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Introduction:

Dolly Varden char, cutthroat trout and coho salmon have been identified in the 1997 Tongass
Land and Resource Management Forest Plan as Management Indicator Species (MtS). MIS
trends ideally provide a sunogate mcasure ofenvironmental qLrality that affects the biological
community and environnrental condition. This monitoring strives to characterize the ecological
condition and trends of watersheds and aqualic ecosystems on the Tongass National Forest. The
proposed monitoring attempts to respond to the following basic questions: Is the Tongass
National Forest Plan maintaining or restoring aquatic and riparian ecosystems to desired
conditions on Tongass National Foresr lands? Are population trends for MIS and their
relationship to habitat changes consistent with exp€ctations.

General Design

This proposal lbllows the approach established for the Aquatic and Riparian Effectiveness
Monitoring Plan for the Pacific Northwest Forest Plan (AREMP) wirh some modifications.
Much of the narrative and many ofthe figures and tables contained wirhin this proposal is
directly quoted or paraphrased from the AREMP General Technical Reporr PNW-GTR-577.

The monitoring will look at the aggregate of various physical and biological indicators to
evaluate watershed condition. To be meaningful, a monitoring program should provide insights
into cause-and-effect relations between en'ironmenlal stressors and anticipated e{rosyslem
responses. A primary step in developing an elTectiveness plan is to recognize the factors thal
inlluence the parameter ofinterest. An overview ofthe conceptual model for the aquatic and
riparian ecosystems is shown !n figure l. The conceptual model illustates the response of
fundamental watershed processes, as influenced by inheient landscape patterns of climate,
geology, topography, and soils, to natural and human-caused stressors.

Three physical subsystems (upslope, riparian and flood plain, and stream channel)
and related biological components will be monitored. The prccesses occurring in the upslope
subsystem (i.e., in the watershed in general) are assumed to affect the riparian and flood-plain
subsystem and the stream channel subsl.stem. The riparian and flood-plain subsysGm may, to
varfing degrees, bufl'er upslope inlluences on the stream channel subsystem. Stream channel and
riparian and Iloodplain subsystems are coupled {i.e., influences are bidirectional) so changes in
rates or states associared with the processes and stressors in one oflhese subsystems will



usually all'ect the linked subsystem (Naiman et al. 1992). In contrast, the influcnce of
the upslope subsystem on the flood-plain and riparian and stream channel subsystems

is more strongly unidirectional (downslcpe). The influence ofriparian and aquatic subsystems

on upslope processes is assumed to be nearly, but not completely, negligible.

Processes pertinent to aquatic! riparian, and upslope ecosystems aflected by the Forest

Plan are shown in figure 2. Processes are grouped into those that describe general ecosystem

function, with related key processes useful tbr designing the monitoring strategy. These key

processes fie further developed as indicators in table 1.

Aquatic and terrestrial habitat development and the population dlnamics ofaquatic and

riparian biora make up a set of ptocesses that provide a conceptual link between the

physical and biotic elements ofthis monitoring plan. The model depicts habitat development

as the composite of the ecosystem processes listed' Thus, habitat development

and population or commuflity dynamics are shown as featutes that integrate general and

key ecosystem pocesses in the stream channel and riparian/flood-plain subsystems

(fig. l). Similarly, habitat distribution, diversity, complexity, and temporal and spatial

connectivily comprise a composite of habitat development as affected by natural and

human-caused ecosystem stressors.

An integration ofprocesses and stressors provides the functional relations critical to developing

conceptual models for monitoring (Noon * al. 1999). Specific aspects ofeach ecosystem process

have been identificd as stressors that atTect the three subsystems. Although natural and human-

caused stressors are often dillicult to distinguish in practice. the model lists examples ofboth
types. In keeping with the eflectiveness monitoring strategy, stressors are intended to be value-

neu11al (i.e., they can be either positive or negative like roads. which represent both road removal

and construction).

Upslope subsystem indicators 
-Upslope 

subsystem indicators such as vegetation composition,

seral stage, road density and percentage of cover-reflect proeesses influencing the entire stream

network (Naiman et al. 1992) and zue relevant indicalors over the enlire
watershed. Data can be gathered largely by existing imagery and ArcGIS.

Riparian and flood-plain indicators-Riparian and flood-plain subsystem indicators
represent pfocesses delivering structure, sediment, and nutrients to stream channels

over intermediate spatial scales, and they require finer scale analysis and greater initial
sampling intensity for validation than do upslope indicators. It is suggested that riparian
indicators be measured throughout the stream netla*ork, which includes perennial, fishbearing

as well as perennial nonfish-bearing and intermitrcnt streams. Although materials

delivered by riparian and flood-plain subsystems initially affect adjacent stream reaches.

they also affect the condition of dowristeam reaches (l,laiman et al' 1992).

ln-channel subsystem indicators-ln-channel indicators such as residual pool frcquency volume
and depth, particle size distribution, and large woody debris count *'ill be measured at the reach

scale^ In-channel subsystem indicators will be measured witlrin 8 stream s€ctions in each

watershed, Four ofthe measured stream sections will be in the upper rvatershed upstream of



bariers impassable to anadronrous fish and 4 will be in the lower watershed rvithin anadromous

habital.

rigure l: overview ofthe conceptual ftame$'ork

Landscape tsmplate
r Geology
r Climate
r Topogaphy

Disturbance processes



Landstape Template
Ceology
Climate

lopology

Upslope subsystem

Stream channel

Vegetative succession
glowth and mortality

Wood Production
and transport

Windthrow, ins€cts
and pathogens

Windtbrow, timber
harvest, tlinring

Fragmentation,
debris and nutrient
cycline

Soil cycle Sediment
production and
rrdnspofi

Mass wasting,
erosion. and debris
flows

Roads. mining, ard
timt er harvest

Nutrient cycling soil
moisture, formalion
rates, a]ld sediment
regime

Hydrologic cycle Water stoiage and
yield

Precipitation,
flooding and drought

Roads. mining,
timber harvest and
climale chalge

Change in runoff
timinB, magnitude,
and Baler storage

growth and moftality
Windthrow. insects
and pathog€ns

Forest managgmeot,
lhinning and
recreation

Fragmentation,
debris, nutrient
cycline and changes
in nutrient cycling

Changes in nutrient
production and
toxins

t."l'Xoil'Jn"t
Hydrologic cycle Water storage and

yieid
Pr€cipitation,
flooding and drought

Roads, miDing,
timb€r harvest and
climate chanee

Change in runotT
timing, magnitude,
fid water stonge

Eneryy Exchange Heat delivcry lnsolation and
shading

Forest management Changes in
microclimate and
waler temDerature

Channel structue Sediment and
wood delivery,
habitat formadon

Scour, deposiriol,
debris transport. and
channel migration

Forest manag€ment,
recr€ation,
lestora0(}n

Habitat loss, change
in stream channel
fqrm and sediment
regime

2: Conceptual fia cr,l1rrk ofwatershedFigure 2: Conceptual monrtonng



Table l--Core indicators by ecologic process with preferred measures and data fields

Watershed
Subsection
aud Process

Key Process Indicator Protocol Evaluated Data

Upslope
Subsystem

Vegetative
succession,

growth &
mortality

Wood
Production and
tftlnspon

Vcgetation
seral stage and
series

Cover by composition
and structure class

Proportion of
uatershed in
early-mid, and
late seral stages

Soil Cycle
Sediment
production and
ranspon

Stream
crossing
density

Density of stream
crossings per square
mile

Density of
stream crossings
per square mile

Soil Cycle

Sediment
production and
transpon

Road density Length and proportion
ofroad net\a'ork
hydrologically
connected to the
stream channei

Miles of road per
square mile
*'ithin 300
meters of streams

Soil Cycle

Sediment
production and
ranspon

Landslides Protocol from
Swanson addressing
fiequency, type, and
Iocation

Frequency, by
type, size and
localion of
landslide

Riparian
flood-plain
Subsystenr

Vegetatile
succession,

grolrth &
monalitv

Wood delivery.
community
structural

development

Vegetation
seral stage and
association

Cover by composition
and structure class

Proportion of
watershed in
early-mid, and
late seral stages

Soil Cycle
Sediment

produetion and
uansport

Stream
crossing
density

Density of stream
crossings per square
mile

Density of
stream crossings
per square mile

Soil Cy'cle

Sediment
production and

transporl

Road density Length and proportion
ofroad network
hydrologically
connected to the
stream channel

Miles of road per
square mile
within 300
mete$ of streams

Soil Cycle

Sediment
production and

transport

Landslides Protocol from
Swanson addressing
frequency. type, and
Iocation

Frequency, by
type, size and
location of
landslide



Table l-{ore indicators by ecologic process with preferred measures and data fields

(cortinued)

lrYatershtd

Subsection
and Process

Key Process Indicator Protocol Evaluated Data

ln-channel
Subsvstem

. Channel
structural
dynamics

Sediment and
wood delivery

Channel cross
seclion

Monumented cross-
sectional profile

Bankfull width
and mean depth

Channel
structural
dynamics

Sediment and

wood delivery
Channel
movement

Monumented channel
longitudinal protlie

Water surface
slope

Channel
structural
dynamics

Sediment and
wood delivety

Channel
sinuosity

Stream length/valley
length from aerial
photos.

