
Effects of Recent Flooding on Riparian 
Plant Establishment in Grand Canvon 

(U.S.) Glen Canyon Environmental Studies 
Flagstaff, AZ 

11 NOV 3G 

PB88-183496 

U.S. Department of Commerce 
fiationsi'Te'tv'-cal'Ififornian'nn Seivice 

i . • i : |k 



PEdd- 133-^su 

THE EFFECTS OF RECENT FLOODING ON RIPARIAN PLANT ESTABLISHMENT 

IN GRAND CANYON 

Terrestrial Biology of the 

Glen Canyon Environmental Studies 

By 

Gwendolyn L. Waring 

and 

Lawrence E. Stevens 

Glen Canyon Environmental Studies 

11 Novembe-, 19bb 

R! PRODUCT DRY 
U S. DEPART MEN! o r COMMERCE 

NAliO.SALTl CHM'C.Al 
INFORMATION SI RVICE 
SPVvNUHUD.VA ; . " . M 



>o:7? -101 

REPORT DOCUMENTATION : i . HIRC' IT NO. ?. 

P f t G E I GCES/21/87 
4. Title anr! Subtitle 

The Effects of Recent Flooding on Riparian Plant 
Establishment in Grand Canyon. 

; 3. Recipient's Accession No 

, 5. Report Date 

I 11 November 19 86 
I6-
i 

1 0. Performing Org.ini/«tion Rept, N<> 

J 10. Pro,«i I/Task/Work Urol No 

: 11. ContracfIC) 01 GrantrG) No. 

,«'• IA-4-AA-49-01930 
' tG) 

J 
13, Type of Report & Period Covered 

1 b. Supplement .try Notes 

Prepared in cooperation with the Glen Canyon Environmental Studies 

17. DocumenT Analysis a. Descriptors 

b Idontibers/Opcn Fnclerl Terms 

c COKAIl Field/Group 

18. Availebil.ty Statement 

No r e s t r i c t i o n on d i s t r i b u t i o n 
A v a i l a b l e from N a t i o n a l T e c h n i c a l I n f o r ­
mation s e r v i c e . S p r i n g f i e l d . VA 22161 

19. Security Class (This Report) 

UNCLASSIFIED 
20. Security Class (This Case! 

U N C L A S S I F I E D 

1 21. No ct Pages 

<?7 

(bee ANSI-Z39.18 See Instructions en Reverse Oi' l lONAL rORM 772 (4-7 
(rormerly NTIS-35) 
Department of Commerce 

7. Aulhor(s) 

Gwendolyn L. daring and Lawrence E. Stevens 
9. Peitrurntng Organire>ton Name and Address 

National Park Service 
Division of Resources Management and Planning 
Grand Canyon National Park 
P.O. Box 'l29 
Grand Canyon, AZ 86023 
•^•- iSnnnsoLLn- i Or^-V" : . i tuu, i N. t r . i f and Address -. ,-, , a « 

Glen Cdn\kon Env i ronmen ta l S t u c i e s 
Bureau of Rec l ama t ion , Uoper Colorado Region 
P .O. Box 11568 
Salt Lake City, UT 84147-1568 

16. Abstract (Limn: 200 wordsl 

Censusing populations of four riparian perennial woody plant soecies 
(tamarisk, desert broom, coyote willow, and arrowweed) following the flood 
of 1983 in Grand Canyon has revealed that replacement of individuals lose 
in that flood is occurring at relatively few sites. This means that there 
has been an overall loss of olants due to this flood or that large scale 
replacement of individuals 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 for lack of replace­
ment. Flood-related changes in substrate mav also be contributing to this 
pattern, as the coarser, larger grained sands now comprising beaches are 
relatively infertile, desiccate quickly and result in reduced nlant growth 
in experiments. 



ABSTRACT 

Censusing populations of 4 riparian perennial woody plant species 
following the flood of 1433 in Brand Canyon has revealed that 
replacement of individuals lost in that flood is occurring at relatively-
few sites. This roans that there has been an overall loss of plants due 
to this flood or that large scale replacement of individual*! 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 in reduced plant growth in experiments. In experiments, 
survivorship was lowest in ful1 tundation 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 vulnerable 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 be seer. Most plots colonized by vegetatively or rhizomally 
reproducing coyote willow and arrowweed were sand beaches, which these 
clonal species reir.vade with runners from the backs of beaches following 
flooding. While small seedlings of most species were found in the 
3u,UUU to 4U,0UU cfs zone, establishment of older seedlings appeared to 
be occurring at about the 40,000 cfs zone, indicating that the belt, of 
vegetation nearest the river is shifting to higher ground, probably in 
direct response to flooding. Tamarisk, coyote willow and seepwillow 
all produce seeds throughout the growing season, while arrowweed, desert 
broom, acacia, mesquite and others have more restricted reproductive 
periods each year. 
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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 beaches, significant 
amounts of fine particled sediments and organic and inorganic nutrients 
were lost by leaching and scouring during flooding, with mostly 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 possibility 
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 example, 
floodplains and deltaic communities are often characterized by high 
levels of primary biological production from early successional stage 
species, while later serai species cannot get established (Petts 
1984). In a longterm study, Lindsey et al. (1961) demonstrated that 
flooding can totally redefine and regulate 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_. ijntejrpr) 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 beaches of its dammed and 
sister tributary, the Tippecanoe River. Plant diversity is often 
greater in nonflooded or mildly flooded systems because fewer species 
can tolerate flooding (Lindsey et ai. 1961). Severe flooding can limit 
the distribution of even the most flood tolerant species. In Grand 
Canyon, prior to the construction of Glen Canyon Dam, populations of 
tamarisk, willow, seepwillow and arrowweed were small and restricted to 
reaches protected from flooding (Turner and Karpiscak l98u). Since 
construction of the dam, reduced flooding has permitted all of these 
species to expand their ranges significantly throughout the river 
corridor. Elsewhere, truly prolonged and consistent flooding (18 years) 
has liminated several species, and prevented replacement cf existing 
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populations along Lake Chicot, because of lack of appropriate 
germination conditions (Eggler and Moore 1961). Uhile 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 1968, 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, tggler 
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 (Uemaree 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 flood-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 life 
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 1986). 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 v/ater column. Loss of organic and inorganic nutrients is also 
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accelerated by flooding (Stevens and Waring, 1985 B0R1). Several 
studies on pknt performance have shown that plants grow more slowly in 
sandy than in silty substrates (Barko and Smart 1986, Sand-Jensen and 
Sondergaard 1979) This relationship is regarded as a nutritional one, 
with sandy soils being more sterile than others. In an impounded river 
system, this factor may increasingly limit the ability of plants to 
become established over time. 

OBJECTIVES 

To address these issues we devised the following questions and 
predictions about plant establishment in Grand Canyon following the 1983 
flood and have attempted to answer them in this study. 

1. Have densities of perennial riparian plants increased to or exceeded 
those of 1983? Or, put another way, is the plant community recovering 
from the 1583 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. Hi th 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, is 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 wtiich 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 in 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_a/jd does this vary between species? Can 
vegetative reproduction, specifically of ste~m 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 (Tanarix chinensis), 
and native clonal coyote willow (Salix exigua) and arrowweed (Tessaria 
sericea ); and the composite, Baccharis sup. including B.^al ici fol ia , _B_. 
emoryi and _B. sarothoroides. j[ 

Tamarisk is a native of the Middle East and since its introduction into 
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the U. S. in the late 1800's, it has spread and become the dominant 
species of riparian plant along many drainayes in the Southwest (Graf 
1978). It has a deep tap root and is highly fecund (Stevens 198b) and 
large numbers survived the 1983 flood. 

Coyote willow and arrowweed are snallow-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 clones were entirely lest due to the flood (Stevens and 
Waring 1985-B0R1). This suggests that these plants are tolerant of some 
aspects of floe ng, such as inundation (see Hosner 19b8), 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 salici folia and 
_B_. emoryi occur throughout the Colorado River corrdior in Grand CTjnyon, 
while B_. sarothroides occurs only at lower elevations in the corridor. 
The first 2 species are obligate riparian species, while jB_. sarothroides 
is a facultatively riparian plant. All of these species produce laige 
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 following the 1983 flooding event, we censused Tamarix 
chi nensis, Salix exigua, baccharis spp. and Tessaria sericea at 15 
quadrats throughout tne 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,uu0 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 
(SCI) = 1-20 cm (seedlings), SC2 = > 20 cm - < 1 m, SC3 = > 1 m - < 2 
m, SC4 = > 2 m. With this information, we calculated plant 
densities/size class/species/quadrat/year (density = it live stems/area 
of quadrat in m ). 

We used size class information to reasure seedling establishment. With 
a 2-way ANOVA we tested for differences in density per size class 
between 1984 and 1986, with year and quadrat as main effects. With this 
we could detect any changes in SCI and SC2 size class densities between 
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Figure 1. Dots indicate location of quadrats Censused from 1934 to 1936 to measure densities 
of Tamarix, Salix, Baccharis and Tessaria. 
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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 flood-induced germination events of 
1983-1984 have produced seedlings capable ot replacing adult plants lost 
in the 1983 flooding event. 

Measuring replacement of plants lost in 1983 flood: To determine if 
recruitment since the 1983 flooding event was sufficient to replace 
adult plants lost in 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 lb quadrats censused. Paired t-test 
statistics were calculated for each of the four target species on every 
plot in which that species occurred. This measure of flood-related 
mortality substantially underestimated the density of dead individuals 
in 1984 berause 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-B0R1). 

To understand changes which night occur in population structure within a 
year, we censused the same lb quadrats in April 1986, and compared size 
class densities per species between April and September 1986. A 2-way 
ANUVA, 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 seedling 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 quadrats censused 
from 1984 through 1986. We attempted to correlate the density of 1984 
seedlings with the density of 198b SC2 plants, and the densities of 1985 
SC2 plants with those of 1986 SC3 plants using linear regression for 
each of the species of interest. 

To verify that SCI and SC2 size classes were established in 1984, we 
collected 7b 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 
empirical information to determine the effects of inundation, 
fluctuating flows, desiccation and substrate on plant growth and 
survivorship. A. Inundation, fluctuating flow; ei_n cl desiccation 
experiments: Percent survivorship of I month old and 6 month old 
seedlings of Tamarix, Sa}jj< and Paccharis salicifolia under a variety of 
flow and desiccation regimes was examined experimentally. Seeds of 
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tamarisk, coyote willow and seepwillow were collected from at least 10 
plants at Lee's Ferry in the fall of 198b and kept refrigerated at 4° C 
until January 1986. _B. sa1ici folia seeds were germinated in 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, seep.willow) filled with an 
equal mix of coarse (post-dam) and fine grained silty sand (pre-dan) 
from the Lee's Ferry area. Plants (6-1U per pot) were grown in the 
Terrestrial Ecology Laboratory at Bilby Research Center at NAD, in 
Flagstaff, AZ, from lb January until lb June, 1°86. 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 uro*: according to instructions until 20 May, 
1986. Mo fertilizer was applied after this time. For one month plants, 
seeds of all species were successfully geminated lb May, 1986, and 
grown in the Bilby laboratory until lb June, i960. They were otherwise 
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 Kerry, AZ, 
where experiments were conducted. All plants received bOX 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 ot 
inundation (14 for 4 weeks) in which pots were completely submerged in 
the Colorado River for 1 full month, 2. 2 weems full 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 nigtit every day tor 1 month, 4. 2 
weeks fluctuating flows (F2), 6. 2 weeks desiccation (D2) in which 
plants on shore were not watered for 2 weeks, 6. 1 week desiccation 
(Ul), 7. controls (grown on shore in partial shade, watered daily). 
One month treatments were conducted from 20 June to 20 July and 2 week 
treatments ran from 20 June to 4 July. Plants were allowed a one week 
recovery period following treatments, to definitively survive or die. 
Because all of our 14 plants were washed downstream by a tributary flccd 
on 18 July, we re-ran this treatment from 20 Jul.) to 2U August, using 
extra plants which had been growing 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 (r 
alive at end of experiment <• = alive at beginning), The data were square 
root and then arcsin transferred and analyzed with AhOVA, with treatment 
as the main effect. We also studied effects of treatments on plant 
growth by measuring the height of *• plants.'pet Let ore and after the 
experiment. These data were analyzed with ANOVA, again with treatment 
as the main effect. 

2. B. Ltfects of Substrate on Seedling Liermination: To determine tfie 
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ability of seeds to germinate in different soil types, tamarisk and 
coyote willow seeds were added to 3" petri dishes containing silty soil 
(n = 6) and coarse sand (n = 6) on 2/ June, 1986. The plates were then 
watered daily and the seedlings were allowed to germinate. At the end 
of 10 days, the U 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 Substra_te_ o_n__ Seedl ing Growth and Survivorship: 
Laboratory experiments: Root and shoot growth rates in fine Tpre-dan) 
versus corase (post-dam) riparian sediments were compared for Tararix 
chinensis, Sal ix exigua and Jiacchari_s_ sal icifol ia seedlings. Fine­
grained and coarse-grained sediments were collected from the riparian 
zone at Lees Ferry, Arizona. Fresh seeds from 8 or more individual 
plants of each species were collected in the Grand Canyon from duly 
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 atype. Seedlings 
were grown for 29 to 34 days at approximately 2b C with daily 
watering. Seedlings were grown under a 1:1 combination of growlights 
and regular fluorescent lights at an intensity of 1,120 footcandles (the 
equivalent of weak shade), with lb hours of light/day. After one month 
of growth seedlings were gently flushed from the tubes, and root length 
and shoot height were measured. Lach treatment was replicatea 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 shoot growth 
rates (mm/day). 

