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Riparian Lichens of Northern Idaho

Overview

The flora of northern Idaho is a lush mixture of adjacent regions, combining species found in the
Rocky Mountains, southern interior British Columbia, and the coastal Pacific Northwest (PNW).
The forests of northern Idaho contain many species commonly found on the west side of the
Cascades, such as Thuja plicata (western red cedar), Tsuga heterophylla (western hemlock), and
Alnus rubra (red alder). Some lichens common to the west side of the Cascades are also
commonly found in northern Idaho, such as Lobaria pulmonaria and Pseudocyphellaria
anthrapsis. Some species such as Pseudocyphyellaria anomala are common west of the
Cascades, but are rare east of the Cascades. Collema curtisporum, on the other hand, grows
with these oceanic species east of the Cascades to northwestern Montana, but is not found west
of the Cascades. Collema curtisporum has disjunct populations in Scandinavia and the Pacific
Northwest, generally east of the Cascades, into western Montana (McCune and Geiser 1997,
McCune and Goward 1995).

Habitat loss is one of the most important factors that threatens or endangers species (Moseley
and Groves 1990). It has been estimated that over 56% of the wetlands in Idaho have been lost
since 1780 (Idaho Conservation Data Center 1998). Populus balsamifera var. trichocarpa
(black cottonwood) communities are recognized as under-represented in northern Idaho as well
in the western United States in general (Janovsky-Jones 1997), as compared to the historical
distribution of riparian cottonwood forests (e.g. Dykaar and Wigington 2000). People in the
western U.S. depend on water from its rivers for energy, agriculture and urban use.
Consequently very few rivers in the region remain free flowing (Patten 1998). Dams and
channelization reduce or eliminate cottonwood recruitment through flood control and the
subsequent loss of seasonal sediment deposits (Rood et al. 1994).

There is a lack of information regarding lichens in riparian forests in general and particularly
regarding lichens in cottonwood stands in northern Idaho. Previous studies of lichens in northern
Idaho have not concentrated on riparian habitats. W.B. Cooke (1955) studied fungi, lichens, and
mosses in eastern Washington and western Idaho, within a 150-mile radius of Pullman,
Washington. A number of lists of the lichens of Idaho have been compiled (Schroeder et al.
1973, Anderegg et al. 1973, Schroeder et al. 1975, Neitlich and Rosentreter 2000). Other lichen
floristic works exist for the Priest River Experimental Forest (McCune and Rosentreter 1998),
Glacier National Park (DeBolt and McCune 1993), the Swan Valley in northwest Montana
(McCune 1982), and for the Bitterroot Range of Montana and Idaho (McCune 1984). Notes on
genera and new species include Cladonia in Idaho (Anderegg 1977), the description of Cetraria
idahoensis (Esslinger 1971), and a discussion of Lobaria hallii, Pseudocyphellaria anomala and
P. anthraspis (Schroeder and Schroeder 1972). None of the existing literature examines which
lichens are rare in the riparian forests of northern Idaho, nor does the existing literature contain a
comprehensive species list for cottonwood floodplain forests.

Riparian zones are interfaces between terrestrial and aquatic systems. They encompass sharp
gradients of environmental factors, ecological processes, and plant communities. Riparian zones
are mosaics of landforms, communities, and environments within the larger landscape, which can
make them hard to delineate (Gregory et al. 1991).



Riparian zones have many different looks, but they all can be described in terms of landform and
process gradients that result in their changing continua of characteristics. Processes can be
considered on three major gradients that are nested in both space and time. The continental
gradient includes the effects of latitudinal climatic gradients acting at the hydrologic basin level.
An intra-riparian continuum reflects changes in elevation, stream gradient (steep or flat), fluvial
processes (the way the river flows: peaks, base and timing), and sediments along the length of the
stream system. A lateral trans-riparian gradient across the riparian zone is a local topographic
gradient that reflects stream valley cross-sectional form and influences the local moisture and soil
development (Mitsch & Gosslink 1993). Many questions arise regarding the continua of riparian
zones and potential effects on lichen community composition. Effects of elevation changes,
spatial placement within the various continua, climatic differences among regions, and the
variety of potential substrates are all potential sources of study.

Riparian zones are important for many reasons, which include providing natural flood control and
wildlife habitat, and enhancing water quality (Mitsch and Gosslink 1993). Riparian zones, and
the included waterways, also have many human-centered uses. Some drainages, such as the
Coeur d’Alene, have been extensively used to transport timber downstream to mills, as sources
of ore and as coolant and waste disposal for the Bunker Hill lead and zinc smelter in Kellogg
(Root 1997). Other rivers, such as the Clearwater River, have been extensively channelized for
agricultural purposes and dammed for power and recreation (Root 1997). Activities that affect
the hydrology and water quality of the river also affect the adjacent riparian corridors, including
riparian forests.

Extensive stands of black cottonwood occupy the riparian zones of the large valley bottom rivers
of northern Idaho. Black cottonwood is considered a keystone species, meaning that it plays a
pivotal role in the ecosystem processes upon which a large part of the community depends
(Kauffman et al. 2001). Cottonwoods are typically found associated with alluvial fans, low
elevations, braided channels, and gravel substrates (Harris 1988). Cottonwoods are important as
wildlife habitat (Kauffman et al. 2001), providing shelter, cover, and food. Cottonwoods have a
strong influence on terrestrial and aquatic systems. They can change channel morphology
through trapping and filtering sediment (Kauffman et al. 2001). Cottonwoods play a key role in
moderating temperature and moisture during the summer, while allowing increased throughfall
during the cooler parts of the year. The bark is slightly basic, which is important for nitrogen-
fixing cyanolichens (Goward and Arsenault 2000). Drip zone effects from the upper canopy of
Populus trees have been inferred to have a buffering effect on adjacent and more acidic conifers,
which may increase the number of lichen species found on the conifers (Goward and Arsenault
2000).

Spatial heterogeneity in cottonwood galleries can be seen in the age bands that form along rivers,
with saplings in areas with recent disturbance and the oldest trees farthest from recent flood
disturbance (Kauffman et al 2001). Potential productivity, disturbance, and spatial heterogeneity
are the key factors controlling local patterns of diversity. Highest diversity in vascular plants
occurs when conditions are suitable for growth and competition is not severe, resulting in many
co-dominant species.

Productive, frequently disturbed sites, such as some cottonwood galleries, tend to be high in
diversity of vascular plants because growth rates are high, but disturbances are frequent enough
that competitive exclusion does not occur (Pollack 1998). Lichen species diversity tends to be
highest in cottonwood galleries that include shrubs and conifers, and receive some seasonal
inundation (personal observation).



Cottonwood galleries degrade through water diversions such as dams, diversions, channelization,
and draining. Other agents of degradation include: removal of streamside vegetation by cattle;
alteration of structural integrity of the river through road construction, dredge mining, and splash
dams for log transport; and physiological stress from pollution in the form of pesticides, feces,
salts, and environmental estrogens (Kauffman et al. 2001).

Floods, which disturb vegetation through bank erosion or sediment burial via sediment
deposition, are extremely important for the development and maintenance of cottonwood
galleries. Floods and large woody debris interact to form new islands, which can eventually
coalesce to form fully vegetated floodplains. In turn the islands, sandbars, and large woody
debris reroute channels (Naiman et al. 1998), creating new possibilities for further sediment
deposition on both the banks and newly formed islands. Ice formation in rivers during the winter
can cause flooding that scours the bank at levels equal to or above spring flood levels. Ice
scouring can remove much of the riparian vegetation and contribute large amounts of large
woody debris. A moving ice gorge may have enough energy to alter stream morphology (Patten
1998). Ice scouring, woody debris and the formation of new islands lead to varied sediment
deposition. Floods, as the dispersal mechanism for black cottonwood seeds as well as fresh
sediment, are essential to the recruitment and survival of black cottonwood stands (Rood et al.
1994).

Floods maintain a spatially heterogeneous environment, and slow rates of competitive exclusion,
making flooding probably the most important factor accounting for the unusually high levels of
biodiversity in riparian corridors throughout the world (Pollack 1998). Removing low
frequency/high intensity flood disturbance, or changing the hydro-period, is detrimental to
cottonwood galleries. While cottonwoods can be found in any wet area, from a ditch in a clear-
cut to a floodplain, true galleries require floods to scour away existing vegetation and deposit
sediment for dispersal and establishment (Kauffman et al. 2001, Rood et al. 1995, Dykaar 2000,
Naiman et al. 1998, Patten 1998). A long-term study of the effects of the St. Mary Dam in
Alberta, Canada showed a steady decline in cottonwoods that was clearly associated with the
controlled release of water for irrigation purposes. High cottonwood mortality in the St. Mary
Dam study was induced as a result of insufficient flows during the summer months and abrupt
flow reductions following the high flow period in the late spring. In addition, the riparian water
table was found to be closely associated with the river stage, as changes in river elevation were
followed by quantitatively similar changes in the water table (Mahoney et al.1995). Lowered
water tables via diversions decrease moisture availability, which could adversely affect growth
and survival of existing vegetation, including cottonwood.

When natural flood cycles and hydroperiods are altered, river hydrology and geomorphology are
changed. In the case of black cottonwood galleries, stands are no longer sustained through new
recruitment. Lowered water tables can adversely affect the survival of established trees. Other
human activities, such as road construction, and urban and rural development, also contribute to
the loss of riparian forests. Loss of riparian forests may increase input of nitrogen and other
pollutants into the aquatic system. Riparian forests are valuable natural filter systems (Gilliam
1994) and act as nutrient sinks for nitrogen and phosphorus (Mitsch & Gosslink 1993). Other
effects are loss of shading and a gradual loss of woody debris, as well as a loss of organic matter
important to aquatic invertebrates.

Loss of riparian forests through human activities impacts epiphytes, such as lichens, which grow
on black cottonwood and other riparian trees and shrubs. The core of this study is a group of 17
rare riparian lichens believed by lichenologists familiar with the area to exist, or have the
possibility of existing, in northern Idaho. Doyle Anderegg, W.B. Cooke, Robin Jones, Bruce
McCune, Roger Rosentreter, and others have made previous documented collections for the

3



panhandle region. These “target species” are associated with cottonwood galleries and other
riparian hardwoods. Many of the target species are listed with the state of Idaho as being rare or
species of concern. Many questions are inherent in determining whether a species should be
listed, the most basic being whether the species is truly rare. Lichens can be overlooked due to
small size, or possibly misidentified as another closely related species. Questions that arise
regarding epiphytic lichens on cottonwoods include possible microhabitat specificity of species
such as Collema curtisporum and Physconia americana.

The objectives of this study were to understand the extent of the populations of the target species
in northern Idaho, and to gather information on site characteristics and vegetation where the
target species were found. In addition, we wanted to visit areas where target species were
known to occur, and locate additional populations through fieldwork and contacting herbaria.

Data were collected from eighty-one sites in the Idaho panhandle between June and August,
1999. This study differs from previous studies of the lichen flora in northern Idaho not only in its
focus on riparian species, but also in its discussion of the special problems of determining rarity
of lichens. Furthermore, patterns of species’ distribution and abundance are described within the
context of climatic affinities. Determining distribution and abundance are the first steps in
forming realistic management plans for lichen species. Previously documented reports of the
target species occurrence in the study area have been included (OSU herbarium, McCune
Herbarium, Boise State Herbarium, and University of Idaho Herbarium).
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Abstract

Riparian forests along rivers and streams in the Idaho Panhandle, north of Whitebird, were
surveyed for rare riparian lichen species. The region was stratified into nine geographic units and
by stream size. Eighty-one plots were surveyed for lichen community, stand, and river
characteristics. The strongest differences in lichen community composition were regional,
followed by community differences with respect to basal area in hardwoods and differences in
floodplain cross-section type. Climatic affinities appear to vary with location in the study area.
Plots with the highest suboceanic affinities clustered along the eastern border (Bitterroot
Mountains), while those with the highest continental affinities were clustered in the southwest
corner of the study area, near Lewiston. Plots with the highest oceanic affinities were more
scattered but were loosely clustered in the south central half of the study area. One hundred and
twenty-six lichen species were found, including eleven of the seventeen target species. About
seventy percent of the plots had at least one of the target species. Management recommendations
and information on distribution and rarity are given for each of the target species.

Introduction

No previous studies address specifically the ecology and distribution of lichens in riparian forests
in northern Idaho. Some studies in the area have, however, included lichens; which are
enumerated here. For the region that includes northwest Montana, northeastern Oregon, eastern
Washington, and northern Idaho, only two ecological studies incorporating lichens exist (Cooke
1955, Neitlich and Rosentreter 2000). A number of lists of the lichens of Idaho have been
compiled (Schroeder et al. 1973, Anderegg et al.1973, Schroeder et al.1975, Neitlich and
Rosentreter 2000). There are a couple of studies regarding the effects of pollution on epiphytic
lichens along rivers in Idaho (Geiser, et al 2001, Hoffman 1974). Others have concentrated on
the ecology of specific areas in northwest Montana, and northern Idaho (McCune and
Rosentreter 1998, DeBolt & McCune 1993, McCune 1982, McCune 1984) while others have
published notes on genera and new species for the region (Anderegg 1977, Esslinger 1971,
Schroeder and Schroeder 1972). Some of this work includes lichens found in riparian forests, but
none of the work specifically addresses the ecology and distribution of lichens in riparian forests
in northern Idaho.

This study is a survey of riparian lichens including seventeen target species that lichenologists
familiar with the area thought were rare in northern Idaho. Information presented here is based
on data collected at 81 sites in the Idaho panhandle between June and August,1999. To make
the inventory more useful, previously documented reports of target species have been included
(OSU herbarium, Nimis, Degelius, Tensberg, McCune Herbarium, Boise State Herbarium, and
University of Idaho Herbarium).

This study differs from previous studies of the lichen flora in northern Idaho, not only in its focus
on riparian species, but in that forms of rarity are discussed for lichens, and climatic affinities are
given for relevant species. The objectives of this project were to understand the extent of the
populations of the target species found in northern Idaho, and gather information on site
characteristics and vegetation where the target species were found. We wanted to know what
lichens are found on trees in riparian forests, particularly Populus balsamifera ssp. trichocarpa
(black cottonwood) forests. In addition, we wanted to visit areas where target species were
known to occur, and, potentially, locate additional populations through fieldwork and contacting
herbaria. Such sampling would allow us to answer questions about whether lichens such as
Collema curtisporum and Physcia semipinnata, which are considered rare in northern Idaho
(ICDC 1998), really are rare, or simply under reported.



Study Area

The study area included all of Idaho, north of the latitude 45 degrees 45 minutes N (about the
latitude of the town of Whitebird, ID). The Idaho panhandle is included in the North Idaho
Ecoregion in the Interior Columbia River Basin Ecosystem Management Project Environmental
Impact Statement (USDA/USFS 1997). The survey area is bounded on three sides by the Idaho
state line. The following counties were included in the survey: Boundary, Bonner, Shoshone,
Latah, Clearwater, Nez Perce, and Idaho County north of the Salmon River. This large,
ecologically diverse area contains many large drainages in the following sub-basins: Priest,
Kootenai, Pend Oreille, Coeur d'Alene, St. Joe, St. Maries, Clearwater, and Salmon.

Climate, canyons, and geographic position have contributed to form refugia for coastal disjuncts,
such as the Clearwater drainage, a major refugium, and the lower St Joe and lower Coeur d'Alene
drainages, as minor refugia (Crawford 1979). The climate is cool in most of northern Idaho, with
a maritime influence, caused by large air masses moving inland from the Pacific Ocean from the
west (Janovsky-Jones 1997). Orographic precipitation along the Bitterroot Range, in the eastern
part of the study area, is another reason for the relatively abundant moisture. Low elevation
canyons contribute to the heat load unique for forests of the northern Rockies (Crawford 1979).
The canyons tend to hold warm air, which rises and warms the surrounding higher areas.
Sandpoint, at 640 m (2100'), averages 12.6 cm (32 inches) of precipitation per year with most of
the precipitation occurring in the winter as snow. Mean temperatures range from 10° C (18° F)
in December to 360 C (650 F) in July (Ross and Savage 1967).

Major components of upland forests in northern Idaho are Abies grandis, A. lasiocarpa, Pinus
contorta, P. ponderosa, Pseudotsuga menziesii, Thuja plicata, Tsuga heterophylla, and T.
mertensiana (Cooper et al.1991). Black cottonwood occurs on alluvial terraces of major streams
and rivers and around lakes and ponds. These sites are often flooded in the spring, but water
tables lower to 91 cm (3 feet) or more below the soil surface by the end of the summer (Rood et
al. 1994). In the absence of fluvial, or other, disturbance, succession continues to communities
dominated by conifers. Stands in moister regions are successional to Populus tremuloides/Thuja
plicata and the Picea/Cornus sericea habitat types (Janovksy-Jones 1997). Broad-leaved forests
that occur on islands of major rivers are dominated by black cottonwood (Janovksy-Jones 1997).

Methods

Target Species List. Botanists and lichenologists familiar with northern Idaho were consulted
regarding rare riparian lichens that were known or suspected to occur in riparian forests with a
hardwood component of alder, birch or cottonwood in the study area. A suite of seventeen
target species was the result. These species were sought in plot sampling, herbaria, and the
literature:

Cetraria sepincola Physcia semipinnata

Collema curtisporum Pseudocyphellaria anomala
Collema furfuraceum Pseudocyphellaria anthraspis
Hypogymnia oceanica Ramalina dilacerata
Leptogium subtile Ramalina obtusata

Lobaria hallii Ramalina pollinaria

Lobaria pulmonaria Ramalina subleptocarpha
Menegazzia terebrata Ramalina thrausta

Physconia americana



Sampling. The area was stratified into nine geographic areas, or regions, based on pages of the
DeLorme Atlas of Idaho (Figure 2.1). Nine plots were sampled within each region. The plots
were stratified by stream order classes, which were defined in relation to other streams and
rivers. Stream order classes were: “large valley bottom rivers,” which were the largest rivers
running through the region; “major tributaries,” which were rivers or streams that fed directly
into rivers defined as large valley bottom rivers and/or greater than 2 meters wide (wetted width
of base flow in the channel); and “minor tributaries,” which were streams that fed into major
tributaries, or another minor tributary, or were less than 2 meters wide (wetted width of base
flow in the channel). Stream order classes were not the same as valley classes. For example,
minor tributaries were often sampled on the floodplains of larger rivers because black
cottonwood tends to grow where the valleys are wider. Three plots were sampled for each
stream order class within each geographic region. Stream class designations were relative and
were influenced by the region being sampled. For example, the Lochsa River was considered a
large valley bottom river in Region 3, where it was the largest river in that region, but was
considered a major tributary in Region 2, where it flows into the Clearwater River.

Figure 2.1. Key to regions in the study area. Regions correspond to DeLorme (1992):

Region: 9 = Pend Oreille / Priest Lake
8 = Wallace / North Fork of the Coeur d’Alene River
7 = Coeur d’Alene / Coeur d’Alene River
6 = Kelly Creek / St. Joe east
5 = North Fork of the Clearwater
4 = Moscow / St. Maries River
3 = Lochsa / Selway
2 = Clearwater River / South Fork of the Clearwater
1 = Lewiston / Salmon River

Regions
9
7 8
4 5 6
1 2 3




Plot Selection Criteria. Plots were selected using the following criteria:

1. A twenty kilometer minimum distance between plots on large valley bottom rivers
within the same geographic region.

2. A minimum of five cottonwoods with a diameter at breast height (dbh) greater than 51
cm within the plot boundaries, or a minimum of 20% total canopy in hardwood trees and
shrubs large enough to be taken as part of the estimate of the total canopy.

3. Lake shores were included if they were part of the riparian corridor in a broad sense.

4. Within each sampling stratum, the first site encountered that met these criteria was
sampled.

Plot Dimensions. The plots were a flexible polygon of approximately 4000 m* in area. Most of
the plots were 100 m x 40 m rectangles, except for plots on broad floodplains, where we used
approximately 4000 m2 circular plots with a 35 m radius, following Forest Health Monitoring
protocol (McCune et al.1997).

Information Collected. Plot information included location, river characteristics, and terrestrial
characteristics, as described below. Information about plot location included assigning a plot
number based on region, where “1” was the southernmost and westernmost region in the
panhandle. The numbering was from west to east and south to north, making the northernmost
region of the panhandle region “9” (Figure 2.1). The second digit in the plot number represented
stream order class, where “1” was a large valley bottom river and “3” was a minor tributary.

The last digit represented the replicate within each region. County, stream name, elevation in
meters, date, state, sub-basin, latitude, longitude, and a brief description of where the plot was
located were recorded for each plot, as was the date of sampling. Elevation, latitude, and
longitude were obtained using Topo USA, version 2.0.

River characteristics included floodplain gradient as a percent ratio of rise over run, and width of
the floodplain, using Topo USA version 2.0. The width of the active channel was estimated by
sight. An ocular estimate of the percent of the channel substrate that was within the plot was
made for the following categories: boulder, cobble/gravel, sand/silt, and organic-rich. If the
channel was not part of the plot, percent cover of these substrates was estimated for the part of
the channel closest to the plot. Floodplain cross-section type, based on Harris (1988), was
recorded as one of the following categories: incised with no apparent floodplain, floodplain on
one side only with talus or colluvium on the other side, floodplain on both sides of the channel,
and multiple channels on a broad floodplain.

Terrestrial characteristics included site type, canopy cover, and percentage of the plot area
covered by various ground surface types, shrubs by height classes, grasses, rushes, sedges, forbs,
and trees by size class. Shrub height classes were tall shrubs (>2 m), medium shrubs (5 cm -2
m), and ground covering shrubs (<5 cm). Site type was a one-word description of the site
recorded from the following choices: seep, creek, river, wetland, seasonally wet, lake margin,
bog/fen. Canopy cover as a percent cover of the plot was estimated visually. Ground surface
types could include boulder, cobble/gravel, sand/silt, organic-rich, water, and litter. See data
dictionary in Appendix F.

Tree cover percentages were evaluated by tree life stages in three categories: cottonwoods, other
hardwoods, and conifers. Tree life stages were recorded by growth form. Trees with flexible



main stems were called saplings. If the top was still growing and had few dead branches, it was
determined to be mid-seral, if it had dead limbs in the upper quarter, it was determined to be late
seral.

Tree composition was based on basal area, as determined with a 10 or 20 basal area factor (BAF)
wedge prism. The number of trees (hardwoods or conifers) recorded with the wedge prism was
divided by the five sample points used and multiplied by the BAF of the prism to give the basal
area values. Shrubs the size of sapling trees were included in basal area estimates if captured by
the prism. The analysis used percent basal area in hardwoods categorized into four groups; 97 to
100% basal area in hardwoods, 72% to 96% basal area in hardwoods, 51% to 72% basal area in
hardwoods, and less than or equal to 50% basal area in hardwoods.

Sketches of each plot were drawn, recording features such as water, sandbars, vegetation
changes, roads, and the points where basal area was taken. Presence/absence was also collected
for indicator species, which were a group of plants that area botanists thought of as riparian
indicators. The presence of weeds of concern to the USFS was also included. Dominant species
of trees, shrubs, grasses, and forbs was also recorded. An ocular estimate of bryophyte cover on
soil/rock and on trees/shrubs was recorded as a percent cover of the plot, and dominant epiphytic
lichen species were recorded. See Appendix D for the actual site forms.

The lichen community survey was terminated after ten minutes passed without finding a new
epiphytic lichen species, with a minimum time for the survey being thirty minutes and the
maximum time being two hours. Information on abundance and substrate was collected for all
epiphytic macrolichens observed in that time. Abundance was determined to be one of four
categories: 1 meant that there were less than 4 individuals, 2 was 4 to 10 individuals, 3 was more
than 10 individuals, and 4 was individuals occurring on more than half of the available branches
and trunks. Additional information was collected for the target species on shading on a scale of
1-3 (1 was exposed and 3 was full shade). Location data specified whether the target species
was located on the upper, middle,or lower part of the tree and whether it was on branches, twigs,
or bole.

Database. A database was compiled using Microsoft Access Version 2.00 (Microsoft
Corporation 1989-1994). The 1999 database (Idaho.mdb) includes all of the information
collected, as well as all previously known records for the target species that were found in
regional herbaria and that were relevant to this report. Only records from the PNW are included.
In the case of species that had many populations on the west side of the Cascades, such as
Pseudocyphellaria anomala, Pseudocyphellaria anthraspis, Physconia americana, Ramalina
subleptocarpha, and Ramalina thrausta, only records from the east side of the Cascade crest are
included. In the case of species such as Collema furfuraceum, Lobaria hallii, Lobaria
pulmonaria, Ramalina dilacerata, which have been collected frequently in northern Idaho, only
collections from Idaho are included. In the case of species that were rare everywhere in the
PNW, such as Collema curtisporum, Physcia semipinnata, Ramalina obtusata, and Ramalina
pollinaria, all reports from the PNW are included. Records from both databases were combined
into an Excel spreadsheet (Idaho.xls). See Appendix C for locations of each record. Each
record in the table represents one collection by an individual. In some cases more than one
collection was made for approximately the same location and these were included in the database
if they had a unique collection number. Additional information on the plots is included in an
Excel spreadsheet (Plot Data.xls). The Location Maps (Appendix B) were generated from
latitude and longitude, using ArcView GIS version 3 (Environmental Systems Research Institute
Inc.). Records in Appendix C that did not include latitude and longitude, or enough location
information to determine latitude and longitude, and records that fell outside the map boundaries
were not plotted on the maps.
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Analysis. Analyses focused on answers to the following questions: How do riparian macrolichen
communities differ across geographic regions, stream order classes, floodplain cross-section
types, and basal area in hardwoods? Community data were analyzed using Multi-response
Permutation Procedures, (MRPP; Mielke 1984; McCune & Mefford 1999), which provides a
nonparametric

multivariate test of the hypothesis of no difference between two or more groups, based on a
matrix of Serensen distances. Groups were defined by categorical site variables for data
collected as categorical variables (region, stream order class, and floodplain cross-section type),
with the addition of basal area in hardwoods, which appeared to have natural breaks upon
examining its frequency distribution. The test statistic (A) describes the separation between
groups in an n-dimensional space, and ranges from 0 to 1, with 0 indicating no separation. A
large value for A means that there is a large difference in lichen communities between groups.
The probability value expresses the likelihood of finding a difference as extreme or more
extreme than the observed difference between groups, based on all possible partitions of the data
set.

When MRPP indicated that communities differed significantly for groups, Indicator Species
Analysis in PC-ORD (McCune & Mefford 1999) was used to detect and describe the value of
different species for indicating the environmental conditions that defined the groups. Indicator
Species Analysis 1s based on Dufrene and Legendre’s (1997) method of calculating species
indicator values. The method combines information on the concentration of a species’ abundance
in a particular group and the faithfulness of occurrence of a species in a particular group. An
indicator value for each species in each group is the result. The indicator values range from 0
(no indicator value) to 100 (perfect indicator). A perfect indicator means that the presence of a
species is always associated with that particular group, and only with that group. With two or
more groups per categorical variable, the indicator value for a particular species in a particular
group depends on the other groups. If one drops a group, the indicator values for the remaining
groups will change. The test for statistical significance for the indicator species analysis came
from a Monte Carlo technique where the null hypothesis is that the largest indicator value for a
particular species is no larger than expected by chance.

Measures of diversity were defined according to Whittaker (1977). Alpha is the total number of
species per plot, gamma is the total number of species found in a region, and beta diversity is
gamma diversity divided by alpha diversity. First order jackknife estimator of species richness
was determined using:

Jackl =S+ rl(n-1)/n

where Jack] is the first order jackknife estimator, S is the observed number of species, r1 is the
number of species occurring in only one sample unit, and n is the number of sample units (Palmer
1990).

29 ¢¢

Climatic Affinities. Species were assigned to the categories “oceanic,” “suboceanic,”

“continental,” or “widespread” on the basis of known distributions:

¢ Oceanic climates are moist and mild, with smaller seasonal temperature fluctuations than
continental climates (Trewartha 1961). We categorized as oceanic those lichen species
that peak in abundances west of the crest of the Cascade Range.

« Continental climates are relatively dry with more extreme temperatures. We defined
continental lichen species as those with peak abundances east of the Continental Divide
and south of Idaho in the Rocky Mountains.

11



« Suboceanic climates are moist interior climates. Suboceanic lichen species were defined
as those peaking in abundance in moist forests between the Cascade crest and the
Continental Divide.

« Widespread lichen species, lichens that are common throughout the Pacific Northwest,
such as Platismatia glauca and Hypogymnia physodes, or with no strong affinities were
not assigned to any climatic group. These do not appear in the tabulation of climatic
affinities.

The number of occurrences of species with affinities to particular climatic classes was tallied by
region. For example, assume 9 plots in a region, with a total of 30 occurrences of oceanic lichen
species. This means that an average of 30/9 or approximately 3.3 oceanic species per plot
occurred in that region.

Weighted average ordination of presence-absence data was used to assign values for climatic
affinities for each plot, calculating a score for each plot on each of the three axes of climatic
affinity: oceanic, suboceanic, and continental. Weighted averaging calculates a score x, for each
plot i for each climatic affinity as:

p
x, = (% w,a,)/p

where the weight wj for each species is zero or one, indicating whether that species has that
particular climatic affinity, p is the number of species, and a; is zero or one indicating absence or
presence of species j in plot i. Because the weights and species data are both binary, the score
for a given plot is simply the fraction of species in that plot belonging to a particular climatic
affinity. So a score of 0.25 on the oceanic axis means that a quarter of the species in that plot
had an oceanic affinity. Each plane of the ordination shows the relation of one climatic affinity
to another. Pearson and Kendall correlations were used to indicate environmental variables
strongly associated with the climatic affinities.

