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EXECUTIVE SUMMARY

A riparian research program was conducted along the Colorado River corridor on Hualapai Tribe
and Grand Canyon National Park lands from 1992 to 1994. The primary goal was to identify,
where possible, the impacts of Glen Canyon Dam interim flows (a moderate river flow regime
instituted in 1991) and changing Lake Mead levels on the riparian communities of lower Grand
Canyon. To do this, a three-year research program was developed to study vegetation, avian,
mammal and reptile communities in the 110-mile river corridor from National Canyon to the
Grand Wash Cliffs.

Vegetation Studies

Twenty vegetation study sites were chosen throughout the study area (Figure 1). Rectangular
5 x 10m quadrats were used to sample river-influenced sites, and belt transects were used to
survey Lake Mead silt terraces. Three marsh sites were established and monitored. No
statistically significant variations were found in basal cover, species diversity or exotic species
dominance between zones or between study years. Total vegetation volume was measured at
each rectangular quadrat and in each of eight avian study sites. Herbarium collections were
made throughout the river corridor.

Mapping of vegetation types on a Geographic Information System (GIS) based upon aerial
photography and site sampling showed that the lower 30 miles of Grand Canyon supported over
1,200 hectares (ha) of riparian vegetation, of which approximately 630 ha (53%) were exotic
species and 570 ha (47%) were native. Vegetation at avian sites was profiled, and the potential
flooding effects of rising Lake Mead levels were modeled.

Avian Studies

Bird density and species richness were measured at eight riparian study sites between National
Canyon and RM 273 from April through June in 1993 and 1994. Bird densities based on the
absolute count method were estimated in two ways. Based on the maximum detection technique,
avian densities ranged from 217 to 1,764 individuals/40 ha in 1993 and from 283 to 1,840
individuals/40 ha in 1994; based on the mean detection technique, avian densities ranged from
154 + 12 to 1,098 + 121 individuals/40 ha in 1993 and from 177 + 75 to 1,238 + 200
individuals/40 ha in 1994. Twenty-nine species known or suspected to nest were detected in
riparian vegetation at the eight study sites.
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Mammal Studies

Small mammals were collected at four sites in 1992, and trapped at three sites in 1994. Five
small mammal species were captured in 1992 and 1994. Capture rates in upland and riparian
zones decreased between July and September sampling, while capture rates in the riparian/upland
transition zone increased at two of the three sites in the same period, implying that small
mammals may use the transition zone more in cooler periods.

Reptile Studies

Reptile populations were sampled at three sites in 1993 and 1994. Sample sizes were small for
most surveys (n<5). Spencer Canyon was found to be the site exhibiting the highest density
of reptiles, with almost twice as many reptile detections as the other two sites. Riparian and
riparian/upland transition sightings were found to decrease between July and September
censuses, while upland sightings increased.

Management Implications
River flows were apparently a factor in the erosion of 12 vegetation quadrat and marsh sites.
No other direct flow effects were documented by these studies. The potential impacts of raising

the level of Lake Mead were measured, and included the inundation of over 1,200 ha of
vegetation, which may support between 12,000 and 19,000 individual breeding birds.

viii



CHAPTER 1. INTRODUCTION

Purpose Statement

This study of riparian communities along 110 miles of the Colorado River through Grand
Canyon was initiated as a result of concerns within GCES, the Hualapai Tribe, and other groups
that the potential impacts of Glen Canyon Dam flows on lower Grand Canyon riparian
communities were largely unknown. This study was developed to reach the following goal:

Identify 'the impacts of river flows (as part of the interim flows regime and any
exceptional events) and fluctuating Lake Mead levels on the riparian habitats and
animal populations of lower Grand Canyon.

This two-part, three-year study included 1) determining appropriate methods and sites and
collecting baseline data and 2) recensusing established sites during the remainder of the study
period.

Background

The building of Hoover and Glen Canyon Dams on the Colorado River drastically changed the
ecosystem of Grand Canyon. Prior to these dams, only a thin band of riparian vegetation
existed next to the highly variable, sediment-laden river. After building of the dams a new,
wider band of vegetation was able to grow next to a calmer, clearer river and, in lower Grand
Canyon, next to Lake Mead.

In 1983, as the spillways at Glen Canyon Dam were opened and Grand Canyon was flooded,
much of this riparian vegetation was scoured. Since the subsiding of the flood in 1984, riparian
vegetation has re-established in Grand Canyon. In response to concerns by the U.S. Fish and
Wildlife Service and other groups, and as part of the Glen Canyon Dam Environmental Impact
Statement, a regime of relatively stable, low flows called interim flows was instituted in August
1991 and continued through 1994.

Lake Mead, backed up behind Hoover Dam, had a tremendous impact on vegetation in the
lower 33 miles of Grand Canyon. Prior to 1966, Lake Mead was used for both flood prevention
and water storage, resulting in annual lake level changes of up to 30m. During this period, the
Colorado River brought nearly two billion tons of sediment into Lake Mead, creating silt
terraces that were exposed when Lake Mead dropped and covered again when the lake rose.
The highest terraces were created at the full pool level, while lower terraces were created at
different lake elevations and river flows. With the completion of Glen Canyon Dam and
subsequent use of Lake Mead as a water storage reservoir, the level of Lake Mead rose between
1966 and 1983 (Figure 2). Between 1983 and 1991, Lake Mead dropped, exposing large silt
terraces. These terraces were rapidly invaded by exotic and native vegetation, which grew at
extremely rapid rates.
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During the study period, the portion of Grand Canyon inundated by Lake Mead continued to be
affected by Colorado River flows as the river cut new channels, brought in new sediment
deposits, and rearranged existing deposits. Lake Mead rose approximately 3m and then fell
approximately 2m during the study, resulting in inundation and subsequent exposing of several
study sites.

Study Area

The study area included the Colorado River corridor from National Canyon (RM 166)'
downstream to the Grand Wash Cliffs (RM 276). The lower portion of the study area
(Separation Canyon at RM 240 to the Grand Wash Cliffs) was partially inundated by Lake
Mead. The study area is also referred to in this report as lower Grand Canyon.

Significant overlap existed between the study area of this project and that used by Stevens and
Ayers (1993). Stevens and Ayers conducted vegetation studies between Lees Ferry (RM 0) and
Diamond Creek (RM 225). To avoid replication, the establishment and recensusing of
vegetation sites in the overlap area (National Canyon to Diamond Creek) was divided between
the two research groups, and census data were shared.

Overall Study Design

Studies of four interrelated ecological groups (vegetation, birds, mammals, and reptiles) in
riparian and adjacent habitats were designed to analyze potential river and lake impacts.
Vegetation cover, composition, and diversity were measured using rectangular quadrats, marsh
plots, belt transects and total vegetation volume transects. Vegetation at specific sites and in the
reach from Spencer Canyon (RM 246) to the Grand Wash Cliffs was mapped based upon aerial
photography, overflights, and GIS analysis. Breeding bird populations, species, and nesting
chronology were studied using a variation of the Emlen (1971) census technique called the
absolute count method. Small mammals were trapped using standard trapline methodology
(Carothers et al. 1985). Reptiles were counted using a visual transect method based upon the
Emlen (1971) bird census technique.

The methods used were based to varying extent upon methods used by upper Grand Canyon
researchers. Stevens and Ayers (1993) developed a rectangular quadrat plot technique and a
marsh sampling method to identify vegetation composition, basal cover, and trends in separate
habitat types within Grand Canyon. These methods were used as exactly as possible in this
study. Belt transects designed by Kimberling (pers. comm. 1992) were used on Lake Mead silt
terraces downstream of Separation Canyon. Kearsley (1993) created maps of vegetation at upper
Grand Canyon sites using aerial photography, site visits, and GIS georeferencing; similar
methods were used at lower Grand Canyon sites. Brown (1989) conducted absolute count
surveys of breeding birds at sites in upper Grand Canyon; Brown conducted similar surveys at

'River miles (RM) are place names after Stevens (1983).
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previous and new sites for this study. Carothers (Carothers et al. 1976) trapped small mammals
and identified reptile populations in upper and lower Grand Canyon; similar methods were used

to study mammal and reptile populations for this study.

Analysis Techniques

The large amount of data collected during this study was condensed in this report to focus upon
indicators of river or lake impacts, and upon major trends that could be informative for Grand
Canyon managers. Vegetation data were analyzed to identify differences between habitat types
as well as between river and lake-influenced reaches. The loss of many quadrats and marsh
transects to erosion was related to river, lake and tributary flooding impacts. Exotic species
prevalence was examined to show which habitat types and locations were more likely to support
exotic vegetation. Avian census data were analyzed for differences between patch sizes and
sampling periods. Mammal and reptile data were analyzed to determine habitat preferences and
to characterize populations. Data summaries are provided in appendices for the use of readers
and future researchers.



CHAPTER 2. VEGETATION STUDIES

Introduction

Vegetation studies for this project were conducted between National Canyon and the Grand
Wash Cliffs. The reach from National Canyon to Diamond Creek was intensively studied prior
to this project by National Park Service researchers. The reach from Diamond Creek to the
Grand Wash Cliffs was little-studied prior to 1992.

Vegetation surveys were conducted in Grand Canyon by the Museum of Northern Arizona in
the 1970s and 1980s, and by the National Park Service between 1987 and 1994 (Carothers and
Aitchison 1976, Phillips et al. 1977, Carothers and Dolan 1982, Phillips et al. 1987, Carothers
and Brown 1991, Ayers and Stevens 1993, Kearsley 1994). These surveys included the reach
from Lees Ferry to Diamond Creek, and with few exceptions did not include the 51-mile reach
from Diamond Creek to the Grand Wash Cliffs due to logistical and political considerations.

Carothers and Aitchison (1976) conducted an overview study that included lower Grand Canyon;
Phillips et al. (1977) mapped vegetation in the Grand Canyon to the Grand Wash Cliffs; and
Phillips (1987) produced an annotated checklist of vascular plants in all of Grand Canyon. In-
depth vegetation surveys of lower Grand Canyon were not begun, however, until 1992, when
the Hualapai Tribe became involved in Grand Canyon decision-making and began to support
vegetation studies downstream of Diamond Creek.

Study Area

The study area, the river corridor from National Canyon to the Grand Wash Cliffs, was divided
into three sections. The first, from National Canyon to Diamond Creek, could only be accessed
by boat from Lees Ferry or by helicopter. This area was included in studies by National Park
Service and other vegetation researchers. The second section, from Diamond Creek to
Separation Canyon, included 15 miles of river corridor that were little-studied prior to this
project. The third section, from Separation Canyon to the Grand Wash Cliffs, included the
portion of Grand Canyon that was partially inundated by Lake Mead.

In this third section, riparian vegetation grew primarily on silt banks deposited when Lake Mead
was higher. The highest of these banks was at 372m elevation (corresponding to a full pool),
and the lowest varied in elevation throughout the study period as the lake level rose and
dropped. In the 10 years prior to the study, the lake level dropped over 14m; during the study
it rose over 3m (1992-93) and then dropped over 2m (1993-94). Accordingly, many areas were
completely inundated in 1993, while other, higher areas benefited from a closer water table.
As the water fell in 1994, newly deposited silt banks were exposed and became habitat for fast-
growing riparian vegetation.



River current existed throughout this third section, although with much less force than upstream,
and constantly reworked its channel through the silt banks. Generally, the current attenuated
as it approached the Grand Wash Cliffs. River stage affected the water level downstream of
Separation Canyon, causing the water level to rise and fall with rising and falling river flow,
although to a lesser extent than upstream. The effect on water level also tended to attenuate
further downstream.

Riparian zone substrates upstream of Separation Canyon were generally coarse, varying from
sand to pebbles, cobbles, and boulders. However, when the river was muddy, silt was deposited
at least as a veneer over coarser sediments at the fluctuating water line, and reached a depth of
a meter or more in eddies. This silt could have been an important localized factor in moisture
retention as shoreline was exposed with dropping water levels, and may have played a part in
the origin of marshes. Riparian zone substrates downstream of Separation Canyon were
generally fine silts.

Fifty-one vegetation plots and transects, located throughout these three sections, were established
during and prior to 1992. Of these, 39 were suitable for use in long-term monitoring (Table 1).
Twelve were eroded by river or tributary action by 1993.

Methodology

Five kinds of study were used to evaluate changes in riparian vegetation. These included 1)
rectangular quadrats, 2) marsh transects, 3) silt terrace transects, 4) mapping, and 5) total
vegetation volume measurements. An herbarium collection was also made throughout the study
period. For each quadrat, marsh transect, and silt terrace transect, all individual plants were
identified to species, counted, and basal diameter measured. Collection of total vegetation
volume followed a separate protocol. Data were recorded in the field and then compiled on
computer using a standard spreadsheet program.

Rectangular Quadrats

Rectangular quadrats, a study design developed by National Park Service researchers for use
between Lees Ferry and Diamond Creek (Ayers and Stevens 1993), were established throughout
the study area in and prior to 1992. Quadrats were used to sample four vegetation types on
channel margin and eddy deposits: the riparian strip (RS) type at the 28,000 to 40,000 cubic
feet per second (cfs) stage in channel margin vegetation patches; the general beach (GB) type,
also at the 28,000 to 40,000 cfs stage, in eddy deposits with large, sandy dunes; the debris fan
(DF) type, at the 28,000 to 40,000 cfs stage in tributary debris fans; and the old high water zone
(OHWZ), at the 100,000 to 300,000 cfs stage in pre-dam vegetation patches. Within each
vegetation zone, quadrat location was randomly determined, with the long axis aligned parallel
to river flow. Each 5 x 10m quadrat was divided into eight subplots 2.5 x 2.5m to aid in
species censusing, measurement of plant basal cover, and data analysis.




Table 1. Master List of Study Sites

River
Mile

Vegetation
Studies

Avian Mammal
Studies Studies

Reptile
Studies

River Sites

166.5L
172.2L
183.2R
194.0L
198.0R
209.0L
213.0R
217.4L
220.0R
228.8L
231.8L
235.0L

Aerial Map

RS, GB, OHWZ, GIS
RS, GB, OHWZ, GIS
RS, GB, OHWZ, GIS
Aerial Map

RS, GB, OHWZ, Aerial Map
RS, GB, OHWZ, GIS
RS, GB, OHWZ, GIS
RS, GB, OHWZ, GIS
Marsh, GIS

RS, GB, OHWZ, GIS
GB, DF, OHWZ, GIS

Lake Sites

241.5L
243.2L
246.0L

246.0 to

276.0

249.4L
254.0R
254.1L
260.2R
260.2L
261.5L
264.5L
269.6L
273.1R

Marsh, GIS
Aerial Map
OHWZ, Aerial Map

Aerial Map

Marsh, GIS

GB1, GB2, GB3, GIS

Silt Terrace Transect

Aerial Map

Aerial Map

Silt Terrace Transect

Silt Terrace Transect, Aerial Map
Silt Terrace Transect

Silt Terrace Transect

Transect

Transect
Transect

Transects

Transect
Transect Transects

Transect
Transect Transects

Transect

Transects

Transects

Transects

Notes: RS=riparian strip; GB=general beach; OHW=old high water, GIS=electronically
surveyed and included in the GCES Geographic Information Systems database. River
miles (RM) are after Stevens (1983). L or R following river mile designates left or
right side of river (facing downstream).




The rapid erosion of quadrats downstream of Separation Canyon, and the difficulty of using
quadrats to sample large, zonated vegetation patches which did not readily correspond to
vegetation types upstream of Separation Canyon, led to the abandonment of silt terrace quadrats
that were eroded. Quadrats at one downstream site (RM 254R) were not eroded and were
sampled throughout the study period. Silt terrace transects were the primary method used to
sample sites downstream of Separation Canyon.

Marsh Transects

Five marsh transects were established downstream of Diamond Creek in 1992, in areas that
supported dry or wet marsh vegetation’. A series of belt transects was used to sample each
marsh. A baseline was laid out at the upper (talus) edge of marsh vegetation. At 3 to Sm
intervals along the baseline, 1m wide belt transects were established from the baseline to the
water’s edge, perpendicular to river flow. Basal cover was measured; species identified; and
individuals counted in each belt transect.

Two of the five marsh sites established downstream of Diamond Creek were eroded by river
flooding in 1993, and due to a lack of other suitable sites were not replaced.

Silt Terrace Transects

Silt terrace transects were established downstream of Separation Canyon to sample the large,
zonated vegetation patches that occurred on exposed silt banks. The silt banks were terraced as
a result of sediment deposition at various lake levels and river stages, with as much as 12m
elevation difference between low and high terraces. The lowest terraces were generally adjacent
to the river, while the highest terraces were furthest from the river.

Silt terrace transects were sampled using a transect baseline and ten 1-sq-m random plots in each
vegetation zone. Transect zones were 5 to 80m wide, and typically included a wide zone
dominated by coyote willow (Salix exigua) adjacent to the water’s edge, followed by a narrow
band of large Goodding’s willow (Salix gooddingii); a band of large tamarisk; and one or two
zones of dead dry and wet marsh vegetation.

One transect was randomly placed within each of five 5-mile sub-reaches for a total of 5
transects. For each transect, a permanent endpoint (a painted or etched X) was established on
the talus slope that marked the outer limit of the highest silt terrace. From this endpoint a
transect baseline was established perpendicular to the flow of the river from the talus slope to
the water’s edge. Distinct vegetation zones were delineated and their width measured. Within
each vegetation zone, in a belt 20 meters wide centered on the baseline, ten randomly placed 1-
sq-m plots were censused and basal cover measured.

2Dry marsh vegetation is defined by Cowardin et al. (1979) as patches of emergent annual or perennial vegetation in low-lying, periodically
inundated habitats; wet marsh vegetation consists of patches of emergent annual or perennial vegetation in low-lying, regularly inundated habitats.
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The majority of the transect at RM 273R and approximately half of the transect at RM 269L
were inundated in 1993, preventing recensus of those areas for that year. By 1994, the lake had

dropped and these areas were recensused.
Mapping

Four vegetation mapping projects were undertaken: 1) mapping of riparian vegetation types in
the river corridor throughout the study area, using the GCES Map Image Processing System
(MIPS); 2) mapping of the eight avian study sites (two of which overlapped with vegetation
study sites); 3) mapping of areas between RM 273 and the Grand Wash Cliffs (GIS Site 13) that
would be inundated during a rising lake event; and 4) mapping of riparian vegetation types in
the river corridor from Spencer Canyon to the Grand Wash Cliffs, using aerial photography and
aerial verification, and processing data using the GCES/Hualapai GIS.

The GCES MIPS was used to transform videotaped images (videography) of the river corridor
into still images and maps of vegetation in the corridor. Printouts of MIPS images were used
by researchers during a May 1993 research trip to map riparian vegetation types between
National Canyon and the Grand Wash Cliffs. The ten dominant vegetation associations in this
reach were identified and numbered for use in mapping. The data from the printouts were then
entered into MIPS for analysis. MIPS was later found to be very inaccurate, with error margins
of up to 200% (Arundel in litt.). These data were not useful for determining the vegetated area
of distinct vegetation types, or of riparian vegetation overall.

The eight avian study sites were mapped by researchers and analyzed with GIS. Researchers
used June 1994 aerial photographs to map vegetation types at National Canyon, Parashant
Canyon, Granite Park, RM 243L, Spencer Canyon, Quartermaster Canyon, RM 260R, and RM
264L. One of these sites (Granite Park) is in a GCES GIS reach (Site 9). These data were then
entered into GIS to determine the size of each site and proportion of each vegetation type. The
five sites downstream of Separation Canyon were electronically surveyed in 1994 to provide
more accurate area calculations.

The GIS was also used to model the effects of rising Lake Mead levels on the reach from RM
273 to the Grand Wash Cliffs (GIS Site 13). Topographic maps with 1m contours were
available for this reach, allowing creation of a rough model of those areas that would be
inundated were Lake Mead to rise.

Mapping of riparian vegetation in the corridor downstream from RM 247 to the Grand Wash
Cliffs was completed in 1994. Researchers used June 1994 aerial photographs during a
helicopter overflight to mark and verify vegetation types. As with the MIPS mapping, ten
vegetation types were used. These data were then entered into GIS for analysis.



Total Vegetation Volume

Total vegetation volume (TVV, Mills et al. 1991), an index of vegetation volume, was measured
for each rectangular quadrat, and the TVV of each silt terrace transect was sampled in each
zone. All avian study sites were also intensively sampled to find the TVV of different vegetation

types.

The presence (a "hit") or absence of vegetation within 0.1 m of a stationary height pole was
recorded at 0.1 m intervals. Therefore, we sampled a series of cylinders 0.1 m tall and 0.1 m
in radius. The number of hits in each meter layer above ground was from 0-10. Plant species
associated with each hit were recorded; if 2 or more species were present in the same meter
layer, the total number of hits in that layer were allotted between the species according to the
relative dominance of each species within the layer. TVV was estimated from these
measurements using the formula: TVV = h/10p, where h = total hits summed over all meter
layers at all points measured, and p = number of points at which vegetation was measured.
Resulting TVV estimates (units of m* of vegetation/m?) provided indices of canopy height,
percent cover, and volume by species.

At each rectangular quadrat, four 10m straight-line TVV transects were established lengthwise
within the quadrat. Measurements were taken at 2m intervals along each transect, resulting in
measurements from 5 points per transect and 20 points in each quadrat. TVV was also
measured at 4-12 random plots located in homogeneous vegetation patches within each study
site, with more plots in larger or more diverse study sites. A 20m straight-line TVV transect
was established within each plot along a random bearing from the plot center; measurements
were taken at 2m intervals along the initial TVV transect and a second, perpendicular TVV
transect through the center of each plot, resulting in measurements from 20 points in each plot.

Herbarium Collection

An integral part of the project from its inception, plant collections were made during each trip
on which a botanist was present. Specimens collected documented species present at study sites,
and extensive collecting was done along the river corridor, up side canyons, on desert slopes,
and in seeps and springs. The goal was to make as large a collection as possible and establish
a reference herbarium at the Hualapai Natural Resource Department (HNRD). Specimens were
pressed in standard plant presses as soon as possible after being collected (generally at lunch
stops and evenings), and collection locations were documented. Specimens were identified using
botanical manuals for the region, and verified at the Northern Arizona University Herbarium.
HNRD technicians mounted specimens for accession into the herbarium collection.
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Results

Interim Flow Effects

Ten quadrats and two marsh sites established in 1992 were eroded by river or tributary action
by 1993 (Table 2). This erosion could be attributed to a combination of two factors: rains that
in early 1993 caused high Colorado River flows and flash flooding in many tributaries, and clear
interim flows throughout the year that caused appreciable erosion at many sites.

Table 2. Study Sites Established in 1992 and Eroded by 1994

River  Vegetation Erosion

Mile Site ; Cause

River Sites

237.0L GB River Flow
Lake Sites

234,9R Marsh River Flow
239.5R Marsh River Flow
240.0L GB River/Tributary Flow
240.0R RS River Flow
246.0L GB Tributary Flow
246.0R RS, GB River Flow
259.0L RS, GB River Flow
266.0R GB River Flow
274.0R GB : River Flow

Notes: RS=riparian strip; GB=general beach. L or R following river mile designates left or
right side of river (facing downstream).

Quadrats

General beach (GB) plots were typified by dominant arrowweed, growing on coarse, sandy
substrates. These plots supported sparse populations of annual and perennial grasses and
perennial shrubs, including jimmyweed (Haplopappus acradenius). No basal cover or species
diversity trends were discernible between 1992 and 1994. The quadrat at RM 172 showed the
most dramatic change over the study period, with a decrease in basal cover from 67.9 cm*/m?
in 1992 to 3.9 cm?*m? in 1994. The primary source of this loss was in four species of dropseed,
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a perennial bunchgrass. These decreased from a combined basal area of over 3000 cm?in 1992
to 36.5 cm? in 1994. In addition, tamarisk basal area was approximately half its 1992 value in
1993 and 1994. It is not known if this decline was due to sampling irregularities or to a real
decrease in vegetation in the plot; such dramatic changes were not noted elsewhere in upstream
plots. Five of the GB plots established in 1992 were eroded by river action, and two others
were eroded by tributary flows.

Riparian strip (RS) quadrats had generally finer substrates which apparently retained more
moisture. These quadrats supported a wide variety of species, including Baccharis sp.,
arrowweed, tamarisk, horsetail (Equiserum sp.) and annual and perennial grasses. Exotic species
increased markedly during the study period at two sites, RM 194L and RM 231L. The increase
in exotics in both cases was due to a marked increase in Bermuda grass (Cynodon dactylon).
This a rather ephemeral species which may have increased due to substrate stability associated
with cessation of flooding with the onset of interim flows, or it may have increased due to short-
term rainfall conditions. Three of the RS quadrats placed in 1992 were eroded by river flows.

Debris fan (DF) plots had varied substrates, including fine soils, coarse sands, cobbles, and
boulders. Species diversity was highest in these plots, but many plots had very low total basal
cover. These plots supported populations of annual grasses and other annual species, with few
perennial species. No DF plots were eroded during the study period.

12
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Marshes

Marsh sites included sites supporting entirely wet marsh vegetation and sites with dry marsh
vegetation, and a fewer number of sites with both wet and dry marsh vegetation. Species
diversity in several marshes was higher than in quadrats or silt terrace transects, but was not
found to be significantly different between the three types.

Silt Terrace Transects

Silt terrace transects varied greatly in length, from approximately 20m to 300m. While zonation
existed at all transects due to the terracing effect of silt deposition at separate Lake Mead levels,
larger sites generally had a greater number of zones. Zone types, while similar between
transects, did not reflect the differences in density and growth rates between study sites.

Statistical Analysis

The placement of quadrats, marshes and transects in areas stratified by vegetation type and river
influences revealed dominant species which were distinct between plot types, but measurement
of these plots did not show significant differences in species diversity, basal cover or exotic
species dominance.

1) Basal Cover and Exotic Species Dominance

Using basal cover and species diversity of live perennials, we asked if vegetation zones were
consistently different from each other from year to year. The results of a Friedman two-way
analysis (using year to rank zone) was significant (p=0.039, F=16.267, df=8). However,
when we tested for separation between zones within each year, a Kruskal-Wallis one-way
analysis of variance was not significant for any of the three years. Using basal cover of exotic
live vegetation, we asked if vegetation zones were consistently different from each other from
year to year. The results of a Friedman two-way analysis of variance (using year to rank zone)
was not significant (p=0.457, F=2.60, df=3). We also tested for separation between zones
within each year, and a Kruskal-Wallis one-way analysis of variance was not significant for any
of the three years (p>0.1). We were unable to use parametric methods of analysis because of
the inability to transform these variables to homoscedastic groups.

2) Species Diversity (DECORANA)

Data from three years’ census of vegetation transects, marsh transects, and vegetation quadrats
were analyzed using a repeated measures analysis of variance. The variables used in the
repeated measures design were canonical variables generated by detrended correspondence
analysis of the perennial plant species assemblages sampled. The general approach corresponded
to that used in other GCES vegetation analyses.
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Overall, there was no detectable effect of time on the plant assemblages. This lack of
discernable change seems to arise from several sources. First, annual species are deleted from
all analyses, removing the most malleable species from analyses. Second, within marshes, all
plots were combined, so that potential changes in one part of the marsh could have been masked
by others occurring elsewhere (plots close to the river behave differently than those higher up
and drier). Third, sites are a powerful blocking factor, and lumping plots removed the ability
to analyze for changes within them. Also, analyses were apparently confounded by the effects
of having plots both above and below the lake level. Finally, many plots, including quadrats,
marshes, and transects were not recensused in all years, reducing the total number of
observations and the power of the tests.

In the absence of a single indicator species or a priori species ratio, the first step in the analysis
was the reduction of all species variables within each year for each plot to a single canonical
variable. For this, detrended correspondence analysis (DCA) was selected, owing to its
suitability to plant data. Its chief advantage is that it is insensitive to the confounding effects
of environmental gradients on second and higher order axes. Even though the plot values from
only a single axis was used in this analysis, it was deemed appropriate for the sake of
consistency because it is in general use in GCES vegetation analysis.

For each plot, changes in its DCA axis 1 score in each year were analyzed using the repeated
measures option of the SAS Proc GLM (general linear models) procedure. In this multivariate
procedure, the three Y values (DCA axis 1 score for 1992, 1993, and 1994) were related to a
single predictor. In the case of the marsh data, this was mile (site). For quadrat and transect
data, this was tried for both mile (site) and zone (or plot type). The test statistic was an F value
associated with Wilkes’ Lambda.

a) Marshes

No repeated measures analysis was possible for the marsh data given the structure of the data
set. Given that the repeated measures analysis is estimating values of each year’s overall mean,
in addition to the site parameter (the "x" in this case), the fact that there were only 5 marsh sites
with three years worth of data meant that there were no degrees of freedom remaining for the
error term. To salvage some analysis, a 3 x 5 Chi-square contingency table was constructed (3
years by 5 marshes with complete data). The test showed significant deviation from the null
hypothesis of no differences among the behavior of the 5 marshes in the three years (X% =
83.86, p < < < 0.05). This can also be seen in the graph of the marsh scores which shows all
possible behaviors: monotonic increases (194), monotinic decreases (241, 249), a rise and fall
(172), and a fall and rise (228 mile). As stated in the introduction, this would seem to be the
effects of lumping all plots within the marsh into a single measurement and measuring marshes
both above and below the beginning of the lake.
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b) Long Term Plots (LTP)

The LTP (quadrat) data from all three years were analyzed first as a function of plot type and
second as a function of river mile. In neither case was a significant effect of time found (years
vs plot: Wilks’ Lambda = .9630, Fg 1, = .230, n.s. year vs mile/site: Wilks’ Lambda =
.6144, F, 5 = 2.196, n.s.). In both cases, variation within the blocking factors swamped out
the variation between years. Subsequently, a two-factor analysis of variance was run using plot
and mile as factors (ignoring years) which showed both mile and plot had significant effects
(plots differ significantly within and among sites), as did the plot*site interaction (plots behaved
differently at different sites). The outputs from all these analyses are attached, as are graphs
of the behavior of each type of plot. In plain language, the results indicate that exactly where
you are (mile and plot) tells you more about the surrounding vegetation than what year it is.

C) Transects

As with LTP data, the transect data were subjected to the repeated measures analysis first by
mile (site) and second by zone. And, as with the LTP data, neither of these analyses showed
a significant effect of time on the vegetation data (years vs zone: Wilks’ Lambda = .6800, Fg
= 2.117, n.s. years vs mile: Wilks’ Lambda = .6089, Fy,, = 3.2122, n.s.). A 2-way
analysis of variance was run using mile and zone as factors. The results showed significant
effects of both mile and zone, as well as the mile*zone interaction. Subsequently, a one-way
analyses of variance relating scores (regardless of year) to sites within each zone showed
significant effects of site for all zones. This means that there were significant differences among
zone 1 transects from all the sites, and that the same applied to all other zones. The plain-
language translation of all these tests is that there was no consistent effect of year on the
vegetation, but that vegetation between sites, and within sites (between zones), differed strongly.
Again, knowing exactly where you were told you more about the vegetation around you than
knowing what year it was.

Vegetation Mapping

Four vegetation mapping projects were undertaken. The first of these, using MIPS to analyze
videography, was abandoned after error margins were found to be unacceptable. The results of
the other three are presented below.

1) Mapping of Eight Avian Study Sites

Vegetation types were mapped at the eight avian study sites to determine the proportion of areas
covered by distinct vegetation types (Table 3). Maps of each site are provided in Chapter 3.

17




Table 3. Area in hectares of vegetation at eight avian sites.

Vegetation Type 1 2

1. Wet marsh - -
2. Dry marsh - 0.08
3. Goodding's willow - -
4. Arrowweed - 0.22
5. Tamarisk 7.62 0.65
6. Grasslands - -
7. Seep willow - -
8. Coyote willow - -
9. Acacia/mesquite 43 1.58
10. Hackberry - 0.01

Avian Study Site

3 4 5
062 - -
255 251 242

- - 0.07
348 - 0.13

0.89

2.72

0.46
0.11

469

22.30
3.97
0.08
3.67

2) Mapping of Potential Inundation Areas

Elevation data for GIS Reach 13 (RM 273 to the Grand Wash Cliffs) detailed enough to create
topographic maps with 1m contours were provided for this project by GCES. These data were
analyzed by a GIS system to create a map of areas in that reach that would be inundated were
Lake Mead to rise. It was found that, in this reach, a rise of 2m would cause flooding of over

80% of the exposed silt terraces (Figures 5 and 6).

3) Mapping of Vegetation from Spencer Canyon to the Grand Wash Cliffs

Presented in Table 4 is a summary of aerial mapping from Spencer Canyon to the Grand Wash
Cliffs data. Tamarisk had the greatest areal extent of vegetation types, covering over 644
hectares. Coyote willow and Goodding's willow were also highly abundant. Maps of this reach

are provided in Appendix A.
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Site 13 Areas of Inundation
as a Result of Lake Mead Filling
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Figure 6. Areas of inundation for GIS Site 13 (RM 273 to the Grand Wash Cliffs) at differential
lake levels.



Table 4. Area of vegetation on silt terraces from Spencer Canyon to the Grand Wash Cliffs,
based upon aerial mapping. '

- Vegetation Type Area (Hectares)
1. Wet marsh 65.91
2. Dry marsh 32.80
3. Goodding’s willow 226.87
4. Arrowweed 0.57
5. Tamarisk 644.06
6. Grasslands 14.72
7. Seep willow 14.46
8. Coyote willow 238.72
Total 1238.11

Total Vegetation Volume

Figure 7 graphs mean vegetation volume by species at the eight avian study sites. While aerial
mapping described the areal extent of vegetation patches, vegetation volume showed the quantity
of vegetation in those patches. As the graph shows, tamarisk was present at all of the sites, and
had the highest vegetation volume at most of the sites. At National Canyon (Site 1), seep willow
(Baccharis salicifolia) and OHWZ species made up the majority of the vegetation volume.
Parashant (Site 2), had high volumes of mesquite (Prosopis glandulosa), seep willow, and other
species as well as tamarisk. Spencer Canyon (Site 5), had a large volume of tamarisk, but also
had significant volumes of Goodding's willow, coyote willow, seep willow, and other species.
Waterfall Rapids (Site 6), a small site entirely on a silt terrace, had low volumes of tamarisk but
high volumes of coyote willow and seep willow. Quartermaster Canyon (Site 7), a large, diverse
site with a large marsh, had high volumes of cattail (Typha sp.), seep willow, coyote willow, and
tamarisk. Tincanebitts Canyon (Site 8), a large, tamarisk-dominated site on a silt terrace, also
had a notable volume of seep willow, coyote willow and Goodding’s willow.
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Mean Vegetation Volume at Avian Sites
by Species, 1993
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Figure 7. Mean vegetation volume at eight avian sites, 1993.



Herbarium Collection

Approximately 300 separate collection numbers were assigned during the three field seasons of
the project, representing some 250 different species. Approximately half of the specimens were
delivered to HNRD on February 2, 1995, and the remainder await final processing and mounting
before being transferred to Peach Springs. The herbarium will be a permanent research resource
for HNRD personnel and projects. A list of all plants collected for the herbarium is provided
in Appendix G. Duplicate specimens are deposited at the NAU Deaver Herbarium.

During the course of this project, new localities for three sensitive plant species were found on
Hualapai lands in lower Grand Canyon.

1) Arctomecon californica (California bear poppy), a U.S. Fish and Wildlife Service (USFWS)

2)

Category 2 candidate species, was located on Hualapai lands for the first time in April 1994,
in two side canyons high above Lake Mead at the western end of Grand Canyon, during the
spring plant collecting trip for this project. It was previously known from similar habitats
west of Hualapai lands in Grand Canyon National Park.

The plants were first located in Ash Seep Canyon, RM 272L, the first side canyon on
Hualapai Reservation lands upstream from the boundary with Grand Canyon National Park.
The plants were on shelves along the east wall of the canyon, above the east fork, on benches
in the first unit below the Redwall, elevation approximately 2000-2200 feet, about 1/2 mile
from Lake Mead. The plants appeared to be inaccessible; the extent of the habitat or number
of individuals was not determined. On the July 1994 helicopter mapping trip, possible access
to the site from the west fork of the canyon was noted. This represents a range extension of
about 2 river miles from Cave Canyon (Columbine Falls).

California bear poppy was also found in Evans Heaven, the next major canyon upstream, at
RM 270.5L. Arctomecon was at the top of a high talus slope on the east side of the canyon
about 1/2 mile from Lake Mead, growing on narrow benches. Herbarium specimens were
collected at this site (Phillips 94-13); this is the first collection on Hualapai lands and a
further range extension. There were 20-25 plants at this site, and a few more large plants
were seen on the next shelf up and to the south.

Searches were not carried out further upstream; potential exists for additional localities on
Hualapai lands. The localities in lower Grand Canyon are high above Lake Mead in areas
that are de facto wildemess, in rugged, inaccessible terrain that is seldom if ever visited by
recreationists and other visitors to the area.

Camissonia speculicola subsp. hesperia (Evening primrose; no specific English common
name), a USFWS Category 2 Candidate species, was tentatively identified from collections
made at Bridge Canyon (RM 235L, Phillips 94-67) and one mile up Spencer Canyon (RM
246 L, Phillips 94-56) on two trips in September 1994. It had previously been reported from
Separation Canyon to Spencer Canyon. This taxon is difficult to distinguish from other
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3)

closely related taxa, and additional specimens will be collected on the spring trip in 1995 and

- sent to experts in the particular group if necessary to verify identification. It grows on coarse

gravels and sandy areas in side canyons and debris fans, and could potentially be quite
common in the area as such habitat is abundant. Additional surveys will be required to
determine the distribution and abundance of this species.

Flaveria mcdougallii (McDougall’s flaveria), a USFWS Category 3C species endemic to
lower Grand Canyon from Matkatamiba Canyon (RM 148L) to above Lava Falls, was found
in a side canyon just upstream from Vulcan’s Anvil by A. Phillips during a Paiute
ethnobotanical survey river trip in May 1993. This is believed to be a downstream record
for the species and the second or third site verified on Hualapai lands. About 50 plants were
noted in a seep at the upper end of a steep drainage that passes through the river camp at RM
177.8L. The plants grow in an area about 100 feet long on the west wall of the amphitheater
at the head of the drainage about 1/4 mile from the river at an elevation of about 2200 feet.
The plants were also present at the top of a waterfall on the east side of the amphitheater;
this site was inaccessible. This seep appears to be permanently flowing as associated species
(redbud, cattails, maidenhair fern, cardinal monkeyflower) require permanent water. This
species was first discovered at Cove Canyon (RM 174R) in 1975; the only place in the world
it occurs is in seeps and moist side canyons in this 30-mile stretch of Grand Canyon. It was
dropped from consideration for listing as threatened because there are no discernible threats
despite its rarity.
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CHAPTER 3. AVIAN STUDIES

Introduction

Little information exists on the birds of the Hualapai Reservation in general and the Colorado
River through the Hualapai Reservation in particular (Brown et al. 1987). Although historic
studies have provided valuable baseline information on the birds of the river corridor through all
or part of this area (Carothers and Aitchison 1976), bird density, diversity, and ecology need to
be documented using quantitative techniques that will provide contemporary information for river
and dam management.

Periodic fluctuations in the level of Lake Mead since the 1930s have strongly influenced the
substrate and vegetation of the river corridor from Separation Canyon to the Grand Wash Cliffs
(Carothers and Brown 1991) and are suspected to have caused several cycles of episodic change
in its riparian birds. A single cycle of change would have likely involved two phases: 1) avian
colonization of emergent riparian vegetation as lake levels receded, followed by 2) displacement
of the resulting nesting bird community as lake levels increased. At present, the nesting bird
community of the river corridor from Separation Canyon to the Grand Wash Cliffs is
approximately 9-10 years into the first phase of a new cycle of change. The probability is high
that changing lake levels will continue to cause future episodic changes in nesting bird use of the
river corridor on this portion of the Hualapai Reservation.

The purposes of this study were twofold: 1) to identify the status and estimate the abundance
and species richness of birds nesting in the riparian zone of the Colorado River through the
Hualapai Reservation; and 2) to assess, where possible, the influence of interim flows from Glen
Canyon Dam on these nesting birds.

Study Area

The study area was the riparian corridor of the Colorado River between National Canyon and the
Grand Wash Cliffs. For the purposes of analyzing avian use, the riparian vegetation of the study
area can be divided into three associations based upon river and lake influences: (1) the old
high-water zone (OHWZ), (2) the new high-water zone (NHWZ), and (3) the fluctuating lake-
level zone (FLLZ). The OHWZ is located at and above the pre-dam average high-water mark
(ca. 100,000 cfs) and is dominated by mesquite, catclaw acacia, and netleaf hackberry (Celtis
reticulata). Little if any riparian vegetation existed in the scour zone adjacent to the river's edge
below the average high-water mark prior to the construction of Glen Canyon Dam. Glen Canyon
Dam eliminated the annual floods which scoured away developing riparian vegetation below the
pre-dam high-water-mark, allowing development of the NHWZ. The NHWZ, which exists side-
by-side with the relict community of the OHWZ between National and Separation Canyons, is
dominated by tamarisk, coyote willow, Baccharis sp., and arrowweed.

The FLLZ was located on silt banks deposited by the Colorado River downriver of Separation
Canyon in the zone of influence of upper Lake Mead. Riparian vegetation in the FLLZ was also
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dominated by tamarisk, willow, Baccharis sp., and arrowweed, the same four species prevalent
in the NHWZ upstream of Separation Canyon. The term NHWZ as used in this report is
synonymous with the term FLLZ, unless a specific distinction is made.

Methodology

Surveys for nesting birds were conducted at eight sites (Table 5) in the study area from April 20
to June 6, 1993 and April 8 to June 11, 1994 using the absolute count method, in which an
attempt was made to count all birds in a specified area (Kendeigh 1944, Emlen 1971). This was
the method used in baseline studies of nesting riparian birds along the river corridor in the 1980s
(Brown and Johnson 1987, Brown 1987a, Brown 1987b, Brown 1988, Brown 1989). The small
size and linear nature of the study sites, the relative homogeneity of vegetation, and sample size
considerations imposed by the limits of time and field work scheduling made the use of this
method preferable to techniques such as the variable circular plot method, fixed or variable-strip
census, or the spot-map method (Ralph and Scott 1981). Each study site was surveyed four to
eight times in 1993 and six to eight times in 1994, based upon research trip length and timing
as well as weather conditions. In 1993, study sites upstream of Diamond Creek were surveyed
four times on one research trip from May 1-7, and study sites downstream of Diamond Creek
were surveyed five to eight times on four research trips spanning the entire annual study period.
In 1994, study sites upstream of Diamond Creek were surveyed six to eight times on two
research trips from April 8-14 and May 19-25, while study sites downstream of Diamond Creek
were surveyed seven to eight times on four research trips spanning the entire annual study period.
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Table 5. Location of bird study sites along the Colorado River between National Canyon and Pearce
Ferry. Sites 1 through 3 were located on the Colorado River upstream of the influence of Lake Mead;
all other sites were in the zone of influence of Lake Mead. River Miles are after Stevens (1983).

