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PURPOSE & SCOPE 1 9 9 1

The purpose of this research was to (1) identify all plant species present in the North Woodlot
of the Fernald Environmental Management Project, (2) assess which species were non-
indigenous and to evaluate their threat via relative abundance, (3) conduct a literature search
for control methods, and (4) implement a three-year experimental study on species control..

The design of this research called for a four year timeline with two major phases. Phase-|
(objectives 1 & 2) was to be completed in the first year and was directed primarily at the
identification and assessment of invasive species along with site reconnaissance and
refinement of experimental plans for Phase-Il. Phase-Il (objectives 3 & 4) was to begin in the
second year and continue through the end of the fourth year. This annual report is for the
first year of this study and focuses on Phase-| objectives.

Phase-| calls for a detailed floristic inventory. In the past, traditional floras were largely
under the purview of academic botanists interested in taxonomy and biogeography;
however, the use of floristic data has exploded in recent years and is now recognized as
the cornerstone for many applied ecological studies. Floras have become increasingly
important in impact assessment, management decisions, restoration efforts, and policy
formulation (Palmer et al. 1995). Only recently have standards been proposed for the
writing of floras (Palmer et al. 1995) and we have adopted these standards for this
research.

METHODS AND PROGRESS
Study Area & Vegetation-Environment Relations

The first phase of this project required a detailed floristic inventory of the “North Woodlot” of
the Fernald Environmental Management Project. The study area approaches 65 ha in size
and lies NW of the old production facility, south of S.R. 126 and east of Morgan-Ross Road.
Geographically, the area is centered roughly on coordinates 39° 18’ 20" N x 84° 41'-50" W
(USGS 1981). Elevations range from ca. 550 to 630 ft.” . '

The study area is composed of a diversity of habitats including old-fields, previously mowed
meadows, regenerating forest, and mature forest. Using recent aerial photographs supplied
by FEMP, a generalized habitat map was constructed using AutoCADD (Figure 1). Ground -
truth points were located-using a GPS and topographic maps. At each point we recorded the
dominant overstory species and dominant understory species based on subjective visual
evaluation of cover and density. . The purpose of this vegetation map was to (1) provide a
baseline map to use in the floristic analysis, (2) to generate a more explicit understanding
of habitat distribution, and (3) to evaluate potential study areas for Phase-Il. The dominant
species are summarized in Table 1.

Old-field habitats were generally found on Ragsdale silty clay loam soils (Ra)(Lerch et al.
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1980). These areas are nearly level and very poorly draine?j‘. They are subject to ponding
which we witnessed throughout the spring season of 1998, and the surface soil showed
distinct signs of anoxia. These soils were very poorly drained, exhibited slow permeability,
and showed signs of surface cracking during the dry summer months. These habitats were
dominated by Canadian Goldenrod (Solidago canadensis) and grasses and sedges
(graminoids) with occasional interspersed trees often producing a savanna-like habitat. Most
of the tree species present in the old-field are tolerant of saturated soils and included box
elder (Acer negundu), slippery elm (Ulmus rubra), and green ash (Fraxinus pennsylvanica).
Interestingly, these trees appeared to be acting as seed recruitment foci far perching birds.
We plan to investigate this phenomenon in a subsequent research report, largely because
the recruiting species generally appear to be non-indigenous.

Regenerating forests (age < 40 years) occurred on low to moderate sloping topography.
Young stands on low sloping topography were generally found as island patches sitting in an
old-field matrix and were dominated in the overstory by green ash, box elder, slippery elm,
and black cherry (Prunus serotina). Young stands on moderately sloping topography were
typically more diverse in the overstory and included the previous species along with hickories
(Carya spp.), oaks (Quercus spp.), black locust (Robinia pseudoacacia) and other minor
species. The midstory in these areas is typically dominated by Amur honeysuckle (Lonicera
maackii) and ranged from ca. 75-100% cover. Thus, the understory has extremely low light
levels, low soil moisture and a low species diversity. Honeysuckle is especially dominant in
the northeasternmost patches of woodlands within the study area. The young forests
generally occur on Miamian-Russell siltloams (MsC2) and Xenia silt loam (XeB & XeB2) soils
(Lerch et al. 1980). MsC2 soils have moderately slow permeability and moderate drainage,
but are reasonably well suited to tree growth. Because of their constituency, these soils are
particularly susceptible to gully and till erosion. Erosion was clearly noticed in the
northeasternmost woodland patches. The occurrence of grazing cattle in these patches
further aggravated the problem. Xe series soils are similar to MsC series soils but tend to be
a bit better drained though they are susceptible to surface crusting.

Embedded within the old-field vegetation matrix were previously mowed tracts or paths that
were interspersed and often separating the regenerating forest islands. These areas are
reminiscent of moist meadow conditions and are dominated by grasses and sedges. Because
of their floristic dissimilarity they really represent habitats in their own right. These areas were
frequently inundated with water, particularly in the spring, and were composed of many
obligate and facultative wetland species of sedges and rushes.

Mature forest (age > 100 years) occurs predominantly along the east edge of Paddy’s Run
on the westernmost section of the study area. This section has a mature overstory, generally
lacks a distinct midstory, and has a well-developed and diverse herbaceous understory
characteristic of mature floodplain forests. The soils here are either MsC2 or Genesee loams
(Gn). Soil type is largely correlated with microtopography and elevation. Lowland areas
immediately adjacent to the stream are predominantly Gn and turn to MsC2 with increasing
elevation away from the stream (Lerch et al. 1980). Gn soils are deep, well-drained soils of
floodplains that exhibit high fertility and high site index values. Because of their fertility, there

