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ABSTRACT

Censusing populations of & riparian perennial woody plant species
following the f{loccd of 1983 in Grand Canyon has revealed that
replacement of individuals lest in that flood is occurring at relatively
few sites. This reans that there has been an overall loss of plants due
to this flood or that large scale replacement of individu2ls lost is a
much longer process. Based on experiments and observations, we suggest
that continued flooding since 1983 is the single most important factor
accounting tor lack of replacement. Flood-related changes in substrate
may also be contributing to this pattern, as the coarser, larger grained
sands now comprising beaches are relatively infertile, desiccate quickly
and result 1in reduced plant growth in experiments. In experiments,
survivorship was lcowest in full wundation versus fluctuating treatments
for 6 month old seedlings, while the reverse was true for 1 month
seedlings, with the latter being due to removal disturbance due to
fluctuating flows. All species were found to be highly vulnereble to
desiccation, with all dying within 3-5 days without water. Most plots
found to be colonized by seed dispersing tamarisk and Baccharis spp.
were cobble bars, with cobble bars appearing to offer seedlings
protection from desiccation and from removal due to flooding. This
represents a major habitat shift for tamarisk which previously colonized
silt bars and the quality of cobble bars as a substrate for older plants
remains to bte seer. Most plots colonized by vegetatively or rhizomally
reproducing coyote willow and arrowweed were sand beaches, which these
clonal species reinvade with runners from the backs of beaches following
flooding. While small seedlings of most species were found in the
20,000 to 40,000 cfs zone, establishment of older seedlings appeared to
be occurring at about the 30,000 cfs zone, indicating that the belt of
vegetation nearest the river is shifting to higher ground, probably 1in
direct respor.se to flooding. Tamarisk, coyote willow and seepwillow
all produce seeds throughout the growing Season, while arrowweed, desert
broom, acacia, mesguite and others have more restricted reproductive
periods each year.




ACKNOWLEDGEMENTS

Many people assisted us with various phases of this study. We thank
Steve Hndapp, Martha Hahn-0'Neill, <dJohn Thomas, Barbara Rice, Mark
Westoby and Peter Price for helping to focus the questions addressed in
this study. The NPS rangers at Lee's Ferry, John Dick, Pat Mott, Tom
Workman and Chester and Kathy helped irmeasurably with logistics to make
the study a successful one. Thanks to Larry Belli for granting us
permission to conduct experiments at Lee's Ferry. Many friends helped
with censusing alona the river, <ccanne Itami, Tim Craig, Diana
Kimmerling, Mike Kearsely, Ruth Cashran, Nancy Moran, Mary Moran, and
many more., Thanks to Graydon o211 for keeping us on track
statistically. Thanks to Jan Reimer at Grand Canyon for being so
helpfui with the business end of tne study. We especially thank Dave
Wegner for serving as such an inspiration and for supporting our efforts
to study this system.



List of Tables
List of Figures
Introduction
Objectives v
Methods .
Results .
Discussion .
Operating Criteria
Conclusions .
Literature Cited
Appendices: .
Appendix
Appendix
Appendix
Appendix
Appendi x
Appendix
Appendix
Appendix
Appendix
Appendix 10
Appendix 11.

® o © o o o © o © o o

Loo~NOYOTE WM -
.

TABLE OF CONTENTS

e ® o ©® o © o o o o
e o o © o © o o o o
e © o © o © o o o o

1984-1@86 census data .
1986-1986 census data .

Lata from 6 month seedling experiments
Data from 1 month seedling experiments
Comparison of live versus dead stems
Comparison of size classes 1984-1926
Tamarisk in different substrate types
Tamarisk growth and ht. at 3 sites

e o o o o o

e © o @ o & o o o o

Nearest neighbor and ht. of 2 yr plants

Reproductive phenology-4 species
Reporducitve phenology-13 Tamaricsk plants



LIST OF TABLES

Page

1. Riparian plant densities by size class from quadrats, 1984-1986. 12

2. Riparian plant densities by size class from quadrats,
April-Sept, 1986. 15

3. Correlations between densities of 1984 seedlings and those of
juvenile plants in subsequent years. 18

4. Survivorship and growth of 6 month old seedlings exposed to
flooding and desiccation experiments. 20

5. Survivorship of 1 month old seedlings exposed te flooding
and desiccation experiments. 23

6. Tamarisk seedling densities in silt versus sand 26

ii



LIST OF FIGURES

1. Location of sites censused for plants densities from 1984
to 1986,

2. Daily and monthly discharge patterns from Glen Canyon Dam
from 1982 to 1986b.

3. Densities of Tamarix chinensis, Baccharis spp., Salix
exigua and Tessaria sericea by size class from 1984 to 1986.

4, Densities of T. chinensis, Baccharic ;pp., S. exigua and T.
sericea by size class in April and Sept. .,er, 19&6.

5. Comparison of live and dead plant stems in 1984 with live
stems in 19&6.

6. Mecan survivorship and growth of 6 month old T. chinensis, S.

exigua and B. salicifolia seedlings in flooding and desiccaticn
exper1ments.

7. Mean survivorhsip of 1 month old seedlings.
8. Mean shoot and root growth of seedlings in silt versus saad.

9. Reproductive phenology of T. chinensis, S. exigua and T.
sericea in Grand Canyon.

10. Mean reproductive output of 13 adult T. chinensis at Lee's
Ferry, Arizona.

11. Reproductive phenology of 3 Baccharis species in Grand
Canyon.

12. Veyetative reproduction of T. chinensis, S. exigua, B.
salicifolia and T. sericea in experiments at mile 66L in Grana

Canyon.

Pages

(8 2]

11

13

16

17

24

25

29

30

32

34



INTRODUCTION

Flooding in 1983 in the Colorado River in Grand Canyon caused many
dramatic changes through the corridor. From census studies Stevens and
Waring (1985) estimated that 50% of riparian or riverside plants were
lost were lost during the 1983 flood, due to drowning or removal.
Later, as floodwaters receded, beaches were colonized by large numbers
of seedlings of many plant species. And on some beiches, significant
amounts of fine particled sediments and organic and inorganic nutrients
were lost by leaching and Scouring during flooding, with mestly coarse
grained and relatively infertile sand being redeposited.

We regard these as the most pronounced and perhaps most influential
consequences of the 1983 flood in the riparian plant community in Grand
Canyon. One could hypothesize that the tight coupling of major
mortality and germination events in these riparian species enables
populations to persist in the midst of flooding. This possibiiity
prompted us to ask the essential question of whether or not 1986
populations are reaching pre-flood densities, implying replacement and
perhaps equilibrium; or are they declining or perhaps even increasing in
response to major flooding, We also examined the proximate factors,
germination success, inundation or constant flooding or fluctuating
flooding, desiccation and substrate as potential mechanisms behind the
patterns.

The effects of flooding on riparian plant populations are well
documented. Perhaps most importantly, periodically flooded plant
systems are generally very dynamic and unstable. For exanple,
floodplains and deltaic communities are often characterized by high
levels of primary biological production from early successional stage
species, while later seral species cannot get established (Petts
1984). In a longterm study, Lindsey et al. (1961) demonstrated that
flooding can totally redefine and reqgulate certain features of riparian
plant communities and their success. On the Wabash River, plants never
successfully colonized zones of beaches which underwent periodic large
floods. tach year newly colonizing seedlings would be swept away.
According to Lindsey et al. (1961), flood-intolerant species tend to be
excluded from flooded regions. Black willow (Salix nigra) and sand bar
willow (S. interior) stands are very common plants along the banks of
the periodically flooded Wabash River, while they are joined by many
less flood tolerant species on the more stable heaches of its dammed and
sister tributary, the Tippecanoce River. Plant diversity is often
greater in nonflooded or mildly flooded systems because fewer species
can tolerate tlooding (Lindsey et ai. 196l). Severe flooding can limit
the distribution of even the most flood tolerant species. In Grand
Canyon, prior to the construction of Glen Canyon Uam, populaticns of
tamarisk, willow, seepwillow and arrowweed were small and restricted to
reaches protected from flooding (Turner and Karpiscak 198U}, Since
construction of the dam, reduced flooding has permitted all of these
species to exparnd their ranges significantly throughout the river
corrifor. Elsewhere, truly prolonged and consistent flooding (18 years)
has liminated several species, and prevented replacement of existing



populations along Lake Chicot, because of 1lack of appropriate
germination conditions (Eggler and Moore 1961). While species and
populations vary in their tolerance of flooding conditions, Keeley
(1979) found that even the most flood-adapted populations of Nyssa
sylvatica (tupelo) were negatively affected by severe flooding. So that
while populations and communities of plants may persist in flooded
systems, they cannot thrive there if flooding is excessive.

Effects of flooding tend to be harshest on seeds, seedlings and smaller
plants (Demaree 1932, Harms et al. 1980, Hosner 1958, Kozlowski 1984),
thereby reducing the number of potential recruits. Although the seeds
of many riparian plant species germinate in response to flooding, or at
least in receding floodwaters, many cannot germinate and establish under
prolonged flood conditions (DeBell and Naylor 1972, Uemaree 1932, Eggler
and Moore 1961). Horton et al. (1960) proposed that populations of
Tamarix chinensis could actually be limited by removing standing seed
crops with well-timed flooding. Young shallow-rooted seedlings are very
susceptible to uprooting and are carried away by floodwaters (Lindsey
1961). Seedlings that become established in flood zones often grow less
than nonflooded individuals, or become structurally deformed (Lindsey et
al. 1961, Kozlowski 1984). Many species have a better chance of
surviving flooding when some of the canopy is not under water, perhaps
because they can continue to photosynthesize and exchange gases with the
atmosphere (Demaree 1932, Harms et al. 1980). According to Kozlowski
(1984), duration of flooding can make a tremendous difference in
seedling survivorship. Flooding during winter months, when plants are
physiologically dormant, may be less harmful to plants (Lindsey et al.
1961). Adults of some plant species are highly flood-tolerant while
their seedlings are flocd-intolerant (Kozlowski 1984). According to
Bannaster (1964), Keeley (1979) and others, flood-tolerant species are
often particularly intolerant of water shortages. Accordingly, while
flooding can stimulate germination in the seeds of many riparian plant
species, too quick a drop of floodwaters during warm periods can cause
rapid soil drying ana kill shallow-rooted colonizing seedlings (Horton
et al. 1960, Lindsey et al. 1961).

Flooding has seemingly opposing effects on plants in different 1life
history stages, by, at once, causing substantial mortality to
established plants and serving as a prerequisite for establishment for
seedlings. This invariably leads to dynamism in a plant population. A
fundamental question would be whether flood-related germination of
seedlings can make up for flood caused mortality and thus indicate that
this life history strategy is effective. This has not been specifically
addressed in the literature.

Impounded or dammed rivers can be particularly erosive environments
(Lindsey et al. 1961, Petts 1984, Taylor 1978, Kozlowski 1984) and there
is evidence that plants do not perform as well in poorer, sandier soils
which are often left behind (Barko and Smart 1Y86). Fine particle silts
are more easily picked up and transported than are sand particles and
sand particles are more easily redeposited than are finer particles in
the water column. Loss of organic and inorganic nutrients is also



accelerated by flooding (Stevens and Waring, 1985 BOUR1), Several
studies on pl.nt performance have shown that plants grow more slowly in
sarndy than in silty substrates (Barko and Smart 1986, Sand-Jensen and
Sondergaard 1979) This relationship is regarded as a nutritional oune,
with sandy soils being more sterile than others. In an impounded river
system, this factor may increasingly 1imit the ability of plants to
become established over tine.

OBJECTIVES

To address these issues we devised the following questions and
predictions about plant establishment in Grand Canyon following the 1933
flood and have attempted to answer them in this study.

1. Have densities of perennial riparian plants increased to or exceeded
those of 1983? Ur, put another way, is the plant community reccvering
from the 1983 flooding event? If yes, then this plant system is
tolerant of severe flooding, based on 3 ~years of post-flood
information. If no, then flooding has disturbed the system so severely
that recovery, if possible, is a longer process.

2. Rith respect to factors affecting plant establishment, A. Do
different durations and intensities of flooding such as fluctuating
flows and constant inundations affect plants, especially younger plants
in _a predictable manner? For instance, 1is survivorship lower among
plants which are fully inundated for longer periods of time? If so, as
we would predict, then concrete recommendations can be made about the
flow regime which will allow the most seedlings to become established in
the future.

2. B. What is the role of changing substrate texture in the post-dam
environment? We predict that changing substrate type 1in Grand Canyon
will negatively affect plant performance and consider what this will
mean to future seedling establishment.

3. When are seeds of riparian plants available in the environment to be
recruited into populations and does this vary between species? (an
vegetative reproduction, specifically of stem tissue removed during
flooding, occur when branches get buried in beaches, and thus represent
a viable form of reproduction for species. The latter is particularly
relevant to clonal, rhizomally spreading species such as coyote willow
and arrowweed, which may depend more on vegetative than sexual or seed
reproduction.

The System: While many perennial and annual plants occur along the
river in Grand Canyon, we chose 6 of the most abundant species to
concentrate our questions on: the exotic tamarisk (Tamarix chinensis),
and native clonal coyote wiilow (Salix exioua) and arrowweed (Tessaria

sericea); and the composite, Baccharis spp. including B.~alicifolia, B.
emoryi and B. sarothoroides.