Site Elevation
Number Location River Mile (m)
1 National Canyon 166.1-167.0L 532
2 Parashant Canyon 198.0-198.1R 465
3 Granite Park 208.4-209.0L 442
4 Above Spencer Canyon 243.2-243.4L 372
5 Spencer Canyon 246.0L 372
6 Quartermaster Canyon 260.1-260.3L 372
-7 Waterfall Rapids 260.1-260.3R 372
8 Tincanebits Canyon ~ 263.8-265.1L 372
Bird Surveys

A single observer conducted bird surveys between 05:00 and 09:30 hours by walking slowly
through the small, discrete study sites. The survey objective was to detect and record singing
males for those species that were primarily monogamous and exhibited type-A territories, and
to detect and record all individuals for those species that were either polygamous, did not exhibit
type-A territories, or did not exhibit vocal or visual sexual dimorphism.

A type-A territory is an all-purpose area, used for nesting and feeding by the pair, that is vocally
advertised, physically defended, and from which all other individuals of the same species are
assumed to be excluded. Therefore, monogamous type-A species were most easily censused by
recording detections of singing males (Mayfield 1981), with the assumption that each male
represented a nesting pair and that all singing males were detected during the survey periods.
For a discussion of avian territoriality, see Perrins and Birkhead (1983). Species that were either
primarily monogamous or maintained type-A territories included: Western Screech-Owl, Ladder-
backed Woodpecker, kingbird, Bewick's Wren, Marsh Wren, Blue-gray Gnatcatcher, Phainopepla,
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Figure 8. Nesting chronology of selected bird species detected nesting along the Colorado River
corridor from National Canyon to Tincanebits Canyon (RM 166-265), 1982-1987 and 1993-1994
combined. Only species for which > 5 nests were found containing eggs or young are included.
Sample sizes in parentheses follow species names. Brackets indicate the period when each
species was calculated to have eggs or young in active nests; bold lines indicate the peak of
nesting when > 50% of the sample nests of each species was calculated to contain eggs or young.




Northern Mockingbird, Crissal Thrasher, Bell’s Vireo, Lucy’s Warbler, Yellow Warbler, Common
Yellowthroat, Yellow-breasted Chat, Summer Tanager, Blue Grosbeak, Lazuli Bunting, Indigo
Bunting, Song Sparrow, and Hooded Oriole.

Species that did not maintain type-A territories included: Gambel's Quail, Mourning Dove,
Black-chinned Hummingbird, Costa’s Hummingbird, Great-tailed Grackle, Brown-headed
Cowbird, House Finch, and Lesser Goldfinch. Ash-throated Flycatchers maintained type-A
territories but did not exhibit visual or vocal sexual dimorphism, so that detections could not be
assigned to a male or female. For this reason, Ash-throated Flycatcher detections were recorded
as individuals.

Species that were detected during surveys but were either known not to nest at the eight study
sites or were assumed to be wanderers from nearby nesting areas were not reported in the survey
results. These species included: herons, ducks, swifts, Black Phoebe, Say’s Phoebe, swallows,
Canyon Wren, Rock Wren, and Red-winged Blackbird.

This conservative technique likely underestimated actual bird density, and other techniques may
provide a more accurate density estimate for some species, particularly hummingbirds (Brown
1992). Nest searches were conducted before and after most surveys to provide supplemental
information on bird densities and to identify species-specific nesting chronology.

Nest Searches

Nest searches were conducted from April to June during the study period by up to six trained
observers. Data recorded on nests and nest contents included: nest substrate plant, nest height
above ground (nearest 10cm), habitat (NHWZ or OHWZ), species, date, number of eggs or young
present, age of young (if applicable), and presence of cowbird eggs or young.

Observations on nest contents made during nest searches were combined with similar data
collected in the study area during 1982-87 studies (Brown 1992, Brown 1994) to create the
nesting chronology summary in Figure 8. Nest contents data were collected at active nests
during one to four visits per season, with most nests visited once. For this reason, the
chronology of each nest was reconstructed from the average number of days reported in the
literature for the egg-laying, incubation, and nestling periods of each species (Table 6, Figure 8).
Nests containing fewer eggs than expected for a completed clutch were assumed to be at the
corresponding day of the egg-laying period. Nests containing a completed clutch were assumed
to be at the mid-point of the incubation period. Further details and assumptions of nest
chronology reconstruction based on nest contents, especially for hummingbirds and cowbirds, are
presented in Brown (1992 and 1994).

The egg-laying period was the number of days required to lay a completed clutch, as a single egg
was assumed laid each day at dawn (Pettingill 1970). The incubation period was the number of
days from laying of the last egg to hatching of the last egg, and the nestling period was the
number of days from hatching of the first egg to fledging of the last young. The average number
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of days for hummingbird and cowbird egg-laying periods was assumed to be 1 day, even though
more eggs may be laid, especially by cowbirds. Nesting chronology information on Lucy's
Warbler was unavailable, but was assumed to be similar to that of Nashville Warbler. It was
assumed that no delay occurred between termination of egg-laying and initiation of incubation.

Vegetation Mapping and Measurement

Vegetation at each of the eight study sites was mapped by researchers using 1993 aerial photos,
and these data were analyzed with GIS to show the proportions of vegetation types (Figures 9-
15). Total vegetation volume (TVV) measurements were also taken at each site. Data on
vegetation types and volume are presented in Chapter 2. The size of each study site was
measured with a compensating polar planimeter from 1:4800 scale aerial photographs taken on
31 May 1993.
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Results

Survey results are presented in two ways. In the first, the maximum detections technique, the
maximum number of singing males detected for each type-A territorial species at a study site was
multiplied by two (as we assumed each singing male was paired), combined with the mean
number of individuals detected of those species not maintaining type-A territories, and then
reported as an estimate of the number of nesting individuals for that site. In the second, the
mean detections technique, the mean number of singing males detected for each type-A territorial
species at a study site was multiplied by two, combined with the mean number of individuals of
those species not maintaining type-A territories detected at each site, and then reported as an
alternative estimate of the number of nesting individuals. The number of singing males was
multiplied by two to arrive at the number of individuals to account for the assumption of a 1:1
male:female sex ratio for territorial type-A species.

Because the detectability of each species appeared to vary throughout the study period and
because the maximum detectability of each species was likely just prior to or during its time of
peak nesting (Best 1981), estimates based on maximum detections are considered to be more
accurate. Densities based on mean detections likely underestimated actual densities. For species
that did not arrive until mid-season, such as Yellow-breasted Chat and Brown-headed Cowbird,
mean detections were calculated by using only those surveys made after the species had first been
detected.

Twenty-nine bird species known or suspected to nest were detected in riparian vegetation at the
eight study sites. The number of species detected at study sites ranged from 8 to 21 in 1993 and
12 to 21 in 1994. A brief description of each species’ occurrence in the study area along with
its habitat use, nesting behavior, and other information is presented in Appendix B.

In 1993, bird density estimates derived from the maximum detections technique ranged from 217
to 1,764 individuals/40 ha; density estimates derived from the mean detections technique ranged
from 154 + 12 to 1,098 + 121 individuals/40 ha (Table 7). In 1994, bird density estimates
derived from the maximum detections technique ranged from 283 to 1,840 individuals/40 ha
(Figure 11); density estimates derived from the mean detections technique ranged from 177 + 75
to 1,238 + 200 individuals/40 ha in 1994 (Table 8). The raw data from which these densities
were calculated are presented in Appendix I. Based upon these results and measurements of
vegetated area in the reach from Spencer Canyon to the Grand Wash Cliffs, we estimate that
between 12,000 and 19,000 individual breeding birds may occupy the over 1,200 ha of habitat
in lower Grand Canyon each year.
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Table 6. Length of nesting period for species with > 5 nests containing eggs or young found in the
Colorado River corridor from National Canyon to Tincanebits Canyon (River Miles 166-265), 1982-87

and 1993-1994,

Average number of days/period

Species Egg-laying Incubation Nestling Literature Source

Black-chinned Hummingbird 1 16 22 Bent 1940, Demaree 1970

Black Phoebe 4 16 17 Bent 1963

Blue-gray Gnatcatcher 4 14 12 Bent 1949

Bell’s Vireo 4 14 11 Barlow 1962, Brown 1993

Lucy's Warbler» 4 12 11 | Estimated from Bent 1953

Yellow Warbler 4 11 10 Bent 1953

Common Yellowthroat 4 12 10 Stewart 1953, Bent 1953

Yellow-breasted Chat 4 15 11 Petrides 1938, Bent 1953

Song Sparrow 5 12 12 Bent 1968

Brown-headed Cowbird 1 11 10 'Bent 1958, Scott 1979

House Finch 4 13 15 Evenden 1957, Bent 1968

Lesser Goldfinch 4 12 12 Linsdale 1957, Bent 1968
39



Table 7. Study site size, sample size of bird surveys/site (), and estimated densities of nesting birds
extrapolated by study site and method, Colorado River between National Canyon and Pearce Ferry,
1993. Raw data summaries are presented in Appendix 1.

Number of individuals detected per unit area

Maximum detections Mean detections
Study
site Size
number (ha) N /5ha /40 ha /5 ha /40 ha
1 4.6 4 272 2176 20.7+0.9 165.6+7.2
2 3.0 4 100.0 800.0 66.3+4.8° 530.4+38.4
3 11.6 4 27.6 2208 19.3+1.6 154.4+12.8
4 2.3 8 150.0 1200.0 77.8+17.6 622.4+140.8
5 2.2 5 220.5 17640 137.3+15.2 1098.4+121.6
6 7.1 5 133.1 1064.8 80.1+11.2 640.8+89.6
7 34 6 75.0 600.0 40.9+7.2 327.2+57.6
8 47.1 6 512  409.6 37.5+2.0 300.0+16.0

Totals 81.3 42 - - - -
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Table 8. Study site size, sample size of bird surveys/site (N), and estimated densities of nesting birds
extrapolated by study site and method, Colorado River between National Canyon and Pearce Ferry,
1994. Raw data summaries are presented in Appendix I.

Number of individuals detected per unit area

Study Maximum detections Mean detections
site Size
number (ha) N /Sha /40 ha /5 ha /40 ha
1 46 6 402 3217 22.149.3 176.5+74.8
2 30 8 122.8 9827 | 69.2+6.0 553.3+48.0
3 116 6 354 2831 22.6+4.6 181.0+36.6
4 - 23 8 156.1 1248.7 101.1+21.5 808.7+172.2
5 22 8 230.0 1840.0 154.8+25.0 1238.2+200.0
6 7.1 8 117.6  940.8 82.847.0 662.5+56.3
7 34 8 87.5 700.0 42.1+12.1 336.5+96.5
8 47.1 7 49.1 3929 37.8+3.2 302.6+25.7
Totals 813 59 - - - -
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CHAPTER 4. MAMMAL STUDIES

Introduction

Mammal studies were initiated in lower Grand Canyon in order to identify the impacts, if any,
of interim flows from Glen Canyon Dam on small mammal populations and to increase the
biological knowledge base of this little-studied area. As with vegetation and avian studies,
research was conducted to gather baseline species diversity and capture rate data, and monitoring
provided comparative data. Prior to these studies, only informal mammal research was conducted
in the portion of Grand Canyon below Diamond Creek (Carothers et al. 1985, Carothers and
Aitchison 1976, Ruffner et al. 1978). Because small mammals in this area used riparian
vegetation patches, but also made use of upland areas, this study was designed to examine
differential use of riparian and adjacent xeric upland areas.

Small mammals constitute an ideal experimental focus for mammal studies because of the relative
ease with which they could be trapped and because of their relatively large numbers. Small
mammal communities are known to be dependent upon riparian vegetation for food sources,
nesting material, cover sites, and breeding areas. A strong relationship potentially exists between
small mammal population dynamics and vegetation volume, type, and area of riparian vegetation
patches. Small mammal populations may be directly affected by differing flow regimes and
changing lake levels, as these can affect the type and quantity of primary small mammal habitats.

Monitoring at small mammal research sites was initiated in 1992, with trapping conducted during
July vegetation studies research trip. The 1993 outbreak of the hantavirus, a deadly disease
carried by small mammals of several species, caused the postponement of 1993 research. Two
research trips were conducted in 1994,

Study Area

The study area consisted of the Colorado River corridor between Diamond Creek and the Grand
Wash Cliffs. Three study sites were chosen in this reach: Bridge Canyon (RM 235L), Spencer
Canyon (RM 246L), and Quartermaster Canyon (RM 260L, Table 9). The Bridge Canyon site
was primarily river-influenced, while the Spencer and Quartermaster Canyon sites were
influenced by both river action and Lake Mead water level fluctuations. The Spencer and
Quartermaster Canyon areas at the mouth of each canyon were last completely inundated by Lake
Mead in 1983, and were partially inundated through 1993. The majority of vegetation in these
areas became established since 1983. Perennial streams flowed through each site, and some
riparian vegetation at each site was found to pre-date the 1983 inundation.

Each of the three study sites supported three distinct habitat zones: riparian areas, adjacent to
the river or perennial stream; xeric upland areas; and the transition zone between riparian and
upland areas. Riparian areas were dominated by coyote willow, tamarisk, and arrowweed; upland
areas were generally dominated by brittlebrush. The transition zone was populated primarily
by depauperate riparian vegetation.
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Table 9. Location of mammal study sites between Diamond Creek and the Grand Wash Cliffs.
River miles are after Stevens (1983).

Site Number Location River Mile

1 Bridge Canyon 235.0L

2 Spencer Canyon 246.0L

3 Quartermaster Canyon 260.2L
Methodology

Research trips were conducted from July 10-16 and September 28-October 6, 1992 as well as
July 11-17 and September 10-15, 1994. Research trips in 1992 focused upon collection of small
mammals, determination of appropriate trapping methodology, and selection of monitoring sites.
Trapping was conducted at Travertine Falls (RM 229L) and RM 241L, but the small site size and
lack of accessible upland habitat led to the choice of other sites for further research. Research
trips in 1994 focused upon sampling riparian, upland, and transition areas through live trapping.
Three trap-nights were spent at the Bridge Canyon site in 1994, and five trap-nights were spent
each at Spencer and Quartermaster Canyons. On each trap-night, in each of the three habitat
zones, fifty Sherman live traps were armed and baited with wet oats. A total of 150 traps were
set each evening. These traps were checked the next morning and the types and numbers of
species captured in each habitat zone were recorded. After all pertinent information was
collected, the mammals were released near the point of capture except where the mammal was
kept as a museum specimen (Duncan 1990). After the traps were checked they were de-armed
and left in place until later that evening when the process was re-initiated.

Results

Four small mammal species were trapped in 1992, including rock pocket mouse (Perognathus
intermedius), cactus mouse (Peromyscus eremicus), canyon mouse (Peromyscus crinitis) and
desert woodrat (Neotoma lepida). Three small mammal species were trapped in 1994, including
rock pocket mouse, cactus mouse, and desert woodrat. Figure 17 depicts capture rates for each
of the three study sites during July and September. Capture rates in upland and riparian zones
decreased markedly in September. During the same period, capture rates in the transition zone
at Bridge and Quartermaster Canyons increased, implying that small mammals were using the
transition zone at these sites more heavily in September. However, captures in the transition
zone at Spencer Canyon in September dropped.
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All three species were found at Spencer and Quartermaster Canyons, but desert woodrat was not
found at Bridge Canyon. Rock pocket mouse was the species most commonly captured.

Study sites at Bridge Canyon and Quartermaster Canyon were stable in size and vegetation
composition throughout the study period, which can be attributed to the interim flow regime and
Lake Mead levels that varied less than 3m over the study period. Spencer Canyon experienced
the destruction of several riparian areas during a February 1993 tributary flood; during this time
period, high Colorado River flows deposited new sediments near the mouth of the canyon. Small
mammal populations were not documented at this site until 1994, so the effects of tributary and
river flooding on small mammals could not be measured.
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CHAPTER 5. REPTILE STUDIES

Introduction

The objective of reptile studies in lower Grand Canyon was to identify any correlation between
interim flows and reptile population and species diversity. A baseline research and subsequent
monitoring program identified reptile community parameters. Only informal reptile studies have
been conducted below Diamond Creek (Carothers et al. 1985, Carothers and Aitchison 1976).
Previous studies in upper Grand Canyon (Warren and Schwalbe 1986) focused upon shoreline,
new high water, and old high water vegetation zones. In much of lower Grand Canyon, these
zones have been replaced by newly vegetated depositional silt bars in the area influenced by Lake
Mead. Our studies used the methods of upper Grand Canyon researchers where possible, and
adapted these techniques as necessary for the special conditions of lower Grand Canyon.

Terrestrial reptiles were surveyed to assess both species diversity and species abundance.
Reptiles are primarily dependent upon riparian habitats for food sources: insects, vegetation and
small mammals. Because reptiles are ectothermic, their habitat lies equally in the rocky uplands
and in the transition zones between upland and riparian areas. Reptiles depend on uplands where
darkly colored volcanic rocks and soil substrates provide optimum habitat for body temperature
regulation.

Study Area

The three study sites used for reptile censusing were identical to those used for mammal trapping:
Bridge Canyon, Spencer Canyon, and Quartermaster Canyon. Each study site contained three
sampling zones: riparian areas, uplands, and the transition zone that separates riparian from
upland areas. Bridge Canyon was the smallest of the three sites, and riparian areas there were
primarily affected by present and historic river activity. Spencer and Quartermaster Canyons
supported extensive riparian areas upon silt banks deposited by Lake Mead.

Methodology

Research trips were conducted from September 13-20, 1993 and July 11-17 and September 10-15,
1994. During the 1993 trip, the main focus of which was vegetation recensus, sample transects
at Spencer Canyon and Quartermaster Canyon were censused to identify the most suitable survey
and analysis techniques. Visual belt transects, modified from the Emlen (1971) bird census
technique, were used in 1994 to census common diurnal lizard species and crepuscular amphibian
species (Lowe and Johnson 1977). This method involved walking transects through dominant
vegetation types and recording all reptile individuals observed within a 1 to 4 meter wide belt,
based upon the density of vegetation. Transect length varied with size of the habitat patch.
Transect routes were selected to identify variation between riparian habitats and adjacent non-
riparian desertscrub.
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Results

Quartermaster Canyon exhibited the smallest density of reptiles among sites, with fewer reptiles
detected in all three zones on both research trips. Reptile populations at Quartermaster Canyon
varied little between vegetation zones and separate surveys, but due to a small sample size no
clear analysis could be made (Figure 18).

Bridge Canyon, a site with very little riparian vegetation, had more reptiles in the upland zone
than in any other. More reptiles were sighted on the second research trip in the upland and
riparian zones, but fewer in the transition zone.

Spencer Canyon showed the highest density of reptiles among sites, with almost twice as many
reptile detections as at other sites. Many more reptiles were detected at this site during the first
research trip, an indication that reptiles may have been less active during September and thus less
readily counted. This is also shown by an increase in upland sightings and a decrease in
transition and riparian sightings between July and August research trips.

Western rattlesnake (Crotalus viridis) was found only in transition and riparian areas, and desert
spiny lizard (Sceloporus magister) was found primarily in riparian areas. Coachwhip
(Masticophis flagellum) was found only in upland areas. Other species found included tree lizard
(Urosaurus ornatus), western whiptail lizard (Cnemidophorus tigris), and side-blotched lizard
(Uta stansburiana).

As with mammal studies, the majority of reptile census data were collected after the flooding
events which altered the quantity and configuration of vegetation at the Spencer Canyon site, so
the effects of this event on reptile populations could not be assessed. The reworking of the
Spencer Canyon site was not attributable to interim flows, and the stability of the Bridge Canyon
and Quartermaster Canyon sites is more indicative of stabilizing interim flow effects.
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CHAPTER 6. DISCUSSION AND RECOMMENDATIONS

Studies for this project provided in-depth information on several facets of the riparian community
in lower Grand Canyon. The NHWZ and OHWZ areas upstream of Separation Canyon were
found to contain diverse vegetation communities which, in turn, supported diverse avian
communities. Study sites and avian populations were stable: the size of study sites did not vary
measurably between 1992 and 1994, vegetation at those sites did not vary significantly overall,
and bird populations did not change significantly between 1993 and 1994.

Downstream of Separation Canyon, silt bars supported productive vegetation communities, that
in turn supported large bird, mammal and reptile communities. These silt bars and animal
communities were also quite stable during this study, but the dynamism of this area was apparent.
The loss of vegetation quadrats, cutting of banks, deposition of new silt bars, and flooding of
many areas when lake levels rose, showed that river flows and changing lake levels can have
significant impacts on riparian areas. The effects of river and lake management decisions are
rapidly felt in lower Grand Canyon, and hasty reservoir level or river flow decisions could
inadvertently affect resources that managers are trying to protect. We recommend that
streamlined studies of lower Grand Canyon be continued to provide managers with the data they
need to make fully informed decisions.

Vegetation Studies

In the study area upstream of Separation Canyon, interim flows appear to have introduced
stability in debris fan sites, with few dramatic changes occurring in riparian zones. In some
cases, there appears to have been a shift in favor of exotic species, usually Bermuda grass and
tamarisk. Marshes appear to have senesced in places where they lie above current maximum
flow levels, deprived of periodic water and nutrient recharge from the river. No quadrats or
marshes were eroded in this reach.

In the transition area where both the effects of the river and water levels in Lake mead influence
shoreline communities, one marsh has shown a large increase in riparian (rather than marsh)
vegetation due to the establishment of a mainly riparian community on a newly stabilized silt bar
at the shoreline, while another marsh has shrunk due to bank erosion. Spencer Canyon, the last
downstream side canyon not choked by Lake Mead silt terraces, was scoured by a severe flash
flood in early 1993, causing nearly all of its vegetation to be removed, depositing a new cobble
delta at its mouth, and eroding a silt bar across the Colorado River from which a study plot was
lost. A large coarse silt bar at RM 254R which was devoid of vegetation when the study began
was rapidly invaded by riparian species and by 1994 supported dense native trees. The largest
gains in vegetation associated with the interaction of interim flows and varying lake levels appear
to have occurred in the transition zone. Four quadrats and two marshes were eroded between
1992 and 1993 in the reach from Separation Canyon to RM 254, primarily as a result of river
flows.
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In the downstream portion where wide lake silt terraces choke the mouths of side canyons,
habitat is lost as the banks erode into the lake where terraces are high. Lake levels, which
fluctuate more than Colorado River levels, alternately expose and cover new habitat which is
quickly invaded by riparian species, only to be flooded or eroded in most places before plants
become well established. Four quadrats were eroded between 1992 and 1993 in this reach as a
result of river flows and lake fluctuations.

Lake Mead Sites

The vegetation of the silt bars in the lower part of the Canyon has undergone a profound change
in the past 15 or 20 years, and much of the change may be due to a single event, the flood of
1983. Prior to that time the silt bars, from talus slopes to lakeshore, were consistently a
monoculture of dense exotic tamarisk. The flood of 1983 carried downstream a silt load of
sediments coarser than any that had been deposited in many years, along with high water and fast
current all the way to the Grand Wash Cliffs. The tremendous inflow caused a high lake level

~ that flooded most of the canyon silt terraces from wall to wall. Along with these sediments and

high water, branches and seeds of coyote willow, seep willow, and Goodding’s willow may also
have arrived in large quantities, debris from upstream beaches and riparian areas that were
scoured out by the flood waters. When the floods receded and new silt bars emerged, the three
native species were apparently ready to invade the habitat created, along with the old standby
tamarisk. This may have signaled the most important change in lower Grand Canyon vegetation
since the construction of Hoover Dam.

The three downstream quadrats at RM 254L showed the dynamic growth of native and exotic
plant species typical of exposed Lake Mead silt terraces. GB1 was established in 1992 on a large
patch of unvegetated coarse sand, which by 1994 was densely vegetated. Basal cover grew most
dramatically between 1992 and 1993, as seedlings (dominated by coyote willow and tamarisk)
sprouted throughout the quadrat. Basal cover then dropped between 1993 and 1994, as thinning
occurred with numerous sapling coyote willow growing at the expense of other seedlings. GB2
was established in 1992 at approximately the same elevation as GBI, in a back beach area that
supported a dense population of native and exotic seedlings. Basal cover in this quadrat dropped
between 1992 and 1993, following the same thinning pattern as GB1. Basal cover then rose
rapidly, and the percentage of exotic species fell, between 1993 and 1994 as native saplings grew.
GB3 was established in 1992 on a back beach terrace approximately one meter higher in
elevation than the terrace on which GB1 and GB2 were placed. This terrace was dominated by
healthy sapling seep willow in 1992, with little understory. As lake levels dropped in 1993, the
seep willow began to die. Tamarisk began to invade the plot in 1993, and by 1994 sapling
tamarisk dominated the quadrat.

In all of the plots at RM 254R, tamarisk was present at all readings, including the upper plot that
had dense seep willow in 1992. Tamarisk and seep willow may have germinated at the same
time, but the faster-growing seep willow shaded out the tamarisk early on and the tamarisk
remained as very slowly growing small plants. Or, tamarisk seeds might have arrived some time
after the seep willow was established, perhaps the last time the bar was flooded. In either event,
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small tamarisk were already there when the seep willow became senescent or drought stressed
and started to die out, then took advantage of the opportunity for rapid growth as seep willow
died. The tamarisk has to germinate on wet sand persisting long enough for it to get a good root
established, so its invasion and establishment must have occurred prior to the last time the terrace

dried out.

The rapidity with which riparian species can invade newly exposed silt bars in the Lake Mead
part of the study area was notable, and following the invasion, the competitive interaction of
exotic tamarisk and native coyote willow, Goodding’s willow, and seep willow and the rate at
which they grow is truly remarkable. In most of the cases we noted, tamarisk was soon
outstripped by natives in what was clearly no contest: coyote willow can grow two meters in
three months, leaving tamarisk in its shade barely 10 cm high. However, the adaptive tamarisk
survives as an understory, probably with a taproot disproportionately long in comparison to its
stem, and as the stand of senescent or drought-stricken seep willow in the back beach at RM
254R showed, the tamarisk shoots are there ready for a spurt of growth when their overstory dies
off.

Today, native species generally are dominant on outer portions of the silt terraces, while old
tamarisk, probably pre-dating 1983, remains a dominant on inner portions of the terraces. The
width of each zone varies from place to place, but on the widest terraces in the lower canyon the
recently established natives occupy a thin ribbon along the lake shore compared with the wide
expanse of old tamarisk. High banks erode back at low lake levels, and habitat along the shore
is continuously lost, taking coyote willows and in places large Goodding’s willows with it. An
understory of small tamarisk is generally present in the willow thickets, perhaps ready for a surge
of growth similar to that observed at the upper plot at RM 254R.

Fluvial Marshes

Opposing trends were noted at the two lower marshes, RM 241L and RM 249L. At RM 241L,
erosion of the outer edge of the shore by wave action resulted in the loss of some of the outer
bank, the creation of a steep, unstable slope dropping in to the river, and exposing of roots of
tamarisk and other woody species. This site has lost both stability and some of its bank,
especially between 1993 and 1994. This may be an example of a case where steady interim
flows have resulted in erosion by steadily impacting on a particular level along the shoreline.

At RM 249L, the outer portion of the beach has seen a dramatic increase since 1992. When the
study site was established, marsh vegetation was in a fairly narrow strip at this site, ending at a
pronounced low but apparently stabilized bank at the base of which was a wide wet sand terrace
at the shoreline. This apparently recently exposed habitat had a dense growth of seedlings,
mainly of riparian species rather than marsh species. By 1994 the seedlings on this outer silt bar
had grown rapidly, forming a thicket of riparian species, dominated by seep willow. Interim
flows, stabilizing near-shore habitat by keeping it moist while reducing erosion and flooding,
have allowed a dense riparian growth to develop at this site in an area that would have been
much more subject to erosion and deposition, as well as alternate flooding and exposure, under
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more variable flow regimes. The marsh, which remains intact behind the new riparian zone, has
not been adversely affected by bank stabilization; however, it probably receives less moisture
from the river under interim flows than it did under other regimes, so it may ultimately senesce
from reduced water availability. It should also be noted that this site is at the lower end of the
transitional reach between river and lake, and an increase lake level would probably be as likely
to flood the site as a larger variation in river levels.

Exotic Species

Frequently noted in the RS zone, as well as elsewhere such as in marshes, was Bermuda grass,
a short-lived exotic perennial grass species. This species spreads rapidly by horizontal prostrate
stems which root at the nodes, sending up digitate inflorescences during warm seasons. it is a
very difficult species to measure using basal area; investigators were taught to take a handful of
stems, measure the diameter, and extrapolate to the entire subplot. This is a difficult maneuver
for the most experienced technician, and consistency from person to person, site to site, and year
to year is very difficult to attain. The same sampling technique was used with all perennial
grasses; it is more accurate with bunch grass species. Basal area figures for grasses, especially
Bermuda grass, must be considered as indicative only of the most general trends, and differences
should not be interpreted with much conciseness. A better method of quantifying such species,
such as measuring cover, should be implemented at future readings.

The rise in exotic species in silt terrace transects was due almost entirely to large increases in
basal area of tamarisk measured in some zones. It is unlikely that this was due to a growth spurt
by tamarisk; most of the individuals were found in the back portion of the wide silt bars, away
from the lake and in areas that have not been flooded or subject to the effects of the lake for
some years. The tamarisk thickets in these areas are generally dense, mature, and slow to
change. Using the sampling method used for these transects, random sampling of ten 1-sq-m
plots in each terrace zone, the same place was not necessarily measured each year. It is likely
that while a plot size of 1-sq-m is sufficient for herbaceous species and woody seedlings, a
considerably larger plot or many more than ten sampling points per zone would have been more
appropriate for the trees found in most of the zones along the silt terrace transects. Thus the
methodology used for these transects probably resulted in sampling inaccuracies in a mature
vegetation type which changes very slowly, especially at the back of silt terraces where rainfall
is the primary source of moisture.

Recommendations

An understanding of the dynamics of flooding, erosion, deposition and rapid regrowth in lower
Grand Canyon will be essential for Lake Mead and Grand Canyon managers, since management
actions can have a large impact on vegetation communities in this area. The establishment
patterns of native and exotic species are still not well understood, but varying river flows and
lake levels could affect whether native species dominate newly exposed silt bars.

53



Large-scale vegetation trends in both river and lake-influenced areas can best be measured by
mapping riparian areas with the use of aerial photos and GIS. As areas are electronically
surveyed, they can be precisely compared year to year to determine changes in area and species
composition. Vegetation parameters can be sampled by hand to verify mapping and to add other
information such as vegetation volume.

Avian Studies

The estimated density of nesting birds at most study sites was generally comparable to
southwestern riparian habitats exhibiting similar vegetative composition and structure. The 388
pairs/40 ha (ca. 776 individuals/40 ha) estimated by Szaro and Jakle (1982) in tamarisk habitat
along the Gila River drainage of southern Arizona was generally equivalent to estimated densities
at most tamarisk-dominated sites in this study (Parashant Canyon, Above Spencer Canyon,
Quartermaster Canyon, and Waterfall Rapids). In contrast, estimated density at Spencer Canyon,
where tamarisk was co-dominant with mature, native willows and other native vegetation, was
extremely high (1,764 and 1,840 individuals/40 ha in 1993 and 1994, respectively). This was
comparable to the highest densities ever reported for non-colonial nesting birds, such as the 847
pairs/40 ha (ca. 1,694 individuals/40 ha) estimated in riparian cottonwood forests along the Verde
River of central Arizona (Carothers et al. 1974). The lowest estimates of bird density in the
study area (National Canyon and Granite Park) were at sites exhibiting primarily low-density,
open mesquite and acacia.

Bird density estimates from this study were compared to those reported in the 1980s (Brown and
Johnson 1987, Brown 1987a, Brown 1988, Brown 1989) at the three study sites upriver of
Diamond Creek (Table 10). Direct comparison of 1980s findings to those of the present study
were not possible due to changes in site size, differences in vegetation structure, and different
proportions of each site composed of NHWZ and OHWZ habitat from the 1980s to the present,
but generalized comparisons can be made. Density estimates from the National Canyon site from
1993-94 were within the range of density estimates made during the 1980s in spite of changes
in site size, but estimated density at Parashant Canyon and Granite Park from 1993-1994 were
generally less than that reported in the 1980s. The reason for the apparent decrease in estimated
density at the two latter sites is unknown. However, the apparent decrease at the Parashant
Canyon site is likely related to the loss through erosion of well-developed NHWZ habitat at the
water'’s edge since the 1980s and the 1993-94 inclusion of a large patch of poorly-developed
NHWZ habitat that had developed since the 1980s. The apparent decrease at the Granite Park
site is likely related to the inclusion of a large patch of poorly-developed NHWZ habitat that had
developed since the 1980s.

Species Richness

Species richness at the Parashant Canyon and Granite Park sites from 1993-94 was within the
range estimated for those sites in the 1980s, but richness at the National Canyon site from 1993-
94 was much greater than that estimated during the 1980s. The reason for this apparent increase
in richness is unknown. Taking all three study sites upriver of Diamond Creek together, 22
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species known or suspected to nest were found from 1984-1987; 21 were found from 1993-94.
The only species found from 1993-94 but not in the 1980s were Gambel’s Quail and Song
Sparrow at the Parashant site. The local distribution of quail in the study area is patchy and
occurrence is sporadic, so the appearance of potentially-nesting quail at the Parashant site is not
surprising. However, the detection of a singing male Song Sparrow at the Parashant site does
suggest the possibility that this species has begun to colonize the river corridor upstream of
Diamond Creek, where it was absent in the 1980s. Species found in the 1980s but apparently
absent from 1993-94 included Crissal Thrasher, Lazuli Bunting, and Hooded Oriole. These three
species were rare to uncommon in the study area and were not always found at each study site
each year in the 1980s; Crissal Thrasher was only found in one of four survey years. Therefore,
their apparent absence from 1993-94 probably did not represent any real change in the breeding
bird community, but most likely represented sample error or random fluctuations in local patterns
of site-occupancy.

Table 10. Comparison of site size, species richness, and estimated bird density at three study sites
upriver of Diamond Creek surveyed for nesting birds in the 1980s and 1990s (Brown 1987a, Brown
1988, Brown 1989).

Size of Estimated Species

study site bird density richness
Study (ha) (individuals/40 ha) (number of species)
site 1993-94 1984-87 1993 1994 1984-87 1993 1994 1984-87
National Canyon 4.6 2.6 217 322 215492 8§ 12 45
Parashant Canyon 3.0 1.9 800 983 1010-2084 14 19 12-19
Granite Park 116 66 220 283 272-752 14 17 11-16

Marsh Wren, a regularly-nesting species in the adjacent Lake Mead National Recreation Area
(Blake 1978), was only detected downriver of Diamond Creek in riparian vegetation developing
on the silt banks of Upper Lake Mead. Song Sparrow was detected only once upriver of
Diamond Creek, but it was common downriver of Diamond Creek where it has rapidly colonized
new habitat created by dropping levels of Lake Mead and has increased in numbers to become
one of the two most abundant riparian-nesting species (the other being Bell's Vireo; see Appendix
II). Riparian habitat upriver of Diamond Creek appeared suitable for nesting by both species,
but the lower Granite Gorge from RM 217 to the head of Lake Mead (approximately Separation
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Canyon, RM 240), an area largely devoid of riparian vegetation, may present a barrier to
upstream colonization by these two species.

Timing of Survey Work

Bird density at all three study sites upstream from Diamond Creek was probably underestimated
in 1993 due to the timing of survey work. Each study site upstream from Diamond Creek was
surveyed four times during a single field trip from May 1-7, which was late in the season to
survey some species and early in the season for others. Song frequency, detectability, and
perhaps even the abundance of common species such as Lucy’s Warbler, Lesser Goldfinch, and
Costa’s Hummingbird apparently had declined by early May. Likewise, the song frequency,
detectability, and perhaps even the abundance of late arrival species such as Yellow-breasted
Chat, Blue Grosbeak, and Brown-headed Cowbird were likely lower than they would have been
later in the season. Two bird survey trips upriver of Diamond Creek were conducted in the 1994
nesting season to obtain more accurate bird density information. Regardless of the timing of
future survey work, bird densities will likely continue to be underestimated because of the
difficulty of accurately determining the true density of species that do not maintain type-A
territories such as Black-chinned Hummingbird (Brown 1992).

The duration of the study periods for both years, which ended before mid-June, may have
prevented the detection of Yellow-billed Cuckoos. The peak of spring migration through Arizona
for cuckoos appears to be mid-June, and the species probably does not begin nesting until late
June. No cuckoos were detected in the study area during the study period, but several cuckoo
sightings were reported from the study area in mid-summer 1992 (Timothy Tibbitts, U.S. Fish
and Wildlife Service, pers. comm.).

Effects of Interim Flows

The overall trend showed by these studies was of stability; bird densities as well as study site
size and composition did not change significantly between the two study years. Two trends
affecting the quality and size of study sites were noted by researchers: 1) channel margin
deposits created during the 1983-84 floods had eroded significantly by 1992; and 2) where
channel margin deposits were not eroded, vegetation growth was generally rapid and provided
high-quality bird habitat. Erosion of channel margin deposits was especially notable at Parashant
Canyon (Site 2), where the study site was estimated to have shrunk by over 20% between 1985
and 1994. Erosion may have occurred at other sites, but could not be measured. It is unknown
whether interim flows caused the erosion of channel margin deposits, or whether the erosion
occurred prior to 1991.

Recommendations

Based upon mapping of vegetation between Separation Canyon and the Grand Wash Cliffs, and
the densities of birds at study sites, the over 1,200 ha of dense riparian vegetation in lower Grand
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Canyon may support between 12,000 and 19,000 individual breeding birds. The potential for
flooding of areas influenced by Lake Mead, with a subsequent loss of huge numbers of breeding
birds, require that management options for lake-influenced areas be carefully weighed. The
presence of special-interest species in lower Grand Canyon, including Bell's Vireo, Peregrine
Falcon and potentially Southwest Willow Flycatcher, and the fragility of this habitat, make
continued study of avian populations in this area a critical element of any ongoing management

program.
Mammal and Reptile Studies

Mammal and reptile studies for this project represent baseline data for the area from Diamond
Creek to the Grand Wash Cliffs. Survey results confirmed those of other researchers, indicating
diverse, dynamic communities of small mammals and reptiles that use but may not be dependent
upon riparian vegetation. Because these communities respond to many environmental influences
not directly associated with river flows, it would be difficult to measure interim flow effects on
these populations with any but the most elaborate and intensive study. We recommend that if
mammal and reptile studies are continued, they focus upon determining the amount and type of
use of riparian areas.
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APPENDIX A. VEGETATION MAPS
SPENCER CANYON TO THE GRAND WASH CLIFFS
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APPENDIX B. ANNOTATED CHECKLIST OF KNOWN OR SUSPECTED NESTING
BIRDS IN THE COLORADO RIVER CORRIDOR FROM NATIONAL CANYON
TO PEARCE FERRY, ARIZONA

This annotated checklist outlines those bird species known or strongly suspected to nest within
the riparian corridor of the Colorado River. Only riparian or riverine-associated species that nest
below the high-water mark of the river or Lake Mead have been included.

Species nesting on cliffs in close proximity to the river (swallows and White-throated Swifts)
have been included, whereas species nesting on cliffs well above the high-water mark have not
been included: Red-tailed Hawk (Buteo jamaicensis), Peregrine Falcon (Falco peregrinus),
American Kestrel (Falco sparverius), and Common Raven (Corvus corax). Likewise, desert-
nesting species that may occasionally venture into the riparian zone but are not known to nest
there have not been included: Greater Roadrunner (Geococcyx californianus), Great Homed Owl
(Bubo virginianus), Lesser Nighthawk (Chordeiles acutipennis), Cactus Wren (Campylorhynchus
brunneicapillus), Rock Wren (Salpinctes obsoletus), Canyon Wren (Catherpes mexicanus), Black-
tailed Gnatcatcher (Polioptila melanura), and Black-throated Sparrow (Amphispiza bilineata).

DEFINITIONS OF TERMS

The following terms describe the species’ relative abundance and status at their peak abundance
in optimal habitat at the proper time of year.

Abundant: The species is present in numbers, such that more than 50 individuals are usually
detected in one day.

Common: The species is easily found and almost always to be seen; between 5 and 50
individuals are usually detected in one day.

Fairly common: The species is found on a daily basis, but in small numbers; 1 to 4 individuals
are usually detected per day.

Uncommon: The species is seldom or infrequently seen, and not on a daily basis; no more than
several individuals are usually detected per week.

Rare: Low probability of detecting the species, although it is not out of its normal range.
Permanent resident: Species is present in the study area throughout the year, although for some
species different summer and winter populations may be involved. Assumed to nest at the proper

season.

Summer resident: Species is present in the study area during the breeding season, and is
assumed to nest.
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SPECIES ACCOUNTS

Western Grebe (Aechmophorus occidentalis)

Apparently a common permanent resident on the impounded waters of Upper Lake Mead, where
it is thought to nest. This species was taxonomically split in the 1980s to form both the Western
Grebe and Clark’s Grebe (Aechmophorous clarkii). Both species occur on Upper Lake Mead,
although their status there is poorly understood. A large adult grebe seen with several young at
RM 279 on August 27, 1978, was assumed to be a Western Grebe (Brown et al. 1987).

Great Blue Heron (Ardea herodias)

Common permanent resident throughout the study area, although most individuals seen in
summer are not known to be nesting. The only known rookery is at Burnt Canyon, where 1 or
2 nests were active (contained eggs or young) each year from 1990 to 1993. The rookery was
inactive (no eggs laid) in 1994. Great Blue Herons were not known to nest in the study area
prior to the existence of Lake Mead (Brown et al. 1987).

Black-crowned Night-Heron (Nycticorax nycticorax)

Uncommon summer resident, primarily downstream of Separation Canyon where it nests in small
rookeries. Black-crowned Night-Herons were not known to nest in the study area prior to the
existence of Lake Mead (Brown et al. 1987).

Gambel's Quail (Callipepla gambelii)

Rare to uncommon, localized permanent resident from at least Parashant Canyon downstream to
Pearce Ferry. The only quail detected during the study period was a single male at the Parashant
Canyon site on April 11, 1994; however, a U.S. Geological Survey employee (Greg Dick)
reported 3-4 Gambel’s Quail on river right immediately upstream of Whitmore Rapid (RM 188)
on approximately May 23, 1994.

American Coot (Fulica americana)

Fairly common permanent resident on the impounded waters of Upper Lake Mead; individuals
seen upstream of Separation Canyon in summer are probably not nesting. Nesting on Upper
Lake Mead was confirmed by the sighting of an adult with a single young at RM 278 on June
6, 1993; an American Coot nest containing at least 6 eggs being incubated by a female was
discovered at Pearce Ferry on April 19, 1994.