Page 3 3




1991

are few forests in SW Ohio remaining on Gn substrates (mostof which have been converted
for agriculture). This stand represents a relatively high quality stand that needs to be the
focus of conservation efforts. The overstory found on the Gn soils is dominated by sugar
maple (Acer saccharinum), box elder, sycamore (Platanus occidentalis), bitternut hickory
(Carya cordiformis), and black walnut (Juglans nigra). MsC2 soils are dominated by oaks,
hickories, black maple (Acer nigrum), black walnut, and Ohio buckeye (Aesculus glabra).
Unfortunately, Gn soils are very susceptible to soil compaction and easily degrade under
poor grazing management. This is the situation at FEMP. Grazing cattle in the Paddy’s Run
area have destroyed the understory in certain areas and greatly modified it in ail other areas.
The grazing history here will have repercussions for plant diversity for many decades in the
“future. ,

In addition, we identified a small area (< 0.5 ha) at the southeastern corner of the study area
(where access road passes gated entrance) that has had recent soil disturbance. The area
paralleled the fence line for ca. 100 m. The disturbed areas had a markedly different floristic
composition, as many annual and herbaceous perennials not present elsewhere were
released from the seedbank.

On the basis of our preliminary vegetation study, we classified the vegetation into five major
habitat types (Table 2): disturbed (D), moist meadow (MM), old-field (OF), open forest (OF),
and thicket forest (TF). The disturbed area had evidence of recently modified soil conditions
and included areas at the edges of the interior gravel access road. The moist meadow
includes areas that were previously mowed and are now dominated by graminoids, often with
saturated soils. The old-field consists primarily of perennial herbs and has been undisturbed
for ca. 10 years. Old forest is the mature forested area immediately surrounding Paddy’s
Run. Thicket forest is the majority of young forested habitat found at the study area. These
codes have been used for the subsequent floristic analysis.

Floristic Analysis

The floristic analysis is 90% complete as of the writing of this annual report. 1and a graduate
student (Darrin L. Rubino) visited the study area for 2-3 day periods on the following dates:
24-April, 22-May, 17-June, 10-July, 17-August, and 13- -September 1998. Because of
administrative reasons, the project began late, and thus we undersampled the early spring
ephemeral flora. To remedy this situation, we will need to make additional visits in late March
and early April 1999. During each field period in 1998, we systematically walked most of the
study area. We made every effort to cover all habitat types in as many geographic areas as
possible. A voucher specimen was collected for every plant identified. Most identifications
were made in the field with fresh material. All specimens were pressed, dried, mounted, and
deposited as vouchers in the Bartley Herbarium of Ohio University.

For each species, we coded its presence to as many of the above five habitats as applicable.
We also used a relative abundance scale (Palmer et al. 1995) to rate each species (Table
3): 5 = abundant, 4 = frequent, 3 = occasional, 2 = infrequent, 1 = rare, 0 = absent. The
abundance rating is provided for the entire study area and was not sub-divided by habitat.
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Such a rating is important because it provides considerable additional ecological information
that may be useful for environmental management decisions. An invasive non-indigenous

plant with an abundance of 1 is ecologically very different than one with a rating of 5, yet both
just show up as a line entry on a flora.

Taxonomic nomenclature for this investigation follows Gleason and Cronquist (1991) along
with the companion manual (Holmgren 1998). The scope of the investigation was limited to
vascular plant species. Thus, we limited ourselves to the Divisions Lycopediophyta
(lycopods), Equisetophyta (horsetails), Polypodiophyta (ferns & allies), Pinophyta (pines),
and Magnoliophyta (flowering plants). The Ohio flora volumes were used as a secondary
reference source and included Braun (1961), Braun (1967), Fisher (1988), and Cooperrider
(1995). Gleason and Cronquist (1991) was also used to determine native ranges and to
clasify a species as indigenous or non-indigenous.

The primary product of a flora is the checklist and associated summary statistics. To this date
we have discovered 282 species in 176 genera and 71 families (Table 4). Of the 282
species, 71% are native. A 29% non-native proportion is relatively high and probably reflects
the heavy anthropogenic disturbance, hydrologic stress, and grazing intensity. Most local
floras rarely exceed 20%. Of the non-natives, only several might be considered “invasive,”
although a number are problematic. Amur honeysuckle is certainly a major pest species at
this site and has dramatically influenced the understory of several stands of young thicket
forest. Multiflora rose (Rosa multiflora) is problematic in the old-fields. Garlic mustard
(Alliaria petiolata) has come in thickly (in patches) on the southern areas of the mature forest
adjacent to Paddy’s Run. Tall fescue (Festuca elatior) is dominant in many of the old-fields
and grassy meadows. Lady's thumb (Polygonum persicaria) is abundant in the wet and
disturbed areas.

We did not discover any State or Federally threatened or endangered species. We may have
two county records (i.e., species identified in Hamilton County for the first time based on Ohio
flora), but we would need to check local herbaria to confirm this. Oddly, we found essentially
no “lower” vascular plant species. Only one fern was discovered in the old-fields (ebony
spleenwort, Asplenium platyneuron), even though more were expected. We need to
investigate the literature to determine the indicator status (sensitivity to pollution and/or
radionuclides) of fern species (unfortunately these have not been as well studied as flowering
plants). For example, lichens are known to be very responsive to industrial pollution. The
only evergreen (gymnosperm) recorded was Eastern red cedar (Juniperus virginiana). All 280
other species were flowering plants (Magnoliopsida).

Given our sampling effort, we are fairly certain that we have recovered 85-90% of vascular
plant species in the study area at FEMP. Non-vascular plants were not included in this flora
since they are not relevant to invasive species identification and control. The final checklist
is expected to exceed 300 species. Subsequent visits during the spring of 1999 will likely
add an additional 5% of species (particularly in the violet family, Violaceae). Two additional
visits during the summer months (late May and late June) will permit us to gain increased
certainty on our sampling effort for the graminoids. | expect an additional 5% of species to
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be added here. Because of chance events, not every sﬁécies will be found. Migration, local
extinction, herbivory, and ultimately sampling intensity always limit the checklist, but we will
attempt an estimated 95+% recovery rate as is usual for most floras.

