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EXECUTIVE SUMMARY

An experimental high flow was conducted to determine the extent to which planned flooding
can be used to maintain large, open sandbars in Glen and Grand canyons in Arizona. Potential
ecological impacts of this planned flood on federally endangered species resulted in the U.S. Fish and
Wildlife issuance of a Biological Opinion, including a program of research and monitoring. The
endangered Kanab ambersnail (Succineidae: Oxyloma haydeni kanabensis) occurs only at two springs
in the Southwest, one of which is Vaseys Paradise (VP) at Colorado River mile 31.5R. Recognizing
that the test flow experiment would result in incidental take of this species and its habitat, we conducted
a cooperative, interagency analysis of flood impacts on this snail population.

1) We topographically surveyed VP before and after the high flow event, and monthly through the
1996 growing season. We surveyed the rising hydrograph, including the 45,000 cfs (1275 m®/s) stage
elevation. We estimated that 163.7 m? of potential KAS habitat existed downslope of the estimated
45,000 cfs + 1.5' (1275 m*/s + 0.5m) stage, including 97.8 m? of Mimulus cardinalis (cardinal
monkeyflower) and 48.5 m? of Nasturtium officinale (watercress). We determined that 119.4 m2 of
KAS habitat existed downslope of the actual 45,000 cfs stage, including 66.2 m? of Mimulus and 38.0
m? of Nasturtium. :

The flood scoured 54 % of the flood zone vegetation, but virtually no suitable KAS habitat
remained in April 1996. Following the flood, we surveyed 55.0 m2 of KAS habitat in the inundated
zone, including 14.4 m? of Mimulus and 14.2 m? of Nasturtium. Thus, 46% of primary KAS habitat
remained in the flood zone, and it had been severely damaged by high velocity, debris-laden flows.

2) We surveyed KAS habitat area before, after, and monthly through the growing season for one year
after the flood. Vegetation recolonization of the lower zone (downslope from the 45,000 cfs stage) was
slow in the 1996 growing season. Low zone cover of Mimulus decreased from 66.2 m® on 22 March to
14.4 m® on 18 April, and to 13.2 m’ on 15 June, and then increased to 24.5 m” on 16 September and to
26.4 m’ on 24 October 1996. Low zone cover of Nasturtium decreased from 38.0 m? on 22 March to
14.2 m* on 18 April, and then increased from 14.0 m? on 15 June, to 18.5 m® on 16 September, to 24.8
m’ on 24 October. Total KAS primary habitat cover was reduced by the test flow from 104.2 m? to
28.5 m’ (a 72.6% reduction), and increased to 51.3 m? (49.2% of the pre-flood vegetated area) by the
end of the 1996 growing season in late October. Normal cold conditions in the 1996-97 winter and a
late winter, month-long constant discharge of 27,000 cfs resulted in die-back of overall KAS habitat
below the 45,000 cfs stage to 53 m?, with 16.6 m? of Mimulus, 1.2 m® of Nasturtium.

3) We sampled a total of 189 10 to 30-cm-diameter plots and total patches before the flood and
estimated that 3,011 KAS existed below the predicted 45,000 cfs + 1.5' stage, and were at risk to loss
during the flood. We subsequently estimated that 2,126 KAS existed below the actual 45,000 cfs stage.

All KAS existing below the 45,000 cfs flood stage were believed to have been lost. Loss of
KAS was attributed to drowning as KAS were swept from the vegetation by water or floating debris.
Based on 96 20-cm-diameter plots and total patch counts from the 18 April post-flood population
survey, we estimated that 420 KAS existed downslope from the actual 45,000 cfs stage three weeks
after the test flow. We observed that several KAS had recolonized a Nasturtium patch just below the
45,000 cfs stage by 18 April 1996.

We monitored the recovery of the KAS population through the 1996 growing season in the
flood zone (< 45,000 cfs stage). Monthly KAS population surveys for these same habitat patches
revealed that the KAS population decreased from: 420 in April, to 391 on 19 May, to 104 on 15 June,
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to 439 on 20 July during emergence of young from egg sacks, to 268 on 16 September. KAS were
largely in dormant condition in October, and the population was not surveyed. The high initjal
population levels were attributed to the exceptionally warm, mild 1995-96 winter, which permitted
KAS to be active early in the spring and which resulted in two peaks of reproduction. The normal,
cold 1996-97 winter and 27,000 cfs constant flows reduced the estimated KAS population existing in
the flood zone to 245 snails in March 1997.

4) We found that the STARS model (Randle and Pemberton 1988) estimate of the 45,000 cfs stage was
extremely close to that actually surveyed during the flood. We surveyed the rising hydrograph and
45,000 cfs stage during the flood, and constructed a refined stage-to-discharge relationship at VP.

5) We assessed sampling methodologies for determining KAS population size by sampling circular
10-, 20-, 30-, and 50-cm-diameter plots, and by destructively sampling primary habitat plots lying
downslope from the estimated 45,000 cfs + 1.5' stage after they had been initially surveyed for KAS.
This analysis revealed that the proportion of KAS missed in initial surveys increased with plot diameter
in Mimulus, but not in Nasturtium. In Mimulus, complete harvesting of 20-cm-diameter plots following
the initial survey added, on average, 0.22 KAS/m?, a 38.6% increase. In Nasturtium, follow-up
harvesting added, on average, 0.35 KAS/m? (a 28.4% increase). _

Time expenditure and stem breakage while searching 50-cm plots were prohibitive and the 10-
cm plots were too small to allow for a well-defined sampling perimeter. Stem breakage increased 2.1-
fold on Mimulus and 4.0-fold in Nasturtium on 30-cm-diameter plots as compared to 20-cm- diameter
plots. From these analyses, we still favor the use of 20-cm-diameter study plots, but we recognize that
we may underestimate KAS abundance by as much as one-third.

6) We conducted behavioral observations on 254 snails in 1996 and noted net and total distance moved,
behavior, substrate use, interactions with other invertebrates, and measured snail shell length.
Movement rates were strongly right-skewed; many snails were immobile during observations, and
fewer than 5% moves more than 1 cm/min. Relationships between movement rates and month, time of
day, and host plant were complex, and not clearly related to temperature or light conditions.

Forty-three snails were resighted after marking during the 1996 field season. Of these, 11 had
changed patches (25%), and 4 of these (9%) had changed vegetation type. Growth rates estimated
from these snails averaged 2.1 mm/month. _

Eighty-nine KAS marked with bee-dots or fingernail polish and then released were found dead,
as empty shells. We conducted caged predator experiments with Carinella species and various potential
invertebrate predators and concluded that invertebrates were not a major source of KAS mortality in
March 1996. We believe many of the KAS found dead after marked release were preyed upon by
Peromyscus maniculatus and P. crinitus. High Peromyscus-related mortality may be attributed to
naturally high densities and possibly local enhancement of snail densities because we initially released
marked snails in small groups around patch margins. Peromyscus crinitus and P. maniculatus were the
only rodents captured at VP in 1996 and 1997. A Spermophilus spilosoma was repeatedly seen near
the site during the day, but was not observed engaged in KAS predation. Mammal trapping success of
the two mice in KAS habitat patches was highest in April 1996 (18.8%), and decreased to 0% by 20
July, then increased in September to 9.7%, and slightly further in March 1997 (10.5%). This pattern
generally follows seasonal abundance patterns of large KAS. However, no traces of KAS radulae were
detected in approximately 30 Peromysus fecal pellets examined in the laboratory. Mouse diet was
found to consist of vegetation and various arthropods, and appeared to be consistent between vegetation

S
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types and different sampling periods. These results do not support the contention that Peromyscus is a
major predator on KAS.

In 1996 only a single KAS was found expressing sporocysts of Leucochloridium cyanocittae.
This represents nearly an order of magnitude decrease in parasitism between 1995 and 1996.

7) The FWS Biological Opinion on the test flow originally requested that the Bureau of Reclamation
move 90% of the KAS occurring downslope from the 45,000 cfs +1.5' stage to higher elevation
primary habitat at VP. Subsequently, the FWS requested that technicians leave some flood zone KAS
habitat by gleaning 50% of the primary flood zone habitat, and removing 75% of the KAS from that
vegetation (FWS Memorandum, March 1996). We marked 1,275 KAS and moved them upslope from
the estimated 45,000 cfs +1' stage during the week prior to the high flow event. Using the unadjusted
20-cm-diameter plot analysis, this number represented 40.8% of the total KAS population that existed
downslope from the 45,000 cfs + 1.5' stage, 105 more KAS than the 1,170 KAS which the revised
FWS Opinion requested be relocated. Given the seasonal variability of population size change for this
species, and the low wintertime densities, no impacts of increased population were anticipated or
detected from this mitigation activity.

KAS host plants readily grew in the Northern Arizona University greenhouse, an important
consideration for establishment of secondary populations. The Arizona Game and Fish Department is
developing suitability criteria for secondary population establishment. We recommend at least bi-
monthly monitoring of this population during the growing season.
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INTRODUCTION

Project Overview

We conducted a cooperative, interagency analysis on the impacts of a high flow experiment
from Glen Canyon Dam, as well as population changes for one year after the march/April 1996 Bureau
of Reclamation test flood, on the Vaseys Paradise population of endangered Kanab ambersnail (KAS;
SUCCINEIDAE: Oxyloma haydeni kanabensis Pilsbry). The experimental high release (45,000 cfs =
1,275 m%/s from 26 March to 2 April 1996) was expected to inundate and potentially scour 11 to 16%
of available KAS habitat, and to eliminate an equally high proportion of the KAS population there
(Stevens et al. 1997). Information on immediate and longer-term responses of KAS and its habitat to
the high flow event, as well as additional autecological and synecological KAS data, are needed to
resolve KAS recovery and management issues related to future dam operations. This study provides
the Bureau of Reclamation (BOR), the National Park Service (NPS), the Fish and Wildlife Service
(FWS), Arizona Game and Fish Department (AGFD), and other interested parties with ecological
information on short and long-term flood impacts on this endangered species.

KAS population monitoring and research is complicated by a number of physical and statistical
constraints (Stevens et al. 1997). The cryptic morphology of KAS, steep topography of Vaseys
Paradise, dense cover of poison ivy (Toxicodendron rydbergii), fragile host plants, and the snail's
behavioral ecology all influence sampling design, and the associated precision and accuracy of
population estimation. Vaseys Paradise is only accessible via a rugged trail from a remote North Rim
location, or by a 1-2 day river trip from Lees Ferry, Arizona. At Vaseys Paradise, KAS avoid open
areas, preferring decadent or dead Mimulus cardinalis stems and any portion of living Nasturtium

officinale canopies. The stems of these primary host plant species are fragile and break easily during

population surveys, making non-destructive sampling difficult. Many of the primary host plant patches
lie on steep bedrock walls and are surrounded by dense stands of poison-ivy, thus access is limited and
sampling is perilous. These issues make the study of KAS difficult, and require carefully trained field
staff.

This report presents analyses of data collected during the 1996 growing season and March
1997. It constitutes an assessment of flood impacts, with one full year of post-flood monitoring of KAS
habitat and population recovery.

Project Objectives

The following flood impacts study components were designed through discussions with the
BOR, FWS, NPS and AGFD to aid in risk and impact assessment, population monitoring and recovery:
(1) sampling protocol assessment and validation; (2) obligatory short-term studies based on Endangered
Species Act (ESA) and the FWS Biological Opinion requirements; (3) studies to be used for longer-
term (one-yr) assessment of test flow impacts, and KAS management and recovery (also required by
the ESA); (4) ancillary studies that assist in (1) or (2); and (5) studies required by AGFD for the FWS
Section 6 Cooperative Agreement and that help resolve issues in (1), (2) or (3).

The study objectives were organized into the following outline.