Spotted Sandpiper (Actitis macularia)

Fairly common summer resident throughout the study area. Nesting is assumed to occur on open
sandbars and beaches (Brown et al. 1987), although a nest has yet to be discovered along the
river between National Canyon and Pearce Ferry.

Mourning Dove (Zenaida macroura)

Common summer resident throughout the study area. Mourning Doves build flimsy stick nests
in tamarisk in the NHWZ and mesquite in the OHWZ.
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Yellow-billed Cuckoo (Coccyzus americanus)

No cuckoos were detected during the study period in the study area, where this species has been
assumed to be a rare and irregular summer visitor (Brown et al. 1987). However, sightings in
summer 1992 suggest this species may be a rare summer resident (Timothy Tibbitts, U.S. Fish

and Wildlife Service, pers. comm.).

Western Screech-Owl (Otus kennicottii)

Uncommon permanent resident assumed to be nesting, although a nest has yet to be discovered
in the study area. One and occasionally two Western Screech-Owls vocalized repeatedly from
the same large patch of tamarisk scrubland at RM 265R on May 23 and June 5, 1993; and again
on April 17-18, May 5-7, and June 9-10, 1994. Screech-owl vocalizations were also detected in

the Tincanebits Canyon study site (RM 264L) on May 7, 1994.

White-throated Swift (Aeronautes saxatalis)
Common to abundant summer resident throughout the study area, nesting in cracks and crevices

in cliff faces (Brown et al. 1987).

Black-chinned Hummingbird (Archilochus alexandri)

Common summer resident throughout the study area, nesting almost exclusively in tamarisk in
the NHWZ. Along the river upstream of Diamond Creek, patches of tamarisk less than 0.5 ha
in area apparently are not suitable for nesting (Brown 1992).

Costa's Hummingbird (Calypte costae)

Common to uncommon summer resident throughout the study area, nesting in both the OHWZ
and adjacent desert (Brown et al. 1987, Brown 1992). This species’ abundance in the study area
appears to vary from year to year, since males were common in the mid-to-late 1980s, no males
were detected during the 1993 study period, and detections were uncommon during the 1994

study period.

Ladder-backed Woodpecker (Picoides scalaris)

Rare permanent resident throughout the study area, nesting in riparian areas with trees large
enough to accommodate their cavity nests (Brown et al. 1987). This species was detected
throughout the study area but was detected most often at the Tincanebits Canyon study site (RM
264L), where it may have been attracted to large numbers of dead and dying willow trees. No
nest of this species has been found in the study area.

Black Phoebe (Sayornis nigricans)
Common permanent resident throughout the study area, building mud nests on cliffs and ledges
directly over water.

Say's Phoebe (Sayornis saya)
Fairly common permanent resident throughout the study area, building nests on cliffs and ledges.
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Ash-throated Flycatcher (Myiarchus cinerascens)

Common to fairly common summer resident throughout the study area, nesting in riparian areas
with trees large enough to accommodate their cavity nests (Brown et al. 1987). Since trees of
adequate size are relatively uncommon at locales where this species is common, nesting may also
occur in cracks or crevices in cliff faces. However, no nest of this species has been found in the
study area. The Ash-throated Flycatcher is easily confused with the Brown-crested Flycatcher
(M. tyrannulus) which occurs irregularly but is not known to nest in the study area (Brown et al.

1987).

Kingbird sp. (Tyrannus vociferans and verticalis)

Cassin’s and Western Kingbirds are uncommon summer residents nesting on both the North and
South Rims and along tributaries to the river. Both species are uncommon along the river in
summer, but no nest of either species has been found in the river corridor. The only kingbird
record from the study period was a single individual (which was not identified to species) at the
Quartermaster Canyon study site on May 28, 1994.

Violet-green Swallow (Tachycineta thalassina) :

Fairly common summer resident upstream of Diamond Creek, this species is a rare to uncommon
summer resident downstream of Diamond Creek where nesting is assumed to occur in cracks and
crevices in cliff faces, although no nest has been found along the river below National Canyon
(Brown et al. 1987).

Northern Rough-winged Swallow (Stelgidopteryx serripennis)

Common to abundant summer resident primarily downstream of Diamond Creek. This species
typically constructs burrow nests in vertical dirt banks at the river's edge, such as those found
at RM 260R in early June 1993. However, a small colony of Rough-winged Swallows was
discovered using mud nests constructed on a cliff face and under rock ledges at RM 267R on
June 15, 1988.

Bewick's Wren (Thryomanes bewickii)

Common permanent resident of both the NHWZ and OHWZ, apparently reaching its highest
density in old-growth tamarisk. This is a cavity-nesting species, but when true cavities are
unavailable it will nest in hollow logs or limbs, in crevices in tree trunks, or even on the ground
under brush or driftwood piles.

Marsh Wren (Cistothorus palustris)

Rare permanent resident of the NHWZ and FLLZ whose distribution and status are poorly
understood. Nesting is known to have occurred at Lees Ferry (Brown et al. 1987) and on
portions of adjacent Lake Mead National Recreation Area (Blake 1978), but nesting in the study
area between National Canyon and Pearce Ferry is unconfirmed. Singing males were detected
at Columbine Falls in late June 1992 and at RM 264L in May 1993, but no nests were located.
Large patches of apparently suitable habitat (i.e. dense stands of cattails) exist for this species
downriver of Spencer Canyon, yet Marsh Wren detections in these areas are rare.
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Blue-gray Gnatcatcher (Polioptila caerulea) _
Common summer resident of both the NHWZ and OHWZ throughout the study area. Their cup-

shaped nests are found in tamarisk, mesquite, and acacia.

Northern Mockingbird (Mimus polyglottos)
Uncommon summer resident, reported only from the OHWZ at Granite Park (RM 208L). No

nests of this species have been found in the study area.

Crissal Thrasher (Toxostoma dorsale)

The status and distribution of this species are poorly understood. It appears to be a rare, possibly
permanent resident throughout the study area although nesting has not been confirmed. Crissal
Thrashers have been detected rarely in the study area during the nesting season at the Parashant
Canyon (Brown and Johnson 1985), Waterfall Rapids, and Tincanebits Canyon study sites. This
species may be more abundant in the nesting season than the findings of this study indicate
because of their secretive nature and because males apparently curtail singing activity after early
April.

Phainopepla (Phainopepla nitens)

Uncommon permanent resident throughout the study area, nesting in March and April. Most
nests are located in the OHWZ in mesquite, acacia, and occasionally in clumps of mistletoe, but
sometimes nests are located in tamarisk in the NHWZ. Phainopeplas are detected with regularity
only at three localities: Spring Canyon (RM 204R), Granite Park (RM 208L), and 220-Mile
Canyon.

Bell's Vireo (Vireo bellii)

Common to abundant summer resident of both the OHWZ and NHWZ throughout the study area.
Their hanging, cup-shaped nests are found in tamarisk, mesquite, and occasionally other woody
plants. Two simultaneously active Bell's Vireo territories were documented through
contemporary contacts of singing males and discovery of concurrently active nests (each with
eggs) in a discrete, isolated, 0.4 ha patch at the mouth of Spencer Canyon in May 1993.
Therefore, average territory size in this patch was 0.2 ha (2,000 m?).

Lucy's Warbler (Vermivora luciae)

Common to abundant summer resident of both the OHWZ and NHWZ. Although normally a
cavity-nesting species, their nests are also located in pseudo-cavities such as clumps of tamarisk
debris, against a tree trunk under a broken limb, or even in rock crevices and ledges immediately
adjacent to the riparian zone.

Yellow Warbler (Dendroica petechia)

Common summer resident of the NHWZ throughout the study area, although singing males are
occasionally detected in well-developed stands of mesquite in the OHWZ. In the extremely large
patches of tamarisk downriver of Tincanebits Canyon where Yellow Warblers have a choice of
nesting either adjacent to the water or some distance from it, the great majority of territories were
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found at the water’s edge. Their nests are found in tamarisk, willow, or rarely mesquite, usually
high in the canopy.

Common Yellowthroat (Geothlypis trichas)

Common summer resident of the NHWZ throughout the study area. The highest Yellowthroat
densities apparently occur in cattail marsh habitat, although high densities also occur in pure
stands of young tamarisk that may be some distance from water. Yellowthroat nests are small,
woven cups usually located less than 1 m above the ground or water.

Yellow-breasted Chat (Icteria virens)

Common summer resident of the NHWZ throughout the study area, although singing males are
occasionally detected in well-developed stands of mesquite in the OHWZ. Their nests are
conspicuous clumps of grass or the herb Gnaphalium, usually 2-3 m above ground. Two
simultaneously active chat territories were documented through contemporary contacts of singing
males and discovery of concurrently active nests (each with eggs) in a discrete, isolated, 0.4 ha
patch at the mouth of Spencer Canyon in May 1993. Therefore, average territory size in that-
patch was 0.2 ha (2,000 m?).

Summer Tanager (Piranga rubra)

Rare to uncommon summer resident of well-developed patches of tamarisk or willow in the
NHWZ throughout the study area. Singing males may be secretive and difficult to observe, but
their songs can be detected at long distances. Tanager nests are usually located high in the

canopy.

Blue Grosbeak (Guiraca caerulea)

Uncommon to fairly common summer resident in both the OHWZ and NHWZ throughout the
study area. Grosbeak nests resemble chat nests, being relatively large cup nests constructed
primarily of grass.

Lazuli Bunting (Passerina amoena)

Fairly common summer resident in the river corridor, where most individuals are detected in the
NHWZ. Nesting very likely occurs on a regular basis, although no active nest has been
confirmed.

Indigo Bunting (Passerina cyanea)

Rare summer resident of both the OHWZ, NHWZ, and FLLZ, although none were detected
during the 1993 field season. A singing male assumed to be on territory was detected in late
June 1992 at Separation Canyon; another singing male was detected at the Tincanebits Canyon
study site (RM 264) on May 6-7, 1994. An active nest of this species in the study area has yet
to be discovered.

Song Sparrow (Melospiza melodia)

Common to abundant permanent resident downstream of Separation Canyon, found entirely in
fluctuating lake-level zone habitats on silt deposits at the head of Lake Mead. Song Sparrows
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have greatly increased in abundance since falling levels of Lake Mead have allowed the creation
of large areas of suitable nesting habitat. It is now one of the two most abundant nesting species
in the Upper Lake Mead area. A single male Song Sparrow was detected singing at the
Parashant Canyon study site on May 22, 1994; this represents the only record of a singing male
upstream of Separation Canyon in the study area.

Red-winged Blackbird (Agelaius phoeniceus)

" Common permanent resident downriver of Spencer Canyon, where nesting is assumed to occur

primarily in cattail marshes along the lake margin or perennial tributaries. An active nest has
yet to be documented between National Canyon and Pearce Ferry.

Great-tailed Grackle (Quiscalus mexicanus)
Common summer resident of the NHWZ throughout the study area, but an active nest has not

been documented between National Canyon and Pearce Ferry.

Brown-headed Cowbird (Molothrus ater)

Common summer resident of all riparian habitats throughout the study area. Cowbirds do not
build their own nests, but lay eggs in the nests of host species which often successfully raise the
cowbird young; brood parasitism by cowbirds is common between National Canyon and Pearce
Ferry (Brown 1994). Oddly, no cowbird eggs or young were detected in any of the 69 active
passerine nests containing eggs or young discovered during the 1993 and 1994 study periods
(sample size of active nests included: 7 Black Phoebe, 1 Say’s Phoebe, 1 Bewick's Wren, 8 Blue-
gray Gnatcatcher, 1 Phainopepla, 21 Bell's Vireo, 4 Lucy’s Warbler, 2 Yellow Warbler, 7
Common Yellowthroat, 10 Yellow-breasted Chat, and 5 Song Sparrow nests).

Hooded Oriole (Icterus cucullatus)

Fairly common summer resident primarily in well-developed areas of tamarisk and willow in the
NHW?Z or FLLZ, but occasionally in areas of large mesquite or hackberry in the OHWZ. Oriole
nests are graceful hanging baskets located high in the canopy; many oriole nests from previous
seasons were observed throughout the study area.

House Finch (Carpodacus mexicanus)
Common to abundant summer resident of all habitats throughout the study area. Nests of this
species may be more abundant but are difficult to find in the riparian zone where the few nests
discovered were high in tamarisk foliage. Many finches nest in the adjacent desert, where most
nests have been found in cholla cactus.

Lesser Goldfinch (Carduelis psaltria)

Fairly common to common permanent resident of all habitats throughout the study area. Most
nests discovered have been relatively exposed cups of grasses located near the crowns of young
tamarisks.
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APPENDIX C: AVIAN STUDIES RESEARCH PLAN FOR 1995

Bird Monitoring

Five research trips are proposed for the spring of 1995 to survey bird density and species richness
after the methods described in this report. Three trips are proposed from Diamond Creek to
~ Pearce Ferry, to be outfitted by HNRD; two trips are proposed from Lees Ferry to Pearce Ferry,

to be outfitted by OARS, Inc. Each of the two trips launching from Lees Ferry will require a
37-foot motorized raft for support, plus boatman, cook, and shuttle services into the trailhead at
Havasu Canyon. All trips below Diamond Creek will require a motorized sportboat for auxilliary
support, providing the ability to move quickly from one study site to another for increased
sample sizes during the critical early-morning sample periods.

Trip # 1. Diamond Creek to Pearce Ferry: a 5-day preliminary reconnaissance trip will
take place in approximately early March.

Trip # 2. Lees Ferry to Pearce Ferry: bird monitoring.

April 12 -- launch at Lees Ferry, deadhead to National
April 15 -- hike-ins at Havasu; camp National
April 16 -- camp National

April 17 -- camp Parashant

April 18 -- camp Parashant

April 19 -- camp Granite Park

April 20 -- camp Granite Park

April 21 -- pass Diamond Creek; camp RM 243L
April 22 -- camp Spencer

April 23 -- camp Quartermaster

April 24 -- camp RM 264L

April 25 -- camp RM 264L

April 26 -- takeout Pearce Ferry, 9 - 10 a.m.

Trip # 3. Diamond Creek to Pearce Ferry: bird monitoring.

May 1 -- launch at Diamond Creek, camp 243L
May 2 -- camp Spencer

May 3 -- camp Quartermaster

May 4 -- camp 264L

May 5 -- camp 264L

May 6 -- takeout Pearce Ferry, 9 - 10 a.m.
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Trip # 4. Lees Ferry to Pearce Ferry: bird monitoring.

May 13 -- launch at Lees Ferry, deadhead to National
May 16 -- hike-ins at Havasu; camp National
May 17 -- camp National

May 18 -- camp Parashant

May 19 -- camp Parashant

May 20 -- camp Granite Park

May 21 -- camp Granite Park

May 22 -- pass Diamond Creek; camp 243L
May 23 -- camp Spencer

May 24 -- camp Quartermaster

May 25 -- camp 264L

May 26 -- camp 264L

May 27 -- takeout Pearce Ferry, 9 - 10 am.

Trip # 5. Diamond Creek to Pearce Ferry: bird monitoring.

June 5 -- launch at Diamond Creek, camp 243L
June 6 -- camp Spencer

June 7 -- camp Quartermaster

June 8 -- camp 264L

June 9 -- camp 264L

June 10 -- takeout Pearce Ferry, 9 - 10 a.m.
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APPENDIX D: LONG-TERM RIPARIAN MONITORING FIELD GUIDE
Colorado River through lower Grand Canyon, Arizona

Introduction

This field guide is intended for use by researchers and field assistants conducting long-term
monitoring of riparian study sites in lower Grand Canyon. Study sites were established in 1992
and 1993 to measure several aspects of the rapidly changing riparian ecosystem that exists along
the Colorado River between National Canyon (river mile (RM) 166L) and the Grand Wash Cliffs
(RM 276). Many of these sites were chosen for use in long-term monitoring due to their
placement, vegetation composition, and position along the river corridor. Several sites were
excluded from long-term monitoring because they became unstable, were inundated, or were
difficult to relocate.

Vegetation, bird, mammal and reptile study sites are included in long-term monitoring, and
together make up 24 separate study sites with 54 individual study plots or transects (Table 1).’
The purpose of this guide is to facilitate relocation of these study sites and replication of the
techniques used to sample each site. The 1995 report on this study (SWCA, 1995) provides an
explanation of the project background and study purposes. This guide is intended to be used in
conjunction with a river guide (Stevens 1983) showing approximate river miles. For sites
downstream of Spencer Canyon (RM 246), the vegetation map in Appendix A of the 1995 report
will also prove to be useful. Ideally, an individual familiar with all of the sites should
accompany research trips to ensure relocation of all sites.

Census Timing

Research trips should be conducted at specific times of year to properly measure the selected
populations and to allow precise comparisons of trend data. Avian censusing should take place
regularly (with four research trips) between mid-April and mid-June, as this is the prime mating
and nesting season for the multitudes of neotropical migrant birds that migrate into the Grand
Canyon each year. Mammal and reptile censusing should take place between mid-August and
mid-September, as this is the most active period for small mammals and reptiles. Vegetation
sampling should be done between mid-September and mid-October, to take advantage of cooler
weather and lower Lake Mead levels. Table 2 shows a sample research trip schedule.
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Table 1. Long-Term Study Sites

River Vegetation Avian Mammal Reptile Censusing
Mile  Studies Studies Studies Studies Frequency
Upstream Sites

166.5L Transect 4x/yr
172.2L RS, GB, OHWZ 1xfyr
183.2R RS, GB, OHWZ Ix/yr
194.0L RS, GB, OHWZ 1x/yr

194 0L Marsh Ix/yr
198.0R Transect 4x/yr

209.0L RS, GB, OHWZ  Transect
213.0R RS, GB, OHWZ
2174L RS, GB, OHWZ
220.0R RS, GB, OHWZ

Sites Downstream of Diamond Creek

228.8L Marsh
231.8L RS, GB, OHWZ

235.0L GB, DF, OHWZ Transects  Transects

241.5L. Marsh

243.2L Transect

246.0L OHWZ Transect Transects  Transects
24941, Marsh

254.0R GBI1, GB2, GB3
254.1L. Transect

260.2R Transect

260.2L Transect Transects  Transects
261.5L Transect

264.5L Transect Transect

269.6L Transect
273.1R Transect

Ixfyr; 4x/yr (avian)
Ixfyr
Ixfyr
Ix/yr

Ix/yr
Ixfyr
Ix/yr; 4x/yr (m/r)
Ix/yr
8x/yr
6x/yr; 4x/yr (m/r)

- xfyr

1x/yr

Ix/yr

Ix/yr

6x/yr; 4x/yr (m/r)
Ixfyr

1x/yr; 8x/yr (avian)
Ixfyr

Ix/yr

Notes: RS=riparian strip; GB=general beach; OHWZ=old high water zone. River miles (RM)
are after Stevens (1983). L or R following river mile designates left or right side of
river while facing downstream. OHWZ quadrats should be sampled once every ten
years. (m/r) indicates sampling frequency for mammal and reptile studies.
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Table 2. Sample Research Trip Schedule

Trip Title Trip Dates No. Days Put In Location
Avian Studies Trail Clearing , 3/15 to 3/21 7 Diamond Creek
Vegetation Studies--Herbarium 4/1 to 4/5 5 Diamond Creek
Avian Studies #1 4/12 to 4/26 15 Lees Ferry
Avian Studies #2 5/1 to 5/6 6 Diamond Creek
Avian Studies #3 5/13 to 5/27 15 Lees Ferry
Avian Studies #4 6/5 to 6/10 6 Diamond Creek
Vegetation Studies--Aerial Mapping 71 1 N/A
Mammal/Reptile Studies #1 8/15 to 8/20 6 Diamond Creek
Mammal/Reptile Studies #2 9/10 to 9/15 6 Diamond Creek
Vegetation Studies--Census 10/1 to 10/15 15 Lees Ferry

Site and Plot Relocation

Relocating study sites and individual plots and transects may be the most difficult part of long-
term monitoring, due to the rapid growth of vegetation and occasional inundation of many sites
by river and lake flooding. The majority of vegetation sites have been recorded using standard
land survey techniques (including all vegetation quadrats and marshes), but to relocate vegetation
sites with these techniques an experienced land surveyor should accompany the trip. Only the
two sites upstream of Diamond Creek (RM 225) established by the SWCA/HNRD research team
are included in the discussion below; the locations of the remainder of upstream plots have not
been described to date by the National Park Service researchers who established and recensused
these plots.

RM 166.5L--National Canyon Avian Site

This long, narrow study site encompasses the entire camping beach at the mouth of National
Canyon as well as channel margin vegetation patches upstream and downstream of National
Canyon. The bird transect at this site stretches from the large, unvegetated talus slope
approximately 200m upstream of the cable crossing downstream through the three main National
Canyon camps to the unvegetated talus slope approximately 300m downstream of the downstream
beach. A full census of the site includes starting at one end, traveling to the other while counting
all singing male birds, and conducting a second count while walking back.

RM 198.0R--Parashant Canyon Avian Site

This site is located approximately 1/2 mile upstream of the traditional Parashant Canyon camp,
on an eddy deposit upstream of the mouth of Parashant Canyon. The site extends from the large,
unvegetated debris fan upstream of the site downstream approximately 500m to a sparsely
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vegetated talus slope. A transect was cut through the dense vegetation of this site, roughly
paralleling the river through the center of the vegetation patch. A full census of the site includes
beginning at the upstream edge of the site, walking downstream while counting birds, and
climbing up the talus slope at the downstream end to a location which gives a good view of the
entire site. After spending 20-30 minutes watching for birds not detected during the first part
of the survey (such as phainopepla), a second count should be made while walking the transect

in the other direction.
RM 209.0L--Granite Park Quadrat and Avian Site

Three quadrats are located in the large vegetation patch on river left at RM 209. The beach
formed by the eddy upstream of the large RM 209 rapid is the common parking spot for all boats
visiting this site. The GB quadrat at this site is located approximately 150m upstream of the
large Goodding's willow at the center of the camp, in a large patch of arroweed. A path crosses
the plot (in subplots 1 and 2). The RS quadrat at this site is approximately 250m upstream of
the GB plot, approximately 50m upstream of a large drainage, in an area largely populated by
camelthorn (Alhagi camelorum). A large Baccharis sarathroides in the center of this plot is next
to several small mesquites. The OHWZ quadrat at this site is approximately 50m further from -
the river and 20m downstream from the RS plot. Much of the OHWZ plot is on a small rise and
contains no perennial vegetation; prickly pear cactus and acacia are found in the downstream half
of the plot.

This large, long avian site is located adjacent to and upstream of RM 209 rapid. The site extends
from the large, unvegetated cliff and talus slope at the upstream end to another unvegetated talus
slope at the downstream end. A census of this site includes walking a transect crossing through
all of the riparian vegetation, excluding the creosote-dominated area in the upland portions of this
site. As with other sites, one census should be conducted from one end to the other, and then
a second census should be conducted in the other direction. This site also has a good vantage
point which is useful for identifying species which may not have been detected.

RM 217.4L--Quadrat Site

Three quadrats are located in the vegetation patches upstream and downstream of the rapid at RM
217. The RS plot is upstream of the rapid and 20m upstream of a large patch of arroweed, in
a patch of large, dense (>4m) tamarisk. The GB plot at this site is downstream of the debris
flow which forms the rapid, on a the upstream end of a large, nearly bare beach. The OHWZ
plot is near the downstream end of this beach, centered around a large, decadent catclaw acacia
(Acacia greggii). '

RM 228.8L--Travertine Canyon Marsh Site
This site is located at the upstream edge of the cove approximately 100m upstream of Travertine

Canyon rapids, on a curved sand bank covered with horsetail. A baseline extends from the rock
wall at the upstream edge of the sand bank, along the top of the bank to a wooden stake at meter
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28. Four transects extend from the baseline to the water's edge, at 7m intervals beginning at
meter 7. Each 1m-wide transect is marked with a wooden stake at its downstream edge. Each
square meter of each transect between the baseline and the water's edge is censused.

RM 231.8L--Quadrat Site

This site is located upstream and around the bend from the rapids at RM 232, in a more open
portion of the gorge with large sand banks on river left. The GB plot is located on the prominent
high sand dune covered with sparse arroweed. The talus edge of the plot (corners DT and UT)
is at the top of the sand dune, while the stream edge of the plot (corners DS and US) is at the
bottom of the dune. The RS plot is approximately 20m downstream of the GB plot, in a patch
of horsetail and thistle. The US and UT comers are painted on prominent rocks; the DS and DT
corners are not marked. The OHWZ plot at this site is upstream and significantly upslope of the
GB plot, and is centered around a 2m high catclaw acacia.

RM 235.0L--Bridge Canyon Quadrat and Mammal/Reptile Site

This site is at the mouth of Bridge Canyon, and includes both vegetation quadrats and
mammal/reptile transects.

Of the three vegetation quadrats, the GB plot is easiest to locate. It is placed on the arroweed-
covered mound at the narrow canyon mouth, with the trail up the canyon passing through the
plot’'s downstream subplots. One corner (downstream stream--DS) is painted on the downstream
rock wall approximately two meters above the trail; the other (downstream talus--DT) is painted
on a rock cleft approximately 10cm above the trail. The OHWZ plot is approximately 20m
downstream of the GB plot, on a broad talus slope, with four painted corners. The DT plot is
in the center of the debris fan, with the upstream edge approximately Sm downstream of Bridge
Creek. Corners of this plot are painted on the rocks, but the paint erodes quickly.

Mammal and reptile transects at this site include transects within the riparian vegetation, along
the boundary between riparian and xeric vegetation, and in the upland xeric vegetation. The
riparian transect runs adjacent to the river for the length of the beach and debris fan. The
transition zone transect runs through the middle of the beaches and the debris fan, parallel to the
river. The upland transect runs against the rock walls that rise steeply from the beach and debris
fan, parallel to the river.

RM 241.5L--Marsh Site

This site is located within the large horsetail marsh that forms the downstream part of the
camping beach at RM 241.5L. The reference point for the baseline (the baseline parallels the
river, while transects run perpendicular to the river, from the baseline to the water’s edge) is an
X painted on the reddish rock at the downstream end of the marsh. A T is painted on the rock
Im above the X, pointing down to the X. The baseline stretches from the painted X to a wooden
stake 20m upstream at a bearing of 70 degrees east. Five transects extend from the baseline, at
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4m intervals beginning at meter 4. A wooden stake marks the upstream edge of each 1m-wide
transect. Each square meter of each transect between the baseline and the water's edge is
censused.

RM 243.2L--243-Bar Avian Site

This small, L-shaped site is located just downstream and across the river from the large camp
at RM 243R. A transect was cut through the dense tamarisk of this site, in order to be able to
walk through the center of the vegetation and up the small drainage to the edge of the vegetation
patch. As with other sites, a full census of this site entails one survey in one direction and
another while returning.

RM 246.0L--Spencer Canyon Quadrat, Avian, and Mammal/Reptile Site

An OHWZ plot at this site was placed at the downstream edge of the mouth of Spencer Canyon,
approximately 50m away from the river and centered around a large, prominent mesquite tree.

This avian site includes three major vegetation patches at the mouth of Spencer Canyon:
adjacent to the river, it includes the patch upstream of Spencer Creek and the patch downstream
of the creek; up Spencer Creek, it includes the large patch which begins approximately 100m up
the canyon and fills the final bend of the creek. A transect was cut through the center of these
three patches to facilitate censusing. A full census of this site included one survey through all
three patches, and then another while returning.

Mammal and reptile transects at this site include transects within the riparian vegetation, along
the boundary between riparian and xeric vegetation, and in the upland xeric vegetation. All three
transects were placed in and above the patch of vegetation behind the normal camp, upstream of
Spencer Creek. The riparian transect was placed in the middle of the dense vegetation patch,
parallel to the river; the transition zone transect was placed along the edge of riparian vegetation,
against the sloping talus; and the upland transect was placed on the talus slope above camp.

RM 249.4L--Marsh Site

This site is located approximately 200m downstream of the mouth of Clay Tank Canyon (also
known as Lost Creek Canyon), on a broad silt terrace. Above the terrace, on a slope, is a large
linear patch of decadent horsetail. An X painted on the reddish red wall at the upstream end of
the vegetation patch provides a reference point for the transect baseline. The baseline runs
parallel to the river, downstream from the X for 50m. Every 5m along the baseline, beginning
at meter 5, a wooden stake marks the upstream edge of a perpendicular transect. Each 1m-wide
transect runs perpendicular to the baseline from the baseline to the water's edge. Every other
square meter of each transect is censused; thus, if two measuring tapes are laid out with zero at
the baseline, the portion of the transect from meter O to meter 1 would be censused, followed by
meter 2 to meter 3, in this manner until the water’s edge is reached.
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RM 254.0R--Quadrat Site

This site is located on a silt bar upstream of a lava cliff which extends to the water's edge. The
site includes three quadrats, termed GB1, GB2, and GB3. GB2 is located near the downstream
edge of the site; GBI is upstream of GB2 and closer to the river; and GB3 is upstream of GBI
on a back terrace against the canyon wall. GB2 can be located using the lava cliff as a reference
point. An X is painted at waist height on the rock wall at the back of the site, approximately 8m
upstream from the upstream edge of the lava cliff. The DS stake is 12.34 meters from the
painted X, at a bearing of 249 degrees. GB3 is located in a small alcove approximately 50m
upstream of the lava cliff. An X is painted on the canyon wall at waist height; from this rock
the DT stake is 2.0m at 251 degrees. GBI must be located by searching the terrace area
downstream and toward the river from GB3 for distinctive pink and yellow flagging.

RM 254.1L--Silt Terrace Transect Site

This site is located downstream and around a slight bend from the site at RM 254R. The site
includes a vegetation patch in a small, shallow alcove. A landmark for this site is a cave in the
redwall on river right, shaped like a crescent moon. This cave can first be seen when coming
downriver and next to the site. ‘An X is painted against the rock wall at the center rear of the
site, and a tape was laid out between the X and the water's edge, perpendicular to the river. In
each of the zones at this site (tamarisk adjacent to the talus slope, then seep willow, arroweed,
and young tamarisk), ten 1-sq-m plots were sampled. Plot locations were randomized to be
within 10m of the tape, and within the width of the zone. Five plots were sampled upstream of
the tape, and five downstream. In each plot, basal cover of all live and dead plants was
measured and recorded.

RM 260.2L--Quartermaster Canyon Avian and Mammal/Reptile Site

This site includes the entire marsh at Quartermaster Canyon, as well as the riverside vegetation.
Two transects were cut at this site: the first cut through the center of the vegetation patch
located upstream of Quartermaster Creek and ended on a bench overlooking the marsh. The
second cut through the vegetation patch downstream of Quartermaster Creek, with a spur
paralleling the river for the length of the patch and the main transect crossing onto a bench, down
into the cattail marsh, out of the marsh, and up the drainage to a vantage point above the large
springs at the back of Quartermaster marsh. A full census of this site included one survey along
the transects and another while returning.

Mammal and reptile transects at this site include transects within the riparian vegetation, along
the boundary between riparian and xeric vegetation, and in the upland xeric vegetation. All three
transects were placed upstream of Quartermaster Creek. The riparian transect ran along the avian
survey trail, roughly parallel to the creek with a spur running perpendicular to the creek. The
transition zone transect was placed on an upper terrace covered by annual grasses and dry acacia
and tamarisk. The upland zone transect was placed on the steep travertine slope above
Quartermaster marsh, parallel to the creek.
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RM 260.2R--Waterfall Rapids Avian Site

This site is directly across from the mouth of Quartermaster Canyon, and includes a long, narrow
strip of vegetation on a terrace. A transect was cut through the center of the strip to allow a
census of this site. Each census includes one survey down the length of the site and another

while returning.
RM 261.5L--Silt Terrace Transect Site

This transect can be most easily relocated by using the map in Appendix A of the 1995 report.
The transect location is within a large vegetation patch (the first very large patch on river left
downstream of Quartermaster Canyon), approximately 300m upstream of the downstream end of
the patch. A large X is painted on a 2m cliff face at the talus edge of the patch. A tape was
laid perpendicular to the river from the X to the water's edge. Ten random 1-sq-m plots were
sampled in each of the zones (a dead zone, tamarisk, Goodding’s willow, and coyote willow).

RM 264.5L--Tincanebitts Canyon Silt Terrace Transect and Avian Site

This very large site encompasses a silt bar created at a bend in the river between RM 263.8 and
RM 265.1. The upstream end of the site is across from Tincanebitts Canyon, and the
downstream end site is approximately one mile upstream of and across the river from the Bat
Caves. The vegetation transect cuts through the bend of the site, meeting the river immediately
across from the downstream edge of the mouth of Dry Canyon (RM 264.5R). A large X is
painted on a rock at the talus end of the transect. The transect runs from the X to where the
vegetation patch ends across from the prominent outcrop at the downstream edge of the mouth
of dry Canyon. Ten 1-sq-m plots were sampled in each of the zones (tamarisk, dead zone,
tamarisk, dead coyote willow, Goodding’s willow, and coyote willow).

A looping bird survey transect 2.5 miles long was cut through this site from the camp (cut from
the vegetation at the site’s downstream end) through the center of the downstream third of the
site, and then looping through the upstream two-thirds of the site to allow a census of all resident
birds. A spur was cut at the upstream end of the site to encompass a thin vegetation patch which
parallels the river. A full census of this site includes one survey along the transect. The length
of time required for a survey precludes the possibility of another survey while returning.

RM 269.6L--Silt Terrace Transect
This site is located in a cove approximately 1/2 mile downstream of a prominent travertine
outcrop, cut by a slot canyon, on river right. An X is painted on a large rock on a sparsely

vegetated silt terrace. The transect runs perpendicular to the river from the X through zones of
tamarisk, Goodding's willow and cattail to the water'’s edge.
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RM 273.1R--Silt Terrace Transect

This site is located at the downstream end of a very large vegetation patch on river right.
Approximately 200m upstream of the end of the patch, an outcropping of dark red dolomite
approximately 30m above the river marks the talus edge of the transect. A T is painted at the
top of the dolomite outcrop, and points down to an X painted at the base of the rock cliff. The
transect runs perpendicular to the river through tamarisk, Goodding’s willow, and coyote willow
zones to the river's edge.

Sampling Methodology
uadrats

As is shown in Figure 1, quadrats are 5m x 10m, with the long axis aligned parallel to river flow.
Each quadrat is divided into subplots 2.5m x 2.5m, which are numbered from upstream to
downstream. Wooden stakes marked with the corner abbreviation (US, UT, DS, DT) were placed
in at least two of the comers of each quadrat. Within each subplot, basal cover (cover at the
base of the plant) of all live and dead plants should be measured. All subplots in each quadrat
should be measured. All but OHWZ quadrats should be sampled annually, in the fall; OHWZ
quadrats should be sampled at ten-year intervals.

Marshes

A baseline tape was laid out at the top edge of each marsh site. At regular intervals (3m or 5m),
wooden stakes should be found. These mark the top of 1m transects. Each transect ran from
the baseline tape, perpendicular to the tape down to the water’s edge. At some sites, transects
were upstream of the wooden stake, while at others the transect was downstream; consult the
description of each site to determine which is appropriate. Each transect was divided into 1m
subplots, numbered sequentially from the tape to the water. Basal cover of all live and dead
plants was measured in each subplot.

Silt Terrace Transects

From the X which marked the talus edge of each transect, a tape was laid out perpendicular to
river flow from the X to the water’s edge. Vegetation zones at each site were delineated; these
were normally obvious. Ten 1-sq-m plots were sampled in each zone; these plots were randomly
placed with five upstream and five downstream of the tape. Position along the tape and within
10m of the tape were randomized to create a unique location for each plot.

Avian Census

An experienced ornithologist walked the length of each avian transect or, where the site was
easily crossed, the length of the site, and counted all singing male birds. These surveys were
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Figure 1. Vegetation Quadrat Layout
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begun before dawn, immediately after the peak of the morning bird chorus. The surveyor used
a data sheet to track singing males by species and, where necessary, by location. One survey was
conducted in one direction through the study site; after a 10 minute pause, another survey was
conducted in the other direction. Maximum counts for each species from the two counts were
recorded and used for data analysis.

Mammal Trapping

At approximately 10m intervals along each of the three transects at each site, a Sherman live trap
was placed and baited with wet oats. Traps were placed in the evening and checked in the
morning. Small mammals trapped were identified to species, and their transect type was
recorded.

Reptile Census

Surveys for reptiles were conducted using the bird survey technique, but instead looking for
lizards, snakes, and amphibians. Each of the three transects at each site was walked by an
experienced biologist, and all reptile sightings were recorded by species and transect location.
The best time to conduct surveys varies based upon weather and time of year; observation of
areas provides an estimate of the best survey time.
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APPENDIX F. REVISED PROPOSAL TO CONDUCT RIPARIAN STUDIES

ABSTRACT

SWCA, Inc. Environmental Consultants proposes to assist the Hualapai Tribe in baseline data
collection and long-term monitoring through the lower Grand Canyon. Studies on the vegetative
and animal communities of the Colorado River on the Hualapai Indian Reservation will be
completed in coordination with Glen Canyon Environmental Studies. Changes that have occurred
in these communities as a result of Glen Canyon Dam interim flow operations will be identified.
Hualapai technicians will be integrated into the program to allow the Hualapai Tribe to perform
future scientific monitoring, data collection, and analysis in the Colorado River corridor through
the lower Grand Canyon.

STATEMENT OF OBJECTIVES

The riparian zone of the Colorado River through the Hualapai Indian Reservation in lower Grand
Canyon is a complex and productive environment, and the Hualapai Tribe has strong cultural,
environmental and economic ties to this portion of their reservation. SWCA proposes to work
with the Hualapai Tribe and the Glen Canyon Environmental Studies program (GCES) to assess
the influence of Glen Canyon Dam interim flow operations on the natural resources of Hualapai
lands. :

For centuries the riparian zone in the lower Grand Canyon has provided the Hualapai Tribe with
resources used for consumption and for medicinal and religious purposes (Watahomigie et al.
1982). The Hualapai are committed to preserving this habitat that has figured so strongly in their
history. Traditionally important plants including common reed (Phragmites), Goodding's willow
(Salix gooddingii), arrowweed (Tessaria sericea), cattail (Typha sp.), seep willow (Baccharis sp.)
and hackberry (Celtis reticulata) still occur in the riparian zone today, while clays used for
pottery construction and minerals used for medicinal and religious purposes are also found along
the Colorado River corridor. _

SWCA proposes to evaluate the impacts of the interim flow operations on the development,
structure and maintenance of the riparian plant and animal communities through the lower Grand
Canyon. It is clear that this reach of the Grand Canyon has significant value to the Hualapai
Tribe, as well as the potential to provide habitat to many riparian plants and animals.

A phased approach will be used to develop and implement the specific elements of the Hualapai
interim flow riparian monitoring plan. In Phase I, baseline riparian resource data will be
collected during fiscal year (FY) 1992. A preliminary study site and vegetation area map for the
Colorado River along the Hualapai Reservation will be produced using GCES developed
computer modeling with aerial and video photography. This map will be used in preliminary
selection of study sites and will be refined and corrected as data are collected from study sites.
Interim flow monitoring site selection will be based upon several factors, including the location
of GCES long-term monitoring Geographic Information System (GIS) sites, stratification of the
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reach, and location of representative vegetation communities. Plant and animal surveys will be
conducted at selected study sites to provide baseline data for Phase II monitoring.

Specific resource monitoring efforts will be designed and implemented in Phase II. Data will
be collected annually at monitoring sites over a period of two years (FY 93 and FY 94). The
impacts of interim flow discharge volumes, fluctuations, minimum and maximum discharges, and
changes in discharge (ramping) on the riparian resources of this reach of the Colorado River will
be assessed where possible. Data collected will be entered into a Scientific Information Database
(SID), and will form an integral part of subsequent long-term riparian monitoring efforts.

Nine specific objectives are identified in this monitoring plan:

PHASE 1

1. Review the existing literature and available data on plant and animal studies of the
riparian corridor throughout the Grand Canyon.

2. Develop a baseline study site and vegetation area map with the use of the GCES Map
Imaging Processing System (MIPS) and existing aerial photography.

3. Perform a baseline validation survey of the riparian communities along the lower
Colorado River through the Hualapai Reservation, focusing upon the reach from
Diamond Creek to Columbine Falls.

4. Establish interim flow monitoring sites and specific monitoring parameters for the lower
Grand Canyon based on information collected under Objectives 1, 2, and 3.

5. Establish a Scientific Information Database (SID), consistent with GCES protocol, for
data collected from interim flow monitoring sites.

PHASE II

6. Implement specific monitoring methodology, and conduct monitoring of selected study
sites. Identify and evaluate changes in riparian communities and determine, to the
extent possible, if they are a result of interim flows, or related to natural ecological
processes. This short-term monitoring program will provide a baseline for long-term
monitoring efforts. Evaluation will be focused on effects related to monthly volumes,
maximum and minimum flow levels, ramping rates, and season.

7. Identify changes in vegetative community size and composition occurring throughout

the time frame of the monitoring program at representative sites, and produce an
updated map of vegetative communities at specific sites in the lower Grand Canyon.
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8. Integrate the riparian and natural resource results with the Hualapai and GCES
Geographic Information Systems (GIS), Scientific Information Database (SID), and
long-term monitoring program.

9. Develop a long-term riparian system monitoring program for the Hualapai Tribe, with
site selection, monitoring techniques, and analysis protocols compiled in a long-term
monitoring field guide.

SWCA will implement a training program on all survey and monitoring trips, in which a
Hualapai technician is paired with each senior scientist to learn survey methodology, sample
collection, identification of plants, reptiles, mammals and birds, and proper data recording
techniques. Each evening, project scientists will formally instruct the Hualapai technicians in
field biology. This project presents a singular opportunity to provide Hualapai individuals with
in-field training by highly qualified and experienced biologists. An herbarium of dried and
pressed vegetation samples will be developed and maintained by Hualapai technicians with the
aid of SWCA scientists. Pairing is proposed to be as follows:

Scientist ’ Title Hualapai Technician
Steven W. Carothers, Ph.D. Principal Investigator Clay Bravo

Arthur M. Phillips, Ph.D.  Botanist Mario Bravo

Bryan T. Brown, Ph.D. Wildlife Biologist Lydell Tapija

Amis C. Holm, M.S. Ecologist/Database Manager DeShane Quasula

The technical efforts are designed to integrate methodology and deliverables with previous and
ongoing GCES research and monitoring in the Grand Canyon. This is important for several
reasons: (1) the riparian corridor extending through Grand Canyon is itself an integrated system
and must be studied as such; and (2) current and previous GCES studies and prior work of
SWCA senior scientists, amounting to more than two decades of Colorado River research,
provide compatible methodologies for the performance of vegetative and animal inventories and
future monitoring.