LITERATURE CITED

" Braun, E.L. 1961. The woody plants of Ohio. The Ohio State UnxverSIty Press, Columbus,
OH.

Braun, E.L. 1967. The Monocotyledonae cat-tails to orchids. The Ohio State Unlversnty
Press, Columbus, OH.

Cooperrider, T.S. 1995. The Dicotyledonae of Ohio. Part 2. Linaceae through
Campanulaceae. The Ohio State University Press, Columbus, OH.

Fisher, T.R. 1988. The Dicotyledonae of Ohio. Part 3. Asteraceae. The Ohio State University
Press, Columbus, OH.

Gleason, H.A. and A. Cronquist. 1991. Manual of vascular plants of northeastern United
States and adjacent Canada. The New York Botanical Garden, Bronx; NY.

Holmgren, N.H. 1998. lllustrated companion to Gleason and Cronquist's manual. The New
York Botanical Garden, Bronx, NY.

Lerch, N.K., W.F. Hale, and D.D. Lemaster. 1980. Soil survey of Butler County, Ohio.
United States Department of Agriculture, Soil Conservation Service. Washington, D.C.

Palmer, MW, G.L.. Wade. 1995. Standards for the writing of floras. BioScience 45:339-345.

United States Geological Survey. 1981. Shandon (OH) quadrangle 75 minute series
(topographic) map, 1:24000 scale. USGS, Reston, VA

Page 6 b




11991

Table 1. Dominant overstory and understory spécies associated with mapped reference
points on vegetation survey (see Figure 1). Order within a species series reflects decreasing
relative abundance. See checklist for species identification.

Ref Pt. Overstory Dominants*** Understory Dominants

A green ash, hackberry, box elder amur honeysuckle, herbs

B greén ash, hackberry, box elder amur honeysuckle

C shellbark hickory multiflora rose, amur honeysuckle

D  oak, green ash amur honeysuckle

E shellbark hickory amur honeysuckle

F slippery elm, black cherry, green amur honeysuckle
ash, eastern redcedar

G mulberry, green ash, box elder Canadian goldenrod

H annual herbs

I green ash amur honeysuckle, multiflora rose, herbs

J green ash amur honeysuckle, multiflora rose, herbs

K green ash, willow

L Canadian goldenrod, grasses, sedges

M slippery elm, shingle oak, green amur honeysuckie
ash, hickory

N sycamore multiflora rose, Rubus spp.

@] slippery elm, green ash, black multiflora rose, amur honeysuckle, herbs
cherry :

P slippery elm, green ash, black multiflora rose, amur honeysuckle, herbs
cherry

Q box elder, green ash, slippery elm,  multiflora rose, amur honeysuckle, herbs
black cherry '

R Eleocharis, sedges, rushes (wetland)

S Sycamore, box elder, black walnut, multiflora rose

slippery elm

7



Table 1, continued
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o

Ref Pt. Overstory Dominants***

Understory Dominants

T

X £ <

<

yA

AA

black maple, box elder, black
cherry, sycamore, wild grape
black maple, box elder, black
cherry, sycamore, wild grape

northern red oak, hickory, black

maple.

box elder, black walnut, silver
maple, hackberry

maple spp., black walnut,
sycamore, bitternut hickory.

black walnut, sugar maple, oak,

black cherry, Ohio buckeye,
box elder, black walnut, silver
maple, hackberry

eastern cottonwood

multiflora rose, amur honeysuckle
multiflora rose, amur honeysuckle
garlic mustard

- Grasses / pasture
Herbs
Herbs
Grasses / pasture

Grasses / pasture

- ***Species List:

Overstory Species:

black cherry = Prunus serotina
black maple = Acer nigrum
black walnut = Juglans nigra

bitternut hickory = Carya cordiformis

box elder = Acer negundo

eastern redcedar = Juniperus virginiana
green ash = Fraxinus pennsylvanica

hackberry = Celtis occidentalis
hickory = Carya spp.

Understory Species:

amur honeysuckle = Lonicera maackii
Canadian goldenrod = Solidago canadensis
Eleocharis = Eleocharis ovata

Garlic Mustard = Alliaria petiolata

multiflora rose = Rosa multiflora

Kentucky coffeetree = Gymnocladus dioicus

mulberry = Morus spp.

northern red oak = Quercus rubra

oak = Quercus spp.
Ohio buckeye = Aesculus glabra

shellbark hickory = Carya laciniosa

shingle oak = Quercus imbricaria
silver maple = Acer saccharinum
slippery elm = Ulmus rubra
sugar maple = Acer saccharum

sycamore = Platanus occidentalis

wild grape = Vitis spp.

‘willow = Salix spp.



S| a4nbid

uny s,Apped

ey e 7 P
AdABS 2
AABAABADLDAA
A LA AAAD

D>>D>D>D>>.¢>>D>
Y- R
abLB D

piid-pio
ainsed

AbBaBLD
AAAAAAAAAAA
AA

bobLBLHBOED
a -

u

o
& S

A
AALBDBLOLALLLOLA

!
-3




Table 2. Habitat type, code acronym, and detailed descriptions. l 9 9 1

- “.
Habitat Type Code Habitat Description
Disturbed D Areas where evidence of surface soil disturbance is
present; dominated mainly by annuals and exotics
Moist MM Frequently mowed areas dominated by graminoids;
Meadow seasonally wet, but not perennially wet
Old Field OF ‘Un-mowed fields dominated by per‘ennial vegetation;
all old field areas appear ~ 10 years old
Open Forest  FO Relatively mature, intact forest with a moderately open
understory
Thicket FT- Relatively young forest, frequently found as smalil
Forest islands, often with a dense understory of Amur

honeysuckle (Lonicera maackii), brambles (Rubus
spp.), and roses (Rosa spp.)

/0



Table 3. Abundance scale for the flora of FEMP. Modified from Palmer et al. (1995).