2 C. Field Observations 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. We 
censused three sites in the 40,QUO - 60,000cfs zone in reach 5, in 
September, 1986. At each site, tamarisk seedling densities were 
measured in 30-50 randomly selected 1.0 nr plots in sand and in an equal 
number of randomly selected 1.0 nr plots in uniform cobble substrate. 
Results were analysed with a 2-way ANOVA, treating substrate type and 
site as main effects on tamarisk seedling density. 

To study more precisely Tamafix survivorship and growth with proximity 
to the river and exposure to flooding in the wild we examined the fate 
of individual plant0 in exposed and less exposed settings. Thirty or 
more young tamansks at each of 5 sites were tagged with parakeet bird 
bands and their heights were measured in April, 1986 and again in 
September, i986. Three stands of 2 year old plants were studied at 52R, 
131R and 171L; these stands occurred at about, the 40,000 cfs zone, with 
52R being a protected and sandy site, 131R being a moderately protected 
cobble odr and 171L being a sandy and exposed site. At Mile 43.5L 
(President Harding) and 172R, populations of 6 month old seedlings were 
measured for growth and survivorship. Mortality between seasons in 1986 
was analyzed with chi square analysis and changes in height were 



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

3. Timing or Phenology of Plant Reproduction in Grand Canyon: 
Information on when the seeas of different specTes are produced was 
compiled from several sources. Timing information 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 brand Canyon, as well as twelve trips 
to the Lees Ferry area, between November, 198b and October, 1986. 
Phenological status was classified in the following ten categories: 

PHENOLOGICAL CATEGORY DESCRIPTION 

0 No leaves or flowers. 
1 Young leaves. 
2 Fully leafed out. 
3 Developing flower buds. 
4 Fully developed flower buds. 
5 Flower buds beginning to open. 
6 Full bloom. 
7 Flowers dead, seeds immature. 
8 Seeds mature and dispersing. 
9 Seeds dispersal completed. 
10 Chlorosis 

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

We 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 October, 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, lb willow and lb arrowweed stems, all shorter 
than 1 m and bearing some root stock, were planted in wet sand along the 
river on 2b June, 1986. The cuttings were checked 2 weeks later on 9 
July, and the § and % of plants surviving were calculated. 

At 2 beach sites in Grand Canyon (43.bL and 66.UL), 3 rows of tamarisk, 
coyote willow, seepwillow and arrowweed cuttings were planted in April, 
1986, with the 1st row 1 n from the river and each successive row 1 m 

9 
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further from the river. Six sets of cuttings were planted in the 1st 
and 3rd rocs with 8 in the middle row, with each of the 4 species 
occuring in the 1st 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. Establishment of Seedlings in brand 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 
only 21 sites. This means that extensive plant establishment occurred 
on 43% of the sites examined. More cobble bar sites were extensively 
colonized than would be exported by chance alone, while fewer sand and 
talus sites were extensively colonized than would be predicted by chance 
alone (X^ = b.O, p < .Ub, df = 1). The cobble bar sites were colonized 
largely 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. Because 1983 
flood-induced adult plant mortality was extensive at most of the 49 
quadrats, it is apparent that this plant system has not recovered 
densities of plants lost in ly83. Additional flooding has occurred 
since 1983 (Fig. 2) and we believe that this has contributed to this 
pattern. 

At lb 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. All 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 arrowweed occurred mainly on quadrats 
comprised of sandy substrates, while tamarisk and seepwillow seedlings 
were most common on cobble liars. This reflects a major shift in 
substrate type colonized, particularly for tamarisk, for which most 
rider stands occur on silt bars. 

Densities of tamarisk seedlings (1-20 cm) were significantly lower in 
1986 than in 1984 (Table 1, F1g. 3). Densities of SC2 and 8C3 plants 
increased significantly between 1984 and i486, implying teat densities 
of juvenile tamarisks, which colonized beaches after the flood of 1983, 
were becoming established. 

Densities of seepwillow seedlings did not vary significantly between 



FIGURE 2: ''AXIMUM DAILY DISCHARGE AND MEAN MONTHLY DISCHARGE FROM GLEN CANYON DAM, 1982-1936, AS 
MEASURED AT THE U.S. GEOLOGICAL SURVEY GAUGING STATION AT LEES FERRY, ARIZONA. 



SPECIES 

Tach 

Saex 

Basp 

Tese 

SIZE CLASS 

S 

1 

2 

S 

1 

2 

S 

1 

2 

S 

1 

2 

_ 1934 
x/m2(se) 

0.428 (-0.115) 

0.023 (-0.009) 

0.1B4 (-0.008) 

0.031 (-0.025) 

0.089 (-0.059) 

0.052 (-0.027) 

0.045 (̂ 0.033) 

C.012 (-0.C04) 

0.007 (-0.003) 

0.013 (-0.013) 

0.247 (-0.226) 

0.048 (-0.038) 

_ 1985 _ 1986 
x/m2(se) x/m2(se) 

0.433 (-0.1-7) 

0.092 (-0.030) 

0.592 (-0.028) 

0.185 (-0.118) 

0.168 (-0.065) 

0.122 (-0.036) 

0.070 (̂ 0.043) 

0.086 (-0.046) 

0.025 (̂ 0.016) 

0.104 (-0.068) 

0.325 (-0.213) 

0.218 (-0.177) 

0.235 (-0.074) 

0.165 (-0.048) 

0.063 (-0.018) 

0.052 (̂ 0.023) 

0.333 (-0.159) 

0.230 (-0.153) 

0.044 (̂ 0.014) 

0.047 (-0.015) 

0.027 (-0.010) 

0.056 (-0.039) 

0.200 (-0.119) 

0.356 (-0.234) 

_JL_ 

0.000 

0.050 

0.040 

0.300 

0.575 

0.389 

0.265 

0.074 

0.031 

0.221 

0.500 

0.340 

d.f. 

1,14 

1,14 

1,14 

1, 5 

1, 5 

1, 5 

1,12 

1,12 

1,12 

1, 6 

1, 6 

1, 6 

TABLE 1 : RIPARIAN PLANT DENSITIES BY SIZE CLASS FROM QUADRATS, 1984 - 1986. 
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Figure 3. Mean densities of Tamarix, Baccharis, Salix and Tessaria by size 
class between) 1984 and 1986 (S ="seedl'ingT~l-20cm; 1 = 20cm - Ira; 2 = 1 - 2m). 
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1984 and 1986 (Table 1, Fig, 3). SC2 plants increased nonsignificently 
between 1984 and 1986, while densities of SCO 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 SCI 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 arrowweed 
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 population 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 Bacchari s spp. densities did not change 
significantly (Table 2, Fig. 4). 

Replacement of plants lost in the 1983 flood: Our comparison of 
densities of live 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). Despite 
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 seedl'ng dens ities: Dens i t i es of 
tamarisk seedlings were correlated with densities of plants in the next 
size class (SCI) in 1985, but not in 1986 (Table 3), In 1986 and 1986, 
SCI densities were strongly correlated with densities of the next size 



SPECIES 

Tach 

Saex 

Basp 

Tese 

SIZE CLASS 

S 

1 

2 

S 

1 

2 

S 

1 

2 

S 

1 

2 

APRIL SEPTEMBER 
_ o 
x/m (se) 

0.433 (±0.164) 

0.056 (±0.014) 

0.006 (±0.001) 

0.035 (±0.016) 

0.043 (±0.006) 

0.006 ('0.002) 

0.309 (±0.201) 

0.016 (±0.003) 

0.004 (±0.002) 

0.028 (±0.017) 

0.046 (±0.015) 

0.029 (±0.010) 

_ 2 
x/m (se) 

0.185 (±0.051) 

0.058 (±0.011) 

0.010 (±0.002) 

0.016 (±0.008) 

0.029 (±0.008) 

0.020 (±0.008) 

0.030 (±0.012) 

0.015 (±0.003) 

0.005 (±0.001) 

0.017 (±0.012) 

0.030 (±0.010) 

0.033 (±0.012) 

_ P _ 

0.186 

0.848 

0.000 

0.342 

0.016 

0.002 

0.194 

0.601 

0.676 

0.605 

0.000 

0.267 

df 

1,25 

1, 81 

1,108 

1, 25 

1, 81 

1,103 

1, 25 

1, 81 

1,108 

1, 25 

1, 81 

1,108 

TABLE 2: RIPARIAN PLANT DENSITIES BY SIZE CLASS FROM QUADRATS, APRIL TO SEPTEMBER, 1986. 
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Figure 4. Mean densities of Tamarix, Bac^haris, Sajjx and Tessaria 
by size class between April and September, 1986 (S = seedling, 1-20 cm; 
1 = 20 cm - 1 m; 2 = 1 m - 2 m). 



17 

FIGURE 5 : A COMPARISON OF THE DENSITY OF DEAD STEMS (UNADJUSTED AND 
ADJUSTED TOR REMOVAL) OF TAMARIX, BACCUARIS, SAL I/ EXIGUA, 
AND TESSARIA IN 1984 AS COMPARED TO LIVE STEM DENSITIES 
OF THESE SPECIES IN 1985 ON SELECTED QUADRATS ALONG THE 
COLORADO RIVER IN THE GRAND CANYON. 



TA3LE 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. 

SPECIES 

Tach 

Saex 

Basp 

Tese 

SIZE CLASS 

Seedlg4 
sci85-sci84 

SeedlS5 
SClgg-SClg5 

Seedl84 

SC185-SC134 

Seed1g5 

sci86-sci85 

Seedlg, 

SC1C--SC1C» 

Seedl85 

SCI -̂  l iLi86 ' l85 

Seed,84 
SClg5-SClg4 

Seedlgg 

scig6-sci85 

X (STAN.DEV.) 

11.294 ( 9.552) 

1.759 ( 2.808) 

14.546 (18.325) 

1.879 ( 3.506) 

1.879 ( 2.424) 

3.472 ( 6.769) 

10.443 ( 8.320) 

11.456 ( 6.466) 

2.030 ( 4.S39) 

2.370 ( 3.7S7) 

2.106 ( 3.395) 

-0.S98 ( 2.214) 

0.559 ( 1.235) 

-0.294 (10.872) 

3.125 ( 4.569) 

-1.775 ( 6.231) 

R2 

(P dfl 

0.553 
(0.025 1,6) 

0.127 

(nsd 1,6) 

0.174 

(nsd 1,4) 

0.000 

(nsd 1,4) 

0.779 

(0.025 1,4) 

0.000 

(nsd 1,4) 

0.444 

(nsd 1,3) 

0.000 

(nsd 1,3) 

SIZE CLASS 

SCI SU184 

SC285-SC2g4 

SC185 
SC2g6-SC2g5 

SC184 
SC2g5-SC2g4 

0 3 

SC2g6-SC2g5 

SC184 
cr? -SO? iL"S5 ^ S 4 

SC185 
SC2g6-SC2g5 

SC184 
SC2g5-SC2g4 

SC185 
SC2g6-SC2g5 

X (STAN.DEV.) 

0.890 ( 1.329) 

1.669 ( 4.502) 

2.649 ( 2.915) 

1.373 ( 1.633) 

4.652 ( 5.567) 

4.852 ( 9.285) 

8.123 ( 1.862) 

3.213 (13.220) 

0.335 ( 0.374) 

0.5SS ( 1.273) 

2.572 ( 3.692) 

0.636 ( 0.874) 

10.034 ( 4.292) 

6.360 (12.392) 

9.740 (14.295) 

8.209 (20.367) 

R2 
(P df) 

0.8C2 
(0.005 1,6) 

0.558 

(0.025 1,6) 

0.106 

(nsd 1,3) 

0.000 

(nsd 1,3) 

0.000 

(nsd 1,5) 

0.859 

(0.005 1,5) 

0.991 

(0.005 1,3) 

0.540 

(nsd 1,3) 

CO 
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class (SC2) in the next year. For tamarisk, the ratio of 1984 seedlings 
to 196b SCI was ».b:l. Likewise, larger tamarisk size classes revealed 
recruitment success ratios that were closer to 2:1 in 198b and 1986. 
These trends indicate that levels of seedling mortality are substantial, 
and that, tamarisk seedlings are more likely to perish than are larger 
size classes, as expected. Correlations between different size classes 
in coyote willow were low and nonsignificant for both years, perhaps due 
to the snail ->.rber of quadrats examined, die-back, and/or coyote 
willow's ability to grow more than l.U n/yr. Like tamarisk, Baccharis 
seedling densities were correlated with subsequent SCI densities in 196b 
but not in lab?. Correlation ot Baccharis SCI to SCLd densities were 
significantly correlated in 1986 (representing a continuation of the 
recruitment success initiated in 1984 among Baccharis seedlings). 
Correlation of a.-rowweed seedling densities to subsequent SCI densities 
was non-significant; however, recruitment success ot larger size classes 
was significant. Despite small sample sizes and variances that exceeded 
means, both size classes of coyote willow, seepwillow and errowweed had 
ratios of Seed!:-g:SCl and SCI:SC2 of between 1 to 2.5:1, indicating 
potentially rng-er probability of survivorship among recruits of these 
species. Higher correlation of recruitment success was generally found 
for 1984-198t Comparisons than for 1986-1986 comparisons for all 
species. This trerd may be a response to several factors including 1) 
abnormally dry spri'-g conditions m 1966, Z) flooding in excess of 
50,000 cfs in >'ay and June, 1986, or 3) unrecognized factors; however, 
more data are needed to resolve recruitment success using these 
analytical techniques. 