JUSTIFICATION

Protection of all natural resources in the Grand Canyon is of profound cultural and religious
significance to all members of the Hualapai Tribe. The Colorado River and the riparian zone that
it supports provide the Hualapai Tribe with an economic livelihood through the development of
a river recreation business and by helping to sustain the Desert Bighorn Sheep (Ovis canadensis)
population, which is hunted through a permitting process with the Hualapai Tribe.

The riparian ecosystem on the Hualapai Tribal lands represents an important resource that has

been affected by the operations of Glen Canyon Dam and which is likely to be affected by the
Glen Canyon Dam interim flow operations. Limited previous information exists on baseline
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riparian structure in the lower Grand Canyon, providing a baseline for the proposed studies
(Turner and Karpiscak 1980, Carothers and Aitchison 1976, Phillips 1976). Historic and recent
studies have been limited in scope, however, and have typically ended at Diamond Creek and
consequently the lower Hualapai riparian ecosystems have been ignored (Pucharelli 1988).
Recently important cultural and natural resources have been identified in the lower river corridor.
Marshes, vegetation in riparian systems, springs, and a Great Blue Heron (Ardea herodias)
rookery are important resources that may be affected by the interim flow operations.

The Hualapai Tribe has been involved in the GCES and Glen Canyon Dam Environmental Impact
Statement process since 1991. The Hualapai Tribe has identified the need to understand the
relationship between the level of Colorado River flow and the riparian resources in the lower 108
miles of the Grand Canyon. Concern for their environmental resources dictates that the
relationship between the influential operation of Glen Canyon Dam and the resources of the
lower Grand Canyon be better understood.

Due to the current low level of Lake Mead, the flowing Colorado River influences all of the
Colorado River corridor through the Hualapai Reservation. As significant changes in the lake
level are not anticipated prior to the end of FY 92, the collection of baseline data in the area
which was previously inundated by the lake but which is now actively affected by current release
levels will provide valuable information regarding the impacts of interim flows on the lower
Grand Canyon. The upper end of Lake Mead may provide habitat essential to the survival of the
endangered Razorback Sucker (Xyrauchen texanus) and Yuma Clapper Rail (Rallus longirostris),
plants, reptiles, mammals, and other species (USFWS 1991). Should the level of Lake Mead
remain low, monitoring in this area will provide an assessment of the long-term effects of interim
flows for this unique section.

PHASE I

Objective 1. Review the existing literature and available data on plant and animal studies of
the riparian corridor throughout the Grand Canyon.

A review of literature, literature studies, and existing data on plant and animal studies in the
lower Grand Canyon (Carothers and Aitchison 1976, Phillips 1976, Spamer 1990, Waring 1991,
Ohmart et al. 1988) will provide a solid base of historic information from which specific
sampling and analysis protocols can be developed.

Survey methodologies will be established which follow scientific practice to allow accurate

statistical analysis and integration of this study with other Grand Canyon corridor studies and
monitoring efforts.
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Objective 2. Develop a baseline study site and vegetation area map with the use of the GCES
Map Imaging Processing System (MIPS) and existing aerial photography.

Development of a baseline study site and vegetation area map will demonstrate the selection of
monitoring sites and will provide a base for the measurement and evaluation of vegetation area
changes during the monitoring program. Phase I and Phase II studies will provide comparative
data to aid in the evaluation of the impacts of interim flows.

Objective 3. Perform a baseline validation survey of the riparian communities along the lower
Colorado River through the Hualapai Reservation, focusing upon the reach from Diamond Creek
to Columbine Falls. '

Conducting a baseline survey of the riparian communities along the lower Grand Canyon will
establish an informational base for the Phase II monitoring program. Using GCES maps and the
MIPS technology as well as an on-site assessment of potential sites, survey sites will be
established, at which specific data concerning plant and animal communities will be collected.
This base of information will then permit a comparison of data throughout Phase II monitoring
and an evaluation of riparian community changes resulting from interim flows.

Objective 4. Establish interim flow monitoring sites and specific monitoring parameters for the
lower Grand Canyon based on information collected under Objectives 1, 2, and 3.

Data from a baseline survey of the riparian communities of the lower Grand Canyon will be
evaluated and used to select and establish interim flow monitoring protocols and study sites. Use
of baseline data for completion of this Objective will allow the use of an incremental, logical
approach in the selection of long-term monitoring sites as well as the specific methodologies used
to conduct long-term monitoring.

Objective 5. Establish a Scientific Information Database (SID), consistent with GCES protocol,
for data collected from interim flow monitoring sites. '

Maintenance of all monitoring data in a comprehensive database will allow ready comparison of
data, precise assessment of accuracy, and continuity in data format throughout the long-term
monitoring program.

PHASE 11

Objective 6. Implement specific monitoring methodology, and conduct monitoring of selected
study sites. Identify and evaluate changes in riparian communities and determine, to the extent
possible, if they are a result of interim flows, or related to natural ecological processes. This
short-term monitoring program will provide a baseline for long-term monitoring efforts.
Evaluation will be focused on effects related to monthly volumes, maximum and minimum flow
levels, ramping rates, and season.
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Monitoring of study sites over a period of at least two years will allow an initial assessment and
determination of the impacts of interim flows on riparian communities. Monitoring is essential
to identify changes in riparian communities, as such changes occur slowly and in ways which can
be difficult to predict. Monitoring will allow the Hualapai Tribe to evaluate changes resulting
from interim flows as related to overall vegetative community diversity, structure, and size.
Documentation of results throughout the monitoring program will provide a solid base of
scientific data for use in future Grand Canyon studies. Development of a long-term monitoring
methodology will enable the Hualapai Tribe to continue monitoring changes in the lower Grand
Canyon.

Objective 7. Identify changes in vegetative community size and composition occurring
throughout the time frame of the monitoring program at representative sites, and produce an
updated map of vegetative communities at specific sites in the lower Grand Canyon.

Field surveys conducted during Phase I and monitoring conducted during Phase II will be
combined with site-specific vegetative community mapping. This will potentially provide an
understanding of vegetative community change in the lower Grand Canyon as a result of interim
flows. The three GIS sites in the study area will be used for the mapping of vegetative
communities. Mapping will take place on a yearly basis and will be supplemented by MIPS
planimeter data on these sites to evaluate areal as well as community changes.

Objective 8. Integrate the riparian and natural resource results with the Hualapai and GCES
Geographic Information Systems (GIS), Scientific Information Database (SID), and long-term
monitoring program.

The integration of the technical data into the long-term monitoring, as well as the GIS and SID
databases is essential since management of the resources and determination of impacts is a goal
of the overall interim flow and monitoring program. GCES is providing the lead in the
development and utilization of the data bases. Hualapai technicians will be trained in the use of
the GIS and SID systems, allowing the Hualapai to interface with long-term GCES monitoring
efforts.

Objective 9. Develop a long-term riparian system monitoring program for the Hualapai Tribe,
with site selection, monitoring techniques, and analysis protocols compiled in a long-term
monitoring field guide.

Based upon two years of monitoring, a long-term monitoring program will be developed which
will continue to assess changes in the riparian system of the lower Grand Canyon. Use of the
results of the proposed study to develop a long-term monitoring program will allow the
subsequent collection of data in a manner which coordinates with previous and ongoing GCES
monitoring programs.
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BACKGROUND

Riparian habitat in the Southwest supports remarkably complex and productive communities of
plants and animals (Carothers and Brown 1991). Numerous GCES studies and others have
documented a similar pattern in the riparian zone in the Grand Canyon -- it supports a diverse
assemblage of plants and animals. Today, GCES research and monitoring is being designed to
address the influence of dam operations on this ecosystem (e.g. Stevens 1989, Stevens and
Waring 1988, Anderson and Ruffner 1988, Brian 1988, Brown 1988, Waring and Stevens 1988,
Warren and Schwalbe 1988). These studies are providing an understanding of both the initial
and subsequent effects that the flow regimes of the Glen Canyon Dam have on riparian habitat
in the Grand Canyon.

Several rare, threatened or endangered species are thought to occur in the lower Colorado River
corridor, including McDougal’s Flaveria (Flaveria mcdougalli), California Bear-Poppy
(Arctomecon californica), Willow Flycatcher (Empidonax traillii), Yuma Clapper Rail, Peregrine
Falcon, Desert Tortoise (Xerobates agassizi), Gila Monster (Heloderma suspectum), Zebra-tailed
Lizard (Callisaurus draconoides), and Leopard Frog (Rana pipiens).

Limited studies of the lower Grand Canyon have been conducted prior to this effort, making it
imperative that baseline research not be delayed. The riparian zone along the Colorado River
through the Hualapai Reservation appears to be experiencing both erosion and aggradation of
beaches due to Glen Canyon Dam operations. Between National Canyon and Separation Canyon
there is evidence of considerable beach loss (L. Stevens, pers. comm., M. Bravo, pers. comm.),
while between Separation Canyon and Lake Mead, aggradation appears to be extensive.
Correspondingly, riparian communities in the upper stretch may be at risk, while in the lower
stretch new communities are emerging. Riparian communities in the transition zone between
Lake Mead and riverine influence represent a unique and highly valued resource.

While an increasing number of studies by GCES and others are documenting flow-related
changes of specific taxa within riparian communities (Smith et al. 1991, Fenner et al. 1985), few
have considered this relationship at the vegetative community level. With the Hualapai Tribe and
GCES, SWCA proposes studies designed to evaluate the effects of Glen Canyon Dam interim
flow operations on the vegetative and animal communities that occur along the Colorado River
on the Hualapai Reservation. These studies will benefit the Hualapai by determining what
species comprise these communities, how the communities are organized, and also will allow an
assessment of the impacts of the current interim flow regime on these communities.

The riparian habitat along the Colorado River through the Hualapai Reservation, especially from
Diamond Creek (River Mile 225) to the edge of the Grand Canyon at Columbine Falls (RM 274),
is not well studied. Studies of riparian plants and animals there have been limited in scope and
qualitative in nature (Phillips 1975, Phillips et al. 1977, Willson and Carothers 1978, Carothers
and Aitchison 1976, Johnson and Hansen 1977), leaving us with only a preliminary sense of the
extent and composition of this habitat.

129-F




3
-

METHODS
Compatibility of Methodologies Used in Upper and Lower Grand Canyon

To ensure that studies of the Colorado River through the Hualapai Reservation are compatible
with methodologies used for similar studies in the upper reaches of the Grand Canyon (Ayers and
Stevens 1991, 1992), meetings will be held between SWCA scientists, Hualapai researchers, and
the principal investigators for studies in the upper Grand Canyon. Two meetings are scheduled,
the first prior to the performance of Objectives 1 and 2, and the second prior to the first full-
length survey trip (Objective 3). Formal methodologies for baseline vegetation studies will be
established, and a communication base will be formed to ensure that the data collected during
both studies will be of similar precision and in similar form. SWCA principal investigators
(Carothers and Kimberling) have worked extensively with GCES upper Grand Canyon researchers
(Ayers and Stevens), ensuring that similar methodologies will be used.

Sampling and Analysis Techniques

PHASE I

Objective 1. Review the existing literature and available data on plant and animal studies of
the riparian corridor throughout the Grand Canyon.

The development of the specific interim flow monitoring plan will be preceded by a review of
literature, literature studies, and data sources. This literature review will be coordinated with
ongoing GCES literature reviews. A review of research previously conducted in the lower Grand
Canyon will be used as a factor in the selection of survey sites and in analysis of MIPS maps.
Critical parameters for the selection of study sites will be established.

Objective 2. Develop a baseline study site and vegetation area map with the use of the GCES
Map Imaging Processing System (MIPS) and existing aerial photography.

MIPS technology, making use of recent video photography, will be used to create a map of study
sites and vegetated areas in the lower Grand Canyon along the Hualapai Reservation. This map
will be used to show the results of MIPS planimetering of vegetated areas and demonstrate the
selection of study sites. Study sites will be chosen based upon the need for a stratified random
sample and the location of existing GIS sites. This map will also provide an informational base
which will be used throughout the monitoring study to measure and evaluate changes in vegetated
areas as a result of interim flows. GCES will train SWCA and Hualapai scientists to use the
MIPS technology and will provide the necessary equipment and aerial photography.

Objective 3. Perform a baseline validation survey of the riparian communities along the lower

Colorado River through the Hualapai Reservation, focusing upon the reach from Diamond Creek
to Columbine Falls.
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Table 1. Schedule for Activities and Deliverables.

Fiscal Year 1992: Phase I

ProjectInitiation . ... ... ... .0t tuiiuietntn i
Helicopter Reconnaissance . .. .........c.ooueiteeenonsnencneneenn
Meeting Between SWCA, Hualapai, and GCES . ................... ...
Production of Preliminary Vegetation Map Using MIPS . .................
Meeting Between SWCA, Hualapai,and GCES .......................
First Sampling Trip . . . . ot v it ittt e it it e e it
Quarterly Report . .. ... ... ..t i i e e
Second Sampling Trip . . . . . .o it vttt i i e e e e
Third Sampling Trip . . . . o ot ittt ittt ittt e et ea e
Fourth Sampling Trip . .............. et e e et i e e e

Fiscal Year 1993: Phase II

Quarterly Report . . . . . .o i e e
EstablishSID For All Data . . ... ... ...ttt eennnen

Annual Report #1 (DRAFT) .. ... ... . i i it it e
Annual Report #1 (FINAL) .. ... ... . i i i i
Quarterly Report . . . ... ittt i i i e e e
First Sampling Trip . . . . o o vttt ittt et i it e e e
Second Sampling Trip . . . . ... i i ittt ittt i i e
Quarterly Report . .. ... ... ... i i i e
Third Sampling Trip . . . . . o o vttt et ettt e e i e
Fourth Sampling Trip . ... ... ...ttt ittt innnanns
Fifth Sampling Trip . . . ... ittt ittt ettt it i nnannns

Fiscal Year 1994: Phase II

Quarterly Report . . . .. .. .. . i i e e
Annual Report #2 (DRAFT) . .. ... ittt ittt ittt ciiean
Annual Report #2 (FINAL) . ....... ... ... . i,
Quarterly Report . .. ...... .. i i i i e
First Sampling Trip . . . . . o ittt it ittt ittt ittt i it
Second Sampling Trip . .. ... ... i i i i e
Quarterly Report . . ... ... .. ... i i i e e,
Third Sampling Trip . . . . . oo vt ittt ittt i e i e e
Fourth Sampling Trip . . .. ... ...ttt
FifthSampling Trip .. ... ... ...ttt
Quarterly Report . . ... ... .. i i i e e e
FINALREPORT (DRAFT) . ... ... ittt it ii ittt
FINALREPORT (FINAL) . . . . ... ittt it i it e e e

May 15, 1992
May, 1992

May, 1992

June 20, 1992
June, 1992

June 1, 1992

July 1, 1992

July 1, 1992
August 1, 1992
September 1, 1992

October 1, 1992
November, 1992
December 15, 1992
January 20, 1993
April 1, 1993
May 1, 1993

June 1, 1993

July 1, 1993

July 1, 1993
August 1, 1993
September 1, 1993

October 1, 1993
December 1, 1993
January 20, 1994
April 1, 1994
May 1, 1994
June 1, 1994

July 1, 1994

July 1, 1994
August 1, 1994
September 1, 1994
October 1, 1994
December 1994
February 1995
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The study area includes both sides of the river cormridor from National Canyon (RM 166) to
Columbine Falls (RM 274). Study efforts will focus on the portion of the corridor from Diamond
Creek (RM 225) to Columbine Falls (RM 274). A helicopter reconnaissance trip to identify
potential study sites will be conducted in May of 1992. Four survey trips are scheduled for FY
92: 1) a reconnaissance trip in June to field-check MIPS maps, perform a preliminary selection
of study sites, familiarize the project scientists with the current status of the lower Grand Canyon
under the interim flows regime, and to establish working relationships between Hualapai
technicians and project scientists; 2) an 8-day survey trip from Diamond Creek to Pierce Ferry,
in which permanent study sites will be chosen and established, and surveys will begin; 3) a 15-
day survey trip from Phantom Ranch to Pierce Ferry, in which the reach from National Canyon
to Columbine Falls will be evaluated for establishment of future monitoring sites, comparison of
vegetative and animal communities in the upper (above Diamond Creek) and lower (below
Diamond Creek) reaches of the Colorado River through the Hualapai Reservation, and continued
study of permanent sites in the lower reach; and 4) an 8-day survey trip from Diamond

Creek to Pierce Ferry, which will conclude baseline survey efforts (Table 1).

While similar sampling methodologies will be used during Phase I in the upper portion of study
area (Diamond Creek to Separation) and the lower portion (Separation to Columbine Falls), it is
anticipated that the results and potentially the long-term monitoring techniques for the lower
portion will be separate due to the effects of Lake Mead. The lower portion is currently affected
by interim flows due to the low level of Lake Mead, and it is expected that the lake will remain
low at least through

FY 92. The recent inundation of these areas by the lake and the sedimentation which has
occurred there since the closing of Glen Canyon Dam will create a unique study area to assess
the impacts of interim flows.

VEGETATION COMMUNITY STUDIES

Interim flow monitoring sites will be selected utilizing the locations of previous study sites, the
location of the GCES GIS monitoring sites, important resource locations, and representative
resource locations. Previous study sites include Bridge Canyon and Rampart Cave (Carothers
and Aitchison 1976). Due to its significance to the Hualapai Tribe, Spencer Canyon will also
be evaluated as a potential study site. GCES GIS monitoring sites include Diamond Creek (RM
225 to 230) and Columbine Falls (RM 273 to 276).

The reach from Diamond Creek to Columbine Falls will be statistically stratified in order to
select representative sites. Sample plots will be placed randomly but within a stratified
vegetational community where appropriate. The sites to be monitored will be placed in the
following geomorphic settings: marsh, riparian strip, general beach (all in the New High Water
Zone), and debris fan environments (Ayers and Stevens 1992). Sampling techniques will be
established following the completion of Objective 1 and coordination with GCES riparian system
researchers (Ayers and Stevens).
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Fluvial Marsh Sites

Fluvial marsh sites will be identified using MIPS during completion of Objective 2. Four marsh
sites will be chosen based upon geomorphology, inundation frequency, and vegetative cover. The
fluvial marsh sites will be censused once per year during Phase I and Phase II, including low,
moderate, and high interim flows. Compositional changes during the interim flows period will
be identified. Transects will be established in each marsh, with data on basal area, density and
species composition collected. Changes in soil profiles relating to deposition or erosion will also
be noted. All above-ground growth and litter will be collected from each of three 0.5 m? plots
annually in each marsh to monitor productivity. Colonization of these plots will be monitored
to evaluate changes in marsh development rates under interim flows. Studies will be coordinated
with Hualapai aquatic studies where possible.

Riparian Vegetation

Fifteen study sites will be established, covering the different geomorphic settings and including
study sites placed in the study reaches by Stevens et. al. A maximum of three Sm x 10m
quadrats will be established in each of the study sites. These study sites will be designed for
monitoring Glen Canyon Dam discharge impacts on riparian vegetation development. Quadrats
will be divided into eight subplots for censusing and mapping purposes, and will be used to
monitor species composition, germination, growth rates, soil changes, ground cover, and shrub
cover. A species list will be compiled at each site to detect and monitor the distribution of
critical native plant species in the river corridor (Phillips 1986, Ayers and Stevens 1991).

It is anticipated that placement of the study sites and quadrats will allow evaluation of plant
communities which hold importance for the Hualapai Tribe, including cattail marshes, Goodding’s
willow and coyote willow stands, tamarisk-dominated stands, tamarisk and Baccharis salicifolia
stands.

An herbarium collection will be made by SWCA botanists and Hualapai technicians to document
the vegetative species currently found in the lower Grand Canyon.

ANIMAL COMMUNITY STUDIES
Mammal Surveys

Transects will be established within each of four vegetative community types sufficient to permit
characterization of mammal populations. Three sets of trap lines, each 200m in length, will be
established. Live trapping stations will be established within each site, and the area outside each
site will be spot-checked to identify sign of mammals which are not identified by trapping (i.e.
Desert Bighorn Sheep). These monitoring sites will be surveyed annually to determine the
number of species and species individuals occurring in these communities.
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All small mammal trapping will be done using folded aluminum Sherman live traps, 8 x 8.5 x
23 cm in size. The bait will be a peanut butter-rolled oats mixture. A space will be cleared of
litter and vegetation where each trap will be placed to attract small mammals and locate the
station. Traps will be set in late afternoon, checked in the morning, and kept closed during the
day. Two traps will be set at each station. Trapped mammals will be identified by species, and
after all pertinent information is collected, the mammals will be released near the point of capture
except where the mammal should be kept as a museum specimen (Duncan 1990). A minimum
of five individuals of each species will be collected, if possible, to provide adequate
characterization of the small mammals inhabiting Hualapai lands in the Grand Canyon.

Reptile Surveys

Study sites established for mammal surveys will also be used for reptilian surveys. Pedestrian
surveys of each site will be conducted in the morning and evening. Attempts will be made to
capture, measure, mark and release all reptiles found. Each will be identified as to species, and
relative frequency of capture will be documented. Comparisons will be made between reptile
populations in the Old High Water Zone and in the New High Water Zone. In areas of
appropriate habitat, drift fences with traps at each end will be used to capture snake species
(Rosen and Schwalbe 1988).

Avian Censusing

Surveys will be conducted for breeding birds, Peregrine Falcon and other raptors, and the Yuma
Clapper Rail. All avian surveys will be coordinated with National Park Service and GCES avian
survey efforts. Modified Emlen censusing techniques known as the Absolute Count method
(Carothers and Johnson 1974, Carothers and Brown 1987) will be used to census breeding birds
between Diamond Creek and Separation Canyon (RM 240), while the commonly used Emlen
censusing techniques, based on the spot-map method (Kendeigh 1944), will be used to census
breeding birds between Separation Canyon and Columbine Falls. Breeding bird censuses will
be conducted during survey trips in May, June, and July.

A minimum of five study sites will be chosen across a range of geomorphic and vegetative types
and patch sizes for breeding bird censuses. Patch sizes will vary to determine distinctions
between avifauna found in small versus large patches, and to determine variations in the species
composition of sites in the portion of the Grand Canyon affected by the flowing Colorado River,
which are generally very small, and sites along Lake Mead, which include large cattail marshes.
It is anticipated that breeding bird surveys will include the Southwest Willow Flycatcher.

Peregrine Falcon sampling surveys following the protocol of Brown (Brown et al. 1992) will be
conducted at 10-mile intervals during May and July survey trips. Yuma Clapper Rail and
Southwest Willow Flycatcher surveys will be coordinated with U.S. Fish and Wildlife Service
and National Park Service activities in Grand Canyon, and will consist of tape recorded surveys
conducted in at least two large marsh areas (Johnson et al. 1981).
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Objective 4. Establish interim flow monitoring sites and specific monitoring parameters for the
lower Grand Canyon based on information collected under Objectives 1, 2, and 3.

Based upon the results of the literature search, MIPS work, coordination with upper Grand
Canyon researchers, and baseline surveys, monitoring techniques and long-term monitoring sites
will be established. Study sites established in Objective 3 will become long-term monitoring
sites, except in cases where new sites are established or sites are determined to be unsuitable for
long-term monitoring. The logic for the selection of long-term monitoring sites will be clearly
and decisively established.

Objective 5. Establish a Scientific Information Database (SID), consistent with GCES protocol,
for data collected from interim flow monitoring sites.

A central database will be established, with protocols developed to ensure consistent data
collection, entry, and manipulation throughout the long-term monitoring program. GCES has
initiated development of the SID, and will provide the training and use of computers for this
Objective.

PHASE 11

Objective 6. Implement specific monitoring methodology, and conduct monitoring of selected
study sites. Identify and evaluate changes in riparian communities and determine, to the extent
possible, if they are a result of interim flows, or related to natural ecological processes. This
short-term monitoring program will provide a baseline for long-term monitoring efforts.
Evaluation will be focused on effects related to monthly volumes, maximum and minimum flow
levels, ramping rates, and season.

Objective 6 begins Phase II of the Hualapai riparian monitoring project. It is anticipated that this
phase will begin in the first part of FY 93 and extend through the end of FY 94 or until the end
of the interim flows. The use of five transects in the reach below RM 240 to characterize and
study the vegetation which has colonized depositional silt bars will allow a more complete
understanding of this area than using quadrats alone. Transects will begin at the highest
vegetated terrace deposited as the level of Lake Mead dropped and extend perpendicular to the
river to the water’s edge. In each vegetation zone, ten 1m square plots will be randomly selected
and censused. Transects will be recensused during each year of Phase II.

Phase II monitoring trips are expected to resemble Phase I trips, both in timing and in
coordination with low, moderate, and high flows. Approximately five monitoring trips will be
conducted each year, with at least one trip each year to conduct monitoring of vegetative and
animal communities between National Canyon and Diamond Creek.
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Objective 7. Identify changes in vegetative community size and composition occurring
throughout the time frame of the monitoring program at representative sites, and produce an
updated map of vegetative communities at specific sites in the lower Grand Canyon.

A detailed map will be developed which a) describes vegetative communities and community
changes at the three mapping sites; b) shows the area in hectares of vegetation communities; and
¢) details the locations of vegetation, avian, mammalian and reptile study sites. This map will
allow a clear, concise presentation of study results and an evaluation of riparian community
changes over time. This Objective will be completed at the end of FY 94, and will form a part

of the final report.

Objective 8. Integrate the riparian and natural resource results with the Hualapai and GCES
Geographic Information Systems (GIS), Scientific Information Database (SID), and long-term
monitoring program.

Survey results will be in a format that will allow simple entry into the Hualapai and GCES GIS
systems and the GCES SID system as it is developed. As methodologies will be based upon
historical data as well as communications with other scientists, all studies will be compatible with
the GCES long-term monitoring program.

Objective 9. Develop a long-term riparian system monitoring program for the Hualapai Tribe,
with site selection, monitoring techniques, and analysis protocols compiled in a long-term
monitoring field guide.

Based upon the findings of Objectives 6, 7, and 8 and upon an assessment of established
monitoring sites, a long-term riparian monitoring program for the lower Grand Canyon will be
developed. The parameters and logic for the establishment of the long-term monitoring program
will be clear and will provide a stepwise reasoning for continuing monitoring efforts.

DELIVERABLES

Completion of Phase I will produce data on vegetative and animal species composition and
demography in the lower Grand Canyon. An herbarium and mammal specimen collection will
be established, which will be expanded as necessary during Phase II. Information collected in
Phase I will provide the baseline data for Phase II monitoring and determination of changes in
plant communities as a result of interim flows. Quarterly and annual reports will be produced
according to the time line shown in Table 1.

During Phase II, updated maps of vegetative communities will be developed, and quantitative
data on change in extent and composition of vegetative and animal communities in the lower
Grand Canyon will be collected and compiled. Recommendations will be made for long-term
monitoring efforts beyond FY 94. Quarterly, annual, and final reports will be produced according
to Table 1. The final report will be published in a peer-reviewed scientific journal.
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Table 2 details deliverables for each phase.

Table 2. Project Deliverables.
PHASE I: FY 92

Base map of vegetation area and study sites.

Logic for establishment of interim flow monitoring sites and quadrats within sites.
Protocol for entry and manipulation of data with Scientific Information Database.
Methodologies and site locations for interim flows monitoring program.

Quarterly and annual reports.

VbW

PHASE II: FY 93 and FY 94

1. Updated base map showing changes in areal extent and community distribution at six mapping sites; the
location of study sites; and the area in hectares of the riparian vegetation of the lower Grand Canyon.
Quarterly, annual, and final reports detailing findings of the impacts of interim flows on the riparian
community in the lower Grand Canyon.

Final database with protocol for analysis.

Herbarium collection with slides of all vegetation species collected.

Provide data to GCES for inclusion in GIS for the two GIS sites located within the study area.
Prioritized recommendations for long-term monitoring efforts beyond FY 94, including additional GIS sites
if needed, and compilation of specific long-term monitoring protocols into a field guide.

Ol

Nhhw

INTEGRATION WITH OTHER GCES MONITORING EFFORTS

As SWCA and the Hualapai Tribe join the GCES in research, the work being proposed is
designed to integrate with previous and current GCES research on plants, animals and sediments
in the Grand Canyon. The riparian corridor through Grand Canyon reflects a continuum of
processes from erosional to aggradational, and the proposed lower reach interim flow monitoring
will help to complete an understanding of this process and its effects on associated resources.
The riparian work proposed will be compatible with that ongoing in the upper Grand Canyon,
and will enhance the understanding of the structure of riparian plant communities and how they
are changing. Other GCES studies ongoing or planned include aquatic studies, GIS surveys,
long-term monitoring, and avian surveys.

The proposed studies will contribute essential data on plants and animals to these long-term,
multifaceted research efforts. Additionally, the use of MIPS to measure area of beaches, as well
as plant communities in the lower Grand Canyon, will be compared with results found in the
upper Grand Canyon in other GCES studies.
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SCHEDULING

Quarterly and annual reports will be provided to the Glen Canyon Environmental Studies
according to the schedule in Table 1. A Draft Final Report will be distributed for technical
review as specified by the GCES and a Final report will be developed at the completion of the
interim flow monitoring program. The schedule outline in Table 1 will be followed for this
interim flow monitoring project, but may be adjusted pending determination of the date of the
actual contract initiation.

PERSONNEL
Technical Staff

Four scientists will collect and analyze data for this project. A project manager will be the
contact point for the project, establish logistics, and coordinate completion of interim and final
reports. Combined, the experience of these professional biologists in studying the plants and
animals of the Grand Canyon totals 71 years. Each scientist is involved with ongoing work in
the field of riparian ecosystem analysis. Curriculum vitae are attached. Duties will be as
follows:

Steven W. Carothers, Ph.D. Principal Investigator
Arthur M. Phillips III, Ph.D. Botanist

Bryan T. Brown, Ph.D. Wildlife Biologist

Amis C. Holm, M.S. Ecologist/Database Manager
Brice J. Hoskin Project Manager

Other Agency Involvement

The GCES will provide the primary river and helicopter logistical support and the technical
expertise and equipment for the surveying efforts, except where supplies are provided by SWCA
or the Hualapai Tribe. Where boats and guides are supplied by SWCA and the Hualapai Tribe,
GCES will provide for further logistics including primarily provision of food supplies. The
National Park Service will provide technical scientific support and input into the design and
development of the monitoring site locations. The GCES will provide the technical support in
the training and use of the MIPS system and the development of the GIS sites.

138-F



LITERATURE CITED

Anderson, L.S. and G.A. Ruffner. 1988. Effects of post-Glen Canyon Dam flow regime on
the old high water line plant community along the Colorado River in Grand Canyon. Glen
Canyon Environmental Studies, Salt Lake City. NTIS PB88-183504/AZ

Ayers, T. and Stevens, L. 1992. A proposal to monitor the effects of interim flows from Glen
Canyon dam on riparian vegetation in the Colorado River downstream from Glen Canyon dam,

Arizona.

Brian, N.J. 1988. Aerial Photography comparison of 1983 high flow impacts to vegetation at
eight Colorado River beaches. Glen Canyon Environmental Studies Rept. No. 20, Salt Lake

City.

Brown, B.T., G.S. Mills, R. Glinski, and B. Hoffman. 1992. Density of nesting peregrine
falcons in Grand Canyon National Park, Arizona. Southwest Naturalist 5:2.

Brown, B.T. and R.R. Johnson. 1988. The effects of fluctuating flows on breeding birds.
Bureau of Reclamation Glen Canyon Environmental Studies Rept. No. 23. NTIS PB88-
183512/AS.

Carothers, S.W. and B.T. Brown. 1987. The birds of Grand Canyon. University of Arizona
Press, Tucson, Arizona.

Carothers, S.W., S.W. Aitchison, and R.R. Johnson. 1979. Natural resources, white water
recreation and river management alternatives on the Colorado River, Grand Canyon National
Park, Arizona. Proc. First Conf. on Scientific Research in the National Parks. I: 253-260.

Carothers, S. and S.W. Atchison, eds. 1976. An ecological inventory of the Colorado River
between Lees Ferry and the Grand Wash Cliffs. Grand Canyon National Park Colorado River
Research Series No. 10, Grand Canyon.

Carothers, S., R.R. Johnson, and S.W. Aitchison. 1974. Population structure and social
organization of southwestern riparian birds. American Zoologist 14:97-108.

Duncan, D.K. 1990. Small mammal inventory of Chiricahua National Monument. Cooperative
National Park Resources Studies Unit, Technical Report No. 30.

Fenner, P., W. Brady and D.R. Patton. 1985. Effects of regulated water flows on regeneration
of Fremont cottonwood. J. Range Manage. 38:135-138.

Johnson, R.R. and S.W. Carothers. 1982. Riparian habitat and recreation: interrelationships

and impacts in the Southwest and Rocky Mountain region. Eisenhower Consortium for Western
Forestry Research Bull. 12.

139-F




Kendeigh, S.C. 1944. Measurement of bird populations. Ecol. Monogr. 14:67-106.

Knopf, F.L., R.R. Johnson, T. Rich, F.B. Samson and R. C. Szaro. 1988. Conservation of
riparian ecosystems in the United States. Wilson Bull. 100:272-284.

Phillips, B.G., A.M. Phillips, M. Theroux, J. Downs and G. Fryberger. 1977. Riparian
vegetation of Grand Canyon National Park, Arizona. Mus. of Northern Ariz., Flagstaff, Az.

Unpublished map.

Phillips, B.G., R.A.Johnson, A.M. Phillips IIl and N.J. Brian. 1986. Monitoring the effects
of recreational use on Colorado River beaches in Grand Canyon National Park. Mus. Northern
Ariz. Bull. Ser. 55, Flagstaff, AZ.

Phillips, B.G., A.M. Phillips III, and M.A. Schmidt-Bernzott. 1987. Annotated checklist of
vascular plants of Grand Canyon National Park. Grand Canyon Natural History Assoc. Monogr.
No. 7. Grand Canyon.

Pucharelli, M. 1988. Evaluation of riparian vegetation trends in the Grand Canyon using
multitemporal remote sensing techniques. U.S.D>I. Bureau of Reclamation, Glen Canyon
Environmental Studies, Rept. No. 18. NTIS No. PB88-183488.

Johnson, R.R, B.T. Brown, L.T. Haight, and J.M. Simpson. 1981. Playback recordings as
a special avian censusing technique. Studies in Avian Biology 6:68-75.

Schollander, P.F., H.T. Hammel, Edda D. Bradstreet and E.A. Hemmingsen. 1965. Sap
pressure in vascular plants. Science 148:339-346.

Smith, S.D., A.B. Wellington, J.L. Nachlinger and C.A. Fox. 1991. Functional responses of
riparian vegetation to streamflow diversion in the eastern Sierra Nevada. Ecol. Appl. 1:89-97.

Stevens, L.E. 1989. Mechanisms of riparian plant community organization and succession in
the Grand Canyon, Arizona. Northern Arizona Univ., Ph.D. Dissertation, Flagstaff.

Stevens, L.E. and G.L. Waring. 1988. Effects of post-dam flooding on riparian substrates,

vegetation and invertebrate populations in the Colorado River corridor in Grand Canyon,

Arizona. Bureau of Reclamation Glen Canyon Environmental Studies Rept. No. 19, NTIS No.
PB88-183488/AS.

Stevens, L.E. and T.J. Ayers. 1991. The impacts of Glen Canyon Dam on riparian vegetation
soil stability in the Colorado River corridor, Grand Canyon, Arizona: 1991 draft annual report.
Submitted to NPS CPSU, Northem Arizona University, Flagstaff.

Turner. R.M. and M.M. Karpiscak. 1980. Vegetation changes between Glen Canyon Dam and
Lake Mead, Arizona. USGS Prof. Pap. 11-32. Washington.

140-F




United States Fish and Wildlife Service. 1991. Annual planning aid report.

Waring, G.L. 1991. Literature study of lower Grand Canyon scientific studies. Unpublished
document.

Waring, G.L. and L.E. Stevens. 1988. The effect of recent flooding on riparian plant
establishment in Grand Canyon. Bureau of Reclamation Glen Canyon Environmental Studies

Rept. No. 21. NTIS OB88-183493/AS.

Watahomigie, L.J., M. Powsket and J. Bender. 1982. Ethnobotany of the Hualapai. Hualapai
Bilingual Program, Peach Springs, Arizona.

Willson, M.F. and S.W. Carothers. 1979. Avifauna of habitat islands in the Grand Canyon.
Southwestern Naturalist 24(4):563-576.

141-F



Scientific Name

Abronia elliptica

Abutilon incanum

Acacia greggii

Adiantum capillus-veneris

Agave utahensis var. utahensis

Agrostis semiverticillata
Allionia incarnata
Ambrosia dumosa
Amphipappus fremontii
Amsinckia tessellata
Andropogon gerardi
Andropogon glomeratus
Anemone tuberosa
Aquilegia chrysantha
Arabis perennans
Arctomecon californica
Argythamnia neomexicana
Aristida parishii

Aristida purpurea var. glauca

Aster spinosus
Aster subulatus
var. ligulatus

Astragalus episcopus
Astragalus nuttallianus
Atrichoseris platyphylla
Atriplex confertifolia
Atriplex hymenelytra
Baccharis emoryi
Baccharis salicifolia
Baccharis sergiloides
Bebbia juncea
Bernardia incana
Boerhaavia intermedia
Boerhaavia wrightii
Bothriochloa barbinodis
Bouteloua barbata
Bouteloua trifida
Bowlesia incana

Common Name

Sand-verbena

Indian mallow
Catclaw acacia
Maidenhair fern
Utah agave
Waterbent

Trailing four-o’clock
White bursage
Chaff-bush

Checker fiddleneck
Blue-stem

Bushy beardgrass
Desert windflower
Golden columbine
Perennial rock-cress
California bear poppy
New Mexican ditaxis
Parish three-awn
Purple three-awn
Spiny aster

Aster

Nuttall locoweed
Parachute plant
Shadscale

Desert holly

Emory seep-willow
Seep-willow
Waterweed, Desert-broom
Chuckwalla’s delight
Bernardia

Spiderling
Spiderling

Cane bluestem
Six-weeks grama
Red grama

Hairy bowlesia
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APPENDIX G. HERBARIUM SPECIES LIST

Collection
Locations

225.5L

228.9L
236.5L, 238.5L
235L, 228.9L
272L

237.3L, 252.3R
246L, 259.7R
238.3L

275L

238.3L

254.6R

235L

238.3L

229L

239.5L

270.5L

259.7R

231.5L

238L

225.5L

2255 L, 228.9L,

Habitat

Beach

Side canyon
Beach

Side canyon
Desert
Riparian
Desert
Desert
Desert
Desert

Side canyon
Desert
Desert

Seep
Desert

Side can. desert
Desert
Desert
Beach
Beach

239.6L, 246L, 254R Riparian

235L

238.3L
259.7R

270L

268.8L
238.5L

235L, 252.3R
2721

230.5L
270.5L

246L

246L

228.9L, 238L
246L

259.7R

275L

Beach
Desert
Desert
Desert
Desert
Riparian
Riparian
Side canyon
Beach

Side canyon
Side canyon
Side canyon
Beach

Side canyon
Desert
Desert



Scientific Name

Brickellia coulteri
Brickellia longifolia
Bromus arizonicus
Bromus rubens
Calochortus flexuosus
Camissonia brevipes
Camissonia multijuga
Camissonia refracta

Camissonia speculicola ssp.

hesperia
Celtis reticulata
Centaurium calycosum

Ceratoides lanata
Chaenactis fremontii
Chaenactis stevioides
Chorizanthe brevicornu
Chorizanthe rigida
Cladium californicum
Conyza canadensis
Crossosoma bigelovii
Cryptantha barbigera
Cryptantha holoptera
Cryptantha maritima
Cryptantha micrantha
Cryptantha pterocarya
Cryptantha racemosa
Cryptantha utahensis
Cucurbita palmata
Cynodon dactylon
Cyperus erythrorhizos
Datura meteloides
Delphinium parishii
Descurainia pinnata
Dichelostemma pulchellum
Draba cuneifolia

var. integrifolia
Dyssodia pentachaeta
Echinochloa crusgalli
Eleocharis parishii
Encelia farinosa

Common Name

Coulter brickell-bush
Long-leaf brickell-bush
Arizona brome

Red brome, foxtail brome
Weakstem mariposa lily
Yellow cups

Evening primrose
Evening primrose

Evening primrose
Netleaf hackberry
Buckley’s centaury

Winter fat

Fremont desert pincushion
Desert pincushion
Brittle spineflower
Spiny-herb

Saw grass

Horseweed

Bigelow ragged rock flower
Bearded cryptantha
Winged cryptantha
Beach cryptantha
Purple-rooted cryptantha
Wing nut cryptantha
Woody cryptantha

Utah cryptantha

Coyote melon

Bermuda grass
Flat-sedge

Sacred datura

Desert larkspur

Yellow tansy mustard
Blue-dicks

Whitlow-grass

Dogweed, Fetid marigold
Barnyard grass

Parish spike-rush

White brittlebush
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Collection
Locations

235L, 239.5L

271.8L
225.5L
225.5L

239.5L, 254.6R

259.7R

235L, 254.6R

259.7R

235L, 246L
272L

228.9L, 246L,

249.4L
270.5L
275L
225.5L
259.7R
259.7R
235L

228.8L, 239.6L

239.5L

224.6L, 235L

254.6R
254.6R
225.5L
224.6L
259.5L
238.3L
232.5R
246L
259R
246L
272L
235L
225.5L

224.6L, 259.5L

259.7R
259.7R
246L

259.7R

Habitat

Desert
Riparian
Riparian
Riparian
Desert
Desert

Side canyon
Desert

Side canyon
Side canyon

Riparian
Side canyon
Desert
Beach
Desert
Desert

Side canyon
Riparian
Desert
Desert

Side canyon
Side canyon
Beach
Desert
Desert
Desert
Beach
Riparian
Riparian
Side canyon
Desert
Desert
Beach

Desert
Desert
Riparian
Side canyon
Desert



' Scientific Name

l Ephedra nevadensis
Epipactis gigantea
Erigeron lobatus
Eriogonum deflexum
Eriogonum fasciculatum
Eriogonum inflatum
Eriogonum wrightii
Erioneuron pulchellum
Eriophyllum lanosum
Erodium cicutarium
Eschscholzia glyptosperma
Eschscholzia minutiflora
Eucnide urens
Eucrypta micrantha
Euphorbia polycarpa
Euphorbia revoluta
Fouquieria splendens
Fraxinus pennsylvanica ssp.
velutina
Galium aparine
Galium stellatum
Gaura parviflora
Gilia scopulorum
Gnaphalium chilense
Gutierrezia microcephala
Haplopappus acradenius
Haplopappus salicinus
Haplopappus spinulosus
var. gooddingii
Hedeoma nanum ssp. nanum
Hedeoma oblongifolium
Hilaria rigida
Hordeum leporinum
Hutchinsia procumbens
Juncus acutus var. sphaerocarpus
Juncus articulatus
Juncus torreyi

