt Marsh, was estimated to
be no less than 615 g/m*/year, which is in accordance with reported values for
other freshwater marshes. Auclair and others (1976) report mean terminal
shoot standing crop of 845 g/m” in a freshwater Scirpus-Equisetum wetland
along Lake St. Francis, New York, while Day and others (1988) reported

standing biomass along the Ottowa River ranged from 30 g/m*® to 638 g/m”.
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more pronounced than in temperate zones. Auclair and others (1976) suggest
that marsh systems have ample supplies of water. The fact that productivity
is strongly related to soil moisture suggests that water budgets of riparian
zones and marshes may be signifficantly different between geographic
regions.

Marine organisms use nitrogen to phbsphorus at a ratio of
approximately 16:1, in what is known as the Redfield ratio (Redfield, 1958).
Data taken from a study by Mason and Bryant (1975) found that the N:P
ratio in Phagmites communis ranged from 3:1 to 2565:1. Excluding a single
skewed ratio of 2565:1, the N:P ratio throughout the growing season in the
Mason and Bryant (1975) study was 13.29:1. Because the Phragmites N:P
ratio is reasonably close the Redfield ratio, it is assumed that it is
appropriate to use the Redfield ratio to discuss potential nutrient limitation.
By assuming the ratio which an organism uses nitrogen to phosphorus, the
ratio can be used to evaluate potential nutrient limitation (Grimm and
Fisher. 1986). Potential nitrogen limitation suggests that while absolute
nitrogen levels might be above limiting levels, if plant are able assimilate
nitrogen sufficiently to reduce the N:P ratio to below the the assummed
tissue concentration ratio of 16:1, nitrogen concentrations will eventually
limit productivity. Conversely if the N:P ratio is greater than 16:1, it
suggests that phosphorus is potentially limiting (Grimm and Fisher, 1986).

Soil N:P ratios at Kwagunt Marsh ranged from 0.001:1 to 5.014:1, indicating
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that based on soil data only, nitrogen is potentially limiting in the study
area. In groundwater, the N:P ratio at Kwagunt Marsh ranged from 2.6:1 to
27.0:1, indicating that, based upon water chemistry, potential nutrient
limitation may be spatially variable, with some locations potentially limited
by nitrogen, and others potentially limited by phosphorus.

Nitrogen availability appeared to play a minor, but significant role in
explaining plant productivity. Other researchers (Auclair et al., 1976; Day et
al. 1988) have indicated that nutrient availability can promote or limit
growth in weﬂands. Two different measures of soil nitrogen, NH,"
concentrations in May, and nitrogen mineralization potential in July, were
explanatory variables in regressions predicting productivity. Day and others
(1988) suggest that riverine marshes can be conceptualized as following
gradients of fertility, based upon their measurement of phosphorus
concentrations, and disturbance, based upon their use of litter removal as a
proxy variable. They found that sites tended to aggregate into locations with
either high fertility and low disturbance. or low fertility and high
disturbance. They noted that no sites with low disturbance and low fertility.
or high disturbance and high fertility occur. At Kwagunt Marsh. disturbance
has largely been removed. with the exception of vegetation found adjacent to
the river's edge. Because the high disturbance sites were not sampled at
Kwagunt Marsh, it is not possible to state whether high disturbance and

high fertility sites exist at Kwagunt Marsh. However, because disturbance is
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absent from sites beyond 5 m from the river, low fertility and low disturbance
sites not seen by Day and others (1988) emerged. These locations were found
to have low standing biomass when compared to other non-disturbed sites.