Results

Target species in an international perspective. Table 2.1 shows the status of the target species
both worldwide and within the Pacific Northwest states. Appendix A gives the definitions for the
status listings (Moseley and Groves 1990, ONHP 1998, Tensberg et al. 1996, WNHP 1995). Of
the taxa documented in our study area, seven: Cetraria sepincola, Pseudocyphellaria anomala,
Ramalina pollinaria, Ramalina subleptocarpha Cladonia norvegica, Collema occultatum, and
Nephroma laevigatum, are considered rare within northern Idaho (ICDC 1998). Collema
curtisporum is considered rare for North America and worldwide (ICDC 1998, Tonsberg, et al.
1996).

12
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Species in northern Idaho. One hundred twenty-six macrolichen species were found during the
1999 survey. The estimate of the true species richness, based on the first order jackknife
estimator was 148. Caution must be used regarding jackknife estimates because they are highly
sensitive to the number of rare species observed (there were 22 species found only once in this
study) and they may not be appropriate when sampling large heterogenous regions (Palmer
1990). Five range extensions are reported, including first records in northern Idaho for
Phaeophyscia hirtella, P. ciliata, Collema occultatum, Nephroma laevigatum and Leptogium
cellulosum. Table 2.2. shows species counts by region.

Table 2.2. Lichen species listed by region. Counts (number of plots in which it
occurred) and p-values for the significance of the lichen as an indicator of
regional difference from Indicator Species Analysis are included. Regions are
shown in Figure 2.1. Total = total number of plots with the species. %F = Percent
frequency, or number of plots with the species/ total number of plots, p* =
probability value from a Monte Carlo Test.

Region

Species 1 2 3435 6 7 89 Total F p*
Alectoria imshaugii 0 021331671} 17 21 0.047
Alectoria sarmentosa 1 59498583 32 64 0.054
Bryoria 0 001211131 9 11 044
Bryoria capillaris 1 6 6 655534 41 51 0.723
Bryoria fremontii 0 586 2 31 43 32 40 0.007
Bryoria friabilis 0 02103221 i 14 0.7
Bryoria fuscescens 1 7587 96 66 35 68 0.092
Bryoria glabra ¢ 01 0OOOGOODO 1 1 1

Bryoria lanestris 0 61331022 12 15 0.805
Brvoria pseudofuscescens ¢ 03 5304 42 21 26 0.357
Bryoria simplicior 0 00200000 2 2 0112
Bryoria tortuosa 021000000 3 4 0294
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Table 2.2. Continued.

Region
Species 1 23 45 67 89 Total %WF p*
Candelaria concolor 3 111901¢012 10 12 0913
Cetraria canadensis 1 34333321903 23 28 0303
Cetraria chiorophyiia 1 §7 8 7 78 %7 59 73 0.1647
Cetraria mervillii 0 00231100 7 9 0.096
Cetraria orbata 01 61 4 3 5462 28 35 0.269
Cetraria pallidula 0000200 O 2 4 5 0003
Cetraria platyphylio 0 4 8 0 3 43 2 4 28 35 1
Cetraria sepincola 0 00000001 1 1 0.027
Cladonia 003010000 4 5 1
Cladonia albonigra C 01 000D0DO0CC0 i 1 1
Cladonia carneola 0t1 090000 2 2 074
Cladonia cenotea 012001201 7 9 |
Cladonia chiorophaea 0 0001 0DOOD | 1 1
Cladoria coniocrasa 1 ¢00600000CQ0 1 1 0962
Cladonia fimbriata 3133042242 23 28 0006
Cladonia ochrochlora 1 360211400 14 17 0.003
Cladonia squamosa 025010040 3 10 0871
Cladonia sulphuring 012020100 6 7 0516 .
Cladonia umbricola 022000000 4 5 0447
Collema curtisporum 0 0021335753 19 23 0.153
Collema furfuraceum 220423828659 38 47 0.002
Collema occuliatum G 00 0O01D0O0OC0 1 1 1
Esslingeriana idahoensis ¢ 16132211 1721 0011
Evernia prumastri 6 299 5 5 7 409 62 77 0.035
Flavopunctelia soredica 1 0000O0O0O0O0 1 1 1
Fuscopannaria leucostictoides ¢ 0 0 0 1L 0 0 0 ¢ 1 1 I3
Fuscopannaria pacifica 1002000090 3 4 D28
Hypocenomyce castarngocinerea ¢ ¢ 2 0 0 0 0 0 ¢ 2 2z 0104
Hypacenomyce scalaris ¢ 02003000 5 6 0.079
Hypogymnia apinnata 04947 464610 40 49 0.005
Hypogymnia enteromorpha 00100 O06COCO0 1 2 2 1
Hypogymnia imshaugii 169475765 50 62 0055
Hypogymmnia inactiva 6 0000OG1 00 1 1 1
Hypogymnia metaphysodes 034134202 19 23 0.607
Hypogymnia occidertalis 0 4 6 4876 84 47 58 0.097
Hypogymmia physodes 3788998899 70 86 0.567
Hypogymnia tubulosa 1 6 989 99 79 67 83 0.121
Leprogium cellulosum 41 035 5 8 2 85 38 47 0.041
Leptogium saturninum 4 305376938 45 56 0.0t7
Leptogiwm teretiusculum 210212241 15 19 0438
Letharia vulpina 234455313 30 37 0.826
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Table 2.2. Continved.

Region
Species 1 2 3 4567 8 9 Toal %F p*
Lobaria hallii 010443 893 32 40 0.001
Lobaria pulmonaria 0 88 58 9797 61 75 0.006
Melanelia 100001000 2 2 1
Melonelio elegantula 312523412 23 28 0477
Melanelia exasperatula 23 06478 37 40 49 0.1
Melanelia fuliginosa 0 2213 2 668 30 37 0.005
Melanelio glabra 10000000 1 | 1
Melanelia multispora 4 6 6 8 8 8 8 9 8 65 8C 0.202
Melmelia panniformis 100000 O00D 1 1 1
Melanelia subargentifera 500000000 S5 6 000
Melanelia subaurifera 377672 230 32 40 0.011
Melanelia subelegantula 4 21457728 10 12 1
Melanelia subolivacea 119000001 37 46 0.265
Nephroma bellum ¢ o1 000000 1 1 i
Nephroma helveticum 0 5 926 24061 35 43 oM
Nephroma laevigatum 6000010000 1 1 1
Nephroma parile 03 3123022 16 20 0.579
Nephroma resupinatum 2 885783594 56 69 0.042
Nodobryoria abbreviaia 11132 214081 12 15 0.641
Nodobryoria cregana 001130102 3 10 0.163
Parmelia hygrophila 6 6 889099829 72 89 0621
Parmelia sulcata 789 999999 78 9% 0.637
Parmeliopsis ambigua 116 01 6 2 33 23 28 1
Parmeliopsis hyperopta 2180373 4.1 29 36 0.009
Peliigera t 90001000 2 2 0.007
Peltigera aphthosa 0C0O0O0O0O0OOCT1 1 1 1
Peltigera canina 1¢ 001 000090 2 2 0,009
Peltigera coliing 1747897895 57 M0 i
Peltigera membranacea 0131 100¢0¢GO0O 6 7 1
Peltigera pacifica 00 002000t 3 4 1
Phaeophyscia 90 000C01 00 1 1 0076
Phacophyscia ciliata 00000661 000 13 1. 0.128
Phaeaphyscia kirtella 0900001 000 | 1 1
Phacophyscia nigricans 1600060006 1 1 1
Phaeophyscia orbicularis 9204102086 24 30 0.001
Physcia adscendens 8 41943707 43 33 1
Physcia aipolia 1332000490 9 11 1
Physcia biziana 4201029000 9 11 0.001
Physcia stellaris. 586 7 6 67 9 8 62 77 0.059
Physcia tenella 932513306 32 40 0.001
Physciellu 100000100 2 2 0.053
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Table 2.2. Continued

Region

Species 1 234567 89 Total %F p*
Physciella chioantha 300000000 3 4 0.017
Physciella melanchra 5266100200 16 12 0237
Physconia americana ¢ 1 0663 4756 32 40 0.019
Physconia enteroxantha 8§ 001 0110 4 15 19 0.122
Physconia perisidiosa 7307278 47 45 56 0.001
Platismatia glauca 0 888099 7 94 64 79 0486
Pseudocyphellaria anomala 0000110600 2 2 0.028
Pseudocyphellaria anthraspis 0561220009 16 20 0.002
Ramalina dilacerata 06 66 537283 4 54 0201
Ramaiina farinacea 2628547137 44 54 0.063
Rennalina pollinaria 00000QO0O0D0 3 3 4 0.011
Ramalina subleptocarpha 020100001 4 7 0.529
Ramalina thrausta 01 4421232 19 23 0322
Sphaerophorus globosus 620020000 4 5 011
Usnea 010212100 7 9 0714
Usnea chaetophora 001000O0CO0O0 1 1 1

Usnea diplotypus 001000101 3 4 1

Usnea esperantiana 000000100 1 1 1

Usnea filipendula 001100210 5 6 0.283
Usnea glabrata 034102123 16 20 0272
Usnea Hirta F1 01011061 6 7 1

Usnea lapporica 3 888 606 739 58 72 0208
Usnea scabrata 047022010 16 20 0.001
Usnea subfloridana ¢ 01100000 2 2 1

AXanthoria candelaria 6 6 375543527 48 59 0.62
Xanthoria fallax 700000001 8 10 o0.00t
Xanthoria fulva 7206 32518 35 43 0.029
Xanthoria hasseana 000120900090 3 4 0.266
Xanthoria montana §327606 997 37 70 0.276
Xemthoria oregana 10000000 COC 1 1 1

Xanthoria polycarpa 1205013515 20 25 0.258
Xarthoparmeliacumberiondia 1 ¢ 0 ¢ 0 0 0 0 0 1 1 1
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Regional differences in lichen communities. Lichen communities differed among regions (A=
0.370, p <0.001, from MRPP analysis; Table 2.2). Some of the best indicators of regional
differences in lichen communities were Usnea scabrata, Xanthoria fallax, and Lobaria hallii, all
with p-values of 0.001 from Indicator Species Analysis.

Table 2.3. Total number of species occurrences by region. Alpha, beta and gamma diversity by
region are included.

Regions
1 2 3 4 5 6 7 8 9
Species occurrences by region 191 263 311 301 302 306 315 292 308
o diversity 21.2 29.3 34.6 33.7 33.6 34 35.1 324 34.1
B diversity 2.8 2.6 2.1 2.2 2.3 2.3 2.1 1.8 2.2
Y diversity 60 76 72 74 78 77 74 58 75

Region 1 had the lowest number of species occurrences, which is the sum of the number of
species for each plot for the region, and the lowest alpha diversity (Table 2.3). Region 1 included
Lewiston and the Salmon River drainage and was the driest region. Lewiston has an average
annual precipitation of 31 cm (Abranovich et al. 1998), compared to an average of
approximately 90 cm for the entire study area. Species unique to Region 1 included:
Flavopunctelia soredica, Melanelia glabra, Melanelia subargentifera, Phaeophyscia nigricans,
and Physciella chloantha. This region also had the most species missing that were present in all
other regions. Missing species included: Bryoria fremontii, Cetraria orbata, Esslingeriana
idahoensis, Hypogymnia occidentalis, Melanelia fuliginosa, Nephroma helveticum, Platismatia
glauca, Ramalina dilacerata, Ramalina thrausta, and Lobaria pulmonaria.

Region 8 had the lowest beta and gamma diversity and intermediate alpha diversity. This region
includes the Silver Valley, which is in the drainage of the North Fork of the Coeur d’Alene River.
Species that had the highest number of occurrences in Region 8 include: Alectoria imshaugii,
Cetraria chlorophylla, Leptogium saturninum, Leptogium teretiusculum, Lobaria hallii,
Melanelia multispora, Nephroma resupinatum, Physcia stellaris, and Ramalina dilacerata.

Stream class and valley class differences in lichen communities. Lichen communities did not
differ significantly among stream class groups (A= 0.002, p = 0.526, from MRPP analysis), or
among valley classes (A= 0.001, p = 0.486, from MRPP analysis).

Floodplain cross-section type differences in lichen communities. Riparian macrolichen
communities differed among floodplain cross-section types (A= 0.046, p = 0.002 from MRPP
analysis). Indicators of floodplain cross-section types are included in Tables 2.4a through 2.4c.
In this analysis, the “multiple channels on a broad floodplain” was combined with the category
“floodplain on both sides.” “Floodplain on one side” and “incised with no floodplain” were the
other two categories.
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Table 2.4a. Indicator species for streams with a floodplain on one side. The
numbers under the column headings, one side, both sides and incised, are
indicator values (see methods). Only species with significant (p < 0.1) indicator
values (IV) are included.

Cross section Type
Floodplain Floodplain Floodplain
Species ' ong side  both sides incised p-value
Fuscopannaria pacifica 13 0 0 0.070
Sphaerophorus globosus 17 0 0 0.066
Xanthoria fallex 17 1 0 0.061

Table 2.4b. Indicator species for streams with floodplains on both sides.

Cross section Type
Floodplain Floodptain  Floodplain

Species - oneside  bothsides  incised p-value
Collema furfuraceum 10 11 , 1] 0.016
Leptogivm satwrninum 16 41 2 4.023
Xanthoria polycarpa 2 24 0 0.082
Collema curtisporum 4 24 0 0.085

Table 2.4c. Indicator species for incised streams (no floodplain).

Cross section Type
Floodplain Floodplain  Floodplain
Species one side  both sides incised p-value
FPseudocyphellaria anthraspis 7 0 46 0.002
Cladonia sp. 1 0 29 0.007
Platismaria glauca 17 27 41 0.010
Parmeliopsis ambigua 6 4 38 0.016
Cetraria comadensis 5 5 32 . 0.017
Usnea scabrata 10 H 34 0.017
Cetraria playyphylia 4 7 37 0.019
Peltigera membranacea 2 0 25 0.022
Bryoria tortuosa 1 0 19 0.039
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Table 2.4¢. Continued.

Cross section Type
Floodplain  Floodplain  Floodplain
Species cneside  both sides incised p-value
Nodobryoria abbreviata 1 3 21 0.045
Bryoria fremontii 4 15 34 0.046
Usnea glabrata 3 3 25 0.057
Cladonia ochrochlora 9 1 25 0.062
Cladonia squamosa 6 0 21 0.066
Cladonia wmbricola 1 0 17 0.068
Hypogymnia enteromorpha 0 H 1 0.089
Letharia vulpina 3 8 28 0.093

Collema curtisporum has a relatively high indicator value for “floodplains on both sides” with
low indicator values for the other floodplain cross-section types, meaning that it is associated
with streams and rivers with floodplains on both sides. With the exception of Xanthoria
polycarpa, indicator species for floodplains on both sides are lichens with blue-green
photobionts.

Fuscopannaria pacifica and Sphaerophorus globosus were both found primarily along the North
Fork of the Clearwater River and on the Lochsa River where there was a floodplain on one side.
Sphaerophorus globosus was abundant on large old western red cedar, especially in the drainage
of the North Fork of the Clearwater River where there was a floodplain on one side.
Fuscopannaria pacifica was found on red alder in the same areas as S. globusus. Xanthoria
fallax was found on large black cottonwood in dry areas, especially in Regions 1 and 2 where
there was a floodplain on one side of the river or stream.

Pseudocyphellaria anthraspis has the highest indicator value for cross sections that were incised
with no floodplain, meaning that it is strongly associated with incised stream cross-sections.
Many of the species listed in Table 2.4c are also associated with conifers (compare with Table
2.5b).

Basal area in hardwoods. Lichen communities differed among classes of basal area percentages
for hardwoods (A= 0.072, p < 0.001 from MRPP analysis). Indicators of different basal area
percentages of hardwoods are in Tables 2.5a-c. Although the tables show how different lichen
species were associated with different levels of hardwood composition, they do not give any
information about what substrate the lichen species was growing on.
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Table 2.5a. Indicator species most strongly associated with hardwood-deminated
stands. The numbers under percent basal area in hardwoods are indicator values.
Only species with significant IV’s are included.

Percent hasal area in hardwoods
Species <50% 51.70%  72-96% 100% p-velue
Ramaling farinacea 4 13 35 It 0.003
Physciella melanehra 0 i 1 24 0.004
Phaeophyscia hirsuta 0 1 2 23 0.005
Xanthoria fallec 0 1 Q 23 0.007
Melanelia subargentifera 1 0 0 16 0.017
Physconia americana 2 9 26 11 0.020
Physciella chloantha 0 0 0 15 0.036
Xemthoria montana 7 I3 28 26 0.052
Physconia perisidiosa 4 11 20 27 0.054
Xanthoria fulva 3 ] 14 25 0.116
Physconia enteroxantha 2 4 2 15 0,128

Table 2.5b. Indicator species most strongly associated with conifer-dominated
stargis.

Percent basal area in hardwoods
Species <s0%  51-70%  7296%  100%  pvalue
Cladonia squomosa 26 ] l 0 0.001
Usnea scabrato 30 4 1 0 0.001
Cladoria oclrochiora 29 2 ] 0 0.003
Pseudocyphellaria anthraspis 25 7 1 0 0.005
Cetraria planyphylla 27 12 5 1 0.009
Alectoria sarmentosa 30 17 12 8 0.018
Bryoria tortuosa 13 H] 0 0 0.049
Esslingeriana idahoensis 19 1 1 6 0.04%
Table 2.5¢. Indicator species most strongly associated with mixed stands
(intermediate basal area in hardwoods).

Percent basal area in hardwoods
Species <50%  51-70%  7296%  100%  p-value
Leptogium teretiusculum 0 25 o 4 - 0.004
Melaneiia miltispora 15 22 Kit] 15 (1.026
Bryoria pseudofiuscescens 7 3 20 2 0.045
Hypogyrwia tubulosa 27 20 29 9 0.058
Cetraria canadensis 8 20 8 0 0.073
Evernia pruncsiri 29 18 24 9 0.082
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Climatic Affinities. The Lochsa and Selway rivers (in Region 3) are known for large numbers of
vascular plant species that are coastal disjuncts (Crawford 1979, Steele 1975). The lichen
communities in Region 3 also show a high number of oceanic species (Figure 2.2). Region 5
includes the North Fork of the Clearwater that, prior to the completion of the Dworshak
reservoir, had a rich coastal disjunct component that included a large Alnus rubra (red alder)
forest (Crawford 1979). There are still red alder upstream from the dam, as well as along the
edges of the reservoir, and the lichen community shows a large component of oceanic species.

When the data were examined by plots, it appeared that elevation played a role in the
distribution of the climatic affinities (2.3-2.4). Elevations in the study area ranged from 235 m to
1134 m. and, in general, elevation increases from the Palouse on the west side of the study area
to the Bitterroot Mountains on the east side of the study area. Oceanic affinity was not
correlated with elevation (r = 0.047) though the most oceanic plots appeared to cluster in the
middle of the study area, which is at mid-elevations (see Figure 2.3). Plots with relatively high
suboceanic values were concentrated in the Bitterroot Range, which were at the high elevations
(see Figure 2.3), and the suboceanic axis was positively correlated with elevation (r = 0.618).
Most of the plots with relatively continental lichen flora were at the edge of the Palouse (see
Figure 2.3) and tended

to have the lowest elevations. The continental axis was negatively correlated with elevation
(r=-0.346)
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Figure 2.2. Numbers of oceanic, suboceanic, and continental lichen species per
plot. Each of nine regions in northern Idaho are shown, and regions correspond to
Del.orme (1992).
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Figure 2.3a. Continental affinities by plot, using weighted average ordination. The
size of the circle indicates the value for continental affinity for the plot.
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Figure 2.3b. Oceanic affinities by plot, using weighted average ordination. The
size of the circle indicates the value for oceanic affinity for the plot.
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Figure 2.3c. Suboceanic affinities by plot, using weighted average ordination. The
size of the circle indicates the value for suboceanic affinity for the plot.
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Figure 2.4a. Weighted average ordination, showing relative placement of plots on
axes of continental and oceanic affinities. Plot coding system is described m

methods. Axes are scaled as the proportion of the macrolichens belonging to a
particular climatic affinity.
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Figure 2.4b. Weighted average ordination, showing relative placement of plots on
axes of suboceanic and oceanic affinities. Plot coding system is described in
methods, Axes are scaled as the proportion of the macrolichens belonging o a
particular climatic affinity.
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Figure 2.4c. Weighted average ordination, showing relative placement of plots on
axes of continental and suboceanic affinities. Plot coding system is described in
methods. Axes are scaled as the proportion of the macrolichens belonging to a
particular climatic affinity.
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Correlations of climatic affinities with variables describing conifer attributes in the plot (e.g. the
dbh of the largest conifer, modal conifer dbh, and percent cover by sapling conifers) indicate that
the size and presence of conifers on the plots was also related to climatic affinity. Plots with
relatively high suboceanic values tended to support larger conifers (r = 0.352) and more cover of
saplings (r = 0.560). More continental plots had less cover in conifer saplings (r = -0.307) and
smaller conifer dbh (r =-0.451). Relatively oceanic plots supported larger conifers (r = 0.510 for
the largest conifer, a larger correlation than was found for suboceanic plots, and r = 0.442 for
typical conifer dbh).

Rarity and Ecology of the Target Species. The most practical definition of rarity comes from
Rabinowitz (1981), who categorized rarity into seven forms based on large/small geographic
range, narrow/wide habitat specificity, and large/small population size. We added “moderate” in
addition to her small/large, narrow/wide categories. The listings below give the best information
we have on both worldwide geographic distribution and more local distribution in Idaho, habitat
and typical population sizes for populations.

The following information was compiled using McCune and Geiser (1997), McCune and Goward
(1995), Goward et al. (1994), Taonsberg et al. (1996), and various monographs for species:
Moberg (1977), Esslinger (1994), Bowler (1977), Rundel and Bowler (1976), Sierk (1964),
Jorgensen and Tensberg (1999), and Degelius (1954, 1974), as well as field data from this study.
See Appendix B for distribution maps for target species. “Status in I[daho” was determined by
using the information compiled in this study. Suggested rankings for the species, under
“Management Recommentations” were also determined using the information compiled in this
study. Global (G) is the global ranking for the species and S is the state ranking in Idaho. The
numbers following G and S correspond to the number of documented occurrences: 1 =5 or fewer
occurrences, 2 = 6-20 occurrences, 3 = 21-100 occurrences, 4 = greater than 100 occurrences,

5 = widespread, abundant and secure. For more in-depth definitions see Appendix A.

Cetraria sepincola (Ehrh.) Ach. (as Tuckermanopsis s. (Ehrh.) Hale)

Rarity Type in Idaho: Narrow geographic range, narrow habitat specificity, small populations.
There are two documented occurrences in Idaho.

Distribution: Circumpolar boreal and subarctic, Alaska to northern California and northwestern
Montana, east to northeast United States. In Idaho, it is found in Kootenai County on Betula
glandulosa twigs at Rose Lake, and in Bonner County near the Clark Fork River.

Growth Form: Small foliose lichen with apothecia. Closely appressed to the substrate and
typically growing on twigs.

Ecology: Usually on shrub twigs in bogs. Often on Betula species. Elevation range for Idaho is
570 — 630 m. Cetraria sepincola is found almost exclusively in areas where the soil is always
saturated.

Primary Threat: Dams and water diversions.

Secondary Threats: Agricultural activities, urbanization, livestock grazing, mining.

Status in Idaho: Rare.

Management Recommendations: Activities in wetlands and waterways are regulated by local,
state and federal agencies; however, wetlands are often destroyed for right of way. Mitigation
does not guarantee the wetland used to replace the disturbed wetland will be of the same quality
or type. We suggest protection from disturbances and consideration of special botanical
designation for Betula bogs. We suggest listing C. sepincola as G5, S1.

Collema curtisporum Degl.
Rarity Type in Idaho: Moderate geographic range, narrow habitat specificity, small populations.
There are 25 documented occurrences in Idaho.
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Distribution: Between the Cascades and the Rockies in Oregon, Washington and Idaho, into
western Montana and possibly British Columbia. One population in Alaska. Populations in
Scandinavia and in the Italian Alps. In Idaho, from the Lochsa River, north to Priest Lake.
Growth Form: Small foliose lichen with apothecia. Closely appressed to substrate.

Ecology: Usually on older Populus balsamifera ssp. trichocarpa in the PNW, or on Populus
tremula in Scandinavia. In the PNW Collema curtisporum will also grow on conifers beside
Populus balsamifera ssp. trichocarpa (black cottonwood) in floodplain forests. C. curtisporum
is typically on heavily furrowed bark of mature black cottonwood boles. Seems to grow most
abundantly in frequently inundated floodplains. Elevations for the Idaho sites range from 630 m
to 1114 m. For more information on the ecology of C. curtisporum, see Hutchinson and McCune
(2000).

Primary Threat: Dams and water diversions.

Secondary Threats: Agricultural activities, grazing, mining, logging and associated activities,
recreation, fire suppression.

Status in Idaho: Recognized as threatened in Idaho and worldwide.

Management Recommendations: Damming rivers and draining floodplains for farming are
deleterious to riparian forests containing black cottonwood. While riparian forests are protected
through local, state and federal laws, there is a large and growing body of evidence showing that
black cottonwood forests can only be maintained through natural flood regimes and special
attention should be given to water release timing from dams based on natural cycles rather than
human needs or convenience. Since Collema curtisporum is found almost exclusively on black
cottonwood, managing for black cottonwoods in riparian forests should protect C. curtisporum.
We recommend changing the listing of C. curtisporum to G2,S3. See Hutchinson and McCune
(2000) for more details regarding management recommendations.

Collema furfuraceum (Arn.) DR

Rarity Type in Idaho: Wide geographic range, wide habitat specificity, small populations.
Distribution: Widespread in North America, found throughout forested parts of the PNW,
including Idaho.

Growth Form: Small foliose isidiate lichen, closely appressed to substrate. Found on boles,
branches, twigs and occasionally rock.

Ecology: Most common in moist low elevation riparian forests on broad-leaved trees and shrubs.
In northern Idaho C. furfuraceum is found on Populus balsamifera ssp. trichocarpa, Acer
glabrum, Celtis sp., Alnus sp., and Rhamnus purshiana. Elevations in northern Idaho ranged
from 33 to 1115 m.

Primary Threat: Urbanization, development.

Secondary Threats: Damming and water diversion, agricultural activities, mining, air pollution,
logging and associated activities.

Status in Idaho: Widespread and common in floodplain forests of northern Idaho and the PNW.
Management Recommendations: No special protection is recommended. Collema furfuraceum
can be removed from the state list.

Hypogymnia oceanica (Goward) Goward 1988

Rarity Type in Idaho: No reports for Idaho.

Distribution: Fairly common west Cascades, from coastal Alaska to Oregon, increasingly rare
southward. Not known on the east side of the Cascades in the United States, but oceanic in the
interior cedar-hemlock zone in British Columbia.

Growth Form: Small to medium sized lichen. Foliose with soredia. Loosely appressed. Hollow
interior.
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Ecology: Most often found in moist coastal forests and Pseudotsuga-Tsuga forests in the Coast
Range and Cascades.

Primary Threat: Logging and associated activities.

Secondary Threats: Urbanization and development and fire suppression.

Status in Idaho: Not known in Idaho.

Management recommendations: No special protection is necessary in Idaho at this time.
Survey potential habitable sites, such as Douglas fir/western hemlock stands, cedar-hemlock
stands and cool 4bies stream bottoms.

Leptogium subtile (Schrad.) Torss.

Rarity Type in Idaho: There are no known sites in Idaho. Leptogium subtile is possibly
overlooked and under collected due to its extremely small size.

Distribution: Not regarded as an American species until Goward et al. (1994) accepted L.
subtile. It has been included in north American material by Sierk as L. tenuissimum and L.
perminutum. Widespread, but distribution poorly known.

Growth Form: Tiny foliose lichen with apothecia. Closely appressed to substrate.
Ecology: On rotten or burnt wood, plant debris, rarely on standing trees.

Primary Threat: Logging and associated activities.

Secondary Threats: Livestock grazing, recreation, fire suppression.

Status in Idaho: Not known from Idaho, possibly rare or under-collected; previously collected
specimens that were thought to be L. subtile are actually L. cellulosum.

Management Recommendations: Survey potential habitable sites.

Lobaria hallii (Tuck.) Zahlbr.

Rarity Type in Idaho: Moderate geographic distribution, narrow habitat specificity, small
populations. There are 53 documented sites for Lobaria hallii in Idaho.

Distribution: Alaska to northern California, east to near the Continental Divide in western
Montana. In Europe, Lobaria hallii is only known from Scandinavia and Greenland. In Idaho, L.
hallii is found from Clearwater Co., north to Boundary Co.

Growth Form: Large, loosely appressed foliose lichen with soredia. On boles and branches.
Tends to be smaller and more closely appressed on smaller branches and twigs.