Krameria parvifolia
Lactuca serriola
Larrea tridentata

Common Name

Nevada Indian-tea
Helleborine orchid
Lobeleaf fleabane
Skeleton weed
California buckwheat
Trumpet buckwheat
Wright’s shrubby buckwheat
Fluff grass

Woolly daisy

Filaree

Desert poppy

Little gold poppy

Rock nettle
Small-flowered eucrypta
small-seeded sand mat
Spurge

Ocotillo

Velvet ash

Goose grass bedstraw
Desert bedstraw
Small-flowered gaura
Rock gilia

Cudweed

Snakeweed
Goldenweed
Borroweed

Spiny goldenweed
Dwarf mock-pennyroyal
Mock-pennyroyal

Big galleta grass

Wild barley

-Spiny rush

Jointed rush
Torrey rush

Range ratany

Prickly lettuce
Creosotebush

144-G

Collection Habitat
Locations

238.5L, 275L

270.5L Seeps, springs
229L Beach

246L Side canyon
224.6L Desert
259.7R Desert
235L Desert
259.7R Desert
275L Desert
238.3L Desert
275L Desert
254.6R Desert
273L Desert
229L Desert
246L Side canyon
246L Side canyon
259.7R Desert
270.5L Side canyon
275L Desert
224.6L Desert
225.5L Beach
268.8L Desert
246L, 252.3R  Riparian
228.9L Desert
235L Riparian
228.9L Side canyon
224.6L, 275L.  Desert
228.9L Side canyon
254.6R Side canyon
259.7R, 275L  Desert
225.5L Riparian
238.3L Desert
229L Riparian
246L Riparian
228.9L, 249.4L,

254R, 266.5R  Riparian
259.7R Desert
246L Riparian

238.5L, 259.7R Desert




Scientific Name

Layia glandulosa
Lepidium fremontii
Lepidium lasiocarpum
Leptochloa uninerva
Linanthus aureus
Linanthus bigelovii
Linanthus demissus
Lotus wrightii
Lupinus arizonicus
Lythrum californicum
Malacothrix glabrata
Maurandya antirrhiniflora
Melilotus albus
Mentzelia puberula
Mentzelia pumila
Mentzelia tricuspis
Mimulus cardinalis
Mimulus guttatus
Mirabilis bigelovii

Common Name

White layia

Desert alyssum
Peppergrass
Mexican spangletop
Yellow linanthus
Bigelow linanthus
Prostrate linanthus
Wright lotus
Arizona lupine
Hierba del Cancer
Desert dandelion
Twining snapdragon
White sweet-clover

Rough-stemmed blazing-star

Stick-leaf

Shiny-leaved blazing-star
Cardinal monkeyflower
Yellow monkeyflower
Wishbone bush

Mortonia scabrella var. utahensis Sandpaper-bush

Muhlenbergia asperifolia
Muhlenbergia porteri
Nemacladus glanduliferus
Nicotiana trigonophylla
Nolina microcarpa
Notholaena parryi
Oenothera pallida
Panicum capillare
Panicum obtusum
Parietaria hespera
Pectocarya heterocarpa
Pectocarya platycarpa
Penstemon palmeri
Perityle emoryi
Petrophytum caespitosum
Petunia parviflora
Peucephyllum schottii
Phacelia crenulata
Phacelia glechomaefolia

Phacelia ivesiana

Alkali muhly

Bush muhly

Thread plant

Desert tobacco
Beargrass

Parry lip-fern

Pale evening-primrose
Witchgrass

Vine mesquite
Pellitory

Hairy-leaved comb-bur
Flat-seeded comb-bur
Palmer beardtongue
Emory rock-daisy
Rock mat

Wild petunia

Pygmy cedar
Scorpionweed

Grand Canyon scorpionweed

Ives phacelia
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Collection
Locations

259.7R
272L
235L

254R, 266.5R

254.6R
259.7R
259.7R
246L

239.5R
246L

260.5L

228.9L, 235L

238.5L
270.5L
246L

259.7R, 275L

229L, 235L
246L
224.6L
270.5L
235L
254.6R
259.7R
235L
270.5L
238.3L
225.5L
254R
228.8L
235L
225.5L
259.7R
270.5L
235L
270.5L
246L
246L

254.6R, 259.7R
239.5R, 254.6R,

270.5L
224.6L

Habitat

Desert
Desert
Desert
Beach
Desert
Desert
Desert

Side canyon
Side canyon
Side canyon
Desert

Side can.
Riparian
Desert

Side canyon

‘Desert

Seep

Side canyon
Desert

Side canyon
Side canyon
Side canyon
Desert
Desert

Side canyon
Desert
Beach
Riparian
Riparian
Desert
Beach
Desert

Side canyon
Desert

Side canyon
Side canyon
Desert
Desert

Side canyon

Desert



Scientific Name

Phacelia laxiflora
Phacelia rotundifolia
Pholistoma auritum
Phoradendron californicum
Phragmites australis
Physalis crassifolia
Plantago insularis
Plantago major
Pleurocoronis pluriseta
Pluchea purpurascens
Poa bigelovii

Polygonum lapathifolium
Polypogon monspeliensis
Populus fremontii
Porophyllum gracile

Prosopis glandulosa

var. torreyana
Pterostagia drymarioides
Rafinesquia neomexicana
Rorippa palustris
Salazaria mexicana
Salix exigua
Salix gooddingii
Sarcostemma cynanchoides
Salvia davidsonii
Scirpus americanus
Scirpus maritimus

var. paludosus
Senecio mohavensis
Senecio quercetorum
Senna covesii
Setaria leucopila
Silene antirrhina
Sisymbrium irio
Solanum americanum
Solidago altissima
Solidago occidentalis
Sonchus oleraceus

Sphaeralcea ambigua

Common Name

Crevice phacelia
Round-leaf phacelia
Fiesta flower
Desert mistletoe
Giant common reed

Thick-leaf ground cherry

Burro Indianwheat
Common plantain
Arrowleaf
Salt-marsh fleabane
Bigelow bluegrass
Willow weed
Rabbitfoot grass
Fremont cottonwood
Poreleaf

Torrey mesquite

Desert chicory

Bog marsh cress
Bladder-sage
Coyote willow
Goodding willow
Climbing milkweed
Davidson sage
Bulrush

Bulrush

Mohave groundsel
Groundsel

Hairy senna
Bristle-grass

Sleepy catchfly
London rocket
American nightshade
Late goldenrod
Western goldenrod
Common sow-thistle

Desert mallow
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Collection
Locations

270.5L
235L

238.3L

225.5L

235L

235L, 238.3L
259.7R

259R

254.6R, 270.5L
249 4L, 259R
235L

254R

252.3R

246L

224.6L, 238.5L,
272L

246L

229L, 238.3L
275L

270L

239.5L
262.5R
262.5R

235L

228.9L

254R

259R, 266.5R
238.3L

235L

246L, 259.7R
228.9L
259.7R
225.5L
239.5R, 264R
231.5L
228.8L, 238L
225.5L, 235L,
238.3L

259.5L

Habitat

Side canyon
Desert
Desert
Beach

Side canyon
Side can.
Desert
Riparian
Side canyon
Riparian
Side can.
Riparian
Riparian
Side canyon

Desert

Beach

Side can.
Desert
Riparian
Desert
Riparian
Riparian
Side can.
Side canyon
Riparian

Riparian
Desert

Side can.
Desert

Side canyon
Desert
Riparian
Side canyon
Riparian
Riparian

Riparian
Desert



Scientific Name

Sphaeralcea grossulariaefolia
Sporobolus airoides
Sporobolus cryptandrus
Sporobolus flexuosus
Sporobolus giganteus
Stanleya pinnata
Stemodia durantifolia
Stephanomeria pauciflora
Stylocline micropoides
Suaeda torreyana
Tamarix chinensis
Tessaria sericea
Thamnosma montana
Tidestromia oblongifolia

" Tiquilia canescens

Trichachne californica
Tridens muticus

Trixis californica

Typha domingensis
Verbena gooddingii
Veronica anagallis-aquatica
Viguiera deltoidea

Vulpia octoflora

Xylorhiza tortifolia

Common Name

Gooseberryleaf globemallow
Alkali sacaton

Sand dropseed

Mesa dropseed
Giant dropseed
Prince’s plume
Stemodia
Wire-lettuce

Desert nest straw
Desert seepweed
Salt-cedar, Tamarisk
Arrowweed
Turpentine broom
Tidestromia
Shrubby coldenia
Cotton-top

Slim tridens

Trixis

Southern cattail
Goodding verbena
Water speedwell
Triangle-leaf goldeneye
Six-weeks fescue
Mohave aster
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Collection
Locations

235L
231.5L
231.5L, 238L
225.5L
236.5L
271.8L
246L
235L
224.6L, 239.5L
270.5L
252.3R
271.8L
270.5L
235L
259.7R
247L
254.6R
235L
238.5L
275L
238.5L
2721
225.5L
238.3L

Habitat

Desert
Beach
Beach
Beach
Beach
Beach

Side canyon
Beach
Desert
Seeps, springs
Riparian
Beach

Side canyon
Side canyon
Desert
Beach

Side canyon
Desert
Riparian
Desert

Side canyon
Side canyon
Beach
Desert



H-8v1

éds xiJdeue) Apoom 182°2 1000°0 £%0°0 €20000°0 vVl € 95241 8LOLES
e1]041d11es siJeydoeg ApooM%8¢9° 06 65£°8S 9000°0 8%£°0 €85000°0 ysve € 96241 8LOLE6
uo)A308p uopouA)ietuuasad-ssedbyzog 6 802°Sl 2000°0 %60°0  2100°0 2S1000°0 2227291 % 17 % I + 96241 810156
e1d14as ellessaj Apoom %96°8€ $000°0 2%S°0 06£000°0 33l ¢ 96241 26
ids x1ueuey Apoom €95°9 1000°0 160°0 9900000 vivL ¢ 96241 26
81)0410118S Slieyodeg Apoomy91L" 46 91922 2000°0 %i€°0 92200070 sve ¢ 95241 26
Sisuapeued ezAuojnuue-snoadeqJay 108°€ 0000°0 €S0°0  2000°0 8€0000°0 Y%6° 1L ¥ vJ0) ¢ 95241 26
81J1J3s elJessa] Apoom 8987951 9100°0 289°0 695L00°0 331 2 %5241 2260%6
e1joj1dt1@s siseyooes Apoomyi 4.4 LI Sl 2000°0 990°0 1510000 sve 2 96241 2260%6
snJpueidAlo snjoqododsetuuasad-ssedbys62 62 611°85 9000°0 £S2°0  £200°0 185000°0 860°0£2 € ¥ds 2 Y5241 1260%6
e10143s BlJessal Apoom g8g°c8l 8100°0 S25°0 9£8100°0 331 2 962yl 8LOLES
éds xiaewe} Apoom {18 7] 20000 920°0 - 1%2000°0 vivL, 2 952yl 81016
e110}19t1es siJeyodeg Apoomy§92°2/ 228°8¢ %000°0 221°0 88£000°0 vsve 2 96241 BLOLES
1etuudsad-sselb Iy1°0 0000°0 000°0 100000°0 do 2 96241 8LOLES
uojA3oep uopoud)ietuussad-sselbyle) 22 9ve°2L 2000°0 222°0  2£00°0 €2/000°0 %08°8LE § VaA) 2 96241 BLOLE6
B101J3S el.essd) Apoom 506°2¢l €100°0 S09°0 62€100°0 : 3L 2 95241 26
¢ds xiaewe) Apoom 9092 1000°0 %£0°0 920000°0 . vivL 2 46241 26
e1jojlal1es siJeyosoeg Apoomz921 ° 86 226792 2000°0 2%€°0 6%2000°0 isve 2 95241 26
uojA3oep UopouAj|etuussad-sseabyy.g-| 4019 0000°0 610°0  2200°0 1%0000°0 2%6°8L2 ¥ VaA 2 9624l 26
e121J3s elJessal Apoom 690°2 1000°0 920°0 120000°0 3s31 l HS2¥L 2260%6
éds xpaewe) Apoomy56S° 68 016°5€2 4200°0 0/8°0 65£200°0 vavl t 46281 226096
snoaseqJay 800°0 0000°0 000°0 000000°0 san t 95281 2260%6
snJpueidAda snjoqododsieiuuasad-sseaby99z°0 €22°0 0000°0 £00°0 200000°0 ¥ads l 46281 226096
suagnJ snwoJg  Jenuue-ssedb 68Y°22 €000°0 LOL°0  2200°0 622000°0 86L°122 S nyys l 96241 2260%6
e1d1J4as eliessa) Apoom 6861 2000°0 §S0°0 661000°0 asal l 45241 8L0L€6
ids x1aewe) ApooM¥559°66 802°2%¢ 9€00°0 2%6°0 22%500°0 Vvl l 46241 8LOLES
u01A308p UOpouA)ieiwua.sad-ssedb%ey0°0 25170 0000°0 000°0 200000°0 VaAl l H6241 8LOLES
sudgnJ snwoJdg  jenuue-ssedb ooL"1L 0000°0 £00°0  9£00°0 L10000°0 028°€9€ ¢ nyys i H62Y4l 8LOLE6
B131J3S BLIESSI) ApooM 69%° 1 0000°0 200°0 510000°0 3s3L l 46241 26
&ds x1aewe) Apoom 219°968 0600°0 696°0 $96800°0 vivi l 96241 26
esoulJey e1133u3 Apoom S82°0 0000°0 100°0 800000°0 ViN3 i H524l 26
e1joj1a11es stieyaoeg Apoomycg¢ * 66 606°02 2000°0 €20°0 602000°0 sve l H52¥l 26
1etuuaJad-snoadeqlayyso0°o 1€0°0 0000°0 000°0 0000000 V3D IVYIVHIS | Y624l 26
snoadseq.ay 800°0 0000°0 0000 0000000 san 1 9524l 26
uojAjoep uopouAljeiuuadad-ssedbyli9°0 659°§ 1000°0 900°0  £600°0 2S0000°0 %££°626 2 VQAD l 4624l 26
aWeu 91313Ud19S WJoj YiMoJ6  je303 jO % EBaJE |eseg pasnsuadaJde jesegid/vg 1eio)l 2 u/vg "y g unsds jo # ddsS 3INOZ IIW 31Va
wJoj Yimodb 2 wo eaJe Jo %eio) jo % N =] *ydJowoan

(snoasequay Ajqeqodd ade 3sow) NMONMINN

(uMou) U3yM TVINNIYI4/IVNNNY) SSVHD

sBuL1paas 3J021p UMOUNUN SaPNOUL (UMOUY USYM TVINNIYIA/TVANNY) - SNO3IVEBYIH
snjoed ‘sjiejles ’‘sasuy ‘sgndys =ApooM

Sd11 =so)1w uieyd I3oasuedy=y) S3IY0DILIVI WYO4-HLIMOUD

AYVWHNS ViVQ NOILVIID3IA °H XIAN3IddY



H-6v1

ids xitewe) Apoom 6£2° 194 9200°0 LLL°0 219200°0 vivl [4 19241 26
11Bupoob x1yes Apoon §28°¢le 1200°0 8i2°0 8£1200°0 09vs 4 19241 26
eLjojLaties stieyooeg Apoomz000°001 606°% 0000°0 S00°0 8600°0 6%0000°0 £26°626 £ vsva 4 19231 26
0000°0 000°0 000000°0
¢ds x}Jeuwe) Apoon 2490°%6 6000°0 098°0 1%6000°0 vivl l 192yl £6
11BupooB x1\es Apoom eh°e 0000°0 620°0 1£0000°0 09vs l 19231 €6
etjojtotjes stieysoeg Apoomy9/2- 46 868°S 1000°0 %S0°0 650000°0 sve l 19241 €6
wnutqeuued unuAsodyadad-snoadeqauxsiito 92170 0000°0 1L00°0 100000°0 Vadv l 19241 €6
dAl3eu 3Je 1)8 jou snoaseqJay L8178 1000°0 Z%0°0 15000070 unisJdty | 19231 £6
18 1uua.ad- 558162000 800°0 0000°0 000°0 00000070 d9 l 19241 €6
jenuue-sseJb 06670 0000°0 600°0 110070 0L0000°0 Z9£°601 4 v9 l 19231 £6
0000°0 000000°0
BLoLJas eliessa) Apoom 1£9°¢ 0000°0 600°0 920000°0 3s3l ] YS2ul L260%6
ids xtsewe) Apoom 1167822 8200°0 196°0 682200°0 vivi S Y62ul L260%6
eLjojtoties stieyaoeg Apoomx£06° 66 625°8 L000°0 62070 §80000°0 sva S YSeul 2260%6
s1jedisne sa)lubedyd)eiuualad-sselbx/60°0 £82°0 0000°0 100°0 6200°0 €00000°0 %S£°062 ¥ NYHd S Yseul 2126096
0000°0 000°0 000000°0 }
eLo14as ellessal Apoon 2167°€l 1000°0 1LSO°0 S£L000°0 3s3al S Ys2ul 8i0lg6
ids xiJewey Apoon Yes €81 8L00°0 889°0 S£8L00°0 vivi S H52yl 8l0Lg6
enbix3 xijes Apoon 129°6 1000°0 9€0°0 960000°0 X3vs S Ys2ul 810Lg6
eljojlatjes staeyooeg ApPOOM%G9. 66 965765 9000°0 £22°0 965000°0 vsva S %s2dl 8L01L¢e6
18 1uu3I3d - SN0aJeqlayxXsse " 0 829°0 0000°0 200°0 4200°0 900000°0 968°992 S SNAIIS S Y5241 8101g6
BLOLJ3S BlJBsSSa) Apoon S6%°0 0000°0 900°0 S00000°0 383l S YSeul 26
ids xyJewey Apoon s 2t 1000°0 6%L°0 §21000°0 vivi S Y5231 26
e1)ojLat)es siieyodeg ApooM%829° 6§ 18¢°02 2000°0 2%2°0 902000°0 sve S %6241 26
sSnoadeqJay £%0°0 0000°0 100°0 000000°0 san S Ys2ul 26
asuajyo unyjeydeun snoadeqJay 0LL"0 0000°0 100°0 100000°0 HOND S Yseul 26
1e1uuaIad-ssedb 8ilL"0 0000°0 L00°0 10000070 d9 S $S2dl 26
uojA33ep UopouAdieluuaIad-SsSeIbX62S ™0 82£°0 0000°0 %00°0 €00000°0 VAAD S Ys2il 26
sisuatjadsuow uobodAjod  jenuue-ssedb §92°0S §000°0 26S°0 8000°0 €0S000°0 2s2°v8 8 OWOd S Ys2ul 26
elotJas elaesssy Apoom Y9y8°6S1 9100°0 04670 865100°0 3as3al ki Y62dL L260%6
ids xypuewe) Apoom 286°¢ 0000°0 %2070 0%0000°0 vivl b/ Y62yl L260%6
eLjojlalies stieyaoeg Apoomy608° 66 829°0 0000°0 %00°0 900000°0 sve ki Y62yl L260%6
shipueidAJs snioqosodsieluudsad-ssedbyiel -0 1£°0 0000°0 200°0 910070 €00000°0 69L°%9L ¥ ¥2ds Y Y24l 2260%6
BlILJas elJesss] Apoom 90.°66 0L00°0 2£6°0 4266000°0 3sal / %Scul 810Lg6
éds xiaewe) Apoom 1£5°S 1000°0 2S0°0 §50000°0 vyl ki Y62yl 8loLs6
eLjojiaties siaeyooeg Apoomy9g) * 66 00S°1 0000°0 ¥i0°0 S10000°0 vsve ki $62ul 8l0Le6
sisuspeued ezAuoJnuuE -snoadeqJay %60°0 0000°0 1L00°0 10000070 V300 k4 ¥s2dl 810l€6
uojA32ep uopoukdietuualad-sselby9lL 0 88170 0000°0 200°0 110070 200000°0 9207201 S VaAd ki Y<2ul 8LoLe6
elalJ9s eluessal Apoom 890°Y 0000°0 98070 1%0000°0 3sal ki Ys2ul 26
ids xlJewey Apoon G68° ¢S €000°0 90.°0 %¢€000°0 vivl ki YS2dl 26
eLjojtotyes siaeyooeg Apoomy000°001 ££8°6 1000°0 802°0 §000°0 860000°0 ZL62°LY £ Jsva ki Y62l 26
eli1las elJessa) Apoom eLL76S 9000°0 £0%°0 265000°0 3s3l 3 %S4l L260%6
eLjojlaijes stieydoeg ApooMy900° 68 109" 1L 2000°0 /8%°0 %12000°0 sva 3 95241 2260%6
snupue3dAsd snjoqododsie tuualad-sselby9es 0l sl 9l 2000°0 OLL°O0 Si00°0 L91000°0 SO02°9%L £ ¥42ds € YS2ul L1260%6
elolJas eiJessa) Apoom 6%%°98 60000 SIS0 %98000°0 3s3l 3 $s2ul 8L0lg6
SWEU J1}13Ud19S WJoj YiMouB 18303 jo % eaJe jeseg pasnsusdade jesegld/vg jelol 2.u/ve 'y g unsds jo # dds N0z 1IN 3lva



H-0S1

0000°0 000000°0 .
éds xiJeuwey Apoom%09%°€6 S8Y9°8¢ %000°0 S£6°0 68¢000°0 vivl l y9241 602126
snoadeqJay 929" 0000°0 9£0°0 $10000°0 san l y92ul 602126
suagnJ snwoJg  jenuue-ssett TrA 0000°0 0£0°0  ¥000°0 21000070 217y € inyya L ¥9241 602126
0000°0 000°0 000000°0
elolJas elJdessa) Apoom 921°0 0000°0 100°0 100000°0 3s3al % 3NOZ L92¥L L260%6
ids xisewe) Apoom 1£0°0 0000°0 000°0 000000°0 vivi % 3ANOZ L92¥L Z2260%6
116uipoob xiies Apoon 181°91 2000°0 Z90°0 291000°0 09vs Y% 3NOZ L92¥L L260%6
enbixa xijes Apoom 919°061 6L00°0 98.°0 906100°0 X3vs % 3NOZ L92¥L L260%6
eljojioljes stieyooeg Apoomx20/° 66 Y26°9¢ £000°0 %9170 05£000°0 asva Y% 3INOZ 192¥L L260%6
egqje snjojljannuue-snoadeqJay €05°0 0000°0 200°0 $00000°0 ) EL % INOZ L92¥l L260%6
sisuapeued BzAUOJNUUE-SNO3JEGIAY 022°0 0000°0 1L00°0O %200°0 200000°0 /.S9°¢%2 L V302 % ANOZ 192¥1 [260%6
0000°0 000°0 000000°0
Apoom 8s7°S 1000°0 S20°0 §50000°0 VHdAL Y 192yl £6
¢ds xiaewey Apoom 56870 0000°0 %00°0 600000°0 vivl Y 192¥l £6
enbixa xijes Apoom 626° 591 2100°0 0S.°0 65910070 X3vs Y L92YL €6
B1104101]8€S SlJeyddes Apoomy12y° 56 186°8€ %000°0 9170 06£000°0 Va8 v 1924l €6
SN30) | 19WNUUE-SN03JEGJ3Y g2l2 0000°0 0L0°0 12000070 SNLONITaW 1924l €6
s1suapeued ezAUOJNUUE-SNOIIEGIIY 59570 0000°0 £00°0 900000°0 Vo3 ¢ 19241 €6
snoaseqJay §8.°0 0000°0 %0070 80000070 san ' 19241 €6
asudi1yd untjeydeun snoadeqJay 292°2 0000°0 0OL0°0 £20000°0 HOND Y 19241 €6
3Al3BU 348 1j€ Jou snoaseqJay 629°€ 000070 9L0°0 9€0000°0 wnisJl) ¢ 19241 €6
snoasequay €170 0000°0 10070 200000°0 ¥asvy ¢ 19241 €6
snieyngns J4aisy snoadequay 6.0 0000°0 200°0  2200°0 S00000°0 10£°122 LI nssv ¢ 19241 €6
. 0000°0 000°0 000000°0
¢ds xiiewey Apoom 929°1 0000°0 80070 910000°0 vavL ¢ L9241 26
enBixa x|}es Apoon 626°€02 0200°C 98670 6£0200°0 Xavs ¥ 19241 26
e1j041011eS S)leydsdeg Apoomxg0Yy - 66 19170 0000°0 10070 100000°0 isva v 1924l 26
eAlies obedLpapeJad-snoadequayxsl o 91£°0 0000°0 20070 £00000°0 VSIH ¢ 1924l 26
$1SUSPEUBD BZAUOJNUUE -SNO38GJAY 528°0 0000°0  %00°0 800000°0 V300 ¥ 19241 26
asua) 1y2 un) jeydeus snoagequay 120°0 0000°0 00070 100000°0 HOND 19241 26
sniejngns Jaisy snoadsequay 910°0 000070 000°0  1200°0 000000°0 1267902 £ nssy ¢ 19241 26
0000°0 000°0 000000°0
€10143S BlJessa) Apoom , S8°11 1000°0 80070 611000°0 3s3aL € L9241 2260%6
ids xjaewe) Apoom %08°8 1000°0 900°0 880000°0 vivl < 192d1 2260%6
t16utpoob x1ies ApooM¥000° 001 6%9° 1551 9S10°0 Z86°0 8510°0 94685L0°0 82£°84SL £ 0o9vs 3 19241 2260%6
0000°0 0000 000000°0
e1dl4as efJessa) Apoon S0L°0L 1000°0 80070 20100070 3saL € 19241 €6
éds xpaewey Apoom 111 00000 100°0 . 210000°0 vivi < 192yl €6
116uipoob xtyes Apoomy1/€°86 682°LELl €210°0 G626°0 £Leg10°0 09vVS ¢ 192yl £6
9Alleu 3Je j)e jou snoadeqJsy evetae 2000°0 910°0 2£10°0 222000°0 L6g°S9¢l ¥ unisJaty ¢ L92¥L €6
0000°0 000°0 000000°0
eloLJes elJessa) Apoom 905°1LL 1000°0 %1070 S11000°0 ECET € 19241 26
¢ds xjaewe) Apoon 2¢5°8 1000°0 0l0°0 S80000°0 vivi € 19241 26
116utpoob x1ies Apoom 156°£6S 65S00°0 Z22.°0 0%6500°0 09vs £ L9yl 26
enbixa xi)es ApooMy000° 001 902°£02 0200°0 6%2°0 2800°0 2£0200°0 L6L°L18 ¢ X3vs € L9241 26
¢ds xpaeuwey Apoomx%000°00L  9Y£°9 1000°0 000°L  1000°0 £90000°0 9%€°9 1 vVl 2 19241 2260%6
0000°0 000°0 000000°0
&ds xysewe] Apoom 690°2 1000°0 6%0°0 120000°0 vivi 2 19241 €6
eljoj1alies slJdeydoey ApooMx000°001 958°9¢1 ¥100°0 15670 ¥100°0 69£100°0 %26°eYl 2 Isvs 4 19241 £6
0000°0 000°0 000000°0
SWeu J1}13USLOS WJOJ YIMOJ6  1B3I03 JO % @IJe |esen pasnsusdase |esegid/ve 1e3ol Zuu/ve  Cvg unsds jo #  ddS aNoZ 31K 31va



H-161

snoaoequay 8££°0 0000°0  %00°0 £00000°0 33139804 jeseq g ¥9241 602126
snoadequay 919°.¢ 9000°0  26£°0 91£000°0 san S %9241 602126
asua) 1y> unyjeydeus snoasequay $50°0 0000°0  100°0 100000°0 HOND  § ¥9241 602126
sseJb 1£0°0 0000°0 000°0  6000°0 000000°0 O£L°%6 6 SSV¥9INN S %9241 602126
0000°0  000°0 000000°0
ids xyaewe) Apoom 825" %9 9000°0  68L°0 $¥9000°0 vavL Y9281 226096
116uLpoob x1)es Apoom $82°SEL 9100°0  96£°0 £5£100°0 oovs ¥ Y9241 126096
enbixa X1)es Apoon 669°L1 2000°0  150°0 521000°0 xavs ¢ Y9241 226096
81104131188 SiJeyddes Apoomz000°00L  826°€2l 2L00°0 €95°0  %£00°0 6£2100°0 0%2°LYE ¥ Ve Y y924L 226096
0000°0  000°0 000000°0
ids xiJewey Apoom 8ge"9 10000 60070 £90000°0 Vv ¥9241 £6
116u1pooB X1}es Apoon ¥99° 245 8500°0 00870 §22500°0 ovs ¥9241 €6
81104131 18S S|Jeyddeg Apoomy|68° 66 1897251 9100°0  06L°0 92£100°0 isva ¥ ¥9241 €6
aAljeu aJe ))e Jou snoaoeqJay $82°0 00000 100°0 220070 800000°0 %20°22. ¥ [T JEXTE I 99241 €6
0000°0  000°0 0000000
ids xiJewey Apoon 656°9% S000°0 99€°0 0.%000°0 vavL ¥9281 602126
enBix3 Xi\es Apoomys/s” 66 £05°08 8000°0 829°0 508000°0 Xavs ¥ ¥9241 602126
snoagequay 10870 0000°0 900°0  £100°0 8000000 £92°82 € san Y ¥9241 602126
0000°0  000°0 000000°0
Apoom £6£°€Y %000°0 29170 %£9000°0 VHdAL € ¥924L 2260%6
ds xyJewey Apoomz000°001  868°SL2 2200°0 €£8°0  9200°0 65120070 1627652 2 vavL € 49241 2260%6
0000°0  000°0 000000°0
ds xyJewe] Apoomy65) * 66 0%%°68€ 6£00°0  866°0 ¥68£00°0 vavL € Y9241 £6
181uua1ad-ssRIB%2£0" 0 921°0 0000°0 00070 100000°0 d9 £ ¥923L €6
1enuue-sseJb 21870 0000°0 200°0  6£00°0 800000°0 28E°06€ € vo £ Y9241 £6
0000°0  000°0 000000°0
ids xyJewey ApooMxL£6° 06 0¥9°951 9100°0 606°0 99510070 vavl € Y9241 602126
wnuigeuued wnuAsodyaJad-snoadequayxegs"9 966°01 1000°0 %9070 011000°0 Vadv € Y9241 602126
snoagequay 998" 1 0000°0 L10°0 810000°0 san € %9241 602126
suagnJ snwolg  jenuue-sseJb 08.°2 0000°0 910°0  Z2100°0 82000070 192722l ¥ ni¥e ¢ %9241 602126
0000°0 000000°0
éds xpJewey ApooM%000°00L  8%9°2£8 €800°0 000°L  £800°0 92£800°0 8Y9°2€8 | vavL ¢ Y9241 126096
0000°0 000°0 000000°0
ids xiewey Apoom 0£6°2 0000°0 892°0 620000°0 vavL 2 ¥9241 €6
edtJaqL ejosies Apoon 1£0°0 0000°0  £00°0 0000000 avs ¢ 49241 £6
e1]04191\€S SiJeyadeg Apoomyy£5°89 25"y 0000°0 SL%°0 $%0000°0 Ve 2 ¥9241 €6
wnutqeuues wnuAsodyalad-snoadeqlayx99y” g oYy € 0000°0 SLE'0 100070 %€0000°0 ££6°0L ¥ Vadv 2 %9241 £6
0000°0  000°0 000000°0
wnuiqeuued wnuAsodyaJad-snoadequayyz9y "y $82°0 0000°0 §%0°0 800000°0 vady 2 Y9241 602126
snoasequay 012 0000°0 £2L°0 220000°0 san 2 ¥9241 602126
wNJ0393) SNWOJg  enuue-ssedb CTIN 0000°0 860°0 210000°0 ET . B %9241 602126
susqny snwoug  |enuue-ssedb 026721 1000°0 ¥£2°0  2000°0 62100070 €09°2L nuyg 2 ¥9241 602126
0000°0 00070 000000°0
ids xpaewey Apoon 022°22 £000°0 2.6°0 22200070 vavl | Y924l 2260%6
eal4aqy ejosjes APoOM%000°00L  06.°0 0000°0 820°0  £000°0 80000070 0L0'82 2 aIvs | Y9241 2260%6
0000°0 0000000
ids xiuewe) Apoon 1827252 9200°0 %8670 £15200°0 vavl L ¥9241 £6
ejosies Apoon 658°S 1000°0 80070 650000°0 VoSS | Y9241 £6
eorsaqi ejosies ApoomM981 " 66 921°0 00000  000°0 100000°0 avs | ¥924L €6
umMouyun 805"y 0000°0 90070 $%0000°0 wnuooty3 | ¥924L €6
ds unuoBA)od snoagequay £90°0 0000°0  000°0 1000000 WNNOSAT0d | Y9241 €6
sisual)adsuow uobodAjod  1enuue-ssesb 969° L 0000°0 2000  2200°0 21000070 ££5°69. 9 owod L 49241 €6
aweu 91313Ua19S WJO4 YIMOJB  1@303 4O ¥ B3Je |eseg paIsnsuadaue jesegid/vg B30l 2u/vg ‘v unsds jo g dds N0z  31IW  31va



snie|nqgns J433sy
s1sual jadsuow uobodAjod

i¢ds x1Jewe]

116uLpoob xi)es
e110410118S Stieydoeg
ds unuoBAjod
wnijojiyiede) unuobAiod

snoaseqJay
1enuue-ssedb
jenuue-ssedb
ssedb

Apoom

Apoom

Apoom

ApoomMy690° SL
SNo3seq.Jay
snoadsequay

sijedisne sa3iwbedyd)etuualad-sseaby09g €2

ids xiJewe}
116utpoob xijes
e1)0j1o11BS slieyooeq

Apoom
Apoom

ApoomMy106° L6
uMouyun

wnuiqeuued wnuAsodyadad-snosseqtayyile o

asuaj 1Yo wnijeydeuy

snoaseqJay
snoaseqJay

1eiuuasad-ssedbyyi0°0

ids xiaewe)

116ulpoob x1yes
eL)ojlo1)es slieyooeg
suagnJd snwoug

ids xiJyewey

iéds xiJaewe]

ids xiaewe}
suagnJs snwoJg

enbixa xi1jes
e1)ojlol)es siaeyooeq

1enuue-ssedb

Apoom
Apoom

Apoomy0.22°86
SNoaseqJay

jenuue-sseJsb
ApooMy%000° 001

Apoomy889° 26
jenuue-sseJb

ApoomMx120°96
snoaseqJday

jenuue-ssedb

Apoom
ApoomyyL6°66

©30843)0 SNYIUOSNULE -SNO3ILAJIIY

ids xiaewe}

11Butpoob xijes
enbixa xi)es
eL)otol)es siJeyadeg

Apoom
Apoom
Apoom
ApooM%050° 66

uo)1A3oep uopouAjieiuuaJdad-ssedlb

¢ds xigewe]

116utpoob xiies
enbixa xijes
e110}101)eS slueyooeg

Apoom
Apoom
ApooM
Apoomy0.2° 6%

Sisuspeued mu%:OuSCCmuwﬂowomnuoz

auWeu J1413UdLdS wWJo) YiMmoub

19972
926" 91
%Y
$8.°0

02072
981 °8¢
979" €91
990" ¢2
g68°¢
19%°1L
812

025722
¥86° 58S
006792
166°0
VAT
099°0
€90°0
£90°0
0%%°9

Ly9 €%l
S20°891
288° 65
65£°1
¥8L°S

9Ll gee

98l°2¢L
ayL°e

%207 222
L9170
8£6°8

989°10L
§29°09
o%L°0

[47 3 21
711°92
€799l
8257 %2
29670
20l’s
S02°¢gl
§s2° 91
9LL2L
2L6°6

1e303 jo % eaJe jeseg

0000°0
9100°0
0000°0
0000°0
0000°0
100070
%000°0
910070
2000°0
0000°0
0000°0
2000°0
0000°0
£000°0
6£00°0
£000°0
0000°0
0000°0
000070
0000°0
0000°0
1000°0
0000°0
910070
210070
9000°0
0000°0
100070
0000°0
220070
0000°0
€100°0
0000°0
0000°0
2200°0
0000°0
1000°0
0000°0
0100°0
9000°0
0000°0
0000°0
£000°0
£000°0
100070
2000°0
0000°0
1000°0
1000°0
100070
L000°0
1000°0

H-TS1

€10°0
08.°0
12070
%00°0
000°0
£€20°0
2170
0£5°0
S.0°0
11070
S00°0
Y£2°0
000°0
190°0
858°0
090°0
200°0
€00°0
100°0
000°0
000°0
%1070
000°0
08€°0
9970
85170
%0070
%10°0

000°1L
000°0
1.6°0
€20°0
000°0
196°0
100°0
6£0°0
000°0
929°0
€2€°0
100°0
000°0
b€€°0
€92°0
9%L°0
i%2°0
01070
190°0
9YL"0
1SL°0
SEL°0
S0L°0

920000°0
6%9100°0
§%0000°0
800000°0
000000°0
120000°0
28£000°0
9€9100°0
0£2000°0
%£0000°0
§L0000°0
22.000°0
000000°0
§22000°0
098£00°0
692000°0
010000°0
210000°0
20000070
100000°0
100000°0
%90000°0
000000°0
9¢%100°0
18910070
665000°0
91000070
25000070
000000°0
1€2200°0
000000°0
82£100°0
1£0000°0
000000°0
022200°0
10000070
680000°0
000000°0
PATIY (]
909000°0
10000070
000000°0
2¢€000°0
1920000
%1000°0
§%2000°0
600000°0
25000070
2£1000°0
£%1000°0
421000°0
660000°0

pasnsuasaJe jesegid/yg je3jol z.u/vg

6£s°LIZ 6

4267808 L

S¥8°6%%

9Y1°8.%
£4 1 2 T4

2687 S¢L

£01L°1€2

0sy° 29l

081 °66

nssv
OWOd
ey
SSVYIINN

VHdAL
vivi
09vVs
sve

ds wnuobAjod
viod
NVHd

vavl
09vs
sve
311HJOYIIVH NN
Vadv
san
HOND
d9
vo

vivi
09vs
sva
san
indyg

vivl

vyl
Vo

Vvl
san
inyye

X3vs
sva
700S

Vvl
09vs
X3vs
sve
VaAd
Vvl
09vs
X3avs
vsva
V202

"y-g unsds jo # dds

NNNNNNN MmmMmnmn

NNNNN NNANNNNNNN

-—

-—

NN

Wwn wn NN nm;nina;n

692341
692341
69241
69241

69241
69231
69241
69241
69241
69241
69231

69241
69231
69241
69231
6924l
69231
69241
69241
69241

69231
69241
69241
6924l
69241

69241

69241
6924l

69241
69231
69241

Y9241
Y9241
%9241

Y9241
Y9231
Y9231
99241
y92ul
%9231
Y9241
Y9231
99241
924l
IIN

26
26
26
26

8260%6
8260%6
8260%6
8260%6
8260%6
8260%6
8260%6

€6
€6
€6
€6

‘€6

€6
€6
€6
€6

26
[4.]
(4]
26
26

8260%6

€6
€6

26
26
26

1260%6
2260%6
2260%6

€6
€6
£6
€6
€6
602126
602126
602126
602126
602126
Iiva



snje|ngns Jajsy
susqnJ snwoJg

ids xiaewe]
116uLpoob xijes
sdl)1tyd ut ou

ds wnuobAjod
111ebsnad eojysoutysl

i¢ds xiaewe}]

suagnJd shwouJg

ids xtJaeuwe]
enbLxa xijes

shoaseqJay
jenuue-ssedb

ApooM
ApooMy£)G* 6
umouyuUN
shoaoeqJay
snodJeqJay
jenuue-ssed4b

ApOOM%696°66
jenuue-sseJdb

Apoom

Apoom

Apoomy |90 g2
umMowun

181UU313d -SN032BGIAYKSH0 0

9sualyds wnijeydeun

sisualjadsuou uobodAiod

shoadeqJay
sno3oseqJay
snoaseqJay
Jeluuadad-sseabygz/ "0l
jenuue -sseJb
jenuue -ssedb

1e1uudsad-snoadeqlayxest o

sisuabutuop eydAy
ids xiaewe]

enbixa xl)es
e()0j1o1188 SslJeysoeg

ApooM
ApoomM
ApoomM
Apoomxh19°61

slsuapeued ezAuojnuue -snoaseqJay

asua}tyd un}jeydeun
snjeingns Jaisy

sisuatjadsuow uobodAjog

i¢ds xpuewe)
L16ulpoob xijes

sho3aseqJay
shoaseqJay
snoaseqaay
snodoequay
1e1uURJIad-S5BIBX968 " €
jenuue -sseJdb
ssedb
sseJb

ApooM
Apoom
Apoomygy| - L¢

$0Z14404Y3A43 snaadAgnuue-snoaseqlay

stjedisne sajiwbedyd
L11e6snJd eOYd0ULYO]

116u1poob x1es
e1104191)8S stJeyddeg

1e1uURIad-SsSRIBY2. %8S
jenuue-ssedb

Apoom
ApoomMy%29°9

1enuue -snoaseqJlay
sisuapeued BzAUoJnuUUe-SNO3JeqJay

aWeu J1413U3LIS  WJOS YIMOJB

snoasequay

0S5°0
6%L°2

§82° sl
995721
S8.°0
41581
9s¢°2
89570

192°€101
71£°0

£8Y°8%
19971
4384
£82°9
6£0°0
gzl
52870
800°0
8Y%°6
996°1
226°¢
Y€1°0

48687l
€170
£€271
62870
092°0L
1%0°0
s8e/l¢
%2070
§8.°0
e
S%0°Y
S8.°0
$s8°2

€80°26
£90°0
62y°1
66£°0S
20l -201
:13 3 ]

€221
882°1
£25°0
6.0°0
££0° %2

12303 jOo % eaJe )eseg

0000°0
0000°0
0000°0
%100°0
1000°0
0000°0
0000°0
0000°0
000070
000070
101070
0000°0
0000°0
S000°0
0000°0
100070
100070
0000°0
0000°0
000070
000070
100070
0000°0
0000°0
0000°0
0000°0
L0000
0000°0
0000°0
0000°0
1000°0
0000°0
%000°0
0000°0
000070
000070
000070
000070
1000°0
0000°0
0lL00°0
0000°0
0000°0
5000°0
oLo0"0
1000°0
0000°0
1000°0
0000°0
0000°0
000070
2000°0

H-¢S1

200°0
010°0
000°0
928°0
18070
S00°0
02070
Si0°0
%0070

000°1
00070
000°0
0SS°0
110°0
9170
120°0
000°0
€10°0
600°0
000°0
20170
220°0
S%0°0
2000
000°0
891°0
200°0
SL0°0
010°0
£e1°0
100°0
79%°0
000°0
01070
6£0°0
05070
0L0°0
260°0
00070
99¢°0
000°0
s00°0
06L°0
s8¢0
%S0°0
00070
090°0
900°0
€00°0
00070
Y1170

820070

S100°0

Lotoo

6000°0

8000°0

220070

$00000°0
420000°0
000000°0
€5€100°0
92100070
800000°0
1£0000°0
%20000°0
900000°0
000000°0
8£10L0°0
£€00000°0
000000°0
S8%000°0
51000070
%%1000°0
£€90000°0
000000°0
11000070
800000°0
000000°0
%60000°0
02000070
6£0000°0
10000070
000000°0
9€1000°0
200000°0
210000°0
800000°0
801000°0
000000°0
%2£000°0
000000°0
800000°0
L£0000°0
0%0000°0
800000°0
6.0000°0
00000070
12600070
10000070
%10000°0
90500070
LeoLoo o
€%1000°0
000000°0
221000°0
£10000°0
900000°0
1000000
0%2000°0

pasnsuacade jeseg)d/yg jejol 2.uw/vs

aeetise s

0oL"%sL 9

S20°%101 ¢

60L°88 2L

s%9°08 €l

6£°59¢ 9

‘v°g unsds jo #

nssy
anyye

vyvl
09vVs
VIHI0N
JFTISIHL

ds wnuobAjod
4303

Vvl
inyue

VHdAL

vivi

X3vs

ANN
VIINOY3A
93139s0J4 )eseq

ey
SNINAP

0GAL
vyvl
X3vs
sve
V302
2339504 )eseq
san
HJIND
nssy
S11S0¥9V
OWOd
SSVIDINN
SSVi9o

VHdAL
viyvi
09Vs

SMYIdAI
NVHd
3203

09vs
sve
&V3IHINd
V302
san
dds

- - - NN

[re—

MmmMmmfmnmm MmMmMMaM M T T I W N NN NN NN NN NN

aNoz

€231
174411

€241
2241
€241
€224l
j7X4 .1
€224l

£2231
€241

69241
69241
69241
69231
69231
69231
69241
69241
69241
69241
692il
69234l

69241
69231
69231
69241
69241
692341
6924l
69241
69231
69241
69231
69241
69241

69241
692341
69241
69241
69241
69241

69241
69241
69241
69231
692381
ERIL

26
26

8260%6
8260%6
8260%6
8260%6
8260%6
8260%6

26
26

26
26
26
26
26
26
26
26
26
26
26
26

8260%6
8260%6
8260%6
8260%6
8260%6
8260%6

[4.]