1. High flow impacts on KAS habitat Study Component
a. Determine potential primary habitat loss due to the high flow experiment . ... ... ... 1,4
b. Determine actual primary habitat loss due to the high flow experiment . . ... ....... 1,4
¢. Determine the mechanismg(s) of habitat loss during the high flow experiment . .. ... ... 2
d. Determine the mechanisms and recovery rate of primary KAS habitat after the test flow . 2
e. Determine historic development of KAS habitat, particularly water-cress colonization . .. 3
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2. High flow impacts on the KAS population Study Component
a. Determine the proportion of the KAS population at risk to loss during the high flow

eXPEIIMENt . . . ... 1.4

b. Determine the proportion of the KAS population lost during the high flow experiment . . 1,4

c. Determine the mechanisms of KAS loss due to high flow experiment . ............ 24

d. Determine KAS population recolonization for six months post-flood ............. 2,3

3. Sampling and population surveying protocol assessment

a. Refine stage-discharge relationshipat VP ... .......... .. ... .. .. . .. . 1,4
b. Determine the accuracy of KAS density measurements . ................... 1
c. Determine the effects of plot size on habitat impacts . . ................. ... 1
d. Determine species-area effects of plot size on KAS population estimation . . ... ...... 1
e. Compare KAS distribution and population estimation analytical techniques .......... 1

4. Behavior studies
a. Determine the most appropriate marking technique for KAS survivorship and movement

SAIES . .. 5
b. DevelopaKASethogram . .............. ... ... ... ... .. ... ... .. .. 24
¢. Determine movement behavior in relation to the highflow . . . .. ....... ... ... .. 24
d. Determine survivorship of marked and moved versus resident KAS . ... ...... .. .. 2-5
e. Determine activity budgets and habitat use of resident and immigrant KAS throughout the

BIOWING SEASON . . . .. .o vi it 2-4
f. Determine KAS diet through the 1996 growing season . . . ... ... ... ........ ... 2-5
g. Observe interactions between KAS, parasites, potential competitors and potential

Predators . ... ... 2-5

5. Recovery and long-term studies
a. Determine potential for growing KAS primary host plant species in controlled

ENVITOMMENLS . . . ... ... 2-5
b. Determine use of alternate host plant food sources . .. .................. ... . 2-5
¢. Move low-zone KAS to non-inundated habitatat VP . . ... ... ... .. ... .. . .. 2-5
d. Determine the fate of moved KAS ... ... ... ... ... ... . ... .. ... . .. .. ... 2
e. Investigate comparable habitats in Grand Canyon for possible introduction sites . . . . . . 2,4
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BACKGROUND

The KAS is a federally endangered succineid landsnail that occurs at two springs in the
southwestern U.S. (Pilsbry and Ferriss 1911, Pilsbry 1948, Spamer and Bogan 1993): Three Lakes
(near Kanab, UT), and Vaseys Paradise (VP, Colorado River mile 31.5 in Grand Canyon, Arizona).
This taxon has also been reported from Alberta, Canada (Harris and Hubricht 1982). KAS was
proposed for emergency listing as an endangered species by the U.S. Fish and Wildlife Service in 1991
(England 1991a, 1991b), and was subsequently listed (Anonymous 1992, England 1992). A recovery
plan has been approved for this taxon (U.S. Fish and Wildlife Service 1995). Two KAS populations
formerly occurred in the Kanab area, but one population was extirpated by desiccation of its habitat.
The remaining Utah population at Three Lakes occurs at several, small spring-fed ponds on cattail
(Typha spp.; Clarke 1991). The Three Lakes site is privately-owned and the land owner is developing
the property.

KAS were first collected at VP in 1991 (Blinn et al. 1992; Spamer and Bogan 1993), and an
interagency team lead by the Bureau of Reclamation examined KAS ecology there in 1994 and 1995
(Stevens et al. 1997). KAS occurs primarily on two host plant species at VP: native Mimulus
cardinalis and non-native Nasturtium officinale. VP is a popular water source and attraction site for
Colorado River runners. Anthropogenic impacts are limited by the dense cover of poison ivy and the
nearly vertical terrain: Grand Canyon National Park recommends that river runners remain at least 5 ft
from vegetation. Within Grand Canyon, KAS apparently is restricted to VP in Grand Canyon: no
KAS were observed at 81 other Grand Canyon springs surveyed from 1991 to 1995 by Stevens et. al.
(1997). Rematched historic photographs of VP (e.g. Turner and Karpiscak 1980:58-59) reveal that
cover of the two host plant species has increased greatly at lower stage elevations since the completion
of Glen Canyon Dam in 1963. The timing of KAS colonization of this post-dam vegetation is
unknown, so we cannot determine the rate at which increased vegetation cover increased KAS habitat.

Topographic surveys in 1995 revealed rapid changes in vegetation cover over the growing
season, with 5.9% t0 9.3% of the primary habitat occurring below the 940 m’/s (33,000 cfs) stage, and
11.1% to 16.1% occurring below the 45,000 cfs stage (Stevens et al. 1997). The total area of primary
habitat was 0.09 ha, and the area of secondary habitat (patches of riparian vegetation that are not
dominated by Mimulus or Nasturtium, and are little used by KAS) was also 0.09 ha, for a total
vegetated area of the spring of 0.18 ha in June 1995.

The total estimated KAS population at VP in March 1995 rose from 18,476 snails to as many
as 104,000 snails in September 1995. Reproduction took place in mid-summer (Stevens et al. 1997).
The estimated proportion of the KAS population occurring below the 33,000 cfs (940 m’/s) stage rose
from 1.0% in March to 7.3% in September; proportions occurring below the 45,000 cfs stage were
3.3% in March, 11.4% in June and 16.4% in September 1995.

Colonization of VP by non-native Nasturtium before 1938 (Clover and Jotter 1944), and
construction of Glen Canyon Dam, increased the primary KAS habitat area by more than 40%, and
probably resulted in an increase in the snail population (Stevens et al. 1997). The KAS population and
habitat at Vaseys Paradise apparently survived and recovered from innumerable flows much larger than
the planned during the pre-dam era, and this species survived a total of six flows = 45,000 cfs during
the post-dam era (in 1965, 1980, 1983-1986). Short-term reduction in primary habitat area by scouring
flows was not predicted to jeopardize the existence of KAS; however, the FWS Biological Opinion
required analysis of direct and long-term flood impacts on this isolated population.




Final Kanab Ambersnail Flood Report: 30 September 1997

METHODS, RESULTS, AND DISCUSSION
Study Area

Vaseys Paradise is a cool-water, dilute dolomitic spring that issues from the Mooney Falls
member of the Mississippian Redwall Limestone 0.4 mi (0.9 km) downriver from the mouth of South
Canyon in Grand Canyon National Park, 31.5 mi (51 km) downstream from Lees Ferry, Arizona
(Huntoon 1974). The spring issues at 3200 ft (925 m) elevation from three primary mouths and divides
into several large, and numerous small, rivulets as it flows ca. 100 yd (90 m) m to the Colorado River.
The climate is arid and continental, with a mean annual precipitation of 5.5 (140 mm) inches at Lees
Ferry, the nearest weather station (Sellers and Hill 1974). Precipitation is bimodally distributed
between summer and winter. Temperatures at Lees Ferry range from <0°F in winter to > 110°F in
summer. Although the east-facing aspect of the spring allows it to thaw relatively quickly after
freezing winter nights, Stevens (personal observation) noted that the spring was nearly completely
frozen and covered with ice during freezes in early January 1975 and December 1990. Aspect also
protects the spring site from hot, direct mid-afternoon sunlight during summer. Vaseys Paradise lies in
the U.S. Bureau of Reclamation Glen Canyon Environmental Studies Program's (GCES) Geographic
Information System (GIS) Reach 3 and is therefore well georeferenced for long-term monitoring.

OBJECTIVE 1: Measure High Flow Impacts on KAS Habitat.
1a. Determine potential primary habitat loss due to the high flow experiment.

Methods

We assessed potential KAS habitat loss using the methods of Stevens et al. (1997). The
perimeters of all habitat patches lying downslope from the approximate 60,000 cfs (1700 m’/s) stage
elevation (the "low zone" of Stevens et al., 1997) were surveyed on 18-19 March 1996. Vegetation
patches were resurveyed in April 1996 (post-flood), and approximately bimonthly during the remainder
of the 1996 growing season (April-October; Table 1). Low level oblique photography of VP was
collected in March (pre-flood and during flood), April (post-flood), and November 1996. Land
surveys were conducted with a total station/prism combination, and mapping accuracy was consonant
with the GCES survey protocol. The GCES GIS provided control network points (Arizona State Plane,
Central Zone), which were used for instrument and backsight stations. This reference datum allowed
accurate spatial referencing of map data, and provided suitable georeferencing for GIS analyses and
future monitoring.

Surveyed elevation data were related to the stage-to-discharge model developed for the
mainstream at Vaseys Paradise, which was based on the Bureau of Reclamation STARS hydraulic
model (Randle and Pemberton 1988). A triangulated irregular network (TIN) topographic model of the
low zone was produced by Stevens et al. (1997). The STARS-generated stage-to-discharge model was
applied to the 1994 TIN model data, allowing us to conduct hypsometric analyses of the rectified area
of vegetation above the estimated 45,000 + 1.5' stage prior to the high flow event. The stage-to-
discharge relationship was validated using leveling surveying during the flood and in association with
Objective 3a activities. We identified the area lying below the estimated 45,000 cfs stage, and allowed
for an additional 1.5 ft. (0.5 m), the error margin suggested by Mr. Timothy Randle (U.S. Bureau of
Reclamation, personal communication), and recommended as a safety measure by the FWS (FWS
Memorandum 1996).
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Final Kanab Ambersnail Flood Report: 30 September 1997

Results

We topographically surveyed VP before and after the high flow event, and approximately
bimonthly, thereafter (Figs. 1-6) and surveyed the rising hydrograph, including the 45,000 cfs stage.
The STARS model predicted the 45,000 cfs stage quite accurately, only differing by a few centimeters
from the stage measured during the flood.

Using preliminary pre-flood habitat area data, we estimated in the field that 130.3 m2 of
vegetation cover existed downslope of the 45,000 cfs + 1.5' stage, including 97.8 m? of Mimulus and
48.5 m? of Nasturtium (Figure 1, Table 2-3). These latter two species have been defined as primary
host plant species for KAS at VP, however KAS occur sparingly on other wetland species (e.g., Carex
aquatilis, Polygonum amphibium, Dicanthelium languinosum, Phragmites australis and Equisetum spp.)
which we have grouped under "Other" for these analyses.

Our mitigation efforts were based on the preliminary pre-flood habitat analysis. We
subsequently refined those estimates using the full range of data collected prior to the flood (Table 3).
This more refined analysis revealed that 163.7 m? of vegetation cover existed downslope from the
estimated 45,000 cfs +1.5' stage, including 97.8 m? of Mimulus and 46.6 m” of Nasturtium. Lastly,
we used the observed 45,000 cfs stage elevation (measured during the flood) and determined that 119.4
m? of vegetation cover existed downslope of the observed 45,000 cfs stage, including 66.2 m? of
Mimulus and 38.0 m? of Nasturtium (Table 4).

1b. Determine actual KAS habitat loss due to the high flow experiment.

We measured KAS habitat loss by comparing surveyed habitat in the <45,000 cfs stage before
and after the high flow event (Tables 4 and 5, respectively), in comparison with changes during the
1996 growing season (Tables 6-11). We found 55.0 m? of vegetation in the flood zone in April 1996,
including 14.4 m? of Mimulus and 14.2 m? of Nasturtium. Thus, the flood scoured 75.6 m? of primary
KAS habitat, leaving only 27.4% of the pre-flood cover. The remaining vegetation had been severely
damaged by high velocity, debris-laden flows, and <10 m? of the remaining habitat appeared suitable
for KAS in mid-April. The pre-flood topographic survey showed 119.4m? of potential KAS habitat
lying below the 45,000 cfs stage, and 199.9 m? lying between the 45,000 and ca. 70,000 cfs stages.
Using the November 1994 measurement of 759.6 m? of Mimulus and Nasturtium habitat above the
1275 m’ stage, this final analysis suggests that 13.6 % of potential KAS habitat was inundated, with
only 1.1% persisting in suitable condition after the flood.

Patch 203M&N and a portion of Patch 5M had been left intact as controls (no destructive
sampling), and we observed that those patches were completely scoured by the high flow up to the
45,000 cfs stage elevation. Small portions of root mass remained in patches PSM, P7L, P8M, P11PE,
and P10M below the 45,000 cfs stage, where the vegetation was protected by bedrock or large boulders
(Table 5); however, the viability of remaining root masses was unknown. Close-range oblique site
photographs also document these changes.
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Table 2. In-field estimate of the KAS population

below the estimated 45,000 cfs + 1.5' stage

Fedrdek Rk Ak ddddkd dk Yederkde

on 22 March 1996.