1991

Score Abundance Description
5 Abundant  Dominant or co-dominant in one or more habitats.
4 Frequent Easily seen or found in one or more habitats, but
: not dominant in any habitat.
3 Occasional Widely scattered but not difficult to find.
2 Infrequent  Difficult to find with few individuals or colonies, but
found in several locations.
1 Rare Very difficult to find and limited to one or very few

locations.
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Table 4. Summary statistics for the major taxonomic groups and proportion
of native species identified at FEMP.

1991

Division* - Families Genera Species Y%Native
Lycopodiophyta 0 0 0
Equisetophyta 0 0 0
Polypodiophyta 1 1 1 100
Pinophyta 1 1 1 100
Magnoliophyta

Magnoliopsida 60 142 221 70

Liliopsida 9 32 59 73
Totals 71 176 282 71

Lycopodiophyta = lycopods
Equisetophyta = horsetails
Polypodiophyta = ferns
Pinophyta = cone-bearing plants (“pines”)
Magnoliophyta = flowering plants
Magnoliopsida = dicots
Liliopsida = monocots

/2



3

aNI-NON HN 212 dIN3d + + 14 " gjosed snane(

ONI HN G660 dINTd + L oq (1) sisuspeued ejuee)ojdAi)
UNI-NON YW 6EL dW3A + + A 1 wnjenoew Wwnuo) /

anNli HIN G20 dW3d + + + 4 ‘uel) (1) susqunoosd wnjiAydorseyd

™ aNI-NON YN €61 dNTIA + Z 9 wiydeuko esnyjey

(ox) ' svaoeidy

» .

vl anNli ,UOND3JI0Q ON  + + + + + S aziuny (1) sueoIpes UCIPUIPOIIXO L

ONI HAN vLL dN3 S + [4 1 euydA} snyy

+ AaNI YN 291 dN3T4 + c 7 eiqelb snyy

¢ aeaoepiedeuy

ONI-NON HW L2Z dW34 + Z 1 snsouids snyjuerewy

ONI-NON HW 10€ W34 + l ‘JSuyor ‘W ‘| ejoowuaie snijjueieury

aeaoeyjueiewy

aNi HW 920 dNT4  + + 14 [leYSIBN WIJRYIIES JB8dY

ONI W 80L dN3d  + + + + 1% 1 WnULRYI2ES 190y

QNI HWN 9.1 JWN3 + + ¢ N wnqni 192y

aNI W LLL dNTd + + S '} XyoiN wrubiu Jeoy

aNl HWN 820 dW34 + + + S 1 opunbau “JeA opunbau 192y

ELELITERIV]

SIWHIAJSOIONY

ONI YN 9¥0 dW3 S + + 1% 7 eueluibna “sen euejuibia sniadiung

aeaosessalidng

SWHIdSONWAD

aNI HW L dN3A + c sayeQ (1) voinauAkierd wnusdsy

aeaoejua|dsy

S3ITIV Nd34 ANV NY34d

‘ SnousbBipuj-uoN  uopedynuep] 04 14 40 WW d 84098 exe|

jsnouabipu| dN34d JU9said sjejigeH asuepunqy




ani
ANl
ONI-NON
ani
ani
ANl
ONI-NON
ANI-NON
aNI
ani
aNlI
anlI
aNlI
AN
i ONI
UNI-NON
ONI-NON
aNlI
aNI
aNI-NON

1991

ani
ani
ani

ant-
Nl

GNI-NON
ANI-NON
ONI
GNlI

HIN S0 dW3S
dWN 80 dN3H
dW L9¢ TS
dW s€C W3
HW £8C dW3d
YW 6€¢ dW34
UW 602 dW3d
dIN 9gL dINTJ
U v22 dW34d
d €L¢ dW3S
YW gec dW3d
U LL2 dWN3H
dW 062 dN3d
UW S.¢ dN3d
U LL2 dNTS
UW ¢bZ dW3 S
dW eLe dN3d
YN 8GT dN34
JW 9vC dN3d
4N 900 dW3d

dW 98l dNTd
YW 88¢C dN3d
"W 9.¢ dW34

JIN 6£0 dW3H
J 8€C dW34

JWN 812 dW34
JW 880 W34
HN $€0 dW3S
HN 2L dN3S

+

+ + + + o+ + o+

+

+ + + +

<+

DT =M TONTTANNONNDONM M

N N

M — M

“XYSIW snyrayond ‘e snjjayond uosabuz

1 snoydiapepyd uosaliig 7
5 () ejessosd ejdiog - NN

‘buoin) () sIsuspeued "Jen sisugpeued ezAuo)
"XUOIN  Wnanm wisi)

[9buaids (YN JojoaSIP LIMISIL)

1 SHQAJL WNLIOYDIY)

1 suRInu SHNPILY

7 esopuoy) suapig

uonug (9 g "1) BapIoosIp suapig

N0N|T SNSOAIR! 18ISy

‘P Snsopid Jen snsojid Jaisy

‘buoin snusejed 1ajsy

. 's99N ('lunN) snioybopyd “iea susjed 13isy
1 agibue-apAOU 18)SY

JOIIN LINSOUAIIO) 1N 1Y

WYIS SHu Wiy

1 epyM) "Ien epyl) eisoiqury

1 elojiSIWBLE BISOIqQUIY

T wnijojsiu eafiyay

arvaoseIaisy

sJauulys (UOSPOOAN) JouB)Ul “JeA BS0J8qN) Seldsjosy
" eoelAS seidslosy

] Bjeupaul JeA eleusedu) seldsjosy
avaoepeldajosy

1 8SUspeRUERD WNIESY
aeaoeIyo0[0JSY

1 wnuiqevued wnuAsody
aeaoseuhoody

.0a ('uno) eoodef sjjuoy

] eanes eoeuljsed

aelD ‘g "D ('Xyaiw) nuojhero eziyiowso
1 eueouswe 3jA1000pAL



AN

NI
anl
anl
ONi
aNI-NON
aNI-NON
aNI-NON
anl
ani
ani
ani
QNI
ani
aNI-NON
aNI-NON
aNI
ani
ani
ani
aNi
ONI