Tamarisk height and age were strongly correlated, although variation did 
exist in the relationship, based on a sample of field plants (R = bit, 
p < .OouO, dt « I,?b). The relationship between age &n^, height in 
coyote willow was stronger (R' = 67.Of-, p < .0000, df = 1,51). 

2. Factors affecting se^dlijng_ est abl ishment: A. Effects of flood1'ng , 
fluctuating f'.ons a m _jg9ls^ "-yi 2 age classes of plants. In 
experimental tests OT seedling survivorship at L~elPs Ferry, all 
treatments produced significant reductions in seedling survivorship and 
growth relative to control plants in both age classes and in all species 
(Table 4 j. o1. Our r ion 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. 

All 6 month olo ta-arisk subjected to inundation or fluctuating flows 
exhibited significantly lower levels of survivorship and growth, except 
for seedlings receiving the 4 week inundation (14) treatment. This 
apparent discrepancy is probably due to the tact that this group was 
treated one cor;- later so that the plants were larger ana resistant 
than younger pTcntS (see Methods!. All plants in the desiccation 
treatments died within b days after water was withheld. 

Six month seepwillow in the 14 and 12 treatments had significantly lower 
levels of survivorship than o.id F4 and F2 plants or controls (Table 4, 
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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 I 0.70 0.33 0.36 0.92 0.00 0.00 1.27 -1.52 -2.29 -0.09 -0.36 0.00 0.00 6.04 

±se 0.13 0.07 0.03 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 0.37 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 0.60 — — 1.30 

n 9 9 9 9 9 9 9 6 6 7 9 9 9 9 

P • 0.250 p = 0.0003 

BdSp 7 0,73 0.98 1.26 1.21 0.00 0.00 1.21 -0.31 -2.31 -0.16 0.75 0.00 0.00 5.18 

tie 0.10 0.11 0.05 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 
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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 
inundation, I? = 2 weeks inundation, F4 = 4 weeks fluctuating flows, F2 = 
2 weeks fluctuating flows, D4 = 4 weeks desiccation, D2 = 2 weeks desiccation, 
C = controls). 
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Fig. 6 ) . All water treated plants (I4-F2) either died back or grew 
significantly less than controls. 12 plants died back significantly 
more than did plants in any other water treatment, even 14 plants. 
Again, we suggest that this has resulted from 14 plants being one month 
older and perhaps more resilient. All desiccated plants died within b 
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 less 
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 b, Fig. 7). Some of this was 
due to generally lower levels ot survivorship in younger plants and is 
indicated by the fact that survivorship is lower in the 1 month old than 
in the b month old control plants. Interestingly, lower levels 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 survivorship occurred in 
pots in the fluctuating flow treatments (Table b, Fig. 7). We attribute 
this to the changing water levels removing a greater proportior of 
plants because their shallow roots didn't anchor them in the soil. More 
plants survived in the F2 treatment than the F4 treatment, 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 12 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 in 14, F2 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 
12 or control plants (Table b, Fig. 7). This again suggested that 
fluctuating flows removed largo numbers of plants. Additionally! the 14 
treatnent apparently exceeded the levels of tolerance of most 1 month 
old coyote willow seedlings to inundation. 

Effects ot Substrate on Plant Germination: In experirents, survivorship 



TABLE 5: PERCENT SURVIVORSHIP OF ONE MONTH OLD RIPARIAN PLANT SPECIF'i EXPOSED TO SEVEN 

TREATMENTS OF INUNDATION AND DESICCATION (TRANSFORMED PROPORTION.). 

TREATMENTS 
SPECIES 1 2 3 4 5 6 7 

Tach X 0.43 0.51 C 19 0 . ? ' 0.00 0.00 1-06 

±se 0.17 0.06 0.03 0.03 — — 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 0 00 0.93 

±se 0.06 0.03 0.07 0.10 - - — 0.08 

n 9 9 9 8 9 9 9 

p = 0.000 

Basl I 0.00 0.53 0.00 0.00 0.00 0.00 0.59 

±se - - 0.07 - - — - - - - 0.09 

n 9 9 9 8 9 9 9 

p = nsd 

PO 
00 
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Figure 7. Mean percent survivorship of 1 month old Tamarix, Baccharis 
and Sajix in flooding and desiccation experiments (14 = 4 weeks inundation, 
1 2 = 2 weeks inundation, F4 = 4 weeks fluctuating flows, F2 = 2 weeks 
flows. U4 = 4 weeks desiccation, L)2 = 2 weeks desicc, C = controls). 
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FIGURE 8: MEAN ROOT AND SHOOT GROWTH RATES OF TAMARIX CHINENSIS, 
SALIX EXIGUA, AND BACCHARIS SALICIFOLIA IN SILTY (PRE-
DAM) VERSUS SANDY (POST-DAM) SUBSTRATES. SEE TEXT FOR 
STATISTICS. 
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rABLE b: A COMPARISON OP TAMARISK SEEDLING DENSITIES ON SAND VERSUS 
COBBLE SUBSTRATES AT THREE SITES IN THE LOWER BRAND CANYON IN SEPTEMBER, 
1986. 

SUBSTRATE TYPE SAND 

n 

COBBLE 

n 

SITE; 1 

0.96 

(51) 

2.03 

(29) 

2 

0.00 

(40) 

0.35 

(40) 

3 

0.22 

(51) 

1.55 

(29) 

Mean 

Plants/ 

M2 

0.42 

(142) 

1.20 

(98) 
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of newly germinated tamarisk and willow seedlings for 2 weeks was high 
(tamarisk, mean = 967 on silt and 96% on sand, F, ,g = 1.84, ns; coyote 
willow, mean = 8U% on silt, 9b% on sand, F, j n = 0.14, ns) and were not 
significantly different on silt versus sand 'substrates. This indicates 
that at least 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) soil (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 (pro-dam) soils as compared to coarse (post-dam) 
sediments (Fig. 8 ) . Lean root growth rate for all plant species pooled 
was 4.4 mm/day in pre-dam soils and 2.2 mm/day in coarse, post-dam 
sediments. And the growth rate of b'accharis salicifolia seedlings was 
significantly greater than that of Tamarix or Sa'lix. Shoot growth rates 
demonstrated a similar trend, but iararix (1.1 mm/day) grew more than 
twice as fast than the other two specias' seedlings (0.S ro/day for 
BdCcharis and 0.4 mm/day for Salix exigua). 

Field observations on substrate and survivorship: Analysis of Tamarfx 
Chinensis seedling density on sand versus cobble substrate types" at 
three sites revealed significantly mere tamarisk establishment in cobble 
substrates than in sand substrates (Table 6). Mean tamarisk seedling 
density was 0.42 plants/m on the sand sites and 1.20 plants/m in 
cobble substrates (p = 0.009, 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 > 0.0b, df = 3,234). This 
pattern suggests that some aspect of substrate quality in cobble areas, 
such as enhanced moisture retention cr microsite stability, now favors 
Tamafix 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 tine sediment deposits. 

At miles 43.bL and 172L, densities of 6 month old tamarisk seedlings 
declined precipitously between April and September, 1986. The density 
of seedlings at .mile 43.bL dropped from 450 seedlings/m in April to 
0.1b seed lings/in in September, presumably as a direct result of 
flooding in hay 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 density at Mile 172L 
was reduced from a density of 979 Tararix seedlings/m in April to 0/m 
by mid-summer, 1986. Ibis site was inspected during commercial river 
trips by Stevens in late May, 1986 at which time it was inundated, and 
again on 1 July, 198.6, at which time no seedlings remained. 

Mortality of tagged 2 year old tamarisk plants was lowest in plants 
protected from flooding: b.b% (n = 31) in a protected mesic rite at b2K, 
Intermediate (32%, n = 2b) in a moderately exposed rock bar at 131k and 
highest (50%, n = 42) on a riverside sand bar at 171.bk" (Xc = 16.64, p = 
0.005 at d.f. a 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 narked Tamarix 
plants. Growth at the protected site averages 12.67 cm (n = 25), growth 
at the 131k site averaged 8.21 cm (n = 17), and growth at the 171L site 
averaged 0.02cm (n = 21). It appears that exposure and perhaps 
elevational ly imposed stress, have severe effects on growth and 
survivorship of seedlings. 

A closer inspection of the 171L site using nearest neighbor distance 
(NNO) 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 tamarisk plants was 3.9cm (corresponding to a mean density of 
167.8 plants/m for n = 42 NND measurements), while the September mean 
NND had declined to 7.75cm (a density of 41.6 plants/m2, 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 
was 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, ^alj>< exigua 
and Baccharis salici tolia) and those producing seeds only during a 
short interval in mid-summer (Tessaria sericea) or only in fall 
(Baccharis emoryi and _B_. sarothroidos"). 

Tamarix chinensis: This dominant exotic riparian species is 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 ~L_ 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 throughout the growing season, its 
reproductive output was not constant. At Lees Ferry, 13 marked plants 
on pre-dam terraces reached a peak of raceme- production between mid-May 
and early June, and thereafter the mean level of reproductive output 
declined to nominal levels (fig. 10). Thus T_. chinensis seed production 
was greatest in early summer awd was nominal from rid-summer through 
fall in 1986 in this system. 

Salix exigua: This abundant species occupies the river and stream banks 
in the Grand Canyon down to approximately mile 210, forming dense clones 
of wand-like stems on beaches. Its seeds dre minute, short-lived, wind-
dispersed and germinate even faster than tamarisk seeds (Stevens, pers. 
comm.). Like tamarisk, coyote willow produced seed throughout the 
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FIGURE 9 : PHENOLOGICAL BEHAVIOR OF TAMARISK, COYOTE WILLOW AND 
ARROWWEED THROUGH THE GROWING SEASON IN THE COLORADO 
RIVER CORRIDOR IN THE GRAND CANYON. GREY AREA INDICATES 
WHEN SEEDS ARE BEING RELEASED BY THESE SPECIES; NUMBERS 
REFER TO SECTIONS OF THE RIVER WHERE OBSERVATIONS WERE 
MADE. 



FIGURE 10: ESTIMATED MEAN PERCENT REPRODUCTIVE OUTPUT OF THIRTEEN ADULT TAMARISK TREES THROUGH 
THE 1986 GROWING SEASON AT LEES FERRY, ARIZONA. 

o 
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qrowing season in 1986 (Fig. 9), although seed production appeared to be 
more constant. We believe willow 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 numbers of moderate-sized, wind 
dispersed seeds which are relatively long-lived and slow to germinate 
(Stevens, pers. comm.). Unlike tamarisk, coyote willow and Baccharis 
salici folia, 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 long-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 
Kile 88 (Fig. 11). Whether this divergent blooming pattern is genetic 
or environmentally induced remains to be determined. 

Baccharis emoryi and B_. sarothroides: Emory's seepwillow and desert 
broom are native shrub-forming composite and 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 pear, of seed production from mid-
September through mid-November for _B_. emoryi, and the peak of seed 
production for B_. jlg.ro^hrco^ from mid-uctober through late November 
(Fig. 11). Unly desert broom seeds germinated along the river without 
flood-related disturbances. 

Other Species: We observed seed production among the other common 
perennial or semi-riparian species in the "iver corridor, including 
common reed (Phragmites austral is), h,_ ..?y mesquite (Pros op is 
glandulosa), catclaw 0[cac.ja_ greggii)~ car-elthorn (Alhagi camelorun), 
Goodding's willow (Sali x gooddingi i), Fremont's Cottonwood (Bopulus 
fj^'^rj_ef]t\j_), Aster Ji(!LuPzTJJ?_ Baccharis sergi loides, Brickel 1 ia 
longi folia, and haplopappus acradenius. Common reed produces seed in 
October and November. Mesquite and catclaw produce seed in mid- to late 
summer and mesquite occasionally has two periods of bloom. Camelthorn 
is a noxious exotic and blooii'S in mid-surrmer and produces seeds 
throughout the summer and fall. Goodding's willow blooms in April and 
Kay, producing seeds in late spring. Fremont's cottonwood produces seed 
in late March or April. Aster blooms and produces seed from mid-Sumner 
through fall, while the other Compositae species (j8aLc.naL''Ji' TTsCjCTee.0'J ̂ a» 
and Haphj^apjius) produce seed in the fall months. Except Tor GooddlrTT 
willow and cottonwood, viable seeds of all of these species are present 
in the environment in late summer and tall. 

Vegetative Reproduction: In experiments vegetative reproduction of 
tamarisk, coyote willow, and seepwillow was highly successful, while 
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FIGURE 11 : PHENOLOGICAL BEHAVIOR OF THREE BACCHARIS SPECIES THROUGH 
THE GROWING SEASON IN THE COLORADO' RIVER CORRIDOR IN THE 
GRAND CANYON. GREY AREA INDICATES WHEN SEEDS ARE BEING 
RELEASED BY THESE SPECIES, AND NUMBERS REFER TO SECTIONS 
OF THE RIVER IN WHICH OBSERVATIONS WERE MADE. 
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arrowweed was loss successful in becoming established from planted 
stems. At Lee's lorry, 100% (n = 15) of willow stems planted in wet 
sand became establishod, while 87% (n = 13) of the lo arrowweed stems 
planted became established. 