Stream
length/valley
length

Channel
structural
dynamics

Sediment and
wood delivery

Channel pools Survey of residual
pool volume, depth,
and frequency in
samDle reaches

Pool depth,
volume and
frequency

Channel
stmctural
drnamics

Sediment and
wood delivery

Structural
complexity

Survey of LWD
counts in sample
reaches

LWD cormts per
lineal measure

Charmel
structural
dynamics

Sediment and
wood delivety

Substrate
composition

Wolman pebble count Percentage of
fines and D50

Energy
Exchange

Heat delivery Water
Temperature

Temoerature recordel Water
temperature
change

Hydrologic
cycle

Water delivery Water quantity Stage recorder Dixharge
chanqe

Biotic
Community

Bioric
integrily

MIS species
density and
condition
factor

Removal method
using minnow traps in
closed system sample
reaches

Species density
and condition
factor change



True rvatersheds (6th-field hydrological unit) forms the basic geographic unit for monitoring.

l-ourteen watersheds will be sampled over an 8 year period. Two ofthe watersheds will be

samplcd annually (Fixed watersheds) and 12 watersheds will be grouped into four separate

panets (Panel w?tersheds) of3 watersheds each and sampled on a rotatiflg basis once every four
years (table 2).

One ofthe annually sampled watersheds is within al unmanaged condition cunently and into the

perceivable future while the other will be representative of past, presenl and proposed future
active management activities. The annually sampled fixed watersheds will allo*' for the

assessment oftrends more rapidly as well as provide infotmation on natural variability.

The watersheds sampled on a rotating panel bnsis will ideally represent the range ofecological
conditions and for€st managemenl aoross the Forest. The relatively small sample size will not
allow for extcnsive sratification.

Selected watersheds have populations of: l) resident Dolly Varden char and/or cutthroat trout
upstream of impassable and permanent barrier(s) and coho salmon young-of-the-year and parr in
downstream sections. Four resident fish populated stream sections and four coho populated

stream sections of approximately 100 meters in lenglh will be sampled within each of the 14

selected watersheds.

Sample reaches will be in FP0^ FPS, MM0, or MMS channels (See Charurel Type Users Guide
lor descriprion)- These less constrained, lower gadient (<6%), smaller and mostly alluvial
channels support relatively greater numbers offish, contact a greater area ofthe flood-plain and

riparian area, these reaches generally have gteater variation in bed and bank materials,

hydraulics, and therefore habitars, and they are considered to reflect the integration of upstream

*atershed process (Reeves et al. 1998).



Since the lakes probably provide quality over-wintering habitat and are thought ro be little
aftbcted by forest management, we believe trends in fish populations may be less likely in
streams comected to lakes. lherefore, selecled sample slream sections \4'ill ideally not be
associated with lakes.

Melhods for Fish Population Estimates:

Resident Dolly Varden. resident cuttluoat trout and juvenile coho salmon will be monitored for
population trends by repeat populadon estimates in permanentiy mrLrked closed reaches of
stream. A three-pass to four pass removal method using minnow traps baited with disinfecred
salmon eggs. Temporary block nets will be deployed on the upstream and downstream ends of
the sample reach to restricl fish movement while sampling, Previous experience indicates that
between 25 to 50 minnow traps are requircd to saturate the reach and allow for adequate capture
rates. Appendix A provides a publicatian containing mcre detail on the removal method.

Natural obstu{rtions. like shallow rif{les or small waterfalls over large wood. should be used as
upper and iower boundaries for the study reaches. Where possible, these natural obstructions
should be relatively permanent to increase the probability of persistence for the life ofthe
monitoring project. In any case, the ends of the selected study reaches should be permanently
marked. Metal tags nailed to lrees are recommended as permanent markers. Surveyors flagging
and notalions on aerial photos are suggested to help relocate the metal tags. GPS coordinates
will be recorded also to relocate study sites.

Minnow iraps should be set for approximately 1,5 hours al rvhich time all captured fish will be
transferred to buckets. It is suggested the buckets have holes drilled in ihe sides and be placed in
the stream for water exch.jmge to keep the fish aerated. 'fhe traps should be rebaited and reset tbr
another 1.S-hour period. While the second set is fishing. fish captured during the lirst set should
be processed. This can be repeated for three to four cycles. Data collected for each set should
include the number affish captured by species and their fork lengths and weight. The
recommended anesthetic is MS-222. All captured lish will be released unharmed within the
reach of capture.

Population estimates and associated confidence intervals will be determined using CAPTURE
sollware program (White, 1978).

Minnow trap funnel openings will be enlarged ifnecessary and maintained at a 1" opening siz.e.

Openings will also be coated lr"ith silicone to avoid the possibility ofinjuring fish upon entry inro
the minnow trap.

Fish capture will occur dwing the monihs of June through August:md sampling will not be
completed during high flows.
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Appendix A

Estimating Fish Populations try Removal [lethods with Minnow Traps in Southeast
Alaska Streams

Maso:r f). Br<v.lNr*
UnitedSratet *brcstService. Pacilb Nollhvest Rcrearch Sra an,1770 Sh!,Nood lafte 2i. Juneau A!or],a 9980t. ljSA

,{rr,ra.r- Passire laptun meftods, such a! rnirnrrw b_aps, sre commorly ustd to cspture 6sh tor mark{ecapture populinion
€slimales: howetei, they have not been us€d {or rgmo}al methods. Minrs- trlps J€l for 90-min Fariods during lbreD or four sequential
aapture occasj$ns d$ring fie summer of 1996 \y€r€ ustd to caplor€ toho salmon Oncorhlnchus hi:iutrh fry al1d parr. Dolty Varden
Salwlitl*s notno. cvttltroat troot O !ra.ri. nndjurtnile :i€elhead A /r)lrrr 1o esrinratg populaiiorl size uith the Zipprn or gelr.ru lizcd
ronovrl fiethod. More {l6n 4J'l. ofthe nrial c.Ich was obtrined during th€ firsl spn}r€ occssion. and in most crs€s. th. catch during lhe
founh occasion was less fian lio.6 of the tolal catl;h. h most pools, lhe probabiliry af caplure was lreater thet 0.4 but w€s lower lot
coho salmon tv lhan fot coho saLrnon psrr and other sptcies- Mtan popultlion estimatr.s tbr coho salmon parr made with concunert
mark-racapalre and tsmoval methods differed significqntly in small strcarns. lslimates ffonr marli-recltture and r€ftoval mclhods $rre
not si$ifirantly diffcrcnt for coho salmon 1ry at|d Dolly vardcn, but nDrk-rccapturc e$imatrs wcr. htghrr than ramoval cstiftales in
most !'ases. My tesLilts show lhar rcmoliil estimotcs ean be obtairEd *ith mjnno\r ttaps il sarnpling piocedurcs conlom to the
arsumptions rcquiriid 1'or the mrthod.