26

26

26

26
3iva



H-vS1

1abapue.q e1402|gnuuUe-snoadeqJay 1£0°0 0000°0 000°0 000000°0 yg1a 40 2Ll 626026
sSnosdeqJay 68270 0000°0 10070 800000°0 san iq el 626026
eJayjuelaeyoen snoadequay ooL°L 0000°0 200°0 110000°0 1dVW iq ell 626026
snjeqo) uoJabiJ3 snoaseqJay 2.8°0 0000°0 100°0 600000°0 o3 ia 2.l 626026
ebnf13jnw ejuossiwe) $No03aJeq.Jay 9¢2°0 0000°0 00070 200000°0 NWYD ia 2Ll 626026
snsonxa}} snjoqoJods)eiuualad-ssesb 859°€l 0000°0 02070 2£1000°0 14ds id 2Ll 626026
snJpueidAua snjoqosodsyetuuasad-sselb $50°S2 1000°0 Z£0°0 1520000 d2dS iq 2Ll 626026
un})1aya)nd uosnauolJ3jeluuatad-sselb 1£0°0 0000°0 000°0 000000°0 ndy3 iq 2.l 626026
uojA3oep uopouAd)eluualad-sse.b 126°¢€€ 1000°0 0S0°0 6££000°0 VaAD ia 2Ll 626026
sipoueqJeq B01Y20.14y3o8)eluualad-sselb%606° LS 656°9L% 9000°0 L2%°0 0.1£00°0 vaog 10 2Ll 626026
jenuue-ssedb ¢s2°1 0000°0 200°0 4900°0 €10000°0 82872.9 12 Vo iq 2l 626026
éds xiJewe) Apoom 166°81 2000°0 Z9i°0 061000°0 Vvl Y €241 8260%6
enbixa xijes Apoom 086° 2% %000°0 £££°0 08£000°0 X3vs Yy £2231 8260%6
eLjojlalyes stieyooeg ApooMx6%5° 05 685°0 0000°0 S00°0 900000°0 Isve Y €231 8260%6
1tse6nop wnue)0s=00Q0sa.2d-SN03seqIayxgz0°0 1£0°0 0000°0 000°0 000000°0 11se)16nop unue10S=000S Y £/2d) 8260%6
$0z1yJody3hsa sniadAgnuue-snodsequay 1%0°0% %000°0 25¢£°0 00%000°0 43N0 b/ £/2¥1 8260%6
t11ebsnad BojydouLyd3  jenuue-ssedb £02°91 20000 2%L°0 - 110070 291000°0 2I8°€llL 9 4203 \/ €241 '8260%6
0000°0 000°0 000000°0
€13143s eliessal Apoon leLtl 0000°0 %00°0 11000070 3s3l ) gleul 26
ids xiuewe) Apoom 88" 2% §000°0 ¥8L°0 S2%000°0 vavi v g£2241 26
enbixa xijes Apoon 8Ly7°991 2100°0 %%9°0 99910070 Xavs / £22d1 26
gLjojtaties staeydoeq Apoomyg/e- 98 28°2 00000 Ll0°0 820000°0 sve Y €224l 26
uMouyun £€y8°S 1000°0 £20°0 850000°0 YILSVAGM ¢ €241 26
Sno3adeqJay 1£°8 1000°0 2£0°0 £80000°0 san Y ¢£l241 26
1enuue-ssedb 45170 0000°0 100°0 200000°0 e9 Yy €224l 26
ssedb 92170 0000°0 000°0 100000°0 SSVIOINN ¢ gl241 26
1€ luuaJad-Sn0a2eqay% S0 0l 8l6°52 £000°0 00L°0 9200°0 652000°0 982°8S2 6 snoNAr - ¥ €241 26
0000°0 000°0 000000°0
ids x1Jeue) Apoom e9ee 0000°0 220°0 £20000°0 vivi ¢ €241 8260%6
t1BuipooB x1yes Apoon 92£°09 9000°0 165°0 £09000°0 09vs € €241 8260%6
enb1x3 xljes Apoomy9g| - 29 68270 0000°0 800°0 800000°0 X3vs € £42¥81 8260%6
11se16nop wnue|0s=000$3.3d-SN032eqI3U%80%°0 9L%°0 0000°0 %0070 - %00000°0 }ise16nop wnue|0s=000s ¢ €231 8260%6
s0ziyJodyiA4a sniadAjnuue-snoadeqiay 616°1 0000°0 6L0°0 020000°0 SNY¥3dAI € €/241 8260%6
S0Z{yJo4y3Asa snaadAnuue-snoadequay ys2-0g €000°0 26270 £0£000°0 3342 € £2241 8260%6
111e6snud eojyYIoULYd]  jenuue-sSeJE 696°S 1000°0 65070 01L00°0 090000°0 266°10L 2 . 3203 € £2241 8260%6
0000°0 000°0 000000°0
ids xtiaewe] Apoom 106701 1000°0 02070 601L000°0 vivi € €124l 26
116uLpoob xijes Apoom L0s°0ls 1S00°0 1£6°0 S01S00°0 09vVs € ¢l241 26
enbixa xijes ApoomM%996° 66 ¢26°22 2000°0 2%0°0 0£2000°0 X3vs € g£/241 26
snoadeqJay %10°0 0000°0 000°0 000000°0 san € €123l 26
sniejngns Jajsy snoadeqJay €/1°0 0000°C 000°0 %500°0 200000°0 295°%%S S nssy € €224l 26
0000°0 000°0 000000°0
éds xyseuwe) Apoom 292°8 L000°0 £20°0 €80000°0 vivi 2 £/241 8260%6
11Buipoob x1ies ApooM%989° 42 0£9°61 2000°0 %170 961000°0 ) 09vVs 4 €224l 8260%6
s0Z1ydoay3Asa snaadAanuue-snoadequay 129741 2000°0 9SL°0 221000°0 SNY¥3AdAY 2 €2241 8260%6
ds unuobAjod snoaoeqJay 821°1¢ %000°0 Y££°0 8.£000°0 ds unuobAjod 2 €22¥1 8260%6
111ebsnad Bojyoouiyd3z  jenuue-ssedb 6%9°62 £000°0 2920 LL00°0 962000°0 066°2LL S ¥323 4 £2241 8260%6
0000°0 000°0 000000°0
éds xpueuey Apoom 9958° 691 SL00°0 Z1S°0 95%100°0 Vvl 2 €224l 26
enbixa xijes ApoomMyycy° g6 osg-lel £100°0 29%°0 €1£100°0 X3vs 4 ¢€l24l 26
snoadeq.ay 01°1 0000°0 %00°0 110000°0 san 4 gl2dl 26
SWBU 21}13U310S WJOJ YiMoJE 1103 JO ¥ BaJE jeseg pasnsuddade jesegid/vg 18301 2. W/VE *v g wnsds jo # dds 3INoZ ERIP ET L)



H-SS1

jetuualad.-ssedb 029°£9 1000°0 610°0 9£9000°0 S1108Vd30dS 89 2Ll 626026
snajue6ib snjoqodods)etuudsad-sselb §92°0S 1000°0 S10°0 €05000°0 19ds €9 2.l 626026
snsonxalj snjoqododsietuuaJad-sselb 042°82 1000°0 800°0 £82000°0 14ds 9 2l 626026
snJapueidAas snjoqododsieluudsad-ssedb €20°562 9100°0 9£2°0 056200°0 ¥dS a9 2l 626026
SN32B43U0D SnjogoJodsieiuudJad-sselby9ss 06 €08°62L2 €%00°0 0£9°0 86212070 02dS 9 ell 626026
jenuue-ssedb 0£8°01L 0000°0 €00°0 8££0°0 801000°0 %2.°SL£% 91 Vo 89 - 2 626026

0000°0 000°0 000000°0
éds xysewey Apoom %82°50¢ 9000°0 9%¢°0 €50£00°0 vivi iq ¢l £001%6
e1]1031nus) eiJawoueydals Apoom 82¢°¢l 0000°0 SL0°0 €€1000°0 311s ia 2Ll £001%6
eluapeJde ewodoS] : JVSI=JVVH Apoon 999 0l 0000°0 2i0°0 %01000°0 JvsI ia 2.l £00L%6
aeJyjodes B1234J4313nY Apoon LLoe 0000°0 200°0 020000°0 vsno 10 2.l £001%6
e1}o416uo) el)1ayot.g ApooM 6.0°6 0000°0 01070 160000°0 NT38 iq el £001%6
1166346 eloe2y ApoomMy895° 8¢ 961°0 0000°0 000°0 200000°0 ¥V iQ 2Ll £00L%6
saptoyoueds ewd}sodlesadtad-snoaseqlay 8L9°1L 0000°0 200°0 910000°0 AJVS ia 2.1 £00L%6
9119846 un))Aydosogasad-snoasequay 620°1 0000°0 100°0 01L0000°0 ¥%0d 140 2.1 £00L%6
ejaeysejuad eypossAgaJad-snoadeqlayx9ss o 22¢°0 0000°0 000°0 £00000°0 3dAa i4Q 2.l £00L%6
eJayjuelaeyoen shoadequay £68°1 0000°0 200°0 610000°0 1dvW 44a 2.l €00LY%6
snupue3dAJa snjoqodsodsietuuasad-sselb 09%°92 1000°0 0£0°0 §92000°0 ¥2dS iq 2.l €00LY%6
uojA3oep uopoudyjetuuasad-ssed 298° ¢l 0000°0 910°0 6£1000°0 VaAd ia 2Ll €00L%6
sipoueqJeq e01Y3oLJy3og]euus.lad-sselbys9g 8 2L 64% 0100°0 €%5°0 164%00°0 vaos ia 2.l £00L%6
esne)b eplisiay sseJb 68L°L1 0000°0 020°0 8800°0 821000°0 1%%°¢88 Y1 TNV ia 2.l €00L%6

0000°0 000°0 000000°0
¢ds xtaewey Apoon £6e°2Y1 €000°0 €270 %2%L00°0 vivy 40 2.l 126086
e11041nua) elJauwoueydals Apoon €82°1¢ 1000°0 66070 8/£000°0 311s ia 2.1 1260¢6
eluspeJoe ewodos] : JVSI=IVVH Apoom 969°S 0000°0 SL0°0 250000°0 JVVH iq eil 126086
ejeydadsouoiw e12aJualing Apoom 606°Y 0000°0 €10°0 6%0000°0 INND ia 2Ll 126086
el1joj1buo) eLy1axaLig Apoom 995°21 0000°0 €£0°0 921000°0 N13d ia 2Ll 1260£6
1166246 ejoedy Apoomx992° €S Y€L°0 0000°0 000°0 100000°0 490V 40 2.1 1260%6
saployouehd ewa}sodlesasad-snoadseqlay S00°1L 0000°0 £00°0 010000°0 AJvs ia 2.1 126086
a)toe4b wnjjAydododasad-snoadequay €65°0 0000°0 200°0 900000°0 ¥90d ia 2.l 1260£6
1e1uuaJad-snoasequay 910°0 0000°0 000°0 000000°0 NO¥391¥3 40 2Ll 1260£6
ejaeyoejuad etpossAga.lad-snoadequayyssy o 92l 0 0000°0 000°0 10000070 3dAQ ia 2Ll 1260£6
snoadequay 685°0 0000°0 200°0 900000°0 san ia 2.l 1260%6
eJayjuelaeyoey SNo3adeqJay 645°1L 0000°0 %00°0 910000°0 JVW " 4a 2.l 1260%6
18tuLaIad-ssesb %7 o 0000°0 1L00°0 %00000°0 snN10godods  ia 2Ll 1260£6
snJupue3dAyd snjoqoJodsietuuaJsad-ssedb £€6°22 0000°0 090°0 622000°0 ¥2ds 40 2Ll 126086
uojA3oep uopouAd)etuuasad-sselb 622°61 0000°0 250°0 261000°0 VYaAD iq 2Ll 12606
stpoueqJeq eo)ydotJylogietuualad-ssesbyy9l Ly 9Li YLl 2000°0 662°0 19110070 vao8 E[¢) 2.l 1260%6
wnJo3J93 snwodg  enuue-ssedb: 81L0°0 0000°0 000°0 000000°0 ETR ] 40 2il 126086
suagnJ snwoug  jenuue-sseJb $82°0 0000°0 20070 800000°0 nyye El¢) el 1260¢6
$s846 £95°91 0000°0 €%0°0 8£00°0 991000°0 ¢££6°18E 61 varisnay 40 2.1 126056

0000°0 000°0 000000°0
éds xiaewe] Apoom %59°8¢2 S000°0 SS£°0 18£200°0 iyl Eld} 2Ll 626026
e110}1nua} etJawoueydals Apoom (4780174 0000°0 1£0°0 20200070 aiis 4a 2.l 626026
eluspeJoe ewooost : JVYSI=JVVH Apoom 11872 0000°0 LLO°O 940000°0 JVVH ia 2.l 626026
9eJyjoles eizadlaaling Apoom 29071 0000°0 £00°0 810000°0 vsno id 2Ll 626026
eijoj16uo) elyyayatug Apoon 108°¢ 0000°C 900°0 8£0000°0 NT38 4d 2.l 626026
1166346 eioedy Apoomyg25° 0% Lyt°o 0000°0 000°0 10000070 39V ia 2Ll 626026
saptoyouedd ewdysodJesadtad-snoaseqlay Gel ¢ 0000°0 900°0 2£0000°0 AJvs Eld 2.l 626026
a119e46 uny)Aydoloda.sad-snoadequay 26872 0000°0 %00°0 %20000°0 34904 ia 2Ll 626026
e13eyoejuad e1possAga.ad-snoadequayyszs o %60°0 0000°0 000°0 10000070 3dAa Eld ell 626026
1enuue-snoaoeqJay 800°0 0000°0 000°0 000000°0 SNHINOS 40 2Ll 626026

aWBU D1§1IUBLIS WJOJ YIMOJB B30} JO % BaJe jeseg pasnsuadale jesegid/yg je3ol 2 w/ve *y°g unsds jo # dds 3INOZ IVW 31va




H-9¢1

sapioyoueAd ewd)}s0d4e5343d-5N0338G44%000°0 800°0 0000°0 000°0 000000°0 AJVS aN 221 £00L%6
tabapuelq e14091gNUUE-SN03JBqQ.IAY 220°%2 0000°0 200°0 1%2000°0 y81a aN 2.l £00L%6
S1SU3peuUBd BZAUOJNUUE -SNOJIEG.I3Y %26° 1 0000°0 000°0 610000°0 V202 aN 2l £00L%6
jetuuaJad-ssedb 209°% 0000°0 000°0 990000°0 SN1080404S  ON 2L £00L%6
snsonxa)} snjoqoJods|eiuusJad-ssedb 620°6 0000°0 100°0 160000°0 14dS aN 2l £00L%6
UojA32ep uopouddieluuasad-ssedbygs) 66 266°2¢80L  2120°0 966°0 1801°0 0££80L°0 2 VAAd aN 2l £00L%6
0000°0 000°0 000000°0
Apoomx081° 0 290°0 0000°0 200°0 100000°0 SI¥VHIOVE aN 2.l 928026
SN30] | |3WNUUE -SN03JeqIaYy £6£°0 0000°0 LlO°O %00000°0 SNL0TIT3IN aN 2.l 928026
labapue.q eiJodtgnuue-snoadeqJay oL il 0000°0 6££°0 21100070 3g1a aN ell 928026
S1suapeued BZAUOJNUUE -SN0IIBGIIY 966°9 0000°0 £02°0 020000°0 V202 aN 2l 928026
jetuuasad-ssedb 064°0 0000°0 £20°0 800000°0 d9 aN 2.l 928026
uojAloep uopouAd)eluuadad-ssedby09y vy 6%5° 71 0000°0 22%°0 €000°0 S%1L000°0 10S°%s 9 VaAd an 2Ll 928026
0000°0 000°0 000000°0
ids xpewej Apoom ¥99°8%1 €000°0 89.°0 S8%100°0 vivi €9 2L £001%6
Apoom 068" Y 0000°0 €20°0 %%0000°0 ds e1zadsa13nd 89 2L £00L%6
ejeydadotolu e12al4aL3ng Apoomy)ey° 6L 669°0 0000°0 %00°0 200000°0 IWN9 €9 2L  £00LY%6 |
satJo6aied "}JLp 11 Ul Sawod uMouyun 69¢°0 0000°0 200°0 %00000°0 wnuejos 99 2.l £00L%6 |
umouyun 8%y L% 1000°0 %61°0 %.£000°0 Ivds €9 2L £00L%6 |
eue|diAOPN| BlSAWR1JYa13d-SN0adeqlay 9¢l°1 0000°0 600°0 21000070 Ny €9 2.l £00L%6 |
snJpueidAda snjoqododsietuuasad-ssedb 92L°0 0000°0 LOO°O 100000°0 ¥2dS €9 el £00L%6
sn3JeJ3uod snjoqodods)eluuaaad-ssedbyzol 0 120°0 0000°0 000°0 6100°0 100000°0 20£°¢6L 8 03dS 49 2L £00L%6
0000°0 000°0 000000°0 :
ids xiseue) Apoom 99¢°8Y1 €000°0 SL¥°0 ¥8%100°0 ViVl 89 22l 1260£6
estsaql ejosjes Apoom 180°0 0000°0 000°0 100000°0 a1vs a9 2Ll 12606
Apoom 120°0 0000°0 000°0 100000°0 ds erzassaing 89 2Lt 126086
ejeydadodotu e12a14313N9 Apoom g21°2 0000°0 900°0 120000°0 INN9 €9 2Ll 1260%6
1166346 eloedy Apoomg9l "2y 800°0 0000°0 ©000°0 000000°0 ¥9IV 49 2.l L260g6
uMouyun 120°0 0000°0 000°0 100000°0 L#INN 9 2.l 1260%6
sai140633ed "§31p 1)@ Ul Sauwod uUmMouun 69£°0 0000°0 100°0 $00000°0 wnuejos 9 2L 1260%6
BUBLOLAOPN)| BS3Wd}JYaJad-snoadeqlay 280°§ 0000°0 %10°0 150000°0 Ny €9 221 12606
SN)NOUNJEJP BS3WIJY3.3d-SN0a3eqIay89. " | g£¢e°l 0000°0. £00°0 210000°0 -[e2-1 89 2Ll 1260%6
Sisuspeued ezAuojnuue-snoadeqtay 18%°0 0000°0 100°0 50000070 . V302 89 2.l L260gs
snoadeqJay 1€0°0 0000°0 000°0 000000°0 san 89 2.l 1260g6
snoadequay 615°1 0000°0 %00°0 910000°0 Y31SV 31dind 89 2.l 1260g6
snoajeqJay 9i0°0 0000°C 00070 000000°0 eiqsoydn3 89 2.l 1260gs
SnoaJeqJay S9L°0 0000°0 000°0 200000°0 VISOYERY 9 22l 12606
1etuuaJad-sseJb 855°¢ 0000°0 010°0 9¢0000°0 dS SN1080¥0ds 89 2Ll 1260%6
snupue3dAlo snjoqodods)eruuasad-ssedb £96° 0% 1000°0 Z280°0 0L£000°0 . ¥Ids 9 22l 1260g6
sn3oeJjuod snjoqododsietuuadad-sselbysel ol 10671 0000°0 S00°0 610000°0 03dS 9 22l 1260g6
J130xa pue aAljeu  jenuue-ssedb 8sL 19l €000°0 LS¥Y°0O 9¢00°0 219100°0 652°45¢ 8l SI1S0¥9V¥3 89 22l 1260g6
0000°0 000°0 000000°0
ids xiJewe] Apoom 486°£8¢ 9000°0 %80°0 0%8200°0 vivl g9 2l 626026
enbixa xlyes Apoom 090°0 0000°0 000°0 100000°0 X3avs 49 2l 626026
aeJyjotes eizallaling Apoom 0LL°0 0000°0 000°0 200000°0 &vsno a9 2Ll 626026
e1eydasosaiw e12a44313n9 Apoomy16%°8 1% A4 0000°0 100°0 420000°0 1WN9 49 2Ll 626026
Sa14063182 "}J1p 11 Ul S3wod uMouxun 0s¢°0 0000°0 00070 %00000°0 wnuejos a9 2.l 626026
& BlZ34313IN9 Umouyun 0¢0°0 0000°0 000°0 000000°0  (&HO0dN3I)G33M 3VYNSITLIVY 89 el 626026
epi)ied essyjouspadad-snoasequay 0sL°0 0000°0 00070 200000°0 vd30 a9 2.l 626026
BUBIIAOPN] B1SAWR3JY3Jad-snoadequay 018’0 0000°0 000°0 800000°0 nv a9 2Ll 626026
SNINJUNJBJP ©1SaWS3ayeJad-snoadeqJayxgee 0 0S2°9 0000°0 200°0 890000°0 QY 9 2.l 626026
SnoadeqJay 061°2 0000°0 200°0 2.,0000°0 san 9 2.1 626026
sweu 91313Ud19S W40y YModB  1eIO} JO ¥ B3Je jeseg pasnsuadale esegid/vg 1e10L 2Ww/vg v g unsds jo ¥  ddS aNoz  3UW  3iva



H-LS1

0000°0 000000°0
BLO1J3s eBliessa) Apoomx000°00L 268°gel €000°0 000°1 Y€€100°0 Y££L00°0 26£°€El | 383l 9 €8l  2260%6
0000°0 000000°0
e101J3s BlJessS3] ApooM¥69. " 66 660791 £€000°0 866°0 L¥€100°0 3s3l 89 €8l LgoLes
snJpueidA4o snjoqodods)euua.ad-ssesbylee o’ 0L£°0 0000°0 20070 €100°0 €00000°0 60%°%¢lL 2 42ds 49 €8l Lg£0L26
0000°0 00070 000000°0
B1J1J3s Bl4ESSI) Apoom £64° 12 1L000°0 £91°0 81200070 3s3l Sy 2.l £00L%6
ids xtJewe] Apoon %£5°66 2000°0 92270 §66000°0 vavl Sy 2.l . £00LY%6
eludpesoe ewodos] i JVSI=IVVH Apoom - 990622 S000°0 £%S°0 06£200°0 Jvsl Sy 2.l £001%6
soploJyjedes siieydoeg Apoom 8968°L 0000°0 Zlo'0 §20000°0 vsve s¥ 2.1 £00L%6
1166346 eloRIY ApOoMY%666° 96 1£0°0 0000°0 000°0 000000°0 ¥9IV sy 22l £00L%6
SaployoueAd ewdlsoolesadad-snoaseqlay 120°0 0000°0 000°0 100000°0 AJVS sy 2.1 £00L%6
wn3astnb3aJad-snoadequay £€90°9 0000°0 %1070 190000°0 Wni3sino3 Sy 2.1 £001%6
BUE(ILAOPN) B1SWA}JYaJad-SN0adeqIayYeL9" | 18271 0000°0 £00°0 €10000°0 nav 3.} 2/l £00L%6
1etuuaJad-ssesb L16°€ 0000°0 600°0 6£0000°0 SN10804804dS  S¥ 2.l £001%6
snJpue3dAso snjoqoJods)eiuualad-sse.ab 12976 0000°0 220°0 960000°0 ¥2dS 1] 2.l £00L%6
1etuuasad-sse.sb 829°0 0000°0 LOO°O 900000°0 d9 1.} 2.l £001L%6
uo)A3oep uopouAdieuuasad-ssedbyz9s s 9€9°0 0000°C 100°0 %%00°0 900000°0 Z£1°0%% 21 VaAd Sy 2.l £001L%6
0000°0 ©000°0 000000°0
eLo149s elJessa) Apoom 9LL°SY L000°0 %9170 25%000°0 3s3L sy 2Ll 1260826
ids xiiewe) Apoom 2487901 2000°0 ¢£££°0 %%01L00°0 vivl Sy 2.l 1260%6
BUSpeJIR BWOD0S] : JYSI=JVVH Apoom 169761 €000°0 9%%°0 262100°0 JVVH sy 2L 126086
wn3e)ja3s wnijes Apoom 1£0°0 0000°0 000°C 000000°0 1sv9 sy 2Ll 126086
1166346 eloeay ApoomMy6.€°26 1£0°0 0000°0 000°0 000000°0 39V Sy 2.l 126086
saployoueAd ews3sodJesasad-snoadsequay 961°0 0000°0 10070 200000°0 AJVS 3.} 2l 126026
umouun 129°6 0000°0 1£0°0 960000°0 vSXasvaiié  S¥ 24l 126086
un3as tnb3aJad-snoadeqday 0Yy°¢ 0000°0 L10°O %£0000°0 WN13sIno3 sy 2Ll 1260£6
BUR|D1AOPN] B1S3WR3JYa.13d.- SNoadeqlayyy9| *2 FA 0 0000°0 0L0°0 1£0000°0 nav sy 2.1 1260%6
1eluUaIad-ssedb 68270 0000°0 £00°0 800000°0 SN108030dS S 2L 126086
sn3oeJ3u0d snjoqododsietuussad-ssedb 9L 0000°0 0L0°0 2£0000°0 03ds sy 2L 1260%6
1e1uuasad-ssedb r4: i} 0000°0 %00°0 %10000°0 dg sy 221 1260%6
uo1A39ep UopouAd)eiuUaIad-SsseIb 850°2 00000 200°0 120000°0 VaAd sy 2.l 1260£6
stpoueqJeq eo)ydolayjogietuualad-sselbyg g2 19070 0000°0 000°0 000000°0 vao8 Sy el 1260%6
wNJ0393) snwolg  jenuue-ssedb $20°0 0000°0 000°0 000000°0 ETR ] Sy 2.l 1260£6
suagnJ snwolg  enuue-ssedb 900°0 0000°0 00070 1£00°0 000000°C 89L°€lLE 9L nyye sy 2.l 1260£6
0000°0 00070 000000°0
BLI1J3S ellessa] Apoom 19%°s% 1000°0 62070 §5%000°0 3saL Sy 2.l 626026
ids x1dewe) Apoon (T4 a4} 2000°0 96170 42110070 vyl Sy 2Ll 626026
gluspeJsde ewodos] : JVSI=IVVH Apoom 181°1S 1000°0 LOL°0 825000°0 JVYVH sy 2.l 626026
sopioJyjeJes siseyooeg Apoom 0%S°1L 0000°0 £00°0 S10000°0 vsve Sy 2.l 626026
1166346 eloedy Apoomyx5L0°8€ 06270 0000°0 l00°0 800000°0 b)) Sy 2Ll 626026
s3p1oyauedd ewd}sod.Jesadad-snoaseqday 005°0 0000°0 L00°0 50000070 AJVS Si 2.l 626026
ajewdy wn3asinb3asad-snoasequay 059°¢ 0000°0 900°0 2£0000°0 AHO3 Sy 2Ll 626026
BUBLO1AOPN| B} S3UWRIIYaJIad-SN03IRGIIYLL0S " SS 091791 9000°0 8%S°0 2%1£00°0 ny S¥ 2Ll 626026
snoadeqJay 0€0°0 0000°0 000°0 000000°0 san sy 2Ll 626026
1etuuaJad-ssedb 059°61 0000°0 %20°0 261000°0 *dS SI1080¥0dS S¥ 2Ll 626026
snapue3dAdd snjoqoJodsieuuasad-ssesb 0%0°S 0000°0 600°0 05000070 3ads Sy 2Ll 626026
el)0jJadse eibiaqualyniietuualad-ssedb 060°0 0000°0 000°0 100000°0 ZSVNW Sy 2Ll 626026
u01A30ep uopoukdieluualad-sseabyzzl 9 0gg°0l 0000°0 810°0 £01000°0 Vaad Sy 2.1 626026
sseJb 0L0°¢ 0000°0 %00°0 250070 020000°0 £9%°¢£4S YI SSV3Y NN (Y] 2Ll 626026
0000°0 000°0 000000°0
eluspeJloe ewodos] : JVSI=IVVH Apoomy£00°0 S22°0 0000°0 000°0 €00000°0 Jvs1 aN 2Ll €00L%6
aWeu 21}13U913S WJ0j Ymo4B  1BI0} 4O ¥ BIJE Jeseg pasnsuadaJe jesegld/yg jelol 2u/vg  Cv'g unsds jo #  ddS aN0Z 31N 3ivd




H-861

snsoulds J4a3syaJad-snoadeq.aly9gg 2zl eee v 0000°0 S£0°0 2%2000°0 dssvy 40 Y61  2260£6
eJayjue.aeyosy sno3adeqJay 1170 0000°0 000°0 100000°0 JVW id 61 2260£6
snJpueldAud snjoqoJodsie uuasad-sse.b 0.£°952 S000°0 89£°0 %95200°0 ¥2dS 40 Y61  2260£6
epi614 erue)iiieluuaJad-sse.lb 1218 0000°0 2l0°0 180000°0 I4IR 44 Y61  2260£6
uo1A3ep uopoukdieiuuaiad-sse.byyzl " ge ne'l 0000°0 200°0 %10000°0 vaAd 4q Y61 226026
sseJb ¥89°82¢ S000°0 82£°0 0200°0 2482200°0 69Y°L69 2| valrisnv 4q Y61 226086
0000°0 000°0 000000°0
e11041nud) elJawoueydais Apoom 606"y 0000°0 Z00°0 6%0000°0 is 40 Y61  0£6026
Apoom 8£8°2L 1000°0 l0L°0 822000°0 ds ejzasdatang  4q Y61 026026
easunf elqqeg Apoom 16271 ~0000°0 200°0 81000070 nrag 44 %61 0£6026
saploJyiedes sl.eydoeg Apoom §£9°61 0000°0 220°0 961000°0 vsva 40 Y61 026026
1166246 e1oedy Apoomy992°91 €26°L1 0000°0 S20°0 621000°0 YOIV 4a %61 0£6026
311946 wn}jAydo.ogalad-snoadeqlauxgys y S9L°ve 1000°0 Z%0°0 2%£000°0 3904 440 Y6l 026026
snJpueidAuo snjoqo.odsieiuussad-ssedd 1167201 2000°0 £%L°0 620100°0 434S 4Q %61 026026
epi61y efJejiHeiuudlad-sselb £99°6% 1000°0 690°0 16%000°0 I¥IH 44Q %61 0£6026
uojA3dep uopouddieiuudsad-ssedbx9zo - ve 18¢°0¢ .0000°0 820°0 %02000°0 VaAd 440 %61 026026
eone 6 eplistay sseJb 099" s6¢ 8000°C 0SS°0 2.00°0 1S6£00°0 %8761 Ol 9V 4Q %61 026026
0000°0 000°0 000000°0
eLo1Jas ejJessal Apoom 0%6°SL 2000°0 Sée°o 652000°0 3s3i sy €8l  £00L%6
ids xisewe) Apoom %06°S1 0000°0 Z%0°0 651000°0 vl sy €8l €00L%6
ssplodyjedes siieyodeg Apoon 6s0°¢ 0000°0 600°0 1£0000°0 vsva sy €8l £00L%6
wnJojawed LBeyyy Apoom : 11 7] ¢000°0 62270 22200070 Vo1V s €8l £00L%6
11669.46 e1oedy ApooMx220° 1S 800°0 0000°0 000°0 00000070 1PSYIIV sy €8l €00L%6
un3asinb3aJad-snoasequay 28°¢l 0000°0 1%0°0 28100070 dsp3 sy €8l  £00L%6
BUBLOLAOPN]| BS3WA3JYaJad-Snoasequayxsel Yy 80%°0 0000°0 100°0 %00000°0 v sy €8l  £00L%6
Sisuapeusd ezAuojnuue-snoadeq.ay AT 0000°0 %00°0 21000070 V200 s €8l  £001%6
uo1A3oep uopou|etuua.tad-sselbysLy” vy SLL°6%1 €000°0 Y9770 %€00°0 86%100°0 €02°.¢s 6 VaAd Sy €8l  £00L%6
0000°0 000°0 000000°0
BLo1Jas ellessa) Apoom 478 ) 2000°0 s22°0 85200070 3s3l sy €8l  2260£6
ids xpaewe] Apoom Yi2°82 1000°0 ¥80°0 €82000°0 vivl sy €8l  2260£6
ejeydasosdlw e12a44313n9 Apoom 92170 0000°0 000°0 100000°0 IWN9 sy €8l 2260%6
sapioJyiedes siJeyooeq Apoom €21°6 0000°0 Z20°0 260000°0 vsve s €8l  2260£6
wnJojawed tbeyy Apoomy081° LS 982°6. 2000°0 Sg2°0 £6000°0 VoW Sy €8l  2260£6
1eluua.ad-snoadequay 921°0 0000°0 00070 1000000 09vaIos sy €8l  2260£6
wn3jasinb3a.ad-snoasequay 9¢.°8¢ 1000°0 SLL°0 48£000°0 WNi3sIno3 sy €8l  2260£6
BUELILAOPN] B|S3W}JyaJad-snoadequayys0L” Ll 18570 0000°0 200°0Q 900000°0 ngy sy €8l  2260£6
sisuapeued ezAuoJnUUE -sNoadeqI3Y Si2°0 0000°0 20070 200000°0 ¥202 sy €8l 226026
1eiuualad-ssedb 492°0 0000°0 100°0 £€00000°0 sSN108o¥ods sy €8l  2260£6
UojA3oep UopouAd|eluua.ad-sseaby599° 0g 220°€01 2¢000°0 90£°0 0£0100°0 Vaad sy €81  2260£6
wnJo3293) snwodg  jenuue-ssedb S8.°0 0000°0 200°0 $£00°0 800000°0 8%Y8°9¢s 2L 3138 sy €81  2260£6
0000°0 000°0 000000°0
BLILJ3S eliessa) Apoom 1£2°09 1000°0 8%L°0 209000°0 3s3l Sy €8l  1g0l26
ids xyJewe) Apoom 0L6°Y 0000°0 210°0 6%0000°0 vivi sy 11 A § 1] ¥4
SsploJyjedes stJeyooeg - Apoom 09¢°8 0000°0 L2070 ¥80000°0 vsvs sy €8l  Lg0l26
wnJojawed Lbeyjy ApoomMy%180°0Y 182768 2000°0 022°0 868000°0 VoW sy 1] S 371 ¥4
ajewaly unjasinbzasad-snoadeqlay 28974 0000°0 610°0 42000070 AHD3 Sy €8l  1£0126
eueiILAOpN] B1SaWd}Jyalad-snoasequayylse 2 06%°1 0000°0 %0070 §10000°0 ny sy €8l 1g0l26
€q1e Snjoj!japnuue-snosdeqJay 099°1 0000°0 %00°0 210000°0 &V3W sy €8l leoleé
snoadeqJay 000°001 2000°0 s¥e°0 00010070 san sy €81 120126
uojA3oep uopouAdieuua.ad.sselbyyl. 2s 082°¢¢l €000°0 Z2£°0 1%00°0 €€€100°0 90%°20% 6 VaAd Sy €8l Lgoles
0000°0 00000070
glILJ3s ellessal Apoomz000° 001 9627 6%1 €000°0 00071 §L00°0 €6%100°0 962°6%L | 3s3al a9 €8l  £00L%6

aleu umu_._uCO,_um wa0} Yyimouab jejol} jo % Bade jeseg pIsnsuldaJe ._mwmmdﬁ\<m je3o01 z.w/vg *y*g wnsds o # dds JN0Z ERIL] 3iva




H-6S1

un3astnb3atad-snoadeqday g22°$ 0000°0 900°0 250000°0 dsp3 S¥ 6L %00L%6
BUEIDLACPN] B1S3WA3JYaJad-SN03oeqIay%08s” 0 862°0 0000°0 000°0 £00000°0 Ny S¥ %6l H00L%6
snJpueidAds snjoqousods)eluuaJad-ssedb oLz ol 0000°0 2L0°0 2010000 ¥ads S¥ 961 %00L%6
U01A30ep UOPOUAD)ELUUBIad-SSeIb 986° €YY 6000°0 905°0 0%%%00°0 VaAd sy Y6l %00L%6
sipoueqJeq e0jyd01iyrogietuuasad-sselbyyyz 19 00°9¢1L €000°0 SSL°0  8800°0 L9€100°0 262°2.8 8 vgo8 S¥ Y61 %00L%6
00000  000°0 0000000
saplojibias staeyadeg Apoom 120°0 00000 000°0 100000°0 3sva S¥ Y61 2260%6
sapioJdyledes siJeyosoeg Apoom 968" 622 6000°0 %2.°0 652200°0 vsvs s¥ 6L 2260%6
1166346 eiaeay Apoomy829°2, 800°0 0000°0C 00070 000000°0 399V S¥  H6L  2260€6
3)eutd{}40 wnoexe.Jejalad-snoaseqday 12070 0000°0 000°0 100000°0 Jovi s¥ 6L  2260%6
ealjes obedipapaJad-snoadequay 800°0 0000°0 000°0 000000°0 VS3MW s Y61 2260£6
wn3asnb3jaJsad-snoasequay £99°62 1000°0 280°0 952000°0 WNL3ISINDI  S¥ %6l 226056
BUBLOIAOPN) BlS3WA1.1Y9.3d-SN03IBqUIAULL0%°6 629°€ 0000°0 2L0°0 9£0000°0 Ny S¥ %6l 2260%6
sisuapeued ezAUOJNUUE-SNOIIRGI3Y 902°0 0000°0 1000 200000°0 V202 sS4 96l 226086
snapueidAud snjoqododsieiuusdad-ssedb 2182 0000°0 600°0 820000°0 ¥2ds s¥ Y6l 226056
uo)A3oep UOPOUA)|etuualad-sselb 962" %Y 1000°0 29170 £9%000°0 VaAd S¥ 961 226086
sipoueqJeq e0)1yd0iJylogietuuasad-ssedbys60° 8L 295°6 00000 0£0°0  L£00°0 %60000°0 666°LLE L1 v808 sS4 %6l 2260€6
0000°0 000°0 000000°0 .
sapiodyieses siJeyooeg Apoom 2297091 €000°0 12£°0 5091000 vsva sS4 Y6l 056026
1166246 B1IR2Y ApoomMz660°2¢ 020°0 0000°0 000°0 000000°0 92V sS4 %6l 056026
é uMouNun otz-ot 0000°0 02070 201000°0 ds S4 Y6l 0£6026
3jews 1y wniasinb3asad-snoasequay S81°81 0000°0 9£0°0 281000°0 AHD3 S¥ %6l 056026
BUBIDLAOPN] B1S3WAJIYIJad-SN0BIEqIdYYEL0" 6E oLz 2Ll %000°0  %S£°0 22210070 nav S¥ %6l 086026
snJpueidAla snjoqodods)etuussad-sseub oL2°sl 0000°0 L£0°0 2§1000°0 ¥ads S¥ %6l 0£6026
sn3oeJ43u0d snjoqotods)euuasad-ssedb 08909 1000°0 L2170 50900070 02ds S¥ %6l 086026
Uo0jA308p UOPOUAD | e UURJad-SSRIBY0B) “92 012728 1000°0 SLL°0  0S00°0 2125000°0 100°005 8 VaA2 s Y6l 056026
0000°0 000°0 000000°0
enb1xa xi1es Apoomz621 *86 6527402 9000°0 186°0 £40200°0 X3vs 89 Y6l Y00L%6
196apueJaq B1J0J1 gNUUE-SN03JEGI3Y 968° ¢ 0000°0 6L0°0 1200°0 6£0000°0 %SL°802 2 ¥sia 89 %6l  H00L%6
0000°0 000°0 000000°0
enbixa X|1es Apoomz609° 66 250" %Y 1000°0 966°0 0%%000°0 Xavs 8 961 226086
1e1uuasad-ssedbyL6€ "0 €/L°0 0000°0 %00°0  %000°0 200000°0 0L2°%% 2 SN108030dS 89 %61 226056
0000°0 000°0 000000°0
enbixa X1)es ApoomMy4€8°66 -ra 1] 1000°0 866°0 99500070 Xavs 89 %61 100126
1etuuasad-sseab%0gL *0 120°0 0000°0 1L00°0 100000°0 $1708030ds 89 %61 100126
ssedb 020°0 0000°0 000°0  S000°0 00000070 6l5°%S € S SSV¥9 XNN 89 %6l 100126
el1o4inual eisawoueydals Apoom 96270 0000°0 L00°0 800000°0 31ls 40 961 %00LY6
esojnpue)b sidosodd Apoom 92L°% 0000°0 L10°0 250000°0 193d 40 96l %00L%6
Apoom €99 €Ll 2000°0 122°0 2€1100°0 ds e1zaJua13nd 44 6L %00L%6
eaaun{ eiqqeg Apoom 6S9° 1L 0000°0 £20°0 211000°0 nras 40 6L Y00LY6
saploJyjeses siJeyadeg Apoom 681°21 0000°0 %20°0 221000°0 vsve 40 Y61 %001%6
1166346 elaedy Apoomyseg* 62 95%°6 0000°0 8L0°0 $60000°0 ¥9IY 40 %61 400196
snJpue3dAuo snyogoJodsieiuuadad-ssedb 996" %Y 1000°0 280°0 05%000°0 ¥3ds 40 %6l %00L%6
epi6ly elae)iHietuualad-sselb%26s” L1 959°41L 0000°0 820°0 291000°0 I¥IH 40 %61 %00L%6
eone)b epiistay ssedb 9%2-10g 9000°0 985°0  1S00°0 210€00°0 80E"YLS 6 194V 40 %61 H00L%6
0000°0 000°0 000000°0
©11041NUd) elJauwoueydals Apoom 151 0000°0 200°0 910000°0 a1is 40 Y6l 226086
ejeydasoJdiw eizalsa13Ing Apoom 9.1°29 1000°0 68070 229000°0 IWN9 40 %61 2260£6
saplodyiedes siieydsoeg Apoom 9282 10000 1%0°0 £82000°0 vsvd 40 %61 2260£6
1166246 eoeay Apoomy 18191 6£8°02 0000°0 0£0°0 802000°0 399V 40 Y61  2260£6
3)1oe46 un)jAydologasad-snoadeqaay 9£9°59 1000°0 %60°0 95900070 4904 40 %61  2260£6
ejaeyoejuad eipossAgadad-snoadeqlay $20°0 000070 . 000°0 00000070 adAqQ 40 961 226056

aWeu J1413Ua19S WJO) YIMOJB  JBIO0) jJO ¥ BAJe jeseg pasnsuadade jesegd/vg 1e3ol Zu/vg "y g unsds jo # dds aNoz 37IW 31Va