At the 43.51 mile site, none of the planted stems survived. We 
attribute this to the site's being several meters over the water and the 
planted Stems dried out ana died. At the 66.CL site, 44t (n = 29) of bb 
stems planted survived, with higher levels of survivorship occurring 
closer to the river (Fly. 12). Tamarisk, coyote 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 successful in an experimental setting, the likelihood of it 
occurring with great frequency in nature is lew. Plant cuttings as a 
means of establishing plants might be considered, however. 

DISCUSSION 

This study has determined that replacement or 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 numbers, due largely 
to a severe decline in numbers during the 19S3 flood ano. 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. Our results point to two primary mechanisms which 
appear to be restricting plant recolonizaticn to very specific sites or 
habitats within the riparian zone in Grand Canyon: 1.) continued 
flooding since 1983 and 2.) a decline in -ubstrate quality. By 
understanding the role of these mechanisms, Glen Canyon Dam managers 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 siltv pre-dam sediments, this 
represents a dramatic shift in this species' pattern of establishment. 
We believe that, this change is due, in part, to a loss of finer 
substrates (silts) and accumulation of coarse sand, and perhaps more 
importantly to continued flooding which has effectively prevented 
colonization of most beaches by seedlngs. Our seedling growth 
experiments demonstrate that seedlings of all species grow more slowly 
in post-dam sand substrates than in pre-oam silts. In on-going 
experiments, Stevens (pers. comm.) corroborated the pattern of reduced 
growth rates for two-year old tamarisk and coyote willow in coarse post-
dam substrates, as compared to pre-dam silts. In his experiments, loth 
tamarisk and coyote willow cuttings grew significantly more in silt than 
sand over a period of 9U days. The longterm effects of silt versus sand 
substrates on plant survivorship, growth and reproductive potential are 
not presently understood. 

Establishment of plants on cobble bar sites has been impressive. 



Figure 12. Experimental vegetative prcpragation 0f Taman'x, SalIX, Baccharis salicifolia and 
Tessaria at mile 66.OL in Grand Canyon. 

OJ 
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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 this level of recruitment 
success. The cobble bar substrate may offer unique 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 lack such barriers against seedling desiccation and removal. 
The success of plants on cobble bars deserves further attention, because 
the behavior (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. Roth 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 populations to expand on sandy beaches 
is one which sexual, seed dispersing species do not have, probably 
because of flooding disturbance and/or rapic soil desiccation. Stevens 
and Waring (1986-B0R1) showed that plants on sand substrates experienced 
the highest levels of scouring removal. Even clonal plants occasionally 
fail to successfully 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 move 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 brand 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 
suggests 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 Kiver new high water zone plant community. 
This 40,000 to 60,000 cfs zone was, prior to 1983, largely devoid of 
riparian vegetation, presumably because of insufficient water. Plants 
that, colonized this zone after 1983 nay 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, while we do not fully understand 
age-related mortality in these species, we co know from our experiments 
that younger plants are more vulnerable to 'natural' mortality ano to 
flood-ielated mortality than are older plants. Because of this we doubt 
that all of the juvenile plants we saw in 1986, most of which probably 
established in 1984, are likely to survive alive in anotner 3 years. 
However, under benign conditions, some of them probably will. 
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OPERATING CRITERIA 

In this chapter we review and discuss the Bureau of Reclamation's five 
flow regime alternatives proposed for Glen Canyon Dam (Wegner 198b). 

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 regime would minimize 
leaching and loss of nutrients and fine particle substrates, minimize 
scouring removal and drowning of riparian vegetation, and promote 
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 sediments from the 
system. 

Alternative 3. Maximized power plant releases between B.OUUcfs and 
2b,000cfs. 

This flow regime would he .ore likely than Alternative 2 to support a 
healthy riparian plant community along the Colorado River. The 
proliferation of riparian vegetation from 196b to 1982 occurred, for the 
most part, under such a flow regime. if erosion could he minimized by 
slowing the rate of change in discharge, the negative impacts of this 
flow regime on the riparian plant community could he mitigated. 

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

This alternative is not preferred because it would result in continued 
disturbance of existing riparian plant life, retarded recolonization and 
recovery of the streamside vegetation, and would probably promote 
continued high rates of substrate erosion and nutrient depletion in this 
system. 

Alternative b: Maximized fishery releases. 
This alternative io not recommended for the reasons discussed under 
Alternative 2 (above). 

The Timing of Spillovers 

Although flooding disturbance promoted germination, our studios indicate 
that post-dam flooding from 1983 to the present have had a negative 
impact on overall riparian plant cornunity development in the Colorado 
kiver corridor in the Grand Canyon. Because recovery may require a 
decade or more, erratic releases should be avoided in this system it at 
all possible. If spills are riecesscr, 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 more 
Sciidy. Our 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 fall, when 
Tamari x seed production has declined. If a future spill is necessary in 
the Colorado River corridor, a late summer or fall flood could he 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 germinacion and increased rtant diversity, 
flooding disturbance should be a rare event, not a frequent event, in 
this system. 
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CONCLUSIONS 

1. Twenty-one of 4y quadrats censused showed high levels of plant 
recolonization or replacement. 

2. On lb quadrats, 1986 densities of Taniarix shinensis, Salix exiqua, 
Baccharis spp. and Tessaria sericea approached preflood densities. 

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

4. Mortality and damage 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. 

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

6. All 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 2 year old plants are significantly higher 
in fine-grained sediments. The ability to rapidly outgrow the seedliny 
stage should enhance a plant'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 1983. 

11. Tamarisk, Baccharis salicifolia and coyote willow seeds are produced 
throughout the growing season, while seeds of arrowweed, jB. emoryi , ti. 
sarothroides, Brickel1ia so., 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 RIVER 

IN THE GRAND CANYON, JUNE, 19B4 TO SEPTEMBER, 198b 

KEY: 

River Mi le Miles from Lees Ferry downstream to quadrat ; L = l e f t 
(south) s i d e , R = r i g h t (nor th) side of r i v e r 

Year 4b = June 1984, bb = 1985, 69 = September 1986 
Flood Zone 1 = 20,000 to 40,000, 2 = 40,000 to 60,000 cfs zone. 
Quadrat Width Quadrat width (m) from approximate 20,000 to 60,000 

stage 
Size Class 1 = seed l i ngs , 2 = 0.3 - 1.0m, 3 = 1 0 - 2.0m, 

3 = >2.0m 
No. Tach Number of Tamarix ch inensis in given s ize class on 

quadrat 
No. Saex Number of Sa l i x exigua in a given s ize c lass on 

quadrat 
No. Baspp Number of Baccharis s a l i c i f o l i a , B. er-'oryi , and/or _B_. 

saro thro ides in a given s ize class on quadrat 
No. Tese Number of~Tessaria ser icea in given s ize class on 

quadrat 
P lo t No. Quadrat number, 1-15 
Sect ion 2 = Lees Ferry - Mi le 6 1 , 3 = 61 - 88, 4 = 

88 - 166.5, 5 = 166.5 - 226 
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41 .22 56 1 32 1 9599 9599 9999 9999 0 1 
41 .20 56 1 30 2 5999 934)9 9959 9959 0 1 
41 .22 56 1 32. 3 9559 9999 9959 9599 0 1 
41 .00 56 1 30 4 9599 592-9 9999 9999 2 1 
41 .00 56 0 05 1 5999 5969 9999 9c9S 0 1 
41 .22 5b 0 05 0 9599 9c99 9949 9599 0 1 
4 1 . 0 2 06 4 05 3 9959 9S59 9555 9999 0 1 
4 l . t f0 56 0 05 4 9559 5529 99JJ9 5959 2 1 
4 1 . 0 2 69 1 32 1 1370 2 19 2 2 1 
41 .00 69 1 3 2 2 284 2 31 1 2 1 
41 .02 64' 1 32 3 76 2 1 2 2 1 
41 .00 69 1 33 4 8 0 2 0 2 1 
41 .02 69 0 0o 1 10 2 1 1 0 1 
41 .22 65 0 05 0 6 2 5 3 0 1 
41 .02 69 0 25 3 2 2 2 1 2 1 
41 .00 t'J 2 25 4 0 2 2 0 2 1 
52 .22 4c 1 15 1 9 0 0 2 3 1 
52 .22 46 1 15 2 10 0 7 2 3 1 
52.00 46 1 15 3 6 2 3 2 3 1 
52 .30 46 1 15 4 1 0 2 k, 3 1 
52.k,'2 4t 4 ci 1 320 2 2 2 3 1 
5 2 . e e 46 2 22 2 fa 3 9 0 3 1 
52 .0 0 4 6 4 02 3 2 0 2 2 3 1 
52 .22 4o 4 20 4 2 0 0 2 3 1 
52.22 49 0 35 5 2c 0 3 0 3 1 
52.02 56 1 16 1 9JJ99 2099 35c)9 9969 3 1 
50 .2 2' 6c i ic 4 4-996 9599 94-5 3 95'93 3 i 
52.0 0 56 1 io 3 6533 6522 59c>3 9993 3 1 
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5 2 . 0 0 5 6 1 15 4 Q5b9 9 9 9 9 9 9 9 3 9 9 9 5 3 1 
5 2 . 0 0 3 6 2 I t 1 9 9 9 9 9 9 9 9 9 5 9 9 9 9 5 9 3 1 
5 5 . 2 ' / 3 6 5 2 t 5 9 9 9 9 b-59b 9 t 5 y 9 9 b 9 3 1 
6 5 . 3 2 5 6 5 2 b 3 9 9 9 9 9 6 9 5 9695 ' 9 9 ° 9 3 1 
5 6 . 3 5 5 6 6 62 4 9 9 9 9 999.-? 3 9 9 S 9 9 9 9 3 1 
55 . 0 6 6 9 1 16 1 1 / 5 7 7 6 5 6 3 1 
5 5 . / / 6 5 1 10 6 l b y 1 6 6 e l 6 3 1 
5 5 . U B 1 l b 3 4 3 V6 3 3 6 3 1 
5 3 . 2 2 5 9 1 15 4 l o 1 3 6 2 3 1 
5 6 . 6 i / €9 6 <cc 1 l o c 2 6 £ 3 1 
5 3 . 6 6 6 9 6 3 / 6 4 3 1 2 x 3 1 
5 x . / 6 6 9 6 5.3 3 16 2 16 2 3 1 
5 3 . 2 6 6 3 3 5 / 4 6 2 6 6 3 1 
5 5 . 3 3 4 6 1 5 1 4 9 '6 9 3 4 1 
5 2 . 3 0 4 6 1 5 3 6 3 6 6 4 1 
5 5 . 3 6 4 6 1 5 3 2 9 6 6 4 1 
52 . 3 2 4 5 1 5 4 17 5 6 12 6 4 1 
5 3 . 6 6 4 6 3 6 1 2 1 6 6 134 6 4 1 
5 3 . 3 6 4 6 3 6 6 9 3 3 6 5 2 b <: 1 
5 2 . 3 ' / 4 c 2 6 3 6 5 6 £ 9 4 1 
5 2 . 3 6 4 6 5 6 4 6 5' x 6 4 1 
5 6 . 3 6 4 6 3 1 i 5 2 2 1 6 4 1 
5 5 . 5 6 6 5 1 5 1 24 3rl 11 6 4 1 
5 2 . 5 6 56 1 5 2 l b 15 2 ? x 4 1 
2 2 . 3 6 5 6 1 5 3 16 i x i e 6 4 1 
5 2 . 3 6 56 1 5 4 24 76 I t 6 4 1 
5 2 . 3 e 5 9 2 6 1 6 5 3x? 3 8 61 ^ l 
5 2 . 3 6 5 6 2 6 2 6 9 c £ 3 3 5 1 4 1 
5 2 . 3 6 5 6 3 6 3 6 3 6 2b 3 6 2 4 1 
5 2 . 3 5 56 2 6 4 2 61 1 9 9 4 1 
52.5' /- . 6 6 1 5 1 2 6 9 1 3 6 4 1 
5 2 . 3 6 69 1 5 2 3 1 1 4 1 11 4 4 1 
5 2 . 3 6 69 1 5 3 5 0 2 3 6 20 4 4 1 
5 2 . 3 6 6 9 1 5 4 15 1 2 7 6 4 1 
5 2 . 3 6 6 9 3 6 1 2 3 6 12 9 2 4 1 
52.556 6 9 2 6 52 8 9 6 3 4 2 0 9 4 1 
5 2 . 3 5 " 6 9 2 6 3 2 £-4 2 5 2 9 3 4 1 
55 .35 6 9 2 £ 4 2 1 2 5 6 5 4 1 