It is not possible to directly compare rates of pre- and post-dam
productivity along the Colorado River. Turner and Karpiscak (1980) did find
that riparian vegetation has increased since‘the closure of Glen Canyon Dam.
Because riparian zones act as nutrient sinks (Peterjohn and Correll, 1984,
Pinay et al., 1992), if, indeed, riparian productivity has increased, there are
potential ramiﬁcaﬁons to the overall nutrient budget of the entire stream
ecosystem. Vitousek and Rieners (1975) studied the effects of ecosystem
succession and nutrient retention. Following the general model of biomass
accrual through successional time of Odum (1969), they indicate that
retention rises rapidly as vegetative establishment and succession begin.
Unless vegetation is disturbed, a steady state is eventually reached where
ecosystem productivity is equal to zero, and elemental inputs equal outputs.
If the assumption is made, based upon the fact that vegetation was scoured
from the marsh in 1986, that the riparian ecosystem is the early successional
stages. then it follows that the net biomass increment is increasing (Odum,
1969). Although nutrient use efficiency can change depending upon the
nutrient availability (Keefe, 1972; Vitousek 1982), in general, with increased
productivity generally comes increased nutrient use, and therefore, storage.

These nutrients are inevitably extracted from the stream-riparian camplex,
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in turn, reducing the amount of biologically available nutrients in the stream
system. Controlled flows exacerbate the condition, in that disturbance,
return to earlier successional states, and removal of biomass no longer occurs
without overbank flooding, and therefore, nutrients are prevented from being
returned to the stream. Therefore, assumming a fixed pool of nutrients in
the stream-riparian complex, increased storége and utilization of nutrients in
the riparian zone lead to decreased availability of nutrients in the stream
system. Without additional information regarding the flux and overall
nutrient pool sizeé, however, it is difficult to predict the magnitude of these
ramifications.
Conclusions

Objectives established for this research were to: (1) quantify spatial
patterns in biomass accrual; (2) further refine the understanding between
productivity patterns and environmental controls; (3) provide quantitative
data that will lend itself to inclusion in models of nutrient spiralling; and (4)
provide baseline data for an investigation into the validity of the flood-pulse
theory. The first two objectives will be addressed in this section, and the
final two objectives will be addressed in the future research section.

Minimally, productivity ranged from 0 to 2105 g/m*/year. The mean
minimum annual productivity was estimated to be 615 g/m*/year. Highest
productivity occurred in a dense stand of Phragmites australis not

innundated by fluctuating water, and lowest productivity occurred in a
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sparse stand of Tamarisk ramosissimi located on the topographic rise
between 45 and 60 m from the river. In May, over 80 percent of the biomass
was produced by only four species: P. australis, E. hiemale, Salix exigua, and
Scirpus pungens. In July, over 80 percent of the biomass was produced by
only three species: P. australis, E. hiemale, and S. exigua.

Correlation analysis indicated variabies were grouped together into
clusters, and principal components analysis discerned the same groups of
variables, indicating that two major environmental gradients were present at
the site. The grac’iients were similar between months, however, potential
nitrogen mineralization and soil nitrate concentrations did not conform to the
same patterns in both sampling months. The elevation factor indicated that
the elevation, soil texture, soil moisture, soil organic matter, and phosphorus
concentrations, as well as potential nitrogen mineralization, in May, are all
strongly related to each other. The nitrogen component explained the
variations in nitrate, ammonium, and total inorgainc nitrogen in May, and
the variations in ammonium, total inorganic nitrogen, and potential nitrogen
mineralization in July. Additionally, significant differences in all
environmental variables, except nitrate and potential nitrogen
mineralization in May, were noted between the depositional and erosional
surfaces at the study bar. A cursory look was taken at the groundwater
geochemistry, which indicated that nutrient concentrations were spatially

variable, suggesting that based upon water chemistry only, potential
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nutrient limitation could vary over space, with potential nitrogen limitation
in some locations and potential phosphorus limitation in others. Based upon
soil data only, however, nitrogen appears to be potentially limiting.

Plant productivity was significantly different between depositional and
erosional surfaces at the bar. However, the high degree of correlation among
variables makes it difficult to definitively state what is controlling plant
productivity. The exploratory regressions analyzed in this research indicated
that soil moisture was the most important variable in explaining productivity
in both May and July. Additionally, two different measures of nitrogen
availability, NH4" concentrations and nitrogen mineralization potential, also
explained a small portion of the variation in productivity in May and July,
respectively.