Ecology: Lobaria hallii is frequently found in sheltered, moist riparian forests mainly on mature
Populus balsamifera ssp. trichocarpa. It is associated with Physconia americana, Leptogium
saturninum, Collema curtisporum and Nephroma resupinatum. While L. hallii is almost always
associated with Populus balsamifera ssp. trichocarpa in northern Idaho, it will grow on other
trees and shrubs associated with P. trichocarpa, such as Alnus sp., Acer glabrum, Rhamnus
purshiana, Picea englemannii, and Abies grandis. It has been found on rock once in northern
Idaho. Elevation range in northern Idaho was 480 to1120 m.

Primary Threat: Dams and water diversions.

Secondary Threats: Agricultural activities, grazing, mining, logging and associated activities,
recreation, fire suppression, and air pollution.

Status in Idaho: Recognized as a species of concern in Idaho and rare worldwide.
Management Recommendations: Damming rivers and draining floodplains for farming are
deleterious to riparian forests containing black cottonwood. While riparian forests are protected
through local, state and federal laws, there is a large and growing body of evidence showing that
black cottonwood forests can only be maintained through natural flood regimes and special
attention should be given to water release timing from dams based on natural cycles rather than
human needs or convenience. Because cottonwood forests in wetlands are vulnerable to a variety
of human induced impacts, Lobaria hallii should still be considered at risk in Idaho. We
recommend changing the state listing of L. hallii to G4, S3.
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Lobaria pulmonaria (L.) Hoffm.

Rarity Type in Idaho: Wide geographic range, moderate habitat specificity (moist forests,
upland and riparian), and large population sizes.

Distribution: Alaska to central California and inland to western Montana. Lobaria pulmonaria
is found throughout northern Idaho.

Growth Form: Large loosely appressed foliose lichen with soredia. On boles and branches of
trees and large shrubs.

Ecology: Lobaria pulmonaria is found in moist low to mid-elevation forests in areas with strong
coastal influence. It is frequent west of the Cascades, but uncommon to rare in most areas east of
the Cascades, except for northern Idaho where it can be frequent in riparian areas. In northern
Idaho L. pulmonaria was most abundant along the Lochsa and Selway Rivers on Thuja plicata.
It is also common in Populus balsamifera ssp. trichocarpa floodplain forests and in Thuja
plicata/ Alnus rubra stands along the North Fork of the Clearwater River. Elevations at the sites
of occurrence in northern Idaho range from 360 to 1370 m.

Primary Threat: Urbanization and development.

Secondary Threats: Logging and associated activities, air pollution, dams and water diversion,
agricultural activities, mining.

Status in Idaho: Can be locally abundant along riparian corridors.

Management recommendations: Although no state listing or special protection is
recommended, this species should be watched, as it has suffered huge declines in Europe.

Menegazzia terebrata (Hoffm.) Massal.

Rarity Type in Idaho: No known records from Idaho.

Distribution: Alaska to California, west Cascades in the PNW. Menegazzia terebrata is a
northern hemisphere species found in Europe, North America, China, Russia and Japan.
Growth Form: Small to medium sized foliose, sorediate lichen. Lobes are hollow. Appressed
and typically on boles of trees and shrubs.

Ecology: Moist oceanic forests, often in riparian areas, especially frequent on A/nus rubra.
Tonsberg et al. (1996) noted that, M. terebrata is saxicolous in inland areas in Scandinavia.
Saxicolous M. terebrata has not been observed in the continental United States.

Primary Threat: Logging and associated activities.

Secondary Threats: Urbanization and development, agricultural activities, dams and water
diversion.

Status in Idaho: Not known in Idaho.

Management Recommendations: No special protection is necessary in Idaho at this time.
Survey in potential habitable sites, i.e. swampy A/nus rubra forests.

Physcia semipinnata (Gmel.) Moberg

Rarity Type in Idaho: No reports for I[daho. Small and possibly overlooked.

Distribution: North America west and east, north to BC and south to New Mexico. Western
Eurasia and India. The quality of information is compromised by the confusion of P.
semipinnata with other species with similar appearance, such as P. tenella.

Growth Form: Small lichen with apothecia and marginal cilia. Lobes appressed or ascending.
On bark.

Ecology: Most commonly found in low moist forests, on conifers, especially near streams, or
lakes in the PNW. In Fennoscandia, Physcia semipinnata occurs on eutrophic bark of deciduous
trees in well-lit habitats influenced by humans.

Primary threat: Too little information to assess threats.

Secondary threats: Logging and associated activities, urbanization and development.

Status in Idaho: Not yet recorded from Idaho.
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Management Recommendations: No special protection is necessary in Idaho at this time.
Possibly more surveys are needed.

Physconia americana Essl.

Rarity Type in Idaho: Moderate geographic range, narrow habitat specificity, moderate
population size. There are 39 documented sites in Idaho.

Distribution: Common west of the Cascades in broad agricultural valleys and valley fringe.
Widespread and occasional in northern Idaho and Rockies on Populus balsamifera ssp.
trichocarpa.

Growth Form: Medium sized lichen with apothecia and pruinose upper surface. Closely
appressed on boles and branches.

Ecology: Frequently found in northern Idaho on Populus balsamifera ssp. trichocarpa with
Lobaria hallii, Collema furfuraceum, C. curtisporum, Lobaria pulmonaria, Nephroma
resupinatum. Elevation range in northern Idaho is 334 to 1250 m.

Primary Threat: Dams and water diversions.

Secondary Threats: Agricultural activities, grazing, mining, logging and associated activities,
recreation, fire suppression.

Status in Idaho: Widespread and occasional.

Management Recommendations: Damming rivers and draining floodplains for farming are
deleterious to riparian forests containing black cottonwood. While riparian forests are protected
through local, state and federal laws, there is a large and growing body of evidence showing that
black cottonwood forests can only be maintained through natural flood regimes. Special attention
should be given to water release timing from dams based on natural cycles rather than human
needs or convenience. Physconia americana should be considered for listing similar to the G4,
S3 listing for Lobaria hallii, since P. americana 1s also found mainly on black cottonwood.

Pseudocyphellaria anomala Brodo & Ahti

Rarity Type in Idaho: Narrow geographic distribution, narrow habitat specificity, small
populations. There are six documented sites in Idaho.

Distribution: Alaska to California, west Cascades with rare disjuncts to western Montana. Rare
and widely scattered in northern Idaho.

Growth Form: Large foliose lichen with soredia. Loosely appressed, on boles and branches.
Ecology: Low to mid-elevation moist forests including riparian areas. Rare in northern Idaho. On
Abies bifolia and Abies grandis in northern Idaho and Montana. Elevations in northern Idaho
and Montana range from 760 to1090 m.

Primary Threat: Logging and associated activities.

Secondary Threats: Urbanization, development, and air pollution.

Status in Idaho: Rare in Idaho

Management Recommendations: Pseudocyphellaria anomala is rare east of the Cascades,
although it is common west of the Cascade Range. The nature of its distribution, small widely
scattered populations that aren’t necessarily associated with riparian areas, makes it difficult to
protect. Protect known sites. Survey potential habitat prior to disturbance. We recommend listing
P. anomala as G5, S1.

Pseudocyphellaria anthraspis (Ach.) Magnussen

Rarity Type in Idaho: Narrow geographic distribution confined to the Clearwater River
Drainage, narrow habitat specificity, small to moderate population size. There are 52 documented
sites in Idaho.
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Distribution: Alaska to California with disjuncts into northern Idaho. Generally restricted to
riparian areas in northern Idaho.

Growth Form: Large, loosely appressed foliose lichen with apothecia. On boles and branches.
Ecology: Low to mid-elevation moist forests including riparian areas. Rare in northern Idaho.
Abundant along the Lochsa and Selway Rivers with Lobaria pulmonaria on Thuja plicata and
other conifers. Also on Taxus brevifolia, Alnus rubra, and Rhamnus purshiana. Elevations in
northern Idaho range from 360 to 1035 m.

Primary Threat: Logging and associated activities.

Secondary Threats: Urbanization, development, and air pollution.

Status in Idaho: Locally abundant.

Management recommendations: While P. anthraspis seems to be more locally abundant that
P. anomala, it may be more narrowly distributed. P. anthraspis is not found in Montana, while P.
anomala 1s. We suggest changing the state listing of P. anthraspis to G5, S3, and protecting old
riparian forests in the Lochsa-Selway valleys and tributaries.

Ramalina dilacerata (Hoffm.) Hoff. sens. lat.

Rarity Type in Idaho: Wide geographic range, narrow habitat specificity, large population size.
Distribution: Alaska to California, west of the Cascades, inland to Montana. Circumboreal,
occurring also in Asia and Europe. Widespread in riparian areas of northern Idaho.

Growth Form: Small, shrubby, fruticose lichen with apothecia. Typically on fine branches of
large shrubs and trees.

Ecology: Low elevation riparian forests and shrubs. Mainly in areas with strong oceanic
influence east of the Cascades. Locally common to abundant in moist riparian areas with trees
and shrubs in northern Idaho. Ramalina dilacerata requires well-lit sites near water (Tensberg et
al. 1996). Most sites in Scandinavia seem to be fire free refugia (Tensberg et al. 1996). Most
common substrates in northern Idaho are Alnus and Rhamnus purshiana. Elevation range in
northern Idaho is 360 to 1020 meters.

Primary Threat: Dams and water diversions, possibly fire.

Secondary Threats: Urbanization and development, livestock grazing, mining, agricultural
activities.

Status in Idaho: Frequent in riparian areas in northern Idaho.

Management recommendations: State listing is not needed.

Ramalina obtusata (Am.) Bitt.

Rarity Type in Idaho: No records for R. obtusata in northern Idaho, but records from Swan
Valley, Montana and the Wallowas in Oregon, suggest R. obtusata should be present in northern
Idaho.

Distribution: Widespread but uncommon, in the PNW mainly between the Cascades and the
Rockies. Occurs in boreal regions of Europe and N. America. In Sweden it has a similar range to
Ramalina dilacerata.

Growth Form: Small, shrubby fruticose lichen with soredia. Fenestrate (branches have hollow
spots and are perforated). On twigs.

Ecology: Mostly restricted to Picea twigs in low elevation (approx. 900-1200 m) swamps and
floodplains. Frequently found with Ramalina pollinaria. Ramalina obtusata often grows close to
running water and lakes in areas with ample light and may be associated with fire free refugia
(Tensberg, et al. 1996). Mostly restricted to Picea twigs between the Rocky Mountains and the
Cascades.

Primary threat: Dams and water diversions.

Secondary threats: Logging and associated activities, agricultural activities, livestock grazing.
Status in Idaho: Not recorded from Idaho.
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Management recommendations: No special protection required in Idaho at this time. Survey
potential habitable sites, i.e., bottomland forests with Picea englemannii and standing water in
stream channels, or Lysichitum swamps.

Ramalina pollinaria (Westr.) Ach.

Rarity Type in Idaho: Narrow geographic distribution, narrow habitat specificity, small
populations. Three documented sites in Idaho. Possibly under collected in Idaho.

Distribution: Widespread but uncommon, in the PNW mainly between the Cascades and the
Rockies.

Growth Form: Small shrubby, fruticose lichen with soredia. Not hollow or perforated. On twigs.
Ecology: On conifers, hardwoods and shrubs in swamps and floodplains. Generally in the same
habitats as R. obtusata. Ramalina pollinaria appears to be restricted to the Pend Orielle
subbasin in northern Idaho. Sometimes difficult to separate from R. farinacea without testing for
chemistry.

Primary Threat: Dams and water diversions.

Secondary Threats: Logging and associated activities, agricultural activities, livestock grazing.
Status in Idaho: Rare.

Management Recommendations: More surveys of potential habitable sites, i.e., bottomland
forests. Protect known sites. Consider state listing as G5, S2.

Taxonomic Notes: Ramalina pollinaria generally has flared tips and soralia scattered over the
entire thallus and margins. It can be difficult to separate from R. farinacea in the field. When in
doubt use TLC; R. pollinaria has evernic acid.

Purvis et al. (1992) describes R. pollinaria as having a rather large thallus, up to 5 cm long, and
having nodulose proliferations on the thallus. The habitat for the British version of R. pollinaria
is dry sheltered underhangs of siliceous rock, exposed tree roots and on north or east facing
church walls. While the northern Idaho and the British versions both contain evernic acid, other
evidence suggests that they may not be the same species.

Ramalina subleptocarpha Rundel & Bower

Rarity Type in Idaho: Narrow geographic range, narrow habitat specificity, small population
size. Five documented sites in Idaho.

Distribution: British Columbia to California, on the coast and in the Puget trough. Widely
scattered throughout northern Idaho.

Growth Form: Small to medium sized, shrubby to subpendant, fruticose, sorediate lichen. On
boles branches and twigs of trees and shrubs.

Ecology: West of the Cascades in valley bottoms, ash swamps, and riparian hardwood forests,
occasionally into the foothills, fairly frequent in agricultural and urban areas. Uncommon east of
the Cascades. On Crataegus sp. and Abies grandis in northern Idaho. Elevations ranged from
365 to 810 m for specimens east of the Cascades.

Primary Threat: Urbanization and development.

Secondary Threats: Agricultural activities, mining, dams and water diversions, livestock
grazing.

Status in Idaho: Rare.

Management Recommendations: Ramalina subleptocarpha is common west of the Cascade
Range, in the Willamette-Puget trough, but it appears to be increasingly uncommon to the east of
the Cascades. Protect known sites. Survey potential habitable sites prior to disturbance. Consider
state listing as G5, S2.

Taxonomic Notes: Ramalina subleptocarpha has delaminating, or slit like marginal soralia, and
tends to have wider lobes and palmate branching. However, small specimens from dry areas can
be similar in appearance to PD- R. farinacea. TLC results for ambiguous specimens were not
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always enlightening. It appears that some PD- R. farinacea can have slit like marginal soralia or
that some specimens of R. subleptocarpha either lack zeorin, or have such small amounts of
zeorin that TLC doesn’t pick them up. The latter idea is supported by the fact that most of the
Ramalina 1 tested using TLC were difficult to extract substances from with acetone when
spotting the plate.

Regarding PD- R. farinacea: 11 plots had PD— specimens. Two plots had collections that
belonged to the hyprotocetraric race. The hypoprotocetraric race is generally limited to coastal
regions with maritime influence (Bowler & Rundel 1978). Hypoprotocetraric specimens were
found on Betula papyrifera, with an additional collection from Crataegus douglasii on one of
the plots. Both plots that had the hypoprotocetraric race of R. farinacea have high relative
values for oceanic affinity and low values for suboceanic and continental affinities (from
weighted average ordination).

Ramalina thrausta (Ach.) Nyl

Rarity Type in Idaho: Moderate geographic range, narrow habitat specificity, small populations.
Thirty-six documented sites in Idaho.

Distribution: Boreal North America, south to Oregon and west to Montana. Worldwide R.
thrausta has an incomplete boreal distribution, ranging through parts of Europe, Asia and North
America. In Idaho R. thrausta is found from Idaho County to Bonner County.

Growth Form: Fruticose, fine, pendant, sorediate. On twigs.

Ecology: Sporadic in low elevation moist forests, especially riparian Picea, Abies and Thuja
plicata east of the Cascades. In Idaho it grows in riparian corridors, frequently with Lobaria
pulmonaria, Nephroma resupinatum, and Pseudocyphellaria anthraspis in mixed hardwood and
conifer forests — on Thuja plicata and Picea englemannii branches in narrow canyons, such as
the Lochsa River canyon. Ramalina thrausta has been found in moist sheltered habitats at
timberline and on coastal cliffs in Scandinavia (Tensberg et al 1996). Elevation ranges from 446
to 1240 m in northern Idaho.

Primary Threats: Logging and associated activities, fire.

Secondary Threats: Dams and water diversions, urbanization and development, and air
pollution.

Status in Idaho: Most common in floodplain forests where there are both hardwoods and
conifers.

Management Recommendations: Protect old bottomland conifer forests from fire and logging.
Since R. thrausta is very patchy and probably dispersal limited, maintenance of old conifer
stands in stream-bottoms is important to its survival in Idaho. Consider state listing as G5, S3.

Discussion

Prior to this study, virtually nothing was known about rare riparian lichens in northern Idaho. As
a result of this study, much more is known regarding which species are rare, how they are
distributed, and what habitats they are found in. Many of the target species listed with the Idaho
Conservation Data Center (ICDC) have been considered for changes in both global and state
rankings. We suggest that Collema curtisporum, Lobaria hallii, and Pseudocyphellaria
anthraspis should be down listed, though C. curtisporum and L. hallii should still be regarded as
species of concern.

Collema curtisporum is found only in cottonwood gallery forests with seasonal inundation.
While Lobaria hallii is found fairly frequently in hardwood gaps as well as in riparian areas of
Oregon and Washington, 92% of the specimens collected in Idaho are from riparian forests.
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Pseudocyphellaria anthraspis is locally abundant in areas with oceanic influence, such as the
Lochsa-Selway drainage and the North Fork of the Coeur d’Alene, but is at the easternmost
limits of its range.

Physconia americana, Pseudocyphellaria anomala, Ramalina pollinaria, Ramalina
subleptocarpha, and Ramalina thrausta should be considered for listing. Physconia americana
is found only on large cottonwood in riparian areas. Pseudocyphellaria anomala is rare in
northern Idaho (ten records). Ramalina pollinaria is rare in northern Idaho (three records for
northern Idaho and seven records for northwestern Montana). Ramalina subleptocarpha is rare
in northern Idaho (six records). Ramalina thrausta is locally abundant in riparian areas with
oceanic influence, but isn’t common otherwise and is thought to be dispersal limited

The target species Leptogium subtile, Menegazzia terebrata, Hypogymnia oceanica, and
Ramalina obtusata were not found during the study. It is probable that M. terebrata and H.
oceanica do not exist east of the Cascade crest in the United States. Taxonomic work done on
tiny Leptogium (Jergenson and Tensberg 1999) refined the species descriptions so that specimens
previously identified as L. subtile no longer fit the species concept. At this point, true L. subtile
has not been found in northern Idaho. Ramalina obtusata has been found in the surrounding
area, but hasn’t been found in Idaho, which is troubling since R. obtusata is found in riparian
forests. It isn’t clear why it wasn’t found in the course of this study. It is possible that sampling
of Lysichitum-conifer swamps and old Picea dominated floodplains is needed to establish the
presence or absence of this species in Idaho.

Collema occultatum, Nephroma laevigatum, Phaeophyscia hirtella, Phaeophyscia ciliata, and
Leptogium cellulosum are all new records for Idaho. With the exception of N. laevigatum, all of
the new records are for extremely small (a few millimeters in diameter) species that were found
on cottonwood. Collema occultatum is the smallest of the group (~3mm diameter), and its
distribution is uncertain. Phaeophyscia ciliata is rare in Idaho, but common in Utah and
Colorado. Phaeophyscia hirtella is rare in Idaho, but common in the northeastern United States.
Leptogium cellulosum is recently described for the PNW and more finds throughout the PNW
undoubtedly will be forthcoming.

Lichen communities varied strongly among different regions of northern Idaho. Communities
differed in lichen species richness, total number of species and climatic affinities. The strongest
differences in lichen community composition were regional (A= 0.37 from MRPP), followed by
community differences related to basal area in hardwoods (A=0.07), and differences in
floodplain cross-section type (A=0.05).

Average species richness per plot is higher in riparian forests than it is for the region as a whole.
Neitlich and Rosentreter (2000) show the southwestern corner of the panhandle (Region 1) as
being part of the Great Plains Palouse Dry Steppe Physiographic Region, while most of the
panhandle is in the Northern Rocky Mountain Forest-Steppe-Coniferous Forest-Alpine Meadow
physiographic region. For the portion of the region that is in the Northern Rocky Mountain
Forest-Steppe-Coniferous Forest-Alpine Meadow physiographic region as a whole, average
species richness per plot was about 12 species per plot, while in this study (riparian forest only)
the average richness was about 33 species per plot. Lichen species richness for the entire Great
Plains Palouse Dry Steppe was also about 12 species per plot, while average species richness per
plot in this study was 21 species per plot.

Species richness and total number of species were lowest in the southwest part of the study area,
which was much drier than the rest of the panhandle (Region 1). This area included the edge of
the Palouse, from Lewiston south to Whitebird, which included the Salmon River and main fork
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of the Clearwater River. The low species richness may reflect environmental conditions that are
less hospitable to lichens than the conditions found in the other regions, such as low humidity,
more temperature extremes, and less precipitation. This was the driest, most continental region
with the lowest average elevation, and had the most species with continental affinity. The
prominence of continental species in the Lewiston- Salmon area, combined with fewer oceanic
species within this area, may reflect physiographic differences from the rest of northern Idaho
(Neitlich and Rosentreter 2000). Hardwoods in this region include a relatively larger number of
Celtis and Robinia than the other regions. It is difficult to tease out the potential effects of
nitrogen pollution and climatic stress tolerance in this region. It is characterized by harsh
conditions, relatively open dry areas, and relatively high continental values, and is also
agricultural. It is possible that lichen communities in this area have been altered by N-
enrichment from wheat farms and livestock, as well as by pollutants from a paper pulp mill at
Lewiston (Geiser 2001, Hoffman 1974).

The area northeast of Wallace, along the North Fork of the Coeur d’Alene (Region 8) had
relatively low regional (gamma) diversity and little differentiation among plots (beta diversity).
Plots in this region may have had more homogenous elevations and vegetation than the other
regions. While heavy metal pollution resulting from the operations of a zinc and lead smelter
near Kellogg has had profound effects on both the river and human inhabitants, studies haven’t
shown much impact outside of a ten-mile radius of the smelter (Reece et al. 1978, Rabe & Bauer
1977, Ragaini et al. 1977). There have been no formal studies using lichens as bioindicators for
heavy metal pollution in the Coeur d’Alene area, and since the smelter shut down in 1982, lead
and zinc as air pollutants are not a large concern, although contaminated sediments entering Lake
Coeur d’Alene are of great concern (La Force et al. 1998).

Plots with the most oceanic species were concentrated at mid-elevations along the Lochsa and
Selway Rivers, as well as the North Fork of the Clearwater (Regions 3,5). The Clearwater
Drainage has relatively high numbers of oceanic species, which most likely reflect milder, wetter
conditions and possibly its history as a glacial refugium. The Clearwater and Lochsa River are
known for vascular plants that are coastal disjuncts. Fuscopannaria pacifica and Sphaeophorus
globosus, are oceanic species found on the Clearwater and the Lochsa.

Plots with the most suboceanic species tended to occur at higher elevations, along the east side of
the panhandle, which is the Bitterroot Range. This regional pattern probably results from
orographic precipitation along the west slope of the mountains.

Although the streams within regions were divided into three different stream order classes
according to size and position, neither the size of the stream nor the valley was as important as
the substrate available to the lichens. The reasons why there were no pronounced differences in
lichen communities among stream or valley classes aren’t clear. Climatic differences such as the
amount, timing, and duration of annual rainfall, and temperature extremes may have more
influence on lichen communities than either the size of the stream or the size of the valley. For
example, light duration can vary greatly depending on the topographic orientation of the valley or
canyon. Another possibility is that large valley bottom rivers have an influence on lichen
communities within their entire drainage area, so that all stream classes within a large drainage
are more similar to each other than to like stream classes in other regions.

There were differences in lichen communities for different stream floodplain cross-section types.
Streams with no floodplain had lichen communities that one would expect to find on conifers,
including species such as Bryoria fremontii and Letharia vulpina, as well as some that seem to
prefer mixed canopy sites, such as Cetraria canadensis. Two of the lichens associated with plots
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having floodplains on one side, Fuscopannaria pacifica and Sphaerophorus globosus, are
considered uncommon in northern Idaho. The presence of Collema curtisporum as an indicator
species for areas having floodplains on both sides suggests that there is something about
floodplain forests or cottonwoods that it requires. Many cottonwoods that were not in floodplain
forests were examined during our travels, and these trees did not have C. curtisporum.

While C. curtisporum is an indicator of areas having floodplains on both sides, it is not an
indicator of high basal area in hardwoods. Species that were indicators of forests with high basal
area values for hardwoods tended to be nitrogen-loving species such as Xanthoria fallax and X.
fulva. Bark chemistry, specifically enhanced nitrogen, of hardwoods may have an effect on
lichen community composition (Goward and Arsenault 2000, Rhodes 1995, McCune 1982) as
can other bark characteristics, such as sloughing and texture (Kenkel and Bradfield 1981).
Indicators for forests with relatively high percentages in basal area in conifers included
Pseudocyphellaria anthraspis and another lichen of concern in the PNW, Bryoria tortuosa. The
remainder of species listed in Table 2.5¢, are common on conifers in upland sites (personal
observation).

Much work regarding rare lichens in the riparian forests of northern Idaho remains to be done.
For example, more taxonomic work could be done regarding the Ramalina farinacea complex
and Ramalina pollinaria. Molecular studies to determine whether the European R. pollinaria is
genetically the same as its North American counterpart would be useful in conservation. In the
case of C. curtisporum with the widely disjunct populations and relatively small North American
population, molecular work assessing its similarity to populations in Europe could be extremely
important to its conservation.

Studying the effects of natural flood cycles compared to the flood events on dammed rivers is
important not only in the conservation of lichens, but to the forests themselves and river health.
Idaho is bound to increase in population, making environmental monitoring extremely important
in providing information essential for maintaining natural systems. Natural systems should be
maintained, not only for conservation, but for quality of all life. Lichens should be included as
an economical and ecologically important component of ecosystem monitoring,
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Abstract

Collema curtisporum Degel. is an epiphytic lichen with disjunct populations in the Pacific
Northwest and Scandinavia. Prior to this study, C. curtisporum was considered rare in northern
Idaho. Riparian forests of the Idaho Panhandle were searched for Collema curtisporum during
the summer of 1999. Collema curtisporum occurred on twenty-one of the eighty-one 0.4 ha
plots surveyed in the study area. Additional information on locations of C. curtisporum was
gathered through herbarium and literature searches. The core distribution of C. curtisporum in
North America is riparian forests in northern Idaho. Collema curtisporum is found most
frequently on large Populus balsamifera ssp. trichocarpa (black cottonwood) in frequently
inundated floodplains. The primary threat to C. curtisporum is loss of habitat through loss of
natural flood cycles, which facilitate the regeneration of riparian cottonwood forests.

Introduction

The lichen, Collema curtisporum Degel., has a disjunct distribution consisting of European
populations and populations in the Pacific Northwest (PNW) of the United States. The European
populations occur in Sweden, Finland, and Norway with one report from Austria and another
from Italy (Toosberg et al. 1996). In the PNW, most of the populations occur between the
Cascade Range and the continental divide in Washington, Oregon, Idaho, and Montana, with one
report from the Alaskan peninsula.

When this study was initiated, the state of Idaho considered C. curtisporum a priority 1 species,
meaning that there are 5 or fewer documented occurrences in the state. Collema curtisporum
was globally ranked by the Idaho Conservation Data Center (ICDC) as G1, meaning that there
are 5 or fewer known occurrences worldwide.

Collema curtisporum is ranked by the Idaho Bureau of Land Management (BLM) as a sensitive
species, which are either under status review by the United States Fish and Wildlife Service
(USFWS), or with numbers declining so rapidly that federal listing may become necessary, or
with typically small and widely dispersed populations, or inhabiting refugia, or other specialized
unique habitats (BLM 1988). The United States Forest Service (USFS) considers C. curtisporum
a sensitive species in Region 1. United States Forest Service sensitive species are those that have
been determined by the Regional Forester for which viability is a concern, as evidenced by
significant current or predicted downward trends (USFS 1995). The Natural Heritage Program in
Oregon and Montana consider Collema curtisporum rare. It is not listed in Washington, though
the type specimen for North America is from Washington, near Goldendale. Collema
curtisporum is endangered in Sweden, Finland and Norway.

The objectives of this project were to understand the extent and number of the populations found
in northern Idaho, gather information on site characteristics and vegetation where it was found,
visit areas where C. curtisporum is known to occur, and locate additional populations through
fieldwork and contacting herbaria. Based on this information, we summarize the distribution and
abundance of the species, and describe management problems associated with it.

Methods
Collections were searched online using the Lichen Information System for European specimens
and for specimens outside the PNW (http//lis.freeweb.supereva.it/environ.htm?p). Local

herbaria were searched on site, these included Oregon State University and B. McCune's
research herbaria. We also checked collections at the University of Washington, University of
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British Columbia, Smithsonian, University of Colorado at Boulder, the British Museum of
Natural History, University of Helsinki, and the University of Idaho herbaria. Regional experts
(Doyle Anderegg, Bruce McCune, Roger Rosentreter, Trevor Goward, John Davis, Ann DeBolt,
and Peter Neitlich) sent information from personal collections via E-mail. We compiled two
databases: an historic database, which includes all known records of C. curtisporum in North
America as well as European records, and a database including all of the information collected
during our 1999 surveys. The databases are in Microsoft Access Version 2.00 (Microsoft
Corporation 1989-1994).

Collema curtisporum was studied in conjunction with a larger project that included a suite of 17
rare lichens known or suspected to occur in riparian forests of northern Idaho that had a
hardwood component of alder, birch, or cottonwood. The study area encompassed all of Idaho
north of the latitude 45 degrees 45 minutes. This included the area north of Whitebird (from the
Salmon River) to the Canadian Border, bordered by Washington on the west and Montana on the
east.