Tamarisk is a native of the Middle East and since its introduction into



the U, S. in the late 1800's, it has spread and become the dominant
species of riparian plant along many drainages in the Southwest (Graf
1978). "It has a deep tap root and is highly fecund (Stevens 1985) and
large numbers survived the 1983 flood.

Coyote willow and arrowweed are shallow-rooted clonal species, with
individual plants sometimes covering entire beaches., Large portions of
coyote willow and arrowweed clones were removed during the 1983 flood,
although few clcnes were entirely lost due to the flood (Stevens and
Waring 1985-BOR.). This suggests that these plants are tolerant of some
aspects of floc ng, such as inundation (see Hosner 1958), and
intolerant of others, i.e. increased velocity of water in floods leading
to removal. Some portions of these clones remained in place on most
beaches and are recolonizing beaches by sending out their underground
stems (Stevens and Waring 1985).

The seepwillows are shallow-rooted plants which occupy stream banks and
riparian settings throughout the Southwest. Baccharis salicifolia and
B. emoryi occur throughout the Colorado River corrdior in Grand Canyon,
while B. sarothroides occurs only at lower elevations in the corridor.
The first 2 species are obligate riparian species, while B. sarothroides
is a facultatively riparian plant. All of these species produce large
numbers of relatively long-lived seeds.

METHODS

Seedling Establishment in Grand Canyon: 1. Census information comparing
1984 and 1986 plant densities: To measure seedling establishment in
Grand Canyon follewing the 1983 flooding event, we censused Tamarix
chinensis, Salix exigua, Baccharis spp. and Tessaria sericea at 15
quadrats throughout the canyon from 1984 to 1986 (see Appendix 1, Fig.
1). These sites were distributed throughout the 4 sections of the
canyon and were located on beaches which were relatively free of
tributary and human influence. Each quadrat was 30 meters (m) long and
extended approximately to the 60,U00 cfs line. These 15 quadrats were
colonized by seedlings following the 1983 flood and we censused each
quadrat 3 times to measure recruitment or establishment, defined here as
a plant's surviving beyond the very small seedling stage (>20 cm).
Sampling dates were 21 June-7 July, 1984, 1-17 June, 1985, and 15-30
Sept., 1986. At each quadrat the densities of Tamarix, Salix, Baccharis
and Tessaria were determined in the following manner: all individuals of
each species were counted into one of 4 size classes: Size class 1
(SC1) = 1-20 cm (seedlings), SC2 = > 20 cm - < 1 m, SC3 => 1m - < 2
m, SC4 = > 2 m With this infornation, we calculated plant
densities/size f]ass/species/quadrat/year (density = # live stemsS/area
of quadrat in m¢)

We used size class information to reasure seedling establishment. With
a 2-way ANOVA we tested for differences 1in density per size class
between 1984 and 1986, with year and quadrat as main effects. With this
we could detect any changes in SCl and SC2 size class densities between
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Figure 1. Dots indicate location of quadrats €ensused from 1984 to 1986 to measure densities
of Tamarix, Salix, Baccheris and Tessariz.



years, which would indicate whether these groups, which we regard as
having been established in 1984, have persisted through to 1986, This
information we used to determine if tlood-induced yermination events of
1983-1984 have preoduced seedlings capable ot replacing adult plants lost
in ‘the 1983 flooding event.

Measuring replacement of plants lost in 1983 floed: To determine if
recruitment since the 1983 flooding event was sufficient to replace
adult plants 1lost 1in that flood, we compared the density of dead
individuals » SC2 in height in 1984 with the number of live individuals
» SC2 in September, 1986 on the 15 quadrats censused. Paired t-test
statistics were calcuiated for each of the four target species on every
plot in which that species occurred. This measure of fiood-related
mortality substantially underestimated the density of dead individuals
in 1984 because it did not account for removal due to scouring. To make
this comparison more accurate we adjusted the density of dead
individuals/m® in 1984 using our estimates of removal rates for each
species (Stevens and Waring, 1985-BOR1).

To understand changes which might occur in populatien structure within a
year, we censused the same 15 quadrats in April 1986, and compared size
class densities per species between April and Septomber 1986, A 2-way
- ANOVA, with season (Apr.,Sept.) and quadrat as main effects, was used.

Predicting adult plant densities from seedling densities: We analyzed
the relationship between seedling densities and densities of larger size
classes the following year on the quadrats that provided evidence of
colonization and recruitment, to determine if the relationship was a
predictable one (i.e., do large seediing germination events give rise to
larger numbers of juvenile plants?). Because older, larger seedlings
have a greater probability of surviving to adulthood and are often
capable of sexual reproduction, an understanding of this relationship is
important. Tamarisk, seepwillow and arrowweed plants over 1 m in height
are capable of sexual reproduction. To accomplish this analysis, we
used a lagged regression model with density data from guadrats censused
from 1984 through 1986. We attempted to correlate the density of 1984
seedlings with the density of 1985 SC2 plants, and the densities of 1985
SC2 plants with those of 1986 SC3 plants using linear regressicn for
each of the species of interest.

To verify that SCl and SC2 size classes were established in 1984, we
collected 75 tamarisk stems and 53 coyote willow stems of various sizes,
measured the height (cm) and age of each, and regressed age with height.

2. Factors Affecting Seedling Establishment: We used experiments and

enpirical information to determine the effects of inundation,
fluctuating flows, desiccation and substrate on plant qrowth and
survivorship. A. Inundation, fluctuating flow and desiccation

Oftis __ =i

experirents: Percent survivorship of month old and 6 month cld
seediings of Tamarix, Salix and Baccharis salicifolia under a variety of

flow and desiccation regimes was examined experimentally. Seeds of




tamarisk, coyote willow and seepwillow were collected from at least 10
plants at Lee's Ferry in the tall of 1985 and kept refrigerated at 4° C
until January 1986. B. salicifolia seeds were yerminated 1in January,
1986, We had little success with germinating tamarisk or coyote willow
seeds and instead, collected 2 month tamarisk seedlings in December from
Lee's Ferry (they were 8 months old when we experimented with them) and
used 6 month old plants provided by L. Stevens' experimental plant
population at Lees Ferry. Seedlings or seeds were planted in 8"x8"x8"
pots (tamarisk) or 5"x7"x3" pots (willow, seepwillow) filled with an
equal mix of coarse (post-dam) and fine grained silty sand (pre-dam)
from the Lee's Ferry area. Plants (6-10 per pot) were grown in the
Terrestrial Ecology Laboratory at Bilby Research Center at NAU, in
Flaystaff, AZ, from 15 Jdanuary until 15 June, 1986, The plants were
grown with 16 hours of light/day, with lighting involving a 1:1 ratio of
cool white:growlux lights, Plants were watered daily and fertilized
monthly with Miracle utro¥ according to instructions wuntil 20 May,
1986. No fertilizer was applied after this time. For one month plants,
seeds of all species were successfully germinated 15 May, 1986, and
grown in the Bilby laboratory until 15 June, 1Ytb, They were otherwi.e
treated identically to 5 month plants. On the evening of 16 June, 1986,
all potted plants were transported in a Ryder® truck to Lee's Ferry, AZ,
where experiments were conducted. All plants received 50% shade under a
slat-roofed 'ramada' near the river and were allowed to acclimate until
20 June when treatments commenced.

Seven treatments were run with 10 replicates (pots) per treatment for 6
month old plants and 9 replicates for 1 month old plants: 1. 1 month of
inundation (I4 for 4 weeks) in which pots were corpletely submerged in
the Colorado River for 1 full month, 2. 2 weexs fuli inundation (12),
3. 1 month fluctuating flows (F4 for fluctations for 4 weeks) in which
pots were completely submerged in the Colorado River for 12 hours during
the day and removed for 12 hours at night every day for 1 month, 4. 2
weeks fluctuating flows (F2), 5. 2 weeks desiccation (D2) in which
plants on shore were not watered for 2 weeks, 6. 1 weck desiccation
(D1), 7. controls (grown on shore in partial shade, watered daily).
One month treatments were conducted from 20 June to 20 July and 2 vieek
treatments ran from 20 Jure to 4 July. Plants were allowed a one week
recovery period following treatments, to definitively survive or die.
Because all of our I4 plants were washed downstream by a tributary flcod
on 18 July, we re-ran this treatment from 20 July to 20 August, using
extra plants which had been arowing with control plants at riverside.
These 14 plants were, thus, 1 month older and perhaps more resilient
than the 6 month old plants used in other treatments., At the end of
this period the percent ot seedlings surviving per pot was calculated (¢
alive at end of experiment/s alive at beginning), The data were square
root and then arcsia transforrmed and analyzed with ANOVA, with treatment
as the main effect. We also studied eftects of treatments on plant
yrowth by measuring the height of 4 plants/pot betore and atter the
experiment, These data were analyzed with ANOVA, auain with treatment
as the main effect.

2. B, Effects of Substrate on Seedling Germination: To determine the




ability of seeds to germinate in ditferent soil types, tamarisk and
coyote willow seeds were added to 3" petri dishes containing silty soil
(n = 6) and coarse sand (n = 0) on 27/ June, 1986, The plates were then
watered daily and the seedlings were allowed to germinate. At the end
of 10 days, the # of germinated seedlings/ dish were counted and %
germination/species/substrate type was determined and analyzed with
ANOVA, with soil type as the main effect.

2. C. Effects of Substrate on Seedling Growth and Survivorship:
Laboratory experiments: Root and shoot growth rates in fine (pre-dam)
versus corase (post-dam) riparian sediments were compared for Tararix
chinensis, Salix exigua and Baccharis salicifolia seedlings. ~ Fine-
grained and cocarse-grained sediments were collected from the riparian
zone at Lees Ferry, Arizora. Fresh seeds from 8 or more individual
plants of each species were collected in the Grand Canyon from July
through September, 1986, Sediments and seeds were transported to the
laboratory in Flagstaff and seeds were germinated in petri dishes. Two-
to four-day old seedlings of these species were transferred to 3.5 cm x
30 cm glass tubes containing one or the other sediment pfype. Seedlings
were grown for 29 to 34 days at approximately 25 C with daily
watering. Seedlings were grown under a l:1 combination of growlights
and regular fluorescent lights at an intensity of 1,120 footcandles (the
equivalent of weak shade), with 16 hours of light/day. After one month
of growth seedlings were gently flushed from the tubes, and root length
and shoot height were measured. tach treatment was replicated at least
6 times, and data were analyzed using a 2-way ANOVA with soil texture (2
levels) and species (3 species) as main effects of root and sheoot growth
rates (mm/day).

2 C. Field Ubservations on Substrates Colonized by Tamarisk: Tamarisk
densities were censused in sandy and cobble substrates to verify an
earlier observation that tamarisk and other species seedlings were found
more consistently in cobble substrates than in sand substrates. ke
censused three sites in the 40,000 - 060,00Ucfs zone in reach 5, in
September, 1986. At each site, tamifisk seedling densities were
measured in 3U-50 randomly selected 1.0 m® plots in sand and in an equal
number of randomly selected 1.0 m“ plots in uniform cobble substrate.
Results were analysed with a Z-way ANUVA, treating substrate type and
site as main eifects on tamarisk seedling density.

To study more precisel, Tamarix survivorship and growth with proximity
to the river and exposure to flooding in the wild we examined the fate
of individual plant- in exposed and less exposed settings. Thirty or
more young tamarisks at each of 5 sites were tagged with parakeet bird
bands and their heights were measured in April, 1986 and again in
September, 1986, Three stands of 2 year old plants were studied at 52R,
131R and 171L; these stands occurred at about the 40,000 cfs zcne, with
52R being a protected and sandy site, 131R being a moderately protected
cobble bar and 171L being a sandy and exposed site. At Mile 43.5L
(President Harding) and 172R, populations of & month old seedlings were
measured for growth and survivorship. Mortality between seasons in 188
was analyzed with chi square analysis and changes in height were



compared with ANUVA, Densities were measured at 171R by measuring
randomly selected nearest neighbor distances between April and September
of 1986.

3. Timing or Phenology of Plant Reproduction in Grand Canyon:
Information on when the seeas of different species are produced was
compiled from several sources. Timing intormation on tamarisk, coyote
willow, seepwillow, desert broom and arrowweed were gathered during
three research river expeditions, three commercial river trips, several
hiking expeditions throughout the Grand Canyon, as well as twelve trips
to the Lees Ferry area, between WNovember, 1985 and OUctober, 1986.
Phenological status was classified in the following ten categories:

PHENOLOGICAL CATEGORY DESCRIPTION

No leaves or flowers.
Youny leaves.
Fully leafed out.
Developing flower buds.
Fully developed flower buds.
Flower buds beginning to open.
Full bloom.
Flowers dead, seeds immature.
Seeds mature and dispersing.
Seeds dispersal completed.

0 Chlorosis

— O EC~NOUMHBWN=-=C

We also compared patterns 1in .plant phenology between the different
species and between the different sections of the river corridor. MWe
examined the large collection of Colorado River corridor plants housed
at the Museum of Northern Arizona 1in Flagstaff, AZ and compiled
phenological data from these specimens.