H-091

esojnpue)b sidosodd Apoom 98S°1S 1000°0 99L°C 915000°0 194d sd 602 60LLY6
saploJyledes siaeydeg Apoom ££0°96 2000°0 SO£°0 056000°0 vsva sd 602 60LL%6
1AJowd siJeydoeg ApooM 962°62 1000°0 %60°0 £62000°0 Wave Sy 602  60LL%6
wnJojawed 16ey)y Apoomy2Gy 08 204792 1000°0 0%2°0 4%2000°0 Vv s¥ 602 60LLYS
snsoulds Ja3syaJad-snoadeqlayxso9° 0 <88°L 0000°0 900°C 610000°0 dssy S¥4 602 60LLY6
snjejngns J433sy snoadeqJay £5£°0 0000°0 100°0 %00000°0 nssy sS4 602 60LLY6
uojA32ep uopouAd)eluua.lad-ssedbysc) gl 20%°8s 10000 88L°0 ¥85000°0 VAAD sd 602 60LL%6
suagns snwolg  jenuue-ssedb 9£2°0 0000°0 10070 1£00°0 200000°0 92%°Lle 8 nyag Sd4 602 60LLYS
0000°0 000°0 00000070
eso)npue}6 sidosoud Apoom 6%9°S€ L000°0 220°0 95£000°0 1934 S¥ 602 L001L%6
sopioJtyjetes siieysdeg Apoom 120°8%1 £000°0 8lg°0 18%100°0 vsvg s¥ 602 2001£6
1AJows siueyodeg Apoon ys8° gl 0000°0 0£0°0 6£1000°0 W3ve S¥ 602 Zl00L%6
unJojauwed 16eyy Apoomy002° 2§ 982°SY 1000°0 260°0 £5%000°0 vav s¥ 602 Z00LE6
snsoutds .33sya.ad-snoadequay%190°0 £€82°0 0000°0 100°0 £00000°0 dssy Sy 60¢ L00Lg6
u0jA30ep UopouAd e luURIad-SSRIBK0Y.L " LY lir-eee %000°0 Z2%°0  2%00°0 122200°0 %S2°S9% 9 VaA2 S¥ 602 L00LES
0000°0 000°0 000000°0
esonpue}b sidosold Apoom oL2°6l 0000°0 220°0 26100070 194d sy 602 Zl2les
sapiodyjetes staeyooeg Apoom 08L" %% 1000°0 I9L°0 2%%000°0 vsvs S¥ 602 Zl2les
1AJown siaeyddeq Apoon 020°2 0000°0 920°0 120000°0 Wave Sy 602 ZLl2les
unJojawed L6ey)y Apoomy.69°69 SL6°61L1 2000°0 8g£%°0 66110070 VoV Sy 602 Zl2leé
snsoutds J331syaJad-snoadeqJayxzoy "o o0oL°1 0000°0 %00°0 110000°0 dssv Sy 602 Zl2les
u0)A39ep UopouAjietuuasad-ssedbyz06° 62 068718 2000°0 662°0 2200°0 618000°0 S98°%l2 9 VaAd Sy 602 /ll2iegs
0000°0 000°C 000000°0
etyjojtsniqo snydiziz Apoom S8.°26 c000°0 LyL°0 826000°0 8012 MHO 602 Zl2i2s
1166946 eloedy ApoomM%0LS°LE 8927021 2000°0 %l1°0 80210070 y9V MHO 602 Zl2l2s
umouun oyL°s 0000°0 Z00°0 150000°0 EHsNY MHO 602 ll2le6
é umousun 062°s¢gl €000°0 S6L°0 €5£100°0 HddO MHO 602 Ll2l26
i Umouun 01070 0000°0 00070 000000°0 ¢1d30 MHO 602 Zl2l26
ejeuJesul eluol))valad-snoaseqdayxy00° o 0£0°0 0000°0 000°0 000000°0 NIV MHO 602 Zl2l26
snoadeqJay 06g°0lE 9000°0 8%%Y°0 %01L£00°0 san MHO 602 Zl2l26
jenuue -ssedb 00S°S 0000°0 80070 §50000°0 Vo MHO 602 Zll2i2é
ssedb 0£9°0 0000°0 L0070 900000°0 T0S SSVY¥9°INN  MHO 602 Ll2i26
ssedb 090°81 0000°0 920°0  6900°0 18100070 209°¢69 Ol SSVY¥D “JNN  MHO 602 Z12126
elo14as eliessay Apoon 265" %2 S000°0 8%¢°0 %%%200°0 3sal 29 602 60LLY%6
éds xiJewe) Apoon 808°21L¢€ 9000°0 9%%°0 821£00°0 vivl 89 602 60LLYS
unJojawed LBeyjy Apoomy9yy - 68 8£2°0L 1000°0 00L°0 20£000°0 VoV 9 602 60LL%6
Sisuspeued ezAuoJNUUE-SNO3JBQJIY 921°0 0000°0 000°0 100000°0 V302 89 602 60LLY6
U0)1A398p UOPOUAD ). LUUBIad-SsSBIBY060™ 01 082°02 1000°0 LOL°0 802000°0 ' Vaid 9 602 60LLY6
1enuue-sseub 1319 0000°0 200°0 £10000°0 snwoJg 89 602  60LLY%6
suagnJ shwoJlg  jenuue-ssedb 16471 0000°0 £00°0 0.00°0 8L0000°0 12%°102 £ nyye 9 602 60LL%6
0000°0 000°0 000000°0
B1o1Jas etyessa) Apoom 628" 1Sl €000°0 %92°0 815L00°0 3s3L 89 602 L00l£6
éds xyaewey Apoom 929" 12¢ 9000°0 095°0 %12£00°0 vivl €9 602 1001£6
elusapeJoe BWOJOS] : JVSI=IVVH Apoom £7y°8 0000°0 sSio°o %80000°0 JVVH 9 602 L00l£6
unJojawes Lbeyyy Apoomy0£2° 68 0%L° 0% 1000°0 %S0°0 20£000°0 VIV 89 602 L00L£6
Sisuspeues ezAUOJNUUE-SNO3JEqIAY S8.°0 0000°0 100°0 80000070 va0d 9 602 100l£6
Uo)A3oep Uopoukdietuua.ad-sselbyl2y°0l 198768 1000°0 %0L°0 865000°0 VaAd 9 602 l00lg6
susgnJ snwotg  jenuue-ssedb 2121 0000°0 20070 450070 210000°0 ¢£82°%4S L nyyg 9 602 [00l£6
0000°C 000°0 000000°0
S3plodyjedes siaeyaoeg Apoom 6612 0000°0 £00°0 220000°0 vsva Sy %61  %00L%6
lAJowd sLJeyddeg Apoomy9.) - L§ 2217922 9000°0 SIE°O 19220070 K3ve Sy %61 %001l %6
S1)e3uapLaso obept)osadad-snoadeqlay 6.0°¢ 0000°0 %00°0 1£0000°0 J00s Sy %61 %001 %6
aweu 51413U919S wWJO) YiMo4B  1B103 JO % BaJe jeseg pasnsuadate jesegid/yg 130l 2 w/va ‘y'gunsds Jo #  ddS aNoz 31IN  3lva



H-191

sspioJyjeJles siJdeyaoeg ApoomMy%92°2S j 7A 3 1 0000°0 Z£90°0 %11000°0 vsve 9 €12 S00L%6
snsonxa)} snjoqoJods|euuasad-ssedb VAR YA 10000 ¢282°0 §/%000°0 1448 89 €12 S00LY6
snJpueidAds snjogodods)eluuadad-ssedb 292°1 0000°0 0L0°0 810000°0 ¥4dds 9 €l S00LY6
SN39eJ3U0d snjoqoJods)eiuualad-ssedby9ss LYy 282 1lg 1000°0 S8L°0 210070 €£1€000°0 %22°89L S 02ds 89 €12 S00LY6
0000°0 000°0 000000°0
eludpeJds ewodos] : JVSI=JVVH Apoom 68.°SL1 2000°0 98L°0 85110070 JVVH 9 g£l2  £260£6
saploayzedes siieyooeg Apoomy92g 61 658"y 0000°0 200°0 %%0000°0 vsva 89 €le  £260£6
1enuue-snoadeqJay 162°9 0000°0C 0l0°0 £90000°0 vIyodla 89 g£12  £260£6
eluualad-ssedb 91070 0000°0 00070 000000°0 SN1080¥0dS 89 €le  £260£6
snsonxa)j snjoqoJods)eluuslad-sseld 000°%.& 2000°0 209°0 0%4£00°0 14ds 8 £l2  £260€6
snJpue3dAdd snjoqoJsods)eluualad-ssedd £9%°8 0000°0 %l0°0 %80000°0 ¥2ds 49 g£l2 £26086
sn3de43uod snjoqododsieiuuadad-ssedb %187 %01 2000°0 69170 6%0100°0 02ds a9 g£l2 £260¢6
epLbly eluse)LH)eluuasad-ssedb 928°L 0000°0 Z2L0°0 62000070 IY41H a9 g2 £26086
18tuuaJad-sseaby299° 6/ £6£°0 0000°0 10070 2900°0 %00000°0 689°129 6 dg 9 gle  £260£6
0000°0 000°0 000000°0
BlUDpRJIB BWOJ0S] : JVSI=JVVH Apoom Leetell 2000°0 8£lL°0 £€1100°0 JVVH g9 gle  LoLl2é
saplodyjedes slieyddeg Apoomgygs - y| 000°S° 0000°0 900°0 050000°0 vsve 9 €12 10LL26
é umoujun 0€L°0 0000°0 000°0 100000°0 vd3a 9 ¢€le LoLles
snoaseqJay 02%°0 0000°0 L00°0 %00000°0 san a9 €12 iolizgs
snajueb16 snjoqoJods)etuuasad-sseld 229°89 10000 £80°0 489000°0 19ds 89 €12 101126
snsonxa)j snjoqodJods)eiuualad-sselb €96° 1 0000°0 ¢200°0 020000°0 13ds 89 €l 1ottes
Sn32eJ3uod snjoqoJodsietuualad-sselbx9l s S8 68.°2£9 €L00°0 69.°0 82£900°0 02dS g9 gle  Lolles
jenuue-sselb 02270 0000°0 000°0 2800°0 €00000°0 995°228 8 vo a9 €le  ioLles
0000°0 000°0 000000°0
e1104inuay eyJamioueydals Apoom %€5°0 0000°0 L00°0 S00000°0 alls 40 €12 S00L%6
esojnpue)b sidosoud ApooM 100 0000°0 000°0 000000°0 193d 4a €12 S00L%6
eludpeJor ewodos] i JVSI=JVVH ApooM soL°2 0000°0 %0070 120000°0 Jvsl 44 €12 S00L%6
Apoom 9s0°21 0000°0 %20°0 121000°0 ds e1zausa13ng  4a €12 S00L%6
saploJyjedes siaeysoeg ApoomMyzye-2¢ 180°6%1 €000°0 %6270 06%L00°0 vsva 40 ¢le  S00LY6
ejaeydejuad e|possAgaJad-snoadeqaayx060 0 95%°0 0000°0 10070 §00000°0 3dAd 40 g€l s00L%6
1eluualad-ssedb 0gy°261 %000°0 08¢°0 %261L00°0 ds snjoqodods  3g €l2  so0L%6
snJpueidAd4d snjoqododsieluuasad-ssedb 8¢y 8l 0000°0 9£0°0 ¥81000°0 d2ds 4Q €12 S00L%6
uo1A39ep UOpOUADIeLUUA.Lad-SSBIB 0£8° Y 0000°0 oL0°0 8%0000°0 VaAd 4a €l2  sooL%s
sipoueqJeq eojyd0lylogieuuatad-ssedb 202°21 0000°0 %£0°0 241000°0 veog 4a g2 S00L%6
1€1uuasad-sselb6%060°9Y 6.%°0 0000°0 L00°0 §00000°0 ds stisodby  3a €12 S00L%6
eone)b eplistay sseJb §52°801 2000°0 sL2°0 1500°0 880L00°0 %S£°90S 21 194V 4Q €12 S00L%6
00000 000°0 000000°0
e11041nua) eliawoueydals Apoom 185°0 0000°0 L00°O 900000°0 aLs 40 €12 1oLles
€lUapeJoe BwWo20S] : JVSI=JVVH Apoom 60%°¢ 0000°0 200°0 %£0000°0 JVVH 40 ¢le  Loiies
e18Udad0401W B12344313INY Apoom 286°0 0000°0 200°0 01L0000°0 1WN9 40 gle  loties
SaploJyjeJes stueydoeg Apoom 690° %92 S000°0 82570 1%9200°0 vsve 4a €12 loLies
1166346 eloeoy ApooMx0L8° €S 800°0 0000°0 000°0 000000°0 490V 44 g€l2  1oLles
3119e46 un)jAydologdauad-snoasequay %2970 0000°0 LoO°O %00000°0 4904 44 €le 101126
ejaeyoejuad eipossAgasad-snoadequayxest o 69£°0 0000°0 LOO°O %00000°0 3dAd 40 g€l2  loLles
-Sno3asequay 52870 0000°0 200°0 800000°0 san 40 g£12  LoLLes
snsonxa}j snjoqododsietuuasad-ssedb 14%°0 0000°0 L00°0 500000°0 14ds 44 €12 lolles
SN328J3U0d snjoqoJods|etuudlad-sse.lb 968° 581 %000°0 2.£°0 65810070 02ds ia €12 LoLi2s
U0)4A398p UopouA)|e(uud.tad-sselb lee 8e 1000°0 950°0 282000°0 VaAd 4q €l2  loties
stpoueqJeq e0)ydol.Jylogietuualad-sselby925°0g 1£0°8¢ 1000°0 9.0°0 08£000°0 veo8 4a €le2  loLies
jenuue-sse.tb 6%9°1L 0000°0C £00°0 91000070 V9 iq €12 loLles
sdi111yd ut Jou -- eone}B epLisidy sseJb 960°81 0000°0 9£0°0  %S00°0 18L000°0 £%0°¢%S YI 19AY 10 gl loLies
0000°0 000°C 000000°0
SWeu d1j13ua1oS  WJoj YModb  jB303 jo ¥ ease jeseg pasnsuadeue |eseg)d/vg jelol 2.uw/vg *y-g unsds jo # dds 3INOZ ITIK 3iva




ssedb
Apoom
S3pOYIUBIE SNIDBI0JIY Apoom
B10143S B1JESSd) Apoom
B1U3PRJOB BWODOS] i JVSI=IVVH ApooM%000° 001
BiJ1J9s elJessa) >ﬁ003mem.—m

1enuue -snoasequay

snsonxajlj snjoqododsietuuadsad-ssedbyl2’ 59

BLO1J3S BlJeSSd) Apoomxg61° Sl
snoadeqJay

snsonxajj snjogoJodsieiuustad-sseaby ey 48
jenuue-sseJb

eruspeJoe eWOJ0S] : JYSI=JIVVH Apoom
etjo316uo) e111332148 Apoom
soploayjedes slJeyaoeg ApooM

1166246 eioedy ApooM¥608°26
9} toedb un)jAydolodausad-snoadequayxesy o
uojA3oep uopoudjjetuuadad-ssesb
s|poueqJeq BO1Yd01IYrog]etuua1ad-sselbyesg v

eonejb eptistay ssedb
elUdpeRJI. BWOJIOS] I JVYSI=IVVH Apoom
eljoj1buo) el)jaxolig Apoon
soploJyjedes slaeyooeg Apoom

1 166346 eloedy Apoomxe%/. 08

3)1oedb unjjAydolodasad-snoasequayysss ¢
snoaseqday
el)ojJadse elb4aqualynpieiuuadad-sselb
epibia erseylyietuualad-ssedb
uojA3oep uopouAjjetuualad-ssesb
s|poueqJeq B01Yd0lJYylog)eluualad-sselby668° L1

eone|b epiisiay sseJb
BlU3peJoe BWOJ0S] : JVSI=JVVH Apoom
eljoj1buoy eij1axotag Apoom
saptojAioedie el)13)o14g Apoom
saploJyjeJes stJeyseg Apoom
1166245 eloeay Apoom¥624° 65
uMou3un
9119e46 wn)jAydologdadad-snoadeqaayxs/L o
snoaseqJay
sniejngns J4aisy snoaJeqJay

snupueidAdo snjoqodods)etuuatad-ssedb
uo)A3oep uopouAlieluualad-sseabys99° 4§

1enuue-sseJb

eone1b eplisiyy sseJdb

eluapeJoR BWOJ0S] : JVSI=IVVH Apoom

aWeU 21}13Ua19S WJoy yjMmodb - Je30) Jo ¥ ease jeseg

9L Lyl
892" sl
092°¢2

Y0e°L
oot°l

2est0e
92072
229°2Y

Si%°9
090°0
000°9¢
04070

45879
29570
1667021
£€0°0
L16°0
195°S
11
S22

88¢° 79
18570
S%6°421
Y€1°0
1£0°8
6£0°0
el e
%2070
968°21
199721
12976

£€€°0¢
0%5°0
0£0°0
£98°60L
0S1°0
0s£°0
06£°0
0£8°S
06070
08L°0
8L 9L
0.0°0
082°9

9£8°9.

£000°0
2000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
1000°0
0000°0
0000°0
0000°0
1000°0
0000°0
0000°0
0000°0
0000°0
2000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
1000°0
000070
£€000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
000070
0000°0
0000°0
0000°0
200070
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
2000°0
0000°0
0000°0
0000°0
2000°0

H-7091

%5070
820°0
600°0
000°0
698°0
LEL°0
000°0
9l€°0
L£0°0
€59°0
000°0
asio
100°0
S¥8°0
200°0
000°0
0s0°0
%00°0
%4870
000°0
200°0
0%0°0
800°0
21070
000°0
692°0
200°0
S€S°0
10070
%£0°0
000°0
2i0°0
000°0
$50°0
£€50°0
0%0°0
00070
260°0
200°0
000°0
66%°0
100°0
¢00°0
200°0
920°0
000°0
100°0
9%£°0
000°0
620°0
000°0
S5%°0

£220°0

1000°0

9000°0

%000°0

¥100°0

%200°0

220070

24%100°0
252000°0
8£2000°0
000000°0
£20000°0
110000°0
000000°0
$02000°0
020000°0
%2%000°0
000000°0
§90000°0
10000070
09£000°0
10000070
000000°0
690000°0
§00000°0
012100°0
000000°0
600000°0
950000°0
210000°0
£20000°0
000000°0
%%9000°0
900000°0
642100°0
10000070
080000°0
000000°0
820000°0
000000°0
621000°0
221000°0
960000°0
000000°0
€02000°0
§00000°0
000000°0
660100°0
200000°0
#00000°0
%00000°0
850000°0
100000°0
2000000
29200070
10000070
€90000°0
00000070
892000°0

pesnsuadade dammmdn\<m jejo} g w/vg

88g£°2222 91

90%°8 c

926°79 ¢

s09°2%y ¢

£2¢°8¢l 8

2607682 1L

882°022 ¢l

"y-g wnsds jo #

valisnav
elJe)euliey
Jvad

3s3l
JVVH

3s3l
V130210
14ds

3s3al

san

1448
Vo

Jvsl
N8
vsva
-k J
¥90d
VGAD
vaos
9%V

JVVH
Ndg
vsva
¥93v
¥90d
39vios
SVINW
141H
VAAD
v8os
199V

JVVH
N8
1vyg
vsvs
492V
ANIdS JNN

3904
san

nssv
¥3dS
VaAd
vo

9%V

JVSI
dds

MHO
MHO
MHO

89
9

29

89

g9
29
g9
g9

Sy
sY
Sy

SY
S¥
Sy
Sy

Sy
Sy
Sd
Sy
Sy
sd
SY
Sy
Sd
.Sy
SY

g9
aNoz

2ie
iz
22

12
YA

212
yA Y
e

e
PAY
212
212

€12
gie
gle
1114
€le
1174
€1e
£le

€12
€le
€le
€le
gle
€le
€ic
€12
gle
€le
€le

€le
gle
1174
1%
1%
ele
€12
£le
£1e
€12
€le
1114
€12

ele
RN

2oLieé
2oLiee
2oLies

60LLY6
60L1%6

80016
8001 €6
8001£6

20L1e6
aotieé
2o0L1e6
2oLieé

S00L%6

'S00L%6

S001%6
5001 %6
S00L%6
5001 %6
S001L%6
5001 %6

£260£6
£260£6
£260£6
£260£6
£260¢£6
£260£6
£260£6
£260¢£6
€260£6
£260£6
£260¢6

LoL126
LoLieé
LoLieé
LoLieé
LoLi2é
101126
101126
LoL1eé
LoL12é
LoL126
10L126
101126
LoLieé

S00L%6
J1va




H-£91

saplosyjedes siieyseg ApooM%0SL °96 5297622 SL00°0  196°0 962200°0 vsva €9 022 £260£6
$N39BJ43U0d snjoqeJdods)eiuuasad-ssedd 696°0 0000°0 100°0 900000°0 02dS 9 022 £260%6
uojA32ep uopouAdieluuaad-ssedb3058”E 159°82 1000°0 8£0°0 9200°0 282000°0 258°8S. € Vaid €9 022 £260%6
0000°0 000°0 000000°0
Apoon 9£9°0 0000°0 000°0 900000°0 L2-ELED] iq 022 S00L%6
eluspeJoe ewodos] : JVSI=JVVH Apoon $0.°8¢ 1000°0 920°0 48£000°0 Jvsi 4Q 022 Sso00LY6
sisuapeAau eupayd3 Apoom 4183 0000°0 20070 1£0000°0 3Nd3 EL] 022 S00L%6
wnJojowed Beyy Apoom 961°0 0000°0 000°0 200000°0 v ia 022 S00L%6
1166346 eidedy ApoomM%966°2 62572 0000°0 200°0 620000°0 392V 40 022 S00LY6
uojA3oep UopouAd)eluuaJad-sselb o€y Y 0000°0 £00°0 %%0000°0 VaAD 40 022 S00L%6
sipouequeq eo}YyooLJylogieluuasad-ssedbysgs| Ll 69£°0L1 £000°0 £L1°0 %02100°0 vaos iq 022 S00L%6
1enuue-sseab 200°0 0000°0 000°0 000000°0 ey 40 022 S00L%6
eone)b epiistuy sseJb 1£8°8821 9200°0 %S8°0 1510°0 888210°0 8£8°80SL 6 199V ia 022 S00LY%6
0000°0 000°0 000000°0
Apoom 92170 0000°0 000°0 100000°0 VI¥3IWVEN 4Q 022 20LL26
eiuapeJoe ewod0s] : JVSI=JIVVH Apoom 9L0°6 0000°0 90070 060000°0 JVVH 4q 022 20Li26
sisuapeAau espayd3 Apoom 281°0 0000°0 00070 200000°0 3Nd3 44 022 20Lte6
saploJyjedes sileyodey Apoom 50022 1000°0  §%0°0 02200070 vsva 0 022 20L126
1166346 e1oedy Apoomz/02°§ 86¢° 1 0000°0 10070 %10000°0 - b)) 4d 022 20LL26
snoaseqJay il 0000°0 L0O°O 21000070 san iq 022 20L126
18tuuaJad-ssedb 652°0 0000°0 000°0 £00000°0 d9 4a 022 201126
u0)1A39ep UOPOUAJ)BLUUAIAd-SSBIB 18571 0000°0 LOC°O 91000070 VaAd 4Q 022 20Ll26
sipoueqJeq o1YI0LJylog|eLuuaIad-sseb%628° | 861°22 1000°C Z10°0 24200070 vaosa 40 022 2oLie6
1enuue-sseJb 9571 0000°0 100°0 %10000°0 Vo 10 022 20Li26
sseJb 966°£L%91 6200°0 826°0 6510°0 0%291L0°0 %££°88SE L1 valisiyv EL 022 2oiies
0000°0 000°0 000000°0
BiJlJas elJlessa] Apoom 1997 %9% 6000°0 ZZ1L°0 5%9%00°0 3s3L s¥ 12 60L1L%6
éds xyaewey Apoomy%06° 66 8587 €912 £€900°0 22870 6£9120°0 vivl Sd 12 60LL%6
uojA30ep uopouAd|eluudtad-sselb%960°0 g16°¢ 0000°0 L0O0°0 £920°0 620000°0 ££8°0¢9¢2 ¢ VaAd s¥ 2 60LLY6
0000°0 000°0 000000°0
BLO1J43s etJesss) ApooM 165°9¢1 €000°0 0£0°0 99£100°0 3s3t Sy 12 800L%6
éds xiJewe) ApooMx450°06 S6S° 926 8200°0 0.8°0 9%26£0°0 vivl Sd llZg 800L¢6
stjeJisne sajiwbedydietuudsad-ssedlb oLy 9% 6000°0 660°0 ¥%9%00°0 NVHd s¥ lle 800Lg6
uo1A30ep UopouAdietuuaJlad-sselb%658°6 96L°0 0000°0 000°0 200000°0 VaAd s ll2 8001£6
susgnJ snuwoJg  jenuue-ssedb 226°¢ 0000°0 10070 1S%0°0 6£0000°0 989°60SY S nyag sy 212 800l£6
0000°0 00070 000000°0
B1J143s BlJesSS3| Apoon 298°9L1 2000°0 Z220°0 69110070 3s3al Sy iz  20L126
ids xiJewe) Apoomy| 18°66 908°602% %800°0 12670 8602%0°0 Vivi Sy Zle  20LLes
sijedysne sajtwbedydietuussad-sselb 04%°S 0000°0 L0O°0 650000°0 NVid LY | Zle  2oLl2é
Uo)A32ep uopouAd)etuualad-ssetbysgl 0 (1] 9 s 0000°0 L00°0 £€€%0°0 120000°0 £S8°%¢gY ¢ YaAd Sy 212 201126
0000°0 000°0 000000°0
wn3e))ays unijen Apoom 0sg°2 0000°0 L00°0 920000°0 1sv9 MHO /12 20LL2s
esoulJes e1)adu3 Apoom 0i2°09 1000°0 220°0 209000°0 ViN3 MHO 212 20Lliz26
easun{ eiqgag Apoom 02£°9L 0000°0 9000 49100070 nras MHO /12 20L126
166346 eioedy ApooM%G60° €6 ¢oL-19¢e  1%00°0 99870 119£20°0 ¥V MHO /L2 2oLiz2é6
a1Aydx uMouyun 062°62 1000°0 Li0°0 £62000°0 VoL MHO  Zl2 20Li26
snoaseqJay 0£€°0 0000°0 00070 £00000°0 asan MHO  ZlZ2 20Llc26
snoadeqJay 08¢°0 0000°0 000°0 $00000°0 Lsan MHO 212 20Liz26
snoaseqJay 0£2°0 0000°0 000°0 200000°0 san MHO /L2 20Ll26
snoaseqJay 0se°0 0000°0 000°0 $00000°0 ¢39vd08 MHO 212 20LL26
wn}1aydoind uounauotJ3jeiuualad-ssed6%8g2 0 0982 0000°0 £00°0 620000°0 nNdy3 MHO /L2 20LiZs
jenuue.-sseds 099°¢ 0000°0 100°0 220000°0 Vo MHO /12 20Ll26
SWeu 21413US19S WJO4 YIMOJE  |BIO3 JO % IR |eseg pasnsuddade jesegid/va 1elol g.u/vg  "y'g unsds jo g ddS a0z 31N 3Lva



H-¥91

0000°0 000°0 000000°0
e12143s elJessa) ApooMyszy° 9¢ 96£° 051 £€000°0 %¥£°0 %05100°0 3s3aL 89 1£2  vlolg6
1etuuasad-ssedb 666" Y 0000°0 L10°0 0500000 ds snjoqesods g9 12 vi0lg6
snsonxajj snjoqodods)eiuuasad-ssedb ¥80° 921 €000°0 86£°0 1%2100°0 14ds 29 12 YL0LE6
snapueldAuo snjoqododsetuuadad-ssedbxy59 2y 1822 00000 21070 €20000°0 ¥2ds 89 12 vlolEs
1enuue -ssedb 91070 0000°0 000°0 000000°0 vo 29 12 %l0lE6
suagns snwodg  enuue-ssedb 96L°0 0000°0 000°0 200000°0 nyyg 89 1€2 Y1016
ssedb 296°66 2000°0 622°0  %%00°0 666000°0 606°95Y 2 ¢NODOJONANY €9 12 Yl0LE6

0000°0 000°0 000000°0 .

e1d14as eluessa] Apoom 1267291 £000°0 128°0 089100°0 3s3l 9 1£2 626026
BlUIpEIIE BWOJOS] : IVYSI=IVVH ApoomysyL 28 0L0°0 0000°0 000°0 000000°0 IVVH 89 1€2 626026
snapuedAdo snyoqododseiuuasad-ssedbylsg | 216°9¢ 1000°0 62L°0  0200°0 S9€000°0 86Y°%02 € ¥ads 89 1£2 626026

0000°0 000°0 000000°0
e10143S erJessa) Apoon 998°8S 1000°0 %0270 685000°0 3s3aL S¥ 022 S00L%6
81U3peJIE BWOI0S] : JVYSI=IVVH Apoom 190°91 0000°0 950°0 191000°0 avsi S¥ 022 SOOLY6
sapioJyiedes siieydoeg Apoom €05°0 00000 200°0 $00000°0 vsve s¥ 022 S00LY6
unJojawed i6ey)y Apoomy6z° 54 81%°5S 1000°0 26L°0 %55000°0 Vo S¥ 022 S00L%6
un3as tnb3asad-snoasequay 85y €€ 1000°0 9LL°0 SE££000°0 dspa S 022 S00L¥6
snsoutds Ja3syaJad-snoadequayxsLo” vl 190°2 0000°0 %20°0 120000°0 dssvy S¥ 022 S00L%6
Sisuapeued ezAUOJNUUR-SNOAIEBGIBY 9zL 0 0000°0 000°0 100000°0 ¥202 S¥ 022 S00LY6
wNsN3qo wndtuedieiuualad-sselb 21271 0000°0 %00°0 210000°0 80vd Sy 022 S00LY6
el)0jJadse e164aquaiyniieluuasad-ssedb 29892 0000°0 %80°0 €42000°0 SVNW sS4 022 SO0LY6
uojA3oep uopouddietuuadad-sselbygys gl 68%°12 1000°0 S60°0 6220000 VaAd S¥ 022 S00LY6
eonel6 epiisidy ssedb 815762 L000°0 880°0 §52000°0 193y s¥ 022 S00LY6
snieJawo)b uoBodoipuy ssedb 180°6€ 1060°0 SEL'0 620070 L6£000°0 %91°682 21 19NV s¥ 022 SO00LY6

_ 0000°0 00070 000000°0
eL2(Jas elJessa) Apoon 285701 0000°0 15070 90100070 3sal s¥ 022 LOLLZs
ids xigewey ApooM %9522 0000°0 80L°0 922000°0 vavl sS4 022 1L0LL26
eluspeJoR BwWOI0S] : JVS1=IVVH Apoon £68°1 0000°0 600°0 610000°0 JVVH s¥ 022 LOLL26
eijoj1o11es siieyodeg Apoom £05°0 0000°0 200°0 §00000°0 Isvs s 022 LoOLL2s
saploJyiedes siueyddeg Apoon 051°9% 1000°0 122°0 19%000°0 vsvs sy 022 loLLzs
wnJojawed |6ey)y ApOOM 221§ 8%2°92 1000°0 92170 29200070 VoW s¥ 022 LoLL2s
eqle sn3ojtjapnuue-snoadeqlay 608°0 0000°0  %00°0 80000070 BVEL] S¥ 022 LOLL26
snoaseqJay 88s°2 0000°0 LL0°0 420000°0 san sS4 022 LOLiz2é
SN32BJ3U0D snjogodods|eiuuadad-sseb 208° 1Y 1000°0 10270 . 81%000°0 02ds s 022 L0LL26
uojA3oep uopoudlieiuuasad-ssesb 1228 0000°0 65070 280000°0 VaAD s¥ 022 LOLL26
sipoueqJeq eojyooldylogietuuasad-sselbyze. gy 050°6¢ 1000°0 28170 06£000°0 veos s 022 10LL26
jenuue-sseJb 2590 0000°0 200°0 $00000°0 V9 s¥ 022 LOLL26
sseJb 958°2 0000°0 8£0°0 1200°0 6/0000°0 905°802 €1 VAILSIY sS4 022 10LL26

0000°0 000°0 000000°0
éds xpaewey Apoom - 226°S 0000°0 900°0 090000°0 Vvl HS¥VW 022 SO00L%6
saploJyjeses siseyooeg Apoomz%29°0 92L°0 0000°0 000°0 100000°0 vsve HSYVW 022 S00L%6
st1e3uap1ado obepljosasad-snoaseqaay 92L°6 0000°0 600°0 16000070 2008 HSY¥VW 022 S00L%6
2)1oe46 un))Aydosogasad-snoaseqiay 800°0 00000  000°0 000000°0 ¥90d HS¥VK 022 S00L%6
wn3as tnb3aJad- snoadequayxzyé 06 8€9°6/8 8L00°0 006°0 96.800°0 dso3 HSYVW 022 S00L%6
SN301 | aWNUUE -SN03JBqUaY £90°0 0000°0 000°0 100000°0 sSnjojL1aw  HSIVW 022 SO0L%6
Sisuapeued BzAUOJNUUE-SNO3IBGIAY 1£0°0 0000°0 000°0 000000°0 V202 HS¥VW 022 SO0L¥6
uojA3oep uopouAdietuuasad-ssedbyyzy g 62¢°28 2000°0 %¥80°0 860070 €28000°0 %62°26 8 vaAa HS¥VW 022 SO00LY6

0000°0 000°0 000000°0
saplodyjedes s|Jeysoeg Apoom 912°292 S000°0 158°0 824200°0 vsva 89 022 S00LY6
1166246 oY Apoomyzol S8 1£0°0 0000°0 00070 0000000 : A9V 80 022 SO00LY6
Uo1A30ep uopouAd|eiuuaJad-ssedbygs8 vl 905°2Y 1000°0 6YL°0 620070 S2%000°0 21£°582 € VaAd 8 022 S00L%6

aweu J1413U31dS WJOy YiModb  |BlO) jOo ¥ eaJde jeseg pasnsuadade jeseg)d/vg jeiol . w/ve *v'g unsds jo # dds aINOZ 31N 3Lvd




ssedb

2119846 un))Aydododaaad-snoaseqlayyzoe 2

snoaseqJay

snapuejdAus snjoqodods)eiuualad-ssedbyyss -6

©10143S BlJesSd)
tAJowd slJleyddeg

Apoom
Apoomy2¢6° |

a)eud 1Y wn3asinb3aJdad-snoaseqJay
syjuesAuyo eiba) inbyaJsad-snoasequayx9s2 g2

aAl13RU 2JE })E j0U

snoaoseqJay

uo)A3oep UOPOUAJ|etuuaIad-5sSRIBYGLE S

Ipuedab uobododpuy

B1D1J9S €©1J8SSI]
LAJoud slueyaoeg

sseJdb

Apoom
Apoom¥%690°0

?ajewaty wnjasinb3zaiad-snoasequay
1e1uuaJad - SN0A3BqIAYKIY9 " 61
S|suapeued BzAuUOJNUUB-SN033eqJaY

@AlleU 3aJe e jou

snoasequay

eljojJadse eLbuaquaynpietuudaad-ssedd

jetuuadad.-ssedb

uojAloep uopouAdieluuadad-ssedbyyi18° 12

sseJb

dwmccvhmnnwzoouwnhazx¢mo.O

e1J1J3S e1Jessa]
tAJowd sLaeyooeg

ApooM
Apoomxyg2-0

e 1uUaJad-SnoadeqJay
3)ewdty wnjasinb3adad-snoasequay

1e1uuaJad-snoasequayy/oy sl
sisuspeues BZAUOJNUUE -SNOJJBqJaY

11346¢JmM unteydeun
3Alleu ade 1ie jou

snoaseqJay
snoaseqJay

el)ojladse eibiaquayni)etuuadad-ssedb
u0}4A398p UOPOUAJIeLUUAISd-SSBIBYRG9 2]

snjeJawo)6 uobodoJspuy

elUSpeRJIIR BWOIOS] I IVSI=IVVH

SU93sa3NJ} B1199uU3
1166346 eioeoy

[4

sseJb

ApooM

Apoom

Apoomyg12-91
umouun
umMouun
uMouuUN

1B 1UUaJ3d - SNo3IBqIaY%ESL "G
9)19e46 un)jAydododasad-snoasequay
snJpue3dAyd snjoqododsieluusdtad-ssedb
eaundund epiistdy)etuuadad-sseabylel 2L

eld1J43s elaessd]

jenuue-sseJdb

ApoomMy68° 11

snsonxa]j snjoqoJods)eluuasad-sselbyly) -zg

3WeU 91}13UdLOS WIOS YIMOJB

120°0

00s°0
01070
002°22

£82°0
690°L
28%°401
6£0°0
9%6°SY
822" 991
0£Y%°SL

12070
§8¢°0
ie-é6zel
15270
12070
Y21°8S
S8¢£°0
8¢°02%
88%°2s
961°0
€5¢°0

oLy°o
0.0°0
0£L°0
0g2°221
0.0°0
0% 0
012 o
080°61
06g°iLL
000°01
090°0

8¢¢°S0%
0.2°8¢
0s9°61
028°0
1857642
0€2°S
00272651
oL"l
920°2s¢
199°£01
0£9°0

6897212
2107826

je3o} jo % eaJde jeseq

0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
000070
0000°0
2000°0
0000°0
100070
€000°0
200070
0000°0
0000°0
0000°0
£000°0
000070
0000°0
1000°0
0000°0
8000°0
100070
0000°0
0000°0
0000°0
0000°0
0000°0
000070
£000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
8000°0
1000°0
0000°0
0000°0
8000°0
0000°0
2£00°0
000070
5000°0
2000°0
0000°0
0000°0
%000°0
0200°0

H-691

810°0
000°0
22070
000°0
82670
000°0
10070
610°0
28270
000°0
1210
62£°0
86L°0
000°0
000°0
10070
961°0
000°0
00070
¥80°0
10070
8£9°0
080°0
000°0
100°0
000°0
200°0
00070
10070
€670
000°0
20070
10070
€0
49070
65S0°0
00070
000°0
sYL°0
010°0
20070
000°0
9¢L°0
20070
24570
10070
060°0
18070
000°0
000°0
6170
12870

0000°0

2000°0

8£00°0

9900°0

2100°0

0820°0

6L10°0

100000°0
00000070
§00000°0
000000°0
22200070
00000070
£00000°0
12000070
6201L00°0
000000°0
65%000°0
£9%100°0
%S2000°0
000000°0
100000°0
%00000°0
262100°0
€00000°0
10000070
255000°0
%00000°0
%02%00°0
§25000°0
200000°0
%00000°0
000000°0
%00000°0
10000070
10000070
222100°0
100000°0
€00000°0
200000°0
161000°0
¥11000°0
00100070
10000070
000000°0
£50%00°0
£82000°0
26100070
80000070
96.£00°0
25000070
22651070
21000070
125200°0
1£0100°0
90000070
000000°0
921200°0
08260070

pasnsuadsade jeseg)d/yg jeiol z.w/vg

2.8°¢ Y SSVY¥9 “ANN
¥90d
san
olL"ee ¢ 42dS
3s3l
Wive
AHD3
HJDV
wnissty
VaAd
6287088 Z JONY
3sal
W3ve
AHO3
vI9311nov
V302
wnisJL)
SVNW
d9
VQAD
SSYH9 JNN
£26°8%9 11 *dS SNINNP
383l
Wave
NO¥391¥3
AHD3
&viInainov
v302
YMND
wnisJi)
SYNW
VYQAD
066°891L LI TONV
JIVVH
Y4N3
Lol ]
°dS VS
IHVH
0ddd
ejjaulbe)as
¥90d
¥2dS
ndyy
G21°864¢ L1 Vo