YN 65¢ dW3S

dW GLZ dW34

JW 0v0 dW34
U $20 dW34

HIN 80C N34
N 991 dW34

dW 22¢ dW3d
dW LS¢ N34
dW 8l€ dW34
dW Ly dW3d
4 661 dW3J
YW 200 dW34
dN EvE dW3d
HN 28¢ dN3d
dW 18C N34
HW Le¢ dN3d
dW 850 dN3d
dN 1LE0 dN3S
HW €92 dW34
dHN ¢6¢ dN3d
dN 8¥C dN34
JN 6LE dA34
JW €eC dNT4d
dN 0€C dW3d
N £5¢ dN3d
JW 69¢ dW34
dW LLE dW34

+

+ + + + + + + + + +

+

+ + + + + 4+

NN

T ANUNTN NN TN NNT

uojsuyor '\ '} (1) eueiubia eijexoeld
aeaoeu|besog

uuewasg () sueaipes sisduwie)
aeaoejuoubig

ISJJEA\ BUBJUIOIRD "JBA BUBIUIOJRI ShuidieD
aeaoejn)ag

7 wmeyed wnjAydopod
aeaoeplaqusg

NWNN epijed suanedw)
QU993 SIsueded susnedu)
aeaoseujuieseg

‘buoin (DQ) wneiqeb “1ea wnuewnyS wniyjuex
"XUOIN Sapioyjuel|ay euiSaqioAn

uonug (1) elojuIale BUISaqIoA

1911 (Jajlep) eajuelib “sen eajuelib eluouiap

1 sisusjesd uobodobes

s1966IAN X8 18BN 6jeUIDlJO Wnoexele |
JBWWIAA 8 "qeJo) (Jayjuano) suaasaiqelb Jen SISUsAie SNYauos
‘©) g | BIGRIS “JBA SISuspeurd obepljos

"1 sisuapeues "Jea sisuspeued obepljos

uoyy eaounf obepijos

"Jlod snjeqelb o1oauas

YN SNIBAOGO 0198U8S

1 eqojl) “JeA eqojl) eiasqpiy

uopJog) 9 "ualc) ejesbis)ul "IeA B0}11aS BONORT

7 eubyes eanjoe’]

2

~

"1 snsosaqm snyjuela

NN (1) erojiunwesl “Jen ejojuiwelb eiweying
XYDIN wnunolas wnuojedns

uAnyinoH wnsoBns 1ea wnsobni wnojedn3y

1 wmejjopad Jea wmeljopsd wnjojedny

1 wnwissyje wnuojedng



ONI-NON

ANI-NON
ONI-NON
w=i{ ONI-NON
N ONI-NON

(o)

v ONI
| adNI
§INEENON
‘ONI-NON

aNI
aNil

. ONI
NI
aNnl

GNI-NON
GNI-NON
GNI-NON
anil
ANI-NON
aNnI
GNI-NON
anl
ONI-NON

QANI-NON -

YW £0€ W3

¥ 600 NI
W €62.dW3d
W £80 dW3d
W 800 dIN3d

U €10 dW3H
HIN 912 W3S
HW 210 dW3d
YW 8v0 W34

HW 29¢ dW34d
dN v9¢ dN3d

YW L¥0 dW34
UW €2l dW3d
dW 0LE dW34

-dW 8El dN3d

dW Lyl dW3d
d el W3S
dW vyl dW3d
dW 110 dW34
d ¥60 dW3d
YN 030 dW3d

dW34 ON
HW G¥0 W34

"W 020 dN3d  +

+ + + +

+

+ + + + + +

TLTANN M~ -

<T N~ W0

[3¢] < O N ™

- M N

1 wnqye wnipodousy)d
aeaoeipodouay)n

'sJeA (1) eipaw eue|isis
7 sijeuroyyo eevodes

1 euelIe snyjuelq

1 wnjebina wnysers)
aeaoejjAydofien

=1 winjojunad wnungip

] SISUBPBURD "JBA SISUSPBURI SNINGUES
‘wixew (idny) moeew eseoIuo7

‘quny ) eaodel eigoiuo]

aeaoelojuden

3 eanydis Jea eaniiydis eljeqo
1 elejjul eljsqo
-geaosenuedwien

Yoo M (1) eoroip snpejoouwAo

7 soyjueoel) eislips|d

"1 SISUBPRUED “JEA SISUSPRUR SI0180
aseaoejuidjesae)

“1 asusnse 1dsepy ]

-doog () ajeurolyo wnUquAsIS

1assag () suisanihs eddioy

1 wnowibaiA “sen wnopulbaa wmpids
g o (1) asysadwed wnpida

|9pnals ('Xustn) sipyreuurd snyjuepol

1 BUIGA BQRI]

ziIemyos O ('XUoIW) ejeus)eouod auiwepseld
g 'Y suebjna eareqieg

apuelg) g esene (‘qsig) ejejonad euely
. aeaoeoissely

N



1991

ONI-NON

GNI-NON

anl

GNI
anil
ONI
ANl
aNlI
GNI
aNI
ani
aNI
aNI
anl
anl
anNi
anNi
AONi

anlI
ANl

GNI
aNi
anl

ONI-NON

U L¥0 dNTH

H 012 dW3d

HW GlLE W3S

HW 120 N3
HW 181 W3S
HW 910 W3S
YN €12 N34
S\ WARACHEE]
HIN €20 dW3L
YN 680 dINId
Y 0ze dW3d
dIN G20 W3
YW 651 W3S
HW LZ€ W34
° L0l N3
U vEL dW3
dW €60 dW3d
U LLL JW3S

dW 0L¢ W34
dW L01 JNTJ

YW 9€¢ dW3d
dW ¥ve W34
dN 102 dW3A

HW 092 dW3d

+ + + +

<+

+ + + + +

+

e NN NNNONNNNAN

-~

“7 eijosnbue snubesel3 ﬂ >

aeaoeubeae|g /

uospnH swjseniAs snoesdig
aeaoeoesdig

1 esojjiA B81093s0Id
aeaoseasnosol(d

XYW Sreaul) snduos

"PIIIAA SUBIADIIE “JBA SuBMIACJe SNIIDS
S9)NYDS g Jowaoy (YjoY) ejeao sueto0s|3
1 snsobus sadAD