Obtaining precise and accumte eslimares of fish
abundance in strearns conlinuqs to challenge $shery
biologis(s. dcspite thc devclopment of sotlhisticatod
mathemaical models. Commonly us€d methods
include mark-rgoaplure cxpgrimenls (Rjcker 19?51

Zubik and Frale'y 1988) a$d .emoval cstimares (Moran
l95l: Zippin 1958: White ct al. 1982).'Ihough snorkel
surveys are also u$sd to cstimate lish abundanoe
(Nonhcote and Wilke 1963: Schill and Griffirh 1984:
'lhuro\r 1991), lhcy require a scprrate eslimatc of thc
populalior ro calib(a|e the couots (Hankin 1986).
Malhemalical models for buLh mark{ecaptuft snd
rrmoval eslimates aie wcll-tested, but frrcsenl
substaritial krgistical challenges to meel the
assumptions.

i\,lark-recaprure estimales are commonly used in
southeast Alaska and elstwhcrc to estiftlte populations
ofjuvenile ialmonids, most commoniy coho salmon
Oncoryhachts hsatch and Dolly Varden Sd/relats
z:a1zra, in snrall ( 4-rn.rvide) second.to third-order
steams (Elliott and Hlbafi 19?8: Dolloff 1983r
Bryant 1984: Young et al. 1999). Ssmpl€ reaches jn

sheams rvider ftan ,l m and with higher valcr llows nre
dilhcult to isolare, and malk-recaptuc methods are nor
.eliobl€ because ofmovement bet*een sarple pe ods,
Itigb jlows, common in soutbelst Alask - also atltct
movemcnt and catchabilit-y bchyi'en sample peri

' Ii-nrail: mdbryarta.4fs.fcd.us Rec{,v€d Apnl ll. 19991

aecefled Marcfu t0. 20{)o

ods. Rcmoval methods or snorkel suneys u€ oflen

used in thcsc streans, yet cven lhesc methods ar€
linilcd. t-or! conductivir-'- and pa&h€s of complex
habitBt $i1h large woody dehrjs make the removal
netiod of electrofishing inpractical. Snorkel suneys
also aJs impractical because of complex habirat and
poor lisibility in the dark waters of man"v. southcasl
Alsska sftcams-

Remoyal methods have several advmlages ovcr mark-
recafture mcthqds to eslimale fish nurnbEn, I'ish are
captuJed only once, Rhich eliminates trias due to
bshavioral respon$s to a trsp. Fish do not need !o be
markcd, which rernoves alsumptions that all marks are
idenlilied and rhat rcgligible modality oc.urs due to
marking. The stream scction can be sampied in I d"
which sutrstantialJy r€duces the probabilitv of
movement by iish into ard out of the jsmple ar!-a in
cases in which lhe str€am section camor be isolnled for
the duration of thc mark,recaptur€ sequence. In
addition, a ld sampling effort simplifies loginirs for
thosc loc{tiorE thal arc dimcLrlt k, reach and elimi.ates
any differencrs in sampling elljciency due lo changes
io flolv regimes (i.e., ltigh-llat€r e!'ents rha! occur alier
marhing and beibre or during recapturc).
Palsive capture mcthods are commonly uscd ior mark-
recapture sxperjmenls but arc seldom used tor rcmoval
e$timates. Minno\ traps bailed with salmon egg-s ale
an eftilclile rrn'thod ior capturing -iuvenile salmonids
tod havc been used in num€r

9?3
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ous st dies throughout southcasl Alasko {Blgom 19?6:

Elliott ard Hubartt 1978; DolLoff 1983i Bryart 191|5)-

Minno\r trsps hove not be$n used for removal

poplrl$ion enimdles bu! have scleral adranaages over

elec,t ofishing: they are lcss hamf-ul lo lhe fish, dislu.b
the stream less, can be uscd cmciently in complex

habilatr, Brd are not depcndenl on the water chemislry
of rhe $ream (Mesa and Schrcck 1989; RiLey B.d
Fausch 1992r llollender and Carlinc I9t)4; tlahrla et

al. 1996; Reynoldi 1996). Although minnow lr-dps ure

rot effectiye in riffle or flst-lrater haltjtals, they ollbr a
lcss-int usive altemalive to eleclroiishing in streamJ

with pools or slow-moving water. Howevcr, theit use

as a rcfioval mcthod fbr populatiot estimafes has not

bcen studied.
My plrpose is ro determinc if mjnnow traps can be

us€d as a removal merhod to estimaL popolation sizcs

of lish in slrcams. My first objeclile is to determine if
minnow raps caplurc a suflicieni pan ofthe population

on each caplure occasion to cstimBte population si2i: of
juvenile salmonids using a .emoval method and to

examine probabilitier ofcaptu.e in natural steam$. My
second objectiv€ is to determinc if ooncurrent mark-
recsplure estimatas and removal estim8les through lhe

|lse ofminnow lraps difler siSnilicantly,

Methods

The stldy was condlcled on live srnail second-to
(hird-order $reams, Convcni€ncc. I'icnic. Srdt?.ct,

T$i'*, and Tye creeks, 0lld threc mcdium"size fowth-to
fifth-order streams, Painted. SaL. and Trap creeks, in
southea-\t Aldska dlring ihe summer of 1996. The

sm$ll sh€arns r4ere all less than 4 m in bank-futi width
:rnd had summcr mcan flows ofless than 0.5 mJs. The

medium-site sfeams \!ere gaealer than .+ m but less

thar 30 m in bank-full width and drained into."zlt
$'ater. All strcarns iupportcd populations of coho

salmon and Dolly Vatden. Steclhenl Ohchothynchus

m"r&,sr ard cutthroat taout O. cldrli wcrc found in some

steams and wete not sympatdc in any slr€am that was

sampled, Coaslrarge s€ulpins Cbtaur aleu,icus *erc
occasjdolly captured but nol jnchded in the €srimatcs.

The three rnedium-size slrealns \1'cre samDlcd with th!'
removal estimatc only. Concurlcni marl-rccaplure and

rcmoval erperimerli were complctcd on all fiva small
sfteams-

lvlark-recaFtirr€ ard removal melhods require closed
populaljonsi theret'bre, sample reschos were s€leote.d to
minimize ernigrstion or immigralion during fte sanple
pnriod. In lhe liri small streams, rhc sample reachcs

rarged from l0O to 350 m and qere blockcd b-v.' n$ls,

seir:r. or ba.risrs at both ends lbr lhe dur,rtion ot lh9

erperimeniJ usualty 3-4 d. In ihe th.ee medium-si7,e

streams. nels could not be usedi natlrml bartiers werc
u$ed 10 isolate the rcach atd p{lols within the rrach.
These included long, shallow rifffcs ( 5 crn depdl) or
submergcd logs that full,v spanncd thc stream, lbfming
a dam. Vlile complete isolation was no! achicved. fish

movemcfit across thcse bafrigrs was not observcd

during sampling which usually lastcd oo longer than 8

h at each sirc,
'lhe rcmoral cxperimenl \{as cornpleted in I d on cach

mcdium-si/e Stteam. lhtee capLur€ occasions \*ere

used in Paintcd Creck, the lit$t slream sampled Nith thc
rcmoYal method. lour capture occasions werc used ol1

Trap and Sal crseks. Reaches ranged in length lrorn

about 200 ro 3{)0

m. Individual pools werc idcnti0ed and counled in each

rca{h. Al leart 50yo of ihe ptx)ls *?re randomly

scl€cted ard population estimates lvcre compucd lor
fish in rach pool, 'l hc siic oithe pools ra[gsd fnJm 9.7

to 1,480 m'. fic average sj".e being 288 m'. One to three
pogls rere sampled concurently, depcnding !]pon thsir
size and compiexity- Oice a pool \ras selecied, senple
locatioos lbr the rninnow raps (3.2-mm mesh size: 19

cm diametcr and 35,5 cfi long) were selected.

Dislancas bet\,lern keps depended upon habilat

complcxit),. but generally tmps rverq separat€d by
abolt 2 m. Tmps werc set moae densely in complex

hrbihts (i.c., pools witi large amolntt of woody

debis) than in more open pools. Be(\leen 40 and 50

tnps \4crc set ji}' cach remoral expc ment.
Traps riore baited with salmon eggs {disint'ecied for t0
rnin *'ith l:100 beradyne to water solution) held in
perforated whirlpaks." Traps werc sct on the strsam

bottotn neRt 10 suspectdd habiht ofjuvcrilg snlmotids,
such as woody dcbris, rootwsds, or undsrcul banls, but
were dislributcd to complstely sample the pool. -l 

raps

'a.erc lcfl undisturbed lbr 90 a l0 mio and then were
pick€d Lrp in the samc order in which thc.v rlerc set.