PatchiD Plant sp. Area (m2)

P203M Mica 12.81
P5M Mica 39.75
P6MLower Mica 4.97
P8M Mica 18.882
P10M Mica 5.11
P203N Naof 6.66
P5SN Naof 4
P7Lower  Naof 6.64
P7Upper  Noaf 11.43
P7Dnstrm Naof 9.12
P8N Naof 1.94
PON Naof 3.37
P10N Naof 3.33
P11N Naof 1.94
P1 Dila 0.33

No. of

Plots

TR Added ke ke Ak

)
Zoroo

[N e I e )]

10

All

All
7
9
9

All

20cm Estimated
<45k +1.5' 20cm Diam Raw Mean No. of KAS
KAS/m2 <45k+1.5'

15.9
17.8
27.6
31.5
17.8

31.8
31.8
234
31.8

5.5
31.8
54.4
234
234

0.0

204
708
137
594
9

212
127
155
364
50
62
183
78
45

0

tedk itk A kddkkddkhhkd  RhRhAAAARRAAIR AARAARTAARARIR IR kAR Rk Rkhd drddkkkddd ikt

TOTAL All

TR AARATRAARIAARIIR  RAATARhhkRriddh Aihhhkhhkh ki thdk dhkrkihiridiiik ki hkdiidiirt

130.282

16

102

29.5

3011




Al

voon

9928 it 2124 8629 8r8e 1801 L4105 » IV rizs ozt [ ¢'174 S70'82 (3 74 89t Lo 24 08°68) €8'1Z4 st G6l'est [\ 4 wiol
8Ly o8l 8z% z88 oL eI 1134 . 8¢ -1 4 (113 744 I89'GL 1414 e 1088 TL89 se'6l (23] $E'6L Yo mogng
p4-1-4 8 1821 SSS p4>74 8s 95'CO0L IS8 . 619 8s8lL €0t 5SS €86'SE 1) "4 173 8c'e8 0£'08 90'8¢ 8l'ec L5°9% RN miogng
9662 p:24°18 7213 oeLy 8004 6118 66z - 48§ 5662 f24:1) tiel 6e6'gL L €9 %148 L1x4) €299 1e'ls 8L'L8 i I L 0 L
(713 0 L 1744 [¢] G481 i » 0 1-72) 0 Sit 0L¥y'8Z e s SLEL 000 SLeL 00’0 sLel Aoz Zid
0 0 o 0 0 0 + O 0 o 0 0000 00 e el 00’0 'L o000 ve'L JoeN Niid
113 o 1-13 144 0 oL'el St « 0 St Q St 0ec'zt oy 4 £€7e 000 €'t 00’0 €Te Aybgmeyd 3ditd
0 ] 0 0 0 0 « 0 o 0 0 (] wnoYH 0L SO0 000 $00 000 $0'0 =g oz
o 0 0 1] 0 0 « 0 4 0 (4] 00 wnog L 500 000 SO0 000 s00 hille] 124
ot 0 4 ot 0 ¢ . B -3 ] 13 1’60l wnod L €E°0 000 €e0 000 £t0 o] id
o] 0 0 0 0 1] « 0 0 o 0 00 0 oy'es or'e9 000 er'ee 000 XN weygd
o8l o8l 0 p 724 ol 80°'LS 13 « 0 084 061 0 (3244 r'es 1] 8z’ [24 000 (24 000 wrod  weodygd
243 0 343 243 . iZL (¥43 0 243 0E0¥E €'9e 8 2o 00'c 21054 000 £E'e JoeN Nold
00z 56 SOt SLY St 18281 002 « 6L 68l s6 501 058'9LL  L'6S 3 &8t 09t &3 000 LE¢ JooN Ned
24 0 %4 34 0 34 . 2 24 0 24 iyl wnoey ol vl 000 i 000 erL Joen BNed
88l 691 0 -3 0 681 « 068l 123 691 0 8's0l Wnod oL 6L 8L'4 000 o't 850 JoeN WN&d
€ 0 €L €l 0 €l - € €l o €L oo oo L ZLS 000 [4%:3 000 e JoRN  wnsuQld
€° Lt SS 1124 4 €6'99 €L » BT €L L 95 oel'oz e ol VLl /24 tT0e 000 1 4 31 JeON  seddnid
901 0 0L 1134 0 €T'se 0L v 5 801 [} 20l oLv'ez 8'st 1] 98 00'c ¥ 000 o' 10BN JamoTid
£el €84 1] BEC (44 80Z6 €8l « 0 €8l €8l 1] 040'58 (%37 I3 oL'e oL'e 00’0 ot'e 000 joeN PWNGd
oe 09 0 861 0 8r'is 08 + 0 8L 6L 1} 12341 €S k43 96'r1 86yt 000 SEyL 000 joeN Nod
e 13 0 eri 0 reoy 123 « 0 173 173 o 0tg'eT [:313 ] o'y o'y 00’0 Yo'y 000 joeN SaNed
695 185 z [+13-13 0 8L'80F 89% - 8l 1734 €L5 z 08°LL gie 2 L8t Lo'sL 800 L0vL 00’y joeN NSd
1244 te £413 osy 0 0s'ect 1444 » 0 seT €6 (413 [dRx44 x-14 9 8r'e o5t 96’y t4: N 99’9 JoeN NE0Zd
at 0 [+]3 6z o s ot » 0 13 0 ol 11432 6851 14 ig’o 00’0 180 000 190 e Wiid
18T 0 J1:74 a4 . 49T 29T [} 174 €IS oD RLLL'S 000 Lis 000 s ©w Wold
61L 174 1414 06zt 424 [1°k42 3 8L - SZL L 192 85y [114-X44 L1 €T L&Ze oL'ElL IS'eT 08's e =N Wsd
(413 T8l 0 1443 «» 0 291 Z8l a -4 0 09’9 09’9 00’0 el w5 BN JAMOTNG
1§ 34 0 o8 1l £6'0 13 « 0 s is 0 oer'Ll a'st 1 €z’ €T'e 000 og'e 000 W SNINBd
0§ s 0 €9 L 0502 s « 0 0s 05 0 oer'Ll 6'Gi 9 e re 000 re 000 ©IN dNWed
tiol z6¥ 247 (7343 9L 917202 €LolL « 161 siot 6% [£4] oTe'el sl e 1£4:] 0e'LT ¥6'8Z 8¥'91 Si'6E L] Wsd
908 ot z 90t o 00¢ - 0 90¢ ¥oc 4 0£8'1S (24 9 SE'LL az'it 600 86’8 LeT L0 ] Sdvd
o 0 0 0 0 0 » 0 ] 0 0 00 wnay L €00 €00 000 000 €00 L& 0T
0 0 0 0 ] 0 - 0 0 [} 0 00 wnay L 0z'o 000 oz’ 000 ozo W ¥d
86¢ 314 FA%3 t4.73 0 SOLPT 86t LI 96E (1114 oLt 0e9'sZ 6'sh o 18'%2 8s'LL el 8021 [3:443 "o WeEoTd
0 0 o 0 0 0 « 0 0 0 0 oo WRoj L 8y 0 00’0 ;1 40] 000 8’0 QW td
SYN'ON  SJO)SP<  8j2)4Sh> "WRNDXGE WRND %G UNM/SYN UN/SYN .  POACWOY YIW/SYN NSP<SYN NSY>SYI  ZW/SYM TW/SYN $101d {zus} (zw) sspe W) NSP> S LedSPe SLeNSH> ‘dswmid  Quowd

Lo SY) 'ON SV¥X 'ON ps 'ONUROW ., PPHRN CON®W]L  Jo'ON JO'ON P3| MRy UReW muy W0Z  ResY [RJ0) RSy IOV Resy "RV (zw) resy (Zw) wvery
pums3  pupsa  pums3 « SWION wagz wagz Jo ‘ON endy Popunsy pewupsy
YiY¥Q a3ddVY¥1S1008 viva 107d

"9661 YdJe ZZ ‘abels gL + 510 000'SY

3y} Mojaq az|s uoyeindod pue jejqey Sy pooly-aid pajewysa Jo (play Jo IN0) uoneNajeIBY ‘¢ Bjqe)

17




6€2S glie j:14%4 . S.2h S£25 oZie 1324 LL9¢ [ 24 00'684 pe6lE 06'661 ev'6lLL [\ aviol

LRI

06¢ 06} 002 . 9¢ 06¢ 06l 002 05've ¥'og (¥4 £6'18 2L99 12°6L |y Iejoigng

. [4:1:]8 1621 G55 . 289 Sv8l £0cl [AL] ¥9'sy 062 S8 oc'es 0£'0S 00'8¢ JoEN  [Bjoigng
9662 5291 LLEL . 185 6662 929t elel yE'SE €L €8 L6bL 80'28 £2'99 BN [ejoigng

14 0 o5t 0 0st . 0 oSt 0 0S1 J24:4 x4} S 0g'L} 000 o8t Ayb3 Zid
84 0 143 0 128 . 0 ¥l 0 143 £0°2) 9y L 86'C 000 86'C Aybz/meyy Idiid
0 0 0 0 0 . 0 0 0 0 00 nod 0L $0°0 000 S0°0 elqQ (44
0 0 0 0 0 . 0 0 0 0 00 unod 0L S0°0 00'0 S0'0 1174
9e 0 9¢ 0 9¢ . 9t 9¢ [} 9 1’801 Wnod 0L €0 000 €£0 id
0 0 0 0 0 . 0 0 0 0 0o 0 9v'e9 9v'e9 000 oo weyad
L2 Yol 06} 061 0 « 0 06} 061 0 Leey ¥'89 9 9z’ 9zt 000 uweod  weodgd
] 0 0 0 0 . 0 0 0 0 00'0 00 [ ¥6'L 000 ¥6'l joeN Nitd
X4} 0 ¥4} . (¥4} %4} 0 [¥4% £0've £9¢ 6 £e'e 000 £e'E joeN NoLd

Sib St 002 $6 S0L . 6l 661 S6 S04 S8'9LL 16§ L et 09’} L joeN N6d
%4 4} 1z 0 ¥4 . 1z (¥4 0 ¥4 Iyl unoy oL e¥'L 000 £Y'L joeN aNsd
681 0 681 68l 0 » 22T 681 68} 0 9501 unod 0L 644 6Lt 000 joeN V¥N8d
el 0 €l 0 €l . £ 0 [} 0 00 wnod 104 Z1'e 000 41X joeN  wusuQzd
:]%4 0 €L L S5 . 92 €L L 95 €102 ¥o ol eV Ll 0Le €L'8 JeoN  Jseddnzd
e 0 901 0 901 . 25 901 0 90} v'ez 6'Gl 8 ¥9'9 000 ¥9'9 JOEN  JomoTLd
s 144 €81 €81 0 . 0 €81 €8l 0 1068 168 L oe ol'e 000 10BN PIAINSd
651 0 08 08 0 » 0 6L 6. ] 624 €g zL 96'v1 96'vt 000 joeN Nod
:148 0 23 ¥ 0 . 0 v vl ] £9'92 66 ] yo'y o'y 000 10BN SAN9d
[+]£-78 0 699 195 z » 8L 71 €45 z 1611 gIe 8 10'8) 10°8} 900 j0eN NSd
os¥ 0 vee €6 zel . 0 744 £6 zel LeTh [-3:74 9 8¥'8 05'E 86’y joeN Neozd
62 0 ok 0 oL . 0 04 0 o} £g'1e 6'Gl ¥ 190 00'0 190 BOIN Wiid
292 0 192 . 192 292 0 192 €325 wnod j0L 41°g 000 g B3N Wotd

0621 852 6L [-1:74 414 . ST 2L 292 9G¥ yo'ey ¥'6l €2 yrai> 9L'€ 15'ee BN Wad
f4:18 [4:]1 0 . 0 8l t4:18 0 9.2 12 09’9 09'9 000 BOJN JBMOTWSd

€8 i 0$ 0s 0 s 0 05 0s 0 ev'Ll 6'Gh 9 (2% v 000 BN dNWSd
2LEl :193 €LoL Z6¥ 128 . 164 SL0L t{32 225 €66} [§:]) 0¢ ¥2'95 ogLe ¥6'82 BN WSd
90¢ 0 90¢ $0€ 2z « 0 90¢ ¥0¢ FA £8'LS 022 10qu0D gLy 9Z'ht 600 ealy Sdbd
0 0 0 0 0 . 0 0 0 0 00 wned j0L £0°0 €0'0 000 eIl ¥0Z
] 0 0 0 0 . 0 0 ] 0 00 unod 1oL 020 - 000 0Z'0 BOIN vd
98 L s 1] 0 » 0 g 1S ] ev'Li (318 9 A rat 000 BN SNWSd
26L 0 86¢ 182 153 . ¥ 96€ 082 ait £9'92 6'Gl 9 19'vT 95°L) Le'L eslN Weozd
0 0 0 0 0 . 0 0 0 0 00 wnog j0L 9¥'0 000 9’0 BOIN €d
ENDY%SE JUBNDY%S SV 10 S/EWS/TI< S/EWSIZE> peAowWay  yojed  S/EWS.Zi< S/EWSITI> TW/SYH  TW/SYH sjoid (zuw) (zw) (zw) ‘dsjueld  Qiyoled

PWNS3  SVYMON SVNON . BPONJBW  /SYM'ON  SWH SV Ps mey  uealy mey Weiq WooY BalY |8J0L S/CW S/ZI< S/EW 121>
pwnsz  pumsy SYM'ON 101 °P3s3 'ONPISI ‘ON pIs3 o 'oN eIy ealY
YiVQ 03ddvylsloos . V1va LO1d w2 0

.