10 4 . X 0 4 6 1 7 1 0 6 6 6 - 5 3 
1 0 4 . 6 6 4 6 1 7 2 6 6 6 0 5 3 
1 0 4 . 0 0 4 6 1 7 3 0 0 0 0 5 3 
1 0 4 . 0 0 4 6 1 7 4 0 0 0 0 5 3 
1 0 4 . 0 0 4 6 2 1 3 1 1 1 8 0 0 0 5 3 
104 . 0 0 4 6 2 1 3 2 / 6 Z 6 5 3 
1 0 4 . 6 0 4 o 2 1 3 3 0 t 0 0 5 3 
1 0 4 . 0 0 4 6 2 1 3 4 0 6 6 6 5 3 
1 0 4 . e x 4 6 3 20 5 2 x t t 5 3 
164 . / / 5 6 1 7 1 t 0 0 6 5 3 
1 0 4 . 0 2 S o 1 7 2 0 6 0 0 5 3 
10 4 . X 0 5 6 1 7 3 0 0 0 0 5 3 
1 0 4 . 0 6 5 6 1 7 4 0 0 0 6 5 3 
1554.6 0 5 c 2 1 3 1 5 6 0 0 5 3 
1 0 4 . / / 3 6 2 1 3 2 0 0 0 6 5 3 
1 0 4 . e e 5 6 2 1 3 3 0 0 1 6 5 3 
1 0 4 . 0 2 5 6 2 1 3 4 0 0 6 0 5 3 
1 2 4 . 6 8 c!J 1 '•' i i x 0 0 5 3 
1 / 4 . 0 0 6 9 1 7 2 0 0 0 0 5 3 
104 .'. 6 66' 1 7 3 1 6' 1 6 6 3 
1 0 4 . . . / 6 9 1 7 4 0 0 t x 5 3 
1 0 4 . x 5 49 2 1 3 1 0 0 1 t 5 3 
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1 2 4 . 3 K 6 9 2 1 3 2 to 0 1 0 5 3 
1 0 4 . 0 0 69 2 1 3 £ a U 0 fc I 3 
1 0 4 . 9 0 6 9 2 l o 4 0 0 0 6 5 3 
1 1 6 . 5 1 4 6 1 5 1 2 2 6 1 0 6 3 
1 I F . 5 1 4 6 1 5 2 12 3 0 0 6 2 
1 1 b . L I 4 6 1 5 2 ? 11 0 1 fc 2 
1 1 6 . 5 1 4 6 1 5 4 17 21 0 4 6 2 
1 1 8 . 5 1 4 6 V £ 1 106 2 2 2 56 6 3 
1 1 8 . 5 1 4 6 2 8 2 6 1 4 1 6 26 6 3 
1 1 6 . 6 1 4 6 2. 6 2 16 2 6 0 19 o 5 
1 1 6 . 5 1 4 6 2 6 4 6 9 to 1 6 2 
1 1 6 . 5 1 4.6 2 12 5 4 9 2 3 2 2 2 6 b 3 
1 1 6 . 5 1 5 6 1 5 1 19 . 2 5 1 1 6 11 6 3 
l l c . 5 1 5 6 1 5 2 2 3 5 4 6 5 2 2 6 2 
1 1 6 . 5 1 56 1 5 3 1 8 i 0 6 6 3 
l i t . 5 1 56 1 5 4 17 g 2 1 6 3 
1 1 6 . 5 1 5 6 2 6 1 6 0 2 2 3 0 1 2 0 6 2 
1 1 6 . 5 1 5 c 2 6 2 2 3 7 0 1 9 3 6 2 
1 1 8 . 5 1 5 6 2 8 3 7 0 0 5 9 6 3 
1 1 6 . 5 1 5 6 2 6 4 2 0 0 2 6 3 
1 1 6 . 5 1 6 9 1 5 1 37 24 20 20 0 3 
1 1 6 . 6 1 6 9 1 5 2 2 6 146 5? 96 6 2 
1 1 6 . 5 1 5 9 1 5 3 21 6 0 10 2 5 K 6 3 
1 1 6 . 5 1 6S 1 5 4 2? 2 0 30 6 3 
1 1 6 . 5 1 69 2 £ 1 3 3 1 17 6 3 
1 1 6 . 5 1 6 9 2 6 2 b 1 5 ? 16V 6 3 
1 1 6 . 5 1 6 9 2 8 3 0 9 0 3 5 1 6 5 
1 1 6 . 5 1 6 9 2 £ 4 1 9 0 12 t 2 
1 2 2 . 1 0 4 6 1 15 1 0 0 0 0 7 3 
1 2 2 . 1 6 4 6 1 12 2 7 ] o 0 0 7 2 
1 2 2 . 1 0 4 6 1 13 3 18 i 5 0 0 7 3 
1 2 2 . 1 0 4 6 1 1 3 4 4 0 b 0 0 7 3 
1 2 2 . 1 0 4 6 2 3 0 1 0 4 4 0 0 7 3 
1 2 2 . 1 6 4 6 2 3 0 2 5 4 6 0 7 3 
1 2 2 . 1 6 4 6 2 3 0 3 ~'b 0 0 7 3 
1 2 2 . 1 0 4 6 2 3 0 4 2 0 0 7 3 
1 2 2 . 1 0 4 6 3 3 3 5 1 2 0 7 3 
1 2 2 . 1 6 5 6 1 13 1 9 5 17 0 7 3 
1 2 2 . 1 0 5 6 1 1 3 2 T6 134 0 0 7 3 
1 2 2 . 1 0 5 6 1 1 3 3 : :^ 4 6 0 0 V 3 
1 2 2 . 1 0 5 6 1 1 3 4 4 3 3 0 0 7 3 
1 2 2 . 1 0 0 6 2 3 0 1 12 0 0 0 7 3 
1 2 2 . 1 0 0 6 2 3 0 2 1 0 8 2 0 6 0 6 7 3 
1 2 2 . 1 0 0 6 2 30 3 1 3 0 5 7 9 0 K 7 3 
1 2 2 . 1 0 5 6 2 3 0 4 £6 74 0 0 7 3 
1 2 2 . 1 6 c 9 1 1 3 1 0 3 0 0 7 3 
1 2 2 . 1 0 59 1 1 3 2 8 2 7 4 0 0 7 3 
1 2 2 . 1 0 6 9 1 13 3 7 2 0 0 0 7 3 
1 2 2 . 1 0 6 9 1 1 3 4 e 3 0 0 7 3 
1 2 2 . 1 0 6 9 2 30 1 0 1 5 0 0 0 7 3 
1 2 2 . 1 0 5 9 2 3 0 2 9 9 9 9 6 5 1 0 0 7 3 
1 2 2 . 1 0 6 9 2 3 0 3 9 9 9 9 1 9 0 6' 0 7 3 
1 2 2 . 1 0 6 9 2 3 0 4 9 9 ^ 9 0 0 0 7 3 
1 3 1 . 4 0 4 6 1 £ 1 74 0 u 6 £ 3 
1 3 1 . 4 0 4 6 1 B 2 50 0 0 6 6 3 
1 3 1 . 4 0 4 6 1 £ 3 54 0 3 0 c 5 
1 3 1 . 4 0 4 6 1 8 4 4 0 0 6 6 3 
1 3 1 . 4 0 4 6 2 7 1 16 0 c 0 fc 3 
1 3 1 . 4 0 4 6 2 7 2 6 0 7 0 6 5 
1 3 1 . 4 0 4 6 2 7 3 7 fc 6 0 6 3 
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131.40 46 2 7 4 0 2 3 2 fc 3 
131.40 46 3 15 5 6 2 c? 2 6 3 
131.42 56 1 8 1 264 2 7 2 6 3 
131 .42 56 i 6 2 47 2 5 2 6 3 
131.42 6b 1 6 3 123 2 7 2 6 3 
131 .42 5t i 6 4 121 2 2 c- 6 3 
131.4. 56 f 7 1 11 2 4 2 6 3 
131 .42 56 2 ', Z 12 2 11 2 6 3 
131.42 66 2 7 3 6 2 5 2 8 3 
131.42 56 2. 7 4 20 2 2 2 6 3 
131.40 6 9 1 5 1 5 2 2 2 6 3 
131 .42 66 1 6 6 3c 2 6 2 6 3 
131.42 69 1 b 3 66 2 7 2 6 3 
131.42 66 1 6 4 169 2 5 2 6 3 
131.4e 69 6 7 1 6 2 c 2 6 3 
131 .4 2 69 i. 7 2 13 2 9 3 6 3 
131.40 69 Z 7 3 7 2 3 2 6 3 
131 .42 69 6 7 4 2 2 2 2 6 3 
131 .62 4 6 1 ?2 1 2 2 2 2 6-3 
131.62 46 ] 22 2 1 4 2 2 9 3 
131.62 4c 1 22 3 i 1 2 2 9 3 
131.62 4C 1 c. 4 2 2 2 2 9 3 
131 .6.2 4 b 2 1J 1 6 55 2 1 2 9 3 
131.62 46 l i b 2 2 2 6 ID 6 3 
131 .63 40 2 12 3 2 <, 2 2 5 3 
131.63 4 6 2 1 2 4 3 2 2 2 9 3 
131.80 46 3 30 5 2 Z 2 2 9 3 
131.62 36 1 It i 9699 9999 9999 9999 9 3 
131.60 3o 1 2c 2 9599 9995 99c3 9959 9 3 
131.62 3c 1 1:0 3 9699 9999 9999 99 99 £ 3 
131.02 5b 1 22 4 5999 9999 9599 9»9S 5 3 
131.60 06 Z 12 1 95 99 9599 9999 9999 9 3 
131.60 56 Z 10 2 9359 5999 9959 9999 9 3 
131.60 66 Z 10 3 9999 9999 9999 9999 9 3 
131.80 56 2 12 4 9959 9999 9999 9999 9 3 
131.60 65 1 22 1 125 76 2 2 9 3 
131.80 69 1 22 2 125 56 2 2 9 3 
131.62 69 1 22 3 16 24 1 0 9 3 
131.62 69 1 22 4 3 1 0 2 9 3 
131.62 69 2 lie 1 17 2 2 2 9 3 
131.80 69 2 10 2 11 0 2 2 9 3 
131.62 69 2 12 3 1 2 1 2 9 3 
131.82 69 2 12 4 2 2 2 2 9 3 
143.62 46 1 32 1 12 2 2 2 12 3 
1 4 3 . 6 2 4 6 1 3 2 2 0 2 2 2 1 2 3 
143.62 46 1 30 3 12 2 2 2 12 3 
14 3.60 46 1 32 4 0 2 0 0 12 3 
143.62 46 2 c 1 514 2 2 2 12 3 
14 3.62 46 2 8 2 1 2 0 3 10 3 
143.62 46 2 6. 3 8 0 2 3 12 3 
14 3.60 46 2 8 4 3 0 2 2 1 2 3 
142..62 46 3 36 5 17 0 2 1 12 3 
14 3.62 56 1 30 1 11 0 0 2 12 3 
14 3.62 56 1 32 2 134 0 1 b 12 3 
143.62 56 1 30 3 14 2 2 2 12 3 
14 3.(2 56 1 30 4 3 2 2 2 10 3 
14 3.62 56 2 6 1 1201 2 2 2 10 3 
HID. 60 b6 2 6 2' 32 2 2 1 10 3 
14 3.62 56 2 6 3 2 2 2 2 12 3 
14 c. 6 2 6c 2 6 4 1 2 'c 2 1 c 3 
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1-.O.60 69 1 Lie 1 339 0 0 1 U 3 
14.1.60 69 1 3t 2 -LI 3 4 C I t 3 
i 4 3 . e e 69 i 30 6 t>3 e i 1 u 3 
14 o . ©0 fc" S 3 Li . . 4 3 0 e l i t 3 
1 4 3 . 6 0 69 9 6 1 6 4 6 0 3 ? I . 2 
14 v . r 2 t 9 2 t 2 1 3 0 *. e 4 10 0 
1 4 3 . 6 0 Oo c c o 10 e 0 c i v o 
1 •; 0 . t ; ' 6 9 2 _ b A 6 e • t e 1 v 4 
10c . o l 4 u 1 5 i 1 64 e u £ 11 4 
U i . i ' l 4 t 1 i t 6 0 0 0 0 1 1 4 
1 6 6 . 6 1 4 6 1 5 0 6 c it- 1 3 1 1 4 
l o c . 0 1 Ab 1 Dfc 4 0. 0 f 0 11 -
1 6 6 . 6 1 4 6 0 6 0 b 2 0 3 9 6 11 4 
H e . 01 4 0 2 Ik. 1 0 9 9 9 9 9 9 9 C&3J c r o c . i : 4 
l b c . 0 1 4 6 2 10 6 9yj«9 5 y 9 9 ;-.•; r 9 9 y y 11 4 
1 6 c . C i 4 6 2 10 6 9999 9 9 9 9 999c 56&i 11 4 
1 6 0 . 6 1 Ab L i e 4 9 9 9 9 9 9 9 9 9 5 9 9 9 9 » 9 11 4 
I C t . 6 * 1 o0 1 Lk 1 55-99 9 9 9 9 99.9c- 99-99 11 4 
1 6 c . 6 1 6 6 1 50 2 6 6 9 9 9 9 9 9 99c-c- 9 6 6 5 i l •'• 
l o c . 0 1 0 6 1 50 6 6 6 6 5 9 9 9 9 9-9 9 c- 9 9 9 9 11 4 
1 0 c . 0 1 0 6 1 50 4 C; : 9 ic-l-y 6 6 y y c-2-53 11 4 
l o c . t l 60 1 1 . 1 9c 09 999-9 9c.ee- 9 9 5 9 11 4 
l o c . 61 6 6 i 1 3 2 5i.-,j}d 6 5 6 9 ooe-C' 6 9 5 9 11 4 
l l c . L l 6c L H. 3 e f ' ^g 9 9 9 9 2-H-e 99 9c- 11 4 
loc.61 56 2 1 v' 4 9c-c-c' 9955 9yy» yyyy 11 4 
lie. 61 65 1 50 1 696 2 L L 11 4 
160.6I 66 1 50 2 3 0*6 £ 0 t 11 4 
loc.01 65 1 50 3 52 0 3 0 11 4 
166.61 69 1 50 4 0 £ 1 e 11 4 
l£c.tl 69 2 lfc" 1 9599 5559 599? 9959 11 4 
16c.61 69 2 10 ? 5569 959-c c-c-c-c 5695 11 4 
16C.61 6 9 L lfc 3 9599 9999 5996 6999 11 4 
166.61 69 2. 10 4 5999 5996 9959 9699 11 4 
17 1 .41 46 1 20 1 22 0 1 0 12 4 
171.41 46 1 20 2 £ 0 13 0 12 4 
171.4 1 46 1 20 3 0 0 0 0 12 4 
171 .41 46 1 20 4 0 '£ 9 2 12 4 
171.41 46 2 40 1 2v0 0 lo 0 12 4 
171 .41 46 2 45 2 1 0 11 0 12 4 
171.4 1 40. 2 40 3 2 0 10 0 12 4 
171 .41 4 6 c 40 4 1 <£ 2 0 12 4 
171.41 46 3 60 5 106 0 45 0. 12 4 
171.41 36 1 20 1 5669 9999 5969 9699 12 4 
171.4 1 56. 1 20 2 9669 9999 9959 9-699 12 4 
171.41 56 1 20 3 5969 9599 659-6 9999 It 4 
171.41 56 1 20 4 5659 5-999 9595 9999 12 4 
171.41 56 2 40 1 103 0 L2 1 12 4 
171.41 56. 2 4 0 2 ID W 4 1 0 12 4 
17i.4 1 56 2 40 3 0 0 7 0 12 4 
171.41 56 2 40 4 1 0 2 0 1 2 4 
171.41 69 1 20 1 6 0 153 0 12 4 
171.41 69 1 20. 2 9 0 20 0 12 4 
171.41 69 1 20 3 3 0 16 0 12 4 
171 .41 09 1 20 4 1 0 0 0 12 4 
171.41 09 2 40 1 1 0 130 0 12 4 
17] .41 6 9 2 40 2 1 0 2 5 0 1 2 4 
171.41 69 2 40 3 2 0 15 t- 12 4 
1 7 1 . 4 1 6 5 2 4 0 4 2 2 2 0 1 2 4 
1 ?. . 02 4 5 1 5 1 0 0 1 0 1 3 4 
I79.it 46 1 5 2 0 0 o 0 13 4 
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17c.6 0 46 i 5 3 4 0 9 k? 13 4 
179.60 46 1 5 4 1 2 2 k lb 4 
179.60 46 £ 10 1 124 2 1 t 13 4 
179.60 46 I l k 2 t fc 1 2 k. 1 3 4 
17<•. 1 6 4 6 t 1 k 3 c 0 V £ 13 4 
1 '( 9 . I 0 4 6 £ 1 i 4 < t. 0 »l' 1 V 4 
1 7 9 . 6 0 4 6 2> I s b o ;. bs. 2 13 *i 
179 .o fc be 1 v 1 91.99 9 9 9 b 9 9 b 2 9 9 3 b 12 4 
1 7 - . 0 7 56 1 5 2 i-59'9 9 b - b c<9bb' S y S § 13 4 
1 7 9 . c f c 66 i b 3 £ 3 9 9 9 9-2 9 9 9 9 2 bib".) 15 4 
1 7 b . 6 0 5 6 1 o 4 9 9 9 9 9 9 9 9 » 9 f S 9 b » 9 13 4 
1 7 9 . 6 0 be 2 12 1 9 3 9 9 9 9 9 9 9 9 9 9 9 1 9 9 13 4 
1 7 9 . 6 0 56 c 10 2 9 9 3 9 9 2 9 3 9 2 2 2 b b b b 13 4 
1 7 ? ) . 6 6 oC 2 12 3 99 99 P 9 c o C 9 9 3 S S P 9 15 4 
172«."fc/ 5 6 2 12 4 9 3 9 9 2-222 9 § 9 a 9 3 9 9 13 4 
1 7 2 . 6 0 69 1 5 1 6 u 37 t! 13 4 
1 7 9 . 2 2 £ 3 1 5 2 7 £ 12 5 13 4 
1 7 9 . 6 2 6 9 1 5 Z 3 b 12 k 13 4 
1 7 3 . 6 0 6 9 1 5 4 2 7 3 fc 1 3 4 
1 7 9 . 6 0 6 9 t i t 1 £ K 12 t- 1 3 4 
17c . 6 3 62 2 I t 2 2 2 2 . l o •'• 
17 9 . 6 2 6 9 2 1 ^ 3 2 2 L fc 12. 4 
1 7 9 . 6 0 6 9 t l x 4 2 o 3 2 13 4 
lb t . 42 46 1 cc 1 2 2 € 2 14 4 
1 9 1 . 4 2 4 6 i c 7 2 2 2 14 2 14 4 
1 9 b . 4 t 4 6 1 2c 3 2 2 3 2 14 4 
1 9 b . 4 0 4 6 1 2 0 4 1 2 2 0 14 4 
1 9 ) 9 . 4 2 4 c 2 3 9 1 2 3 24 1 14 4 
1 9 8 . 4 0 4 6 2r ?t> 2 2 2 3 7 2 14 4 
1 9 b . 4 0 4 6 2 9 9 3 0 2 6b 0 14 4 
1 9 8 . 4 0 4 6 2 8 9 4 2 2 1 2 14 4 
1 9 8 . 4 0 4 6 5 9 9 5 14 2 6 2 0 1 4 4 
1 9 8 . 4 0 5 6 1 2 0 J 2 0 2 0 14 4 
1 9 8 . 4 0 5 6 1 27 2 2 0 l b Z 14 4 
1 9 6 . 4 0 5 6 1 22 3 4 0 10 0 14 4 
1 9 8 . 4 0 5 6 1 2 2 4 1 0 0 fc 14 4 
1 3 8 . 4 0 5 6 2 82 1 0 2 27 2 14 4 
1 9 8 . 4 0 6 6 t 6 9 2 2 2 1 1 9 2 14 4 
1 9 6 . 4 0 5 6 2 9 9 3 2 0 6 6 2 14 4 
1 9 8 . 4 0 DC 2 8 9 4 2 2 5 0 14 4 
1 9 8 . 4 0 69 1 20 1 0 0 1 6 1 2 14 4 
1 9 8 . 4 0 6 9 1 26 2 2 0 5 5 0 14 4 
1 9 8 . 4 0 6 9 1 1 L 3 1 0 l b 2 14 4 
1 9 8 . 4 0 6 9 1 29- 4 0 2 1 0 14 4 
1 9 8 . 4 2 6 9 2 6b 1 7 2 6 y 2 14 4 
1 9 6 . 4 0 6 9 2 6 9 2 0 0 c 9 0 14 4 
l b ' 6 . 4 0 6 9 2 6 b 3 1 0 1 2 6 0 14 4 
1 2 6 . 4 0 £ 9 e. 6 9 4 0 0 l u 0 14 4 
• - C 8 . 5 1 4 6 1 10 1 8 0 0 2 15 4 
2 0 8 . 5 1 46 1 17 2 6 0 5 0 15 4 
2 7 - 8 . 5 1 4 6 1 l b 3 6 2 2 0 15 4 
27 8 . 5 1 4 6 1 17 4 3 £ 0 0 1 8 4 
2 4 8 . 5 1 4 c 2 1 5 1 1 1 1 1 2 6 9 2 15 4 
2 2 6 . 5 1 4 6 2 1 3 2 41 0 2 1 1 8 4 
2 0 8 . 5 1 4 6 2 13 3 4 0 5 0 15 4 
2 7 6 . 5 1 4 6 2 18 4 3 2 k 0 15 4 
2 7 6 . 5 1 4 6 3 2 5 5 5 3 0 26 1 18 4 
2 0 i . n l 66 1 H 1 99b-9 9 2 9 9 999-9 999-9 15 4 
2 0 6 . 5 1 56 1 10 2 2bb-3 91999 9 9 9 9 9 9 9 9 I n 4 
276 .b> l 56 1 l i 3 9 9 9 9 9-22-9 9 9 9 9 9b b-9 lb 4 
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2 0 . - . 51 56 1 I t 4 9 9 S 9 9 9 9 9 S > 9 9 9 9 9 9 9 15 4 
2 0 6 . 5 1 Ec 2 1 3 1 S9QS 99&S 9&9S 9&&S 15 4 
2 2 ; . 5 1 a d 1- 1 3 2 9&t"9 9v9t> 99^9 999r- 16 4 
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APPENDIX 2: 