Jayod sIsusiLyseoue) sisadA)

"XUDIN Bepiouidina “1en eapjouidina xaied
Kama( euenioys xaey)

"Wos euedoos xaiey)

Kejeq 1 moof xased

JUNW BUIOLBISAY X84RD

YNy inuely xesed

uonug Bj8Jejsio xaied

‘lunW esoydojeydaa “Jea esoydojeydad xaied

RemaQ epuejq xaie)
uop|ays eujsingje xaied
aeaoesadAn

‘we" esowaoes SNuI0D
19hB Y "D NpuowIwInIp SNUI0D
aeaseuIo)

19fkay "o (1) ejesnpued esowod|
1 esounae| eaowiod)

3g Y (1) wridss eibajsAed
2B3OB|NAJOAUOD

1 SIUNWILUOD BUIBLUILUOD
aeaoeU|jBWIWOYD



ANl

aNi
an!

anl
ani
= ani
|aNi
NI
ONI
anl

-
(o)
(o))

ONI-NON
QNI-NON
ONI-NON
ONI-NON
ANI-NON
AN
aNI-NON
anl
anl
anil

NI
NI
ONI
anl

ONI-NON

YN 220 dW3d

YW 8€0 dN34
UW 20 T4

YN 92} dN3S
YW vOE dN3
MW 0L} dW3d
YW 811 dN3d
¥W L1 I3
YW €21 dW3S
U 291 dW3d

dW £90 dW3A
dN #90 dW34
JN 680 dW3d
YW S90 dW34
W €90 dW34
HW LEL W3
JW €€l dWN3S
dW L¥T dW3d
dN 612 dW3S
JW 65C dW3d

dIN €2¢ dW3d
dW 95T dN3d
dW 262 W34
dW 98¢ dW34

d €82 dW34

+ + + + +

+ + + + 4+

+

+

4+ o+ + o+

N

AN MOANNNONN T NN T M

(32 IR i adl ol

aeaoe|AydoipAH 8

‘P B4qE6 Jen eiqelb snnosay
aeaoseuejsesoddiH

‘yusag (1) ewenano ejuadig
2d (Jey) emaey sjepAiod

aeaoeleuny

kapjong npsewnys snoreny

‘wisbu3 (DQ V) ejeurUN X SNAIBIND

1 vIqQII SN21ONYD

‘wyabug pbrequajysniu sna8NY
XYDIW BLIROLIQUII STIDIBNYD
‘P J0J021q SN218ND

7 eqje snosnd

aeaoebey

1 suadas Winjojl |

7 asuajesd winijojii

1 wnpLqAy wnijojil L

~Yiqis winignp winijoji L
19qa1Yog esjsadwed wnijojl L
"1 eloeoeopnasd eIIqoy
sejied (1) sieurojo smojlisi
's1ad (") eaoejoin ezapadsa’
oa (1) wmemaued wnipowssg
1 esoonny eydiowy
aeaseqe

eosebe suegjnu eiqioydng
-1 ejgnoew eiqioydng
"XYSIN ejejusp eigioydng
‘jey eepioquuot]i rydAjeoy
aeaoeiroydng

‘quny . esopninw snubese(y

~



anli

anil
v

o> anil

O gNI-NON
v ONI

,

a
aNI

aNI-NON
GNI-NON
ani

OZ_-ZOZ.

ANIFNON
ANl

an!

aNi
ani
aNi
ani
anl

ani

aNt

W 620 dW34
¥W €vZ dW3

YW G0 dW3 4
d 810 W34
YW 660 dW3 4

d 62} dW3d

HW L1Z dWN3d
HIN 222 dW3d
YN §9¢ dN3d
JW S00 dN3d
d ¥00 dN3d
HWW g81 N3

J €80 W34

diN o€l dW3d
dW vie dN3d
YW 81 dINTd
dW ¢St1 dW3d
dN 641 JN3H

dW €01 dW3S

4W 180 dW3d

+

+ + + + +

+

+

) -

-~TTOCm

M AN~

| asuapeurd wnuadsiuap
araseunadsiuaiy

1 esoulds epis
araoeAjely

"1 8)ISS8s Wil

1 8/eaUuIA Wiy

"1 8suspeUBD "JBA 8SUSPRUBD WY
aeaoej|in

MaH emnuiw euwa
aeoseUlaT]

1 suebina 1en suebina ejjeunid

1 ejsadid x eyjusy

azjuny} () sIsuspeurd “JeA SISUsAIR BUJUIN
1 wneundind wnpe

"} BeoRIBPBY BLWOYIFIS)

azjuny (1) sepiojadau ayoejseby
aeaoejwe]

"PIINA SINUI} “JBA SINua) snaunp
aeaoeosunr

"1 esbiu sugbng

Yooy ‘M (JalI) ejeso edied

NN (4 "XYDIW) esojuroe) eAie)