Fish werc removcd. ond licsh bait rves placed in cach

trap. Traps llerc set aeain in the ssme locatioos. fish
fronl each pool and capturc occasion w€re procgssed

scparatcly, Whilc thc sccond sct uas nthing. tbe lish
liom ahe first ser uere jdedrilied, counted, measured
(mm). and lveighed (neafest 0.1 g). Dala from ea{:h

captrre occa\ion l,ere identifed by number (1, 2, 3, or
4). €ach of whirh idcntincd thc capture occasion. 'fhe

proccdure w{s repeated rhroe to four timrs- dcpending

upon thc desired number of capture occasions. Fish
from each capture occasion were plaged in r holding
net

1l



EST(IIATING !ISH POPLiI,AIIONS BY R[VOYAI,

(or blockcd minnow traps) until the last capture
occasion was completed. at which time all fish rvqre
retumed to the same arca fiom wbich they were

captured. Population sizc was cstjmaled lbr cach
species in earh pool. Coho $lrnon w€rc classi$ed as

fi} {age 0) or paff (age l+) based on anal}sis of
lcngrh-frcqucncy data. Coho salmon wcrc considered
lo bg {r_v if lhey wele lesslhan 50 mm in June, less than
55 mm in Juiy. or less than 60 mm in August.

'fhe same procedures lbr the removal istirnale in thc
medium-size stleilns \tere used in the small strcams
durirg the concurrent mark-iecalrturr and rcmoval
expg.imenl5. Sampie r€aches, rvhich were 100 to 300
m long and ranged in Biea liom 68 to 274 rr|, could be
casily sampled wittr 40-50 traps. The entir€ reach !va-s

sampled du.ing one experiment, snd population sjze
was cstirnatcd for the ertire rcach, -{ll fish wcrc
markcd du.ing lour capture occasjons in the romovsl
estimatc, nhich ser\ied a! lhe mark sample in a singlc-
census Psterson mark-recaptue eslimale dgterrnincd
by the Chaprnan modification (Ricker 1975)- Ihc
recapturc sample e?s complcted during one capture o<-
casion 3-4 d aller the 6sh wete released. All fish uere
identified by species ard me.alured. Recaptured marked
lish wl,re ftcorded.

Removal eslimate:i and probabilities ol capru.e (A)
were computed b]'' the capture program (Whit€ et al.
t9ll2). li' lour caplure occlsions werc ured, pop!]ation
size \ras eslimat€d by fhe genersltz,ed r.moval esiimate
in ths {aptufe progrdmi bo*l equal P. among occusiuns
ard unequal P. bet$'een the fi{st and subsoquent

occasions, The prog!'.m also ir$lcd wh€ther A lvas
const8nt, bflsed on a chi-squarc tcst ({H.05J. Thc
Zippin method, which assumes equal probabiliti€s of
caplure, was used for Paintcd Crcek \,,.here three
cBpturc occasions vyerc compleled.

A paired t-tcst (0=0-0J) $ia"s ured to compare lhe
probubilil)_ ofcaplurc from the first rapturc occi'tioo ro
subsequqrt caplure occa.\ions in pools where a variabl€
pruhability of clpfure \r'as used to estimale
populations- A paired r-lest (0=0,{)5) was aiso used to
examine dill'erenccs in population estimates and
probabjlitie,s ol caplure between three or t'our capture
occasions 1br coho salmon |ry. coho sa:mon p!rr, Dolllr
Varden, and stee)-head. listimatcs lrom intliridual
pools tllat had valid estirnal€s for l-trur capturo
occa-sions were used as (tie sample unil- Estinnles for
three captute o.casions were made by recompuring thd
lirsl lhree capture occasions t'rom ostirnatcs with fbur
caplurc otcir-iicns.
Dcpletion and mark -recaprure estim&tes lrom rcachcs

in lhe fivc small strcams were comparcd b] a paired l-
lcsl (0=0.05). l'he tcst i',ai completed separately ibr
coho salmon fry. coho salJno parr. a|rd Dolly Varden,
Culrhroer lrour and steel-hcad wcfc not captured i0 all
streams and \rere nol incllded in the analvsis.

r-ormalitl and homogeneitl,of variance was tested
befixe usc ofthe r-icrils (SAS ln$ilute 1988).

Resrlts
Ra ogal F^srimales

Abundance of coha salmon Farr was estimated for 47
pools in Paint€d, SaJ, and Trap crccks. Esttmat€s were
not computed (deined {9 'failures" by thc .omputer
program) in lhree pools for coho salmon fry and Doll-v
Vardcn lvhcn l!'ss than l0 fish were caught d|lring all
raptuae {rccasions. For two of the pools, lailures
occulred rvhen morc coho salmon liy ycre calght
during either rhe socond or tlrird captLrrc occasion than
during *!e ij|rjr capture occasion. For the tbird poql, no
l)oll]" Varden *ere caFturcd during {he fir.,"t tlvo
capture ocrasio.,s. 16 tvere captured during ,hc thjrd
capturc occasion, &d 3 \lcre captured during tle fourth
capture occasjon. Steelhead wer€ captured oniy in Sal
Crdek, and 3 iailurcs occuned out of the l0 lools
sampled-

For all specics, more than dsyo ofthc total ca|ch in all
.c-aches of Paintcd, Sal, and 'l'rap crcqks werc takcn
during thg first capturc occasion (Figure l). In rnosi
cases, the number of lish captured during the fourth
cdplure oaaEsion was less lhan l5g/o of tie lotal calch.
Far all species except coho sdlmon lr], tic p.obabiiit)
of capl|lle was grealer than 0.3 for at leasl 80"/" of lhe
pools sampl€d when it Nas assumed congart lor all
caplule occasions (f-jguie 2). Probability oi capturc
1las greatei &an 0.4 in fio.e than 90olo ofthi pools fbr
cunlroat trout ard stcelhesd. Coho salmon fr_v a'd paI'
had lhc loqest probability of capture, but more than
5096 of the pools excecdcd 0.4. lt most cas9s.

ho*ever, substantially felver coho salmon fr_v and parr
$crc caught upon elab succgrsivr sampling occa^sion.

cven with lorler probabilities of caplure. Iror e,(ample.
in one pool, 123. 95, and 5l coho salmon li'I. \.ierc
caplured during succersive capture occasions, The
prohability of caprure calculated to
0,344. the 95% confidence inten'al ranged llom 324 to
472 6sh around the popnlarion estirnatg of 3?4 fish.
While &e lower probabiliB ol caprwc resulted in less

Fccision, the loryer confidence interval l'as within
139; and the upper conlLdence intcrval within 26Vo of
fte Estimatc.
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C$ttr. Occar'gn

Irlcur€ 1.-l'he proporlionoltohosal rn0nq,((Cor'), roho
salmon pan (COP), Dolly V drn (DV), cutthroat trour tCD,
and sleelhead {SIl}.aplured duflng.ach caplure occasiun in
Tmp. Sal. and Painted crcek5 for ibe Emoval cxperiment in
southeast Alrskfi , 1996.

Ir Sal and 1.ap creeks, both ofrvhich had four
capturc occasions, the capfure progaam aomparcd
colstant-caplure probability and variable{spture
probabilif_v. ln most poals. the probabilities ofcdptlre
lverc const&nt. l hc con$0nt-probabiliry-ot'capture
modcl was selccted tbr all species in 889/0 ofthc pools
in Sal Creek aod in 93% ofthe p$ols in 'l'rap C.eck
(chisquare. 0<).05; Whjte et al.
1 982). The constanl-probabilil].ol'-capture model wds

selccted for Dolly Varden and sleelhead in all pools
of Sal Creck (Tablc l). ln Trap Cruek, the constant-
probabilit)-ot--caFturc modcl lyas selecar$ for Dolly
Varden in 8l-vo oftic pools. A variable-probability-
of-cirpturc madel was uscd to cstimalc population
size for coho salmon fry in fire pools, for coho
salmon parr in eight pools" ard lbr Dolly Varden in
tbur pools. Only for coho sslmon fq/ \vLs the
probability of captun: sjgnilicanily greater tbr the
first raplure occasion thaa for subsequcnt capturc
occasions (Tablc 2).
Population estim3te$ and probabilities ofcapturc for
thrce sainple occasiors werc geoerally lower than
thost computed for four sample occasions ('fable l).
Pqpulotion csiimatcs for threc and four capture
occasiors we(e significanrly diff9r€nt for coho
saimon pa!.r (P =0.013), bst diilerences *ere not
obsenql for populalion estimales of coho salmon
Iry Ird Dolly Varden. Diffcrencsi bet*een the
probabilitics of capture lbr tbiee and fbur capturr
occasions werc obscrved for coho salmon fry. coho
snlmon parr, and f)olly Vardeo. The probabilltics of
capture l-or lhree capture occasions *ere greater than
that eslimatcd lbf fodr capture occasions (Table 3).
Thc population estimates or probabiiities of capturc
lor steelhead rvcre not significaatly differeri
beiween thfee and four capture occasions (Toble 3).