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

IN THE GRAND CANYON, APRIL TO SEPTEMBER, 1986 

KEY: 

Quadrat No. 1 = 318, 2 = 41k, 3 = 52R, 4 = 52.bR, 5 - 104R, 
6 = 118.bL, 7 = 122.1R, 8 = 131.OR. 9 = L31.bR, 
10 = 143R, 11 =166.5L, 12 = 171.5L, 13 -- 180.1R. 
14 = 198.5R, lb = 208.bR 

Period 1 = A p r i l , 1986; 2 = September, 1986 
Zone 1 = 20,000 to 40,020, 2 = 40,020 t o 60,000 c fs zone. 
Width Quadrat wid th (m) from approx inate 20,000 to 60,000 

stage 
Size Class 1 = seed l i ngs . 2 = 0.3 - 1 .2 - , 3 = 1.0 - 2.0m, 

3 - >2.0m 
No. Tach Number of Tamarix ch inens is in given s ize class on 

quadrat 
No. Saex Number of Sa l ix exicua i n a given size class on 

quadrat 
No. Baspp Number of Baccharis sal i c i f o l ia , B. er.ioryi , and/or j8_. 

saro thro ides in a given s ize c lass on quadrat 
No. lese Number of~Tessaria ser icea in given size class on 

quadrat 

http://L31.bR
http://208.bR
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APPENDIX 3: 

DATA FROM SEVEN EXPERIMENTAL TREATMENTS WITH 

SIX MONTH ULL) RIPARIAN SEEDLINGS 

KEY: 

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

Pot No. Number of replicates (pots) 
Survivorship Percent surviving at end of experiment 
Sqrt Survshp, Square root of survivorship 
Asin(survslipp2 Arcsine transformation of the square root of 

survi vorship 
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APPENDIX 4: 

DATA FROM SEVEN EXPERIMENTAL TREATMENTS WITH 

ONE MONTH OLD RIPARIAN SEEDLINGS 

KEY: 

Species 1 = Tamarisk, 2 = coyote w i l l o w , 3 = seepwil low 
Treatment 1 = 1 month of complete i nunda t i on , 2 = 2 weeks of 

complete i n u n d a t i o n , 3 = one month of f l u c t u a t i n g 
f l o w , 4 = 2 weeks of f l u c t u a t i n g f l ow , b = two 
weeks of d e s i c c a t i o n , 6 = 1 week of d e s i c c a t i o n , 
7 = con t ro l s 

Pot No. Nuiber of r e p i i c a t e s (pots) 
Surv ivorsh ip Percent su rv i v i ng at end of experiment 
Sqrt Survshp j Square root of su r v i vo rsh ip 
As in(survshp) '2 Arcsine t rans fo rmat ion of the square root of 

su rv i vo rsh ip 
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APPENDIX b: 

A COMPARISON OF THE DENSITY OF DEAD STEMS UN QUADRATS IN 1984 

(UNADJUSTED AND ADJUSTED FUR REMOVAL) WITH THE DENSITY OF 

1986 LIVE STEMS OF TAMARISK, COYOTE WILLOW, SEEPWILLOWS, AND ARROWWEED 

KEY: 

Plot No. 1 = 31R, 2 = 41R, 3 = 62R, 4 = 62.bR, b = 104R, 
6 = 118.bL, 7 = 122.1R, 8 = 131R, 9 = 131.bR, 
10 = 143R, 11 = 166.51 , 12 = 171.bL, 13 = 100.2R, 
14 =198.bR, lb = 208.bL 

Plot Width Quadrat width (m) 
Species 1 = Tamarix ch i nens i s , 2 = Sa j jx exiu.ua, 

3 = Baccharis spp . , 4 = Tessaria ser icea 
No. Live in 1904 Number of l i v i n g p lants on the quadrat in i °Jb 
No. Dead in 1934 Number of dead p lants on the quadrat f o l l ow ing the 

1983 flood 
Est'd i Removal Est imate of percent removal by scour ing in iv83 

(est imates from Stevens and Waring, 1985) 
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2 55 3 1 • 0 74.56 
2 55 4 1 3 90.60 
3 35 1 59 28 19.32 
3 35 2 66 0 72.42 
3 35 3 45 0 74.56 
3 35 4 0 0 90.60 
4 1 1 1 52 2 19.32 
4 1 1 2 320 2 72.42 

— A 11 3"45 "I 74.56 
4 11 4 297 0 90.60 
5 20 1 1 2 19.32 
5 2 0 2 0 072.42 
5 20 3 1 0 74.56 
5 20 4 0 0 90.60 
6 13 1 21 49 1 9 . 3 2 
6 13 2 89 23 7 2 . 4 2 