129ms (JaN) esqelb eAied

Yoo Y ('yuabuepn) siwiojip1oo eAred
aeaoepue|bnp

JB|IIN wionsnBue wmysulAsIS
aeaoepu|

Aapong nysand eijaoetld

-
™~



ONI-NON
aNlI
GNI-NON
aNI

anl

aNlI
GNI
GNI-NON

anl

91

19

\ anl
f

anNiI
anli
ani

aNI
anil
ani

ANl
ONI-NON

aNI-NON

HW G dW3S

dW 90€ dW3d
YW . SEL dIN3d
JW 160 dW3d

HW SZL dW3d

YW 161 W3S
HW 1SC dN3d
dW 990 dJW3d

Y 002 W3S

"N ¥S1 dN3S
YW 280 dW34d

¥ 0¥l dW34
¥ 980 dW3d
HN 8.1 d3

4N $91 JNIA
HIN €91 dN3d
dN S91 dW3d

dW Zel dW3d
YN S6¢ dW3H

dW 192 dW3d

+ + + +

+

+

+

LNNN

<T ™M

- N

w0 W0

JapelIyog smepnwuioo snuiolg

1 snojuibna “yea snojuibiia uobodoipuy

7 sisusjed snunaadoly

uewsayon | (18)jepn) sueuuasad Jea sueuuaiad snsosby
aeaoeod

1 SIjejuU8pPId20 snuejeld
aeaoeueje|d

-auoa(y Nabni obejueld
1 Jofew obejueld
1 ejejoadue| obejueld
- geaoseuibeiueld

"1 eueouauie B22E[0)Al
aeaoedoe|ojfid

1 ejouls siexgO
‘boer nusjip siexo
aeaoepliexQ

1 SjuUsIq “JeA SIUUBIq BIBYIOUSQ
Joui3 ejefe elbimpiny

1 SIsuapeuRd "JeA BUB/I3]I] BEDIID
. aeaoeibeuQ

u1a4 (Jyen) ewiebajuigns “Jen eojueaifsuuad snuixel
[leustepy eojueajAsuuad snuixel

) eueolswe snuIXel4

" aeaoeslo

9 eiqns SNIOW
_1apiduyos Y ' (‘Jey) esgjwod emnjoep
aeaoeion

1 ejejronien obnjjon
aeaoseulbnjjon

Q
3



ani
GNI

ani
ONI-NON
aNI-NON
aNi
ONI-NON
aNI-NON
ONI-NON
aNI-NON
ani
ani
ani
anI
aNI
| ani
{ Aan
ani
ani
anl
anl
ani
aNI-NON
aNi
anl
anI
ani
ant
aNI-NON
aNI-NON
dNI-NON
dNI-NON
aNI-NON

1991

d 20T dW34

YN 2€0 diNTd

dW veC W34
YN 0S¢ dW34
dN LEC dN34
U 960 dWd4d
HW 190 dW3d
"W 2.0 dW3d
YN 020 dWN34
U 0¥Z dW3d
YW 22t dN3d
diN 961 dW34
HI 082 dWN3d
YN 901 W34
YW ¥Z€ dN3d
YW L0€ N34
HW L1E dN3S
dW S22 dN3d
YW 80€ dW3d
YW 2Vl dW3d
HW 9S1 dN3d
U LSL dNTS
dW 690 dW3d
YN L6 dW34
HWN 22 W3
YW 861 dW34

4N 6¥L W34

HW 92¢ dW34d
HW 8.2 W3
HIN S¥Z dW3S
HN 220 AW
HIN ¥61 dW3d
"N 661 dW3d

+ +

+ + + +

+

+ + + + + 4+

+

+ + + + o+

+ + + +

+ 4+ + + + +

+

+ + + + + +

NN'Q'C‘)C")NN“NNU)N(')P(')VC’)VFP‘—V—NFC‘)NMC')C')C')V

1 ase/noine wWnuobA0d o

aeaseuobijod —

"1 BJROLIBAID “JBA BIROLIBAID XONlc
argseILOW|0d

"OYoiIH 'V (1) snagy Jea snAg|f suapli]

‘aneag 'd (1) eonelb euejss

‘Wisy Y Maqes euelas

Aelo) 'y SUISeAlAs rod

7 sisugjesd eod

7 essasdwoo eod

"1 enuue eod

: 1 ssugjeld wnajyd
syueg ‘g (ysen) nbrequeynus "Jea winadejes wnjedsed
Aasea ("XYoSIN) wrijojijelio "Jen Wwnaoejes wnjedsed
-kasep wniqelb “1en wrioyignd wnedsed

10113 wnsoubnuey “Jea wnsouibnue| wnojued
‘wag4 (‘uquosg) wmeoldu) “Jea wnsouibnue| wnajued
1 wnuysapueo wnojued

ulpwo) ‘4 r veqesyas eibisqualyniy

"PIN Bo1UIBIIA BIS1897

Zyems (1) sepiozAio ersiaa]

1 wnyssnd wnipioH

‘oyolIH v (‘we1) ejeu)s ensdhl9

‘A9axaly "3 ('s19d) ejejoaAqns eonjsa

_ ] Joyeje eanjsa-

‘J]apnals ("usind) siiqejoeds snsoibei3

1 snouilbia snwA3

JUNN SNSOjiIA SNWA|T

1 xujsAy snwAi3

aneag ‘d (1) ejeaunw ‘JeA ejedunu eojyI0uNo3
‘Aneag ‘d (1) nebsnio “1en ljebsnio eojyoouryo3
UNW (49931Y08) Wnweeyos! euenbiq

1 ejesawolb siA1oeq

1 siels snwoug

JassAa| siuisul snwolg



ONI-NON
anl
GNI-NON
aNlI
aNI
ani
ONI-NON
ONI-NON
ANl
aNlI
anl
ANI-NON

anlI
ONI-NON

anlI

aNI-NON
ANI-NON
ONI
anNl
ONI-NON
ANI"NON
aNiI
ONI-NON
GNI-NON

U €€0 dW3d

dIN 950 diN3 4
diN €60 W3
dW 10 dW3d
YW 202 dN3d
YN 250 dW3d
HW 682 dN3d
HW 181 N3
dW 091 dW3d
"W 050 dW3d
HW Ss2l dWN3d
J 660 dW3d
dN €02 dW3d
yWN 9vL dWN3d
HW 1LG0 dW3d
YW pLZ dN3J