The area was stratified into nine geographic regions with three stream order classes and three
replicates in each stream order class in each region. This yielded eighty-one plots. Plot selection
criteria were developed to allow for sampling of most riparian forests that had a hardwood
component and to allow for a selection of sites that would be scattered throughout the region
rather than clumped in one area. Field sampling followed the Forest Health Monitoring Protocol
(McClune, et al. 1997) with the exception that the plot was a flexibly-shaped polygon of
approximately 4000 square meters. Tree ages were not taken, due to the indistinct rings in black
cottonwood. Tree life stages were recorded by growth form instead. If the tree had a flexible
main stem, it was determined to be a sapling, if the top was still growing and had few dead
branches, it was determined to be mid-seral, and if it had dead limbs in the upper quarter, it was
determined to be late-seral. For a more detailed description of field and data analysis methods,
see Hutchinson and McCune (2000).

Species Description. Collema curtisporum (jelly lichen or short-spored jelly lichen) is a
nitrogen- fixing cyanolichen found in riparian forests. The thallus is foliose to 2(4) cm broad,
color olive green to blackish when wet or dry, gelatinous and somewhat transparent when wet,
small with broadly rounded lobes, isidia and soredia lacking, but pustulate (bumpy) and ridged;
apothecia 0.5 to 1.5 mm diameter when moist; spores 4-celled (sometimes 5 or 6-celled), 20-40
pum long x (2.5) 3-4. pum wide, with bluntly tapered ends, slightly thicker in the center than at the
ends, often slightly curved to somewhat flexuose and colorless (Degelius 1954).

In the PNW, Collema nigrescens is virtually identical to C. curtisporum in outward appearance.
The definitive difference is that C. curtisporum has very short narrow spores as compared to C.
nigrescens (Goward et al 1994, McCune and Geiser 1997, Degelius 1954). In addition, the
thallus of C. curtisporum is slightly darker and thinner (65-106 pm when moist) than that of C.
nigrescens, which is 90-150 pm thick when moist (Degelius 1954, 1974).

Results and Discussion

Distribution and Habitat. Outside the Pacific Northwest (PNW), Collema curtisporum is known
only from Sweden, Finland, Norway, Italy, and possibly Austria (see Degelius 1974). All of the
European locations cited by Degelius (1954) were in the high mountains. Three of the locations
were near waterfalls or rapids, and were very moist places. Degelius (1954) determined C.
curtisporum to be a rare species and noted that it was sparse in its localities. A more recent
review (Tensberg, et al. 1996) noted that the highest regional abundance in Europe is probably
Jokkmokk, in northern Sweden, which has 50 known localities., Tensberg et al. (1996) also noted
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that C. curtisporum was found in very moist places. In Jokkmokk, C. curtisporum grows
exclusively on Populus tremula. Associated epiphytic species for the European collections were
Collema furfuraceum, Leptogium saturninum, Lobaria pulmonaria, Pannaria conoplea,
Parmelia sulcata, and Physcia aipolia. Crustose associates included Caloplaca cerina and
Ochrolechia pallescens.

In the PNW, C. curtisporum is found between the Cascade Mountains and the Continental
Divide, south of the U.S.- Canadian border and north of the Snake River Plain, with an additional
population at the Alaskan Peninsula National Wildlife Refuge. Most of the material found during
the 1999 field season came from the northern part of the Idaho panhandle, along the St. Maries
River starting near Clarkia, and north throughout the Coeur d'Alene drainage. We, and others,
have found Collema curtisporum as far north as Priest Lake in Idaho and others have found it in
Glacier National Park in Montana, in the continental United States. No populations of C.
curtisporum have been verified from British Columbia, as none of the potential specimens have
had apothecia bearing spores (Trevor Goward, pers. comm.). Almost certainly, however, it will
be found in southern British Columbia.

Collema curtisporum has been collected in Oregon east of the Cascades; twice in the Wallowa
Mountains, once in Jefferson County near Sisters, and once in Linn County. The type specimen
for North America was taken on the east side of the Cascades near Goldendale, Washington.
Additional collections were taken from extreme eastern Washington, southwest of Priest Lake,
Idaho in Pend Oreille County. Ten collections have been made in western Montana, one
collection from the Alaskan peninsula, and 24 collections from northern Idaho. "Collections" are
specimens collected by individuals regardless of whether the location has been collected from
repeatedly. For example, two different collection numbers from the same area by the same
person are considered two collections. Many of the collections from Norway come from the
same locale. The same is true of the North American collections. See Table 3.1 for descriptions
of all known sites.

In the PNW, C. curtisporum is most frequent on Populus balsamifera ssp. trichocarpa in
riparian forests known to experience occasional flooding. Collema curtisporum has been found
in a Pinus ponderosa-Quercus garryana stand, on a Populus sp., and once on Pseudotsuga
menziesii, by others. However, Collema curtisporum is almost always found on black
cottonwood, or on trees and shrubs growing with black cottonwood.

Its core distribution, in North America, appears to be riparian forests at mid to high elevations in
northern Idaho (McCune and Goward 1995, McCune and Rosentreter 1998). Elevations for the
Idaho sites at which we, and others, have found the species range from 629 meters to 1114
meters. The range of C. curtisporum extends into eastern Washington, central and northeastern
Oregon, and western Montana (McCune and Geiser 1997) where it possibly has an affinity for
higher elevations (greater than 900 meters, but less than 1500 meters. The location for C.
curtisporum in Alaska is anomalous at 30 meters. However, all of these sites have Populus
balsamifera ssp. trichocarpa (black cottonwood) present.

Several other riparian lichen species frequently found with C. curtisporum are Collema
furfuraceum, Leptogium saturninum, and Lobaria hallii (McCune and Geiser, 1997). During the
1999 summer field season, we found Collema furfuraceum and L. saturninum on a variety of
hardwood trees and shrubs. We found that Lobaria hallii was more common in riparian forests
that had black cottonwoods, but was found on conifers and shrubs associated with black
cottonwood.
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Stand Characteristics. Prior to our summer 1999 fieldwork, we contacted botanists familiar with
the Idaho panhandle regarding possible vascular plants that might indicate appropriate habitat for
C. curtisporum. One list consisted of species that might be associated with a particular wetland
type. For example, Lysichitum americanum tends to be found in wooded wetlands, while Typha
latifolia tends to be found in standing water in disturbed areas (Guard, 1995). Tree and tree-like
shrubs were included on the list, as well as the following vascular plants: Gymnocarpium
dryopteris, Lysichitum americanum, Sphagnum (almost 100% or with vascular plants ), Nuphar
polysephalum, Polygonum amphibium, Typha latifolia, Scirpus sp., misc. aquatic plants, and
Menziesia ferruginea. Gymnocarpium dryopteris and Menziesia ferruginea were present at
many of the survey sites, and not always found on the sites with C. curtisporum. There was no
association between any of the indicator species and C. curtisporum that would allow us to
predict the presence of C. curtisporum on the basis of the presence or absence of the wetland
indicator species.

Flood disturbance is important in the establishment of cottonwood seedlings, and there are many
disturbances, human and otherwise in riparian zones. Another list consisted of vascular plants
that should indicate disturbance: Senecio jacobea, Centaurea solstitialis, Tanacetum vulgare,
Poa pratensis, Phleum pratensis, Centaurea maculosa, and Bromus inermis. Centaurea
maculosa was found on almost every site we surveyed.

Most of the stands that we sampled in northern Idaho with C. curtisporum (84%) had both
conifers and hardwoods. All of the stands with C. curtisporum had black cottonwood, and all had
trees that were primarily in the mid-seral growth form, which meant that the top was still
growing, but had a few dead branches. The average of the most typical dbh for black
cottonwoods on plot with C. curtisporum was 51 cm (20"). The largest average dbh was 106 cm
(42") for black cottonwoods on plots with C. curtisporum. The average of the most typical dbh
for conifers on plots with C. curtisporum was 29 cm (11.6"). The average largest dbh was 54 cm
(21.6") for conifers on plots with C. curtisporum. The average canopy cover was 24% for plots
with C. curtisporum. The average relative basal area for hardwoods on plots with C.
curtisporum was 53%. The average relative basal area for conifers was 22% on plots with C.
curtisporum.

Associated trees in the PNW include: Populus balsamifera ssp. trichocarpa, Abies grandis, and
Picea engelmannii. Epiphytic macrolichens that commonly grow with C. curtisporum include:
Collema furfuraceum, Leptogium saturninum, Lobaria pulmonaria, Lobaria hallii, Nephroma
resupinatum, Nephroma helveticum, and Physconia americana.

Disturbance history. Disturbance may playa role in the establishment of C. curtisporum.
Collema curtisporum grows exclusively on Populus tremula in Sweden (Tonsberg et al. 1996).
The abundance of P. tremula is probably the result of stand-replacing fires and the richer
populations of C. curtisporum in Sweden were found in areas that had fires (Tensberg, et al.
1996).

Cottonwood (Populus balsamifera ssp. trichocarpa) galleries are composed of crescent-shaped
bands of different aged trees, the youngest usually being closest to the river and the oldest being
the farthest from the river, but still on the floodplain. Black cottonwoods establish on riverbanks
where silt has been recently deposited (Rood and Mahoney 1993, Rood, et al. 1994). It is
possible that there is a correlation between the presence of C. curtisporum and occasional
flooding within the black cottonwood gallery forests of Idaho, though no direct measurement of
seasonal flooding was made during our 1999 survey (Hutchinson and McCune 2000). Collema
curtisporum is associated with rivers that have floodplains on both sides (Indicator Species
Analysis, p = 0.085 from a Monte Carlo Test). It is likely that forests on broad floodplains have
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longer periods of inundation during spring flooding than forests found on other floodplain
cross-section types, and maintain higher water tables than forests with other cross-section types.
Rivers with floodplains on one side also had approximately twice the average basal area in
cottonwoods of rivers with floodplains on both sides and about three times the average basal area
of rivers with no floodplain. It may be C. curtisporum is associated with rivers on both sides
simply because cottonwoods have a greater presence there, or because the microclimate found in
riparian forests on broad floodplains is moister and C. curtisporum is possibly most successful in
moist microclimates.

Is the species rare? Whether a species is considered rare depends on how one defines “rare.”
According to the Idaho Conservation Data Center (ICDC), five or less documented occurrences
are considered critically imperiled. From our fieldwork and other documented occurrences, we
now know that there are 25 reports of C. curtisporum in Idaho. This would be considered rare,
but not immediately threatened by the ICDC. If one considers the species in terms of
Rabinowitz's seven forms of rarity (1981), C. curtisporum can be considered widespread with
narrow habitat specificity and small population size in northern Idaho. For northern Idaho,
within the area from the St. Maries River, western half of the St. Joe, along the Coeur d'Alene
River, north to Hayden Lake, east to Pritchard and in the Clark Fork delta, C. curtisporum is
fairly frequent within black cottonwood gallery forests (Figure 3.1). However, the species in
northern Idaho is apparently restricted to floodplains with black cottonwood, and occurred in
only 23% of the plots, though 79% of the plots supported black cottonwood. These Idaho
populations form the core of the species range in North America. The risk of extinction in Idaho
and the PNW is fairly low, given the recognition of the ecological value of riparian areas
(Kauffinan, et al. 2001, Gregory, et al.1991), wetland laws (Lewis, et al. 1995, Gregory 1997),
and forest practice rules (FEMAT, 1993). However, the species should remain ranked with the
ICDC because of its narrow habitat specificity and relatively low number of known occurrences.
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Figure 3.1. Collema curtisporum locations in northern Idaho and the surrounding

56



Is the species important? Collema curtisporum could be an important indicator of the health of
riparian gallery forests. In the PNW, Collema curtisporum has been found only on mid- to
late-seral black cottonwood in seasonally inundated floodplains east of the Cascades, which
suggests that C. curtisporum may indicate the presence of natural fluvial processes that lead to
the formation of the black cottonwood floodplain forests. The Idaho populations are
taxonomically important because they form the core of the global distribution in North America.
Disjunct populations are likely to be genetically distinct, possibly diverging toward separate
species (Kruckeberg and Rabinowitz 1985). Collema curtisporum undoubtedly contributes some
nitrogen to the system, although it is small and contributes little biomass to the riparian forest
system. The importance of unstratified lichens as nitrogen-fixers in riparian forest ecosystems
(or any ecosystem) is largely unstudied. Cyanolichens are known to be sensitive to air pollution,
primarily sulfur dioxide (Hutchinson et al. 1996, Denison et al. 1977). Collema furfuraceum
(which, like C. curtisporum, is in the nigrescens taxonomic group) is considered sensitive to air
pollution in the PNW (Hutchinson et al. 1996, Geiser and McCune 1997). Heavy metals
especially lead and zinc are also extremely toxic to lichens in general (Nieboer et al. 1978).

Nonvascular epiphytes “see” the environment differently than vascular plants (McCune & Antos
1982, Rhoades 1995), because they are less protected by complex tissues and organs. They lack
the protective waxy cuticle of vascular plant species, for example. Recent and ongoing research
is revealing a strong connection between riparian forests and the nitrogen-fixing species or
cyanolichens (Rosso 2000, Sillett & Neitlich 1996), some of which are of primary importance in
the President's Forest Plan. Nonvascular species are also the proverbial canary in the coalmine,
in that they are sensitive detectors of environmental quality, particularly of air quality .

Status summary and management recommendations. Collema curtisporum in northern Idaho is
primarily associated with black cottonwood on rivers with floodplains on both sides. While
humidity from stream run-off may create good conditions for C. curtisporum, conservation of C.
curtisporum depends on primarily on healthy riparian forests with black cottonwood. It is
reasonable to manage for maintenance of mature black cottonwood stands and clean air, rather
than to manage C. curtisporum as a single species.

A large and growing body of evidence shows that black cottonwood forests can be maintained
only through natural flood regimes (Rood & Mahoney 1993, Rood et al. 1994). Special attention
should be given to water release timing from dams based on natural cycles rather than human
needs or convenience. While dams may temporarily favor old growth black cottonwoods,
regeneration is extremely reduced without natural flood regimes. Removal of any dams that are
not profoundly essential to the comfort and well being of a large number of PNW residents
would be beneficial for regeneration of black cottonwood galleries, consequently providing
future habitat for C. curtisporum.

Riparian forests are important in other ways besides habitat for plants and lichens. Riparian
forests act as the link between terrestrial and aquatic habitats. Nutrients are taken up by riparian
vegetation and stored for slow release, versus the pulses of organic matter and nutrients that
would occur without it. Riparian forests not only store nutrients and stop erosion, they also slow
river speed where the water contacts the forest. Slower water speeds at peak flow can greatly
decrease the negative effects of flooding, such as bank erosion. Riparian forests provide shading,
which acts to cool water, and large woody debris creates both aquatic and terrestrial habitats for
wildlife (Gregory, et al. 1991, Kauffman et al. 2001). Cooler water with less nutrients in
solution, adds up to water with a higher oxygen holding capacity than warm nutrient rich water
(Gilliam 1994). As any trout fisherman can tell you, fish like well oxygenated water with cover,
where they don't have to work hard to feed. Salmon fishermen will tell you that salmon like
much the same, though salmon use well-oxygenated pools more for holding (rest) than they do

57



for feeding. More than 90% of documented extinction or declines of salmon stocks in the PNW
have been associated with habitat degradation (Gregory and Bisson 1997). Habitat alteration
occurs on both short-term, localized scales and on long-term large scales. Habitat can be
destroyed through diking, filling, land draining, channelization and stream rerouting, all of which
also destroy cottonwood floodplain forests. Salmon habitat alteration is based on the destruction
of riparian and floodplain forests, which include loss of pools, large woody debris, side channels
and other lateral habitats or floodplains. Alteration of ecosystem processes, such as hydrologic
regimes, delivery of sediment and thermal loading, and structure, may influence habitat
conditions over large areas for long periods of time.

We recommend the following actions to help minimize the need for future listing of Collema
curtisporum under the Endangered Species Act:

1. Ban or restrict urban and residential growth within the 100-year floodplain.

2. Restrict firewood cutting within the riparian corridor to encourage large diameter black
cottonwood and conifers.

3. Impose heavy fines on industrial pollution. Examples are air pollution from smelters and
coal-fed power plants, and water pollution from paper mills and mining activities.

4. Encourage the growth of cottonwood galleries as a method of reducing flood impacts. This
can be done using agricultural incentives, such as compensation for maintaining riverbanks
using natural vegetation such as black cottonwood.

5. Allow flooding and other natural disturbances within the northern Idaho river systems to
occur and thus encourage black cottonwood communities at all stand ages.

6. Discourage diking, channelization, and draining of wetlands in favor of alternative less
destructive uses for the land.

7. Avoid mitigation (which is basically a manmade wetland that "replaces" the natural
wetland) in favor of maintaining natural wetlands whenever possible.

8. Educate the public on using natural flood control and promote the idea that healthy
riparian zones are important in maintaining quality of life for humans as well as native
plants and wildlife.

9. Establish long term monitoring sites:
a. To determine whether or not C. curtisporum can persist as old overstory cottonwoods
die and are replaced by other species.
b. To determine whether there is predation on C. curtisporum.
c. To determine whether populations of C. curtisporum change with variations in climate.

Possible monitoring sites.

1. St. Maries River south of the town of St. Maries along Saint Maries River Road. This area is
near the confluence of the St. Maries River and the St. Joe River. There are stands of very large
old cottonwoods that are subject to flooding which are on state land. A small parcel of land
closer to St. Maries is accessible by boat and is BLM land (T46N, R2W, section 2) that might
also be appropriate.
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2. The St. Joe River, from east of Calder to Avery, has small parcels of BLM land that might be
suitable monitoring areas. The St. Joe seems like it would be a good candidate for becoming
a wild and scenic river.

3. The Coeur d'Alene National Forest along the North Fork of the Coeur d'Alene River from
Honeysuckle Campground to the confluence of Leiberg Creek with the North Fork of the
Coeur d'Alene is another possible monitoring site. With its long history of mining and
logging, this area could use some administrative designation that would encourage projects to
restore natural stream channels and reduce runoft.

Summary

The objectives of this project were to understand the extent of the populations of the 17 target
species of rare riparian lichens in northern Idaho, and to gather information on site characteristics
and vegetation where the target species were found. We described lichen communities on trees
in riparian forests, particularly Populus balsamifera ssp. trichocarpa (black cottonwood) forests.

The climatic affinities of lichen communities vary geographically and with respect to elevation in
northern Idaho. Lichen communities differ strongly among regions in northern Idaho. Lichen
communities also differ among stream cross-section types, and in relation to overstory
compositions as reflected by percentage of basal area in hardwoods.

The Idaho panhandle is floristically diverse not only for vascular plants, but also for epiphytic
lichens. We found 126 epiphytic lichen species in the riparian forests of northern Idaho. Some
species, such as Collema occultatum and Nephroma laevigatum, were new reports for the
region. Many species found on the west side of the Cascades also live in the riparian forests in
northern Idaho. Herbarium searches and fieldwork showed that Pseudocyphellaria anomala is
quite rare in northern Idaho. Pseudocyphellaria anthraspis is locally abundant in the
Lochsa-Selway drainage, but is at the east edge of its range in northern Idaho.

Some target species were not found in northern Idaho, such as Menegazzia terebrata, which is
not known east of the Cascades and Hypogymnia oceanica, which has not been found east of the
Cascades in the U.S.A. Physcia semipinnata, and Leptogium subtile were not found, either
because they are not associated with riparian areas, or perhaps because they are extremely rare
or absent in Idaho. Ramalina obtusata, which has been found in eastern Oregon and western
Montana, remains unreported from northern Idaho and the reasons are unclear. Further sampling
of Lysichitum-conifer swamps and old Picea dominated floodplains is needed to establish the
presence or absence of this species in Idaho.

Collema curtisporum is locally abundant in floodplain forests and is typically found on black
cottonwood, but can also be found on other substrates such as hardwood shrubs and occasionally
conifers. It was found on about 1/4 of the plots in our study. Collema curtisporum should still
be considered rare, though not under immediate threat in northern Idaho. More work is needed
to determine the extent of the C. curtisporum population within the Pacific Northwest, especially
its range limits to the south, north, and west of Idaho. Genetic differences, if any, have yet to be
determined between the populations from Scandinavia and those from the Pacific Northwest.

Land use practices have impacted epiphytic lichen communities by eliminating habitat through
mining, logging, transportation corridors, agricultural practices, and urban/suburban
development, yet northern Idaho has many relatively pristine areas, such as Spion Kop, the St.
Joe River, the Lochsa-Selway drainage and the area surrounding Priest Lake. Vigilance in
protecting natural riparian ecosystems is necessary, as is attention to restoring, or protecting from
further damage, areas that have been already altered by human influences.
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Appendix A
Definitions of Categories used in Table 2.1. Status of Target Species,
Worldwide and in the PNW.

Definitions from IUCN Red List Categories 1994

Criteria for included species:
e Taxonomy, biology and distribution of the species must be understood.
The species must be threatened or extinct on a world-wide scale.
There must be considerable documentation showing that the species is threatened.
The species should be narrowly distributed, or known from a few localities.
The species should not be under-collected.

Red List Categories:
Extinct: there is no reasonable doubt that the last individual has died.

Critically Endangered: a. an observed or suspected reduction of at least 80% over the last 10
years, or a projected reduction of at least 80% in the next ten years.

b. Occupied area estimated to be less than 10 km?’.

c. Population estimated to be less than 250 individuals with a further expected decline.

d. Population estimated to be less than 50 individuals.

e. Qualitative analysis shows that the probability of extinction is at least 50% within 10 years.

Endangered: a. an observed or suspected reduction of at least 50% over the last 10 years, or a
projected reduction of at least 50% in the next ten years.

b. Occupied area estimated to be less than 500 km* and either severely fragmented or known to
exist in 5 locations or less and/or continuing decline is observed or projected.

c. Population estimated to be less than 2500 individuals with a further expected decline where
either the populations are severely fragmented with no subpopulation containing more than 250
individuals or all individuals are in a single subpopulation.

d. Population estimated to be less than 50 individuals.

e. Qualitative analysis shows that the probability of extinction is at least 20% within 20 years.

Vulnerable: a. an observed or suspected reduction of at least 20% over the last 10 years, or a
projected reduction of at least 20% in the next ten years.

b. Occupied area estimated to be less than 2000 km® and either severely fragmented or known to
exist in 10 locations or less and/or continuing decline is observed or projected.

c. Population estimated to be less than 10000 individuals with a further expected decline where
either the populations are severely fragmented with no subpopulation containing more than 250
individuals or all individuals are in a single subpopulation.

d. Population estimated to be less than 10000 individuals or the population is restricted to less
than 100 km’ or in the number of locations (typically less than 5), where the taxon would be
prone to the effects of human activities or chance events whose impacts are increased by human
activities within the foreseeable future, thus capable of becoming Extinct or Critically
Endangered.

e. Qualitative analysis shows that the probability of extinction is at least 10% within 100 years.
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Natural Heritage Program Definitions (from ONHP webpage):
DEFINITIONS

Endangered taxa are those which are in danger of becoming extinct within the foreseeable future
throughout all or a significant portion of their range.

Threatened taxa are those likely to become endangered within the foreseeable future.

LE = Listed Endangered. Taxa listed by the U.S. Fish and Wildlife Service (USFWS) or the
National Marine Fisheries Service (NMFS) as Endangered under the Endangered Species Act
(ESA), or by the Departments of Agriculture (ODA) and Fish and Wildlife (ODFW) of the state
of Oregon under the Oregon Endangered Species Act of 1987 (OESA).

LT = Listed Threatened. Taxa listed by the USFWS, NMFS, ODA, or ODFW as Threatened.

PE = Proposed Endangered. Taxa proposed by the USFWS or NMFS to be listed as Endangered
under the ESA or by ODFW or ODA under the OESA.

PT = Proposed Threatened. Taxa proposed by the USFWS or NMFS to be listed as Threatened
under the ESA or by ODFW or ODA under the OESA.

C = Candidate taxa for which NMFS or USFWS have sufficient information to support a
proposal to list under the ESA, or which is a candidate for listing by the ODA under the OESA.

SoC = Species of Concern. Former USFWS C2 candidates which need additional information in
order to propose as Threatened or Endangered under the ESA. These are species which USFWS
is reviewing for consideration as Candidates for listing under the ESA.

Definitions for the Oregon Natural Heritage Program Lists 1-4

The Oregon Natural Heritage Program Lists (ORNHP) were originally developed by the
California Native Plant Society, and are used in their publications. The criteria for the Heritage
Program lists are as follows:

List 1 contains taxa that are threatened with extinction or presumed to be extinct throughout
their entire range.

List 2 contains taxa that are threatened with extirpation or presumed to be extirpated from the
state of Oregon. These are often peripheral or disjunct species which are of concern when
considering species diversity within Oregon's borders. They can be very significant when
protecting the genetic diversity of a taxon. ORNHP regards extreme rarity as a significant threat
and has included species which are very rare in Oregon on this list.

List 3 contains species for which more information is needed before status can be determined,
but which may be threatened or endangered in Oregon or throughout their range.

List 4 contains taxa which are of conservation concern but are not currently threatened or
endangered. This includes taxa which are very rare but are currently secure, as well as taxa
which are declining in numbers or habitat but are still too common to be proposed as threatened
or endangered. While these taxa currently may not need the same active management attention
as threatened or endangered taxa, they do require continued monitoring.
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Taxa Considered but Rejected contains all taxa deleted from any of the above lists in previous
editions of this booklet. Taxa dropped from the list since the last book (1995) are also included in
the main list.

The Nature Conservancy - Natural Heritage Network Ranks

ORNHP participates in a national system for ranking rare, threatened and endangered species
throughout the world. The system was developed by TNC and is used in Heritage Programs or
Conservation Data Centers (CDCs) in all 50 states, in 4 Canadian provinces, and in 13 Latin
American countries. The ranking is a 1-5 scale, primarily based on the number of known
occurrences, but also including threats, sensitivity, area occupied, and other biological factors. In
this book, the ranks occupy two lines. The top line is the Global Rank and begins with a "G". If
the taxon has a trinomial (a subspecies, variety or recognized race), this is followed by a "T" rank
indicator. A "Q" at the end of this line indicates the taxon has taxonomic questions. The second
line is the State Rank and begins with the letter "S". The ranks are summarized below:

1 = Critically imperiled because of extreme rarity or because it is somehow especially vulnerable
to extinction or extirpation, typically with 5 or fewer occurrences.

2 = Imperiled because of rarity or because other factors demonstrably make it very vulnerable to
extinction (extirpation), typically with 6-20 occurrences.

3 = Rare, uncommon or threatened, but not immediately imperiled, typically with 21-100
occurrences.

4 = Not rare and apparently secure, but with cause for long-term concern, usually with more than
100 occurrences.

5 = Demonstrably widespread, abundant, and secure.

H = Historical Occurrence, formerly part of the native biota with the implied expectation that it
may be rediscovered.

X = Presumed extirpated or extinct.
U = Unknown rank.

? = Not yet ranked, or assigned rank is uncertain.
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Definitions from: Record of Decision for Amendments to Forest Service and Bureau of
Land Management Planning Documents within the Range of the Northern Spotted Owl
(USFS Region 6):

C1= manage known sites

C2= survey prior to activities and manage known sites
C3= conduct extensive surveys and manage sites

C4= conduct general regional surveys

USF'S definitions:

S = Sensitive Species: Taxa that are identified by the Regional Forester for which viability is a
concern, as evidenced by significant current or predicted downward trends in habitat capability
that would reduce a species existing distribution (FS Manual 2670).

BLM definitions:

S=Sensitive Species: Taxa: 1. under status review by US Fish and Wildlife Service/Marine
Fisheries Service, 2. whose numbers are declining so rapidly that federal listing might become
necessary, 3. with typically small and widely dispersed populations, or 4. inhabiting ecological
refugia or other specialized unique habitats (BLM Manual 6840, 9/16/88).
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Appendix B

Plot Locations for Target Species.
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Figure A3. Collema curtisporum locations in northern Idaho and the surrounding
area.

................

A
o

[ 0
[EF RN’ FEEE NN N

------
......

......

............

..........
---------
---------

[ RN ]

73



rthern Idaho only.

ons 11 o

Figure Ad. Collema furfuraceum locati

74



rthern Idaho only.

ons 1n no.