Jttarl<-Recapture arul Ren.rl|a! Estimarcs

Comparisons of populalion estimates for thc lwo
metho&s showed mixcd rcsults among species. but
gen€rally estimaBs liom fie murk-rccapturc metiod
1lcrc higlrcr than those from the removal method,
Mark-{tcapture and remotal estimates were
signiliranrl) dillerent for coho salmon pan (/'
,{.049) bLrt werc not signjficantll, different for
Drtly Vardcn md coho s$lmon fry (Figurc 3).
Ma*-recapturd estirnales r.!'eae higher in nll steams
and lbr all species except coho salmon fry in Twiir

Crcek and Doll-v- Varden in Picnic Cre€k. ln both cascs,
rcmoval €itimates had wider conlidenc€ intervals than
the mdrk--recapllre eslimare$, Rtmoval istimatos for
both sl.cams had low probabilities of capture and a
high rumber of lish captured dwing the iinal capture
occasion.

Discus!io||

Probubilili€s of caphrrc rvcre generally higb, and in
most cases. 5lH5% oi th. population was captured
during the first sanple occ.asion. I{oweler, even *id1
high probabilitigs of capturc. underestination of the
population may be a problcm bc
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FrouRr2.--Ihe ntationship betwsen p.obabilit) otcaptureofrllfiv€ sp€oies e1d $r numbcr of p(t)ls expressed a! a pNponion of
tolal pcoLs $npled in Trap, Sd, and Painted cretks for th€ rcmoval erperimenl in grudeast Alaska, 1996.

caus€ ofdilTilrencas in probabiljties ofcapture bctwcen

sample orcasions (Rjley and Fausch 1992).

Under*stimarion rlould occut if the probabilit-v of
caplure 1I"5 highcr during the first sample occa,sion and

lower during s{rbsequen! s$mpljng occa"sions (Rilcy

and F'ausch 1992). '1'hc bia-s csr be accounled lbr if the

diffe.cnccs berNgen ptobability of caprurc can tc
det!-ctcd during tbe estimation through the use of four
lap$re ocqasions and ihe gcnerali?ed tqmolal mgtbod

{Whiic ct al. 1982). Results ftom this study ag.ee rlith
the recomrnendalion of Riley atd FausDh (1992) that

four capture occasions bc uscd fbr rcmoval estimaics
whene!er possibls.

Rjley and liausch (199?i and the numcrorrli studies

the-y cil€ report decreasiog tatchability ater the fi.st
captfi€ occasior du.illg tlectrofishing artd suggest thax

it is importanl to maintain equdl efltn among all
samples. llo*ever. not onl] dogs lhe process of
elccrofi shing impose a considcrable

TAB|"I L-Pe.c€nl of pools r.! ilh con ant and variablc
probabilities ol capture for coho salmon try. coho salmon
parr- Du'l] vatden. alld jlNlhcad cagtureLl in tlo strcJln. in

ioutheast Alnsla, lql6

Tlpe nfprob{bdny C.ho saltnot
Pon Ft Doll, vddqr

Srenrt d I

djsturbance upon lhe $lream and influenc'e fish beh{vior
during subsequent samples, hut it also inposes a

physiological fesponsc in fish thal inffucnc€s behavior

on &ose that wcrc shock d but not captured duting the
first rttempt (Mesa and Schreck 1989). Minno$ rraps

are a passire capture method ard jmposd a much lolr|Y
deliree ol' disiurbaoce than electrofishjng. This
climinatcs the effe{.ts of disturbanc€s if caJe is used

when lhe traps are set a,d retriered.
Regrdless of the method used to capture fish.
assumptions oi removal estimafcs must be rhet thal
inqlude isolatjon of the sanple arca du ng the sample

pcriod. RecruiL'lrert into thc samplg area durirg ure

catimate \rill rcsult jn an upu'ard bias irl lho estir&$e:
ho*e!er, r€crl]itm!'nt *as not observed in sludy

scctiors of thc largcr strca&s during 6-7 h ssmple
pcfiods. lfthc pool within the

'I ABLE 2.-{omparison (paired r.losl) between probnbililies of
caphre (Pd) on lirst ard subscquenr caprure occasrori In txx)ls
nhcrc a \?.iable profrdbililv of capture wa! us€d to esdflaie
populalims for coho salffon fr!_ and tair and Doily vrdcn io
hlo *rcams,n $uthcasr Alasts, lq .

Ijirel Slbseq*rr
srr!{d o$!t!rf caorufts df I
Cono shror 0 52.1 0.01
it-l Pd Dollr 0.57,1 0.30:0.5.16 47 0.{15

Vardei 0 4i5 a.?l? :l o 06I
I00 8

I

SalCreek 80 100



T.r\BL€ 3.--tlomparison (paired r-rcs0 b+tween J-sample and J-ssmplc rcmoval esdmales oipopolation aild probabilities ol caplurl for

coho salflon fry and p!n. Dolly Varden. and stdelhead in Trxp ald Sa: cre(k. $ulhctrst Ala.*\ 1996-

reach i9 nrrt

saturatcd

Nlo:r popularj3n esinxc {hrrrb$ of tirh)
-l hE

}f.ith
lish ltom 

'ilmorB,ilhin the flry Par :414

pool m4y
be recruited
into ncarbY hllr
traps during suhs€quent samplin€ occasions. Eyidence

of recrujmcnt during thc sample period may hc otF

servcd when more fish are captured in later srtnple
occasions tban durjng rhe firsl or second sanple
occasiohs. Effort should be madc to captufc the
greatest number offish fiom the pool lrhile completcly
sampling the pool and maintaining cqual sampling
cffoft among capturc occasions.

Minnow tr"ps hqve physical limitations that limil
thcir use a! a capture method. The) do not adequatcly

samplc riinc habitat; ther.iore, ihc mcthod is limitcd !o
pool habitats. Strearn depth musl bs sullcient to
submergc th€ opening o[ the trap. Ihe ef]ictive range

or ori€ntalion of baikd minno$ traps hirs not been

systomatically tesled, bul traps arc lsually set parallel
to the flow or in Dools with minimal flor.v, Extensive

feld expedence in southeast Alaska suggcsts that
nrinnow lraps arc etlbctive al a radius ofat leasl2 m; a

downslr9am bias may extend lh€ range depending on
6m

Specle3

flo$. Cotnplsx habitats, such as large. dense debris
ja$s, may fequire a highcr density of traps than opgn
pools. Fish behavior and habitat prelbrcncer will
detrmine the distlibution ol traps. l-axgc scour pools

with little cover and high flows generall! did nol yield

M€r t'sbabilir) of crptu.

large numb€rs ol
juvenile

salmonids. They
also did not
require as many

lraps as pools

\iiti lalgc
rootrrads and

seve,al smaller connectcd pools.

Ahhough removal and mark-rccapture esti-

lrrcuR€ J--[h€ codparison oi populdtion €ttimales ftom
mark{ecaptre and rernoval nMhods by species for five
small srrearni in southelst Alaska, 1996.
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oates in small strcitms werc not signilicantlr- dil'f'erent lbr coho sahnon try and flolly Vardcn. markrsc8pture mean estimale!
werc l3-17o,'o grsatcr than remolal mcan eslimales. Violatjons olat lcast lwo assumptions, eqLral vuloenbiliry of marked-to,
unmarked tish (tidp-shy) and greale. no tljly of marked fish^ could accounl lor high$ rnark-recapture esimries- Ilemoval
e.stimates werc ofien lowor than mark iecaplurc cslimares- Mahon (1980) and Peterson and Cederholm (1984) gcrerally
attribut€d this to decreasjng probabjLiry ol capture upon slccessive caplure occir.siolrs. Thoir estimatcs, ho\rcve.. werc derived
from eleol(ttishing and not by less{}blrusive melhods. such as minnow lraps, 'Ihe generalized relnoval prograrn uscd a con$il{t
probabili4, of caplrlrc for all ,i1e of the s!rcan)s .dher than a yariabld probability ol'capiurc. *-hich suggests lhe minnow traps did
not affcct fish behavior.