He derived detailed information on reproductive phenology of Tamarix
chinensis by tagging 13 plants at Lees Ferry and estimating the
percentage of the canopy covered with flower heads at monthly intervals
from April through Uctober, 1986,

Other Forms of Reproduction: Vegetative Reproduction: To determine
viability of vegetative reproduction of tamarisk, coyote willow,
seepwillow and arrowweed in the Grand Canyon, the following methods were
used: At Lee's Ferry, 15 willow and 15 arrowweed stems, all shorter
than 1 m and bearing some rcot stock, were planted in wet sand along the
river on 25 June, 1986. The cuttings were checked ¢ weeks later on 9
July, and the # and % of plants surviving were calculated.

At 2 beach sites in Grand Canyon (43.b5L and 66.0L), 3 rows of tamarisk,
coyote willow, seepwillow and arrowweed cuttings were planted in April,
1986, with the 1lst row 1 m from the river and each succesSive row 1 m
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further from the river. Six sets of cuttings were planted in the lst
and 3rd rows with 8 in the middle row, with each of the 4 species
occuring in the lst set and tamarisk, willow and arrowweed occurring in
the last 2 sets. Percent survivorship of the cuttings was measured in
September, 1986. Survivorship of the cuttings meant that stems cut from
live plants had successfully rooted and become established.

RESULTS

1. Establichment of Seedlings in Grand Canyon: Census information. In

examining plant census information collected in 49 quadrats in 1984, we
found high levels of seedling colonization by the species cf interest at
cnly 21 sites. This means that extensive plant establishment occurred
on 43% of the sites examined. More cobble bar sites were extensively
colonized than would bhe expected by chance alone, while fewer sand and
talus siEes were extensively colonized than would be predicted by chance

alone (X = 5.0, p < .05, df = 1). The cobble bar sites were colonized
larcely by sexually reproducing, seed dispersing tamarisk, and Baccharis
Spp. In most cases, the sand substrate sites that were heavily

colonized were invaded from the periphery by clonal coyote willow and/or
arrowweed. Little colonization occurred on talus sites. EBecause 1983
flood-induced adult plant mortality was extensive at most of the 49
quadrats, it 1is apparent that this plant system has not recovered
densities of plants lost in 1983. Additional flooding has occurred
since 1983 (Fig. 2) and we belizve that this has contributed to this
pattern,

At 15 of the sites on which substantial plant establishment occurred, we
found that seedling densities for 3 of 4 species did not vary
significantly between 1984 and 1986, A1l tamarisk densities did
increase significantly between 1984 and 1986 and densities of other
larger plants in 1986 were either no different than or, in the case of
seepwillow, exceeded those of 1984 (Table 1, Figure 3). These patterns
suggest that locally, large numbers of young recruits are entering the
system on some beaches. This means that once established, plants are
surviving in large numbers.

Clonal colonization by willow and aerrowweed occurred mainly on quadrats
comprised of sandy substrates, while tamarisk and seepwillow seedlings
were most common on cobble bars, This reflects a major shift in
substrate type colonized, particularly for tamarisk, for which most
clder stands occur on Silt bars.

Densities of tamarisk seedlings (1-20 cm) were significantly lower in
1986 than in 1984 (Table 1, Fig. 3). Densities of SC2 and SC3 plants
increased significantly between 1984 and 1986, implying that densities
of juvenile tamarisks, which colonized beaches after the flced of 1983,
were becoming established,

Densities of seepwillow seedlings did not vary significantly between
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TABLE 1 : RIPARIAN PLANT DENSITIES BY SIZE CLASS FROM QUADRATS, 1984 - 1986.
1934 1985 1986
SPECIES  SIZE CLASS x/m2(se) x/m?(se) x/m?(se) p d.f.
Tach S .428 (%0.115) .433 (0.1-7) .235 (*0.074) 0.000 1,14
1 .023 (£0.009) 092 (Y0.030)  0.165 (%0.048) 0.050 1,14
2 .184 (%0.008) .592 (%0.028) .063 (¥0.018) 0.040 1,14
Saex S .031 (%0.025)  0.185 (%0.118) .052 (0.023) 0.300 1, 5
1 .089 (*0.059)  o0.168 (f0.065)  0.333 (%0.159) 0.575 1, 5
2 052 (Y0.027)  o0.122 (Y0.086)  0.230 (%0.153) 0.389 1, 5
Basp 5 0.045 (¥0.033) .070 (*0.043) . 0.044 (%0.014) 0.265 1,12
1 c.012 (*o.co4)  0.086 (*0.046)  0.047 (£0.015) 0.074 1,12
2 0.007 (¥0.003) .025 (*0.016) .027 (¥0.010) 0.031 1,12
+ + +
Tese S 0.013 (¥0.013)  0.104 (%0.068) .056 (%0.039) 0.221 1, 6
1 0.247 (*0.226)  0.325 (Y0.213)  0.200 (f0.119) 0©.500 1, 6
2 0.048 (%0.038)  0.218 (£0.177) .356 (¥0.234) 0.340 1, 6
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1984 and 1986 (Table 1, Fig. 3). SC2 plants increased nonsignificantly
between 1984 and 1986, while densities of SC3 plants increased
significantly between 1984 and 1986. As with tamarisk, the numbers of
young plants becoming established on some beaches since 1983 are
increasing slightly.

Densities of coyote willow sprouts did not vary significantly between
1984 and 1986 (Table 1, Fig. 3). Densities of SC2 and SC3 plants
increased, though not significantly, between 1984 and 1986 (Table 1,
Fig. 3). Overall, there was no noticeable change in willow stem
densities between 1984 and 1986. Over the course of 6 years extensive
study, we have only found 4 coyote willow seedlings in this system.

Densities of arrowweed sprouts did not vary significantly between 1984
and 1986, although there was a trend of slight increase bewteen the 2
periods (Table 1, Fig. 3). Neither SCl or SC2 plant densities varied
significantly between 1984 and 1986, although densities of SC3 plants
increased slightly between the 2 periods (Table 1, Fig. 3). Overall,
there appears to have been little change in densities of young arrovwweed
stems between 1984 and 1986. Like coyote willow, arrowweed seedlings
are extremely rare in this system, with only 8 seedlings found in 6
years.

On examining pcpulation changes between April and September, 1986, for
these species, we found that seedling densities declined
nonsignificantly in all species by September and densities of SC2
tamarisk ana arrowweed, and SC2 and 3 coyote willow increased
significantly, while Baccharis spp. densities did not change
significantly (Table 2, Fig, 4).

Replacement of plants lost in the 1983 flood: Our comparison of
densities of 1live stems in 1986 to densities of dead stems (both
adjusted and unadjusted for removal mortality) in 1984 revealed no
significant differences between the groups for any species (Fig. 5),
implying that plant populations may be replacing themselves on these
beaches. Paired t-test values were nonsignificant (p > 0.05) for the
densities of dead 1984 (adjusted and unadjusted) versus live 1986
densities of adult tamarisks (df = 14 Quadrats), seepwillow and desert
broom (df = 13), coyote willow (df = b) or arrowweed (df = 4). DUespite
the apparent differences in dead 1984 versus live 1986 stem densities of
each species illustrated in Fig. 4, the standard deviations approached
or exceeded the means in all cases. A non-significant trend of
increasing densities of tamarisk and coyote willow and decreasing
densities of seepwillow and arrowweed, respectively, reflects the
greater efficacy of recolonization by the first two species and the high
levels of mortality suffered by the latter two taxa levels as a result
of flooding.

Predicting adult plant densities from seed!ing densities: DUensities of

tamarisk seedlings were correlated with densities of plants in the next
size class (SCl) in 1985, but not in 1986 (Table 3). In 1985 and 19€6,
SC1 densities were strongly correlated with densities of the next size
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TABLE 2: RIPARIAN PLANT DENSITIES BY SIZE CLASS FROM QUADRATS, APRIL TO SEPTEMBER, 1986.
APRIL SEPTEMBER

SPECIES  SIZE CLASS X/m? (se) X/mé (se) p

Tach S .433 (£0.164) .185 (£0.051) .186
1 0.056 (+0.014) .058 (£0.011) .848
2 .006 (£0.001) .010 (+0.002) .000

Saex s .035 (:0.016)  0.016 (+0.008)  0.342
1 0.043 (+0.006) 029 (+0.008) .016
2 0.006 (:0.002)  0.020 (£0.008)  0.002

Basp s 0.309 (:0.201)  0.030 (0.012)  0.194
1 0.016 ($0.003)  0.015 (0.003)  0.601
2 0.004 (:0.002)  0.005 (+0.001) .676

Tese s .028 (£0.017) .017 (+0.012) .605
1 0.046 (:0.015)  0.030 (:0.010)  0.000
2 0.029 (x0.010)  0.038 (0.012) 267

1,108

ST
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TABLE 3 : CORRELATION OF RECRUITMENT SUCCESS BETWEEN THREE SIZE CLASSES AND THREE YEARS FOR
FOUR RIPARIAN PLANT SPECIES IN THE COLORADO RIVER CORRIDOR IN THE GRAND CANYON.
R2 R2

SPECIES  SIZE CLASS X (STAN.DEV.)  (p df)  SIZE CLASS X (STAN.DEV.) (p_df)

Tach Seedlg,  11.294 ( 9.552) oo SClg, 0.890 ( 1.329) 0.802
SClgs~SClgs  1.759 ( 2.808) (0-025 1:6) scp _sca,, 1.669 ( 4.502) (0-005 1.6)

Seedly,  14.546 (18.325)  0.127 SClge 2.649 ( 2.915) 0.558
SClgg-SClgs  1.879 ( 3.506) (nsd 1,6)  SC2e-SC2; 1.373 ( 1.633)  (0.025 1,6)

Saex Seedly, 1.879 ( 2.424)  0.174 SClg, 4.652 ( 5.567) 0.106
SClgg-SClg,  3.472 ( 6.769) (nsd 1,4)  SC24-SC2q, 4.852 ( 9.285)  (nsd 1,3)

Seedlge  10.443 ( 8.320) 0.0 SClgg 8.123 ( 1.862) 0.000
SClag-SClgs  11.456 ( 6.466) (nsd 1,4)  SC2qe-SC2g;  3.213 (13.220)  (nsd 1,3)

Basp Seedly, 2.030 ( 4.839)  0.779 SClq, 0.335 ( 0.374) 0.000
SClge-SClg,  2.370 ( 3.787) (0.025 1,4) SC2gg-SC2g, 0.588 ( 1.273)  (nsd 1,5)

Seedlg, 2.106 ( 3.395)  0.000 SClg 2.572 ( 3.692) 0.859
SClgg-S lgs  -0.898 ( 2.214) (nsd 1,4)  SC2g-SC2gs  0.636 ( 0.874)  (0.005 1,5)

Tese Seed'q, 0.559 ( 1.235)  0.444 SClg,  10.034 ( 4.292) 0.991
SClgs-SClg, -0.294 (10.872) (nsd 1,3)  SC2gg-SC2g,  6.360 (12.392)  (0.005 1,3)

Seedlg 3.125 ( 4.569)  0.000 SClg, 9.740 (14.295) 0.540
SClgg-SClgs  -1.775 ( 6.231) (nsd 1,3)  SC2g-SC2g  8.209 (20.367)  (nsd 1,3)

81
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class (SC2) in the next year. For tamarisk, the ratio of 1984 seedlings
to 1985 SC1 was o.»:l. Likewise, larger tamarisk size classes revealed
recruitment success ratios that were closer to 2:1 in 1985 and 1980,
These trends incicate that levels of seedling mortality are substantial,
and that tamarisk seedlings are more likely to perish than are larger
size classes, 3s expected. Correlations between different size classes
in coyote willcw were low and nonsignificant for both years, perhaps due
to the small nurder of quadrats examined, die-back, and/or coyote
willow's ability to grow more than 1.0 m/yr. Like tamarisk, Baccharis
seedling densities were correlateu with subsequent SC1 densities in 1985
but not in 1o, Correlation of taccharis SC1 to SCZ densities were
significantly correlataed in 1986 (representing a continuation of the
recruitment success initiated in 1984 amony Baccharis seedlings).
Correlation of arrcowweed seedling densities to subsequent Sul densities
was non-significant; however, recruitrent success of larger size classes
was significant. QCespite smali sample sizes and variances that exceeded
means, both size classes of coyote willow, Seepwillow and errowweed had
ratios of Seedling:SCl and SC1:5C2 of between 1 to 2.5:1, indicating
potentially nigner probability of survivorship among recruits of these
species. Higher correlation of recruitment success was generally found
for 1984-198> comparisons than tor 1985-1986 comparisons for all
species. This trerd may be a response to several factors including 1)
abnormally dry spring conditions in 1986, 2) flooding in excess of
50,000 cfs in May and June, 1986, or 3) unrecognized facters; however,
more data are neaded to resolve recruitment success using these
analytical techniques.

Tamarisk height and ace were strongly correlated, although variafion did
exist in the relationship, based on & sample of field plants (Rd = 51%,
p < .0UUD, df = 1,75). TQ? relationship between age and height in
coyote willow was stronger (R = 67.0%, p < 0000, df = 1,51).

2. Factors affecting seedling establishment: A. Effects of flooding,
fluctuating Tilces _and desiccation on 2 age classes of plants. In

experimental tests of seedling survivorship at Lee's ferry, all
treatments produced significant reductions in seedling survivorship and
growth relative to control plants in both age classes and in all species
(Table & Jo &Y. Qur g “jon that increasing levels of submergence
in water i.e., fluctuating flows as compared to complete inundation)
should result in reduced survivorship and growth in all 3 plant species,
was generally proven out by the results of this experiment.