‘9661 Aco._cs_ ZZ ‘osipeted shasep je uoneindod gy Jo sejewnsy v ojqel

18




sesryve

108e [3:13 ozy . 0Ll Sese sele ooy (424 L6} 96 16'8¥2 66'€61 86'vS (14 aviol

LTYTYYRY

£9¢ £9¢ 0 . L £9¢ €9¢ 0 6€h 8 11°06 99'c9 St'9Z Y0 Iej0igng
S92 8rez ize . 96 €192 9822 12e 0'89 (4244 €5 S1'99 86'LY Lrh JoeN  [ejoiqng
€95 (934 z6 . L 09g 98t €L 66 L'e [+ 11201 S£'88 9E'bL BN Iej0IgNg
P
. 0 8.C ] 8.2 eV vOaved
] 0 0 0 ] . 0 0 0 ] 00 unog 104 9561 0 95’64 Aybz Zid
0 0 0 0 0 . 0 0 0 0 00 wnoej o) o 0 ] joeN Nitd
0 0 ] 0 0 . 0 0 0 0 00 wnoo 0L 11y ] [T Auybgmeud  Wadiid
0 0 0 . 0 0 0 0 0 ¥09 ¥'09 0 o0 wayed
¥0I €29 £9¢ £9¢ 0 . L £9¢ €9¢ 0 ¥STHL 1411 4 9z'¢ 9z'c 0 Weod  weodod
0 0 0 0 ] . 0 0 0 0 00 wunog 10 0 0 ] zozd
0 0 0 0 0 . 0 0 0 0 00 unod o) 0 0 0 102d
0 0 0 0 0 . 0 0 0 0 ] wneg el o 0 0 1d
0 0 0 0 0 . 0 0 0 0 00 unod 0L 0 0 ] joeN NOLd
152 ze Gig 6vE 99 . 09 5] [:123 994 85012 zi8z 9 €81 ieA 650 joeN Néd
0 0 0 0 0 . 0 0 0 0 [+ )] unoj 0] 88°0 0 880 joeN aned
z z z 4 0 . 0 z z 0 (A4 unogy 101 ¥0'L ¥0'L 0 JoeN VYN8d
0 ] 0 0 0 . 0 0 0 0 00 wnod 01 0 0 0 JOBN  wnsuQld
15V 4] Sie ¥5 191 . 8 154 ¥S [£:] [ {%24 96 £ 16704 [:Yir4 12’8 JeoN  Jeddnzd
0 0 ] 0 0 .« 0 0 0 0 000 00 9 144 0 sb'¥ JoEN  Jemoid
851 6¢ 8i1 : A1 0 . S :]%% ghi 0 65k 6'€Z 12 S6'Y S6'F 0 10BN PIAINS
SZET 90t €56 €56 0 . L 156 156 0 ¥8'ESt 9bL 8 8zt 8zcl 0 joen Ned
805} Zhi 108 l08 0 . 9 018 oig 0 08'/81 6igl L ¥1'9 ¥L'9 0 10BN SAON9d
z z z 4 0 . 0 F4 4 0 (A4 unog 01 180 180 ] joeN aNsd
88l 0 €9 z9 0 . 0 0 0 0 000 00 14 9L'LL oLt 0 joeN NSd
0 0 0 0 0 « 0 0 0 0 00 wnoY 104 100 0 100 OWold
0 0 0 0 0 . 0 0 0 0 00 wnod 0L 0 0 0 anotd
0 0 0 0 0 « 0 0 0 0 00 unog 101 €0°0 0 €0°0 BN YNOLd
(W8 Wim peuiquod) o 0 . £ e 0¢ ¥ 6621 £g ¥ v¥9 99°'s 8.0 ealn Iwsd
72 0 74} [44 ¥8 . 0 16 og 19 6621 €'g z (W21 LS YLk eIl Iwad
0 0 0 0 0 . 0 0 0 0 L0 00 0 :1 73 8¥'L 0 BOIN JOMOINId
0L 0 ve ve 0 . } ve ¥e 0 [4:3:1% 08 4 444 [444 0 2N dnined
:14 0 -] 9l 0 . 0 -] g 0 €021 9y L vse ¥5€ 0 B3N SnWed
6e¥ 0 0zZ (1%4 8 . b ozz [1%4 8 r'oL 90l 9 102 66l 80 BOIN QnWsd
0 0 0 0 0 . 0 0 0 0 000 00 € 89'6 c6 8¢°0 2N NWSd
96¥ 0 891 89l 0 . 2 2] G591 0 ee P4} S 16T} 1:x4} ] ealN Sdvd
0 0 0 0 0 . 0 0 0 0 . 00 0 0 0 BN $0Z
0 0 0 0 0 . 0 0 0 0 00 0 0 0 eoN vd
0 0 0 0 0 . 0 0 0 0 00 0 ¥502 856} 960 BN NWEOZd
0 0 0 0 0 . 0 0 0 0 00 unod 101 0 0 0 eIN €d
-
UBNDY%S SVM  S/EW G/ZI<S/EW SLZL> POIBN  JOId/SYY S/EW GLZI<S/EW GLT> TW/SYM  ZW/SYM sjo0ld (zw) (zuw) (zw) 'dg jueld  Qyoied
ON'I0L SYN'ON SV)'ON ., SVX 'ON 'ONIeloL  S¥H SV PS| MEY UeB MBY WeEIQ WI0Z BAIY [BI0L S/EW §2ZL< S/EW GLZ1>
pis3 pis3 pas3a . pis3 'ON PIS3  ‘ON pJIs3 JoON BOlY ealy
. VY1va 107d w2 02

svunyne

'9661 11dy g1 ‘asipesed shasen je uoneindod pue jeliqey sy jo sajewnsy °G a|qeL

19




ruxyyn

ryuy »

.

.

P

BavENENEITNNRY

S0ZS 06y R4 4 SS6T Z8LL « €92 0P iyl YLP6L<  $SPPL< T0S v violL
pe 0 9t 1 96 . g1 €0 10 12 £6'62< 9Z'€< 1922 Jsyi0  Iejoigns
9151 16€ ¥SiL 9201 8zl . LSY $6°'G 6} 'y 2548 £y rA JOEN  |mj0IgNS
vyee €6 1982 z161 966 s 961 2169 [N 6t 6v°ZLL 8186 LevL BN [ejoigng
S62 0 86 0 86 + €5 $9Z z0 9 9581 0 9581 Aybz 321d
0 0 0 0 0 « 00 000 00 8 (g4 0 by Ayb3/neyy 3dild
0 0 0 0 0 x 00 000 00 v 0 0 0 XN aNOld
eu By (4] eu eu « BU eu ey BUON 0 3UOP JON 0 XIN gnotd
ey eu 0 eu eu + eu eu eu SUON 0 auop JON 0 UmmO vO8d
zs 0 L Ll ] x €6 .80 z0 9 92'€ 9zZ'c 0 weod WvOd9d
892 S/t 122 0G4 1L « 0121 F1N! g€ ] €8’} Al 650 JoeN N6d
L 0 9 0 9 x V9 ovo zo S 88°0 0 88°0 JoeN aned
0 0 0 0 0 « 00 000 00 ] v0'L v0'L 0 joen VN8d
0 0 0 0 0 « 00 000 00 9 ¥Gv 0 vs'v JOBN  MOINZd
SG1 0 1L 0z LS . V2 000 z0 6 166 9.C kAl joBN  dNNZd
£91 £e 86 86 0 » 661 Lv'0 €0 9 v1'9 vi'9 ] JoeN  SUN9d
9eZ 0 S0l S0l 0 « T2 Ly L0 9 S6'¥ S6'v 0 JOBN  QIWN9d
] 0 0 0 0 « 00 000 00 zi 8z€l TN 0 joeN NN9d
Aeu Aeu 10z 102 ] . 8I¥T 000 92 0 180 18°0 ] joeN «8NGd
Ge9 9l 68¢ 68¢ 0 « COE 96°1 0l 0z 88°2 882l 0 joeN NGd
z01 sz ¥9 ¥9 0 » L'ES SZ'1 A £ Al Al JoeN NgozZd
0 0 0 0 0 « 00 000 00 1\ 0 0 0 BN OWOLd
0 0 0 0 0 » 00 000 00 v £0°0 0 €00 BN YWOLd
Aeu Aeu 19€1 1414 106 + 962 000 4 0 LLL LS ) esiN TN8d
628 0 612 102 2l » 66l 000 S0 14 8L€lL £l 8.0 BOIN Ined
AeU ABU 651 651 0 P A 4 000 L0 0 8L 8yl 0 BN .MOTNId
102 Sy 498 ZLt 0 « §92 000 80 9 w2y Ty 0 BN  dNINSJ
gLl 0 95 95 ] v 66l 00°0 S0 9 ¥5'€ ¥s'e 0 BN SNWed
1521 114 629 $09 ¥ .« 102 26't9 $'se 0z 8c°0¢ 62 ;] eoIN Wsd
0 0 6¢ 6€ 0 « 0¢ 000 00 9 1621 162 ] eOIN WS'vd
£v8 0 £62 182 4} » L2 08'0 ¥'0 S 66°¢C 1022 60 BOIN WEoZd
ajpuend ajpuenp Usied  SPNGY<  SPNSY>  , ZWSYM  yoted/syy ysjed;svy siold Tw SPASY< S ASE> dgueld @i udled
%56 %S ISVX 'ON UJJBd/SVY UJJed/SVM . UBI MBY pSmey  UBS MEY §OON  ealy |ejol (zw)eary (zw) ealy

'

I18JoL Is3 |ejol ¥s3 |ejol ISz

Viva a3ddvdisioo08 . viva loid

- s uax » »

'9661 AN 61-8| ‘osipeied shasep je sajewnysa uonejndod Sy "9 ajqe

20



8611 Y0l 1601 +  BOML L8014 |22 08 ¥e'0 €0 zel 8'9L1 80'621 [£:YA9R4 117 WioL
! 3 3 . 3 I } 00 000 00 4 09'0¢ 2004 S16°02 1840 {ejoigng
9.9 s 629 « 809 895 6¢ €81 020 90 ¥S [21%4 1188 I6°E) joeN lejoIgng
128 95 89% .  66¥ 89% €e oe 0z'0 10 ¥s LLb6 66'08 [:-]kAf 4 eoN |ej0IqNg
0 0 0 0 0 . 0 0 0 00 000 00 L 98'G1 0 98'Gl Ayb3g 32
0 0 0 0 0 . .+ 0 0 0 00 000 00 z 95 0 95y Aybgmeud 3Idil
0 0 0 0 0 ] 0 0 00 000 00 wnod oL 9o 0 §51°0 XIN aNot
0 0 0 .« 0 0 0 00 0 XIN anol
0 0 0 0 0 . 0 0 0 00 000 00 € 0s'Z -9 0 eopy/beed vog
0 0 0 0 0 . 0 0 0 00 000 00 9 2se 25T 0 weod WYOd9
851 €9 801 € S0t P : 1] S0k € 566 6€¢ oe L [N [ £0°0 joeN N6 ,qL
8 ] 0 . 0 0 0 00 0 0Lz 0 Lz joeN LN8
0 ] 0 0 0 . 0 0 0 [70] 000 00 9 vsy ] Sy joeN INL
€52 0 99 £e [ . b¥ oL €€ [+ 850 zo 4 198 s0'e 259 joeN dNNL
18 ] o 0 ov . OF oy 0 5oL 250 €0 9 08'c g'c 0 JoeN SANg
00! 0 (14 0 6 . 6¥ 6v 0 S0k 250 €0 9 9% 19'% 0 JoeN QINNG
pee [:1% 164 0 L6} . 161 16t 0 6'GH 9.0 S0 8 16'14 1674} 0 joeN nN9
0 ] 8¢ ] 8¢ . 0 0 0 00 000 00 0 1Lz [¥irA ] joeN SYNB+ENS
455 0 951 4 ¥Si . 954 ¥Sh z LEb 640 (] L ov'hl 9T'H rL'0 joeN NS
144 0 (¥4 3 6l . ¥4 6l 3 gig W o z S9°0 19'0 ¥0'0 joeN NEOZ
0 0 0 0 0 . 0 0 0 00 000 00 wnog 0L 200 0 8100 ] OWoL
eu 0 0 0 . 0 0 0 00 00 Junod 0L 200 0 8L0°0 BOIN ViNOL
ABU T [44 0 - 0 0 0 00 000 00 ] 96'6 0 96'6 EdiN JIWe
(124 0 €8 € 08 . €8 08 € ¥'9 [-Tal] zo g ooch Sz S0 = N8
. 2olN MOTNG
0 0 0 0 0 . 0 0 0 00 000 00 9 (2%~ yi'g 0 e dNg
0 0 0 0 0 . 0 0 0 00 000 00 9 yi'8 vi'g 0 edln SNNG
159 $01 eie sz 882 . ElE 882 sz 691 0L S0 " 8581 80°L} St eOIN ans
6zt 0 zv € 6€ . 2¥ 6¢ € Sy 8€°0 10 )3 [ a) L8 99°0 el NS
L 0 65 0 66 . 65 65 0 £g 4] zo 9 2041 011 0 EOIN WSy
0 0 0 0 0 . 0 0 0 00 000 00 S 9L'02 zoT 95'0 edN Weoz
SIRUBND) %56  OINUEND %S  YR/SYHM S/EW SIZL> S/EW GIZh< SVM'ON S/EWS/ZI< S/EWSLZL> TUSYY 10Id/SYM  10Id/SYNM SI0ld W20z (Zw)  s/cw G/Zh< S/sw §2Z4> 'ddg Jueld @) yoied

1B)0L 1S3 YNRI/SYA Yded/SYH .