Future research

Changes in plant productivity have the potential to significantly effect
nutrient budgets within the context of the entire stream ecosystem. The
productivity rates measured in this research provide information
fundamental to modelling nutrient spiralling. The productivity data from
this research may be used in conjunction with either measured or estimated
values of tissue nutrient concentrations to provide estimates of riparian
nutrient use on reattachment bars. If the flux of nutrients through the
stream system can be reasonably estimated, the magnitude of effect that

riparian vegetation plays in the context of overall stream nutrient dynamics




might be discerned.

Additionally, the study bar was subject to experimental overbank
flooding in April 1996. The results in this research provide data for an
experiment study on the effects of flooding on riparian plant productivity,
and thus a test of the flood-pulse theory. The results of this study suggest
that disturbance by overbank flooding will sigm'ﬁcantly surpress plant
productivity in the short term. Additionally, because soil nutrient
concentrations did not appear to be the most significant variables for
explaining producﬁvity, this research suggests that even if flooding brings a
signficant influx of nutrients to the bar, productivity is not likely to
significantly exceed the rates measured in this study.

Regarding the specific controls on plant productivity, the correlation
between environmental variables makes it unlikely that further investigatios
will resolve the question of what structures riparian plant productivity
unless experimental methodologies are employed. Additionally, a potentially
fruitful avenue of reserach might examine whether plants are more
dependent upon groundwater or soils as a nutrient source. If plant nutrient
sources are predominantly from groundwater, this research may have
overlooked the importance of nutrients in explaining productivity. If
groundwater is indeed the main nutrient source for riparian plants, the
spatial variability of potential nutrient limitation is of greater consequence,

and should be investigated further.
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SAMPLE LOCATION COORIDINATES
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APPENDIX B