Figure AS. Lobaria hallii locati

L R

75



Figure A6. Lobaria puimonaria in northern Idaho only.
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Figure A7. Physcia semipinnata. One location near Swan Lake in northwestern
Montana.
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Figure A9. Pseudocyphellaria anomala locations in northern Idaho and the
surrounding area.
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Figure A10. Pseudocyphellaria anthraspis locations in northerm Idaho and the
surrounding area.
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Figure All. Ramalina dilacerata locations in northern Idaho only
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Figure A13. Ramalina pollinaria in northern Idaho and the surrounding area.
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Figure Al5. Ramalina thrausta locations in northern Idaho only.
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Appendix C

Relevant Target Species Locations

86



84:0)

(Eg(y e,
07100

0W

0
DO -

0102
odn
0100

o800
DOW
yy
0N

I

GH

08/Z2/9

E6/1/6
TLLTL

667648

8671721

G8/LTI6

£8/9T/L

WG

30t
E6E

onL
1481

BZILIT
£6711

9l

SEQL W XTBISERORY

FrEl6al

$TED

PEEL

SNIeD)

Sfjrqrdg
s|qiuds

ofiquds

FAIRRE0 Y

HMOOW
Laves 4]

s
sypards

nosURSINH
AOUpPODE:
RROUIR0Y
AN

i i)

0s3I1

4%
FLTI

6Lt

)

Ay

O 1 TR
0] 13RI Iy

HaIRH
doremg

993

redpooty

EL U e g

fog

104

LA ')
wimp ayeT

ngTH

Jvd.rad
avdlad

SRl

B[NRE
[pualg
Jodmng pre
dvdldd

dvd1Hd

JvdLad

AVALEA
dvdLae
LILUAS
&.E STy

weang

FRESTI

SRLPLE
CEOELT

9l

FAL

LOILTT

A Joory

FRERY

LIU'Ly
SLELE

FI'8F

S

L6

N

¥ear) vsouupy

Yoo A
H3AD 0]

we( Agq1Tio yinos

BT URMG

WO YT
Bogy v ywnmng

ey
sy ‘sfuudg
ordoIy Fo AN

HEI] RERIOEY
A0 $I913 J0 M
D0 ¥ea4;) wosmyo]
061 [0

£ Ampf oyeT 350y
e aodg Aty
i) ooy

UOPRMrE

posipuL LN
peiRlE BN
o IW
L L 1IN
ey 1IN
TOSSIY I
fmpunog . j
sy [al}
oy I
WIjeoy
g
e |

fuono)  wwg

goonidos a1
woourdes wIeNRD

BloamdYs BB
u[oouKias wLeRa)

s[ooundss ELIRDS)
B[odiples pLIRNY)
ejooides BLIRNS))

osuds BUBKRD

Boamndes BIRDD
FIONIGRE BRI
#oduIdes BLIENS))
ejosuidss BLIEND)

saads

SUONBO0[ sa1dads 1ad1e) JULAS[Y "1V JIqEL

87



0100

o100

o100

oo

0100
o100
0100

dNEY

o103

Tl

g

€186
ObbiL
LESP
98EL
LZ6L
T6LL
168L
Isos
0Z16

FOLG6

ONIIOD)

Anquds

ofqidg

o

sfiiqrds

2Anquds

atiqLedg

SMqudy

Mgy

sghiqudg

% (]

oqliquads

1)

Sog

gog
pROIIRy
foopy
uxg

o N
Huom uag

affeupeap Jo
PE je By

ey 9%

fiog

k| FRIAOH

dvdlag

dvdlag

dvdidg

dvd134d

dvd1ad

dvdlid

dvd1ad

d¥d LA

dvVdLId

dvdlaa

ARLFGRE M TWDF

wary (Bhoig Aspne]
L]

10A] *PATERARM.
FRaw Py

W]
Aqeureg Jo N sw
1 ‘Smpig Baqueg
. BNV Jo (pnog
wa] prny

“FRL) SO0
PO

UISBY ‘PIERIBAL
Y1y Same ]
AR

PRSSAE ‘PRYSII A
¥aa17y Aupang

© ¥pAr) SMofeajy
WAL, PRI
}o21D 0]
L]

S TUENNORY
SI[B5 WHBION,

Sy [ BUOM M e
[EUCTIEN BRI

MopEap] %017 Az
Aoar)y Jo g ury §

NI LLUKL R ]

ujoa]

AE[OMH'

TRl

ufour

ujoany

LG ]

o]

moonzy

L |

pEaEld

Lyunny

1IH

I

IN

LA

ans

jooudas BuE)
wodundes BB
wjoomdss Busa)
wozindos BuNga))
woondas BMeHA)
vjosdes BIEn3)
sjocuidas Bsena)
B[0ou]dos BURERY)
joouidas BHRNS)

Ejooudas spRne)
sty

"PONUNUO0Y ‘SuonRoc] satdads 1a8Ie) Ay 1V 2I9BL

88



a80

J50

J50
‘Ju8

080
‘ays

IS0

DO
Q100

000

L) |

66/ZTIL

66/€L/L

66/TT/L

b6/6/L

B6/¥/L

66/ 1/L

G6/12/L

G/ 1T/L

66/68

amg

1241

| 4¥24 11
o0-£20dil
larAbea il

179011

£ESCH

[41a134
~d1'10
“tEral

I-£ Al

TOLLE
~dd°10
STLldd-

[ F¥4]
all
19L6

CNTIO)

BOSUIGORE

WOSUTYOINH

uosmioH

ORI

UCSUIRINH

TOSUIOINH

TOSIGIRH

UOSUGINH

uosTINE

oEqRssEH
¥ YAMeN

qoy

oyqLids

ned

89

£L9

PIIIT

L% ]

864

LE6

SE8

98L

059

ANT

LAY 1H.L40d
ARy RLIJOd
PM
Aenosesg T.LdOd
puBpam W.L40d
fog THLAOd
¥BI1D TELAOd
AR MHIA0d
DAY MIJOd
Ets) gl nildod
Joysan]
oy ¥
§0~ XIIBG/IS
TV/RIdOd o0 RIEJOd

fog Avdlad

Sog dvdl3d

WqeH Hensqng

- 85911

S§C9LE

BOSIE

E¢Rl

gl

L9

£Eell

§o11

L9l

LTLST

M oo

iy
SIt'iv
£Leov
TEL9t
159F
S00'Ly
§90°LY

CRI'LY

ey

LS

NIT]

soLIwy
18I0 HS VW T

L Y

Jo g o8pud g9t Hgl

DO SIEpaD 1N

D243 PI0D
00 AP,

06/ 10038 38ppE
30168/ 1€ PY

BRI N LY PY

“BIg WINGYFEALFo
suy [ Bl N

§
AmH “wiooegD e f

e

FBUOL) PO TEMN
B[NSUIUA BHERLY
SR Huitmg
“Aaj[BA uBMS

raky yBnoig Aafpng

U]

YEMITag
auosES
N !

IMIEI)

HOEOYS

HoEg

TS

o]

funo)y

I

ai
a1

WiOdSTITS G0
nrruodBne o)
rnzadspms mejo])

wirrodsims suR|e)

tmrodszEND FLES{[00)

winodsping \is[[o;)

wraodsTung HUSoD)

WHIOdSMY FUR[j03

amnjodsyms muafjoy

wnsxdanang eafjo)
#oomdas R
rlosmdas sLRR)

magpads

PANUIIICD ‘SUONBI0] $10ads jo81e) JuBASYY "1V Sqel

89



O

250
a8

JSC

J80

L}

LBILIR

66/51/8

66/£/%

6O/6T/L

BE/TE/L

66/%/8

66/5TL

6G/ST/L

66/PT/L

GO/ST/L
G6/ET/L

66/0E/L

H6/08/L

g

61591

6Tdd

£16CT

LO-TELIT
1£601
Thal
geedl

Liean

£0-726-Cl

£E18C
T18CEH

EZLAI

H-TTLndl

ONIIYD

HANYSIW

el g

HOSTRINH

WIsIRRINH

CUSHRYINH

TOSIGANH

ST

HOSUITgNH

UOSUTO N

WOSURINH

TOSIOINEE

WOSUTYNE

WOSHIEqNH

o

£901

120

live]

8L

)7

£E9

it

4%

09

e
69

§c8

4%}

443

urspdpaopy

uiBrepy axeT

Jaary

LAY

PAYY

HaeH

TdLdOd

RILIOd

AT (00 ]

ALdOd

A.LdO4

BId0d

IO

NEid0d

RELdOd

RLId0d
DEIdOd

1404

™I1dOd

T

E6'STI

113441
£T911

¥t
891t
61971
96511

eI

LE'STI

60911
609[1

£F911

L¥ail

A Buory

giv

8
YISy

L6LLY
TR
SIek
STRLY

9L¥'LY

60L'LY

6ivl
Lt

irl'lt
gELiy

NiF]

LN LARE

HD) MIALRGY JO IO
‘SOB{RM IO N A 1
Lo |

15011 saddpy @ ea ],

O YR JO M
Eank Coaltiiony
.mnm

uspAe yo g saju
£ xoxdde ‘90781

v 89134
FO0J 0 MN

51814
Mg 30 N ZTTH8d

00 JueH -

Big o N 80ZSH

PIEYRHA JO N 1
§ "xoxide ‘g0781 90

D0 Yool Big maN

[T B YR W]

Ao H

X0 Ops3IL 30
>0}
apprsAsuoH Jo g

U0PEIY

anogseys (11
wuog QI
muog Gl

ooy (I
wawoy I
mmog (I

pusio0y  (If

ooy (1

wusiood (i

ooy (1

uUoysOYs 1

rmmjooy (I

LT G |
Hunoy g

wnodsn WRI0)

WodspIn2 Mo

wiodspIRD BRI

wiriodsiang SU|o)
WRIOEIND BUR[0)
WILICHETINS B0y
WRIOdETINS SIIM]0T)y

WRIOAETND SN[

RIOdRTING FUMIOy

WInIdsIUE SURYI0)
WA FURT[0

wiiodsInD BE0)

WIodsTIRD TUR[e) -

saadyg

"PINUTIUO? *SUOIEI0] SIddS 1081e) WBARY "1V qel,

90



o

20N

JON

JON

J0W
20W

380

O

TH

£81L/L

mm_\mn._ﬁ
LLIYTIE
LLeG
T8/ETUL
BLIET/L
D8/9%/L

98/9TIL
PRATHT

S6/1/8

L6/10T9

La/1/6

Heg

TITE

69T

8416

(431

FLET]

8E56

L8%

6%

LN

L9%%

CBOIT

SNIITD

ANNFO

aunop
sun Ry
SN [N
UM
SR PW
yoaq

sogaCl

yofag

IBjAIRESY

Auuag

SUNON

e

066

$L01

¥ré

096
SE6

0301

b1

001

vl

Lyt

0L

AN

uredpool
uruydpoo]q
uekipoa)]
210gsAYE]
ajogsae]

yer

aloqeEy

Bt L |

JHLHHSL
PRI

e 1591 JO
T[0TSO

ursglpooy4

1%EH

Hidod
HELdOd
ML40d

yiegq
iy

N1dOd
NM1dOd

RLLIOI

FALdOd
M140d

yieg snjidod

TE40d

MLIOd

yenigng

LYETT
EREEI

ERELI

L3l
EE0Pi

SE9II

13:8:111

€911

A Booy

£9Rr

[4:¥7 4

Wi

L)
By 8%

L8y

LBY

Ly

N Y

ISARY UBME

N 30R(D) ‘Yaai)y
ueB0] Jo gy

dure)) SN
Id "Rary Uemg

DO 1usEaL] 1] 18N
dN 1315810y

oYU' PRUOCIO

40 pud Jivg

o] TEMS

0

nedo] ‘I BRD
aye

180T *dN WD

a3po'] IR
B 0 N TR

aye
1590 JO P JUON

axe]
181 Mt0d podiL

30 33q17 30 now
29TV P IR N

EOPRIOY

e

preaprely

e

e

prame)q

oy

pexpely

R

peapeLl

IR0

TR0y

fumo)  wmg

LN

5 5

5 § 5§ &

5

al

al

winzodsyme susfEe)

wiraodsging By e)
wruodsms eus[o)
wnandepne enagje;)
wtuodspmd ewapoy
wirodsima SEaf[o)
unsodsiyns ®Ao)

WiNI0dEILIRD BIIHPOD

urodsnane w0y

moods)un suRKo)

WINKHISIHAD B0,

wigodsing aEo;)

sapydg

"pANIIU0D ‘suoneno] sapads 19818 JuwAs)ey TV o[98l

91



250

60

LM

pesl

IW

Hd

‘QIH

66/8 L1 £iRar

66/0tr9  TOrETIFAH

66/5TL  POTERCH

66/¥T/9 £Zldd
69141 F{ k44
96/ 1E/01 214
66/11/8 T65dd
Po/1/8 £ELIT
£96£7
SH/1/0
66/L T FHidd
18/9T/9 8500
nt ONIOD)

GOSEILOIN]

WOSTIINE]
UOSTINE]
OSIIINE]

1003 “H'H

U

uosTIE]

SN

MO
RELIS Y
% UOSUTYRI0E]
uostiIMH

IR0y

o

iR

Lo¥

4%
1§44

065

6EL

0571

949

0RTi
a1

001

AY

ToAly

RArd

1D
wepdpooi

¥oNo
-0did
Poom
PAXIA

M
ugB[dpoold
e 2ary

GETaum sALy
SIOYSaYET

Eue) ANSd

ST T

MLdOd

R0

smury
ELdOd

TO0'9EL

STH9ET

601911
x5l

NMIdOod |

T1dOd

NLdOd

H1dGd

L1404

Mid0d
THE4Od

NN

Fe
fapgz1

SOLTT

TZA

T4

16171

M Buog

oI¥LY

L16°sF

Wi
o

¥es
BapLy
SERP

¥s¥

8TSF

11844

NIT

00 ¥usy By 1N
megu
BIEIUN/POOAMBOND)
JO pnos wiy £ ]

£ ey

figJo N 80754

£30 s wosmjor
S|uptapioy

303N s

€ € YauD 1By

SORIS N, 950°]
Jo MN T L P08
joge 11884

YUEY [[Ras0g]

Y Ul ig
ajog 1t “yf Sumse]
FIOUJ B[
wiogy wreansdn
"BATY RIO]TE M
1S SIS

* [N SIS
“§e013 N

07 AnH

RN

wamg ‘37 AS[ON

P

IBUI0Y

oyEpL

1aj00]
Oi{EpL

WIPPIT

s
8330
puad

BAAD[IRAN

BMO[[I M

uosgaf

ol

PEHAEL]

Ajune)y

VA

VM

Vi

by

k. [&)

k(o)

"o

1IN

s

UNSORITIY BR[O
THRIORINGING BR[O
LSS TN BULI[EED
THRGORINITE SO0
mnods)um Hilta{ [0
WISILING B0}
uruoilsine wuse[jo))
urnIodeTnD Bu[1o)
wiuodsuns ;o)
wnIadsno w0
vmnsodesng mudo)y

UMHOASTIINS BLENO)

sopadyg

"PonUIIOd ‘SUOIRIO] saroads 1081 JueAd[Y "1V A9l

92



‘49l

eISTIL

66/01/L

G6/L/8

66/0€/L

66/TTL

BE/ETIL

o6/L/8

G6/PIL

6/511L

66/1/%

66/0t/L

66/TT/L

ang

L4411

TEHIE

geodl

ZLar

TE8CKE

ak:ial)

£16C1

11odan

£esdl

eal

2Ll

1TLdl

ORI}

woSTIYINE

TOBUIYHRIH

GOSITOINE]

WOSUIOIIE]

uesuniInH

UOSUTYYTH

uosBlg3tnY

HCSBIUIHRH

HOSURINE

UOSHIY

UOSTFE

OS]

o

104

196

9e9

BES

154

69

679

8§66

LEG

€8

858

o

ANa

O

smo

¥ary  gVRNLIOd

¥ RELIOd
mAspy S NLdOd
™IS

PN OIVIOEOV

Mid

BOII  CdrAndVEA

Ad1

CEa THAMHLAOD
g THLIOd

dvdl

BSod  AAMELIOL

P UVTELIOd
welrepy oye T4LdOd
2aly RILdOd

0L§¥

By OOMAIIOd
MmN IR

TLLETE

$80°511
19¥'911

ELFOTE

L0911

160911

LT

SRLFTL

TN

FESOTIL
6TF 911
186911

A Baay

ses'ly

ETLSY
Z08°8Y

LY

9TLY

WBT'LY

|28 14

59t

SO0LY

(41 4
Lel'Ly
ULy

NI¥]

Iezg JO 5 SO(IM €|
‘prEgRLL] JO TS 654

¥ Alsrm
SOUSTHFUA JO N [

T A JJO PUF yInos
DO s[fesABaoH
Jogmnt

o3

Aneqapion wayg o¢
AMH SSOI30B (SES

0SAMH/DD
ATRGIpTong

04 P I0 M
D0 Yeal) uomumoy

DO PAPIRDA

506 14300 17 oBpirg
JO 158y 10E PY

3BT puv SHOBN
WY g ‘asmoed
H03JO MG 00T Ane

ADepwarjed
SaLEW
‘1530 38 mu &'

BoOuwI]

sucsoy Al
Ay {1
mueogg 1
uxnoy (I
suogsous  al -
MMMENYS I
Aunog Al
qap] a
SEOMEOUS (IE
omng] I
TREROOE ()
emousy (I
ammo)  HHs

E.__—Oﬂﬁ_ﬂue BUR[OY

WNRDRINGING MU0

CINAOBIN}IN] BEAPOD

WINIoRITIy U0

WTRNEINN] BUISFIO)

WSO YWH[OD

WASORIAJIN BWAHOD
WINGORIAITG MST|00)

WN2XRHIAY WD [0y

mpadg

"PeNUIIuGd ‘Suole0] saraads 1585e) JueASY [V HqEL

93



L5

43y

66/97/9

GE/T/8

66/TL/L

6618/

66/7/8

66/08/L

66/8/8
66/TEL

56/877L

66/ETIL

66/¥TIL

G6/ETYL

amg

Ay

Tied™

CICTi

1e6d1]

Ze6d]

13740l

£76dl
Lo-ETodl

£1Lal

iiak

T{Ral

| §% 011

OGN

sosuYINH

NOSGHNH

UOSUIENTH
wosigOINE]
UORIgDIEH
UOSHRINE

ROSURNE
ROSARPPE]

TOSWGRIIH

WOSUIHNH

UOSIIYANH
ToSUYOINH

o

L9€

(443

&3

b

9901

008

6(9
FITIT

L¥9

L9

0oL

0¥t

Al

By

Rary

A
ApuoseRy

urdrepy exe]
deag
¥8eI)

JRard
Arevosuag

PUERR M
Ry

iy

ngey

H1dOd

TLdOE

DAV/THLIO
dN0aAvdd

NE1d0d
{41404
IO

PLLAOd
M1d0d

RIdOd
an

SYHWVIDA
DYMEIdOd
M1d0d
RE0d

aeusIS

B00'9T1

125 44111

98911
ceyoll
Lo0'91T
£8¢°9N

190
LLell

gTLOMT

6+ 91T

£L6'5T1

811981

M Brey

(T4

1781 4

TEO'LY

LI 4

PLREP

L'

[ 4
£L8°0%

4104

S1ELy

GOL LY

SOTLF

N1

: #[35003
Jou gy Laguo g
SISUOT I 3O LIBIH
afirgay

FHPIL A TEuI0CY

PO §I8N
HIHIBIJO "N W |

ayeTIsoUd
T3Ad SAIO

apjo T sErsd

TTHG0T P Ie 1l
T
Awp uo aBpug 30

DD EIEpa] el

o
uomSimdg Jeumye]
TOSIOPY 03 L6 P

20[ 15
Jo 7 "e9pug wra g

PISHM JO N U
g “xoxlde ‘30TSABO

3]
oo Frg Jo o

uopraey

oyepl QI
Ampunog I
suogsoyy  (T1
Amog {1
Ampunog 1l
ooy (1
mmog QI
sy (1
o0y dl
suogpoyy  Cii
wRleey (I
SUOEYS (I
Aunoy  Nug

WINDRINLTY U0

UMEMINLAY BUIHO))

Urn3oeHIg ko

LOtRMINGIN. SIU| D)

WNSIBINGIR] R0

WMy RO

TINSOBINGATY BUIAO))
WHBINTIN] IR0}

WNRXRITITG WUIH0D

UMm3oEsIN} BNS|[0))
UAIIEIYIN TUIRT[O))

spAlg

"PONTIIUOD *SUOIBO0| S310adS 19818 JUBAISY "V JqBL

94



JBC

80

Gl

§6/1/L

&6I1TIL

66/PT/L

66/1E/L

66/63/L

66/E/8

66/2/8

G6/1C/L

66/ /L

66/LT/9

aeg

£ZIAL

£eval

Tisdl

| 2.141

ZELL

44,411

S0-LEa-dl

€1

1 AL B

Ziedl

ONICD)

WOSHIYIIOE]

e TTEN 4

oSO

WOSETIN Ny

UOSHINES

WO

VoSG

WOSIMRINE

UOBUIHN

VORUIYIINE

H

-84

13 ]

03/

£89

GtL

058

£E9

9L

LOL

(A1)

AT

213

puspam

e

Py

AT

k o

ENsH

AMINTY

"WHENO
Y HMET
H4Td140d

ld0d
HENRLIOL

T1dOd
NISNTY

TdH1T4kd
OdYIDEIY

HId0d
§
TR Y HOH

OV/MLOd

[4.1d0d

HALRS

9Pt

9ZEIIT

6T6's11
8011

$ETNT

LEFHI
831911
Lora1T
610971

Lretl

M BT

TI6'S¥

SR ik

8B9LF

TEESP

CTWLF

EET'Ly

T8k

ERT'L¥

IsTLY

4% 4

N3

B GEILEY
Jojsea Wy g

SOV JO N 'Lk P

BT DY KIany
“PERTIT JO N §0ZSA

“og |musuniadxg
AN 1S3 FRaN]

e WpAR
30 PR Wuon a1
Jo 7wy g xouadde

UPIUIY JO 50 SO §

o Y010 MN

WS WINGUBUALJO
S Wy 199 /930 N

A QIR SN
“P 198 PIO
DIR[0 ]
plliiveliocliy)
Jo § wy 7 1moqe

nopEMYY

oompr M
L |
amogEoqs (11
mmeg ]
wuapoy (]
EEE
iautog q
qenamed (Il
amomEons {1
wm
fEney  ans

MRS BOUDd[[O7y

WRSTIGIN B0

WNRINEITY PWRIO)

WIITBINEING SURI00)

SROBIGING $UHOD)

WNXYEIGIN] BR[O

WNISBINLIN] B[O

WNSIEINTING BEEHIOD)

WIRSBILIT #R3T07

(TR

“penunEod ‘suonieso] satoads 198re} JuBANN "V JqeL

95



D0

Q0N

‘G H

66/TTL

66/0¢1L

66/68/L

66/08/L

66/6T/L

66/Q%/L

BE/IOT/R

66/11/8

£6/1/6

L8/ 1/8

GGIGTIL

ag

1T

8Ll

18l

£2L01

CELL

STl

S8EEl

16844

T801T

09591

1€Ld1

ONIID

USR]

WOSUREANE

uosUINH

wosTgoINE

TOSTIANEY

SROSHIYT]

wioy

UOSEIYOINE]
SN

SN O

TOBUM2NH

ooy

144

3L
863
6EL
143
o9t
6fL

G0L

$58

i

ANA

seurd

o

Mapespy
B

GRApOOE]

A2 sy

vy

0183
OO LdOK

LdOd

dmiN
TRTELIOE

Hodav/miid

RLLAOd

Mid
OdiNOGavHE
ONVIDADY

T41d0d

M1dOd

M1dOd

HI140d

NI40d

PUNENS

185218

mmm.w:
Pooll
LTa 440
L5591
ELFOII

&
o0 9t(

FOLIT
FPREOIT

BOFSLL

¥l

A Suoy

oLy -

ITliv

LoL'LYy

L¥lly

EI®LY

EELLY

SF
Bap iy

sy
81L'Ly

SEYLY

Lol'Ly

N7

N
ISJe IS SR £

TZHi60T spJo f
¥l

upARY JO J S
£ "xoukd% ‘o054

¥oepsLo g
3e] uaphsH

Jopus QUIOU 31
Jo g ury § xoudde

£)7) SRNSEAOH
Joakng

Hed WIS WPAEH
'SIPBSED
9T} JO 1503 SIS ON

youry FaMsog
VO RPI0 RN

SOBIEA JO N W §1

]
uopAer Jo I oW
£ "%0Kid% 90781

HOPEY

TR0

TRUBJO0y

1RURHGY

1BUFIO0Y

Ll |

B[RO

feumnoy

suogseqg

ROy

Lymnosy

@ H BRge]

a Y ELsgoy
al TR Basqe]
a By #awqo
413 Tijyuy) BRG]
al TR By

a T TG0

uopERa00 ermeARodAg]
A WHSORITYING BURLOD)
ai WHRORINEIN ST

41 E._._.oos..g L0 )

ai WEOBIRGIY B[00

aug sapady

ponUIH0? ‘SEONE0] sorvads 1031e) JUBASSY TV S[qBLL

96



dds

‘g

6/ FTIL

66/ 1TL

a6/ER

68/TTIL
S8/ T/L
66/P1/L
66/ T/L
66/5T/L
66/6/L

66/TI/L
G6/ET/L

G6/8T/L

g

(4] 01

[4ReA 1)

okl

(3524

118C8

Z15ar

A4

tesdl

cioar

SOEE9-CIL

TTLCH

[AF4I]

ONJIO)

UOSHIOINK

woSIITE]

oSO

WOSTIYOINE
WOSTIROINY
WaSUYOINE]
wosyIng
TOSUGIH
UoSGE

VOROINH

nosuySINE

BOSUIGAE

nes

i3

9L

058

sE8

Lr01

L0L

269

LE6

ors

FITI

£L9

£59

Ay

P
Afevossag

AT

D

3R

oD
PUBRaM

FTN
Apau0sES

13ard

PYERaM

MY

) h:|
DHY/TLIA0
4NOGVED

M1d0d
TEId0d

TdHLAO
vVadimAal
IHd/TH1404

Mid0d

HiTaN
TY/TdLd0d
]

VNOayd

Sy TOH
JVITALIOd
41404

N
dI4TELd0d
d
Davrsndy
HAT 1404

HI1dOd

Husqog

L9T9I1

Lev'all

1£6°911

9TENHI
THE'SET
61G'911

0911

$91°911

10E°¢1

LLO'ETT

6¥E911

68911

A ooy

FAY A o

EBU'LY

390 4

$90°LY
£ITLF
ISTL¥
L¥ULF
SO0°LF
1249

ELY 9%
S1E'L¥

oLy

N¥#]

MO 548N
BIIRT JO N LY |

‘B HMQYSEIA JO
swifplggioN

YDA JO 1582 SIIH §

WPIED IO N 'Lk P

81754 DO Ae34) K14
X2 20U TeIN
P WARS PIO

05 AMHJO § 180¢

S061/m 118 oTppg
301993105 PY
53 XD PIED

D) SIEpac IeaN

Rt I

Jod EpravEd g
£ Amy

JO NS 3WES ‘DY
Y JO M PURRR A

noywIoy

S |
memamg (I
gaeT Il
el
ouogsoys (U
wogEeys a1
suomEeTS (R
auoysoys  ¢1]
aemspy Al
sy
somseys (I
wuaeoy At
Huno) s

mrey eeqay

TFIEY B4aEq0T

rliy B0

TIIE eireqoy

e eLeqo]

e eeg]

{[eq EMBQOT

ey BEEQOY

IRy BHBQO]

THiTet; BLEgary

TR BIRGOT

et HIEGOE

sanady

“panuTIU0d ‘suoiyeso] sawads 1o8re) JueAdey TV J[qeL

97



250

g

GB/ETIL
BE/STIL

6O/STIL
oo/PTIL
66/LLIL

66/1L/L

BO/ETIL

G6/ET/L
66/TE/L

66/01/L

66/ 5/L,

mg

1731
34401

43 4]
aal
1E8dI

ortig-al

£3a1

118
1€6H

1251

tLtdl

GNJIOY

UOSUPINH
vosuIE)aL

UOSUTIUE]
DOSEYQRL]
UOSIRANE]

vosTIY

%::

POSUNOII
UOSUOIH

OSURIOK

OSUOIH

e

L

veg -

(434

09L

144

£89

€101

69

oFL

96

5114

3220

D

b L

PUBES M

pATg
EIER e U

PUBPM

30017y

TEJHeH

nid
OdANdVHA

N
LdOd/NAL

NTvH
WY/ L40d

ido
d/HEINTY

HDav/AH
S.LTHLIOd

T4Ld0Od

DHEYINTVH
WY/TILIOd

Md
TRV T
JVMLLd0d

T4L1d0d

T™Id0d

THIdOd

eaiqog

s1ren
856'ST1

601511
£L6'STT
LBOFONL

SE'9TE

[LLSTT

L6091
433183

LBO'SET

33|

M Juoy

SOE'LY
8i¥Ly

9L8'LY
G0L'LY
TLY

AN 14

ses'Ly

WTLY
FL8Y

IT45¥

£01°9Y

NiF]

2%

$oa10 Fig Jo yuop
SRS

WP IO N ZEHPSA
DO NuBH

Big jo N 30754

prRMLIIo N T

¢ xouddv ‘g0781 M0
90

ALIGI[YONT] WO O
ARE] SS05308 OGS

e pusaadyy
FATG R JBON

2. &)
U3¢ J0 H Sagaut ¢
BRI 30 HS 654

OSAME/DD
. Ausgappoy

YWY 19014
S Y0 A[9 TN

Irg] UOSWYOF
WG PE0E ) SS0RY

HopsIo]

apogsoys

oajooy]

rew|ooy]

Jeuooy

NSNS

SUQYSOHS

MEOY

mog

TIMIBILY

oyepl

Aoy ams

ai

al

al

al

L ILARSAL
Hifey w1Eeqo]

Hfey BLBGOT

ey sieqoy

THT%Y Bpeqo7y

¥y ALeqoy

LR D |

THyeY elBqoy
ey eHeqo]

Hey wreqo]

ey #5840

sHds

“PONuUIILO0 ‘SUOITe00] Sa0ads 1a8re] JuBAY "1V 9qRL

98



50

280

JON

ol L

20N

o L

20

qI9H

L6/LI8

L6/RUL

LY/1/8

L3R

Le/1/L

SO/L/B

L%/1/8

66/51/3

66/71/8
66/4T9

66/5/B

66/Z/8

GO/PTIL

66/8T7L

g

009¢

SBERS

£8£8¢

- EFEDT

591

thetl

LESTL

86501

T61dd

E6Tdd
E¢1d4

T41dd

(41,0011

[4t-11

£1gdl

AN -

DRSO

XHBIRSNOT

XNBASSROPY

AT

UMW

aangop

aun

AN

TFER

UOSUIGAR]

oSHARIE

vosapIY

UOSUIH

HOsuIgnny

e

68
0s8
05t
069
5901
089
SHL
558
L

9sL
19¢

054

05¢1

gL

fas)

g

paxy eluy), ¥oou

18200 FHSL L0
LBQUIYS

sausdiy NI'TY
¥ e

J0ymop DLLIOd
XD IS,

Jopimagy RII4Od
ogedpoa PLIJOd
auREaB ] RILdOd

3D PRI RIL4Od
wRaepy Y] RLLdOd
By ] FLdOd
meRipasyy TLLIOd
auDiFyE] 1MLdOd
dzg RIL4Od

dvd

las/noqy

RETVE 10T b A (o

j2: NF

BAY  Od/ENdVIHY

. PONEH AROsGNg

LysIl
89F'911
SEEITT
LIT9ll
SEG'STIL
768911
78911
08511

1650

88911
ge's1l

LoT1

L0911

6T6STE

60911

M Swog

it
TELLY
(A3 4
SEULl
109'Ly
1SE'8t
SLLBK
SEOLY
85

Ly
|84

FtLY

PLEBY

ERO°LF
eiR'LY

N1

BRI 185N

)73 3PNSASUoE]

|
o] Issiid saddn

Fojan] 30 MW £T

SRR JO N FI
$ATY 1521

o8 1530 10 P N
‘00 X0 1oavg TN

ARy JO oFpa 150,
e
waug Joddp) o) [1e3)

57 AoqyBnayy

DO g uosTOf

£

Argy “pay00uny 2]
1ary 34100

APIO T SEPSH

. 4318 DN ATAY
“preggrad yo N 2675

07 HueH g seaN

ROHROT

wmogsoys  dl
U0y Q1
suog (]
wOPoys Al
wogons 1
g I
oy I
awogsoys  ar
mmog Q1
mumog QI
oqepr (I
yemameg (I
Ampuned (Il
smoysoqs Il
HUNOON (11

fupoy  AES

I U139q0°]
HIly ¥hmqoT
BIEY 1G0T
TISY U0
TPy B0 T
H118Y ©IRqOF
e B4Eq0 T
HITY Sq0]
L 2y

11TeY ENEEGOT
ey BaRg0]

519 1840

SETeY BUEQUY

T[req #1eq0]

iy sLeqo]

saronly

"PoNUNILOD ‘SuolEa0f $3100ds 10818] WeEAS[SY 1V qEL

99



ai

ail

i

ai
ax
i
al

250
at
dai
ar.