3sal
959°061L1 2 14ds
*y"g unsds jo # dds

MHO
MHO
HHO
MHO
MHO
MHO
MHO
HHO
MHO
MHO
MHO

g9
a9

aNoz

sge

114
(114
1974

(3714
1£2
1€2
1£2
374
1£2
1£2

1£2
(314
(374
1e2
(374
1e2
374
1€2
1€2
1€2
1e2

1514
(3714
(374
Le2
Le2
1e2
374
374
(314
3714
Le2

1e2
(3714
(374
1514
(374
1€
15714
1314
514
1£2
1e2

1€2
Le2
3N

101€6

626026
626026
626026

§260%6
§260%6
§260%6
§260%6
S260%6
§260%6
§260%6

10l£6
l0L€6
101£6

71016

10L86
Y10L£6
l0l£6
L0186
yi0Le6
7i0L€6
L0186

626026
626026
626026
626026
626026
626026
626026
626026
626026
626026
626026

626026
626026
626026
626026
626026
626026
626026
626026
626026
626026
626026

§260%6
§260%6
Jiva



0000°0 000°0 000000°0
elJ1J9S elJessay ApooM 9.%°856 6100°0 64270 S85600°0 3as3l 89 0%¢ 112026
ids xpaeuwe) ApoomMx L4496 £02°222 5000°0 S8L°0 22220070 vavl 8 0% 112026
djews iy unjasinb3alad-snoaseqiayxess s 082°€Y L0000 9£0°0  £210°0 8€Y000°0 656°622L £ AHD3 8 0%2 112026
0000°0 000°0 000000°0
ids xyJewey ApooM¥/90° %6 022°02 0000°0 L%6°0 802000°0 vivi aN 282 0£6026
1etuuaJad-snoaoequayygls € 061°0 0000°0 9£0°0 800000°0 SNdY13s aN 182 0£6026
snoadequay 020°0 0000°0 1L00°0 000000°0 san aN 282 026026
1enuue-ssedb 005°0 0000°0 £20°0 2000°0 S00000°0 080°22 ¥ V9 aN 182 086026
0000°0 000°0 000000°0
ids xjewe| ApoomygL§° %6 28.°02 0000°0 S%6°0 802000°0 vivl a9 222 026026
umouyun 020°0 0000°0 10070 000000°0 sbutipaasiNn 89 82 0826026
1etuuaJad-snoadeqayxz.§ ¢ S81°0 0000°0 9£0°0 800000°0 SNdY13S 49 182 0%£6026
sseJb 00%°0 0000°0 8L0°0  2000°0 %00000°0 286°12 ¢ SSV¥9 TINN 83 /£2 056026
0000°0 000°0 00000070
sisuspeaau eJpayd3 Apoon 0oL gLl 2000°0 S20°0 1£1100°0 INd3 MHO s£2 626026
Apoom 6£8°081 %000°0 6LL°0 808L00°0 vigg3s MHO  of2 626026
esownp eisoJquy Apoomygsy 6L ogL°1 0000°0 10070 11000070 Nawy MHO  Sg£2 626026
uMouyun 0€S°91L 0000°0 LL0O°0 S§91000°0 wnuobolJ3 MHO Gg£2 626026
é uMowyuN 051 °86€ 8000°0 £92°0 286£00°0 \ZEE] MHO  S£2 626026
3119e46 un))Aydosogadad-snoaseqlayxzso- s £59°901L 2000°0 0.0°0 29010070 ¥90d MHO 6§82 626026
wn})3y2)nd uounauotJs3|etuuaJad-ssedb 98¢°L2¢ S000°0 0SL°0 €22200°0 ndyd3 MHO  s§2 626026
eaundund epiisiayieluuaJsad-ssebyz.L 9y 066°2L% 600070 2l£°0  2S10°0 0£2900°0 629°91GL 8 ndyv MHO  S£2 626026
0000°0 00070 000000°0
e1o149s eluesss) Apoom €29°892 5000°0 16£70 28920070 IsaL 89  S£2 926096
1166346 e|oedy Apoomy 9" 6¢ £21°0 000070 00070 200000°0 ¥9IV 89 S£2  9260%6
enBique ead)esaeydsausd-snoasequayyyzl©o $82°0 0000°0  100°0 800000°0 Wvds 89 sg2  9260%6
snupue3dA4o snjoqoJodsiejuusaad-sselb 010" 191 £000°0 22270 01%100°0 ¥2ds 89  S£2  9260%6
sn3oed3uod snjoqodods)eiuuasad-ssedby0.9 09 §S%° 992 S000°0 S8£°0 §%%200°0 02dS 89 o2 9260%6
susgnJ snwoJg  )enuue-ssed 152°0 0000°0 000°0  %900°0 £00000°0 8Y£°SE9 9 nyug 89 S£2  9260%6
000070 00070 000000°0
101498 BlJIESSI) Apoonm 925881 %000°0 6%2°0 98810070 asal1 8  cg2  YIOLES
1166346 ©1980Y Apoomx968° 42 1£0°0 0000°0  000°0 000000°0 492V 89 Sg2  YL0LE6
snsonxa1} snjoqoJods)etuussad-sseas 920°59% 6000°0  ¥19°0 159%00°0 14ds 89 g2 YL0LE6
snJpueidAud snjoqodods)etuuadad-ssedbygel - <9 00%°82 1000°0 2£0°0 4%82000°0 ¥2dS 89 gg2  YloLgs
susqnJ snwodg  jenuue-ssedb 286°0 0000°0 10070 010000°0 nyug 89 §£2  YlLO0LE6
sseJb 615792 1000°0 86070 9200°0 §%2000°0 625°28. 9 “OdANY 9 6¢e  YloLgs
0000°0  000°0 000000°0
Blo1Jas eLJessa) Apoom cgetetl £€000°0 102°0 22¢£100°0 3Is3al €9 cge 626026
1166346 etoedy Apoomygy| - 02 0£0°0 0000°0 00070 100000°0 Ll ) 89 og2 626026
enSique e3d)elaeydsaJad-sNoadeqay%0s0° 0 002°0 0000°0  000°0 200000°0 WYdS 89 Sg2 626026
snupueldAyo snjoqodods)etuuadad-sselbyczgt 6. 862 %2S 0L00°0 86.°0 9900°0 €%2500°0 1917959 ¥ ¥2ds 49 Sg2 626026
0000°0 000°0 000000°0
esoulJey el}asu3 Apoomy691 0 921°0 0000°0  200°0 100000°0 ViN3 40 s§2  9260%6
S1SudpeUEd BZAUOJNUUR-SNO3IRGIDY $95°0 0000°0 80070 900000°0 v302 40 582 9260%6
ebnf13)nu etuossiwe) snoadeqJay 41 92 1000°0 2.6°0 $2.000°0 NWY 44 G¢e  9260%6
snsonxa)4 snjoqoJods|euuatad-sseds 80%°0 0000°0 S00°0 %00000°0 14ds 40 sg2  9260%6
UojA32ep uopouAd)eiuuasad-sselbygseg” | S00°L 0000°0 €L0°0 2000°0 0L0000°0 Z8%°%. S VaAd 440 G¢Z  9260%6
0000°0 000°0 000000°0
Sisuspeued ezAuognuue-snoadequay 120°0 0000°0 81070 10000070 V300 40 582 YL0LE6
snoadequay 18570 0000°0 0SL°0 $00000°0 VINOSSYWYD 40  S£2  ¥lOLE6
1e1uuaJad-sseIb%6EE° L8 6%1°¢ 0000°0 €18°0 1£0000°0 d9 4140 G2  vl0lg6
BWeu O1413UB19S WJOy YIMOUE 1810} JO % EaJe jeseg pasnsuadadse jesegid/vg 1e30) 2/ve  yrg wnsds Jo #  dds a0z 3K 3Lva



H-L91

0000°0 00070 000000°0
ds xyaewe) Apoonm £117981 %000°0  9SL°0 L¥8L00°0 ViVL  130SQ 89 952  9260%6
enBixa X1)es Apoonm £99° €92 §100°0 %970 9£9200°0 XaVs  1J0Sa 89 %52  9260%6
e110419118s StJeyddeg ApooM%000°00L  8£0°2€2 S000°0 Z6L°0  8110°0 02£200°0 9627611 € ISV8  130SQ 85 %2 9260%6
0000°0  000°0 000000°0
ApooM - 201°82 1000°0 €£20°0 1820000 VHdAL s 9%2 112026
ids xiJewey Apoom £65°269 91000 295°0 $26900°0 vavlL s¥  9¥2 112026
81103191 18s SiJeyddeg ApoomycyS 65 0£€°9 0000°0  §00°0 £90000°0 Isve sy 9%z 112026
s11eJasne sa3twhedyd)eiuualad-sselb 065°16Y  0L00°0 £0%°0 916%00°0 NVHd S¥ 9% 112026
1eluusaad-sseabygsy 0y OLE'2 0000°0 200°0  22L0°0 £20000°0 987022l S d9 S 9%2 112026
0000°0  000°0 000000°0
eso)npue|b sidosodd ApooMx215° 46 0S2°LLLE  2900°0 §%6°0 £211£0°0 1934 MHO  9%2 100126
a3Aydx umMouyuN 8£8°081 %000°0 S50°0  0£€0°0 8081000 880°862€ 2 vl MHO  9%2  100i26
0000°0  000°0 000000°0
ids xpJewey Apoom 1£0°0 0000°0  000°0 000000°0 vavL 189 9%2  ¢i0LE6
esouiJe} e})3du3 Apoom £65°0 0000°0  100°0 400000°0 ViN3 189 992  ii0LES
ejoj1aties siieyooeg Apoomz 16651 9L 921 2000°0 6SL°0 292100°0 Isve 189 9%2  &i0lsé
snoadeqJay 02°2 0000°0  £00°0 £20000°0 san 189 992 &i0LEs
SN32eJ3U0d SnjoqoJods)eiuuaJad-sseJb 2907928 1100°0 8€2°0 29250070 02ds 189 92  &i0LEs
U01A38p UOPOUAD e UURISd-SSRIEXI29°€8  018°9. 2000°0 660°0 892000°0 VaA2 189  9y2  ié0LEs
1enuue-sselb 910°0 0000°0 00070 000000°0 vo 189 992  &ioLgs
suagns snwoJg  enuue-ssess 169°0 0000°0 100°0  8200°0  200000°0 LZL°6.. 8 nuag 189  9v2  iéolgé
0000°0  000°0 000000°0
e1a14as ejessay Apoom 08£°0 0000°0 00070 %00000°0 3asaL 89 9%2 112026
ids xisewe) Apoonm 802°%6LL  %200°0 8%%°0 2%6110°0 vavl 9 9%2 112026
116ULpooB X11es Apoonm 929" L€ 1000°0 %1070 %/£000°0 09vVs 89 9%2 112026
enBixs x1)es Apoom 019°8Y 1000°0 810°0 98%000°0 Xavs 89 9%2 112026
e110419118S Staeydoeg Apoonm 656°S0%Y  8000°0 25L°0 090%00°0 sve 89 9%2 112026
saploJyjeses syieyodeg ApooMxsy9°2,  €/9°28€  8000°0 Y¥L°0 $28£00°0 vsva 89 9% 112026
SN32eJ3u0d snjoqoJods)eiuuaJad-sseJby|cE 22 102°666  2100°0 %22°0  2920°0  .S6500°0 ZS2°S992 Z 02ds 89 9% 112026
0000°0  000°0 0000000
éds xyaeuwe) Apoom 055°9€ 1000°0 €19°0 99£000°0 vavl 2s¥  0%2  0£6026
enBLx3 Xi1es Apoonm 0s9°2 0000°0  0£0°0 22000070 Xavs Zs¥  0%2  0£6026
SeploJyleJes siJeyodeg ApoomMxLSyTSy  0%0°1L 000070 210°0 0100000 vsve 2s¥  0%2 056026
i umMouuN 0%8°91 0000°0 06L°0 891000°0 VIS 2S84 0%2  0£6026
Jofew obejue)daJad-snoasequay 0%5°0 0000°0  900°0 S00000°0 VH1d 2S84 0%2  0£6026
epi)1ed eJayiouapasad-snoasequay 082°0 0000°0  £00°0 £00000°0 Vd30 2s¥  0%2 056026
un3eb1A38] WN33sinb3aJad-snoadequayx9zg” | 029°0 0000°0  200°0 900000°0 vioa 2s¥  0%2  0£6026
1014435 @IN328TNULE-SNOITEGUIY 0881 0000°0 12070 610000°0 aasvi 2s¥4  0%2 056026
snoasequay 0£9°0 0000°0  200°0 900000°0 1021G "XNn  2S¥ 0% 056026
snoasequay 0£S°€ 0000°0  0%0°0 $£0000°0 san 2s¥  0%2  0£6026
ds unuobA)od snoaseqJay 02570 0000°0  900°0 900000°0 WNNOSAT0d 25 0%  0§6026
snijeingns J4aisy  snoasequay £96"22 0000°0 652°0 622000°0 nssv 2s¥  0¥2 056026
wnjegn({ unapJoH)eiuuaJad-sseJs%100°0 100°0 0000°0  000°0 0000000 30VYL éNrOH 28 0%2 056026
Jenuue-sseJb 100°0 0000°0  000°0 000000°0 20843 VD 2S¥  0%2 0£6026
Jenuue-sseJb 09%°0 0000°0 S00°0  6000°0 §00000°0 S£5°88  SI vo 2s¥  0%2  0£6026
0000°0  000°0 000000°0
esoutJe; ©1199u3 ApoomzsoL "0 066°0 0000°0  100°0 010000°0 ViN3 Is¥  0%2 112026
a3Aydx uMowyuN 020°2 0000°0 80070 1£0000°0 VALY Is¥  0%2 112026
SN38J43U0 snjoqoJods)e uualad-ssedb 196°8S%  6000°0 68%°0 685%00°0 02ds IS4 0%2 112026
uojA30ep uopoud)eluualad-sseaBye0. €6 089702y  8000°0 8Y%°0 202%00°0 VaAd IS4 0%2 112026
sseJb 050°1§ 1000°0  %S0°0  %600°0 L1S000°0 ZE2°8E6 S VAILSI¥V  1S¥  0%2 112026
SWeu 31413Ua19S WJO4 YIMOJB 18303 4O % BAJe jeseg pasnsusdade |esegid/vg 1e3ol /¥ vV g unsds Jo #  ddS N0z 31IW 31va



ids xiJewe]
eL)ojlol1es siJeydoeg

Apoom
Apoomycgl * 86

2J241U0103S S131S046Y|RIUUdIRd-SSRIBY9.9 0
1e1uU3Jad-SN032BqIIYXOYL " |

ids xiiewe)
eljojioalyes stleyooeg

B131J3S BLJBSSI]
ids xjaewe]

enbLxd xijes
eL}10}1011ES SlJdeyoaoeg

€12143S BlJessd]
ids xiJewej

enbixa Xxijes
e1)0j1o1)8S Sideyooeg

Apoom
Apoomy%000°001

Apoom
Apoom
ApoomM
Apoomy000° 001
Apoom
Apoom
ApooM
Apoom
Apoom%8.2°96

1433J0d elBJaquaynp)e tuualad-ssedb
e1bJaquaynp)etuuasad-ssedbygel ¢

é¢ds xpuewe]
enbixa xi1jies

ids xidewe)
enBixa xi)es

Apoom
Apoomy%000° 001

Apoom
ApoomM%566°66

S1suspeued ezAuoJNUUE-SNOIIBGIIY

¢ds xiaewe)
enbixa xljes
eLjojtolyes staeyooeg

¢ds xiJewep
enbLxa xijes
eLjojLo1yes srieyooeg

e12143S eluessay
ids xiJewe]

enbixa xijes
erjoj1a1)es slieyooey

ids xiqewej
enbixa xijes

aWeU J141IUBLOS WJ0J YIMOJB

Apoom
ApooM

ApooM%000°001

ApooM
ApoomM
Apoom%000° 001

Apoom
Apoom
Apoom
Apoom
Apoomy000° 004

ApoomM
Apoom%000° 001

2Ly 92l
0217281
0%6°1
0L2°¢

6117685
49" %06

s98°Si
9s2 ey
2199722
209" 796
020°2
0ge°8
LS1°2SY
204712
1987628
082762
080°2

0Ll"%
£€92°§

9.5°88¢
26g°2Le
1€0°0

20%°9%S
%%8°885
S00°gle

212706
ove2l
SLL°69

6%5°9S
9%6°2Y
§9L°81¢
S69° YL
2679512

608° 1€
2107826

200070
£000°0
0000°0
0000°0
0000°0
21000
8100°0
0000°0
0000°0
S000°0
0000°0
610070
0000°0
0000°0
6000°0
0000°0
200070
100070
0000°0
0000°0
0000°0
0000°0
0000°0
8000°0
S000°0
0000°0
0000°0
1100°0
2100°0
9000°0
0000°0
2000°0
0000°0
1000°0
0000°0
1000°0
100070
$000°0
0000°0
€%10°0
0000°0
100070
0200°0

H-891

e%°0
8%S°0
20070
110°0
000°0
%6£°0
909°0
000°0
€10°0
S61°0
8L0°0
.70
800°0
0L0°0
%€S°0
§20°0
S8L°0
6£0°0
200°0
000°0
29970
85570
000°0
885°0
2Ly o
000°0
000°0
2.£°0
10%°0
9i2°0
000°0
%2570
¢l0°0
S0%°0
000°0
800°0
900°0
620°0
200°0
956°0
000°0
1£0°0
696°0

620070

6%10°0

seio o

9800°0

1000°0

9900°0

SyL0°0

2100°0

6%40°0

101070

%%2100°0
22510070
610000°0
££0000°0
000000°0
168500°0
S%0600°0
000000°0
65100070
€£%200°0
422000°0
9%9600°0
120000°0
28000070
245%00°0
212000°0
662£00°0
862000°0
120000°0
000000°0
2%0000°0
€50000°0
00000070
988£00°0
%22200°0
00000070
00000070
%9%500°0
888500°0
0£1£00°0
00000070
206000°0
£21000°0
469000°0
000000°0
§95000°0
62%000°0
88120070
4%1000°0
045120°0
00000070
81£000°0
08260070

18303 jO % eaJe jeseg pasnsuadale jeseg)d/yg jejol 2.w/vg

1627982 %

£65°¢6YL ¢

88g°9%eL ¥

9887998 2

v€%°6 4

6667099 ¢

1S 8%%1l €

aletell ¢

926°68YL S

92876001 ¢
"y g wunsds jo #

vivi Sy
sve Sy
189V S¥
L#dS SNONNr  SY
vivi in 89
sva in 89
3sal in
Vvl in
X3vs in
vsva in
VHdAL 11-£89
3sal 17-¢89
Vvl 11-¢89
X3avs 11-£89
sve 17-¢89
OdNW 17-£89
ATHNN 11-¢89
vivl 289
X3vs 289
vyl 240189
X3avs 2Joi89
V02 ZJoLg9
vivl 189
X3vs 189
vsva 189
Vvl 189
X3avs 199
sva 189
VHdAL 1n 89
383l in 89
vivl in 89
X3vs in a9
sva in 89
vivl  ljosn 89
X3vs  ljosn 89
dds aNoz

652
652
652
652

652
652

Yse
Y52
Yse
Yse
k4 T4
Yse
yse
Yse
k4 T4
%S¢
k114

kT4
$se

%se
%52
Yse

WA T4
k14
Yse

yse
Yse
Yse

Yse
k4 T4
yse
yse
yse

9se
ki T4
371N

212026
2LL02e6
212026
212026

212026
212026

"LLOLES

ZloLgé
2101€6
Zl0Lg6
212026
212026
214026
212026
212026
212026
212026

oLio2é
011026

9LoLeé
9loLeé
SLoLEs

9L0ie6
9loLes
9lo0L€6

212026
212026
212026

1260%6
2260%6
2260%6
2260%6
1260%6

9260%6
9260%6
alva



H-691

B1UU3J3d-SN0a2eqIaY%E/0° 0 %€40°0 270°91L1L
1e1uuasad-sselby08y° | %08%° 1L 166°1982 2910°0  £85°665¢ seL°L 8l 9 822 826026
43Yy30%000°0 %5S1L°0 89.°1
Apoomy08L "0 %959° 16 S8E°9%0L
e 1uua.1ad - SN033eq.Jayy000° 0 %000°0 0.
1etuualad-sseabx9Lo° 0 %681°8 £6%°£6 0200°0 9%9°LYii SSL°0 6 8s gle S00L%6
13430%500°0 %082°€  80°%2 .
Apoomx2LL"0 %SLy° 98 1827258
e 1uuaJlad - snoadeqJay%000° 0 %000°0 0
1etuuagad-ssea6x910°0 %5087 11 202°ss €L00°0 LLO°2£9 262°0 91 8% gle 17933 7.)
43y30%£00°0 %£8L° 1 £€99°241
Apoomx%02°0 %eSE"6L 8£6°8LL
e1uuaJad-snoa2eqJayxoL0° 0 %626 € SL%°6S
1etuuagad-sselb%0%0°0 %98%°SL lye-iee 9200°0 1S2°g6Yl 00S°0 62 8s Y61 %001 %6
Jayioxi10°0 %525° 1 S0£°252
Apoomy819°0 xX9€L°28 56782891
B 1uuaJad-snoadequayxslo°0 %9812 996°9SE
1etuuaJad-ssed6%090° 0 %505°8 180°68¢L  0.00°0 £°22£9! 95270 6S t4 74 Y61 LLLLES
J43Y30%0£0°0 %L99° L 2057069
Apoomyg/2°0 %L16°69 166°9629
e uua.Jad-snoaseqJayxgLo® 0 %009° % 12°91Y :
yetuuaJad-sseab%690° 0 %918° 21 1859091 6£00°0  SSE£°9006 %62°0 89 1£2 Y61 2128026
43Y30%000° 0 %59¢°0 9172
Apoomy20°0 %8%€° 99 2°8.¢
8{uuaJad-snoadeqlayyze0 -0 %209°92 6%£°951L
yetuuaJad-ssed6%010°0 %589°8 €%0°1S 210070 6£2°28S 62%°0 ¥4 6% 2Ll €001l %6
J43Y30%500°0 xELE £8.°8¢
ApoomxS60°0 %2L8°29 log°222
e1uud.13d-snoadeqJayxézo " 0 %206°81L £167¢€2
1etuuaad-ssed6%c20°0 %1SL°S1 86%° 281 SL00°0 S6%°lf21 L¥€£°0 82 28 2Ll oLiLeé
Jay3ox/10°0 %82¢2°2 %20°2¢1
Apoomy2z| "0 %8%.°2S 5£6°666
e{uuasad-snoadequay%9z0°o %%20°L1 1£6°602
1etuuaJad-ssed6%290° 0 %056°8¢ 264°8%S €200°0 28975681 88Y°0 oY 28 r71) 26: 1183
4069389 WI04-YIMOIBSNSUID BAJe J0%E 1B303 JOo¥AJoBaIea/vg 2 M/ve g .W0) ysJew/yg gu/ddsy dds jo # pasnsuad ERI] 3lva
je3ol je3o03 (2., u)eaJe je303
eaJe jeseq =vg
11e IsBul}paas 3091p uMowjun !sjeiuuadad-uou 1B SapNIdUL JdYy3o saloads ajeJdadas se suMouun SapNIaul # SIYl
1etuuadad-sselb s301d ULYI LM pPasnsuad saldads jo # =dds jo #
Jeluuasad-snoaseqday Ajuo sjuejd aAl) sapnjoul
(s)te3jed ‘saady ‘sqniys) AQGOOM
S REETTE EEELEEEE AYVAWNS HSYVMW
S31¥0931VD W04 -H1MOYD 133r0¥d ONIYOLINOW NOILVL393A 381¥1 IVAVIVAH




H-0L1

JayioxLlo°o %828.1°6 02557101
Apoomy£50°0 %£50°0 2s6° 9Ly
e1uuaJlad-snoaoseqJayxg00-0 %800°0 168°¢L
1etuuaIad-sseI6%E90°0 %£%0°0 9l2° 8¢ 2100°0  12S8°.£0L 222°0 02 06 6%2 clolgé
J43430%600°0 %6206°6 88Y8°9¢
Apoomy520°0 %620°0 9.8°S
eluuaJad-snoadeqJayxey0 "0 %€£%0°0 Y2l 82l
181uuaJad-ssedb%EL0"0 %£10°0 249768 6000°0 12L°1Z2 - 49570 2l 1} 6%2 Looieée
J43y30%010°0 %6282°1 8098°92
Apoomy620°0 %520°0 9€1°0L
eluuaJad-SN03ILQIAYKE6E "0 %66%£°0 esesiil
181uuaJad-sseabyeZLL 0 %eLL°0 020°¢le §S00°0  69£°82SL 28€°0 oL 82 1y2 9260%6
49430%£00°0 %6020°2 9661°8
Apoomyg20°0 %820°0 £92°99
eluua.lad-snoadseqJayxg2l "0 %821°0 2%§°20¢
18tuuaJad-sselb%010°0 %010°0 4y A 14 2100°0  2£2°S0% 85%°0 Ll 2 192 0L£6
J2430%000°0 %26%1°0 4%0€L°0
Apoom%0£0°0 %0£0°0 £69° %Y
e1Uu3.43d-SN032eq.IaY%982 "0 %982°0 18%°62%
jetuualad-sselby600°0 %600°0 111581 €€00°0 9.0°88Y €€5°0 8 S 192 0£6026
J3Y30%6%0°0 %26%%°82 128%°89
Apoom%000°0 ] 0
eiuuaJad-snoadequaykéLl "0 %6L1°0 L2729t
1etuuasad.-ssedbyy00°0 %%00°0 9£0°S 2100°0 v¥£270%2 25870 S k4 6£2 0£6026
J3Y30%£00°0 %9699°0 65957 Y
ApoomMz100°0 %100°0 682°0
eluuaJad - SN0adeqIaY%962° 0 %962°0 28 91y
1etuuasad-ssedby/gl 0 %.81°0 06£°192 6%00°0 £95°189 28£°0 S k41 k2 14 626026
J43Y30%000°0 %8L60°0 9%%0°1L
ApoomMygL4°0 %ely°0 692°056
etuuaJad-snoadseqJayx9v0° 0 %9%0°0 80%°S0L
etuuaaad-ssebyse0° 0 %5£0°0 286°08 6%00°0 %02°2fll Se%°0 ol 1 4 82¢ 5260%6
43430%200°0 - %1€S8°Y 8202°91
Apoomx960°0 %950°0 Ly eel
e{UU3Jad - SN0adeqay%050° 0 %0S0°0 026°0¢2i
1eluuasad-ssed6%920° 0 %920°0 LLE"€9 %100°0 598°%gE 2%6°0 €l e 822 €106
J3Yy3o%i10°0 %1699°0 2180%°L1
Apoomy190°0 %190°0 SE1°86
J063389 WJo}-yiMoubsnsuad eade joyg 1303 joyAJobBailes/yg 2 u/yg 2 wd) ysJew/yg zZuw/ddsg dds jo # pasnsuad ERI" u»<o---

1e303 1e303 (2 w)eade je3o03




H-1L1

J49Y30%210°0 %%820°% 8608°96
Apoomyg61 0 %861°0 LeLeiysl
eiuualad-snodoeqlayxs10°0 %£10°0 Y£5°801
1etuuaIad-sselb%y90° 0 %%90°0 2667825 6200°0 29%°6.£2 €61°0 9l £8 692 9260%6
Jo63389 WJ0j-YiMoIBSNSUID BIJB JO%§ 1B10) joxAJoBalessvg u/vg 2 D) ysJew/yg w/ddsg dds jo g pasnsuad ERRO a1va
18303 je303 (2.w)eade je303



APPENDIX I. AVIAN STUDIES DATA SUMMARY

Table 1. Raw data summary: Numbers of nesting or potentially nesting individuals detected by
study site along the Colorado River between National Canyon and Pearce Ferry, Arizona, 1993.
Data generated using the absolute count census technique and summarized using the maximum

detections method.

Number of individuals detected: 1993

Study site number

Species 1 2 3 4 5 6 7 8
Mourning Dove 1.3 0.3 0.8 1.6 0.2 0.6 - 2.4
Black-chinned Hummingbird 1.7 3.0 3.8 1.1 0.6 1.8 0.3 2.6
Ladder-backed Woodpecker - - - - - - - 2
Ash-throated Flycatcher 1.3 1.8 1.3 1.5 - 1.4 - 4.6
Bewick’'s Wren 2 4 2 6 8 16 6 46
Marsh Wren - - - - - - - 2
Blue-gray Gnatcatcher 2 6 8 6 6 10 4 34
Northern Mockingbird - - 2 - - - - -
Crissal Thrasher - - - - - - -
Phainopepla - - 4 - - - - -
Bell's Vireo - 14 20 10 12 34 12 104
Lucy'’'s Warbler 12 4 8 8 6 12 4 14
Yellow Warbler 2 4 2 4 16 26 4 32
Common Yellowthroat - 2 - 2 10 22 4 46
Yellow-breasted Chat - 4 - 6 10 14 6 42
Summer Tanager - 2 - - 2 4 - 2
Blue Grosbeak - - 2 2 - 2 2 18
Lazuli Bunting - - - 2 - - - 2
Song Sparrow - - - 6 12 16 6 76
Great-tailed Grackle 0.3 1.3 - 0.1 1.4 1.4 - 0.4
Brown-headed Cowbird - 0.3 0.3 - 2.0 - 10.2
Hooded Oriole - - - 2 4 - -
House Finch - 1.5 1.0 1.3 0.2 1.2 - 13.0
Lesser Goldfinch - 2.5 1.3 0.6 2.4 5.4 0.8 4.8
Total individuals/site 22.6 50.4 56.5 58.5 88.8 173.8 49.1 460.0
Size of each study site

(ha) for comparison 4.6 3.0 11.6 2.3 2.2 7.1 3.4 47.1

NOTE: Study sites are designated as follows: 1 = National Canyon, 2 = Parashant
Canyon, 3 = Granite Park, 4 = RM 243L, 5 = Spencer Canyon, 6 = Quartermaster
Canyon, 7 = Waterfall Rapids, and 8 = Tincanebits Canyon. Dashes indicate the
species was not detected during the 1993 field season.
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Table 2. Raw data summary: Numbers of nesting or potentially nesting individuals detected by
study site along the Colorado River between National Canyon and Pearce Ferry, Arizona, 1993.
Data generated using the absolute count census technique and summarized using the mean
detections method.

Mean number individuals + SD: 1993

Study site number

Species 1 2 3 4
Mourning Dove 1.3+0.9 0.3+0.4 0.8+0.8 1.6+1.1
Black-chinned Hummingbird 1.7+0.5 3.0+41.2 3.8+0.8 1.1+1.4
Ladder-backed Woodpecker - - - -
Ash-throated Flycatcher 1.3+0.9 1.840.4 1.3+40.9 1.5+0.5
Bewick’s Wren 1.3+0.9 2.5+40.9 0.5+0.9 3.3+2.2
Marsh Wren - - - -
Blue-gray Gnatcatcher 2.040.0 4.540.9 6.0+1.4 3.5+1.7
Northern Mockingbird - - 1.0+1.0 -
Crissal Thrasher - - - -
Phainopepla - - 3.5+0.9 -
Bell's Vireo - 13.041.7 18.0+1.4 6.8+1.7
Lucy'’'s Warbler 10.0+1.6 3.540.9 5.5+1.7 6.0+1.7
Yellow Warbler 1.3+0.9 2.5+0.9 1.0+1.0 2.0+1.7
Common Yellowthroat - 0.5+0.9 - 0.5+0.9
Yellow-breasted Chat - 3.5+40.9 - 5.0+1.0
Summer Tanager - 2.0+40.0 - -
Blue Grosbeak - - 1.0+1.0 2.0+0.0
Lazuli Bunting - - - 0.5+0.9
Song Sparrow - - - 2.5+2.4
Great-tailed Grackle 0.3+0.4 1.3+2.2 - 0.1+0.3
Brown-headed Cowbird - - 0.3+0.4 0.3+0.7
Hooded Oriole - - - -
House Finch - 1.540.5 1.0+41.0 1.3+41.0
Lesser Goldfinch - 2.5+2.1 1.3+1.7 0.6+0.7
Sum of means 19.2 42.4 45.0 38.6

Mean + SD number of indi-
viduals detected/survey 19.3+0.5 42.3+3.5 44.8+3.8 35.8+8.1

Number of species detected 8 14 14 17

Size of each study site
(ha) for comparison 4.6 3.0 11.6 2.3

NOTE: Study sites are designated as follows: 1 = National Canyon, 2 = Parashant
Canyon, 3 = Granite Park, 4 = RM 243L, 5 = Spencer Canyon, 6 = Quartermaster
Canyon, 7 = Waterfall Rapids, and 8 = Tincanebits Canyon. Dashes indicate the
species was not detected during the 1993 field season.
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Table 2 (continued). Raw data summary: Numbers of nesting or potentially nesting individuals
detected by study site along the Colorado River between National Canyon and Pearce Ferry,
Arizona, 1993. Data generated using the absolute count census technique and summarized using

the mean detections method.

Mean number individuals + SD: 1993

Study site number

Species 5 6 7 8
Mourning Dove 0.2+0.4 0.6+0.8 - 2.442.7
Black-chinned Hummingbird 0.6+0.8 1.8+41.2 0.3+0.5 2.6+1.2
Ladder-backed Woodpecker - - - 0.8+1.0
Ash-throated Flycatcher - 1.4+40.8 - 4.6+1.4
Bewick'’'s Wren 4.8+2.7 11.6+3.4 2.3+2.7 26.8+13.2
Marsh Wren - - - 0.4+0.8
Blue-gray Gnatcatcher 2.8+2.0 4.8+43.5 2.7+1.5 24.445.7
Phainopepla - - - -
Northern Mockingbird - - - -
Crissal Thrasher - - - 0.4+40.8
Bell’'s Vireo 10.0+1.3 28.0+4.9 10.0+2.0 89.6+8.9
Lucy’'s Warbler 3.6+1.5 5.6+3.4 2.0+1.6 6.4+4.8
Yellow Warbler 13.2+1.6 16.8+45.0 2.0+1.6 23.6+7.3
Common Yellowthroat 8.8+1.0 12.8+6.0 1.7+1.4 35.2+48.2
Yellow-breasted Chat 9.5+0.9 11.3+2.5 3.7+1.4 35.6+5.3
Summer Tanager 0.8+1.0 2.0+1.8 - 0.4+0.8
Blue Grosbeak - 0.4+0.8 0.340.7 6.4+6.9
Lazuli Bunting - - - 0.4+0.8
Song Sparrow 5.2+4.3 10.4+4.6 2.3+2.4 66.4+5.7
Great-tailed Grackle 1.4+1.7 1.4+42.3 - 0.4+0.8
Brown-headed Cowbird - 2.0+0.9 - 10.2+2.3
Hooded Oriole . 0.8+1.0 1.6+1.5 - -
House Finch 0.2+0.4 1.2+1.2 - 13.0+7.2
Lesser Goldfinch 2.4+1.6 5.442.9 0.8+0.9 4.8+41.6
Sum of means 64.3 119.1 28.1 354.8

Mean + SD number of indi-
viduals detected/survey 62.8+5.6 115.0+16.0 28.2+5.0 354.6+28.0

Number of species detected 15 18 11 21
Size of each study site
(ha) for comparison 2.2 7.1 3.4 47.1
-”

NOTE: Study sites are designated as follows: 1 = National Canyon, 2 = Parashant
Canyon, 3 = Granite Park, 4 = RM 243L, 5 = Spencer Canyon, 6 = Quartermaster
Canyon, 7 = Waterfall Rapids, and 8 = Tincanebits. Dashes indicate the species
was not detected during the 1993 field season.

174-1



Table 3. Raw data summary: Numbers of nesting or potentially nesting individuals detected by
study site along the Colorado River between National Canyon and Pearce Ferry, Arizona, 1994.
Data generated using the absolute count census technique and summarized using the maximum
detections method.

Number of individuals detected: 1994

Study site number

Species 1 2 3 4 5 6 7 8
Gambel’'s Quail - 0.1 - - - - - -
Mourning Dove - 0.7 0.8 0.3 0.1 2.6
Western Screech-Owl - - - - - - - 2
Black-chinned Hummingbird 1.0 3.4 4.8 2.6 1.6 2.5 0.3 2.0
Costa’s Hummingbird - - 0.2 0.3 0.1 - - -
Ladder-backed Woodpecker 2 2 - 2 2 2 2 2
Ash-throated Flycatcher 0.7 2.8 0.5 1.1 0.1 2.1 0.1 1.7
Kingbird sp.. - - - - - 0.3 - -
Bewick's Wren 2 8 6 4 6 20 4 24
Blue-gray Gnatcatcher 6 6 8 10 4 10 6 38
Northern Mockingbird - - 2 - - - - -
Crissal Thrasher - - - - - - 2 2
Phainlopepla 2 2 4 - - - 2 -
Bell’'s Vireo 2 16 20 12 18 32 10 112
Lucy's Warbler 14 12 22 16 6 12 4 20
Yellow Warbler 2 4 2 2 20 16 6 42
Common Yellowthroat 2 4 - - 12 22 8 50
Yellow-breasted Chat - 4 4 6 10 20 6 54
Summer Tanager - 2 - - 2 - - 2
Blue Grosbeak - 2 4 2 2 4 - 8
Indigo Bunting - - - - - - - 2
Song Sparrow - 2 - 10 12 14 6 78
Great-tailed Grackle 1.0 0.1 0.3 0.6 1.0 - - 0.1
Brown-headed Cowbird - 0.3 0.5 - 0.1 2.3 0.3 6.6
Hooded Oriole - 2 - - - 2 2 -
House Finch 2.3 1.0 1.3 1.0 1.0 1.4 0.8 6.9
Lesser Goldfinch - - 1.8 1.4 3.0 2.6 - 6.7
Total individuals/site 37.0 73.7 82.1 71.8 101.2 165.3 59.5 462.6
Size of each study site

(ha) for comparison 4.6 3.0 11.6 2.3 2.2 7.1 3.4 47.1

NOTE: Study sites are designated as follows: 1 = National Canyon, 2 = Parashant
Canyon, 3 = Granite Park, 4 = RM 243L, 5 = Spencer Canyon, 6 = Quartermaster
Canyon, 7 = Waterfall Rapids, and 8 = Tincanebits Canyon. Dashes indicate the
species was not detected during the 1994 field season.
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Table 4. Raw data summary: Numbers of nesting or potentially nesting individuals detected by
study site along the Colorado River between National Canyon and Pearce Ferry, Arizona, 1994.
Data generated using the absolute count census technique and summarized using the mean
detections method.

Mean number individuals + SD: 1994

Study site number
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Sum of means 20.3 57.

Mean + SD number of indi-
viduals detected/survey 20.3+8.6 41.5+3.6 52.5+10.6 46.5+9.9

Number of species detected 12 19 17 16

Size of each study site
(ha) for comparison 4.6 3.0 11.6 2.3

NOTE: Study sites are designated as follows: 1 = National Canyon, 2 = Parashant
Canyon, 3 = Granite Park, 4 = RM 243L, 5 = Spencer Canyon, 6 = Quartermaster
Canyon, 7 = Waterfall Rapids, and 8 = Tincanebits Canyon. Dashes indicate the
species was not detected during the 1994 field season.
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Table 4 (continued). Raw data summary: Numbers of nesting or potentially nesting individuals
detected by study site along the Colorado River between National Canyon and Pearce Ferry,
Arizona, 1994, Data generated using the absolute count census technique and summarized using
the mean detections method.

Mean number individuals + SD: 1994

Study site number

Species 5 6 7 8
Gambel’'s Quail - - - -
Mourning Dove 0.340.7 0.1+0.3 - 2.6+3.5
Western Screech-Owl - - - 0.3+0.7
Black-chinned Hummingbird 1.6+1.0 2.543.0 0.340.7 2.0+1.4
Costa’s Hummingbird 0.1+0.3 - - -
Ladder-backed Woodpecker 0.3+0.7 0.5+0.9 0.3+0.7 0.9+1.0
Ash-throated Flycatcher 0.1+0.3 2.1+1.8 0.1+0.3 1.7+40.9
Kingbird sp.. - 0.3+40.7 - -
Bewick’s Wren 4.0+1.4 14.5+3.7 2.0+1.7 19.7+42.2
Blue-gray Gnatcatcher 2.3+1.6 6.0+1.7 2.5+2.2 28.9+45.2
Northern Mockingbird - - - -
Crissal Thrasher - - 0.5+0.9 0.6+0.9
Phainopepla - - 0.3+0.7 -
Bell’'s Vireo 13.5+42.6 29.8+1.6 8.3+1.2 97.1+13.6
Lucy's Warbler 4.3+41.2 5.5+3.4 2.340.7 10.6+5.8
Yellow Warbler 16.5+4.0 12.5+3.1 2.8+2.4 29.1+410.6
Common Yellowthroat 6.5+3.4 14.5+3.1 2.5+2.8 41.7+45.8
Yellow-breasted Chat 8.0+1.6 16.3+2.4 4.3+1.4 42.0+49.4
Summer Tanager 0.3+0.7 - - 0.6+0.9
Blue Grosbeak 0.3+0.7 1.0+1.4 - 2.6+3.5
Indigo Bunting - - - 0.3+0.7
Song Sparrow 8.8+2.4 8.3+3.8 2.5+2.0 67.7+12.2
Great-tailed Grackle 1.0+2.0 - - 0.1+0.3
Brown-headed Cowbird 0.1+40.3 2.3+2.3 0.3+0.4 6.6+4.4
Hooded Oriole - 0.5+0.5 0.3+0.7 -
House Finch - 1.0+1.1 1.4+1.5 0.8+1.3 6.943.7
Lesser Goldfinch 3.0+43.0 2.6+1.4 - 6.7+4.7
Sum of means 72.0 120.7 30.1 368.7

Mean + SD number of indi-
viduals detected/survey 68.1+11.0 117.6+10.0 28.6+8.2 356.3+30.3

Number of species detected 19 18 16 20

Size of each study site
({ha) for comparison 2.2 7.1 3.4 47.1

NOTE: Study sites are designated as follows: 1 = National Canyon, 2 = Parashant
Canyon, 3 = Granite Park, 4 = RM 243L, 5 = Spencer Canyon, 6 = Quartermaster
Canyon, 7 = Waterfall Rapids, and 8 = Tincanebits Canyon. Dashes indicate the
species was not detected during the 1994 field season.
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Table 5. Nest heights above ground (cm) for birds detected nesting in riparian vegetation along
the Colorado River from National Canyon to Tincanebits Canyon (rm 166-265), April to June,
1993-1994. N = sample size.

Species N Minimum Mean + SD Maximum

Black-chinned

Hummingbird 5 160 208 + 33 250
Bewick'’s Wren 1 50 50 50
Blue-gray

Gnatcatcher 9 110 352 + 140 550
Phainopepla 1 180 180 180
Bell’'s Vireo 27 35 160 + 70 350
Lucy's Warbler 6 150 204 + 53 310
Yellow Warbler 2 160 430 + 270 700
Common Yellowthroat 8 2 50 + 38 130
Yellow-breasted Chat 12 150 225 + 66 350
Song Sparrow 6 105 152 + 34 190
Total Nests 77 - - -
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Table 6. Nest substrate plants used by birds nesting in riparian vegetation as compared to nest
substrate availability as a percentage of total vegetation volume (tvv) and live tvv along the
Colorado River from National Canyon to Tincanebits Canyon (rm 166-265), April to June, 1993-
1994. a dash indicates no nests were found. Tvv values used were weighted mean values for
each nest substrate plant species (mean value at all sites combined weighted by the size of each

site).

Nest Number of nests by bird species’ % of % of
Substrate Total Total %
Plants BH BW BG P BV LW YW CY YC SS Nests Nests TVV
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Arrowweed
Coyote willow
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brickellbush
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Total nests 5 1 9 1 27 7 2 8 12 6 78 100. 95.7 94.6

! Bird species codes as follows: BH = Black-chinned Hummingbird, BW = Bewick's
Wren, BG = Blue-gray Gnatcatcher, P = Phainopepla, BV = Bell'’s Vireo, LW = Lucy’s
Warbler, YW = Yellow Warbler, CY = Common Yellowthroat, YC = Yellow-breasted
Chat, and SS = Song Sparrow.
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