Rcmuvd melhodi hare scrcral aclrantagei; orir marl rc(.Ipture melhuds. including the obilil) to complflc Jampling in a
single day and requiring fcwer sssumptions. Minnow traps imposr less slrcss on fish lhan eleclrofishing, thoug:h c.].e must b.
taker ilhen fish are held for seviml hou$. ln strcams th8t carnor be complelely blocked, the shorie. time inrcraal needed for rhe
removal estimde reduces the prohability oi movemdnl and morc closeJ-v satislies the closurc assumption &an is possible for
mark-recapture experiments that {cquire sercral daj,s between lhe mark and recaplure. Thc assumption ofclosure can seldomly
be accornplished in large sueams \Nith greater iov volume! bul sho(-lem fiovenr€rl can b€ redLrced during a removal estimate
through thc LLse of sample eaches that ale separ4ted by nltumlly occu.ring obsxructions. MinnoN lraps, carelully placed in a
stream and left undisturbed, are also leJs likely to disturb lish rhan duri.g elcctrollshing or seining when several leopl€ move
through the sream during each lamplc occasion, Minn$i! traps otTer ar attfactive altemadve lbr conductirg relnoval eslimatexi
liT juvenile solmonids. Similnr m€t}lods may be applicable !o oths species tiat are susceptible to passive capture mcthods.

Ackno\ryledgrirents

Brian Dnvies. Marl Lukcy, Brenda Wright, md othe(s provided valuable fieid aisisllnee and advice throughout the study-
-tohn Caouette contributed sigtilican! iitaliliti(al arivicc.'l'erry Quinn, Br.nda Wright, and Michael Young gave constn:ctive ar}d

h€lpful rrviews of lhe paper- Alyre Chislson and two aronymous rovicwers provided thorouSf and hglpful rcvicws. Thc use of
radc namcs in lhis pspsr is lbr the inlormation and convelience ofthe re6der. Surh usc docs not constitute ofljcial €ndorsemcnt
by thc tl.S" lrcpartnrent of Agriculturc ofany producl ro the cxclusi{)n ofother lhat may be suitablc.

R€ferences

Dloom, A. M. 1976. Evrluatioh of mirrtlou lraps lor cstirnating populslims ofjuvenilc coho Jalmon and l]oily Vardcn. Pro$essirc Fish-
Culrurist l8:99-

Bryant. N{. D. tt84. Dirhburion olsalmonids in the lrap tsay bssln.-ltnakee lnlet. Pages l7,l t ?, W.
R. Meehan, T. R- Men€ll, and f. A- llanl€1, editors- Filh snd wildlife rclado ships in old-gro*ah frxu.rts: prooeedings of a rynposrum-
American Institltie oI Fishery Rrsea(cl! Biologisls. Juneau, Alaska.
Bryant, jU. D. t98i. The .olc ofbeavcr dlms as coho saimon habita( in sou&cast Alasla raeams. Prges I83-t92 r, J. M. Wnl$n ard D. B.
l{ouslon, editors. hocee.dings ofthc Ollmpic wild nsh conference. Perin5ula College and Ol)mpi{: National Park, t-jsheries ltch$ology
Ito8rarn, Port An8eles. Washirglon.
Dollofl. C. A. 1983. The rclarionlhiflJ o, w(){)d deb;s to jsvenile salrnonid production and microhabiiar $eleclton in sftall sourhoast Ala5ka
streans. Doctoml disseiatioil. Monhna St6te tlnilersily'. Bozcrnar.
Elliott, S. I., and D. Hubarn. i97E. A study ofland u-5e activities and dleir rciatioisltiD ro soon fish rerourlls in soulhensl Alasks. Alssla
ttcpanment ol liish and Came, Federal Aid in Spod frsh Restorati()l1, D-1. volurne 19. Juneau, Ala\ka.
Habera, J. W., R. J- Strang€, B. D. Crrter. and S. E. Mo{xc- 1996. $hort-term Inonalit} ard injury otrainbo* trour calsed by thr€€-pass AC
€lccirofishidg in a southem Appllachian stream. Norlh Aff(rican Journnl otFilherier Mitnngrm€nt l6:tq?-?00.
Hank in, D. G. 1986. Sarnpling desigtE fot estimating iol4l numhi:r of fish in small sarearns. U. S. foresr Sen ice, R€s€s.ch Paper PNw-360.
Ponland, Oregon.
llollender. B. A., and R. l' Carline. ltl.)4. lnjur! to hrook tfout by barkla.k electrafilhing. North A$erica,n Joumal of fish€d.s
Mlnagement 14:643 #9-
Mahm. R. 1980- Acclrlcy ofoatch-€fiort methods for dsrimating lish densE and biomass in strearns. Envirormental Biotogy of Fishes
5:3a3-360.
Mesq M- G., snd C. B- Schreck. 1q89. llectrofishirg |nark{ecapture and deplelion meihodologisi cvolc bchaviornt ard pbl.siolo,aical
changes in cu(hroal lroul Trat$ctiorB ofdre Amcrican Fisheries Soci€ry I l8:64d-{58.
Morin, P. A. lq5l. A mslhcmatrcal theory.' ofanimdl tnppirg. Biomelrika 38i107-31l-
Nonhaote. '1 . C. , tDd D. w. wilkr I 963 llnde$ater census of slream fish pooulations. Tnnsastions of the Americsr Fisheries SoLiet!
92. tt6 l5 t.

Pa&rson. N. P., atd C. J. Cederholn. I t84. A comparison of thc wlnoval and m.rk-rccapture method of popu lalion estimation for juvonjle coho
salmon in a sftall str€am. North Am€rican Jo rnal of Irisheries Manaeenenr ,l t99-l 02.



Retnolds, J. l]. 1996. Electrofishir]g. Pages 221-253 iz
B. R. Murpiy lnd D. W. Willis, edi(xj. Firhnics techniquer,2nd edition. Arncrican Fisitries Society, Bethcsda Maryland.

Rickcr. w. E. 197i. Computation turd interpresloD ofbiological stal;stics ol fish f'opul{ions- Fishcrics Res(dch noard oLCan.da B$llctin lg l.
Rilev. S. C., afld K. D. Fausch. 1992. tJfid{rtsrimalion uftro$t popuLadon size by na\ifiu|n likslihood rEnroval cstimate$ in small strcams. l\orth

Amcrican Jouosl of Fisbetics Manog€nren l2:?68-7?6.
SAS Institut€. 1988. SAS/ST,4T t$€t's guidc. Reletse

6.03 edirion. SAS lnititule. Cai]*, North Carolnr.
Schill- D. J.- dd J S. G.ilith. 1984. Ule of unde.*ater observalions to eslimae €ulihrost kout abundance in the Ycllowstone Rjr€r. North

Atne.ican Joumal of Fisheri€s Managcm€nr 4:479-437.
Thurow, R F. 1994. Uoderwsler merhods tt'r srudt of sslmonids in the inlermouatain |}€sl. U.S. Forest Sen ice, C(rleral Tgchni{al Repon

G',rR-307.
Whire. C. C.. D. R. Arderson, K. P. Bufn}sm- nnd D.

t-. Otis. 1982. Crplllre--{€capture and removal nethods for ssfipling closed popul?tions. Los Alamos National Labor8lory, Lo! Aldmos.