250 ‘Al
al

qH

FLAOT/S

TLsT9

Lo

1LI61E
OLIB1F
1L
LL0E/E

S6/EITT
1UE1/
244

OLIT 0T
1LI8THY

L8/61/8

86/t/8

L3161/

awq

g.14

£9%

kit

8HE1
6FL'T

99911
Lt

£L01
6011

134
0Lt

¥e6
BIs1

£Tos

16bE1

$108

DNIIOT)

Blaspuy

Bouopry

Hampuy )

Bp0RPL

Ispaonps

Amny
WpompRg
apsonp§

2pIOAPS
WROMIS

JARPISEY
J3lpnIssoy
JRJUBFDY

e

[473

EoL

- G6¥9

oL
£9L

Pl

- 808

43

BbL

Ll

AT

150 HINSd
i

¥ag gHSL
~“IdHL

¥RJ0F HIWSd
“"hav TYHY

0IBINEY M4LdOd

1 Basag NELdOL
mEmpy ] NL4Od

MNidod

nqel Hesqng

L911

L911

L9100
L9060

EL'G1T
Loy

6991
LBETI

A Bmoy

SELY

SE€LY

LITOD
L9T0°D

SE'Ly
LSLOD

(R4

Ly

LEL |

DWW

DO A wn

O wry fing

18ARY 307 1§
3BT $3[0038H)

AN Sy
e 390G

3K BNG
AN TSRy

ST 10018 )
AaAry SR IS

SOUIM
3O NS e g pus
Aenny wog SO 9
VN

oy 18ang odddy)

ARLHEA IO M

BORENT]

oep

CYEp[

[aava]s
SeoyRoy
oy

Lt T

Jpaxea()
BMTEs[)
JuMatng

Koy
[BAMOLRIE

TS0y
IoRieg
SUOREOYS

Aeao)

a1

at

2R2RA

ar
al
i
a1

al
{1

1

Ll

ar

nug

miTpuO) M0 ]

sLBuCR”d BRG0]

wpanownd epreqa

]y BeqoT]
)Y v11eq0]
HHy BiBqOT
Ty B)18q0°]

T8y BErRGO]
ey 2:1eGo]
[HUSRSL |
{en SLEGey

[y BLEGOY
THIen BOEGO']

NHeY #I1eq0]
H[[eY BLIEQO]

THHL BFTEQOT

saadg

*PANUIIOD ‘SUOTIRO] Sa13ads 198181 JURASOY 1V AGEL

100



66/¥ T/

BH/G/L

66/LTr9

66/$7/9

66/97/9

o6/ET/9

£6/0T/TY
§6/0%/T

WS

PLBTIL

cLite

T€ZC

£TTAL

taadil|

1TTdI

£eat

[1zdail

001
8E9

. OTL

99T

143

ONRED

uosu My

EOM—.—M_MDH.__—M*
VST O
VOSHIINE]
TOSTIGIIRY]
HOSTTYINH

ajeH

BBaapiry

o

49

85t

ZEt

9Ft

L9t

0L

005

8f

Lbi

&6

6511

ANA

HFoary

13414

BATH

[QLE
~THIHEV
“IdHE

15208 TIHL

“HWHL

[ AOEV
~1dH.L

1oUgEH

TIHLENIN
TV/THLIOd
noaved
MLdOd

WHL

NOavdD

peAsqng

HIELE

8ELSTT

Lrem

565511

BOOGI1

Gre's1l

LOSTI

POSIT

A Do

LLT'BY

60'9%

LLeoy

6¥1°9¢

6CT'9

[42 49 J

8o

T

NI*I

(Es¥sD

P Sery a1ad

oo g

UBSTOf 13 PUBISE
BIRYL S elbT g |

4o yuo) g

Jo s Wy Z noqu

12M0TJO F Spyar 777

Lis oo

JO U3 A to “yreg
SORMOT St J& 1oL
0o

WO Pnog / p1 Ay

WD suumenby
sspe o) mddy
JO Inow oI JesN

A ALy
B pusg Big

P 2L Losuf

wPEMNT

OHEp[

ouepy
MBI

oqep]

ouepl

Daataaysy

UL |
Tt

SuoysoLs

ey

Lanoe))

ai

at

ae

al

al
al
at
(It

(

NNy

o nd sireqo

sLoouotaphd errgo

epwromnd erreqo |

eLeyomod BURGeT

elauotund vimgo]

ergucind ermgqot)

BLIRIOMII WBq0'
erreacto[nd sreqo
BLenowind veqep
BuRvoWw nd Bleger |
BURTOWNd eieqe ]
Benowind vimgo

saals

‘panuIIuos ‘SUCHEI0] SA53ds 19812 JULAMSY TV Qe L

101



dias

'G49H

66/17/L

66/P/L
66/C/L

66/TIL

66/b/L
S6/E/L
66/T/L

O6/E/L

66/STI%

66/5/L

66/92/9

g

(4041

EEEL

[A%1411

1eedi

£zedl

[44%8);

IZ€dI

E1edar

ZIedl

£real

[{igaxadil

N

uoSURINY]

UoSURGOINE

UOHDYNE ]

HOSUROINE]

UOSUAINH

TOSHERNE]

GOSUipnH

GOSHYSINH

vosER SN

UGSTEMRE]

HOSUOMY

o2

big]

L

1¢%

43

LEY

11

1137

LEs

679

S3¥

1134

M

BA
Aljesosgag

yoas)

HREY

¥ou)

d
DEV/TILIO
4mnoavyd
ncav
HdvdLad

SIAOT
ORdvdLRE

b
gv/dvdldd

MAITIHd

an
J¥VHIHL

HAEXV 1/ 1d
Hi/dvd.138g
TdH1L
dvd.Ldd
g

AN’
VAINdVHY

NEHEQUS

Lozolt

8O¥'S11
ELT eI

PETSER

PIESTT
[4T4 11!
Let'srl

692811

STESTT

95&'sE1

aesil

A duoy

CEU'LY

EET9F
FrO'9P

reOor

LEESH
£40'9F

SYUSy

6LEDY

019
[T9¢

NIF]

BPO S48
TR0 N W |
TRsog

oI Lt AvH O
¥4 20¥Y

Wwog ey Auiajog
v F S ')

. DEOY Joary Ammjag

) jo pua v

o} peayien 00
Aupmarer) SSILUAP|LM
o0

RO 0wy wog ey
wo g o [ xouddy
L1

B ‘PBOY J2Ary
ARiJeg JO 1pnog
Ixey

Je H1 Aaafeg Jo

o sopm gy xoaddy
a0

ARMIIULY SERMDPHA

Ieg uosinjog

WOG PRI 3] 5500
R

Jeg 7] AnH 0

nORIF]

suogsons Il
CRER] al
LY | al
oyup] al
aep] al
ol dl
oyep] a
oqEpE 43}
OyepE al
OEpt 41
olEp| ail

Ao amg

aurBuoW g BRG]

sueuouqud eLBqe']
wswownd ereqorg

suBIoUNd BB

spavound B1vq07]
srenownd sreqo ]
wueuomnd sueqo

sueuownd eego |

HenoURd mrege]

ruEnow(ed 1Bqo';
worenomnd #reqo]

spadg

"PANUIUOS ‘SHCITRIO] sa10ads jo8e) JUeAR[Y 1V SlqBL

102



s

G

66/51/L
66/8/4

66/41/L

66/6/L
66/0T/L
GO/FLIL

66/EV/L

B6/TTL

66/4/8

66/9114,

Go/ITL

neq

TESCE

1€sC

€28l

£0- 178

|

(431411

fisal

tEal

PAN 01

T2Rar

£THCE

UNHO)

uosupPIH
UOSIPINE

OS]

BOSURPINH

VORI H

TOSUNNH

LOSHNH

TOSHRPINEL

OSHROINH

GORERPIINE]

oSN

ne3

L6

[41. 00

8469

8is

£ls

LOL

Lrot

St8

i1

98L

)
BM
Appeuosesg

IOARE
B}E

ARy

»IO

B
Ajenoseag

Ay

VY

141d0d
TIdOd
RLLAOA

NAVEY/TdH
LAMINTY

LIOITY
HNDEY

LIdOd

H1404

d
HLTE130d

gl
HLML1d0d
ANHLL

M.E40d

1404

AwAsGIS

860911
£1911

0011

£29°511

619511
1091l
(41398

9TEIT

98911

£8¢901

LoV 91T

A Doy

SLI'LY
6L'O0F

L¥TLib

Ivg'or
84304
1§TLY

ELULt

SOU'LY
8LOLY
696°9%

ERELY

NIw)

P
D OB “1TESd
AoEIe

3 o xoxide ‘507 158
0§ AMH JO § wRY

DAEDIN P X0
TaAgag 'JUOO “Lp78d

) shussky
£ A TN
“py OIS IO

S84 DO Y21 A4
w40 30 N *Lbb Y
Mg

Jo g sepw ¢ xouddy
sBurjeyeane

Amd AHO Py Boary

sgnopd ‘LpvSd

"BE WQYSEALJO
sus i W g9 N

oy

auusogs Qi
Bae)  al
Pyl
IR
pamD @
wogsoys Il
suoysoys (Il

e ai
Tessusg (1]

] dl
yemauogd QI

funey  ywg

s BBGo']
sl 880

BN Beqo
LSO BIEGO ]
Hagomnd #1eqoy
erpuownd Brmgo

mIguownd Br1eqo]

urenownd reqoy
vLow|nd uaego]
BLRucwnd euBge]

wruownd emreqog
sapdy

"PANUTIUOO ‘SUONIBO0| sa10ads Jodie LASDY [V J[qR]L,

103



Qg

/1T

66/01/L

66/Z1/L

a6fi /L

G6/01/L

66/01/L

66/6/4

G6/FIL

66/02/2

66/07/8

66/6/8
66/PT/9

H6/ST/L

anq

(A%

Teadi

£28dl

TTOCt

12541

£15d1

c1sal

11641

151d4

Tidd

1L1d4

£T1d4

feedl

ONIED

TOSTIOLE]

nosEnH

vosuIyRnL

UosuTynH

UosHyNny

USSR

OSURPIH

UOSUILIINH

UOSTIYOINH

UOSUIEINE

uosURoIN

TOSTIRH

ugsugmngy

10D

ore

196

1441

68

296

(4]

018

866

e
1%

089

19%

LEG

Ay

Yo

A325])
M
ApjEuosRg

puopaM
BAR
puBERM

fog

EoTe)
2]

aloysoyen]
LT R

1D

H

THid0d

THLdOL

HIITLIJOd

THEIOd

HE40d

- MA
"HHI/NOAOv
HISIATOH
T41d0d

N
HTAIdOd

RLLA0d
LIdOd

TH1J40d
L0

Y109
JYTHLOd

Yuaysgng

E0€'511

S80ET1

LLOSTT

TSI
LROEII
LYTSI1
T0E'sT1
SRL'PIT
ZoeTl
EOEIT
L9911

SEstL

S9Nl

A Baory

12L9%

EEL'9Y

ELA'DF

(AN 4

1849y

S1L°9F

sy

15°9F

LE9¥

o

SEL¥

't

§00°LF

NWw]

S IADIN
TTLS4/08E84

1 Al
SOURNI JO 1 IS8

D0 separy Tean

wey APy
2 uA0D) YOIl Wiy
“puRys] Jeex) Ay

£y S04 Ap1a men

¥oa1 [/
BUeO0AUN) YUl
DOAIPIO

D0 BACPUI M,

s o)
SRy Jo I 00LSd
0O I S 3O 34 N

B3PI NI N

g

ANH Proowyy oxer]

00 18g Uosinjof

§061m w18 38p1IE
JOERY10L PA

HOp¥IOT

ey
WD i
D @
R
ey Al
pww)
) A
oyep] ar
ey aI
TMIEDTY 4l
qemag Il
oqwpl I
auoysoys (1
Qune)y AW

eurguowTd eLeRy]

sasuouwind ¥awq0]

spreucwnd eLEqo]

suownd wIeqor]
enevom|nd mIgoy
ensuolpd veqo]
suauad BURqo
ermrongnd 211807
SLBUORITG YHBQO']
suruownd nreqoT]
episvows|nd miIeqOg

gmuond mreqo)

vaeno]nd wLugo |
sapads

"PANUTIGOY ‘Suoreao] sa1oads joBIe] JuBAS[Y 1V J[qBL

104



Qg

66/ETIL

66/2T/L

66/FUIL

00/EUL

66/0E/L

GE66T/L

B6/6T/L

. 6&/0E/L

66/0E/L

B6/TUL

BO/ETAL

66/Z1/L

»eq

18

E18CE

[ 411
1181

LELCE

TELAT

§¥2al)

EZLCTH
TTLL

TeLdl

Tl
ceoc

ONIITy

Uosumgoing

SOSTIYII]

WORIYAINH

oSN

UOSHRIINH

UOSUARIH

UOSIIO

UOSHIYIIH

HOSUFSINE]

TOSHIYIINE

ned

(1173

s

£HL

69

008

6EL

FL

858

vig

849

£ELS

FLil

s ]

L Lol

Ty

¥

o1

BAnd

TR

TI1dOd

MI1d0d

MAdTd
Hd/VINgIY

HEdOd

dvd
Hdd/noav
ANTHELIOd

L0
d/EINTY
-

DAV/TE140
dMOavVED

WHYH
WVTOIOV

THI40d

noa
VEOANAY
HA/R1dOd

RLdOd

HEREqUE

2ren

60911

6T6'c1]
160911

£EBE9LL

Ss9o[1

FIOTI

aZ¥Foll
EL¥'OLL

186911

61911
S6lsil

A S0y

SOELy

GIRLY

Ly

99T’ Ly

12L'Ly

EIRLY

Lol L¥

LrLLy

EELLY

LTl

S1ELy

LOL9Y

NI¥]

154]
a1 Big Jo AN

07 JueH Brg reap

TOI DL AJ2AY
PIwOIg Jo N 3078
0SARE/D0

- Aueqopyony

TTwe0z spa o ol

o] uapdey

JO o ylon 1y
30 g wiy § xoadde
Y1

wpdeH Jo 7 s
£ "xosdde ‘90781

¥ SpsRELIC H

00 FPORSANGH]
Jo g sng

SALIEY
IS0 TS SR £

018

Jo F “o8prg st g
12 A
BS0CIA JO N

TOPEIOT

woHsORE (I
FHRNOOY a1
suogscyg (7]
uoysys Jdl
Ry dl
U0 {1
feunooy (4
ooy (0
ey (1
g d1
seogsony (1
IMATEND 4t
Aoy amg

erEnow|nd g[reqo

BLrenoul|ng E1eqo]

elrenownd vpreqoT

eheuowyid efiego’)

srrsuownd epeqo]

sLenOMI}Od 1RGO

srapowfod sLivger]

BRI W]
wravowind wLreqo]

PETGUOTIG BLIMGO]

wumpowind aLmgqo]
Isouid BLRGE |

sapaadg

"pAnUIIAOD ‘SuOINeo0] sa1a3ds 10818] JURAISY 1V Bl

105



J45

e |

66/4/3

66/T/4

66/18/L

66/8/8

66/T/8

&6/1E/L

66/E/8

G8/STL

BO/STIL

66/TUL

66/5T/L

66/tT/L

e

L6l

foreeedl

LE6CT

£T6UI

To6dl

126A1

{7 04

£E8aT

A% e}

1£801

4411

781

ONIIT)

WORIgHOH

UOSTIOYRE

BOSTTYOH

SR

HOSUNEIIE]

WOSUTYIH

UoSHIRNE

UOSHI O

osURjME]

UOSUTRIME

UOSTIYNE

VOSHYMINH

e

g

9901

9L

6t9

£te

£89

o9

rgs

4%

154

c1ot

094

ANl

B Y]
doeg
wE1Ep 97E ]

ATy

pregam

Jaang

H3RUT

KPYH

41404
RiidOd
Rid0d
T&1d
OddVdLad

TLLIOF
SMUETY/NHId

TE1dCd

dHSL/N
H1d/Td1d0d
MNdHA

[1dCd

SLTHIAOd

Ho4gv

M1dod

AenEqny

199911
L60DET
$S8'911
£0€°217

28I

S§9TL

£ETOTI

BS6'STI

601911

LBEOTI

1LLGTE

£LE'ETI

ApBoo]

[ 14

¥LB'BF

PL b

vL '8k

sTer

[AA% 3

Ei %14

BISLP

SLEL¥

THT LY

S65 Ly

Nl

T AMH Jo pud @nog
BAY 2K10N
Mg JO I $E55

a58°T 1880A]
z
Anp] uo aBppg jo g

O PR 0 N

‘Big pedridxy
ALY 18310 d TN

104 QRDI0 M
D0 16047 UOSHYOf

s8]
UG I6 N 7145
00 YueH

Big 3o N 8OTS

00

ALQIPONH W0g 0%
A 5501008 OGES A

© o Ieag Jo o safHl ']

PIOGANLL JO TS 654

prensId Jo N O
‘goLLy ¢ xoxde gprSiEO

wogEIry

e
Awpunog Qi
mmeg dl
pmog (I
waveg (I
wmog  dl
UL o
ooy
RO @l
wogeoys (1
suousoig QI
muooN it
Lunoy g

ruenousnd RUBqO]

LB ic] WjIBg o]

LU ST
sLrauownd epmqo]

suemowid vreqor]
eureuousnd oeqot
speuound 890
nrmcunnd ereqot]
wmsuowhd e1vqo ]

wunenomd eusqo']

epenomnd Bpeqo]

spusousnd wi1eqo]

sapady

"PONUTIUOS ‘SUOIYeso] sadads 1a81e) JueAsay TV 9[qe8L

106



Q0N

DO

|
0N

J0N

OO

DO

DO

20N

O

LB/1/%

L8/1/8

LB/1/%

68/1/9

06/1/8

05/1/%

GLpLE

86/1/1
267111

aeq

£2691

FIsol

4531

L5691
o101

93101

956l

BobRT

£9681

SE6LT

ZBIOI
LBGO1

ONITOD

NI

RUNTMN

aunOp

e T
2RI

AR
BRI
Eale & )
SR
SR

RN
AN

BaLOf
sauof

e

0601

£501

069

¢y
1S

0zl
ots
oL

208
001t

ANY

uredpool4

wieydpooy

IR

wogg
Aapep

me(dpod]d
urepdpooyd
wig|dpool]

wredpoo)d

QUAR]

Rl B |

TH1d0d
TH.LdOd
H1d0d

ARI/SE0M

(WY

EEHIL

TV
Ky

NLAOd
RILLAOd

NrAEqRE

£80F11

EE6'CTH

LTIEOEL

{98511
el

L9981
SYEII
LATETE
L9551
L19FT1

L89°ET1
£8Pl

A\ By

cE'or

oLy

£E9'LY

LELY
LITSY

LTS
EET'S¥
132454
oy
ELT'SE

ELEOP
S0

N1

1) BAwOE
13D J1RaL JO IO
‘OUFBM JO N U $]

¥ Va0 Mo
TR XD T80 JO Gitop
“F0j[o Jo N WHET

X2 pregeiLd
-ABLINp Jo F3pa
REIAL IO N WS §1
[P0 WY 6
TS0 I AL UYL
0 SMOPEYS OML
EELS )

"0 SIURL] SPAS( £
BT ]

X N 18 T BpTH

VN snuneby

o BAIRIT)

“0) 95000 PILM
TIBMOT IO A\ WYL
%) SMOPIA O],
1D voEM,
ug.u

0D BYLI0 N
Rapg 29[ 1§

._aan.qo.._

appl Al
suogeoys
suoysoys (1

——")
oqup I
opep]
oysp1
STV |
semed))
oqEpl @
oI @
oEpl I
al
ar

funoy  amg

renomnd B0

erEuoLu|nd eLrago |

srenowind eeqo

epouow)ad waego]
susuownd w.eqo]

suswowrd whreqo]
surEuond eEgoT
suEousnd eueqo
Blsenowing vLego|
Blwownd w1000

sreacund BEIBGOT
nyrsucwfid sLEqo|

issuownd vieqo
susaownd vLIBgo ]

sy

penupEod ‘suoneoo] se1oads 19818) JUBASRY TV JJqEL

107



al
A
dai

20

OO

‘IH

FLARLIS

TLI9/L

FLITUR

¥LAUR
TLLTE

[FRLIFY
OLI¥/B
0L/BIF

LLIV/R

9LTLIL

s6/TUT

4.1 41

Huq

ISIE
61L1E
660¢

GLOE
05Tl

BL91T
I#61
SFLT

£-aF-HY

9t~

(441
{601T
FoRI3

oLR[1
SLOTI

ONIITD)

Bpeon|ag
$apetaay

2Ry

Rpsonps

BPIONPS
BPaussoy

RIRATEE0Y

RRauesoy
U0
awnoap

SUNZIN
=1 lg% |

HeD

sI6

HHY LNGid
“HOdY

18520) 193500
poxtA

15407 wfray ],

0
onLl  depIm

159308 "TdEHL,
019 paold pio
00Z
08s  mwdpood
0fs  uuydpood
016
aary rquH

1

TdEHL

sqnays
Snonpaap

AMnEGRg

(444141
£arorl
E£ESET1

EEG'ST1
co¥11

A Saog

oF

LILLy

LIT9Y

LITOF
LoFS¥

N#W]

15210
[HUORBN MAIE[)

A WACIDY f ABMpS

P 40 Askeg
AN %0f 18

N NSIEy

AT RABYD
Fsed o[y Jo

M SBIUT O "L AMEL

"f Awsfeg am jo
SOUDNEOS SH) WA

" ST

o ey
¥ 3D epeIDJo Pr

o eSpr]

¥ 1 epRDJo By

WO

omEp] a
C1Ep] a
oygp] Qi
oyEp] i

MWl

Lpunog (1

RARI0Y al
gematizd I
ameg I
oyep; ql
oqepl I
mEocy QI
oyep]
aEpl i
oEp] 11
Luna)  ymg

zuanourind eleqoy

sursnowind eueqo |
sLguowNd T1rEqY |

arxguowind wseqor]
urrmcwapnd wegqo]

BEBUOWIKE BrIwGY]
wreuoui[nG S11eqe’]
sreuourind s1r6q0 ]

prrmtonnd vireqoy

errenous|nd vpleqo']

uLIenonnd sugo ]
BLIgUom | BLABG |
wsTeuOm{ik 1I8Goy

e RUOLNG BLINGO]
BurmOmnd BLRQD]

sapadg

"PaNUIIOD ‘SUONBI0] sat0ads JoFIe) JUBAS[SY [V S48

108



ar

a
dt
S al
ar

T

66/1418

8L/1U8
OL/sT/L
vLOLSS
¥LAOLS
THTUS
OLIT1I/e
6HR/TT
LY

o¥El/6

69/8/11

144619

IL/BIL
| PR HY

(LLC1S

[ XN Y

e

Ta£dd

0465
1¢

§£¢

1134

09871
1571
99611

10£T

1881
79511

[AXA4|
19511
SSa |
LSETT

ONfloD

UosuyNInE

nﬂd‘_h

apeig
IpuBALRS
puBsRg
wenbap

"M “TpA0RjO8

Japaomog

Ispaniag

BPI0HPE

P0G

RPIOBPS
RPAIS
TPIORPS
PRISS T
BPAONG
1PIOIY3E

0o

GEL

13 4

6ER
6ER

856

ANE

MOPBRY
Yy

w0y
TdHI-NA

gDy
Rpen

153A0] PIPUTS
. SO

15200y

HGR0D

ERqeH

THI40d  S0°L1T 4314 YAUEY [{SMEOLT
f1aamo7y

Jo M We ¢ vy
U] SPAR(] | Jesu
A0 mojmag

Ao 521

A AHIO BN

3311 4%

AN DSUEy
ALy 0f 15

eI Y KOO

MOS0 IV

1210

[BUOITBN] 2023 €N

L |

o SO0

"o 85HO07}

A\ Booy LUy ]

ARAEqRS N ¥l

RO

g VM
oysp| al
sy {1
sy
Ay (1
Rmog Qi
amoysofl§  CH
Yy a
ey ai
qupery al
LS| al
w00y dl
oyep[ dl
oup) i
OUEp] ai
oljepj al
AEROY  WWS

SUFICWINd BLFEGO]
spmucwind sleqe ]

sprwowi|id Eueqo
winpounnd BHGe ]
simnownrd ervge ]
uegosnd BiIeqos

saaady

paNUUOD ‘SUOIED0] 5910 198Ie] JUBASIRY [V J[qEL

109



‘qus

ey

J0W

Qg

66/P1/L

66/91/L

66/T/8

&6/61/L

66/1/8

66/6/1

66/1T1L

66/1/2

S6/FLIL

&66/5H L

LLAOT/9

BLETUL

asq

Tieqr

[Thcl

zT6d1

[§3241)

£iedl

Ti9dI

£t Eral

7164k

£2801

£15d1

60¥01

9946

6341

ON[TD

UOSURAINE

BOSURE
BOSURYITH
DOSITYINH
UOSTHYIANH.
UOSTYOMH
OSWIHINEE
LOSUTYNH
UOSIYYNEE
UOSUIYOINH
FBarapoy

SUNON

et ULV 18

e

L0L

658

£to

LEL

6Z%
I8

o8

439

869

LEG

gce

0%¢

AN

Ry

P
Afpnosuss

01D

wARY
pUEfOM
LI

ARy

=D

udrepy oy
SIIpo0d
TPEASN
BIDIg

agey

AN
TVMdLd0d

| RILAOd
noav
UITALIOL
TMI1d0d
141d0d
TALd0d
THLIOd

NHLOE

140d

HId0d

MLdOd

nsejdnop
SNAIME)

LN

GL0°91T

£8eel

§31°911

Lol

£TYLL
HESEH

Lo¥S1l
ETF91L

09I T

$91°911

EEOFIT

L00

A\ Buoy

TSTLF

6209

134

Zvo'op

L2814
1ZL9F

E8YTLy

17414

LytL¥

LY

§50'8Y

L9100

NI*]

XD HGIRIN JRIN
“pUHAQIRS PG Suoysoys
sBurpi/eae
Aeyd AHO P wany
snojed ‘Lybsd  yme]

Yo YPREDI0 MN  3uwog
Faupuay
JONG6ARH  ymel

o R0 J0 M
00 PO GOSTYDr UG
DOADPRD OMIEID

“BIS WNQUSBI IO
Suy W EoJoN  gamsmg
sBrgey

FIPEM fRC00Y  KNpunog

05 AMH JO SIS SHONSNS
06T/ 100 18 o8purg

FER T TS

Aeg wwpy puag  weng MRS

Do ueng e

SHIJ FRJONTT  BPRAIN

wopEIry  Quned  ANg

ai

a1

ar

ai
a1

a1

¥O

UM BLUOOSAT]