A1l 6 month ol¢ tamarisk subjected to inuncation or fluctuating flows
exhibited significantly lower levels of survivorship and growth, except
for seedlings receiving the 4 week inundation (I14) treatment. This
apparent discrerancy 1is probably due to the fact that this group was
treated one rortn later so that the plants were larger and resistant
than younger pt.ots (see Methods). A1l plants in the desiccation
treatrents diea witnin b days after water was withheld.

Six month seepwiilow in the Id4 and 12 treatments had significantly lower
levels of survi.orship than aid F4 and F2 plants or controls (Table 4,



TABLE 4 : PERCENT SURIVORSHIP AND GROWTH OF SIX MONTH OLD RIPARIAN PLANT SPECIES EXPOSED TO
SEVEN TREATMENTS OF INUNDATION AND DESICCATION (TRANSFORMED DATA).
PERCENT SURVIVORSHIP GROWTH (cm)
TREATMENTS TREATMENTS
SPECIES 1 2 3 4 5 6 7 1 2 3 4 5 6 7
Tach X 0.70 0.33 0.36 0.92 0.00 0.00 1.27 -1.52 -2.29 -0.09 -0.36 C.00 0.00 6.04
tse 0.13 0.07 0.08 0.12 - --  0.04 0.64 0.72 C.28 0.54 -- --  0.92
n 10 10 9 10 10 10 10 10 10 9 10 10 10 10
p = 0.000 p = 0.000
Saex X 0.89 0.87 0.87 0.99 0.00 0.00 1.07 -4.67 -0.15 0.21 0.90 0.00 0.00 4.37
+se (0.08 0.09 0.09 0.06 = --  0.04 2.21 0.25 1.46 0.69 -- -- 1.30
n 9 9 9 9 9 9 9 6 6 7 9 9 9 9
p = 0.250 p = 0.00023
Basp 4 0.73 0.92 1.26 1.21 0.00 0.00 1.21 ~0.31 -2.31 -0.16 0.75 0.00 0.00 5.1%
tc¢ 0,10 0.11 0.06 0.06 -~ -  0.01 0.30 0.67 0.27 0.32 -- -~ 0,44
n 10 10 10 10 10 10 10 10 10 10 10 10 10 10
p = 0.000 p = 0.000

0¢
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Figure 6. Mean percent survivorship and growth of 6 month old Tamarix,
Baccharis and Salix in flooding and desiccation experiments (14 = 4 weeks
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Fig. 6). All water treated plants (l4-F2) eitrer died back or grew
significantly less than controls. 12 plants died back significantly
more than did plants in any other water treatment, even I4 plants.
Again, we suggest that this has resulted from I4 plants being one month
older and perhaps nore resilient. A}l desiccated plants died within 5
days of the beginning of the treatments.

There was no significant difference in survivorship of 6 month willows
among all treatments, although survivorship in the harshest treatments
(14, 12 and F4) was slightly lower than that of F2 or control plants
(Table 4, Fig. 6). Growth responses of all water treated plants were
significantly lower than that of controls. Although the groups were not
significantly different from one another, there was a trend of 1less
growth with consecutively harsher treatments. Willows in the
desiccation treatments died within 3 days of the beginning of the
treatment.

Survivorship of 1 month seedlings was generally lower than that of 6
month seedlings in all treatments (Table 5, Fig. 7). Some of this was
due to generally lower levels of survivorshin in younger plants and is
indicated by the fact that survivorship is lower in the 1 month old than
in the 6 month old control plants. Interestingly, lower 1levels of
survivorship generally occurred in plants which underwent fluctuating
(F4 or F2) treatments. We interpret this to mean that fluctuating flow
disturbance is removing these small, shallow-rooted seedlings. While
levels of survivorship were often very low for these plants, it is
impressive and noteworthy that some plants did survive such harsh and
protracted conditions.

Among 1 month old tamarisk, lowest levels of survivership occurred in
pots in the fluctuating flow treatments (Table 5, Fig. 7). We attribute
this to the changing water levels remuving a greater proportior of
plants because their shallow roots didn't anchor them in the socil. More
plants survived in the F2 treatment than the F4 treatrment, although this
pattern was not significant. All desiccated plants died within 3 days
of the beginning of the treatments.

Among 1 month old seepwillow seedlings, only I2 plants survived and
there was no significant difference in survivorship of 12 or control
plants. Again, removal due to fluctuating flows seemed to account for
most mortality. Desiccated plants died within 3 days of treatment
commencement.

One month old coyote willows 1in 14, FZ2 and F4 treatments had
significantly lower levels of survivorship than did 12 or control
plants, while there was no difference in level of survivorship between
[2 or control plants (Table b, Fig. 7). This again suggested that
fluctuating flows removed large numbers of plants. Adgitionally, the 14
treatment apparently exceeded the levels of tolerance of most 1 menth
cld coyote willow seedlings to inundation.

Effects of Substrate on Plant Germination: In experirents, survivership




TABLE 5: PERCENT SURVIVORSHIP OF ONE MONTH OLD RIPARIAN PLANT SPECIF3 EXPOSED TO SEVEN
TREATMENTS OF INUNDAT1ON AND DESICCATION (TRANSFORMED PROPORTIO'S).

TREATMENTS
SPECIES 1 2 3 4 5 6 7
Tach ) 0.48 0.51 €19 0.?7 0.00 0.00 1.06
ise 0.17 0.05 0.03 0.08 -- -- 0.07
n 7 9 9 9 9 9 9
p = 0.000
Saex X 0.32 0.79 0.30 0.33 0.00 0G0 0.93
tse 0.06 0.08 0.07 0.10 -- -- 0.08
n 9 9 o 8 . 9 9 9
p = 0.000
Bas) X 0.00 0.53 0.00 0.00 0.00 0.00 0.59
ise -- 0.07 - - - -- 0.09
n 9 9 9 8 9 9 9
p = nsd

£e
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TABLE 6: A COMPARISON OF TAMARISK SEEDLING DENSITIES ON SAND VERSUS
COBBLE SUBSTRATES AT THREE SITES IN THE LOWER GRAND CANYON IN SEPTEMBER,
1986,

Mean
Plants/
SITE: 1 2 3 M2
SUBSTRATE TYPE  SAND 0.96 0.00 0.22 0.42
n (51) (40) (51) (142)
COBBLE 2.03 0.35 1.55 1.20

n (29) (40) (29) (98)
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of newly germinated tamarisk and willow seedlings for 2 weeks was high
(tamarisk, mean = 96% on silt and 95% on sand, Fl 10 = 1.84, ns; coyote
willow, mean = 80% on silt, 95% on sand, Fl 10 © 0.?4, ns) and were not
significantly different on silt versus sand 'substrates. This indicates
that at Tleast initially, with water availability held constant,
substrate type does not affect seedling colonization.

Effects of Substrate of Plant Growth: In experiments, the shoots and
roots of seedlings (pooled across species) grew twice as much in fine
(pre-dam) versus coarse (post-dam) scil (p = .000, df = 1,61 for roots,
and p = .000, df = 1,66 for shoots). Analysis of seedling root growth
data showed significantly greater root and shoot growth rates for all
species in fine (pre-dam) soils as compared to coarse (post-dam)
sediments (Fig. 8). !Nean root growth rate for all plant species pooled
was 4.4 mm/day in pre-dam soils end 2.2 mm/day in coarse, post-dam
sediments. And the ygrowth rate of Baccharis salicifolia seedlings was
significantly greater than that of Tamarix or Salix. Shoot growth rates
demonstrated a similar trend, but Tararix (1.1 rm/day) grew rore than
twice as fast than the other two speci2s' seedlings (0.5 rm/day for
Baccharis and 0.4 nm/day for Salix exigua).

Field observations on substrate and survivorsnip: Analysis of Tamarix
chinensis seedling density on sand versus cobble substrate types at
three sites revealed significantly more tamarisk establishment in cobble
substrates than in sand substrates {(Table 6). HMean tamarisk seed]ing
density was 0.42 plants/m® on the sand sites and 1.20 plants/m“ in
cobble substrates (p = U.009, df = 1,234)., Differences between sites
were also significant (p = 0,007, df = 2,234), but there was no
interaction between substrate and site (p > 0.U5, df = 3,234). This
pattern suggests that some aspect of substrate quality in cobble areds,
such as enhanced moisture retention cr microsite stability, now favors
Tamarix establishment in cobble versus open sand. In marked contrast,
Virtually all of the dense stands of mature tamarisk in this system
occur in relict pre-dam fine sediment deposits.

At miles 43.,5L and 172L, densities of 6 month old tamarisk seedlings
declined precipitously between April and Septembter, 1986.  The density
of seedlings at File 43.5L dropped trom 450 seedlings/m2 in April to
0.15 sedalings/m“ 1in September, presumably as a direct result of
flooding in May and June, 1986. This seedling bed lay beneath a mature
Tamarix canopy and was somewhat protected from scouring by reduced
‘current velocity among the mature trees. Seedling degsity at Mile 172
was reduced from a density of 979 Tamarix seedlings/m® in April to O/m
by mid-summer, 1986, This site was 1inspected during commercial river
trips by Stevens in late May, 1986 at wnich time it was inundated, and
again on 1 July, 1986, at which time ro seedlinygs remained.

Mortality of tagged 2 year old tararisk plants was lowest in plants
protected from tlooding: 6.5% (n = 31) in a protected mesic site at 52R,
intermediate (32%, n = 25) in a moderately exposed rock bar at 13IR and
highest (b5U%, n = 42) on a riverside sand bar at 171.58 (X° = 15,64, p =
0.005 at d.f. = 2)., These plants were all subjected to approximately
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one month of inundation in 1986 and the results reflect a trend of
higher mortality with increasing exposure to flooding and perhaps
decreasing elevation (increasing heat stress). A non-significant trend
of decreasing growth with increased exposure (proximity to the river)
and decreasing elevation, was also observed in these marked Tamarix
plants. Growth at the protected site averagea 12.67 cm (n = 25), growth
at the 131R site averaged &.21 cm (n = 17), and growth at the 171L site
averaged 0.02cm (n = 21), It appears that exposure and perhaps
elevationally imposed stress, have severe -effects on growth and
survivorship of seedlings,

A closer inspection of the 171L site using nearest neighbor distance
(NND) estimates of density (Southwood, 1979) revealed that density
decreased significantly in the 2-year old Tamarix stand between April
and September, 1986, In April the mean nearest neighbor distance
between 40 tamgrisk plants was 3.Ycm (corresponding to a mean density of
167.8 plants/m“ for n = 42 NND measurements), while th% September mean
NND had declined to 7.75m (a density of 41.6 plants/m“, n = 88) (p <
0.001, df = 1,128). Although density decreased significantly at this
site in 1986, mean plant height did not change significantly. The April
mean plant height at this site was 70.2 cm and the September mean height
wvas 71.0 cm (p = 0.93, df = 38).

Timing of Seed Production in Grand Canyon: The seven species of
perennial shrubs and small trees we studied separated out into two
groups on the basis of seed production phenology, into those producing
seeds throughout the growing season (Tamarix chinensis, Salix exigua
and Baccharis salicifolia) and those producing seeds only during a
short 1interval 1in mid-summer (Tessaria sericea) or only 1in fall
(Baccharis emoryi and B. sarothroides).

Tamarix chinensis: This dominant exotic riparian species 1is widely
known for its impressive reproductive capacity (Graf 1977; Horton et al.
1960; Warren and Turner 1975; Stevens 1985). Tamarisk is capable of
producing enormous numbers of minute, wind dispersed seeds which are
relatively short-lived and germinate rapidly (<24 hours, Warren and
Turner 1975). In the Colorado River corridor T. chinensis produced
seeds from late April through October, with seed production in the lower
Canyon several weeks ahead of plants at Lees Ferry (Fig. 9). Although
T. chinensis produced seed thrcughout the growing season, its
reproductive output was not constant. At Lees Ferry, 13 marked plants
on pre-cam terraces reached a peak of raceme production between mid-May
and early June, and thercafter the rean leve! of reproductive output
declined tc neminal levels (Fig. 10}, Thus T. chinensis seed production
was greatest in early summer and wzs nominal from rid-summer through
fall in 1986 in this system.

Salix exigua: This abundant species cccupies the river and stream banks
in the Grand Canyon down to approximately mile 210, forning dense clones
of wand-like stems on beaches, Its seeds are minute, short-lived, wind-
dispersed and germinate cven faster than tamarisk seeds (Stevens, pers.

comm. ). Like tamarisk, coyote willow produced seed throughout the
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growing season in 1986 (Fig. 9), although seed production appeared to be
more constant, We believe wiliow seedlings are rarities in Grand
Canyon, with only 3 seedlings found in this study.

Tessaria sericea: Arrowweed is a native, clonal composite which
occupies silt and sand substrates throughout the Colorado River corridor
in Grand Canyon. It produces large nurbers of moderate-sized, wind
dispersed seeds which are relatively long-lived and slow to germinate
(Stevens, pers. comm.). Unlike tamarisk, coyote willow and Baccharis

salicifolia, arrowweed produced seed only curing a relatively discrete

period between early June and early August (Fig.9).