Y 100 dN3d

YW o€ dW3d
Y G610 dW3S

HW 9€0 dW3d

d 851 dW3d
YN 20 W3S
" 2S¢ dW3d
dN ST dW3H
YW 22 W3S
4 6vZ dN3J
4 86¢ dW34
HW SS1 dW3d
dW vZi dWN3d

+ + + +

+ + + +

+

+

+

T rmrrrrreerrmrN TN T M0

NNTWN-MOMN

"quUNY) BJOYNINW BSOY

"1 BUIJOJBI BSOY

7 SIUNWWo stihd

Y3 eurjosss snuiid

¥oupaH '3 WUBIM eueluosuow shunld
‘Rajieg "H 1 eugnyoy snunid

1 WwiiAe snunid

1 B1o8J EIIIUSBIO0

1 wnuelubin wnao

‘9 g 1 (Jey) wnuea wnao

1a[0d BueoLawWe "JeA eosaA euebely
‘8004 (SMalpuy) ealpul eeusaong
ajPayas (9 % 'L) siyow snbaejesd
aysy euuadsip x snbaejer)

7 yeb-snio snbaejesd

uoyy esoyined ejuowby

aeaosesoy

“1 SNAIIOQE “JBA SNAILIOGE SNinJunuey

geaoejndunuey

MgH spunquoy snjowes
._ mtm\:EE:: eijoewisA
aseasenwiad

“XYOIW eueluljosed ejuojhe)
aeaosese|npHod

1 SHNOJISIQO Xawny

1 sndsuo xaulny
1 wnueiubna wnuobAjod

uoses|o) (Aelo) v g "wa|bug) wnjejsud JeA suspueds wnuobAlod
zo___m wmejound “yen wnejound winuobAjod

1 eueaisiad wnuobAjod
1 wnoiuealfsuuad wnuobAod
7 JadidospAy wnuobAjod

pemals (uAnug a@) wmasibuol “Jen wnsojidsad wnuobAjod

A



ONI
ANI-NON

ONI-NON
ANI-NON
ONI-NON
aNI-NON
w={NI-NON

w 2ONI
GNI-NON

anlI

ani
anil
GNI
anNi

GNlI
aNlI

anil
aNI
GNI

YW 0S) WIS+

YW $0C dW34

YW 650 dW3d
HIN 290 dW3J
YN 8¢t dN3d
U €81 W34
YW L9l dW34
I WAARCIAEE!
YW 022 diN3d
U 622 dW3d

"IN 662 dW34
U 881 dW34d

HW 992 dW3d

YN 6.2 W3S
W 91€ dW3H
UW Lyl dW3A
U ¥81 W3S

Y ¥¥0 W3
YW €20 dN3d

dW v0L dW3d
dW S0E dN3S
YW 920 W34

+

+

MANNMO AN~

(32 N ™ v N

NN

U epidsty xepuws
aeaseoe|lwg

aibums (JalIiW) euussnre snyjuepy
aeaoe(nolewlls

1 elojiAdias “Jen elojAdias LaIOIDA

" SISUBAIR BONIOIFA

1 eonenbe-siyjebeue BINIOIOA
" sndsey) wnaseqisp

" eueNRIq WINISRGISA

NON SHenbip nota)susd

uoyy Smeje s

Jey (luen ‘W) elojinue) siuljeby
aeaoeue|nydoaoss

- Wb wnuejos
1 8suauljoIRD WNUBIOS
aegoeue|og

"] S9pIOPas WNIoYd
aeasebeljixeg

jleysiew esbju ea eibiu xijes

awoolg g [eanay (uosiapuy) ewssysnbue “Jea enbixa xies

“XUDIWN ejeydaools xies

lleUsIe Sepiojjsp 1ea sepjojjap snindod

seaseoljes

"XYOIW WNJOpL) “JeA WNJO[L) wnyes
1 eupede "1ea supede wnjes
aeaoeigny

1 SIeIUBPINN0 SNQNY
‘PIM Suejjaleyy snqny
Jayod ‘0 ) sisusiuaybajie snqny



Anoixo} 03 anp pajosj|od 10N,
snouabipul-uoN = ONI-NON
snouabipuj = ONI ¢
4 jenqey
‘ay) u| aouasaid saloads & sajedlpul
nvn<+..+.. e mco_a:omov 1elqeH Joj Z 3|qe @3S,
' $aJ00S 8oUBPUNGY JOj € 9IGEL 99S |

3]

GNI HN 201 N34 + S 1 _UIGINA SHIA.
ONI YN 00 dW34 € "1 Basnqel SHIN
aNI HWN e¥0 dN3d + € uoyoueld () eyojenbuinb snssioousyped
Lo EL-EL1ATT
N

(o)) ONI HW 210 dW34 + 1 4 ~ PlltAA eli0JOS EJOIA
ol aNI YN 080 dN3L £ uopy suaosaqnd ejoIA
aeaIe|oIA
iaNl YW €22 dN34 + € 1 BIOJIOIUN JEA BIfOJIOILN BUBGIAA
aeadeuaqIan

GNI W 080 W34 + [A . "‘POOM "V (ANINS) ejeoliquin BjjauBlLs[eA
i aeaseueLIdjeA
aNI HIN 822 dN3d + € Reio v (1) epwnd eajid
aNI HN LS dWN34 + Z zpems (1) eaupulAo elswyaog
avaosealun
ONI YW gLl dW3d + 1 ‘IlUNW BJqns SDWiN
GONI HIN 89C dW3d + £ 7 eueousllie SN
(]| HW 024 dN3A + S "} SHeIUaPIo20 S8
aeasew|n
anl W 82 dN3d + 1 . ] eUROBWIE "JEA BuBDOLIBWE Bl

aeaseljIL