BOROLUB BITCOSAT
BIRAEIoUIE YIUoASAn, g
MBS s:ﬁaﬁ

FBOLIMLE WIUCIRAY]
BUBILINLY REODSAY]

WORILIIWE BRIOEAG]
BURNIDIUE WUCKSATT
BURIIOUTE BUOIEAR]
BUBOLIHUB BIUCIS Y]

wyRidnas @S]

wevndnoss epsiyd

wpemurdnuns epsiiyg

g

"PONUIIIOD ‘SUOTBIO] $a10ads afI8) JURAS[SY ' [V JqBL

110



F8O
‘IS

J%0
sy

N

66/T14L

B6/OEIL
66/STIL
66/TTiL

66/08/L

66/PTIL
66/€/8

66/¢/8

BE/ILTY

66/1T/L
B6/1E/L
66/6/8

neq

£E0C1

202TL
€1sal
1zLa

po-edi-di

[4$:41]
[AA. 111

£esdl

TTLAL

ial
1eadr

£THAT

ONIES Y

UOSHEDIRE

LEOSITINMH

TSI

UDSUYINE

HOSUIFATH

UDSUTYINE]

UOSTTIIH

UOSIRHNE]

TOSUT R

TSTTYINH

NGO

TOSLTHINE

e

FEIT

14

A4

80

1%

SHL

08

9€G

43

8

OFL

oL9

ANq

¥oa1)

o)
" aarg

ToATY

Head

widiep anRT

P
Ajuuosnog

urgrep] 8]
._DDE

WHYH

RELIOd
no
AVEINLLd
Od/YTDEIV
TLdOd
THLICd
il
Od/dNdVHY

RLd
Od/dvd a8

ML1dOd

TLd0d

TdLd0d

ML1dod
TdLd0d

Td1dOd

AREGNS

co0'ST1

ELFOLT
o091
185911

GTF9I1

GZH'STT
LES9Ll

19v9ll

L1911

L9T9N1
£58911

205911

% ULy

LOL'OF

EEL’LY

o18Ly

UTLY

Lyl'Ly

SR L

ESI'Ly

083t

ZLEOY

LEoLy

FL8Y

L8

N W1

12 4PN
BOON JO N

00 3pjeasiseoy
Jo gisayp

13 quey B1g reaN
Sy
1530 AS SN0 §'F

EIOp8R41, 30 H

BaTE MDY A10Ayy
PIBYRILT 30 N 80754

UPHIE §0 583 6P ¢

7 AMH po pug yinog
mzea) o]0

30 [uod)

ARIn o gy 2

O S48
UPREIO JO N WY |

ae) s
z
A wo 23pug jo o

nopwI0Y

awmr)
0oy I
L
qewousg (I
lBuSaey al
WOGSOYS (T
LT B |
sunog I
sy al
suoysols QI
wuwog - al
funo)  wwg

PRI BUOSAIL]

BUFROEINGE SEUOISAT]
BUBDEISUTH BELOOSAL ]
BUNOLINTE BEUOASAIL]

BUBILALY BTUOEALY

FUOLENUE REUOOBAY]
BUOLIUWE BIUOOS kG

HUBSLISIUR BIUOYSAUE

HINALISNIE BIUOASATL]

BURSAIE BIUOIEAILY
BUEOTIBLE BIUOISAY]
BUNOLENER BIEONEAY ]

sagradg

“penurIuo? ‘Suolyedo] saoads 1o8Ie; WeAI[NY [V JqeL

111



G9H

B6/ETIL
H6/PT/G

66/6/8

S6/0E/L

66/01/4

S6/1T/L

66/2T/L

66/3T/L

66/6T/L

66/vTiL

BRET/L

apg

61dd

1280l
£T1dd

1L0dd

£eLal

125ar

791

1131

£5401

1401

ixdl

TELAT

ONH® 3

mae)

uosuyny
oSN

hosTHINH

LS E

LOSEIINH

UOSUTUNEE

UOSORIH

TSI

TSR]

WOSUFYOINE

TOSWEINH

e

BbL WA ey

vbL ¥RI1)
top  medpoolg

059 QALY sIneT

6o HRID

79 PUEI3A

z68 3Py

269 dadly
Ly PUBRIM
¥8i RS
05 IR
£L9 asrg

AN R H

THLJOd
HIVHR
TLIdOd
RiL40d

[id0d

DLEJOd

NLA0d

LD
JHTINTY

WAHITY L4
O TOIV

ayrrysqRg

14911

BITOIT
CrsTl

L91
t8E'911

LRO'STI

[+ 1448

160911

8ZL911

Po911

(Leetl

6FE9IT

A Baay

i
SOE'Ly
1'%
SELY
1Ley

1249

ETL'SGH

9oTLY

IRY'LY

L6L'LY

60L'LE

SIELY

N1

oET
wolg 1ddr 0) Jrast
3]

A1) I 3o ON

D) reg uosTOf
§
ASH “RIoasyD) 3]

TTh60T Il

S 5K Ao TeaN

ugy APy

79 BATS Yolg g
‘puress] §o317) Ay
OSEMH/DD
ALmqeiyony

93

vopBuids 1eouaye]
Tosiapiy O) LG PH
X1

UAPABH 30 7 S3(m

£ xoudd® ‘0759

PASTNA JO N
¢ xoadd *go7sd O

WIS
Jo 3 “ebpug yeig Big

wouRI0]

ey {1
smoysoqs I
ouepf dl
gemausgd (11
ooy i
baresn  di
baresy g
SARNpBONE (O
ooy
oo dl
ooy dI
OyRONS (O
AWno)  wwg

BUEDLINUR BIG0OS AN

UL 0Ll
BEREILINUY SI003541 3

EURILFANE BTI0OBAG]

BUBOLIIWUE BM0osAtd

BUEIMIDMIE FIUOOSAL]

UM BIOISAY S
BUEILIAME BIUOOSAL]
BUBILIMT BTHOSAY]
MLLBIF I SEONSAN ]
VITED]EUTE BTOOOSANJ

WIEIIIAUIE BEDOIEAT]
NG

"penumu0a ‘suorjeso] saraeds 1981e) WeA[TY TV JqBL

112



ai IL/E1/9 §991 JepeMpeg 648 Wwoll  gi'gp WSy Rmeg gl Heuoue BUHsdAsopRasd

S¥ Aoy
_ : W WD YoId vMig
80 66/[1/L  BOTIFCH WSIMARY 768 FID TALIOd  Z8ISTT  SILOF PumS D AP BvIEAD (T emone eumpendAoopnosg
_ 061 3ol & afpug
B 1y 6G/SIAL  TOCES-OT WOSUNINL  LE6 §oa1) MOAY  S9TOIT $00'LE Jowmes/IQf P wOusOy§ (g BjEwIons elnqeikliooprasg
189103 JJ150D
§TL fap L6 ¥ youRIg U0 _ P HOTI0MBIE a3 I spEwouk BpepRdAsepRos]
WS FITOD % opeIopry
ai 96/LUS zozi Amn) 9801 poqpy dwasoiy o 00'STT 6T0F JOSHIEIPH  OEPE g1 e[eoue sumppsydAsopnosg
ar PLSTL 89T SRasapuy TEHEIT 19k Tmeghg ymer  gr  spewons sueqgldopnasd
QUEIEARM
EItdd wosumRmH  §96  Aqsuosweg 1M LdOd | it HT1 AMH i (s} BUROLENNE BINLOOSAYS
dN 0PTID
“aye] PR
DOW  ETRETL  SLETT NN 006 WEIEp aqe] TMIJOd  29%€IT  159'8¥ jopmoisty  prapRl W HUEO| e B[0os i
1D eL
20 L83 L1591 amPW  §901 JO mom M140d  SE6SIT  TOVLE FRU) paBg oS I BIUOEEIE SI00CS A
201 £6/1/6 £3012 aun)ap 0oL uedpeoly DIJOd  ¥8E911  BIL LK VADYPIORIN  mosery ] BUBOLIGUI? BINOOSA
: Lol
20N L8/1/8 94591 aun3ey 069 Joymey DIIdOd L0911 ¢Eo'cr oo Nubg]  Jwogsoys BUEILAIG BIL0OSAN]
D0W 6Ll ESTON SunJopM g9t nmdpoors MIdOd  S86STT  SI9F VY00 MON  OEEPE (1 BUSILINE B1H00SK]
DN 5109 Lo §9¢ ER6'STT  ST9p ofepr I BUSOLINUR ETHCOSAI]

Qg aeq ONTIo) %D ANg R H aneneqng M Bwoy N nogsao]  Hano g _ sapradg

"PANUIIECD ‘SUOTIRIO] $a133dS 19318) 1HRADY [V J[GE]

113



al

at

JOW

JOW

ar

ol

0H

OLiFIIE

EISTIY
$6/6T/S
Ses1rL
SBSIIL
6/5T/8
LTS
S8ILIIL

6R/LLIL

LLTIL

68/1/6

OLPEL

LTS

g

FLII

81
S0L
172
(HY
POt
E0fE
SLTI

L£71

6008
oLl
E68

040¢

ONHOD)

INRCY

A1

g v

Heda(1 'y

s
B ]
RpACTRE

i s &

L

005

14

(114

03¢

6ig

BLL

LEOT

015

01§

9901

- 096

£58

4114

A

1D smopegg

oM v
TdHL
b2y uo
1gey
dHS.L TdHL
repqey
HHSL L
1500) SO0
POXIN  pOoM UOnM
1520
DAY uoaY
ELTEL yuysqng

LYSHE

oSt

696°th1
616°€EE
L9100

LST0°0

A Buoy

S89P

3op

ITELY

696°LY

LITOD

L3100

Ni¥]

[RMOTJO M LY L

£T 39§ /1 HN oW
30 4T AR A9 NEEL

Py Xoozkdy
W snieTby

VN sttaunby

13 OISRy T8N
Ao DEMG

1) Feade]

AN BEuey
‘S NS

TofExr]

oyEpI ar
Ok[eP] at
oyep] i
ey dl
nared[sy i
Jaedn L
BHISODUS  (OT
Ry Ol
aamesy  dl
> L S |
ey IW
LU | {r
oumog  {l
fuuoy  yug

sisdeayun suspsgdisopnas]

sy enw|agdAsopnass
sisdeapue spsjjoydoopnasd
siedrapue speyagd Soopnosg
ssdunue veyodisoprosg
ssslenpue sirefjagd i30pnasg
srsdurun arjpydiopnasd
sisdeague euejoylopiasg

stsdeapue wrefaydfoopnos

Bewous spERgdooprasg
apnwone sueqeydLsopuasy
wpome epEqjsydsoprasy
epeuoue sermpioydxoprasy

Baoadg

"PAMIMIUOD ﬁwco_ﬁoom sapads 10810) UBASEY [V SIqEL

114



i

ai

ar

al

al

dl

al

250 '@

at

qay

vLITUE

1L/8/L

ILRT/L

LLILTE

LLILTIE

L

LLILTAOL

L8

TLILTHE

S6/91/9

. LB9EIL

S6/LTIT

. aeqq

860t

I£L171

99LET

ST

ELFTT

$9IT1

8191

§91T

TT¥IT

44

SEIEL

(41,1

ONROTY

RprORpg
1POORPS
Rpo0Rpg
1Bpsolps
BpONG
gm

B i B

Tepr]
E R 1LY
D yeng

FRIUEES0Y

FROUE0Y

1o

Cis

€0

ELS

£9t

005

- 008

019

e |

Ao’y

B AHS.L
“1dH.L

15310] TIHL
oS pio

v H

SqUITE
snonpoop

TdHL

Hexnsqeg

19

6911

(A4 ¢

A Buog

U Azmpg 1D J2m01D
AN g

ZaN [IMOJ0 MS
JArg Asuag

AN %0 1§

ANSOE IS

A2 215900 PRI N

I9ATY ToAIe)) ‘N

1D aeng

TMIES)

JINPRID

89°9% HH JO Soudnie]
BATY [RIN1EN
qamassy snusnby

SADIL) JEPR))
4814

ot Y BSHIOT

NI¥] TOPRIOY

1PA3S00Y RN

oyep] 11
Otep] ail
OYEP] ai
jared[y (i
amesy a3l
ety I
Ty dl
nanAn dl
sy gl
asael) ]
SUTOEE fa 1
46T qal
Loy  amg

sisdengue sus|puydioopass]

sdengiee apmpand Anopissd
stadengre aus|Eyddsopassd
sysduatpue opeRdioopnosg
SARIT BLE(PYLAITRE]
sisdwaue usegeydAioophssd
sisdenpue eiregdid bopnos]

srsdenque auefleyd O0pnRs ]
sisdanpue sreqpsqd{sopne ]
susdeapae epe)pydioopnasg

stodenpue suw[pydsopnasg

spsdunpus nusgandiopiesy
g

“PONUIMUOD ‘SUOTIBOO] $910ads 10818 WeASSY TV 9JqB],

115



J50

a1

al

al

(1]

al

|

R |

66/6/L

G6/e/L

66/01/L

66/6/L

66/5T/9

B&/TZ/L

HL/81/6

L4814

1449/

CLBUS

TLi9fL

LLI9L

TL/9/L

v

19dl

LI 3241

19t

1Zedt

1zzal

TIpC

098

LEL1T

LILTT

6611

YOLIT

86911

YELTT

ONIIT)Y

UOSIEGRIME

uosnginH

BOSUIYINH

UOSHIRINH

UOSITYSINE

UOSIMEINEE

ned

018

134

(471

8Is

848

Lix

AN

puepa i

et

LB L |

RLLdOd

ANdvH
Y IY WS A

MHTHS

LAAMEANTY

TdH.L

"oV

aeasqns M 3807

Tee'gil

BEC'STI
LETELL

STl

S65'STT

L9781

1§61

YARY 4 2O AP0
D0 By
6079y - UOSRO] Jags prejs]

yoau) Apsim
SILOF  PUODARATED YoUld

Wl DN PUE XD
TPB9F  Jaateq ‘U0 “LpZR

orl'or (PO T 9 3]

=tH0O 8451
0Ly ENEDJOCN WY |

809 D) BISH,0O

AN 9010
d ABnjag
o esyo0]

AN BT

AN B

N¥1 uoHsry

ey 1
oyEp1 a
s (i
haken dl
oyep] at
suogseys (1
oyep] a1
CyEp] al
Cyep] ar
cqep] at
oyepy ar
ey at
oepy 1
Ammey A0S

sdsenpue ele)agdisophasy
stdsenam sRqdA2opnssd

sydsuamie saegpmd Bopras g

sydsenpue vroeyjsyd opnasg
sudsenpue wweyogdisopnasy

sidstnpue sprpegddioopuosd
gisdRIpOe BURTRYO0PIOSS
sisdengue iﬁﬁa@.aa
spscuague g.._éxa_ws._am
BUSCRRIIUL BLIB|RIIAD0PISY
sisdrIyiue Bie|joyd aopnosy
SISARIYTIE SMRYIAGAA0PAIE]
ssdeigye guefRgdoprasy

sy

‘panImyuns ‘suoreao] saoads 19858 URASSY 1V S[QEL

116



J80

380

QH

66/0818

&56/¥ 219

66/T/L

56/L/L

66/5/L

66/0T/L

66/T/L
66/9%/9

66/¥T/9

66/8/L

66/E/L

ueq

1¢1dd

1£Za1
gor1eeal
eeal
n.an:
csal

[Tedl
(AT40:]

TlecH
Io-elg=al

LeEdan

oNJI)

WOSUYSINE]

EOATYNNH

WOSTIIEOMIE]

WOSTYOIMH

OSUIAIE]

OSIYRNH

OSHIINL

vosuInY

uosLIyN N

HOSUIINE]

UOSTREINH

o’

109

[4%9

625

113

C8F

£Is

6L5

ot

I1s

Les

1324

AA

yoa1)

™D

F1D
Y315

sapy
Y

o

e

THIdOd

ILAELE |

TdHIL

dvd.Lli8

.3))
v/ TH.Ld0d

|
NdVHA TdH
/AMINTY

0d
V/NOadov
dMNT
VAdyHY

BT

ANdvHY/
aHav/IdHL

sKa
TOH/HL

umysyng

(£ S

909511

PRTSIT

ELTSLY

ESSTL

s19°¢I1

L6TST]
el

BIFSL]

697511

TETEL

A Dm0y

Lyoy

LLT9Y

09t

FeOov

£EO1°5¥

84844

SHo'or

12°9¢

BLO9Y

3L

EVOoF

N 1]

D) sanEnby Jo

N OOLS 87 NN
(Es¥8)

P ur aed

PpuoY Jaary Aumpog
841 Jo pas g 1y
¥eaur) 30wy

Wiog |1us Aesiiag
1o g sa[u §'0

19 uosUYo[
Wy peos oy} ssoisy

DO snprenby

Si[ey

T ‘prory JaATY
Aeayog Jo inog
TR0

B HTT AnH U0
PUEE] 00y

wioy weaysdn jsnp
A ey

1| HY Aempggo g
sofptes 5 “xoadde
D0 3D

90Ty WOF pen
uo g 3w | xoxlde

uopeI0]

BIRD Al
oyspr I
ol I
aqepl al
oqwpr

maRp
ol I
ol al
ogepl (I
oqepr a1l
ogwpl I

ano) | awms

sedseapue suefjsydAopnos,
sidsepne sjeRd opiosd

Sidsu.apus voyRydisoprosy
SIASBIGME BLIR{AUADOPIIS]
sudswagus suujleydLoopnasy
sidserpus segayddoopnasg

sidsunpoe eupgd Soprvsg
srdseagirs erre|eyd sopnesd

spdsenpue wue)aydAcopnasg
sudsengue elreoyd opresd

sudseaqn waeflagdAoopuesg

sapudg

"pnuTiuod ‘suopeco] saidads Ja8ie) weAdey IV 9B

117



dis

DO

I

JOH

20K

quzy

66/ 1%L
66/5/8
66/TU/8

66/11/8
GO TS
D&/HR

SLITUE

06/1/8

6LITT/E

4

660278

66/FT/9

g

10-Z1al

E1SIE

T

16Edd
£21dd

66121

(474

65581

IRIN

LLBIT

teldd

£ildd

ONHOTY

oSy} H

GOSUTHOYIH
OSUFYNEY

wosIyAnH
goswyeIngy

NN

AN

ANJON

UMW

aum; oW
UOSURIIE
UOSUTYY L]

ned

B8
679
£221

6EL
34

0201

oRs

01%

00%

03s
01¢

[o+

AA

L)
Afpeuoseag

ATy
¥
mopeagy
oA
wpedpooa
A0 USPPTH
Jo oy
Yook
qrgs
mado

RAH
T
PO N

1 SMOpER
LN

15100 YOEY
*IdH.L

H32Ly
e pooL

LT

OEV/dvdLd
ANOTVED

NoAav4o
MATY

RO
H1dGd

Hmed

Hreq [A.1dOd

HIEXY L

] YTV

SqILYE
SNONPSAD

RLLIOd
[RP Y

peaisqug

L9791

£EL9L!

£95T1

SOLT
sy sl
Lor'stt

905 eTH

Lo¢ll

L9511

ESST1

EIs1l

gesil

A Guog

WO K481
CEOLY RO S0 N W {

o JmOJo M

PIEr 00 ¥4 wosmyay
&5k 8C8TAISI

sEst Uy jJmaseg
o DO 18g wosumog

8o DBMImBDAMNIOYIN

(gctsd)
LLTSY P 30 393g
cEop VN supenby

AR 4 IRMaTJo M Wy L

Zror D0 1O pEID
$89% DM PJO I N
1I'op DO Mg BOSIYOT
N1 uopuIY

SROYEOYY

Jauvog
ayepy
NI
oepy

RULLTL iy

oqep]

Fil AL g

oyep]

oqepy

oyap]

Aene)y  wwg

B 88 28

=]

{t

a1

ar

a

HEROE(P W{RMEY
BRI BUEIEY
BRICTIP SUITeNEY

WO SRy
TIRIDOUP FI[EIE

sydsequre ssfagd opnasg

SdsvIguR Brjjogd AoopTsg

ssamE mappydidepnasg

sidseryyue Buejpqddsopnosy

ssenpoe erugaqdoopnesg
sulsuxngue vpegyddoopnosg
sidsenyus rampgdiaopaosd

sapulg

"PONUIIUOD ‘SUCIIEd0] 5910ads 10318} JUeAddy 1V Jqsl,

118



dds

IR0

+H

66/$T/L

6hr6¢/L

6O/STY

66/EiL

66/t

BTL/L

OG/0t/L

66/0E/L

66/tIL

66/¥iL

BO/ET/L

N

1rers-al

1tial

10-Z1E-dl

cedl
ECEC
FELCH

TLLAl

EZLAL

TEEI

£eedl

128cl

ONIIO))

WOSIGIIAE

wOSUOINY

UOSTIS A

vosUYoINH

UOSHYRIH

ToSUGNE

VOSIDINEE

oSy

UGSIANH

uosLIAINE]

L]

I8

L

679

£12Y

159

e

14711

868

Is¢

LL9
OkL

ANA

eArd

=40

Ay

¥R

AR

MY

o
VIOADEY

NTvIW
¥AdvHY

NEVHNY

dvdldd

SpOOMPIY
HDATY P
SPOOMPIEH

Wd
YHIUMTIIdO
dN10aID

Y1030v

NTVIN
VANdVHE

Noavy
ORINdYHY

ymsqRg

ze0ett

Fo91l

TER |

[45411

307 5EE

1857011

ELFSTT

6ZF9l1

ELTEIT

PLESIT

sLiolt

A Suo]

618°LE

L6LLY
6E5'9F
£H0Op
£ETOP

LTy

EELLY

LEL'LY

ROt

LETSY

S0L°LY

NI¥1

DD yuey 3rg 1N
Ly

tapiap Jo g safj
£ ‘nosdde ‘90781
o)

AumdIBD) SSAUISPITAY
oo

¥ AUy WK i)
©0 J Hqiu { xoudde
[0y

JO T TN AME N0
SOLIVEY

IS0 SN0 ST
00 SponsAduoH
gy

foapsarjod
YouD 208y

urg ey Aemps
uD J SN ¢'H

Huideyng

03 PEHEIEL )
Aumanery SSOREPI M
5D

- yea1n A1 Jo yoN

noyEIO|

Tenaj00y

faagooy

oqep

oyER|

oump|

JLetelviy |

Teuaoay

oiEp]

oyEp1

auoysoyg

Lanoy

ar

-l

Gl

al

dt

ali

ai

it

al

nag

EJRIZOR|IP BUIJEWEY

BI0uIp BRIy

BYRIZONYIP BUljRILEy

#R130T]1P GUl[BLIRY
BIRISOBIpP EUIVUIEY

BIIOBTP BUNMIEY
BIRISORHp SIUITY
RIEOU]IP BUITRUIRY

BJRROUIP SITEIIEY

BJREOE[IP BUITeWE]
. sapadg

“ponunoo “suoneoo] seroads 10811 JurAa[ay 'V 9jqEL

119



Nnim
448

280
it

QI

66/¢/L

66/7/8

66/£T/0

66/ST/0

66/0€/L

66/E/L

LT

b6/6TIL

66/¥TS

66/92/9

O6/8/L

avq

EEECH

££601

T
ar’g
e

1Zza

£ELd]

TreLT
~ar'io
€Tl

118

ZELAl

W1t
-l ‘10
pliTatl

CETCE

oee7al

ONIIOD)

BOSIIOIM ]

mosapIE

BosUpEInH
WOSUTGRANH

uosTTyInY
TosTgRME
BOSUIRIRH
UK

BOSUINAH

GOSTIUNNH

VOSUIOPH

1%

LEy

9£9

104

Ot¥

008

85F

(£

6tL

(417

bot

434

aag

RAD

biSon)

=D

EgEH

nocy
TIANdvH
WYIDHOV

NOAavieo

Squfs
AANTY

HTINTVY

WNOAYED
noay

WVIDEIV
SpociapIRy

ANdVHA

ANdYHAI

dvd
JAg/EARD
aydepy

Wrisqag

&9SLT

19911

6¥6'S11
s6gcil

£8e9ll
BES'STI
160911
nno.o:

909611

apeEll

98C°CTI

A\ Sue]

£H09Y

TOL"8Y

[42' 874

&F1°9F

12L'Ly

60'9F

WLy

I8y

LLT 9%

1759

019

N1

A7y oy
®HL Assfegjo g
s {150 "xosdde

T AMH J0 pusj nos

o0
FI01 oS / i AMH

Hoax0r] IO 5 A 71
TTHH0T s Jo 1ol

DY
WOSTO[ FR PUEES]

OSAMED0
ALRRTH

ayeT uspAey

30 pu2 ipicu 3
Jo gy g vordde

(esv5d
Pl U ard

g
JOH T AMH uD

ITf] UOSULOf
W0 PRI Ol S5O0y

uogEIry

opEpr  ar
oulog Q1
oxep] aI
ogepr @
Doy (i
oqspl I
SUOHFOS (1]
femjooy I
oypl i
oymp] QI
oyEpl QI

funoy  wwy

BRIV EU[ery

BJRISORIP HI|EIEY

EEIIBIP SUlTERIE]
BIRESE]Ip IR

BIOVYEP FUITY
WRISOUP BUIfLSEY
BUBII0UIP BUIRNIEY
WRIDB[P EUIAITY

BIRISORIIT BUIRUEY

BRICOR][ BmjpRIRY

BIRI20B]HP BUPRIEY

vapvady

"PENUNOD ‘SUOITRA0] S19ads 12818 JueAsiay |V SjqBL

120



448

I80

350

ML

IS0

H

Bo/F /L

66/ 12/

66/ST/L

66/5T/L

06/ 18/L

GO/ST/L

66/1T/L

66ITTIL

66/ 1IL

o6/

GE/0T/L

GE/5TIL

L |

1sdal
£kl
x4 1)

ZEsCH

12641

TERCT

90-€ [ -1
‘So-¢1¢
<1 ‘¥
-ElpCE

Aty dns
aie
“le%dl

10-£28-al

reeal

[Lig g3y 011
(33471

ONIIO 3

HOSUYRINE]

UCSHIYmnEH

uoSHPI

UOSIORH

ORI

oS

HOSHGH

HOSURNEH

OSBRI

UasTTIn gy

USRI

NOSIOSE]

L)

L0L

¢t8

§i0t

LG

£8g

(23}

98L

154

869

B¢

L96

2.1

Ay

1Ay

B2l

PUBTRM

H=224D

Targ

SPOCApUEY
™
LIOdN0aY
NOavis
HdVHYE

MAdOd
INHId STUEY

NTVINY

S/ NOdY
WOMELd0d

Noavyd
2MANdVHY

s
PUe AT

SPOOAPIRE]
dvd1ad

Aeapgeg

G10'9T1

STEIIL

LLL51L

660'911

£8an

601'911

LoF9IT

LBOOIL

fLae)

ECOSII

SBOSTT

BE6'ETT

A foory

1§TLY

§0LY

C65°LY

SLI'LY

[t 4

YLELY

L8I°LY

T L

LYT LY

I¥8'9%

LTS

818°LY

Nl

30 Sgaepy seaN
“PE U198 MO

BREBIO JO N 'L P4
JB3g SO S £°T
PP JO I8 654
P

AW T7ESd

‘91§ (REuEdxg
IDATY 1831 TRaN
00 g

Fig jo N 80754

IS WRGYSEEY JO
sy [P £930 N
0y

Auzqa|yon wog g¢
Aw] ] ssou308 058

0% AMH §O § 150[

AMIDAN Pire 4D
BATaE TR LYTS

1D Agm
MTARYUOI JO N I50f
Lk

w0 N TIvSd

nopEIN|

SKH{sOUS

EET

SUCLENYS

SUUEYS

IRMO

- TEE0NY

awovsoyg
auoysoys

HEa0)

DT830

IRES100)]

Apunoy

a1

al

ar

a1

ar

ar

ar

BESERP BINEWIEY
Blelave)ip BBy
BRI EUl|EUTY

EIBIU[ID BUeEy

TIRI0B]P BUIHITY

RIRIIBIEp EULBURY

TRIIOBYP BUHLEY

BEIOB[IP BUL[HUEY

ERIIBIR TO|PIY
HIBROYHD sl [gwiEy

BJRISCR{IP EH[RUIRY

BIREE{IP BHI[OIIR

31935

‘panunuod ‘suckeso] sapoads j1a81e) WBASIY TV QIqBL

121



20

e |

201

QB0

dds

‘N

B6/1/B
SL/E/E

£6/1/8
Z8/l/6

C¥UG

6LIF1IE
GLIFLIE

66/91/L
66/6/L
&6/014L

66/E/8

66/ TIL

G6/4/8

Gb/ET/L

66/ T/L

weg

DLFET
6E£9

£9¢TT
1113144

§oRit

52101
6F101

1g k2 gt |

1ot

12901

Teial

ttedal

LO-EE-Cf

Lat

£ESAI

ONIECD

JepanuRsey
S0n0W

ammn3dp
amgop

MO

aunDoKg
MO

OSSN

UOSIRGST]

TOSWRRY

uosUTANE

UOSWINEY

DOSURSINH

BOSURINE]

DOSURYANE]

e

o8L  widrepy a1
6L umdpoory

Skl  wmBisp agu]