Baccharis salicifolia: Seepwillow is a native composite shrub which can
reach nearly 4.Um in height and occurs widely throughout the river
corridor. It produces moderate quantities of intermediate-sized, wind-
dispersed seeds which are relatively 1long-lived (Stevens, pers.
comm.). Seepwillow produced seeds from mid-July through mid-September
in Section 2 (at Lees Ferry) end from early April through December below
Mile 88 (Fig. 11). Whether this divergent blooming pattern is genetic
or environmentally induced remains to be determined.

Baccharis emoryi and B. sarothroides: Erory's seepwillow and desert
broom are native shrub-forming composite end they share a similar seed
production phenology. The former species occurs in the upper 4
sections, while desert broom only occurs downstairs from lower section
3. Both species produce moderate numbers of intermediate-sized, wind-
dispersed seeds once a year, with the peak of seed production from mid-
September through mid-November for B. eroryi, and the peak of seed
production for B. sarothroides from mid-Uctober through late November

(Fig. 11D. Only desert broom seeds germinated along the river without
flood-related disturbances.

Other Species: We observed seed procduction among the other common
perennial or semi-riparian species in the ~iver corridor, including
common reed (Phragmites  australis), h..cy mesquite (Prosopis
glandulosa), catclaw (Acacia greygii), carelthorn (Alhagi camelorunm),
Goodding's willow (Salix gooddingii), Freront's cottonwood (Populus
fremontii), Aster spinosus, Baccharis sergiloides, Brickellia

longifolia, and haplopappus acradenius. Common reed produces seed in
October and November. HMesquite and catclaw produce seed in mid- to late
summer and mesquite occasionally has two periods of bloom. Camelthorn
is a noxious exotic and blooms 1in mid-summer and produces Seeds
throughout the summer and fall. Goodding's willow blooms in April and
Vay, producing seeds in late spring. Frermont's cottonwood produces seed
in late March or April. Aster blooms and produces seed from mid-sumrer
through fail, while the other Compositae species (Baccharis, Brickeilia,
and Haplopappus) produce seed in the fall ronths. Excepl for Goodding's
villow and cottonwood, viable seeds of all of these species are present
in the environment in late summer and fall.

Vegetative Reproduction: In experiments vegetative reproduction of
tamarisk, coyote willow, and seepwillow was highly successful, while
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arrowweed was less successful in becoming established from planted
stems, At Lee's Ferry, 100% (n = 15) of willew stems planted in wet
sand became established, while 87% (n=13) of the 1lb arrowweed stems
planted became established.

At the 43.5L mile site, none of the planted stems survived. We
attribute this to the site's being several meters over the water and the
pianted stems dried out and died. At the 66.CL site, 44% (n = 29) of 66
stems planted survived, with higher levels of survivorship occurring
closer to the river (Fig. 12). Tamarisk, coycte willow and seepwillow
were successfully established, while only 1 arrowweed stem rooted and
grew. In all cases, the foliage died back and plants were producing new
lateral shoots. This is a stressful experience for plants, and although
it has been successtul in an experimental setting, the likelihood of it
occurring with great fregquency in nature is low. Plant cuttings ¢S a
means of establishing plants might be considerea, however.

DISCUSSION

This study has determined that replacement of plants lost in the 1983
flood in Grand Canyon has been a slow and localized process. For all
species we studied, there was an overall decline in nurbers, due largely
to a severe decline in numbers during the 1983 flood and a lack of
reestablishment to date, 3 years later. Because the negative effects of
flooding on plants are well established (see Introduction), this result
is not surprising. UQur results point to two primary mechanisms which
appear to be restricting plant recolonization to very specific sites or
habitats within the riparian zone in Grand Canyon: 1.) continued
flooeding since 1983 and 2.) a decline in -ubstrate quality, By
understanding the role of these mechanisms, Glen Canyon Uam ranagers may
be able to reverse this trend of plant loss in the Grand Canyon.

Most colonization in Grand Canyon is now occurring on cobble bars and to
a lesser extent, on sandy substrates. Considering that most large old
stands of tamarisk in the Canyon occur in silty pre-dam sedirents, this
represents a dramatic shift in this species' pattern of establishment,
We believe that this change is -<wue, in part, to a loss of tiner
substrates (silts) and accumulation of coarse sand, and perhaps more
importantly to continued flooding which has effectively prevented

colonization of most beaches by seedlngs. OQur seedling yrowth
experiments demonstrate that seedlings of all species grow rore slowly
in post-dam sand substrates than in pre-dam silts. In on-going

experiments, Stevens (pers. comm.) corroborated the pattern ot reduced
arowth rates for two-yedar old tamarisk and coyote willow in coarse post-
dam substrates, as compared to pre-dam silts. 1in his experirents, hoth
tararisk and coyote willow cuttings grew significantly more in silt than
sand over a period ot YU days. The longterm effects of silt versus sand
substrates on plant survivorship, growth and regroductive potential are
not presently understood.

Establishment of plants on cobble bar sites has been impressive,
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Densities of the species we studied, especially tamarisk and Baccharis
spp. are approaching preflood densities, or, in the case of tamarisk,
are actually exceeding previous numbers at some Sites. At present, we
hypothesize that two factors account for tiis level of recruitment
success, The cobble bar substrate may offer unigue microsite features
that facilitate increased germination and increased establishment of
seedlings. Cobbly or rocky substrates may slow soil desiccation, which
would allow colonizing seedlings to sink roots to an adequate depth
before the soil dries; and cobble bars probably protect larger seedlings
from being uprooted and removed by floodwaters. In contrast, sand
beaches 1ack such barriers against seedling dcsiccation and removal.
The success of plants on cobble bars deserves further attention, because
the Dbehavior (i.e. longterm survivorship, growth and reproductive
potential) of plants in this substrate as compared to others is poorly
understood.

Sand beaches that are being colonized, are being invaded primarily by
clonal species, Both coyote willow and arrowweed were found most
commonly on sandy beaches reinvading beaches from nonexposed
peripheries, via rhizomes or underground running shoots. The ability of
these vegetatively reproductive populaticns to expand on sandy beaches
is one which sexual, seed dispersing species do not have, probably
because of tlooding disturbance and/or rapicd soil desiccation. Stevens
and Waring (1985-BOR1) showed that plants on sand substrates experienced
the highest levels of scouring removal. Even clonal plants occasionally
fail to successftully colonize some sandy beaches: coyote willow runners
were noted invading the beach at 118.5L mile in June, 1984, and by late
August, 1984, they were wilting and dying back in the summer heat.
Clonal coyote willow and arrowweed have not been very successful in
colonizing cobble substrates, perhaps because their underground running
roots cannot nmove between rocks.

Another distinctive pattern involves a shift in establishment from about
the 30,000 cfs zone to about the 40,000 cfs zone along Grand Canyon
beaches. While small seedlings were seen below the 40,000 cfs zone,
most more mature recruits were encountered at the 40,000 cfs zone. This
sugyests that the beach area located below the 40,000 line is flooded
too frequently to permit plant colonization, and represents an upslope
migration for the Colorado River new high water zone plant community.
This 40,000 to 60,000 cfs zone was, pricer to 1983, largely devoid of
riparian vegetation, presumably because of insufficient water. Plants
that colonized this zone after 1983 may face severe desiccation if
discharge levels remain below 30,000 cfs during hot spring months,

Because most of the recruits we counted were still young plants in 1986,
it is unlikely that all will survive. hhile we do not fully understand
agye-related mortality in these species, we do know from our experiments
that younger plants are more vulnerable to ‘'natural' mortality ana to
flood-iclated mortality than are older plants. Because of this we doubt
that all of the juvenile plants we saw in 1980, most of which probably
established in 1984, are likely to survive alive in another 3 years.
However, under benign conditions, some &f them probably will.
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OPERATING CRITERIA

In this chapter we review and discuss the Bureau of Reclamation's tive
flow regime alternatives proposed for Glen Canyon Dam (Wegner 1985),

Alternative 1: Monthly base-loaded power plant releases.

A base-loaded or relatively constant flow regime is preferred for this
riparian plant community because recruitment and recovery occur faster
in a disturbance-free environments. Such a flow reyime would minimize
leaching and loss of nutrients and fine particle substrates, mininize
scouring removal and drowning of riparian vegetation, and premote
survival of established seedlings.

Alternative 2: Status quo with maximized power releases.

This alternative would continue to negatively affect riparian plant
community development by damaging existing plants and by retarding
recruitment in the floodzone nearest the river where riparian vegetation
could be the most profuse. Because flooding events are particularly
erosive in impounded rivers, maximized power releases would promote
additional leaching of nutrients and fine particled Ssediments from the
system.

Alternative 3. Maximized power plant releases between 8,000cfs and

25,000cfs.
This flow regime would be .ore likely than Alternative 2 to support a
healthy riparian plant community elong the Colorado River. The

proliferation of riparian vegetation from 1965 to 1982 occurred, for the
most part, under such a flow regime. If erosion could be minimized by
slowing the rate of change in discharge, the negative impacts of this
flow regime on the riparian plant corrunity could be mitigated.

Alternative 4: Seasonally base-loaded flows with maximized power
releases in other seasons.

This alterpative is not preferred hecause it would result in continued

disturbance of existing riparian plent life, retarded recolonization and

recovery of the streamside vegetaticn, and would probably prormote

continued high rates of substrate ercsion and nutrient depletion in this

system.

Alternative 5: Maximized fishery releases.

This alternative is5 not recommended for the reasons discussed under
Alternative 2 (above).

The Timing of Spillovers

Although flooding disturbance promctea cermination, our studies indicate
that post-dam flooding from 1983 to the present have had a negative
impact on overall riparian plant corcunity development in the Colerado
River corridor in the Grand Canyon. Eecause recovery may require a
decade or more, erratic releases shouid be avoided in this system 1t at
all possible. If spills are necessery in the future, we suggest that
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they be restricted in amplitude and duration as much as possible., At
present we predict .hat duration of flooding exerts a greater effect on
survivorship than does amplitude, but this question deserves mnore
seudy.  UOur examination of seed production phenology among the riparian
plant species of interest clearly indicates that seeds of virtually all
species are present in the environment in late summer and tall, when
Tamarix seed production has declined. If a future spill is necessary in
the Coiorado River corridor, a late summer or fall flood could be used
advantageously to disperse Seeds of native riparian species instead of
tamarisk, and thereby increase riparian plant diversity: however, to be
an effective agent of germination and increased ‘ant diversity,
flooding disturbance should be a rare event, not a frequent event, in
this system,
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CONCLUSIONS

1. Twenty-one of 49 quadrats censused showed high levels of plant
recolonization or replacement.

2. Un 15 quadrats, 1986 densities of Tamarix -hinensis, Salix exiqua,
Baccharis spp. and Tessaria cericea approached preflood densities.

3. While it 1is impossible to predict densities of older plants from
seedling densities, large germination events are essential for
replacement.

4, Mortality and demage of 6 month old plants was greatest in the
harshest flooding (inundation) treatments, while fluctuating flow
treatments caused highest levels of mortality in 1 month old plants, due
to removal of these shallow-rooted seedlings.

5, In the wild, mortality of 2 year old plants increased from 6% to b0%
with increased exposure to flooding.

6. A1l plants wilted and died rapidly (within b days) when desiccated.

7. Tamarisk and coyote willow can germinate and survive for at least 2
wee.s in fine- or coarse-grained sediments (when adequate water is
provided), but root and shoot growth rates of tamarisk, coyote willow
and seepwillow seedlings and ¢ year uld plants are significantly higher
in fine-grained sediments. The ability to rapicdly outgrow the seedling
stage should enhance a piant's ability to survive future harsh
conditions of flooding or desiccation.

8. Most post-flood establishment of tamarisk and seepwillow seedlings
occurred on cobble bar substrates, perhaps because such sites offer
protection from desiccation and flooding.

9. Most post-flood establishment of clonal coyote willow and arrowweed
occurred on sandy beaches, involving a reinvasion of runners from
protected perpheries of beaches.

10. A pattern of seedling establishment at about the 40,000 cfs zone was
observed along the Colorado River, representing a shift from previous
establishment of plants below that zone prior to 19Y83.

11, Tamarisk, Baccharis salicifolia and coyote willow seeds are produced
throughout the growing season, while seeds of arrowweed, B. emoryi, B.
sarothroides, Brickellia sp., acacia, mesquite and cottonwood are
produced during brief periods during the growing season.

12. Seepwillow and coyote willow seeds are produced continuously
throughout the growing season, while most tamarisk seeds are produced
early in the growing Season.
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APPENDIX 1:

DATA FROM FIFTEEN QUADRATS IN THE RIPARIAN ZONE OF THE COLORADO KIVER

IN THE GRAND CANYON, JUNE, 1984 TO SEPTEMBER, 1986

River Mile
Year

Flood Zone
Quadrat Width
Size Class
No. Tach

No. Saex

No. Baspp

No. Tese

Plot No.
Section

KEY:

Miles from Lees Ferry downstream to quadrat; L = left
(south) side, R = right (north) side of river

46 = June 1984, 56 = 1985, 69 = September 1986

1 = 20,000 to 40,000, 2 = 40,000 to 60,000 cfs zone.
(Quadrat width (m) from approximate 20,000 to 60,000
stage

1 = seedlings, 2 = 0.3 - 1.0m, 3 = 1.0 - 2,0m,

3 =52.0m

Number of Tamarix chinensis in given size class on
quadrat

Number of Salix exigua in a given size class on
quadrat

Number of Baccharis salicifolia, B. emoryi, and/or B.

sarothroides in a given size class on quadrat
Number of Tessaria sericea in given size class on
quadrat

Quadrat number, 1-15

2 = Lees Ferry - Mile 61, 3 = 61 - 83, 4 =

88 - 166.5, b = 166.5 - 226
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APPENDIX 2:

DATA FROM FIFTEEN QUADRATS IN ThE RIPARIAN ZONE OF THE COLORADO RIVER

(uadrat No.