ENVIRONMENTAL DATA



ID ELEV sC K20 0X NO3- NH4- TIN NMIN SRP
1 843.0¢8 11.74 1.1 0.25 0.01 0.58 0.5¢ -0.07 4.03
2 843.395 14.18 3.6 0.47 0.63 0.51 1.14 0.21 3.08
3 843.7¢0 23.85 1¢.2¢ 113 0.00 0.¢0 0.¢0 145 6.37
4 843.654 32.88 38.50 193 0.23 4.27 4.4¢ -1.3¢ 7.82
6 844.471 2.38 1.13 044 0.78 185 2.73 -2.01 3.08
T 844.040 4.40 101 0.27 0.00 0.28 0.28 0.41 3.66
8 843.804 1.75 1.57 0.17 0.00 1.10 1.10 0.42 3.34
9 843432 1.36 3.22 0.23 0.00 0.19 0.19 0.67 2.0¢
11 844.761 4.58 0.87 0.15 .20 0.50 0.80 -0.13 2.88
12 844638 4.24 0.7¢ 063 0.035 0.15 0.20 0.37 4.44
13 844.571 287 1.9¢ 0.40 0.00 0.33 0.33 0.04 3.87
14 844.497 2.26 153 0.1¢ 0.00 0.12 0.12 0.24 3.7%
16 844.478 502 2.78 0.4¢ 0.08 0.63 0.7 -0.30 3.18
17 844821 12.89 1.02 0.30 0.00 0.37 0.37 0.63 .52
18 844.508 2.87 297 0.43 0.00 0.53 0.63 0.12 3.63
19 844.446 1.57 0.75 0.38 0.03 0.23 0.36 0.20 3.45
21 843912 4.30 1.0¢ 0.31 0.03 0.28 0.32 -0.09 2.70
22 844.085 8.29 1.24 0.24 0.00 112 1.12 0.43 3.30
23 843.8¢3 3.7 1.02 0.47 0.04 0.38 0.42 0.13 2.45
24 844.033 2.23 1.62 0.40 0.0 0.15 0.15 2.85 2.03
26 843.496 53.32 22.00 1.35 0.22 1.28 1.70 0.30 4.54
27 843331 37.31 25.04 3.10 0.21 0.38 0.59 1.14 12.86
28 843476 53.03 20.06 1.53 0.00 0.12 0.12 0.43 7.8
29 843.636 40.20 18.43 0.59 0.24 0.00 0.24 0.31 5.11
31 843.241 44.25 25.¢4 2.50 0.00 0.74 0.74 5.50 8.47
32 843.215 45.50 23.55 2.50 0.14 0.13 0.27 0.23 12.06
33 843273 65.35 40.11 262 0.18 0.635 0.83 0.37 9.84
34 843.2¢4 53.16 23.55 2.29 0.00 0.11 0.11 0.38 5.53
36 843.183 34.43 20.89 1.43 0.42 1.41 1.83 1.539 7.57
7 843.166 32.38 2291 253 0.00 0.44 0.44 2.00 10.11
38 843.262 42.21 20.e¢ 147 0.12 0.51 0.63 2.28 11.04
39 843.3T% 45.33 22.08 103 0.00 0.03 0.03 2.49 1067
41 843.373 23.15 17.85 1.17 0.15 1.07 1.21 1.06 6.09
42 843.34¢ 3277 19.23 3.€0 0.24 0.:2 0.26 3.07 14.00
43 842.322 31.31 7 1.20 0.05 1.60 1.04 2.2 16.30
44 843.32 47.22 i 2353 23 0.22 0.75 7.33 13.65
46 843431 3621 1027 0.44 0.C0 047 0.47 0.29 6.22
47 843.386 27.28 15 5C 101 0.38 1.20 1.38 0.50 5.1
48 84l.4¢1 3212 35.03 ggt 0.11 0.8+ 0.25 2.57 24.18
49 843446 40.43 13.8¢ 0.7~ 0.00 0.7 0.70 1.24 10.¢0
31 842.291 3Lc¢e 20.71 1.18 0.00 1.1 1.10 3.55 12.33
52 843377 31.78 20.13 133 0.00 0.2 0.2 0.6C g.32
35 843.3238 1501 13.48 0.38 0.30 01 091 Q.4C 9332
54 843.344 23.33 18.24 132 0.00 0.:1 0.11 0.33 Tla
53 843.322 3632 17.32 122 0.00 0.72 0.73 Q.04 10,47
37 842.280 374l 1715 132 0.00 J..3 0.13 058 11.1¢&
38 843.18¢ T34 1€ 24 0.83 0.co 0.2¢ 0.3¢ Q.13 12.82
53 S435.163 36.34 252l 182 21 0.47 0.85 1.28 5.06
51 813.0z%¢ 3037 19.82 0.54 0.20 1.20 1.20 Q.23 5.74
52 842854 4341 22.28 051 0.Ce 030 0.00 1.0¢ 5.35
53 332.830% 238l 2 2.8z 0.c3 332 0.37 2.33 577
B4 342.702 38.32 1.13 0.50 0.5 0.96 0.38 4.32
33 342.749 3847 0.55 0.Cce 0.3¢ 0.63 0.02 5.45
T 842543 33.27 1.36 0.00 Sl 0.31 7.38 5.16

May data for environmental variaties elevagon (ZLEW), sail texcurs (SC), soil organic matter (CM), soil
moisture (Z20). soil niwrate concenzanens (NC3-. soil ammonium concenzadons (NE4+). total soil
incrganic niwogen (TIN), potental mTogen mineraiizadon NMD). and soil phosphorus concenwazons
(SRP) are reported. ELEVisreported as meters anove sea level. E20 is reported as percentage water

by weight. SCisreported as percencage. bv weignt. af pardcies smaller than 0.062mm. OM is reported as
the percentage loss on ignicon. NC3- NE4- TIN. MMDM. and SRP are reported in micrograms

per gram dxy weight soil.