0L ps3

SVM

uee mey ps mey

ueey mey Jo'ON

eoly [2j0) (zw) eesy (zw) eesy

lejoL1s3  |eorysa
Viva d3ddvylsioos .

‘ON 'PIS3  "ON "pis3
viva 107d wo 02

‘9661 aunr G| ‘os|peied shasep je sejewnysa uone|ndod gy *2 a|qe




[24173 14 9859 . 8.9 314 65€9 eve or'i [ 1323 £€8°9.1 85621 STy v IvioL

Sel I sel . Sel 3 sel 68 €20 €0 6l 09'0¢ 200 8502 LU0 jejoigng
9065 892 8ees . 9065 892 8€TS €08 e °x4 95 4 4] Ll'sg 96°¢cl JOEN fejoigng
2:113 (733 13143 . oyl 191 186 €9 IR 4] co 9e b8 6£°L8 Lel BN |lejoigng
0 o] 00 00 00 . 0 0 0 00 000 000 14 98'6l 0 98°'G} Ayb3 Er4
0 0 00 00 00 . 0 0 0 0o 000 000 9 oSy 0 jeieR 4 Aybameyd 3dii
0 0 00 00 00 . 0 0 0 0o 000 000 wnoj oL 9i'o 0 L] XN anNoi
0 0 00 . 0 0 0 000 XIN 8WOlL
0 0 00 00 00 . 0 0 [o] 00 000 000 14 054 G 000 eapy/beed vows
102 L9 o'veEl 00 o'veL . el 0 el 'es €1 91 9 (484 [44 000 Wweod WvOd9
96¢ 44 0981 :24 0181 . 981 S 18t 9'v9L v6'L PAR] 9 il L €00 JoeN N6
e 14 v'e6l Vel 00 . €6} €61 0 KL £€9°T sze 14 0.2 0 0lC JOBN aNg
€l 0 1'€2 1ee 00 . €Z €C 0 I's 344 910 9 ¥y 0 14°2 4 joeN MOTINL
LE1 0 9ty Tee ol . 144 €e ol ) 341] 91’0 9 96’8 s02 159 joeN dNNZ
18 0 66¢ 00 6'6¢ . or 0 oy G0t 260 €e0 9 08'e 8'E 000 JoeN SON9
(444 0s 0'eze 00 0'€TT . €22 0 €ee JAVA4 L0 [ 9 L9¥ L9V 000 joeN QINNS
80CS LLve Zoise 00 [Al1%:1 . olse 0 olse oR: 18 olL'e 0001 9 16'L1 L1611 000 joeN NNg
otl €l L'v9 00 L9 . 59 0 G9 6'€C 960 GL°0 v LLe 744 000 joeN YN8+ENS
4 %4 LE 6°0.8 L0 2098 . L8 13 098 v'oL 159 ore ol oril oz'ti ¥1°0 joen NS
¥ol 0 LS e S8y . Zs € 6v 964 ¥S'E 0S¢ 4 590 190 ¥0'0 JoeN NEOC
0 0 00 00 0’0 » 0 0 0 00 000 000 une) o1 200 0 20’0 ealn OWolL
0 0 00 0o 00 . 0 0 0 00 000 000 unod 101 200 0 200 edlN YINOL
ciz ] 1’66 1'G8 00 . S8 56 0 G'6 860 0E0 € 96’6 0. 966 B3N INg
114 0 §'s9l 00 §'69l . 991 0 991 FxA 680 or'o S 00'el €l 000 BoN Ing
. 0 0 0 EJN MOTING
0 0 00 00 00 . 0 0 0 00 000 000 € vi'e ri'e 000 eoln dNg
o'voL 00 o'vol . 0 [ 0 00 000 3 vi'g vi'g 00’0 ealn +SNNG
[4:1:11 80} (374 909 G'069 . 373 19 069 v oy 92t 2 Ll 85'8L 80°LL 05’} BalN QWs
olel €8 Zeel . 0 0 0 0 [A 4] 9’8 990 BaN J[NNG
o 0 00 00 00 . 0 0 0 00 000 000 9 L0} L0711 000 BOIN WSy
16€ 0 el 9t 962l . f4] 4 621 14°) SYo 00 S 8402 oz 950 BIIN Weoz
USND%S6 WenD%S  SVM'ON S/EW GLZi> S/EW §IZ1< SV 'ON S/EWSIZI> S/EW GLZhe ZWISYH 10Id/ISYM  10Id/SYH  Si0Id (zw) (zw) (zw) "dds jueld @l yoreg
0L °PISA YNed/SYN Yded/iSYN . 101 *PIs3 SV SVX Uedy mey psmey  uean mey  jo'ON BAIY [€10) S/SW GLZI< S/EW GLZL>
'ONIS3  ON-Is3 ‘ON'PAS3  "ON 'pis3 Yiva 107d w2 07 ealy ealy
V1vd gladdvilsioos

[XTETTEN

'9661 AInf 0z ‘osipeied shasep je sajewnysa uoneindod Sy 'g ajqe L

22




Ty

(¢

FERRRREREXLES FRATNARERNLRE RARRRRLRRRSEE FRRRPEE SRR RLRERNRAS EPRRREREENRRS FARERRLRERILE FERRRELNRUNEN FEREERERENENE EXEENER RN RN XFXXREFRENELE SERRLSRRRRRRY

89.8 * 89./8 givel  ve'l €0 96 18€°9v1 v Ivliol
2% . 3% €G clo L0 8l cve XIN  lejolgng
yee9 * peES eorolL 122 96 AN co'Le JOEN  [ejoiqng
€0ve * £ove ¢06L L0 80 1514 19506 EOIN  jejoigns

FERRTRERIELNL SRERRARFIRELE RLRRRLRALELNS RRERLRS EREERLRILEREN KRNBRARFERIRE FLRFRFIERLRRS FARNERRRIRREE CFRREERRRERE FURENR SN NI NN FRELRLERLRENE NRFLRRRRERLRNEY

0 0 00 « 0 00 00'0 00 9 Gl AHO3I Zid
v6 0 £1le . e e €0 z0 9 6S NYHd adiid
0 0 00 « 0 00 000 00 9 €€ XIN INZd
6GE ¥9 6861 « 66l 9'2¢cl Wy A 9 gl JOVN N6d
6'68 « 08 g'Le o't L 1 JOVN anNgd

0 0 00 « 0 00 000 00 L Ll 4O¥N NNZd
LELY 181€ 0'€0LY « SO0V G'Lly 18'G AV} i 68'6 JOVN NN9d
LY L2 6'.¢ « 8¢ £'GEL og'L £y 1% 820 4OVN gaNsd
[X:]%4 08y £'80¢€1 «  80S t'ogl N ey i 656 JOVN NSd
0 0 00 « 0 00 00 L 220 VOIN NOLd
0 0 00 « 0 00 00 i 5100 vOIN o0Ld
0 0 00 « 0 00 00 i 2£0°0 VOIN void
621 L £'v9 s P9 rAI YA GO'L L0 6 £0°C YOIW 00Ld
4a) 0 ¥'v9 . V9 9'6 00 £ vL9 YOIN  SNW9d
« 0 00 00 L YOIW N8d

XA 0 8'GeL .« 9EL 9'0L ¥0 €0 9 R A VOIN WS'td
£Z9 0 0'€9¢ .«  €9¢ 6'GlL . 920 G0 9 I8¢z YOINW TN8d
0 0 00 « 0 00 000 00 S rA) VOIN INSd
GZyl 9G¥ 9'896 + 696 z06 Le 82 9 v 0L YOIW NWSsd
vi9l) LOL 6'908 « 208 $'9¢ g1 Ll L 8122 YOIN ansd
FABLBENRRERRY FEEREENREEREY HURRREEFREEREY XREERRY BEBRERERERERYE SRR RRRRERRNEY FRRERERNRERLY RREREEXLRRRRY FRRERRERELREEE FERERPLRERERE RREEREXLERARE LR T I TS 22T
JuenD %S6 uend %S ysedisyy |, yojed  zw/syy joildisyy  joid siold (zw)essy vdgiueld Q) ydled

JoL 'pIs3 . ISV 'ON 1301°Pisq  PsSMeY /SYY'ON W0z yojed|eiol
. JoL pis3a uealy mey  Jo 'ON jo ejewnsy
V.1Va g3ddvilsiood . ybnoy

BEXNRESEFFERS EXRRANRLRRRNE FUPRERFRRRRPEY XEXLERE FEEERARRELERE FREERFEREPERE FEREFERANNNEY BERRERRRRRNRY FRFEFXFEFRRRE FARPREAFNEERL REXRFEFLXNENE FERRXRRERNERE

'9661 IsnBny Lz ‘esipeled sAasep je saljIsusp Sy 6 8jqe)

23




L2

LLEYEY

0vss 1615 892 - 0¥SS [444* 892 SOVl v 6L 0Zvie i-y4d} £6°0L Y V10l

29 (R] oL + 2l9 R4 0L 95’11 € 6€ 88°18 9E'¥S s JaYIO+XIN  [ejoignS

189¢ 165¢ ¥8 . 189¢ 165¢ v £9°8b1 &Yl A% 60'cY 516 ¥S5'81 JoEN  |ej0)gng

J17A] 6101 pLL . W2 veLL vii GZ'SE €l 8¢ £2'68 9L'v9 Lyve BN [eloigNg
0 0 0 0 0 + 0 ] 0 000 000 noY 0L ¥01L0 0 v0L°0 pJse - Xin Wevd
0 0 0 0 0 0 0 0 000 000 unod 0L 59100 0 59100 XIN Moed
0 0 0 0 0 0 0 0 000 000 unod 0L /5100 0 15100 XN H8zd
0 0 0 0 0 » 0 0 0 000 000 4! Lol 0 ] XIN Zid
(Y% 0 oL 0 0L . 0L 0 0L 85'lE 6L 8 6'S 0 66 XN 3dild
0 0 0 0 0 . 0 ] 0 000 000 unog 1oL €90 0 £9°0 pise - XN OOl
0 0 0 0 0 . 0 0 0 000 000 NoY 0L 2100 0 Z100 PIS?-XIN  OWOLI
0 0 0 0 0 . 0 0 0 000 000 JunoY 1oL SO0 0 Sb0°0 pJse - Xy YNOLd
0 0 0 0 0 . 0 0 0 000 000 wnod oL ¢ 0 z XIN TINLD
€804 0 LS LS 0 . IS WS 0 1€y 26'S) 9 ¥e ¥e 0 weod  WvOd9d
0 0 0 0 0 . 0 0 0 000 000 9 5122 9e'0Z 6€ JOBN/BIIN  NWEOZd
vie 1S1 sig 95z 65 « GlE 952 65 2998 80°0L2 S Gl 2Tl 82°0 JoeN 6d
0 0 0 0 0 . 0 0 0 000 000 z S0 0 SL°0 pise-joeN anNgd
0 0 0 0 0 . 0 0 0 000 000 Wnog 0L 1L 0 vl JoeN X¢d
0 0 0 0 0 . 0 0 0 000 000 £ SL'S 0 S6'y JoeN INZd
el 0 8E zL 9 . 88 4} 9z 99’1 186 9 602 122 FA: R4 joeN NNZd
e 6€21 0LLL 0LL) 0 . 0L oLLL 0 GL8EL le'gle 9 95's 95's 0 pise-joeN nNNod
16 855 ¥9. ¥9. 0 . POL ¥9. 0 ev'0LL 62°605 € Sl Sl 0 JOBN  PIANSJ
€001 092 1£9 1€9 ] . €9 €9 0 1882 61°06 ] L L 0 J0BN  SAN9d
St 0 44 b4 0 P4 44 0 8564 8564 z 82°0 820 0 JoeN aNSd
602 FA4 (27 [} 0 .« W ) 0 6£'92 1862 8 Z6'S 26°G 0 jJoeN NGd
Y0z ] €9 29 0 . €9 29 0 98'LL LE'S 9 gLl W £0°0 eolly Svd
0.5 S [}:74 €52 FA> . S82 €52 A 16'€E £5°92 9 vLoL ¥5'6 zl BN SNINSA
yopi 741 $0s sy €6 ] 414 €5 86'05 vL'ze vl 842 98’61 zeT eoIN ansd