Period
lone

Width

Size Class
No. Tach
No. Saex

No. Baspp

No. lese

IN THE GRAND CANYON, APRIL TO SEPTEMBER, 1986

KEY:

R, 3
2

& = 52.5R, 5 = 104R,
131.0R, 9 = i31.5R,
171.5L, 13 = 180,1R,

won

—nmn
n
£

()
Pt pot
o A

"won

‘.
s
— o~

12
166

£ O
[S Al T |

é’b—-‘b“

SR, g
, 1986; 2 = erher, 1986

0 to 40,000, S0,000 to 60,000 cfs zone.
vidth {m) Trom approximate 20,000 to 60,000

—

- 4
Ne w
~N oo
-
" et

U

C oo (. G0 0

v
[ad”)
T e

¢

=
n o gl

[{e]

— N LD b e et et ON

2
dr
e
seedlings, 2 = 0.3 - L.Um, 3 = 1,0 - 2.0m,
3 =>2.0m
Number of Tamarix chinensis in given size class on
quadrat
Number of Salix exigua in a g¢iven size class on
quadrat
Nurber of Baccharis salicifelia, B. emoryi, and/or B.
sarothroides in a given size c¢lass on quadrat
TNurber of lessaria sericea in given size class on
quaarat



http://L31.bR
http://208.bR

50

3531 "ON

ddsyg “ON

X3avS “ON

HIYL "0l
SSY1) 3Z1IS

(W) HLOIM

-IN0OZ
a0Iy3d

"ON Lvyavnd

BRI U XS ANIVNVN T U RANRVNNITONDAS RN INI— AN NAN N TU IR W EHN AV AW
——

AN NNV DNV WIANINAVLUNIVNVIAINRGCADNANVINND VO AR DO NRDONDN LI WD v
et RPTRvE o VR ] SN
—

.Ll..cl FIRPIV R NO0 NN 43,&.{@ RIS RIS R TS RS IS OIS B IS B S IR VTGV RS VRV A A TP I (T ST IS L SO T o' 79
— - LD B L I e Qi)
-

ENMCISTIS NN yRSTAIC L &V RIS MRS LETS IS R T PR b BVRTROTE N - IRV P SN IS FRVLS SUSS VRO V1) 6 VR VIA PILTS RATRVIAY MY AN UAVE IS P

()" ) D0 d et ST URWIAY WO S RIS T I R ST SR ST ColO=SUIN I )t L= )r it d et (Ovde~

<)o [loRPIQ T Tt O Wt NAIAVE e

— - i

HN WO DT A =N FHOWD-WO0) 23 = =) OO~ WU N = N OO D N S A= N ) GO WD NI
—— el —t— —— —t—

Gl e WY e N W L' P RPN LL U AN G s OOV A NETA D ) L) O O o g O E: ine)

WD LIOLI.OIVWL LWL LD C PR RSP IS NI S PIS IS ISP IS NSRS NPIS YU SIS O I W RFT S EF 1S KPLPRD [ LSV PP Y]

et e et et A et e e e e et A T A e e A A e e e A A A A A e A e A e e e e e A e e e L e
Pl Ll e ey P T e P TAV Fa N TRV TRV TRV QW TV N R VRN R B L R e L L e R e L L L Ta i [aV A VAV ARV [a Ve PL AN e AN B B B B B R L B L Lo AV VIRV

Pl L e L Lo Lan L L P T PR PSP PR TR R P ISS R FAVIRN JAVIQVIAN [AVIAVEAVIAVIAV AV EaVIRV [aVEeV FaVIaV IRV IRVIAV IAV 4V LI R VTR TEN TS TR S TRS (R VIENTER (RS (RS TR T



51

3531 0N

ddSvg "ON

X3vS “ON

HJOYL “ON
SSY1J 3Z1IS

(w) HLQIM

3NOZ
G0l¥3d

"ON 1vyavnd

RO S TR RS VKT I TTe RETITR | (OIS IS T RV o UTIS U0 1o FOTINILS TRNICS 125 o Lo BEVES BUPTROMD T L% L3 JEF JOVERC R IS ROVIeY e VIR R B R TR UL B P Lo e B
To[55e VRN Vg EXTIAVERVECVID 19) TR Ta (V] 19 [N o HO IVS] o 1D R V] (S SO T PRSI TRl TR g
it e et

D = DD DA RS D ROV O NI -ONNAT ANT VAR NN AAVU R IVADDRN ST WA D J.U.u..&.u
oW [AVANERVIRY —{N— o~ N e} 04N

(U AL N W RO WAk O N D T AN LD DYV SO NE NG W DD Y DD W 204,010 L e
N A A P He— R MINO=NON L HND— - IV PO R LIV E ]
-

€2 =) IV vt AN D 0 D D ) TV ) O ) e~ D0 e S I D RTY Se4ad 0N HeHW I DW AN DA D
0N [SAVIgL N Relalel — —

WU D= ™~ LR D WD Tt = NI 00 AOIZI— ANMISHL OO NS AN OO0 2o A SN iDL - )
e ——i —

—— —iet
o ITU LR TI% o 100 110 U Db [ DD ppU S P JSP SO0 (A PSP IS S pUP P O Pl IR DR S JOGIEE T LNPRNT s JEVICS BUPRLVIGUINE IS SRV SRS PRI oR S P SRV SRS
D e R Rl Lol Il T L Lo L D B B T B B L B B e L B Ko Lo TAV SAVISVIND KV AV [AVIRY [AVIRV IRV SV RV IRV ERVIQV IRVIGP IV IS 0 B R L Do R R Rl oy |

Bl Lo ko Lo L L e D e i e B R e e b L L e e L e e R e L e e e L L e D L e Rl l e D bl R b Lo bon L n K ontonhant an ko |
[CVTAVIAV AV IAVEANTA VRN IR e B P e P P e P TR 1AV 1V T VEAV [a VIV TAV IRV ViV B B B e e e L D D NVIRVIQVIENIaVIer jaV ISVIaVIGVA N L Lo TRl bl R

P D 9 GO OO OOON OO OONEMIONOD O WSO LWVO UL WD WORDWAOIUIL D=0 DI - I


http://it.fi

52

3S31 "ON

ddSva "ON

X3¥S “CN

HOVL "ON

SSY12 3Z1S
(W) HLQIM

INOZ
00Iy¥3d

"ON Lv¥avnd

B 4 SNDFNPD DAL RN SR ANINT WHDINLNTC DTV IV NN T D S HDNNTA W e

G OMIN GO Tl ) P0G Jnos HU. 05308
R L LR ] Ui N 3O
(6310 1071871 u( 10D

DISONITNNNNNRARNDVNIUNVNID JRVNQRVDH NN DI NN NANOININNRVINIVINH AT ANINO DD
NN e (.rv(:( J YN NUIe—

D U DI DNU T ONIIN S WD et Tl = (D8 DU T 0 Ui S 00 1000000 B D s v L7 2 AV BVt B T eV IOV RSV VT VR RaVT Ao T 9

PP DA 7956_.:5 N -
. —ONMIINWN
(67153197162 1931931 .OVC:BO‘
LW OGO D)) DA NN A RDD GiNIH DD NI DI ¢ W N PN~ DN NO D=V =il
lll,oll N OGN OUTINGI0N e 1D B b e L U [AVIRVE L R TR O

—i(y

000309005.3,0)0305 504 )T

SIS TS MVIZ R HES H OIS OE PR B DU TAVIRRI RO TS oM 0 IS PRV T [V RS s 01 4 46 167K Ull NP DD 1)) e =l ) 3 ) O L (1)O) T 44N
— —i— —f s e

LD RO RS PRSP R RIS NERP S RO R s RFRERp RE RSP P RO RPRPLSLS ORI Lo ROTLSRA LLohp Ho Y lo T LN PO NP Ip NP ISTION SN PR LD o RETT o PPN ARAETH
111_111111111113 u.o,c3 Rp RO RO\ ST RPIPIN ORI >é.:3311111111111111111111116 d)
[ L Ll L L L P h e ke L s L L e Koo B e K K Ko 1 e Bt e K £ o L e K e Ko o K K P P D D R P K 1) o Lo L e i K e e L R L R e Do K |
RS PFIR VRV ISV TRVIL VISV IGR TAVIAY [AVIQ VIRSIRS pav e puopapmier P e ponts S TAVE D IAVIRVIAVEAR [AVERVEAV AV R PV R P R PP PR PR P TaVIQVEAVIAVIaN [qVIAVIQVIQ VIV R L)

DD e 0o e e (e O oD D 0 WD W WD WD VDWW L LW DWW MHOINN)T5 30 D DN D T 5rIn HIH I
e



53

3S31 °"ON

ddsvg "ON

X3yS °*ON

HOVL "ON

SSVY1) 3Z1IS

(w) HLOIM

INOZ
a0Td3d

*ON Lvyavnd

AN D W2 W WA RN VR ZRIRNROUN PN WD ReAANNTINIAA DN ALDNRIUWNWU I NIVNADVD N 2D
—t

A A N QDI AR ALV A DX AN ARAR DR ARANARAN QRS -G W AN T NINOD (W0 N

W e WAt~
o~ [$Y]
—

U)LY O 40N e 20N D1 D IO DI Jrd et et et (N Cd Pl 00 € O T ol e S md 2 Gt 20 D €l 20 7 L ™) T a0 T o s d 50 Tl i 3 ™0 7

- RepIavEn] -

R UTAN 16 010 RN IRVINURSSTRVES i At p R Iav S (1o TEVES [ o8 SRS sha RUEENO RS DR TIol s o NI IO ROITp Lol o) L5829122k€111475 NDHNAA

N KO F N vt [VESJAVES JaVE] O DA AN
— %61 TN

[SpRtTelte]atedle) RS EET AVt RIS [Ne Tt 04165 @113645678 DS AN KUCO-AO) D= = NP C?QLLV Lllzto N0~
— — ——

ESEISIES NSRRI JESIE RN LIRS BT JECICN AR IO VT3 6 16 010 U IS GNP 16 S10 $ [oo IO S Io SIS S 10 V1O 03014 818010 016 S Lo 0180 IR AN LS ISVISNIAN B L VARV U IRV IS VRO e RS ]
oMM RD NNV 0NN NI DD LTI NI IOV OV V0 LV WID WO WD VDO
P e L e e R L L e e L e D e e e e L R L D D T R e e e D e e R D D e e L e e e e D L e e L D L D Rk Do o h
B L L L AV M aV eV [aVaVIAVIAVIAV AV T P R P R R T R o VIAV] oV 1aViaH o VaH VIRV AVAV RS R P e R R B L TaWaAVIRV AV OV AV {QV]

S RNLI RS IO RIRTI R TAVIRS Lo B IS RS B R T TS L B B B R R B T P B P B e Lo e Ko o En T T4V EAVIQVIAV IRV IQ VIRV L SV TV IAVIGV IaN TaVEAVEAVIAN FQV fa V]
P B B L Lo Lo L L Lo Lo L o L b Ko Ko R e e K L B Lo B L B B e e e R L R R e e e e e L e R e L L L e L P R L e e |



54

3S31 "ON

ddSvg "ON

X3vS "ON

HJvL °ON
SSV1 3Z1IS

(w) HLQIM

INOZ
Q0IY3d

"ON 1vyavnd

[SRVRSISRNRVES RSESASENRS RS RS B TNRS B RS BNRS TS AN IO RSN R LRSI AV BSES TS RSANRSRVES RS RSOSSNV IS TTR IO MRS IN o ORSTAVES T RS RS )
Nt~

Dot i) D) HAD S OND A A DNV DODI VD b4./o,o.ob..7.ol D0 DO c.r}.1751655211 TD
' et L =NDIT I N SOSIINANANN G et D=0
N Sted 11
-t

v

RURSANISASESAVES RURSEN TS B KNI RORTAS RS RS RVRS EVAS R RSN BN RSRS RSESANRCRASES REES KN RS AR S JOSANRUR NS b Lo NN B PRSIV S

-

HAANDDOAJIUN DWW R IAINI SN S DN NN DAAA DN VNV Q o AT A I TN 2120 D DD M0 0
J) O D N (&
NN —
-4

YE?