* Value was calculated as the mean of locacons 46. 47, and 48.




ID ELEV sC H20 oM NO3- NH4~+ TIN NMIN SRP
1 843.093 11.74 13.08 0.35 0.01 1.22 1.23 -0.38 0.38
2 843.395 14.18 15.21 0.22 0.01 0.52 0.33 0.22 0.¢:
3 843.790 23.95 22.32 0.8¢ 0.01 2.71 2.9z -2.22 0.383
"4 843.834 32.88 22.95 143 0.¢o 087 0.e7 0.78 12C
-6 844471 2.86 0.38¢ 0.13 001 124 1.25 0.71 e
T 844.040 4.40 067 .25 0.00 0.30 0.30 0.23 0.2¢
8 843.804 175 0.c8 0.27 0.0 1.38 1.39 -1.08 0.47
9 843.432 1.36 4.04 0.43 0.01 0.67 0.67 0.24 0.57
11 844.761 4.89 0.80 0.10 0.01 1.58 1.58 0.70 0.32
12 844.638 4.24 1.0¢ 0.31 0.01 0.7 0.74 -0.35 0.37
13 844.571 267 0.62 0.35 0.00 0.80 0.80 -0.25 0.31
14 844.497 2.26 0.2 0.27 001 0.74 0.75 0.09 0.533
16 844.478 5.02 1.13 0.35 0.01 0.94 0.5 0.53 34
17 844.821 12.89 0.55 0.32 0.00 0.51 0.51 0.17 044
18 844.308 287 1.27 0.45 001 0.60 051 0.07 0.3
15 844.446 157 24 0.28 0.01 061 0.82 -0.28 0.33
21 843912 4.50 3.94 0.12 0.01 1.85 1.66 -1.37 0.3¢
22 844.085 8.29 1.52 0.18 0.00 0.96 0.¢6 0.03 0.48
23 843.893 3.77 11.17 0.73 0.01 1.05 1.05 0.72 0.53
24 844.033 2.23 255 0.24 0.02 0.45 0.47 3.31 0.48
26 843.496 53.32 23.21 2.39 0.01 1.27 1.28 047 0.80
27 843.531 37.31 21.20 0.81 0.00 0.68 0.6% 0.23 0.86
28  843.476 53.03, 20.82 1.83 0.01 0.86 0.87 0.45 0.77
29 843.636 40.20 19.76 0.46 0.01 0.80 0.80 4.26 1.08
31 843.241 44.25 23.91 2.28 0.01 5.32 5.33 4.01 181
32 843.215 45.50 21.5% 1.30 0.c0 0.64 0.64 0.18 2.47
33 843.275 65.35 23.76 2.22 0.01 0.83 0.84 0.06 1.20
34 843.294 53.16 23.83 1.1 Q.c0 0.67 0.67 0.34 158
36 843.153 34.45 24.25 2.15 0.01 0.00 0.01 0.71 148
37 843.166 32.56 28.2¢ 3.2¢ 0.60 0.7 Q.72 0.36 2.28
38 843.253 4231 21.10 107 0.01 0.80 0.81 0.25 2.02
39 843.324 45.63 22.94 1.54 0.00 1.6 1.07 0.75 2.2
4l 843.373 2315 22.37 2.07 001 1.76 1.97 .73 152
42 843.349 32.77 12.80 0.20 0.co 0.51 0.32 27 1.20
3 843.322 3151 2093 7 147 001 1.15 1.16 -0.41 2.8¢
44 843.32 47.22 22.32 1.80 0.c0 0.30 0.51 Q.22 2.0¢
46 843.431 36.31 20.37 058~ 001 2.05 2.06 -1.25 .25
47 843.386 27.28 19.01 0.54 0.20 037 0.57 0.11 031
28 342.401 32.11 18.48 0.34 0.01 0.26 0.36 0.co 182
49 843.446 4C 43 2038 0.25 0.01 0.52 0.70 0.0C 184
51 843.2¢1 51.3¢ 18.38 111 0.0: 1.28 1.3¢ 041 [R=3
32 843.377 31.78 200 0.48 0.C0 0.2¢ 0.38 0.02 222
33 843.228 1601 18 7¢ 0.8¢ 0.co 1.0 1.0¢ 0,44 .05
34 843.344 25.55 20.7 0.83 0.C0 0.80 0.30 -0.40 1.34
55 843.322 36.62 21.46 031 0901 1.73 1.78 -1.14 .28
57 842.280 37.41 20.1¢ 0¢2 0.00 0.00 0.Co 0.54 143
38 843.18¢ 27.54 2311 1.0¢ 0.0: 1.20 13 -1.04 2%
3% 843.163 36.84 2311 221 0.20 083 0.82 -3.24 pasa
51 843.02¢ 50 37 NS NS NS NS NS NS S
32 841.934 4341 NS NS NS NS NS NS S
53 341.3C6 232k NS NS N NS NS NS
54 84702 58.2% RIS NS NS NS NS NS A
56 84l.749 39.47 NS NS NS NS NS NS S
57 841.543 85.27 NS N§& NS NS NS NS NS