Young. K. A., S. G. Hi$ch. and T. G Noflhcote. 1999. S(.tus of rcsident cutthroat trout and thcir habilat t\rrnt,-filr years aller ripanan
logging. Transadions of the A$erica, Irisheries Sociely l9;901-

4l t.
Zippin, C. 195E. The rcmoval mclhod ofpopularion estimalion. .,oumal olwildlife tvlEnagern€nt 22:81-

90.
Zubil, R. J., and J. J- l'raley. 1988- Cbmwiso[ of snorl:el &1d mirk{rcalturc Estimates lor taout populalio[s in latg€ strcams. Norlh
ific can Joumal oi fish€nc5 !,la,ragmrcnr 8:58+l-



DEE9s!l:€!lfO
(!(od6l!.!(!166ct lt| o661!(!r!c6

iD c){) o) 0) o o it rD o ru o o o o q, o o rD c, a,r ru rD rD o o o o o{r o o o o
irr.r, dr o) rbo dr o ilJ o o o rD d, o o it o o {} rD €,r o !) (D {) (I) rD o o o {D 0) o rD o o {D o

,O6oo66666o(Jooo(Joo(Jo(Jooo()(J()OOOO-OOo()()OOOdo(.)OdoOoO()
;UJu'|LuuJL!tuJLlJllJ|!L!tUulLur!L!L!Ulu]uluu'L!|!l1Jl.llllJllJl.I,t!LtlllJl]tj|]Ju'|lrtt!l!Ll'lL!!,uulLrJl]lllJllJ|rl|u
qc<cc14r<<<lldctd.t o O O O O O O O o o o o o O o o o O o o O O O o o Oooooola--

oo6oo oooooool:oo
{6Eiiii6iiE dr,! oEEi6E- r!(n 6 $4 6 G l! (! o.! o $ e o i! o (! r!a !! d 6 t! r$ .! rsa .! $ r!a *
96a66r)oooo o o o o o (' 0 () () <) 0 0 0 0 0 0 0 0 0 0 r' 0 0 0 0 0 0 0 0 t' 0 () 0 0 0
l1o o o o o o o o o o o o o o o o o o o o o o o oooon()

o o o c! o o a o o, d o d o. o o a a c ct d o, o, o. a:. o d d (l o o a o- a a a o
F F F F FF F F F F F F FF F F F F F F F F F F F F F I-- F F F F F F F F F F F F F F F F F F F - -!; ];; i ]; i 3 f ] ] 3;;3; i ] 

' 
] 

'; ' " 
j )t; I;; 

' 
] 

' 
t 

' 
t 

' '; 
);; i I; 

'Y 66 b b o O d O O o O O oo O O OO O O O O O O O O O c'O O O O O O O O O O O O O O () 6+cccc
E>>=5EE:===E>>=EE==E:5:=:>=€E>E====>>€€E:=>5=>>>>=

I llt.st <t \t rt t r+ !+ t I rll tl t t ic rt tt <a !t I v 14 v t { I I i l !l. * n t + I 3 l. * { t t I { n !a' { - {
o o o o o o o o o o o o o o o o o o 6 .) 0 () c) o (f, cr o o o o o (> o o o It It o o o o

cl rr tl + + * { + ar ir <l i rl s s v t.(l tt t t s rt { I rt v s I t 9 f s t.q s t \t i ra ! !c q w I v s { s !

E >>>>
E60.!t5 r!€ooo'iiurlDarau>aaa@aqaaurLraurutv)aaaa)@aaourulu)aa1a)oaaaaaaogJa!)a@aoo

NFFF.F'F.F.FF.FI-@16(o.O.O(o(o.D(o(O.O@.Oto(orOrO@lorOlo(O@tO(O(orO@(o@rD@(ort@@(orO(O(O10(oiO@(o10 10 (o(O
o @ <o (o (o ro (o (D (o.o @ (o (o ro ro @ .o @ (o (o ro (o ro lo (o (o @ (o (o r0 (o (o (o @ ro (o @ @ (o {o @ ro ro {o (o ro @ ro (o
o o o o o o o o o o o o o o o o oo o o o o o o o o o o o o o o o o o o o o o o oo

o., .,i ..i ..i r; ri € o .i r.i i') c' cr ri.i ca ..i d .a rd.,i.i c'i..i.i .4 r' ci..i ..) r'i.4 .r c'i ri ..i d ri..t r} ai d..i."i a) o ri r; dc (?r .., .r .r 17) rt .?) (t c, .q .., (' <q .o <torrrr

ra, 6.tr.o ro 6 'f) o ra, lr, lr) \a) lr, .f, rti rt, llt rfj |{, st \Ir (.) 'o ro rar rf).l/Ncl(gAIC!NNa{C\rC\rNCtcrr.{a{ArC{Ora\rarc{Nc{(\J c{ Gr crl a.{ $r N {\l c\r a.l a,r a.{ a.J{!<r{!€rf+t++tl<+rt!.:i:trtrtrt:ttfn!t\t$ltrl+r{rt$\t\f\r$ilgi\rtrt!ti+gl
cn or o or C'16 ('r o or 6! d, cr, o sr o'g| (rr

r., i.- 4.- F t- F F F- l.- F F F t- F F- t- F F F. F l.- l.- r'- l.- F t-
:'')dd(),ri'ri'rir:'o'{t()f)('viri<rr;oL.)rod.o-r6-i6ddddd6dr,ddr,dddddEirir; 6f)6<i

Na{cta{a.lc!NNNNct|.!NcrfllNNNci/NNcl|aliAra!Na.lNarNc!f{(\{Olc.la\ala!Na{NalcrJooooQOOouooouooooooooooooooo()()()(.)()()()()(J()()oooooooooo
€F F FFFF FFF F F F F F F F F F FF F F F F F F., F F F F F FFF- F F F F F FF F F FF F FF Fathaaaa@ooao14a(t,utu)u>u,aaaqau>!)oul@@aoolurah4Tqur.Jtur6aqq4>lrautur(4!)

c

-l

..000000000 0 0 0 (' 0 <, 0 0 0 0 0 0 0 0 0 0 l} 0 0 0 0 0 0 0 0(,ri!ddo-dard4a!t!o-(Lo-o-o-o-o-L{Io-[o-I!o-L{!ttc"l!o.0"Ioo.o-a!tLo-o-tt!-o-oaLo,o-o-o-I!

() tO N cO O) O r ar.?, g ro (O t- j v) (o F. o o O - a\l ar + 'l) Io F € aDO r a\ (, t ro rO F- €C) O r N (.)

=crFlrt(.)tt(nrr("}(.)19<T(.)(r)(,C)(')a)C).t(.)(.)fl(.)(4l.)--a)od)ots)-r.tft(.l .4 e) at m (.) c?.7r e) € (r) (.r (.) c1



(t

l!

:().o.oN 6(tt.oroN or-(fslrroooFoo @r'l'corl@bo)+ ..) !') r v ! { !* r * (o 
'r) '.) ? 6 (' 6 + .r b 6 i $ tf * { + o) .o + l{) d i s d o t s a =

* g e g s g g g E E .g 
-e I e g € _e g g e I E g E g .e,9 g e e I 4 e I g I g g g g g I E E E e E E s E

;'iiiiiiisierqiieiiiisiiiisiiiqqiq99iq999qqiiiqE.gqq



cEEE9€cccc
E E E E iE q E P P 9 9 F 9 9 9 d. 99 9 9 9 PP P P P 9 E P P 3 P P P P P 3 3 C 3 E P39 P 9 P Pb t E E E E E E ! E E ! ! ! ! E ! ! ! ! ! ! -E ! ! ! ! -E ! : -E 

E .€ E -c E C s s E ! s -E E s -E s ! -Eo 6E E 6 ft ii E E 6 6 E E fr 6 6 r!= n o E qi <! 6 6 6 q q q q q .9 t! ro .! .! o (, q, d t! q q 6 q (u q a !s l! (!
o ;; 6,i'i.; li a @ t!, v, a 6 @ a a 6 4 6 a 6 a a a 6
Eoooooooooooooo occsqqgooo ooooo

BE 6 € € € E € E E € € E E.s € € € € E E € E E E E E € E E € € E E E € E E € € E E E E E E E 
.3 

€ €

o. o o. o- o. o o a o o' o c e o o. q q- q 9- a (t a r! o e o o. o. c! o. d o. o o o o o,
FE OE'F!"EE EEEE EEEE gEEEOg OE E S P E S S E E E E-P g g g g ! E.! E E g ! E g E
|:F;FF;FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF

EEAAEEAAFAEFEEEAFEEESEEAEEEEEEEEEEEEEEEiEEiEEEEEEE
;i e a E; - -c - - a a C c c c E a - 4. c e < c q! ! q€E E c c E c c c e c e q c c c
E;E5= 

=EEEE55E=5=====E5=======5=========5=5===55>-=

ttrtS!tl!crl'{$:ttrtttltt{*n<tltrt++tsl-r<rrtrii*t***ra'crt+Slsrlratc

ESRERREEAEREEEEEEEFsEEEEAFEEEEFE!FEESEEEEEEE!!$!8€*R**RRRR*F*TSEENNRfi RFfi NX3{FSSF&&FSSNNNNNNFFFS&3F3
6ii|irir:FNr:Fr-F-NF-F r'-F \:f- N

F ppa0EEEses0sE0ssesssaps0FgIaPgEpgggggggggggEIFggE
P666.o a o o o r! o o t! q q q q !q !! q !q !! !! q 9| I! o (' o
E i; ti 6 6 6 6 ii 6 6 d 6 d 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

F \ E \ F I!': \ \ F. T: \ \ \ \ LF..F' F.