piLL 0 0 . Pl vLL 0 000 1S'¥Z 9% 197 0 BN  QINNSd
bl 0 0 0 0 . 0 0 0 000 000 I 9 9 0 BN dNNed
6EY 65 182 474 62 . 182 474 6z 9L'68 ov'sz oL €011 66 el BJN  [IOY+INBd
81z 0 0 0 0 . 0 ] 0 SL'6 000 } 1822 20 6161 eoIN INsd
WenD%GE  JUBND%S YdJed/SYY  SPPNGP<  SPPNSK> ,  YIIR/SYM S/EWSIZL< S/EWG/ZL> ZW/SYH  Zw/SVYM siold (zw) (zw) (zw) ‘dg wejd  qyved

'ONIBJOL  SYMON SYMON . 'ONI®IOL SYM'ON SV ON PSL mey uea mey wejq wogz Baly 101 S/EWG/ZI< S/EWS/ZL>
. ‘pas3 ‘pas3 ‘pisg 40 ‘'oN ealy ealy
V.1va d3ddviyisioos . viva 107d wooz

rone

. ey

'9661 1dos 91-G| ‘abeys s/gw 621 ay) < pue > s1equinu pue eaJe Jeyqey S JO SajeWlST 0} |qe.L

24




Table 11. Estimates of KAS habitat area above and below the
1275 m3/s stage post-flood, 24 October 1996.

Fhhkkkkkkhhhkhk hhkhkhkkhkhhhkk hhkhkkhkkkhkkhhkrk khhkhhhkhhhhhrd khkhdhhrhrikdhk *kkkkkdkkkhkik

Actual Actual
Area Area Actual

<1275 m3/ >45K (m2) Total Area
Date PatchlD  Plant Sp. (m2) (m2) (m2)
961024 P8ML Mica 21 4.89 25.89
961024 P8MI Mica 1.39 8.6 9.99
961024 P6MUP Mica 1.2 10.64 11.84
961024 P100K Mica 0 3.03 3.03
961024 P5MM Mica 0 4.39 4.39
961024 P5MD Mica 1.81 19.11 20.92
961024 P5MU Mica 1.03 10.13 11.16
961024 P4.5 Mica 0 11.48 11.48
961024 P5N Naof 0 6.86 6.86
961024 P5NB Naof 0 0.28 0.28
961024 P6NDS Naof 0 7 7
961024 P6NM Naof 0 1.5 1.5
961024 P6NU Naof 0 13.28 13.28
961024 P6POAM Naof 0 20 20
961024 P8NB Naof 0.75 0 0.75
961024 P9 Naof 0.08 1.28 1.36
961024 POT Naof 04 0 0.4
961024 P7U . Naof 13.08 2.77 15.85
961024 P7L Naof 10.53 0 10.53
961024 P203MN  Mix 2.25 19.2 21.45
961024 P11PE Mix 6.86 0 6.86
961024 P12 Mix 20.75 0 20.75
961024 P8C rolimat Mix 0 1.41 1.41
961024 P42K Mix 0.06 0 0.06
961024 P10MA Mix 0.045 0 0.045
961024 P10MC Mix 0.012 0 0.012
961024 P10MD Mix 0.255 0 0.255
Subtotal Mica 26.43 72.27 98.7
Subtotal Naof 24.84 52.97 77.81
Subtotal Other 30.232 20.61 50.842
TOTAL All 81.502 145.85  227.352

kkkkhhkkhdkhhhh khhhkkkhkhkhhkkbhh khkhkhhkkkhkhkhkrhrhk khkhkhkhkhekhhks khkhkkkkhkkhkkkh khkdkhkhkkkkkkhhk
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Final Kanab Ambersnail Flood Report: 30 September 1997

1c. Determine the mechanism(s) of habitat loss during the high flow experiment.

Direct observation and measurement of scour (vegetation loss) were made during the rising
hydrograph. We measured water velocity from a point between patches 4.5 and 5 during the upramp
on 26 March. Velocities ranged from 0.5 m/sec to 1.5 m/sec at the surface, and from 0.6 m/sec to 1.5
m/sec at 0.5 m below the surface (Table 13). The portion of Vaseys's Paradise above the debris fan
lies at a steep angle to the current and immediately upstream of a riffle. The current near the shore was
turbulent, and the water level surged. Consequently, water velocities varied considerably over short
periods of time. Vegetation and snails on the rock faces were exposed to turbulent, high velocity water
forces.

Table 13. Water velocity (m/sec) measured at Vaseys's Paradise on the flood upramp, 26 March 1996.

TIME Surface Velocity (m/s) Velocity at 0.5 m depth (m/s)

1529 0.5 0.8
1639 0.8-1.5 0.6
1705 0.5 1.0
1847 1.0 L.5

1d. Determine the mechanisms and recovery rate of primary KAS habitat following the high
flow experiment.

Vegetation losses were attributed to high velocity, scouring flows and impacts by coarse debris.
We resurveyed the site in June, September and October of 1996 to document the rate of recovery of
inundated vegetation patches that remain in the < 1,275 m®/s zone.

Vegetation recolonization of the lower zone (downslope from the 45,000 cfs stage) was slow in
the 1996 growing season and in early 1997 (Tables 2-12). Low zone cover of Mimulus decreased from
66.2 m’ on 22 March to 14.4 m” on 18 April, and to 13.2 m? on 15 June, and then increased to 24.5 m’
on 16 September and to 26.4 m* on 24 October 1996. Low zone cover of Nasturtium decreased from
38.0 m* on 22 March to 14.2 m’ on 18 April, and then increased from 14.0 m® on 15 June, to 18.5 m?
on 16 September, to 24.8 m’ on 24 October. Total KAS primary habitat cover was reduced by the test
flow from 104.2 m’ to 28.5 m” (a 72.6% reduction), and increased to 51.3 m? (49.2% of the pre-flood
vegetated area) by the end of the 1996 growing season in late October. Normal cold conditions in the
1996-97 winter and a late winter, month-long constant discharge of 27,000 cfs resulted in die-back of
overall KAS habitat below the 45,000 cfs stage to 53 m?, with 16.6 m® of Mimulus, 1.2 m? of
Nasturtium.

Seedling establishment of Nasturtium occurred on flood-scoured bedrock faces following the
flood, and seedlings grew through the 1996 growing season, dying back in mid-winter, 1996-97.
Germination has just begun in March 1997, accounting for the reduced Nasturtium cover at that time.
Recovery of Nasturtium patches via seedling establishment was more rapid at VP than clonal expansion
of Mimulus. No seedlings of the latter species were detected during any of our visits. Mimulus regrew
from root masses that survived the test flow, and slowly expanded through the 1996 growing season.
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Final Kanab Ambersnail Flood Report: 30 September 1997

le. Determine historic development of KAS habitat, particularly colonization by water-cress.
We acquired several historic photographs of VP from Dr. Robert Webb (U.S. Geological

Survey, Tucson, Arizona) since 1890, and from the National Park Service. These photographs
demonstrate that KAS habitat at Vaseys Paradise increased by at least 20% as a result of flood control
by Glen Canyon Dam. We surveyed recognizable rocks and vegetation scour lines, and related them
to our stage discharge model. over time. Water-cress has been present at Vaseys Paradise since at
least 1938 (Clover and Jotter 1938), and photographs reveal that it has expanded its range in the lower
riparian zone (<1700 m’/s stage) during post-dam time.

OBJECTIVE 2: High Flow Impacts on the VP KAS Population:

2a. Determine the proportion of the KAS population at risk to loss during the high flow
experiment.

We measured KAS density using the techniques of Stevens et al. (1997) and estimated KAS
abundance above and below the predicted inundation level. We sampled a total of 189 10 to 30 cm-
diameter plots and total patches in March 1996 and estimated in the field that 3,080 to 3,120 KAS
existed below the 45,000 cfs + 1.5' stage, and were at risk to loss during the flood (Tables 2 and 3).
We subsequently estimated that 2,126 KAS existed below the actual 45,000 cfs (Table 4). The total
estimated KAS population in the flood zone was 3.4-fold higher than that estimated from the March,
1995 data. We attributed this difference to the warmer, drier 1995-96 winter (i.e., lack of prolonged
freezing and local floods), and considerable expansion of primary host plant patches. More thorough
searching in 1996 may have accounted for a small part of the difference. On-site discussions with the
FWS and NPS resulted in a modification of our marking and moving program (FWS Memorandum,
1996). This revised FWS prescription for the site directed us to:

“Relocate and collect approximately 75% of the Kanab ambersnail individuals from 50% of the
habitat expected to be inundated. Control polygons must not receive moved snails. Remaining
vegetation should be dispersed and varied to maximize rejuvenation."

We marked and moved 1,275 KAS to other primary habitat at VP that lay above the estimated 45,000
cfs + 1.5' stage prior to the flood. This number was 105 more KAS than the 1,170 total recommended
by the FWS memorandum.

2b. Determine the proportion of the KAS population lost during the high flow experiment.
Based on 83 20-cm-diameter plots from the mid-April postflood population survey, we

estimated that 420 KAS existed downslope from the 45,000 cfs stage following the flood. If all KAS
not removed by us from the flood zone were lost, then approximately 16.7% of the snails below the
1275 m’ stage - the low-zone area surveyed prior to the flood - were lost. The uncertainty of the
estimate is due to the fact that we removed snails from below the estimated 45 ,000 cfs + 1.5' stage,
and we cannot be certain how many of the snails removed were from the area that was actually
inundated.

2c¢. Determine the mechanisms of KAS loss due to high flow experiment.

Loss of KAS was attributed to immersion followed by molar action of the river. KAS were
observed swept from the vegetation by rising water or floating debris as the flood waters rose. We
observed three KAS which were being inundated by the rising hydrograph, and noted that KAS were
lost to a combination of inundation and increasing velocity (4c below).

28




Final Kanab Ambersnail Flood Report: 30 September 1997

Four short (<24 h) and one long immersion experiment were run during the flood visit. The
first four experiments confirmed that snails survived immersion for 12-17 h. The long immersion
experiment began with 22 snails in a wire mesh cage submerged in a bucket which was submerged in
the mainstream flow. Two snails were removed at a time, at roughly 5-h intervals. Removing snails
exposed all cage occupants to air for 5-10 min. In addition, all snails were inadvertently exposed to air
for 45-60 min, approximately 36 h into the experiment. All snails removed from the cage recovered to
normal size and exhibited normal attachment to vegetation within 30 min of removal. The last snails
were removed at 65 h, just prior to our departure. Immersed snails became bloated with water and lost
their attachment to vegetation after prolonged inundation; however, they were resistant to drowning by
immersion in cold, well-oxygenated water.

2d. Determine KAS population recolonization for six months post-flood.

We resurveyed KAS population density on monthly basis through the 1996 growing season
(tables 4-12). During the post-flood survey in April, we observed that several KAS recolonized a low-
lying Nasturtium patch (P7NU), probably carried there by a small rivulet that runs through the patch.
All KAS found in the flood zone in April were located near the 45,000 stage elevation, and their
presence below flood stage probably resulted from wash-down and other downslope movement, rather
than persistence in inundated areas through the flood. We hypothesize that longer downslope
movements, such as those into P7NU, were entirely due to wash-down as the newly occupied areas had
sparse vegetation cover.