July data for environmentai variabies elevadon (ELE™. scil texzure (SC), sail arganic matter :CM). scil
moisture {3120), soil niwrate concentratons i(NC3-. soil ammonium concenadons (NE4+), total scil
inorganic uzogen (TIN). potendal nirogen mineralizaden (NMIM), and sail phospharus concenzatisns
{SRP) are reparted. ELEVisreported as meters above sea level. E20 is reporced as the percentage wacer

by weight. SC isreported as the percentage. by weighc. of parccles smailer shan 0.062mm. CMis reported as
the percentage loss on ignidon. NO3- NE4-.TIN. MMIN. and SR are reported in miccograms

per gram dry weight soil. NS symbolizes not sampled.

* Value was calculated as the mean f locadions 47, 48. and 49.




APPENDIX C

PRODUCTIVITY DATA




ID Earvest

1 360

2 348

3 310

4 345

5 122

7 211

8 212

9 0
11 0
12 18
13 0
14 0
16 0
17 26
18 111
18 73
21 183
22 3
23 334
24 45
26 71
27 503
238 644
29 a¢ge
31 447
32 382
33 1082
34 852
36 552

i 10CC
Kt 1167
3¢ 384

M 308
42 1832

3 463
17 733
47 1482
48 1462
4G 333
51 813
52 213
33 177
34 53¢
3 3i8
37 232
58 1888
38 1723
5 2og
52 31¢
[5] NS
34 NS
] NS
57 NS

Foliage
25.
156
579
147,
42
37.2
54.3
0.0
15.9
471
0.5
123.0
0.0
56.7
11.2
0.0
79.6
6.8
0.0
16.5
249.8
136
381.1
315
76.0
135.83
201.9
1115
0.0
3.6
34.3
89.7
0.0
73.3
28.0
0.0
125.2
109.1
0.0
1151

O e s = O

0.0
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NS
S
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445
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592
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623
136
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July plant sraductivity and litter are reported.
Data is divided into harvested biomass.
foliage astimates. total productivity. and litzer.
Values are reported as grams per meter squars
NS denotes not sampied.