— 6 - 1 3 3 10 2 7 4 . 5 6 
6 13 4 601 228 9 0 . 6 0 
7 33 1 8 2 1 9 . 3 2 
7 33 2 210 1 7 2 . 4 2 
7 33 3 0 2 7 4 . 5 6 
7 35 4 0 0 9 0 . 6 0 
8 15 1 93 8 1 9 . 3 2 
6 15 2 0 0 7 2 . 4 2 
8 15 3 10 27 7 4 . 5 6 
8 15 4 0 0 9 0 . 6 0 
9 30 1 17 0 1 9 . 3 2 
9 30 2 24 2 7 2 . 4 2 
9 30 3 2 0 7 4 . 5 6 
9 3 0 4 0 0 9 0 . 6 0 

10 38 1 75 17 1 9 . 3 2 
10 38 2 0 0 7 2 . 4 2 
10 38 3 1 0 7 4 . 5 6 
10 38 4 3 1 9 0 . 8 0 
11 60 1 52 0 19.32 
11 60 2 0 0 72.42 
11 60 3 3 39 20.72 
11 60 4 0 0 90.60 
12 60 1 5 108 1 9 . 3 2 
12 60 2 0 0 7 2 . 4 2 
12 60 3 33 48 2 0 . 7 2 
12 60 4 0 0 9 0 . 6 0 
13 15 1 0 6 1 9 . 3 2 
13 15 2 0 0 7 2 . 4 2 
13 15 3 15 50 2 0 . 7 2 
13 15 4 0 0 9 0 . 6 0 
14 10 9 1 2 14 19.32 
14 10 9 2 0 0 7 2.42 
14 109 3 142 82 20.72 
14 109 4 0 0 9 0.60 
16 23 1 104 59 19.32 
15 2 3 2 0 072.42 
15 23 3 17 2 6 2 0 . 7 2 
15 23 4 31 1 9 0 . 6 0 
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APPENDIX 6: 

CHANGES IN DENSITY OF DIFFERENT SIZE CLASSES OF RIPARIAN PLANT SPECIES 

FROM 1984 TO 1986 ON FIFTEEN QUADRATS 

KEY: 

Species 1 = Tama ri x chinensis, 2 = Salix exigua, 3 = 
Baccharis spp. , A - Tessaria sericea 

Plot No. Quadrat No. , 1 - 1 5 . 
SCl8b Density of 0.3 to 1.0 m plants in 198b 
SC2 8 b Density of plants GT 1.0 m in 198b 
Suq Density of seedlings in 1984. 
SC2 8 6 Density of plants GT 1.0 m in 1986 
SC184 Density of 0.3 to 1.0 m plants in 1984 
SC284 Density of plants GT 1.0 m in 1984 
SCl8b-SClyb Change in density of plants 0.3 to 1.0 m from 198b 

to 1986 
S 8 b Density of seedlings in 1985 
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1 1 8 . 5 1 7 0 . 3 1 7 2 5 . 2 5 0 4 . 6 6 6 0 . 8 3 3 0 . 0 1 7 3 . 4 6 7 5 2 . 6 3 3 
1 2 9 9 . 9 7 9 9 9 . 9 9 9 1 0 . 0 0 0 1 . 6 0 0 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 

•1 - 3 9 9 . 9 9 9 9 9 . 9 9 9 9 . 4 0 0 2 . 2 8 6 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 
1 4 2 . 1 6 2 3 . 8 1 8 2 3 . 7 2 7 6 . 2 7 3 0 . 8 1 3 1 .546 1.364 6 . 0 9 1 
1 5 0 . 0 0 0 0 . 0 0 0 5 . 9 0 0 0 . 0 5 0 0 . 0 0 0 0 . 1 0 0 0 . 0 0 0 0 . 3 0 0 
1 6 1 . 9 2 3 3 . 3 8 5 8 . 3 0 8 3 . 7 6 9 1 . 5 3 9 3 . 5 3 8 1 .000 6 . 5 3 9 

' 1 8 3 . 9 3 3 1 5 . 4 6 7 6 . 0 0 0 17.SCO 3 . 8 6 7 3 . 0 0 0 - 0 . 6 6 6 1 8 . 3 3 3 
1 9 9 9 . 9 9 9 9 9 . 9 9 9 2 8 . 5 0 0 0 . 6 6 7 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 
1 10 4 . 3 6 8 0 . 4 7 4 1 7 . 4 6 7 2 . 2 1 1 0 . 0 2 6 0 . 5 5 3 9 . 9 4 7 2 6 . 7 3 7 
1 11 9 9 . 9 9 9 9 9 . 9 9 9 0 . 5 6 7 0 . 3 3 3 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 
1 12 0 . 2 5 0 0 . 0 1 7 3 . 7 0 0 0 . 1 3 3 0 . 0 3 3 1 .817 - 0 . 0 8 3 1 . 7 1 7 
1 13 9 9 . 9 9 9 9 9 . 9 9 9 8 . 9 3 3 0 . 1 3 3 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 
1 14 0 . 0 1 ' 0 . 4 5 6 0 . 0 0 0 0 . 0 1 8 0 . 0 0 0 0 . 0 0 9 0 . 0 0 0 0 . 0 1 8 
1 15 9 9 . 9 9 9 9 9 . 9 9 9 4 8 . 6 5 2 5 . 0 4 3 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 

~ 2 — 1 ~ " 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 4 3 3 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 
2 "> 0 . 0 0 0 0 . 0 0 0 0 . 1 8 2 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 9 9 . 9 9 9 0 . 0 0 0 
2 3 9 9 . 9 9 9 9 9 . 9 9 9 0 . 0 0 0 2 . 5 1 4 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 
2 4 1 0 . 7 7 3 1 6 . 0 9 1 0 . 0 0 0 3 0 . 2 7 3 1 .273 5 . 2 7 2 1 0 . 7 2 7 1 0 . 2 7 3 
2 6 7 . 00 0 . 0 7 7 ' . 6 1 5 7 . 0 0 0 1 1 . 0 7 7 5 . 9 2 2 5 .385 1 8 . 8 4 6 
2 7 7 . 0 9 7 1 6 . 3 7 2 1 .023 4 . 9 0 7 1 .605 6 . 7 9 0 1 6 . 2 5 b 2 . 2 0 9 
2 9 9 9 . 9 9 9 9 9 . 9 9 9 0 . 0 0 0 0 . 8 3 3 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 
3 2 9 9 . 9 9 9 9 9 . 9 9 9 0 . 0 1 8 0 . 0 1 8 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 

~ 3 3 9 9 . 9 9 9 9 9 . 9 9 9 0 . 0 5 " 1 .514 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 
3 4 1 0 . 0 0 0 4 . 5 4 6 1 3 . 0 0 0 7 . 0 0 0 0 . 0 0 0 1 .091 - 5 . 9 0 9 4 . 4 5 5 
3 5 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 5 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 
3 ' 5 . 0 0 0 0 . 1 5 4 0 .308 1 . 0 0 0 0 . 4 6 2 0 . 0 0 0 - 0 . 0 7 7 8 . 9 2 3 
3 1 . ^ 6 7 1 .067 0 . 3 3 3 1 .000 0 . 4 6 7 0 . 6 6 7 - 0 . 3 3 3 0 . 7 3 3 
3 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 0 . 0 & 7 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 
3 10 0 . 0 2 6 0 . 0 0 0 0 . 0 6 7 0 . 0 2 6 0 . 0 0 0 O.OOQ 0 . 0 7 9 0 . 0 0 0 
3 11 9 9 . 9 9 9 9 9 . 9 9 9 0 . 0 0 0 0 . 0 6 7 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 

" 3 12 0 . 6 8 3 0 . 1 5 0 0 . 2 8 3 0 . 6 3 3 0 . 4 0 0 0 . 2 0 0 0 . 0 6 7 0 . 3 6 7 
3 13 9 9 . 9 9 9 9 9 . 9 9 9 0 . 1 3 3 1 . 2 0 0 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 
3 14 1 . 2 2 9 0 . 7 4 3 0 . 2 2 0 1 .404 1 . 0 1 8 0 . 5 8 7 - 0 . 1 1 0 0 . 2 6 6 
3 15 9 9 . 9 9 9 9 9 . 9 9 9 3 . 0 0 0 0 . 7 3 9 9 9 . 9 9 9 9 9 . 9 9 ^ 9 9 . 9 9 9 9 9 . 9 9 9 
4 1 0 . 0 1 7 0 . 0 0 0 0 . 0 1 7 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 - 0 . 0 1 7 0 . 0 0 0 
4 2 9 9 . 9 9 9 9 9 . 9 9 9 0 . 0 0 0 0 . 0 1 8 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 
4 4 3 1 . 9 0 9 3 6 . 4 5 5 0 . 0 0 0 3 2 . 9 0 9 4 8 . 0 9 1 8 . 0 9 1 - 1 2 . 5 4 6 5 . 5 4 6 
4 6 1 6 . 5 3 9 5 . 3 8 5 2 . 7 6 9 4 9 . 9 2 3 2 . 0 0 0 1 .922 5 .692 1 0 . 0 7 7 

" 4 10 0 . 2 3 7 0 . 0 5 3 0 . 0 0 0 0 . 1 0 5 0 . 0 7 9 0 . 0 7 9 - 0 . 0 0 4 0 . 0 0 0 
4 14 0 . 0 0 0 0 . 0 0 0 0 . 0 0 9 0.QC0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 
4 15 9 9 . 9 9 9 9 9 . 9 9 9 0 . 0 0 0 1 .826 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 
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APPENDIX 7: 

OCCURRENCE OF TAMARIX SEEDLINuS IN DIFFERENT SUBSTRATE TYPES 

AT THREE LOCATIONS IN THE LOWER GRAND CANYON IN SEPTEMBER, 1986 

KEY: 

Site No. 1 = Mile 171.6L, 2 = Mile 180.PR, 3 = Mile 198.bR 
Substrate Type 1 = sand, 2 = cobble 
No. Tach/m Density of tararisk seedlings on randomly selected 

1.0 nr plots 



UJ UJ UJ UJ 
C O - IX o . 

h - CM f— CM I— CM 1— CM 
E E E E 

LU - ^ UJ ^ UJ \ L U - C C 
• i — re • j — re . ^ — • i— re 

o < y o « : <_> o < o o « : o 
Z C£ < er or c t z : ex < i : o : < 

I— t— H - f — H - l — l— H-
U J i/i LLJOO UJ I/I u i uo 
H- 00 • I - CO • ,_ ^ . h- 00 • 
" = 5 0 >- m o ~ r r o ~ eo o 
i/> «/> Z l/> c/> Z oo <j-) zr oo c/i r r 

1 1 0 <• I u 3 7 0 ~ 5 1 0 
1 1 0 2 1 0 I I 0 5 1 0 
1 1 0 f i x 4 2 0 I 2 2 
1 1 0 _ | 2 3 A 2 0 5 2 3 
1 1 0 I I I ~*~2 0 
1 1 0 I f ? 4 2 0 5 2 8 
1 1 0 2 1 1 4 2 0 5 2 3 
1 1 0 2 2 1 4 2 0 5 1 3 
1 1 0 2 2 0 4 2 - 0 " 5 -2 2 
1 1 0 2 2 5 4 2 0 5 1 2 
1 1 0 2 2 4 4 2 0 3 2 7 

1 0 2 2 0 4 2 0 5 1 1 
1 1 0 2 1 6 -%-\ o 5 2 1 
1 1 0 2 1 1 4 2 0 5 2 4 

- 1 1 0 2 1 4 4 2 0 5 2 5 
1 1 0 2 1 _\ 4 2 0 I I I 
1 1 0 I I - I —fr-p—M —5" 1 - 2 
1 1 0 2 2 9 4 2 0 5 1 2 

" 1 1 0 2 1 26 S 5 2 2 
1 1 0 i ? * £ 4 2 0 5 1 1 
1 1 0 2 1 0 4 - 2 1 5 2 2 
1 1 0 2 2 0 4 2 1 5 1 0 

- 1 1 0 3 1 0 4 1 0 6 2 0 
1 1 0 3 1 0 4 1 0 6 1 0 
1 1 0 3 - 1 0 - I -\- 0 , - 6 - r 0 
1 1 0 3 1 0 4 1 0 6 1 0 
1 1 0 1 3 8 4 2 1 6 1 0 
1 1 0 3 1 0 4 2 2 6 1 0 
1 1 0 1 3 9 4 2 1 6 1 0 
1 1 0 1 3 9 4 2 1 6 1 0 
1 1 0 3 1 0 4 2 2 6 1 0 
1 1 0 3 1 0 4 2 0 6 1 0 
1 1 0 ' I 1 0 - 4 - 2 - 0 ~ 6 " 1 0 
1 1 0 3 1 0 4 2 0 6 1 0 
1 1 0 3 1 0 4 2 0 6 1 0 
1 1 3 3 1 0 4 2 0 6 1 0 
1 1 1 3 1 0 4 2 0 6 1 0 
1 1 1 3 1 0 - 4 2 0 6 1 0 