08, umdpooyy
0gs  uemdpooyy
05 wEdpooyy
gog  ureydpoo)y

B4
653 Ajpeuoseog
018 puvpom

296 PuTpRAM

058 U
09L Rl
¥06 Foary
£L9 TBATH
L86 oLy

A 1qeE

sqnyg

g srupy
quayg
sqnags

SNONpIaSp
N1y
sndotjenny

5N
¥/ Td1d0d
UNIVHY

| noavi

VYAV

NOAavdd

SPOCMPIREE

NOavdad

SOy

TN

[ 300
TO9SET

88911
SEa'STI

PESSTT

899SI
eBO'S1I

£35°511
HEsTH
LBOSTI

I£57911

EL6°STT

99°9l1

GPEOTI

£O1'91E

M Broy

188y
LoT9F

SEL'RY
SERSE

LITSF

FEL'ST
sUop

6969

1TL's9F

1209t

ESTir

6OLLY

BLOLY

FIELE

SOLy

NIT

VN
e IsaLLy Jaddn)
o Fupy ang

FTALLI0 pua N
D) IR 1 §

ek ek )]

) sMapIyg oM,
Myso0y

e

Aold AHO Py BRArY
SENOFRT *L¥b S

DI 0PI

£ 930, £y TeeN
SPIUIT JO $952 SO §

PIBYD3 L JO N
¢ xoxlde ‘30754 O

BpIg
JO 7 sopmi 5 xoudde
a0{ W\

o “s8plig us1g Bra

SO6 1/ 1011 o8pTg
3O Bu10¢ Py

NoRuIr]

Adepunogy
GREPI

umeg
ouept

ouep
oqep]
oqep]

DALTERY

TRURI00Y
qemonog

SUYSOTS

SUOEINEG

Aynoy

BERE BB a8

ail

al

a

Hag

H]RIZ0E| 1) BUE|BUITY
BJRIZOR|IP BURANE

BIISITIP SURUUITY
URIOUIP vulUIy

BRI Tareey

HIRRIEPP BUl B
ERIBIP BOTIEIEY

BjpRan]lp A feunry
ERISOR]ID B RIRE
WRIZIRID BULRLICY

HEISOR]D BUHEMTY

GBLIVID BUTEANY
BIRIOBIP BUNEEY

HEIZOR]IP SR

BjRIRYp B0ty

sads

"PSTUIIOS “SuONEo0] S310ads ja3ie) JWeAdsY IV S[qEL

122



JON

o) 3

JOW

JOW

JOW

J0M

JOH

JOW

Lo

LLTS

LLIST

LLIfL

16/1/L

68/1/8

68/1/8

LBITL

THETIL

L8768

ueq

aL9
Lkl

133% 1

ZibL
06161

LBBL]

9ToLT
10491
ELETI

S6E1T

6Le8

0E0L

NI}

SB[ M

SUNON

AN

Cile s Ul

Lol S Y]

amjey

SN

SN0

Ry

IR

ned

223

9901

0501

053

066

06Tt

096

STEE

0Tk

ANl

1saxY
ursjdpoo;d

1saa0)
weppooly

Jsaac Z¥I00
POMIN
15010
arwdpoo)]

dursmg

J0F KGR
Ypaosd puz
PUBRLCI0H

weidpool:}
uoiuey
H2ID TN

o
SurBuegaoao

adots 3Ry
o OWild
~dHL

9qeH

5311 BoOKY

sBim) B3ald

Heq YOEY
88} 1Y

MR E0l

oy
ML1d0d
HLdOd

bELaY. 130

aeasang

LOTO0

FEREIT -

BORELI

6O6'ETT

ISTHII

¥80¥I1

SEREIT

¥11

8O8°ETI

FETEIT

£8¥1l

8F911

A Sa0y

Lo
RLE'L¥

SaYLY

9IeCLY
SIL8F

S8%LY

06'Lt
eReLy
1$9'8¢

LIESP

XX

LLSY

N#T

) JESEdg
$0 sudnosnd
TU AT UM

SIred

© 4O UOISSIN Mojogl

q
PRINEL SR OGP N

Ao[[eA UBMG

A[|UA VMG

1 MUD N
11
PIRUOIIN JO P

moAmeD ¥ear) [T

aty
[esdsop] Y umeg
M} O X40F APPIA

EOTER ENEL |
JO AN SRR ZF

EOLwI0]

PEApRl] I
BT IW
o IW
ey IW
LT S
oeT  IW
Mel  IW
aET W
peeyiRld I
ST S
L)1 T N
Ampunog @I

v1 1T S T

RIRSIIGO BUITURY
BIBSAN0 WENTY

RS0 Tl

RENIQ0 PRI
EESN)Q0 BUEL| Rkt

EUSIIGO VUL

EIRSTG0 BN
BJUSIIGO R [BIEeY
. HESQ0 SUIEWEY

EJRSNM0 TR

BIBSINGO LG

BIRIDOB|ID BUI IRy

sapoadg

"PONUTIUOD ‘SUOHBI0] §310ads 15318) JULANSY 1V JQeL

123



Jom

NEM

280

ikt
280
D80

DO

0K

QI

I8

LESTIG

LLISTH.

68/1/8

L8/

£8/LIL

66/T/8

66/T8

66/1/8

Fe/EL/8

Le/1ITL

aneq

1812 RRpuasoy
€9 STHBIIEA

96 RO
FT IR 7
SERLT  SUNOOW
0IL9T oW
L8LEL MO

T0rZ26-001  VOSUMSIGE]

S0rEEH
UK
“£E6Ql  UosuyNnH
(Xrd Ligl|
PrEl6
~I 20
“Tleal  vosminE]
L8TFT MmN
EB6ET fali® 04 ]
oNIIED 1o

0Ls

Fro
o901
068
8611
s¥6

£ey

09

43"

geel

S¥El

Ay

a0 q
1S/ 1dHL
o) HINSd
misdpooiq
preRbonog
duiems
puepucRog

PR3

wBmp ey

g

LUy
JopedH

1530
HNSINAIH

FHIqsH

g JNSd

s} a1
e DY

epEg-u308]

NoAavaD

[LdOd

Baoly

SY0

neysqag

L3100
SEEEII
96'€11
FSOHIT

143
TERETT

81901

1ot'ol1

tIvell

18TFIT

BOTLTI

M oy

L0y

LI ENA 4

TANE

SR5°LY

ERCLY

S NA

STRF

T05°8¢

17414

s#6'8y

L9TSE

NiF]

UOHBANIEIY

WEIpU] PEAE]
By H][8 EOIEIPY
N Juesedld 14 Tvau
3O WOIsSTIY
SEAMHFO S

1D MO N 18N

10 andnviog
JBMI IAATH URMG

FOL W0 AN

T AMT] Jyo pug qog

a¥mgoyy
AP, TRUSIO0Y

N 19510}

L
MO[TBA 3U1J0 3 A

HOYEIYY

Py
peaiegs

ey
ey
axr
e
T

oy

Bauog

Ampunog

pegE g

BMOTFEM

A1)}

§ § § & & &%

fa)
=

ar

a1

o

N

sLeuliod seney
uneodd Buljurey

wLsufjod RaifHLIEy
e jod pauwry
easayod sufensey
deutfod supeurey
sLujod v peuy

wiod suTeEy

Prsuriod mpauTEy

wLf|od ey

BIUENI0 BUISEY

BUSIGO bey(EIEY

sapadg

"PANUIUG) ‘SUONRIO] $3103ds 1931e) JUBAS[AY [V Qe

124



LAy
80

448

/dds

Ndd

Ry

66/ TT/L

66/ 12/L

66/51/L

B6/LT/D

6O/ET9

66/9T/9
60/61/L

O0/ST/L

LLTIL

g

£0-17L
1 o]
-TEL-a1

ForEEr-Qai
Hrity
a1 'so
it
0T
-arcio
=27l

FO2Ie-al
‘EO-EIT
-ar-zo
~TIal

E1TaE
835011

IL1e

- LAY

ONR

TOSUYRIN

UCHULRH

uoswgIng]

BOSUROINE

UosIINH

UOFTEINH
UOSH[RH

£910)

ARRIERSOY

)

89

£t8

658

e

o1+

L9t
LSL

‘OBL

0OL6

G

Ay

L
£)[unoseag

JAATY

B AHS.L
‘TN

HHYH

T4140d
MOIVED

TELdOd

Netd
MALdOd

4140
JNOAYED

TR

140d
MOAVID
0TV ED

youek]
qHEY

il

BRqeg

186911

9TE9I1

E88°9L1

LIOTT

6L6'ST]

BOOSTE

LL9LT

PLAIT

M duay

. S
Ty ISJe s S 7

SOULy  SPUEIJO N ‘Lbb PY
sHuyrmyEae

Aud AHQ P ALy

656'S SO "Ly 8
AR/

0 JuoQ rRn

TUEGH Jo g uny g pnoge

80'9p SO e

Hsooy

JOU'ZT AMT Uo “Yirg

67C9p  LASUORN SR jO LEIE]
(185 4 30 N 66 Sap

pyyoIng

ATBANC]/PIRATOL

10 p80f

TE9Y  PAHJIO M IS0

BSIY $][8] LOISSI

NI¥1 BogEIT]

yemsuway I
L L @
Ll ar

s
ayup] 4]
UL U al
LLU S| a1
HEIBT dl

PemELY 1N

fuuney  wmg

sgdmamdaiqus suEnnny

sydieooydajqns BuE{eITy
siydumsoidapgns suijewny
eiypdazooidajqne somewrey]

aqdrsooda (gt mypewng

wdssomdopgns suyauEy
wdsmonichgns BB

sipdresaxdagqns FueuITy

errenod sursey

saraadg

“PanuUIUOD ‘Suonea0[ satoads 1oFre] JurAdRY "1V QR

125



380

Wdd

s

80

LM

qin

66/0E/L

BarSeL

66/9T/L

66/1%L

66/5T/9

(1A

96/LE/S

R/ T/L

6LFLIE

66/L/8

66/61/L

uEq

Taat

TO-EE8-CHE
[l

131411

§£2a ]
LEsal

$071
141
t6b1

6t101

I¥1dd

ey
-ai'50
piiastl

i e

GOSTRYINE

LOSUIPINY

HOSHHNH

UOSUFGINE

UOSUIYIINE]

UGRIAINE

ARIDY
jegeg
Amp

200300

UOSWRONE]

HOSIUNE]

oy

rig

(]

658

3%

¥

LE6

ZIll

019

c08

9v

SLL

LEL

ANH

B
A|penoseag

L

LT 1T
poxIN
1sa%0g

uezredry

aredpoo]]
M
AjIeuosesg

=D

Ll |

TH140d

HOUV/NIL

4
JdOd/ TdHI,
ALY

NV

Neid

T salqy

HHSLTJHLL

snisuun)

(HVYHd
“RILdOd

[HidOd

HrNEquUS

ELFOT

8561
£35°911

STE9EN

S65°ERIT
§O1 911

99¢1T
Losit
L6811

SBE'STT
gLl

ol

A Bmo]

£EL'LY

BI%LY

6969

LA

6r1'0F

$00°Ly

67°9%

89¥

STL9Y

Srov

[4344

(404

'ELS |

DO s[yansAuoy
JoTsnr

DR |

UIHOH 9 N 2198
a1

Aeld AHO P RATY
asnoleg ‘LyySa

EHTOIO N Lk Py

[PMOT JO | AT £/3

S06T/m Jof y8 d8pug
Jo B[ 0F PY

%) opeiopig
30 § 3

VN sapenby

BIEOOY
oEML]

PUE pIeAdvl
RN O AME]

NoLIplaY
JON 66 AmH

mopRI]

TROMOOTY I
wEnooy
ey dl
el A
oy
uoEeqs 1
L S |
MR I
HEuRIM YA
ol
Ly S
W]
Aura)  neS

BRI BBy

BN BUTmaTy
HJSTARL BRIRLRY

BESNEN) BOIRUTY

ESNEny suTjeuey
SR BusRAL]

FISUEN] BUHANTY
SO BULBLEY
sqdmonidajqns eu) fBurey
egdmaojdajgns BujRuney

egdauooplopdng wmey

egdnoouiaidng \peiny

sa|ads

“PanuEuod ‘SUoBIC] Sardads 10318] JRAR[YY "1V JqBL

126



(4.

J80

9 H

66/0T/L

66/1T/L

BO/PTL

S6/TI/L

66/E/L

66/0L/L

66/UL

66/STIL

66/1E/L

66/vT/9

66/%/8

66/1/L

awq

Zo-E1edl

LTI

(4441

£2901

ETECE

£ZLal

12Eql

£iga1

w126

ITedd

Teral

TE6CEE

ONIIeD

UosuRinH
UOSTHH

UOSUIOI

UOSEIINH

VOSHTHNH

uosnoIN
OSHIIE]
uosgsIng

URSUTRANE]
UOSUIOIE]
TOSUINY
UOSIYOIH

ned

Els

L3z

094

Flil

LEE

858

688

(14}

£Re
s
P06
oyl

Mg

Ay
] L0
AJRUOsEg

YoiD
BM
A|[euoseag

Al

BATH

1aATd

pueom
BAY
%o
e e

LG |

TdHLAA0dY

141404
NHIEO8Y

NHIIGY

sMuIg)

404y

HDdV/IdHL

HI140dN0a
Yy 3oV

no

OV EDINALD
Flid0d
FIdHLNAI
AOHY

BLASGRS

6I9E1T

L9798

ELESTT

LLOTSTT

69T¢11

6Ty 9LT

LATSIT

TO09T1

S80I
eIl
96011
cEROII

A\ Buoy

HeoF

CEDLY

60L' L

ELu'9p

eroroy

LVLLY

Syogb

GI%'LE

CEEEp

sLo'op

BLOLY

L8

NwGg -

6)7) snienky

WO SI80
BDHE[TJO N Wy |

PITYINIT 0 N 7
¢ "xauddw *307S 1 O

DO saspa)) e

Lol |
WHI Aspg o g
sopur [ [5 o xoxkde

rapsayey

SHe
BN PROY IAATY
ABMIS JO 00K

70 4eeH Sig maN

Wy EuTwRdxy
IBATY 31 283N

PUEEY X0y
o wisansdn 1sng

ephitg
307 sapu ¢ xordde
B 1S3

HOPEN T

nemoy ]
aogsong (1
moay  d]
syl
oYupE al
Bumoay I
| al
ww0oy (]
S e S ||
oyep) al
ﬁ?ﬂﬁm [{}]
IMIHOE [43]
Aluaoy  amg

BESNEIY). BRI]RUTN]

vjsaRny ompTeY

BISIEITY BUITRIEY

HISHBI) SOymuEy

EISTRI) €W [FUEY

BISN BN Bulj LTy

BISNBIT) BRI

wshea saey

SRR ey
WSt BRIy
BISUN] Dy
BISIRAY BuRwIEY

sapadg

"PanNUTIUOS ‘SUcHBIo] satdads 198xe) JuBASSY 1V SIQEL

127



JOW

JICW

IO

SO

TN

LM

Qo

£6/1/6

66/1/9

$6/1/8

06/1/8

06/1/8

98/1/L

T8/E/6

TRITG

T8I

66/0T/8

66/T/L

a%q

£99%¢

{58TC

Fo581

6581

266591

SEECI

6LBTI

96311

$61dd

%144

fLigEaint |

ONII*D

PRURSCY

U N

NN

RO

GLles 4|

BUnSNA

AN 00

SN

ounoop

HOSTISINE

GOSTYNNH

WOSUYOINH

o

8511

0Ly

37

01%

0TH

0sZ1

03¢

741

€78

ole

[ ¥4y

LEY |

5904 241y
IS IAY
LIOI/E

HSI1/TdHL

urejdpoo)d
wopaq
ANpA

wBRlpooty

g
Y9310 38D

wsons
5048 51D

¥a1)
e

¥ngsy

HLE

Rguo)y

R0

Hpe))

SR

TdHL

THL

Jogy

ANunsqeg

. 99K

teF ST

LELR2

BGYSIT
Larsu

$R9FIT

819411

PECCTT

FPteell
L6911
L9510

FRTCIT

A Huoy

569

80rov
Sel'sy

TSR oF
$ER'OF

165°9%

895°9+

LIToF

§98°CH
4314
43
oY

Ny

00 Yaeg paey
puEs[

W0y " Aumpg

o

g oddn 3o ynow
Ju YT 83U JO pus N

oy stnmaby
‘QMTBIL) B30 3 N
FCS)

p 30 AN %2 SPPIH
240D

B0 M T |

EGI0T O 3O NIy
P00 own |

P 30 unBioys

o wo

DO XD opeID

L

HAAIBILD R3O WA §
P 0 PeR00I) IN
: }0%
sqiuyy uo s8pg
R 3O 3 N

peoy WAy Lempg
% J0 pEo 2P IV

uoyEIr]

ey ar
oyep) a1
u@ﬂ:ﬂ.ﬂ dl|
Qe 1
qarealy  (IF
0 I
oyepy at
olep] ai
ogepr I
muuog (]
memely 1
ofep| ai
Apnoy  amy

TSTIBIT) BONBUTY

BISRER]) THIFRIRY]

BISRAY) BURLEY

WSNLR SRy
TSR CUIRSTY

visnea suIewIey

USRS RaEY

BISNEIY) BUFEUEY

BISTIEL) BO[BIINY
RN BUIALRY
E[STIRIY) WUl ELrEY
BISTIRAT) BUI[BTTY]

saaady

"PORIRTUOD “SUOTIBIO] SAI22ds 195IE) TURAS[9Y "IV AJqB],

128



w080

w

n

w

Gy

6611148

LLIRT/Y

DELL

SH/HL

16/E1/8

L6/1/L

9%/1fL

aeg

16644
(474

=1N-Hd

LOCF

ELED

¥Z0L

£9111

FOOF

ONLOY

WOSUIIIH

gﬁ

R0y

RPIUrg

Hanuasryg
JNROUIRErY

&0D

6L

Okl

99E

008

|

MOPBIN
CPM

10108 HS.L
~TdHL
182104
magsedng

adogs Supey
2 OWid
~JHL
18210,
¥l sy

qegt

NA  SOLIT
Funa %4
THL  E9'PIT
WHL TSI
2911

HHSIMHL 5911

TdHL

prusqug A Jovg

€SI

fE'8Y

359y

oo

LLSY

(A Td

[44 3

NET

YUY {[sas0g
dN B8

Bf Jirsad
10 5 PR 24040
OIOADCI 3O A4 WP [
Y

omold YD) SPEID

ATI3 8 Fotog
JO AN 5o 77
34010y TRPA)
JSa0s00y TEaN
¥ e

00 10 2pelD

DOpRIG]

NSO

pod VA
PRl LN
Hepy al
oggpl (1
Ampunog i
puog Qi
oyep; QI
Aoy aywg

BBNSIY) FUITRUBY

BIS0BHY) U)Wy

wSne On]

wistiung ouy sy

WENBI B[Ry
ESUEN]) ROy
sy arfemey

spsadg

“PONUMIUOD “SUOIEY0] Saroads 10818 JUeAd)dy "1V dqe]

129



Oceanic Species

Bryoria friabilis

Bryoria glabra

Cetraria orbata

Cladonia albonigra

Evernia prunastri
Fuscopannaria leucostictoides
Fuscopannaria pacifica
Hypocenomyce castaneocinerea
Hypogymnia apinnata
Hypogymnia enteromorpha
Hypogymnia inactiva

Lobaria pulmonaria
Melanelia fuliginosa
Melanelia multispora
Nephroma helveticum
Nephroma laevigatum
Nephroma resupinatum
Nodobryoria oregana
Peltigera membranacea

Appendix D

Climatic Affinities for Species

Peltigera pacifica
Physconia americana
Pseudocyphellaria anomala
Pseudocyphellaria anthraspis
Ramalina dilacerata
Ramalina farinacea
Ramalina subleptocarpha
Sphaerophorus globosus
Usnea chaetophora

Usnea diplotypus

Usnea esperantiana

Usnea filipendula

Usnea glabrata

Usnea scabrata

Usnea subfloridana
Xanthoria hasseana
Xanthoria oregana
Xanthoria polycarpa
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Suboceanic Species

Alectoria imshaugii
Alectoria sarmentosa
Bryoria capillaris
Bryoria pseudofuscescens
Bryoria tortuosa
Cetraria canadensis
Cetraria merrillii
Cetraria pallidula
Cetraria platyphylla
Cladonia squamosa
Cladonia umbricola
Collema curtisporum
Esslingeriana idahoensis
Hypogymnia imshaugii
Hypogymnia metaphysodes
Hypogymnia occidentalis
Leptogium cellulosum
Leptogium saturninum
Lobaria hallii

Melanelia subelegantula
Nephroma bellum
Nodobryoria abbreviata
Parmelia hygrophila
Parmeliopsis hyperopta
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Continental Species

Bryoria fremontii
Bryoria lanestris
Bryoria simplicior
Cladonia cenotea
Cladonia sulphurina
Collema occultatum
Flavopunctelia soredica
Letharia vulpina
Melanelia elegantula
Melanelia subolivacea
Parmeliopsis ambigua
Peltigera aphthosa
Peltigera canina
Phaeophyscia ciliata
Phaeophyscia hirsuta
Phaeophyscia hirtella
Phaeophyscia nigricans
Physciella chloantha
Physciella melanchra
Usnea hirta

Usnea lapponica
Xanthoria fallax
Xanthoria montana

132



Widespread Species

Bryoria fuscescens
Candelaria concolor
Cetraria chlorophylla
Cladonia carneola
Cladonia chlorophaea
Cladonia coniocraea
Cladonia fimbriata
Cladonia ochrochlora
Collema furfuraceum
Hypocenomyce scalaris
Hypogymnia physodes
Hypogymnia tubulosa
Melanelia exasperatula
Melanelia glabra
Melanelia panniformis
Melanelia subargentifera
Melanelia subaurifera
Nephroma parile
Parmelia sulcata
Peltigera collina
Phaeophyscia orbicularis
Physcia adscendens
Physcia aipolia
Physcia biziana
Physcia stellaris
Physcia tenella
Physconia enteroxantha
Physconia perisidiosa
Platismatia glauca
Ramalina thrausta
Xanthoria candelaria
Xanthoria fulva

Xanthoparmelia cumberlandia
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Appendix E

Data Sheets

Rare Riparian Lichens of Northern Idaho Data Sheet

Surveyor Date.
First initial, last name MM/DD/YY
Plot Number State

Geographic region (1-9) stream order class (1-3) replicate (1-3)
For Geographic regions 1= SW most, stream order class 1= major tributaries

County
StreamName Sub-basin_
Landowner: USFS BLM STATE Priest, Kootenai, Pend Orielle,
Private Clearwater, Coeur d’Alene, St. Joe,
St. Maries, Salmon
Elevation meters Latitude
Longitude
Site Characteristics
River:
Floodplain gradient degrees (from map)
Width of active channel: meters (ocular estimate)
Width of Floodplain: (from map)
Channel substrate: boulder % cobble/gravel % sand/silt % organic-rich___ %

Floodplain cross-section type (check one):
1 Incised with no floodplain
2. Floodplain on one side only with talus or colluvium on the other side _
3. Floodplain on both sides of the channel
4. Multiple channels on a broad floodplain
Site (check all that are applicable):

Seep Creek River Wetland  Seasonally Wet ~ Lake Margin ~ Bog/Fen
Cover Percents (ocular estimates of % of plot)
1. CanopyCover: %
2. Substrate: Boulder % Cobble/Gravel % Sand/Silt %
Organic Rich_ % Water_ %
3. Shrubs (by height): tall>2m % medium2m-5cm____ % ground<5cm____ %
Grass % Sedge % Rush %  Forbs %

Tree Cover by Size Class
(saplings = flexible main stem, midseral = top is still growing and there are few or no dead limbs in the upper Y, late seral = flat top (pines), dead limbs in
the upper %4)

Cottonwoods:

Sapling % Mid-seral % Late-seral____ %
Most typical dbh Largest dbh

Other Hardwoods:

Sapling % Mid-seral % Late-seral____ %
Most typical dbh Largest dbh
Conifers:

Sapling % Mid-seral % Late-seral____ %
Most typical dbh Largest dbh
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Stand Basal Area: Take 5 wedge prism counts, one at plot center and one at approximately equidistant points within the plot. For circular plots, take one
count at plot center and one count at each cardinal direction on the perimeter of the plot.

Basal Area Factor of the prism

Species 1  Species 2 Species 3 Species 4  Species 5

Center
Point 1
Point 2
Point 3
Point 4

Totals
BA
To get the BA, take the total number for each species and multiply by the BAF

Fill in attached plant list.

Comments:

Draw a map of the plot. Include all features such as gravel bars, vegetation changes, plot shape, etc.
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Plant Indicator List
Date
Location

Plot Number

Dominant plant species: record dominant trees, shrubs grasses and forbs:

Bryophytes: record % cover of plot: Soil/Rock

Lichens: record dominant epiphytes:

%

Vascular Plants:

0 = absent 1 = present
Shrubs
Rhamnus purshiana

Crataegus sp._____
Mencziesia ferruginea

Other

Gymnocarpium dryopteris
Lysichiton americanum
Nuphar polysephalum
Polygonum amphibium
Typha latifolia

Sphagnum with vascular plants

100% Sphagnum hummocks

Weeds
Centaurea maculosa

Centaurea solstitailis
Cynoglossum

Other Weeds (write in names)

2 = abundant
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Plot Number: Location:
Date:
Time:
<---All Macrolichens > < Target Species Only -------------
Species Abund Substrate Location on Shelter
(1-4) Substrate (1-3)
Shelter Abundance Location on Substrate

1 = exposed, no shade

2 = partial shade
3 = full shade

1 =<4 individuals

2 = 4-10 individuals

3 => 10 individuals

4 => ' available substrate

Base, braches, twigs
Low bole (0.5- 1.0 m)
Mid bole (1-2 m)
Upper bole (>2 m)
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Appendix F.

Data Dictionary for Northern Idaho Database

For Plot Data:

Surveyor: Name of person recording the data on the plot data form.

Plot number: Geographic region (1-9) Stream order class (1= large valley bottom rivers, 2 = major tributaries, 3 =
minor tributaries), Replicate (1-3).

County: The County where the plot is located.

Stream Name: The stream or river along which the plot is located.

Landowner: USFS = United States Forest Service, BLM = Bureau of Land Management, State = Lands owned by the
state of Idaho, PRIV = Private ownership, including Tribal Lands, and Lands owned by Timber Companies.

Date: Given as MM/DD/YY, two digit values for month, date, year.

State: The state where the plot is located.

Sub-basin: Major drainage for the river or stream where the plot is located.

Latitude: Given as degrees and decimal degrees.

Longitude: Given as degrees and decimal degrees.

Floodplain Gradient: Change in elevation/straightest length of river section (a 1 to 5 mile distance) near where the
plot is located.

Width of Active Channel: An ocular estimate of the river or stream width at the plot, recorded in meters.

Channel Substrate: Percent of river channel that was in the plot that was boulders, cobble/gravel, sand/silt, and
organic rich substrate. The records are limited by what was visible from the riverbank.

Floodplain Cross-section Type: Limited to one of the following choices: 1 = incised with no apparent floodplain; 2
floodplain on one side only, with talus or colluvium on the other side; 3 = Floodplain on both sides of the channel; 4
multiple channels on a broad floodplain.

Site Type: Derived from the sensitive plant site form, used by the USFS: 1 = Seep, 2 = Creek, 3 = River, 4 =
Wetland, 5 = Seasonally Wet, 6 = Lake Margin, 7 = Bog/Fen.

Canopy Cover: An ocular estimate of the percent of space taken up by branches, twigs, and leaves or needles when
standing in the forest looking up and estimating a percent of your circle of vision.

Cover percents:

A. Percent of the plot that is not included in the river bed, but is covered by boulders, cobble/gravel, sand/silt, organic
rich, water, or litter.

B. Percent of the plot that is covered by vegetation divided into shrubs, grasses, forbs,

rushes. Shrubs were divided into three height classes: tall > 2 m; medium 5 cm to 2 meters; ground < 5 cm.

C. Percent of the plot with tree cover, divided into cover % of cottonwoods, other hardwoods, and conifers. The
percent cover for each tree type was further divided into size classes: sapling = trees with a flexible main stem; mid-
seral = trees where the top is still growing and there are few or no dead limbs in the upper quarter; late-seral = trees
with flat tops (conifers) and/or dead limbs in the upper quarter.

Basal Area:

Basal area in conifers was estimated by multiplying the average number by basal area factor of the prism.

Basal area in hardwoods was estimated by multiplying the average number by the basal area factor of the prism.
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For Lichen Community Data

Shelter

1 = exposed, no shade
2 = partial shade

3 = full shade
Abundance

1 = < 4 individuals

2 = 4-10 individuals

3 => 10 individuals

4 => 1 available substrate
Location on Substrate
Base, branches, twigs
Low bole (0.5- 1.0 m)
Mid bole (1-2 m)
Upper bole (>2 m)

Location Table

Species: Current scientific name for the lichen

Location: A brief description of where the site is located

Substrate: Species of tree or shrub the lichen was found on

Habitat: A very brief description of the habitat

Coll (Collector): The person who collected the lichen

CollNo (Collection Number): The number given to the specimen by the collector, generally a unique number, but there
are exceptions. My collections include specimens that won’t be curated, but are important to establish location and
range of the target species, so they are included by plot number.

Date: The day/month/year the specimen was collected

Herb (herbarium): The herbarium where the specimen was deposited.
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