D PHAU EQHY SCPU
1 000 9412 0.00
2 000  70.33 0.00
3 000  36.29 0.00
4 0.00 1.97 0.00,
5 000 71547 0.00
7 000 8307 0.00°
8 000  80.36 0.00
9 0.00 0.00 0.00
11 0.00 0.00 0.00
12 0.00 0.00 0.00
3 0.00 0.00 0.00
14 0.00 0.00 0.00
16 0.00 0.00 0.00
17 0.00  34.82 0.00
18 0.00  90.98 0.00°
19 0.00  100.00 0.00
21 0.2 72.52 0.00
23 000 9251 0.00
23 0.00  100.00 0.00
24 000 1507 0.00
26 000 51.20 3.94
97 1795 26533 1088
28 000  21.88 0.00
29 6.49  66.30 0.00
3y 7678 1840 0.00.
32 6770 14.48 0.00
o 3l4g 43.02 168
a4 5388 3065 0.00
36  94.83 5.17 0.00
a7 8581 1138 1.23
s 8378 6.20 0.00
e 7995 0.00 0.00
41 90.20 0.00 7.84
12 4736 4438 0.00
43 2.00 0.50 9434
14 99.18 0.00 0.3
% 6103 000 1627
17 89.48 0.c0 1.21
48 8267 000 100
19 5744 0.00 1273
51 9112 0.00 0.00
52 7T5.00 0.90 8.30
53 0.00 0.00 9341
54 8827 0.00 257
55 6753 0.06 0.00
57 7128 0.00 0.00
53  $6.05 0.00 0.30
53 9.2 0.00 0.26
61 66.5% 000  25.34
8 NS NS NS
53 NS NS NS
84 NS NS NS
53 NS NS R
87 WS NS Mg

July spenes sompesition. ¢a

NS denotes not sampled.

Key

PHAU
EQHY
SCPU
MUAS
CAAU
EQAR
CoCA
PLMA
SAEX
TARA
BAEM

Phragmites australs
Equisstum hiemals
Scirpus pungens
Munlenbergia asp=nioiia
Qarex aguatilis
Equisetum arvense
Conyza canadensis
Plantago major

Salix =xigua
Tamaris ramosissimi
Baccharis emoryi

MUAS

000
0.00
0.00
.00
3.2
Q.30
0.00
0.00
0.20
0.00
0.30
0.00
0.00
0.00
0.00
0.00
0.50
0.00
0.00
0.00
0.00
32.23
41.86
18.34
0.00
0.co
0.57
0.0
0.00
0.C0

n e
7.27
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Caau

Q.00
AN
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Q.00

38.87

aontrbulion

coca

0.00
0.00
0.00
0.00
C.09
0.0
Q.00
0.00
0.C0
0.00
0.00
0.00
0.00
0.00
C.00
0.00

0.00
7.36
0.00
0.00
0.co
0.84
0.co
0.60
1.0

539

5.82
0.00
0.00
5.59
Q.00
2.88
0.00
4.83
0.00
0.0C

NS

NS

NS

NS

NE

- nvarall biomass

PLMA

0.0G

0.007

0.0¢
0.0C
0.32
0.2C
0.0C
0.CC
0.0C
0.80
0.CC
0.00
0.C0
0.00
0.00
0.C0
0.C0
0.00
0.00
0.60
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.C0
0.co
0.00
C.C0
0.C0
0.00
0.00
0.00
Q.CQ
0.00
0.06
2.0
0.33
Q.23

J3.23
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100.00
100.00
11.84

0.00
34.44
2.50
6.37
68.37
4.32
17.85
15.50
2.40
0.00
0.34
2.66
12.59
0.00
6.80
5.08
0.C0
14.86
0.CO
0.C0
0.00
300
0.00
9.20
0.C0
0.00
0.00
0.00
0.00
Q.00
NS
NE
NS
NS

NS

0.00
000
0.00
0.00
0.00
0.00
13.36
0.Co
0.00
0.00
0.00
88.16
0.00
65.28
0.00
0.00
0.00
0.00
0.00
24.93
491
0.00
0.00
2.31
0.00
0.00
0.00
0.00
0.c0
0.00
0.c0
0.00
0.00
1.26
0.00
0.Cco
0.00
0.00
0.C0
24.48
0.00
10.C0
0.CO
0.00
.00
0.00
0.00
0.COo
0.00
NS
NS
NS
NS

NS
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