LOIN = = NI T O-UN DA NN O-L 0 S~ :535(7&92115.&4& OT,O N —A—NIT WDV Dttt
—— — e —t ——

BUNPRN RS T e N HTle NI NPIIo NPIIo LISLI o RO IIPIp N F I VO II o BPIF) ST ENEHOFTUIE 18 NOTIN IR MO TIETI0) 317 [ NN IO 10 M1 VaS KN MM RS LIS LD Ip ] ¥

(€O U O RS T B e P e e o o L Lo R kLo b s K L e R L e i S T R RS IR TS IR S B IS JOU SRRV IES RaVICURNJRVIRS 5 EAVIQN [ VIRV EAVIAN fa Vol I VioPlep JaV ]
L e L b L B B L R R e e R e R L P T ] wWied

D b Lo K R e B B Ram R e B R B B e D B R e e D B R D D P R e L K e R e e e R L P R R L D e R e D e R R R D L R L R R R L R R |

AV R A R e e e P L T PR T T VIR ARV TAV IRV T4 Vi ViAW AV IRV EN B B e R R P L L L T vEa ViaN FaV Ja VEQVIAV IEVIA VIQVERV B R e B B e R R Lo TV

[SUAVIAVIAVES RO RS RD Lo RS RIS RS L RO ILphahp Ko e RRAXIESTRNTER (RS TRS TSRS JRS RSTRNARS SRS AL SER SRR R HTES AR S AN TR T O [T ST 9 [ o B T RO N PR O N 9]
L L L R R e L e R D L e R R e e e e D e R e D e B D D D e e e e D D e L L D e R L e R D e Pl e Ll P e B e P L Rl L L e L e K |



3S31 "ON

ddsSvg "ON

X3vs "ON

HOYL "ON
SSY12 3Z1IS

(W) HLGIM

3NOZ
a01¥3d
*ON Lvyavnd

Qi RO U) Dy
—( - -

MNNNSIN D = N
NN

Co Al s 4 D

[QVEaF IaVE S ISVTR S MAVE STV
M-I A
(Nest

NGO~ DN N —
——
NOEINWIHINDHNINU I L,
[AVIRVIRVAVIQV AN ] QVERV ERN RV}
P han L an Badf o Do PR Ko B
AV IAVERV [ VIAVEA VRV IRV QVIAN]

IO ENOS
4 et v o o



Species
Treatment

Pot No.

Survivorship
Sqrt Survshp
Asin(survshp

56

APPENDIX 3:

DATA FROM SEVEN EXPERIMENTAL TREATMENTS WITH

Y2

SIX MONTH OLD RIPARIAN SEEDLINGS

KEY:

1 = Tamarisk, 2 = coyote willow, 3 = seepwillow

1 = 1 month of complete inundation, 2 = 2 weeks of
complete inundation, 3 = one month of fluctuating
flow, 4 = 2 weeks of fluctuating flow, 5 = two weeks
of desiccation, .6 = 1 week of desiccation, 7 =
controls

Number of replicates {pots)

Percent surviving at end of experiment

Square root of survivorship

Arcsine transformation of the square root of
survivorship



r~
wn

Ammzw>m:mvsz<

*dHSAYNS LY0S

(w2) HiMOY9| -

dIHSYOATAYNS
*ON 10d

IN3WLY3IYL

S3133dS

[SCAVERTENTR VRO RS AVES NONUII S B O B0 OIS 15 e Lote §)
Qe DUINID— OMI) V) RW W) S W
RICVE TS P YNV I P RIS INTIVE I ESTHO TN
D QN ‘_ZZIL I =N NN DN
PAVISVIES It IO L5 IRVIERRES 169 IRV IR0 PTQN F IV TAVENTIO A [av 16 0]

® 8 e ® ° 3 ¢ ® & ¢ 2 9 e O 0+ e e * * e o

DR RTINSV LN R Ton BECICUIEN IS IR IRV AN DN RSN AN V]

[CPRS R N ISUNSNEWE 100 B I B P [QVERSE NS RE IS |
Q1030 1 NHLTN SRAOUIN QU WNL ) MU0 OW
NUIRTISVING RNATCOINS RE IAVER RS RN T o IS RS TOY IoS TRVENTIS BN 1
INTRCTRATRC T ASTASIC IR FR TS LS I IRV T SV IS R [\ STAV A
N rrcz_Dr: NOX UL O I N e 3 N D -

. o e o o o v s o e« e o s o o @

<~ o/fllbl& DA RVIEVESASES TG ASRS RN B 1IN

LAY Pttt A0 T
Wi =10 ) ONL-
IS ORI B ING BT U NPIFO RS
SSNORVATS IVERRAVIUOITS LN N D)
24_21,02 [SAVIR VIO )R B

© e s o o PR

./-.L RALM™I R IN NS N

O e D L R (AR RN R L |
WO WL SN
=00 TIc) NSINLY
PUSTISVIE AN IO VRS SAVIRO TR L BN
[SVAGTTRVE D AV AR [aN AN TSSO VLS

e o s e s o 8 e s o o0 e

W AN 2 NIV AN~

NN N2 NN LIN RNV R T 2 TR W S WW NI I
::L W) DIV YN S NI Y ., Dl ECHORCSE O INUIVEN O I
e . ® o o e o o o . * o o o . e o . e o * . - e o o e o .
5.@2251 2 RNAHD TR A O ld..clc.uu L VI L B NRPR N B P IN (]
[ [T TR Y A S N S N O @) [ A T I | [ I
WA AN MWL C DD ¢ ¢ OGO I RN OIS NEI0N
Y/Lm(l(u{;.h~ V=W .bru [IDNUNAHORD NN RRH DI
. . . . * o o e« * o o . * o & o . . . ° . e o o . . . L . e o .
OIS REVICS IS T RV IECREVINILS RS I RAVECPREV LS JEFT U DRSS IS PRRES JEVES] LJ...!&L...,L..‘L./Lb »
Ji
AN O WD RANMIT OOV WO v NGO Vv L rzu

R R L e R e R D MV

L L Ran L K am ke L K B Lo ISV TRVEAVIRVERVINN [RYSRVEQY VA ]

P L Ko L Koo R K K D B it K K i L s L T R s B s R e B B R e B R R P e B B B R K B Lo B R K D B I R R Lo o IRV ARV i

[SVIRVIVIEVIAVERV [QVISV D RENP RS ]

YOIV ) ) g P

DN AU A = DN

=000 DN D12 N

NYE=U) ) anaind L0k

SANONO RN EC AN RO TN

M) A AGPI) A YI) )
.

). 0%

B R L e R e R R R e L |

D U NS N U T,
QINMIO N QW WL W
DO =) eed
AAD S Lt B PO
P UATOIN TiD 3 DU

DN IMNMINVNR VRN N 2

.

I

e & s ® & e e e

N LN
RYBOINS
NN
[N V]

b
.« . . Y

) NN UL,
R UGV IS AVEGERINGTD FIE N
G e DU U)o
RN BN INING I VRVEE NSNS

)™

I diy
3OO0
Vol NUL) D Dl
ISR RC I ST RFAFIN (L RVIEN RS IES IA TRV
BTSN SUTS IS PRI PIOITI SRUL SR A THF TS N

NP N DS e DA
D i U=

U D e

Qeriodu N ot

e o o v o o s v 4 e o

N NIRRT 2R v N

[ES RS0 RN BES IS VR SRR TEN I IR RN IS TR SIS D YRS IR0 DRVIRS IS B IR SIS RS TN JUVI 1
DWW Y OAA— N 2O W i~ 0sed o Gdl=n, D0
© © o 2 ® 2 o s o e ¢ s o % o 0 s ° e 6 e e s s e 4 o 0 o
Q72D N H)L ,Tc U 3 )W AN A A1 D Ml N
_ I | (] | T
-

WWON) DUV OROD 1O S0 D20 TG DA
115.\..{6 ; VT, JL.. "534 )00 .L.LO..I..C.C NN N e

. e o e o * e s o e o e s 4 e o e s s e s e

P URSV G A I BV IES TSRS I 1 GRS S T TS SRS LI SRRV

N
IR INDDED

NSV VI N TAVE R SRS N6 TS 25 SIUER N o I r.zgl o2
WWOLL WD) s >

De=Jd NN\
b TP T bW R N
Ram e D L e e e D R e R R R |

N

AR L UENEES JRMEN T AT A IR S T AR e Lo Lar PR [ Pl P U G I 0

FEVISVERVIRS IAVIRY IRV IEHAY]


http://-2.il

o
w

Amazm>m:mvzﬂm<

* dHSAYNS 1DS

(w2) HIMOYD

dIHSY0AIANNS

‘ON 10d

INIWLYIAL

$3123dS

GO 4N U LRI et e U e ) QT e ) A YD) S N e e N R IR IL 0 IO BRI IRCS IIRN i 5 BCWRSS RS RS BEEN IR T SUREWIRE IRT N IS B JRG IOPIES s b |
v :.130 Bt s INTRVLDTAS T A IR TA s VRN ANIERTERTI A L AR O :%_(r?CZ. DOL=OVD QO I TONNTD 02N L)W N

RORCHVIE FUNSTRESHCTASRV IV (VRS HO KO RIS IO NI NI HUIAN O NaV AVES VI UR @ HULB) c L) D YOI (w!&.r.r.& Ol Sagt B gt 6 b0 T Nl A S B
\C:TY FAREEN ISR NO RN AN S Bp IAVIS MBI L,CC.{_A.,C,ELLCU 20 ) WNLNGIGIIN D NNOL R O DD PR DN g b G N g Y
.L.CC 20 17]&912[:& NV I NI ) v.< ) u,«u/: KPR LR KDY TR AT oTag o‘v‘.:? RN ,_.,kfm:as.,?,; DRI 148 RN Rt VN

LIRS . . « ® o o o o o e o o o o e o o P - B A B s o 8 e % B

N B L L R e L I B R L ECVRGP RS JERE PR P I P

] ;17 2 l DA A A A A e e DA A A = D A A A A A A e A A e DO N

LU DN D) eI et U DA NI NI 8 N DI C) e N WU00U) RN R A W AN I
HINL @ Qe U 0N D D00 W) NI D t/;.t W I D DDLU R = 2 AN A
D S IR TRV SR NETR U1 St BITRNTRNS SRR PR ES AU ST AR SEVEINTIGVAD RUSTURENTRVARN U6 IGO0 IS LAV L SO AN
QN0 VD QW NI WA ULDAU LA ) D 1 DS D ) D) 12 B USSIVEN Ve € SIasIVVIV IS N RVESS BN I VNGNS IS}
NI T SNEVITANNETS )NV TR 716 ARRFTOTROTS Fa S OIS TSR S o U TN UGIRN U R) BN NS IS P T T AT IS I A N IS TR IA RV RV
D.O.'l.!.b."'l'tll..tl'll-lOQIOCIIOQOOJOQOOA.

RURS IR TN ISRV RNRS RS NS BN RURURVEN ARV IVRV VIR SRV IEVE RV A VRIS NN TSRS R

SN S RO RTINS TS RD I IR
S RCTC RNCRVENCRS RN O IS TRV >

N
Y000 O D,

N n//. QAUMIATA LA ) VN W T OO AN RN NN LN N A o N A D TN D NI N N AT NS N NN N AN N e
RRNS IR SIS ERE IR SRR VRN WO T RN RV IR Ve R . Y A NICT S SRR EC U ST AR S VR TR RN VAU SRR TR N IR R IENURR | & R N TR IO VRVE AR NP
-oc-'aano'-aa.o.naavcfvn.oo-oa.ocouuo-o-o:-coc:.-.'unfannpa-n-c.
RS R N L S o Lo L P RN RPN MU Jat S R PSRN IR VO RO AR UL SR B IR R /(..J(../:L:fr.,uufu WO NN LIS U N N
[ T T T T U O I O 1 ] i J_rl.ﬂ.__.c.;_ S Loos O !
-
NS AV IS ENEXN e SRa LTI SINI O R b IS PR SR WO R T ltpir(7”cr\{rr:.( IDDRINO N OO OHONDNOWN DG IDUI0N

-0 0o ?r(.('l Y ERW A AT ot At

uu(.h rSU?O(.GCC~9CEJ(\£‘C. O DU 0.3 LJ.JB)..A;)?D:(n/rf?.