We monitored the recovery of the population through the 1996 growing season in the inundated
zone (tables 4-12). The estimated KAS population there decreased from: 420 in April, to 391 on 19
May, to 104 on 15 June, and then increased to 439 on 20 July during emergence of young from egg
sacks, and then decreased to 268 on 16 September. KAS were largely in dormant condition in
October, and the population was not surveyed to prevent disturbance.

The flood zone KAS population did not recover in the 1996 growing season because of slow
vegetation recovery; however, the total KAS population surveyed below the ca. 2000 m’/s stage
increased to levels comparable to those reported in mid-summer of 1995. In 1995 the estimated KAS
population increased from 282 snails in the entire low zone in March, to 2328 in June. In 1996, the
estimated KAS population size in the <2000 m®/s stage ranged from 5239 in March (Table 4) to 3061
in April (Table 5), to 8768 in August (Table 9), to 5540 in September (Table 10), and to 3800 in
March 1997. Whereas KAS had a single reproductive cycle centered in July in 1995, in 1996 there
were two peaks of reproduction: one in June and a secondary peak in August (Figure 7). The warm
winter and early spring apparently permitted snails to mature and reproduce twice within a single
growing season. As a result, smaller size classes of snails overwintered in 1996-97, a phenomenon not
previously observed for KAS.

The KAS habitat and population in the flood zone have been slow to colonize the areas scoured
by the test flow. Vegetation recovery appears to require at least 1.5 yr at VP. As vegetation continues
to recolonize this zone over the next several years, the KAS population is expected to increase
accordingly.

OBJECTIVE 3: KAS Sampling and Protocol Assessment

3a. Refine the stage-discharge relationship at VP.
The stage-to-discharge relationship at VP has been greatly refined by photo-documentation and
surveying (to within 0.1 m accuracy) of the stage elevation during the 8,000 cfs and 45,000 cfs
constant flows, as well as during the up-ramp flows. As stage increased during the flood, we used
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leveling surveying to document the rising limb hydrograph and the 45,000 cfs stage elevation. This
survey effort also serves as a verification and as a back-up for the electronic river stage data collection
by the U.S.G.S at VP. The 45,000 cfs stage was used to refine stage estimation of habitat patches.

3b-d. Determine the accuracy of KAS density measurements made using the plot sampling
method of Stevens et al. (1997), stem breakage and plot size.

We conducted surveys of 10-, 20-, 30-, and 50-cm-diameter plots in the flood zone, and then
destructively sampled those plots to determine the accuracy of KAS sampling through follow-up
sampling, as well as the effects of plot size on KAS density estimation (Table 4). Follow-up sampling
revealed a complex relationship between plant species and plot size. The proportion of KAS found on
follow-up increased with plot diameter in Mimulus, but not in Nasturtium (Table 14). In Mimulus,
complete harvesting of 20-cm-diameter plots following the initial survey added, on average, 0.22
KAS/m?, a 38.6% increase. In Nasturtium, follow-up harvesting added, on average, 0.35 KAS/m?
(28.4%). Therefore, our existing plot-based analyses underestimate KAS abundance by as much as one
third, but probably varies considerably between observers (a factor not tested in this analysis). Time
expenditure and stem breakage during searches in 50-cm plots were prohibitive. The 10-cm plots were
too small to allow for a well-defined perimeter. Stem breakage was increased with plot diameter for
both host plant species, and increased 2.1-fold on Mimulus and 4.0-fold in Nasturtium on 30-cm-
diameter plots as compared to 20-cm-diameter plots (Table 15). Consequently, we still favor the use of
20-cm-diameter study plots. Analyses of snail numbers presented in this document are consistent with
those presented in earlier documents and do not incorporate the accuracy assessments described above.

3e. Compare KAS distribution and population estimation analysis techniques.

KAS population estimation techniques based on patch mean and variance may vary slightly
under various distributional assumptions (i.e., Poisson, negative binomial, etc.) in relation to the
bootstrapping methods used by Stevens et al. (1997). One of the largest determinants of accuracy in
sampling is related to replication of sampling, and a minimum of three plots/patch were sampled in this
study. More replication is likely to refine population estimates.

OBJECTIVE 4: Behavior and Movement Studies

4a. Determine the most appropriate marking technique for KAS survivorship and movement
We conducted a literature survey and contacted members of the malacological community to
determine what marking techniques were available for snails with similar shell morphology and life
habits to those of KAS. Bee-dots were overwhelmingly recommended. These are 2-mm diameter,
colored plastic circles with printed numbers. We attached bee dots to 10 Catinella vermeta using
cyanoacrylate glue (Superglue™) and observed the snails for > 2 weeks. The snails showed no ill
effects fron this experiment, and we concluded that this technique was appropriate for marking KAS.

4b. Develop a KAS ethogram.

We observed snails for approximately one hour and determined that the degree of emergence
from shell, direction and distance of movement. orientation to vegetation, and movement of eyestalks
were the major observable behaviors. Behavior in response to other invertebrates was recorded when
applicable. The approximate position of the observed snail also was recorded on a site map. The data
on KAS movement patterns discussed in 4c¢ (below) obviates the need for a diurnal or seasonal
ethogram for this snail on either host plant species.
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Table 14: Effects of follow-up sampling and plot diameter (cm) on KAS density estimates.

Host plant Plot diameter N Mean initial count Mean followup % _found on followup
Mimulus 10 8 0.25 0 0

20 23 0.35 0.22 38.6

30 8 0.13 0.38 74.5

50 2 0.00 0.50 100.0
Nasturtium 10 9 1.33 0.67 33.5

20 17 0.88 0.35 28.4

30 1" 4.00 2.64 39.7

Table 15: Effects of plot diameter (cm) on count time, search time per snail (for plots containing snails)
and number of host plant stems broken.

Host plant Plot diameter _N Count time _N Time/snail _N Stems broken

Mimulus 10 10 3.53 4 4.23 7 1.43
20 65 4.29 28 4.01 80 2.83
30 10 7.22 3 4.92 8 5.88
50 2 12.79 1 3.05 2 45.00
Nasturtium 10 9 2.01 6 1.65 9 1.78
20 44 3.67 11 2.54 62 2.26
30 10 5.20 6 - 3.28 11 9.00
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4c. Determine KAS movement behavior in relation to the high flow.

We made focal observations on KAS before and after the high flow and through the 1996
growing season. Observations were made in four time categories: 0000-0559, 0600-1159, 1200-1759,
1800-2359. We attempted to observe each focal snail for 15 min, noting direction and distance moved,
use of eyestalks, substrate, orientation to substrate. interactions with other invertebrates, as well as
length of snail and eyestalk damage. At the end of each observation, we estimated total distance moved.

We made focal observations on the behavior of 253 snails in 1996. Total distances moved per
minute ranged from 0 to 2.48 cm/min, with values skewed toward slower movemerits (Figure 8).
Differences between major host plants were not consistent among months (Table 16). Differences in
distances moved during different times of day were not consistent on either host plant among months
(Figures 9, 10). Lack of normality in the data precluded analysis by multiway ANOVA to detect
higher order trends, but inspection of Table 16 and Figures 9 and 10 clearly show that snail speed is
not clearly controlled by one or two simple patterns. The patterns we observed may be consistent from
year to year (e.g., faster movements in July, perhaps), but we cannot determine long-term consistency
from a single year's observations. Similarly, although we observed faster movements in March 1996
(before the flood) than in April 1996 (after the flood), we cannot determine whether this difference is
usual at Vaseys's without data from other years.

TTLCMPM Cum. Cum.
Midpoint Freq Freq Percent Percent
0.00 e e e e v e sk e e Tk e e o e e e e e e ok ok e ok e e e ok ok e ke ke e 3[’ 34 30.09 30'09
0_ 15 e e s e e e e de ke 3 e e e e v e ke T ke ke ke e Ik ke o e ek 29 63 25 _66 55-75
0.30 ek kA ke ddok ok ke 16 79 14.16 69.91
0.45 ok ek ok 12 91 10.62 80.53
0.60 Fekdekkdk 7 98 6.19 86.73
0-75 ek dededek ke 8 106 7.08 93.81
0.90 ol 2 108 1.77 5.58
1.05 ookl 3 1M1 2.65 98.23
1.20 *k 2 113 1.77 100.00

Figure 8: Distribution of movement rates (cm/min) of unmarked resident snails at Vaseys's Paradise, March and Aprit,
1996.

All researchers who observed snails at night noted that snails exposed to direct white light often moved
into light-sheltered positions. As a result of these observations, we began using infrequent and/or strongly
reduced light for observations. Therefore, we performed an additional analysis to confirm these informal
observations of negative phototaxis during nighttime observations. Observations in March, and on the first
night of observations in April were mostly performed in relatively bright light, while observations
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Table 16: Mean movement rates (total cm/min) of unmarked resident KAS at Vaseys's
Paradise from March 1996 to March 1997, broken down by host plant.

MONTH PLANT _N Mean Std Error Maximum
March MICA 18 0.57 0.09 1.25
NAOF 16 0.33 0.06 0.80
April MICA 30 0.25 0.05 1.00
NAOF 28 0.18 0.03 0.57
May MICA 32 0.15 0.03 0.68
NAOF 34 0.23 0.06 1.33
June MICA 8 0.23 0.08 0.53
NAOF 35 0.1l6 0.04 0.87
July MICA 9 0.26 0.09 0.83
NAOF 23 . 0.37 0.07 1.13
August MICA 2 0.37 0.17 0.53
September MICA 35 0.41 0.09 2.48
NAOF 12 0.29 0.08 0.80

during the last two nights of observations in April were made using infrequent and/or indirect light. Snails
observed at night (2030 - 0530) at lower light intensity moved less than snails observed at higher light intensity
(Z = 2.342, nyy,, = 12, ng, = 31, p = 0.019).

We obtained additional information on snail movements from observations of unmarked snails in
inundated areas soon after the flood, and from observations of marked snails during that survey and incidental
observations. The lower area of patch P7NU, which was inundated to a depth of 15-20 cm for a week, was
recolonized by KAS by our April visit two weeks postflood. See section 2d above for additional comments
concerning recolonization.

Forty-three snails were resighted during the 1996 field season. Of these, 10 had changed patches
(23%), and 3 of these (7% of all resightings) had changed vegetation type (Table 17). Thirty snails were found
alive in the same patches to which they were returned; 22 were resighted within 33 days of the initial
observation, initial sighting date was missing for four, and the remaining 4 were observed at 49, 77, 92, 120 _
days after initial marking. Information on initial patch was not available for three snails.

An additional 9 snails were found dead at least one visit after they were marked; the shells suggested
three inter-patch movements (the patches in which the shells were found were not below the original patches -
gravity did not cause a "false" move). Three shells were found in the patch in which the snail was originally
marked, and three shells had insufficient data to determine movement.

We investigated snail movements near the rising water line by placing snails on vegetation above the
water's edge and observing their actions. In all cases, snails were fully active when moved. The maximum
time a snail remained on vegetation after the first contact of its stem or leaf with water was 4 min. Snails were
removed by waves, or, in slack water, through flotsam impact. Survival through immersion is apparently less
important than their inability to maintain their position in surging, debris-laden water.
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Table 17. Summary of KAS resightings during 1996 in which snails changed patch.

Months between

1D 1st Patch 2nd Patch Different 1° veg sightings
Bluel2 P9 p70P N i
Blue2s8 P8MUP P100K N 1
Blueé6o0 P7Nup P9apron N 2
Blues8s P100OK P8M N 1
Green37pink P100K P5MD N 1
Redl9pink P9 P5MD Y 3
Whitel7pink P5Nup PSMDds Y 1
White49pink P8M P5M N 2
White89pink P5Nlow P5MDlow Y 1
White91lpink P100K PSMlow N 1

4d. Determine survivorship of marked and moved versus resident KAS.

Relocations of marked snails were too few to permit mark-recapture estimates of survivorship. In
addition, early post-release mortality was probably higher than long-term, post-release mortality.
Predator-related mortality (4g below) may have been initially high to due to local enhancement of snail
densities caused by release of snails in small groups around the margins of patches. After initial mortality
decreased densities in these areas, mouse-caused mortality probably declined. Mortality information from later
months, when marked residents were returned to patches individually, allowed a more conclusive determination
of the effects of release procedure on mouse-caused mortality.