- 1 1 0 3 1 0 4 2 0 6 1 0 
1 1 0 3 1 0 4 2 0 6 1 0 
2 2 0 3 " 1 -0 - 4 2 0 " 6 1 0 
2 2 0 5 1 0 4 1 0 6 1 0 
2 2 0 1 3 8 5 2 0 6 1 0 
2 2 0 5 2 0 6 1 0 
2 2 0 3 1 0 5 2 0 6 1 0 
2 2 0 3 1 0 5 2 0 6 1 0 
2 2 0 3 1 0 5 2 0 6 1 0 
2 2 0 3 1 0 5 2 0 6 1 0 
2 2 0 3 1 0 5 2 0 6 1 0 
2 2 0 3 1 0 5 2 0 6 1 0 
2 2 0 3 1 0 5 2 0 6 1 0 
2 2 0 3 1 0 5 2 0 6 1 0 
2 2 0 3 1 0 5 2 0 6 1 0 
2 2 0 3 1 0 5 2 0 6 1 0 
2 2 0 1 1 9 5 2 0 6 1 0 
2 2 0 5 2 0 6 1 0 
2 1 0 3 1 0 5 1 0 6 1 0 
2 1 0 3 2 0 5 1 0 6 1 0 

I I I 5 1 0 6 1 0 
3 2 0 5 1 0 6 1 0 

6 1 0 
6 2 0 
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APPENDIX B: 

GROWTH AND ORIGINAL HEIGHT OF TWO YEAR OLD TAMARISK AT THREE SITES 

IN THE COLORADO RIVER CORRIDOR IN 1986 

KEY: 

Site 1 = Mile 52R, 2 = Mile 131.bR, 3 = Mile 171.SL 
Growth Change in height (en) of an individual between 

April and September, 1986 
Original Ht Initial height of an individual tamarisk in April, 

1986 

http://131.bR


B £ 
u 

— _ i 

I— •— 
f— O —I 
I—I Of c ; 
I/O CD o 

2 3 . 0 1 2 1 . 0 
2 6 . 0 3 5 . 0 

" 2 - 2 0 . 0 6 6 . 0 
2 1 3 . 0 4 7 . 0 
2 1 0 . 0 7 4 . 0 
2 5 . 0 4 0 . 0 
2 2 5 . 0 5 3 . 0 
2 - 1 2 . 5 2 3 . 0 
2 1 .0 9 . 0 
2 1 .0 2 4 . 0 

~ 2 ' 2 . 0 1 8 . 0 
2 2 1 . 0 5 0 . 0 
2 3 . 0 7 7 . 0 
2 1 1 . 0 6 4 . 0 

~2 2 0 . 0 ~ 9 2 . 0 " 
2 7 . 0 8 1 . 0 
2 4 . 0 1 0 6 . 0 
1 4 6 . 8 4 3 . 2 
1 1 6 . 4 1 8 . 6 
1 1 7 . 7 5 2 . 3 
1 7 . 3 5 8 . 7 
1 - 0 . 3 4 3 . 0 

~ 1 " " - 2 8 . " 1 " - 8 8 . 1 -
1 - 2 8 . 1 4 2 . 6 
1 7 . 4 1 3 . 3 
1 2 4 . 8 3 8 . 2 
1 3 . 3 4 3 . 9 
1 3 5 . 0 1 2 . 2 
1 2 4 . 3 9 . 3 
1 1 5 . 9 2 4 . 0 

— 1 — 1 9 . 4 4 . 3 
1 2 8 . 8 6 0 . 5 
1 4 1 . 5 8 6 . 9 
1 1 . 6 5 5 . 5 
1 ' 2 . 7 3 1 . 6 
1 1 9 . 7 9 3 . 2 
1 3 4 . 1 6 8 . 2 
1 1 1 . 4 2 1 . 8 

" 1 ~ ~ 0 . 7 2 5 ,5 
1 - 0 . 9 6 2 . 3 
1 5 . 7 3 3 . 5 
1 9 . 6 3 1 . 6 
3 4 . 5 8 6 . 5 
3 4 . 0 5 5 . 0 
3 1 1 . 0 1 2 5 . 0 
3 3 . 0 6 0 . 0 

~ 3 - 0 . 5 4 6 . 5 
3 - 1 . 0 1 1 . 0 
3 1 .0 6 1 . 0 
3 4 . 9 3 9 . 1 
3 5 . 7 7 9 . 3 
3 1 . 0 5 6 . 0 
3 2 . 2 2 8 . 8 
3 - 7 7 . 2 1 2 1 . 2 

' 3 " I S . O ~ 8 7 . 0 
3 - 1 J . 4 8 7 . 4 
3 - 0 . 7 5 9 . 7 
3 0 . 9 5 5 . 1 

' 3 - 2 . 2 8 4 . 2 
3 - 2 . 7 1 4 . 7 
3 6 . 8 8 0 . 2 
3 2 1 . 0 9 6 . 0 
3 1 9 . 2 8 4 . 3 
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APPENDIX 9: 

NEAREST NEIGHBOR DISTANCES AND HEIGHTS OF NEIGHBORS 

IN A TWO YEAR OLD STAND OF TAMARISK IN APRIL AND SEPTEMBER, 1986 

AT COLORADO RIVER MILE 171.bL 

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 randonly 

selected individual (cm) 
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1 7 52 28 
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1 2 76 6 
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2 2 24 56 
2 6 27 33 
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2 14 38 33 
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APPENDIX 10: 

OBSERVATIONS ON THE PHENOLOGY OF POOR RIPARIAN PLANT SPECIES IN THE 

COLORADO RIVER CORRIDOR IN THE GRAND CAN:ON 

KEY: 

Species Tach = tamarisk, Saex = coyote willow, Tese = arrow-
weed, Basl = seep willow, Baem = Emery's seepwillow, 
Basr = desert broom 

Date Day, Month, Year 
River Mile Observation point, in miles downstream from Lees 

Ferry; L = left (south), R = rioht (north) side of 
river 

Phenology Stage 0 = no leaves, 1 ~ young loaves, 2 = mature leaves, 
3 = developing flower buds, A = mature flower buds, 
5 = beginning bloom, 6 = full bloom, 1 - post bloom, 
S = seed production, 9 = post, seed production, 
10 = chlorosis 

No. of Plants 
Observed Number of plants in census 

* " data taken from Museum of Northern Arizona herbarium 
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APPENDIX 11: 

REPROUUCTIVE PHENOLOGY UF ThIRTEEN MARKED TAMARISK 

AT LEES PERRY, ARIZONA 

KEY: 

Plant No. Plant number (1 t o 13) 
Per iod 1 = lb A p r i l , 1 = lb May, 3 = lb June, 4 = 15 J u l y , 

b = lb August, 6 = lb Sepember, 7 = lb Uctober, 1986 
% Bloom Percent of an i n d i v i d u a l ' s canopy covered wi th 

in f lo rescences 
Arcs ine % Bloom Arcsine t rans fo rmat ion of percent bloom data 



o 
o 

L U _ 1 
t o CO 

O K W 
EC to £ 

a o 22 
K o :" o >-< 
EC >—t o —i t o 
<c cc o co o 
_ J LU _ l DC 
a. a. co '>i". < C 

1 1 1.0 0 . 0 0 . 0 00 
2 1 1 .0 0 . 0 0 . 0 0 0 

' 3 1 1 .0 0 . 0 0 . 0 0 0 
4 1 1 .0 0 . 0 0 . 0 00 
5 1 1 .0 0 . 0 0 , 0 0 0 
6 1 2 . 0 0 . 0 0 . 0 0 0 
7 1 2 . 0 0 . 0 0 . 0 0 0 
8 1 2 . 0 0 . 0 0 . 0 0 0 
9 1 1 . 0 0 . 0 0 . 0 0 0 

10 1 3 . 0 0 . 0 0 . 0 0 0 
1 1 1 2 . 0 0 . 0 0 . 0 0 0 
12 1 2 . 0 0 . 0 0 . 0 0 0 
13 1 2 . 0 0 . 0 0 . 0 0 0 

1 2 6 . 0 9 0 . 0 1 . 1 2 0 
" 2 2 " 6 . 0 7 5 . 0 0 . 8 4 8 

3 2 6 . 0 6 5 . 0 0 . 7 0 3 
4 2 6 . 0 6 0 . 0 0 . 6 4 4 
5 2 6 . 0 8 7 . 0 1 . 0 5 5 
6 2 6 . 0 6 0 . 0 0 . 6 4 4 
7 2 6 . 0 5 0 . 0 0 . 5 2 4 
8 2 6 . 0 5 5 . 0 0 . 5 8 2 
9 2 6 . 0 9 0 . 0 1 . 1 2 0 

10 2 - 6 . 0 8 0 . 0 0 . 9 27 
11 2 6 . 0 2 0 . 0 0 . 2 0 1 
12 2 6 . 0 6 5 . 0 0 . 7 0 8 
13 2 6 . 0 7 0 . 0 0 . 7 7 5 

1 3 8 . 5 3 . 0 0 . 0 3 0 
2 3 6 . 8 2 5 . 0 0 . 2 5 3 
3 3 9 . 0 1 0 . 0 0 . 1 0 0 
4 3 8 . 5 8 . 0 0 . 0 80 
5 3 9 . 0 1 0 . 0 0 . 1 0 0 
6 3 8 . 5 1 8 . 0 0 . 1 8 1 
7 3 9 . 0 5 . 0 0 . 0 5 0 
8 3 7 . 5 1 9 . 0 0 . 1 9 1 
9 3 - 7 . 8 1 3 . 0 0 . 1 30 

10 3 8 . 5 1 0 . 0 0 . 1 00 
11 3 9 . 0 3 . 0 0 . 0 3 0 
12 3 9 . 0 3 . 0 0 . 0 3 0 
13 3 9 . 0 2 . 0 0 . 0 2 0 

1 4 6 . 0 2 . 0 0 . 0 2 0 
2 4 6 . 0 1 6 . 0 0 . 1 6 0 
3 4 6 . 0 2 3 . 0 0 . 2 3 2 
4 4 6 . 0 0 . 0 0 . 0 0 0 
5 4 6 . 0 1 3 . 0 0 . 1 8 1 
6 4 6 . 0 2 . 0 0 . 0 2 0 
7 4 7 . 0 8 . 0 0 . 0 8 0 
8 4 6 . 0 8 . 0 0 . 0 3 0 
9 4 6 . 0 1 0 . 0 0 . 1 0 0 

10 4 6 . 0 2 . 0 0 . 0 2 0 
1 1 4 6 . 0 2 . 0 0 . 0 2 0 
12 4 6 . 0 1 .0 0 . 0 1 0 
13 4 6 . 0 2 . 0 0 . 0 2 0 

1 5 7 . 0 5 . 0 0 . 0 5 0 
2 5 7 . 0 7 . 0 0 . 0 7 0 
3 5 9 . 0 0 . 0 0 . 0 0 0 
4 5 6 . 5 5 . 0 0 . 0 5 0 
5 5 6 . 5 2 . 0 0 . 0 2 0 
6 5 8 . 0 6 . 0 0 . 0 60 

£ o o 
LU _ J 
t o CO 
<c 

O K as 
22 00 s: 

O O 2 2 
h O S O — 
2 2 i—• O _ J CO 
CC DC O CO O 

I U J U C2 
CL O - CO SS < 

"7 5 6 . 5 2 . 0 C O 2 0 
8 5 8 . 0 2 . 0 0 . 0 ^ 0 
9 5 7 . 0 1 .0 0 . 0 1 0 

10 5 7 . 0 4 . 0 0 . 0 4 0 
1 1 5 3 . 0 1 . 0 0 . 0 1 0 
12 5 8 . 0 0 . 5 0 . 0 05 
13 5 8 . 0 1 .0 0 . 0 1 0 

1 6 8 . 0 0 . 5 0 . 0 0 5 
~2 6 • 6 . 5 3 . 0 0 . 0 3 0 

3 6 9 . 0 0 . 0 0 . 0 0 0 
4 6 9 . 0 0 . 0 0 . 0 0 0 
5 6 9 . 0 0 . 0 0 . 0 0 0 

" 6 6 5 .5 " 0 . 5 0 . 0 0 5 
7 6 7 . 0 0 . 5 0 . 0 0 5 
8 6 9 . 0 0 . 0 0 . 0 0 0 
9 6 9 . 0 0 . 0 0 . 0 0 0 

1 0 " - 6 — 7 . 0 0 . 5 0 . 0 05 
11 6 9 . 0 0 . 0 0 . 0 0 0 
12 6 9 . 0 0 . 0 0 . 0 0 0 
13 6 7 .5 0 . 5 0 . 0 0 5 

1 7 1 0 . 0 0 . 5 0 . 0 05 
2 7 8 . 0 1 .0 0 . 0 1 0 
3 7 1 0 . 0 0 . 0 0 . 0 0 0 
4 7 1 0 . 0 0 . 0 0 . 0 0 0 

S ~ 7 " 1 C 0 " -"0.0 0 . 0 0 0 
6 7 7 . 0 0 . 0 0 . 0 0 0 
7 7 1 0 . 0 0 . 0 0 . 0 0 0 
8 7 1 0 . 0 0 . 0 COCO 
9 7 1 C O 0 . 0 0 . 0 0 0 

10 7 9 . 0 0 . 5 0 . 0 0 5 
11 7 9 . 0 0 . 5 0 . 0 0 5 
12 7 1 0 . 0 C O 0 . 0 0 0 
13~7 " 9 . 0 ~ C O 0 . 0 0 0 " 
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