« e o = ® s e ° o & o o “ e e 8 e

C.iNCGI 0N WINHWTR-

e o o v o o o s e % s s o o e * v . s e

P IR ISR NN /,...I/MLEL..,LO.LE RS TERERS JER 0N JEN BEC Y SRS TRCACIAN IQVICURCORRCIS IS FRC IR O Iow S5 JEN IR JECTEN BOVRSVINS S SUPISVRES VIS Su SN N .,.r..L,rru NI N S

bR RIS NoTA I Th tt B W ES TS DB 1AS4S [67] k.l..,..n.‘uqh,.\ﬁ.\.?vc [SPENEEIRVIEDTS HTo BOTa NP IO PRV lan LS L5 1T 0 M OTada b IR MMV AWENITO KU T A S TSI L IMVASRETR O 1D FE 16§ 197
e N AVEVREVEIA I VISHSV IV I4Y RE RS IR SRS ISR B RARD BB INTITORUNDRUILS [NUN 6 IO ITFTE S S IOV VI S SR T L e e L K L Ko Eor PR VIRV IRTAV IRV AV IS PRV TR,
B i e B P B B T L K e R e L L EE T P R L INVIAVIQNAN VIRV ESVIRRTA VIA VAT IaV TRV E oIV T AVIRVIAVIAVIRY [o VIQVIAVERV N TAVEN

AN JAVIEV IRV TRV RHIAVIRN s N B Tee RO NSRRI S KB RSKS B (R ESIANIITEC EC RS IR O AT TR GG A A oS R U RE L B Do B B P TRVERT IRVIAVESVEASEAV A WRVES HE RN S RO KA WO Won B

R TRV AV TRV IV LAV RV IRV TN TON PRV IRV FOV TAVEAVTLVTAN FRVTAVIEY IR TRV LAV IV AVER VA VI AVERN AV AN SAV ISV T QVTANSAVIRN R RO o R LB RO B a RS SRV RP LB o Lo No Yo LA RS RI P RS RattA 120 e TR Kb}


http://dj.i-.i6t
http://vr.ee

()]
w

Ammzm>m:mvz~m<

*dHSAYNS LY¥0S

(wd) HLIMOYO

dIHSYOATAYNS %

“ON 10d

INIWLV3IYL

S$3133dS

(U ISEORNEN TS AN TIIUS R R RVRD IS DAL RIRVAS INTRO R B SRA T R NOITS RIS IRV IR R R IS
RYIAVAVENEVAVES AV IRVEGIINTES S RE TR PRAVISY AN VI A S I AVAO RO T TS XD MRV REES RN TRV IS 2o RN i
D oD e =000 el el e D000 1 ) e ) e ) = D= 1) WLV
N RGN S D) SN gl R U e H D) O R D St e D O o Q)
ORI RVRST S IV N VISV AN IR N RIS L Mo RS WO [OTI0 S TS RV IRV ER RS RS LS NP LORB Ip)

e ¢ 5 6 6 o 8 6 o s o 0 ¢ o o © 6 8 s 8 % s s 8 e s 66 s e s e o & e o

Attt e 1N A A T T A A A A RANS VNS AA AN A A A A

APRPEBEPRRES NS AR ENILENTEFES NS RS IeA L p o VNS IS TV IRV ERTID FENTIRS AD SRS IR D ROV BRI} |
(R T W AW DA D0 N QWD L) gt DU U D g DWW D W
NE NGRS H 5RO RUNSHURS REVIC T VIV TN IS IO N INUTAVIOPECT OV RVT IO AV RN TRV IRV ERTIOPIG PIRTREN TRV TV RN 1}
WWOWOWO R0 RNV 0W-000 ) U —)NN WA NN D0 WS-
WUL W LU N DU DD QOITUDOW HT LI N0 Gy N

e o e e & o 8 o o 6 % 8 6 s s e s s o s e s s s s e s e o e e

S5 IS ENENEVES RN RS RSB LSS RO B RS IS NS IS RS RS N ]

VNN AESVNXIN N

TN D TN N D ) Ly N

NERECEE REVIRVACVIANICV R VI  REVASH o 1o ¥1 ICAIR S 18

Voitertedt0)h) St g 23140 2 ) 9.0 i d )
P
—t

PISIPPISTLNG S ST T0V RGO VAN (LN TN}

. * o . e o o o & . . . . . . o e L4 e o o o o o LA -« .

RN IONTEN ) L1_.:l. G MNP D) Ve ™ 2 VWA A e 122
| — 1 1

(U DU ROWIE) D D-uID- NODUY D 1D O -0l D=0 SIS D-0-n-
OO0 0= D- DN O DWW T D= 08D 0 UMW NN LD B D3 Tohen
s 4 @ © o o o s o o e 6 o 6 s s o 8 e e s s s e e s s s

N Dl ™ TP N SNV D NV N w1 N N SR N

AN MO0 SN OO NAH N D INO DO RN DG D 0-0
NIV DWW OO0 W VD 20w NS N A e e v
[SVISVISVIAVIAVIAN [SVIAV IR VIO VA VEA VIRV RV RV EAVIAVIA O] L TEIS D RIS RE R RS A AW NSRBI RIS NSNS b ]

RGEXAS RS IR (IS RN TN A S G AR AR S B T e EERA RO IND KPR SRS It A S A o

RERSROLPRFRSHBR Top IS Rp RO RPRSINS Ko lop b p B UM ENESIEUINENE SRS AR SRS IR AR S AN AR S


http://fc.ee
http://fc.fcli.4fc

D
w

Ama:n>m:nv=~a<

"dHSAYNS LYbS

(wd) HIMOY¥9

SIHSHYOATAYNS %

“ON 10d

1H3p1Y3dL

S3123dS

LT BN TS RTINS PR RVEs W RN EAYR S I RO Ko 1 I % \1 LI D e e e
Y DAYV RS BV BRV I @ 2 RN By BN LLE MY ERVIRRY PRy AV ] &«f\\ [YAY RIS WU IB TP PRPES (RS LR B AR N e
[ o ~lewlia e R e N e TR S P YIS P RV VLD RVE W SR

VAR L AR LR LRV IO PRVIE VR TR (LT LA PO P I LRI R R I ) Il R RV NS L LD VRSP R Y )

C1'a’ 9’ s aik) T AP R R R B S I IRV R R P DI R PP P RPRP RS ]
L LA L4 ® o 2 o . o o LA N e @ o o e ©® o o o o @ . * o o o * o e o o .
teted e lrd 4" drt e ) oA dededed Aederde— Surd T d s Tl At e cu A e et e

z& DI OIDNILND NI NI ) D00 DU 9D N ) NV Godd 2
NI VIRS RO I X EEVRI T VEGY ] _r.-:.(...;?. IEVEOVRE RS RETHD RV IEVTES NYR 1A VIS N IRV IRV IV PR ASY B YIS V1S ¥}
L S LR R IO I R N O Y [ A S VI b I AL B B IR I L T LIWVRN]]
RYRVESNVNY EVAPRS M) 5 PRV VR VRVRIE VI PR IS NIV FUP LR RIS - =L
500 04D LU i) 1) D= S0 A) ) U A QIO G DN )i s 4y Ly 0y Uanidi D

e e o o 9 & 6 6 o 6 6 0 ot 0 s o 0 0 s s 0 e e e o 4 &

SRR FRURY TEVES REVINS S LAVELCIRNECY IRV I LS IV ROV IRV VIR TRV I SIS IRVBE I ROV NV O I o)

NN ATITNANCIN N AN DTN DD TR N L O e S T T N

Jor 30 ad Y245 A0 G0 I Vot )5 ) S 2330 sk ) NN ) b0 e

@ © o 9 o @ » 8 e 0 & e 0 @ * @ @ % v ° ¥ 0 #* P 9 e v o e 8 e & s a2

Sk zded D) oo G V)C LN L ) Nt e DN SN e A4 D2 L) NS ) )
(I - 11 |

IO DU RO T L DD 1000UY D 3D D -0l D10 SO0 -0~
7777772?78557877774?565LE?&659§999§9
T e s e . . e oo wie s e e s 8B o o o s

Wedd DN N 4T NN ck(h[ 5 I JREVRES REVEES JUFERS JUVIDV YRR RRCRR N U SO |

D00 12 3D ,LT(UL,l.,.)a:Ut? DY S0 0% LI 0e=-"0
h J y\)u{g(LtLLCLOt,Lb » ...,L.k(kl].l.lll.llll
Z.EL (VIAVIAVISVAV IS VAN VIEVEAVAV TRVIEQVEAVIAV IOV SEEPR S RSP KPR es RPN SRS L. SRR KR L 5

PR IES L ST R S0 1 & 281 SR A ST A Lt Lo b Lo P S RO RO EP LIRS IR S E T S TE 4 80

YNV IITINENADN) D) SREDIED) ). )Y o b JINGY I GINE N I NI agtasgt e


http://li.i3i.74

APPENDIX &:

DATA FROM SEVEN EXPERIMENTAL TREATMENTS WITH

Species
Treatment

Pot No.
Survivorship
Sqrt Survshp
Asin(survshp)/2

ONE MUONTH OLD RIPARIAN SEEDLINGS

KEY:
1 = Tararisk, 2 = coyote willow, 3 = seepwillow
1 = 1 month of complete inundation, 2 = 2 weeks of

complete inundation, 3 = one month of fluctuating
tlow, 4 = 2 weeks of fluctuating flow, 5 = two
weeks of desiccation, 6 = 1 week of desiccation,
7 = controls

Nurber of repiicates (pots)

Percent surviving &t end of experiment

Square root of survivorship

Arcsine transformaticn of the square root of
survivorship
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APPENDIX b:

A COMPARISUXN OF THE DENSITY OF DEAD STEMS ON QUADRATS IN 1984

(UNADJUSTEQ AND ADJUSTED FOR REMOVAL) WITH THE DENSITY CF

1986 LIVE STEMS OF TAMARISK, COYOTE WILLOW, SEEPWILLOWS, AN} ARROWWEED

Plot No.

Plot Width
Species

No. Live in 1984
No. Dead in 1984

Est'd % Removal

KEY:
1 = 31R, 2 = 41R, 3 = 2R, 4 = 52,5R, 5 = 1lU4R,
6 = 118.5L, 7 = 122.1R, 8 = 131R, 9 = 131.5R,
10 = 143R, 11 = 166.51, 12 = 171.5L, 13 = 180.2R,

14 =198.5R, 15 = 208.5L

Quadrat width (m)

1 = Tamarix chinensis, 2 = Salix exigyua,

3 = Baccharis spp., 4 = Tessaria sericea

Number of living plants on the quadrat in 1Ytb
Number of dead plants on the quadrat following the
1983 flood

Estimate of percent removal by scouring in 1983
(estimates from Stevens and Waring, 1985)
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CHANGES IN DENSITY OF DIFFERENT SIZE CLASSES OF RIPARIAN PLANT SPECIES

Species

Plot No.
5018b

SC2gg

S

X
SCl84

SC2g4 i
SC186-56155

Sgy

FROM 1984 TO 1986 ON FIFTEEN QUADRATS

1 = Tamarix chinensis, 2 = Salix exiqua, 3 =

KEY:

Baccharis spp., 4 = lessaria sericea
No., 1 - 15,

Quadrat
Density
Density
Density
Density
Density
Density

Change in density of plants 0.3 to 1.0 m from 1985

to 1986

of
of
of
of
of
of

0.3 to 1.0 m plants in 1985
plants GT 1.0 m in 1985
seedlings in 1984

plants GT 1.0 m in 1986

0.3 to 1.0 m plants in 1984
plants GT 1.0 m in 1984

Density of seedlings in 1985
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APPENDIX 7:
OCCURRENCE OF TAMARIX SEECLINGS IN DIFFERENT SUBSTRATE TYPES

AT THREE LUCATIONS IN THE LOWER GRAKD CANYON IN SEPTEMBER, 1986

KEY:
Site No. 1 = Mile 171.5L, 2 = Mile 180.2R, 3 = Mile 198.5R
Substrate Jype 1 = sand, 2 = cobble
No. Tach/m UensiEy of tamarisk seedlings on randomly selected
1.0 m“ plots
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APPENCIX C:
GROWTH AND ORIGINAL HEIGHT OF TWO YEAR CLD TAMARISK AT THREE SITES

IN THE COLORALO RIVER CORRIDOR IN 1986

KEY:
Site 1 = Mile 52R, 2 = Mile 131.5R, 3 = Mile 171.5L
Growth Change in height (cm) of an individual between
April and September, 1986
Original Ht Initial height of an individual tamarisk in April,

1986
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APPENDIX 9:
NEAREST NEIGHBOR DISTANCES AND HEIGHTS OF NEIGHBURS
IN A THO YEAR OLD STAND OF TAMARISK IN APRIL AND SEPTEMBER, 1986

AT COLORADO RIVER MILE 171.5L

KEY:
Sample Period 1 =28 April, 1986, 2 = 28 September, 1986
NND Nearest neighbor distance (cm) of a randomly selected
individual
Ht Neighbor 1 Height of a randomly selected plant (cm)
Ht Neighbor 2 Height of the nearest neighbor to the randomly

selected individual (cm)
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APPENDIX 10:

OBSERVATICONS ON THE PHENOLOGY OF FOUR RIPARIAN PLANT SPECIES IN THE

COLORADO RIVER CORRIDOR IN THE GRAND CANYUN

Species
Date
River Mile

Phenology Stage

No. of Plants
Ubserved

KEY:

Tach = tamarisk, daex = coyote willow,
weed, Basl = seep willow, Baem = Ermory
Basr = desert broom

Day, Month, Year

Observation point, in miles downstream trom Lees
Ferry; L = left {south), R = right (north) side of
river

no leaves, 1 = young leaves, 2 = rature leaves,
develeping flower buds, ¢4 = mature fleower buds,
beginning bleom, 6 = full bloom, 7 = post bloomn,
seed production, 9 = post seed production,

10 = chlorosis

ese = arrow-
seepwillow,

¥
i
te
N

LU Wo
n

Number of plants in census

* = data taken from Museum of Northern Arizona herdarium
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APPENDIX 11:

REPRODUCTIVE PHENOLOGY OF THIRTEEN MARKED TAMARISK

Plant No.
Period

% Bloom

Arcsine % Bloom

AT LEES FERRY, ARIZONA

KEY:

Plant number (1 to 13)

1 =15 April, 2 = 15 May, 3 = 15 June, 4 = 15 July,
5 = 15 August, 6 = 1b Sepember, 7 = 15 Uctober, 1986
Percent of an individual's canopy covered with
inflorescences

Arcsine transformation of percent bloom data
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