Measurements from 26 marked snails allowed us to estimate growth rates. Growth rate did not seem to
vary with size in snails over 7 mm (no snails smaller than 6 mm were marked with bee dots). Average growth
rate was 2.09 mm per 30 days, with a standard error of 0.256. Growth rate did not change significantly with
size in snails first observed at sizes from 7 to 17 mm in length.

4e. Determine activity budgets and habitat use of resident and immigrant KAS in the growing season.
Activity budgets and habitat use data of marked snails will be reported in the final 1997 report.
Median KAS densities in 20-cm survey plots were statistically higher on Mimulus in March, whereas in all
other months, densities were higher on Nasturtium, significantly so in April, July, August, and September
(Table 18). Calculations use raw medians from survey plots where the survey plot, not the patch, is the unit of
measure. Higher densities on Nasturtium may be linked to the phenology of the species. This Nasturtium
officinale variety is an annual and cycled twice during the 1996 growing season, maturing by June, and
germinating in July-September, and the second population matured in late autumn. KAS densities were greatest
on Nasturtium seedlings, and densities on Nasturtium were near 0 on senescent plants.

4f. Determine KAS diet through the 1996 growing season.
Analysis of fecal pellets collected after focal observations is being used to determine KAS diet. Up to
12 replicated paired fecal pellet and adjacent surface scraped samples are being collected from each host plant
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Table 18. Mean and median densities of KAS in 20-cm-diameter survey plots on the
two major host species at Vaseys's Paradise in 1996. Mann-Whitney-Wilcoxon
(MWW) results test differences between medians.

Month Host Plant Mean N Std. Error Median MWW p value
March MICA 21.3 91 3.85 0

NAOF 16.1 82 5.13 0 0.0106
April MICA 7.0 32 2.76 0

NAOF 57.8 49 18.32 0 0.0204
May MICA 15.9 30 9.00 0

NAOF 19.3 33 7.32 0 0.4539
June MICA 8.4 49 3.05 0

NAOF 22.5 51 6.45 0 0.0743
July MICA 16.9 32 11.07 0

NAOF 78.8 61 20.11 0 0.0055
August MICA 28.1 43 7.28 0

NAOF 199.2 . 27 45.89 95.5 0.0011 .
September MICA 14.21 56 4.99 0

NAOF 163.98 33 32.07 895.5 0.0001

species on a seasonal basis, and preserved in 70% EtOH. These samples are being compared with laboratory-
derived fecal samples at Northern Arizona University.

4g. Observe interactions between KAS, parasites, potential competitors and potential

predators.

Eighty-nine marked, dead snails (shells without snails) were found during the 1996 field season. The
first empty, marked shells were found the day after the first releases in March 1996. The following day we
used a softer release technique, individually placing snails on substrates, rather than simply placing them into
new positions within patches. However, the day after soft release, we found additional snail shells from both
release efforts. We began a series of experiments to try to determine the agent of mortality. '

To examine possible invertebrate predator behavior, we caged Catinella and Physella with three
different invertebrates commonly found on the site: a carabid beetle, a hydrophilid beetle, and a common,
web-spinning spider species. Ten snails were observed for 108 h. During this time, one Catinella died, with a
crushed shell. It was caged with an etiolate, web-spinning spider which seemed unable to exert the pressure
necessary to crush a snail shell. Furthermore, other snails in the container were uninjured during the
remainder of the experiment. We concluded that none of these invertebrates was a major source of KAS
mortality. We also observed KAS near other invertebrates during focal and incidental observations, but no
observations have suggested any strong reaction to other invertebrates by KAS. One snail was observed
"flinching" from small Diptera that were crawling under its shell.
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We used a series of three experiments to try to observe post-release mortality of marked KAS:

1) To determine whether mortality was associated with the mark/release process, we placed 10 marked KAS in
each of two wire mesh cages with living plants, litter and soil. We placed one cage in a Mimulus patch and one
in a Nasturtium patch. Both cages were observed for 48 h. At the end of 48 h, 19 snails were alive and active,
and one snail had disappeared (escaped, or thoroughly hidden in substrate material). From this experiment and
the fact that none of the 1,275 KAS that were handled died. We concluded that marking and handling snails
were not direct causes of snail mortality.

2) The next experiment allowed more predator access to snails. We placed 5 marked KAS, 1 marked Catinella
and one unmarked Catinella in a glass jar with living plant material, litter and soil, and placed the jar on its
side in a Mimulus patch, under the canopy. The jar was monitored for 48 h. At the end of the experiment, the
snails were alive and healthy.

3) Finally, we created a 10-cm high, 20-cm diameter wire arena. The first such enclosure was placed in a
Mimulus patch, at the border of untouched and clipped plants. Seven marked snails and 3 unmarked,
locally-resident snails were enclosed during the afternoon. At 1900 that evening, we removed the enclosure
and observed the snails at intervals through the night and early the following morning. All snails survived the
entire period of observation. We repeated the enclosure experiment in a Nasturtium patch in which we had
found empty, marked snail shells. While removing litter from the enclosure, we also observed and removed
mouse droppings. Six marked KAS were placed in the enclosure during the afternoon. When we returned to
the site at 1920, a Peromyscus was observed in or very near the enclosure. Upon reaching the enclosure, we
found two empty, marked shells and fresh mouse droppings. We surmised that Peromyscus at VP forage on
KAS, which explains, in part, the large number of intact shells of all sizes observed on the site. High
Peromyscus-related mortality may be attributed to naturally high densities (below) and possibly local
enhancement of snail densities because we initially released marked snails in small groups around patch
margins.

We obtained permission from NPS to trap and mark small mammals at VP, and we live-trapped small
mammals in April, May, June, July and September 1996, and March 1997 (a total of 267 trap nights; Table
19). Peromyscus crinitus and P. maniculatus were the only rodents captured at VP during the 1996 growing
season. A Spermophilus spilosoma was repeatedly seen near the site during the day, but was not observed
engaged in KAS predation. Mammal trapping success of the two mice in KAS habitat patches was highest in
1996 in April (18.8%), and decreased to 0% by 20 July, then increased in September to 9.7%, and increased
slightly in March 1997 to 10.5%. This pattern generally follows the abundance of large KAS. During the
March, we observed a P. maniculatus nest in PEMUS, and we trapped two immature P. maniculatus in April,
additionally confirming that Peromyscus are successfully reproducing in the area inhabited by KAS.

In 1996 only a single KAS was found expressing sporocysts of Leucochloridium cyanocittae. This
represents nearly an order of magnitude decrease in parasitism between 1995 and 1996.

Several fecal pellets were collected from each live-trapped Peromyscus at VP. In the laboratory, 2-3
pellets from each of 8 mice were soaked in dilute bleach and dissected under 60x magnification to determine
whether any snail radulae were present. None of the approximately 30 Peromyscus fecal pellets examined
revealed any KAS or other snail radulae. Mouse diet was found to consist of vegetation and various
arthropods, and appeared to be consistent between vegetation types and different sampling periods. These
results do not support the contention that Peromyscus is a major predator on KAS.
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Table 19. Rodent trapping data at Vaseys Paradise in 1996.

Date Species No.Trapped No Traps Set Trap Success (%)

April 1996 Peromyscus crinitus 11 80 18.8
Peromyscus maniculatus 4 (2 nights)

May 1996 Peromyscus crinitus 3 43 7.0
Peromyscus maniculatus 0

June 1996 Peromyscus crinitus 1 37 2.7
Peromyscus maniculatus 0

July 1996 Peromyscus crinitus 0 38 0
Peromyscus maniculatus 0

September Peromyscus crinitus 3 31 9.7

1996 Peromyscus maniculatus 0 :

March 1997 Peromyscus crinitus 4 38 10.5

Peromyscus maniculatus 0

OBJECTIVE 5: Recovery and Longterm Studies

Sa. Determine potential for growing KAS primary host plant species in controlled environments.

A prerequisite for establishing captive breeding KAS populations is understanding propagation potential
of primary host plants. Although Nasturtium officinale is grown commercially, VP stock may have specific
microhabitat requirements that are not matched in commercial production. We removed 6 batches each of
Mimulus and Nasturtium from VP, and propagated them in the Northern Arizona University greenhouse.
Propagation of these species was also attempted using seed from the VP stock in mid-summer. Seed
establishment of Nasturtium has been successful. All Mimulus seeds failed to germinate under standard
greenhouse conditions; however, Mimulus root stock are readily transplanted and our experience with these
samples indicates that this species can be used to establish additional habitat for KAS.

5b. Determine use of alternate host plant food sources. ‘
Nasturtium officinale is commercially available, but the utility of other strains of this species as a food
source for KAS is unknown. We obtained Nasturtium seed to evaluate its potential as a KAS food source.

Sc. Move low-zone KAS to non-inundated habitat at VP.
The FWS Biological Opinion on the planned flood originally requested that the Bureau of Reclamation
move 90% of the KAS occurring downslope from the 45.000 cfs + 1.5' stage to higher elevation primary
habitat at VP. This measure was requested to limit undue losses of KAS at VP during the experiment, as well
as providing insight into snail dispersal, survivorship and essential life history characteristics. On-site
discussions with FWS and NPS officials were conducted immediately prior to the test flow regarding the
advisability of leaving some low zone KAS habitat in place in case it was not scoured. These consultations
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resulted in a modification of the original request. The revised FWS recommendation involved removing 75%
of the KAS from 50% of the habitat lying downslope from the 45,000 cfs + 1.5 stage (U.S. Fish and Wildlife
Service Memorandum, March, 1996).

We marked 1,275 KAS and moved them to higher elevation just prior to the high flow event. Using the
unadjusted 20-cm-diameter plot analysis, this number represented 40.9% of the total estimated KAS population
that existed downslope from the 45,000 cfs + 1.5' stage, 105 more KAS than the 1,170 KAS which the revised
FWS guidelines directed the Bureau of Reclamation to move.

Mark-recapture techniques are traditionally used for population estimation, but we are using them to
determine behavioral parameters and to estimate dispersal behavior of moved snails. Because of the large KAS
population at VP, with numerous snails on the upper slopes, a mark recapture technique was not considered to
be appropriate for this population, and analyses of that nature have been abandoned. In contrast, much
information on in situ snail growth rates, and fidelity to host plants and individual patches can be gained by
marking KAS. We marked all KAS collected in 20-cm-diameter plots from March through July 1996, and
analyzed the data to determine movement rates and host plant species and patch fidelity (above).

5d. Determine fate of moved KAS.
See 4c¢ and 4d above.

Se. Investigate comparable habitats in Grand Canyon for possible introduction sites.

In compliance with the Endangered Species Act, Arizona Game and Fish Department completed its
three-year Section 6 studies of potential secondary KAS population establishment sites (Sorensen and Kubly
1997). We assisted AGFD staff in this effort by providing logistical and equipment support. State and federal
criteria for secondary population establishment are defined in the KAS recovery plan (U.S. Fish and Wildlife
Service 1995), and potential alternate population sites are suggested Sorensen and Kubly (unpublished 1997).
Continued cooperative discussion, planning, and implementation by the Kanab Ambersnail Working Group is
recommended.

MANAGEMENT AND FUTURE MONITORING RECOMMENDATIONS

The results presented in this report demonstrate that KAS has an approximately annual life cycle, and
the snail is influenced by host plant availability, interseasonal and interannual variation, and Colorado River
flows. The extent of parasitism by Leucochloridium cyanocittae diminished in the 1996 growing season, as
compared to the 1995 growing season, and the parasite's role in VP KAS population dynamics remains unclear.
While underestimating KAS density to some extent, the approach used here is conservative and can be clearly
and consistently applied to monitor population development of this species without undue damage to the host
plants. Therefore we recommend continuing to employ the protocol used in this study to monitor this
population. Additional marking of KAS may provide additional insight into movement and host plant patch
fidelity. Additional small mammal trapping may determine the extent of mouse predation on KAS.

Because of the above uncertainties, we recommend continuing to monitor the VP KAS population, at
least at bimonthly intervals in the future, and at least until laboratory experiments have been conducted to
determine the potential for establishment of secondary populations in neutral habitats (e.g., in propagated
habitat at Glen Canyon Dam), in natural sites, or until other wild populations have been located, in accord with
the KAS recovery plan (U.S. Fish and Wildlife Service 1995). After these experiments are complete, and
additional populations have been established or discovered, the monitoring schedule should be revisited.

Genetic distinctiveness of all 4 known Oxyloma populations in the Four Corners area has been
discussed by Miller et al. (in Sorensen and Kubly, unpublished 1997), and indicates the need for a full review
of taxonomic and administrative status of this genus.
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