EEggEb€gggEEEEgEgTgEggEgggE€gEEgggEEgEEEgEgEgEEEE
oFj dj Fj ct.,j rj ri t") .' (,)('r.r, €.., o o.r o Q q' c).4 F, r).4.. o r?, (4
. i6 i't ;'t i6 it 6 b fo rt - (4 (' - ct (., 14 ct b .., c., (' it {5 o -) Ft cr .1
95':TT-;tt'i'i55T5:;r';T'i';::';'iT';';';55';t';'i-;ti'i'i';T-TT'i5t5'i

o 'r, 
g) 6 r, ro ro (r tr} l'.) rr|'' r) 'rr,a' f, u: o gl'rt9 5t9 t) (' v) 1.) (} ra, r.) t)..) rf) rn r.t 5, 'rt 

14 !} \.i ll,
.jl t ii.t t' { < a i - + ra i i i i r. .r ra ! q 3 < S \t !t.{ .f f ! ! q n * < :a e t q t \c
d d d d) d' d d cl d 6 (n d' o' d' 4 6 6 cn d, 4 o q) s, 6 q G) c, q g g (D o cD o' o cD or .t' o' oFFnF-.--L i-L i-LL i- i- i- F F i- F F N f-- F. F r'- F F- ts- F F- F. I' F. F- N

e;t;,r,,r,,r:..}'{'d,rj;r;d(jd'l)d...j.rjd,.,,nd6dof)q)'tiar-'9r-,lr,,4.-,AAAAaa!qQa996c)
-9 ii ii d 6 6 'b 

|it !t rt ui 'n 
6 u') ro 6 6 r.j.r, ''} 'n 'D 

ct 
'r) 

6 'r, rfr rrr

.! .{ N cJ .{ N
U ij ij U ai O ct o o o u o o o o o o o () (J o o o o o o Q I I g !J o o u o o o o o o () I I I I I I (J Qtti;+rt=*++tt+++++++++rttl++l?+++++++++ii++ttiili

Ali'a'6al,1qltaiJr'aautastaurollturaaaoqt@vtura@thauralroaaaaaDUtaao14<Du)utrt)

EEEEEEEEEE?EEEE E PE EEEEEEEEEEE EEEEEEEEEEEEEEEEEEEEEGEEqEE-9rio!-eEE-s-q-s-q!-ss5-El!!s.e-q!-q-E.!!-q-!-q!-9.s-gs!-!-s!.ssss-eEg9-s e-egBgge99999e g e e I 9 9 9 I I I g I I I I I 9 g I I I I I g I I I 9 I I I
E 6 6! i,6!!tO.O-!-O.9 Ie-eI.e-s.q.-{'-s-q-q+e .-qg.ggI "-OOOO666oOO-OO6o66O665(JO-OoOOood66O6666656ooOOoOOOI ui uirriu u 

"i 
rLi u.r uiuiu u, ut uiuiuiuiuiul d lri .! LLj oidddurduiuiuiuiuiuidbiui uiuJ uiLri uiuiuiui!.il! ut

d - t ; ; - ; ; i;; i i ; e.iccciEicjicec i.cccc
ntst6bEttb6666666oooooooooo9s99!'oE..oooooooooooi--- 5- a - aaa-----i -- - --- 1--'-t

--a:i:CCacc<
.E 5 6 E 6 - 6 6 at 5 5 o o o 6 6 o 5 o o o q e c o o o O 6 5 o o -6,6 6 o o,o o -o -5 -6 -o -6 -o -o ^o ^b o o6ddddddoao"o,o.Io-ddo-o-o-daIado-dt!o-(!o.Io.oqq.&o.LaLGrLo-0-o-[o-dtll!o-

{ (., tD F- <D6to .o F- .o 6t o r c! (!! Q t \ e A o*.! r) * 'r) 
(o .,1 o s' 6(o N €(! Q _ c'l

^.adi666d.t6 oroalo'oooC)<JoOoo_ a - 5 6 A 6 fr 6 .' 4, - - o - c) o a i + i + + { .a * { { rc + 3 rr q r ! tt * r rr v v v r $ t v t \f tr !f
rLiltinitititinb,.DcD.r,cDooJo)olatd!66dtd,dc,@d'o(totdrdtdr6(',d]6trto)o,drdro)oroorotootoror

T

ll-



o.

d)

: o ooi'o * oe o o, F- F- r F.rt c{ e q q, t F.E<r',('trrr!'f|rrr+(orr\rLn!a,('*o@o(o6€('+()F"{{o(o-r.r--+6,fui{6Fiii-dnt{if'idt ,n

g e I e,9,9 e .9 .S 3 I -! I e e e g e .g e g g g g g e I e I p + g e E I I g .9 .s E s g g E s s .q -e,c sC C E C C 
" ' 

- - E - - - E E -E E'- - E: E E E E E E'E E'E'E E E - E E E'E
Cg g I g 9 g 9I I g I9 M I g 9I I g I I I e e e s s s e e I e s s g g g e I I e s e e e e e



EcqEgssEsEgcccc
5 5 6 6 oo oo o o o 6 o o o o o oo o o q I s I q' o o o o o o o o o o oo o o o o o oi- - -EFF..FFFFFFi Fi FFFFFFFFFF FF€EEEEEEEEEEEEEEEEEE

!t;6 6 |! 6 6 Gt $ l!
.9 i; i; i; i; A i5 an,n tn in 6 in in 6 6 a 6 6.i
E -e e .e .e -e .e p p e .e -c e e E : € -p e P e e € .e e € € € e € E E € e € E E € € E e e e e e e ! € € €
FEEEEEEEEEEEEEEEEB ti I 3 3 3 3 8 3 3 3 3 3 3 3 3 3 3 3 3 8 I 3 3 3 3 3 3 8 3 8 3 3

a o. o. e d]- 6- o. o. o. o. o. c! o^ e. q g !L a f! a o. a o a o a o' o o q q o- o. o. a
0 ! E-E-EgEEEEs g E g g E I e g I I s E E E E g E E E E g t! E s g g c c e e !e E s !.8 E E
; ;': FF F FFFF F FFF F I- FF F F FF FF F FF FF F FF F F F F F F F F F FF F F F F FF

}BEEEEiEABEFFFEiFFFEFiiFiIFFFEEFEEEEEEEEEAEPEEEEEA* E E E E E E E E E:: E'tr E E: E E E E E E E E E; E-EE.E E.E.E.E.E.E E E E E E E E E E.E S T,SE====85=55-=E==5=====:=5E=========================

PPPP:P?PFEPE:P€E?EE::E??EE:::EEEEE:E:EE:E::E::E?E6 6 fr 6 6 6 6 6 (! 6 t! o aa l! o ! ! S S S S g g 9 -9.1! l! -9 ! ! -q I i ! ! -g ! g g S S S g Ll! ! l. ! SCEq!!-eE9999EgE9-e39939ee e e 9 e I 9 9 I g I 9 I 9 I I I 9 9 I I I I g g I g
66a,6ilcrooarqcqccc-9-c-U-9-9-q-9-9-99-9.9!!19.S.g43e.e.C.gg9-q-q-q-9-q-e-q-9!

-dO()O(Jd666O6ooooOooo(.)-ooooooo()oo(Jooooooooo(Jooooooo
g 

"i ui uj 
'.i 

uj ul d ui r,j rrj uj uj ui ui r-rj Il'r uj ur uj uj ui rJ ,rj uj uj !r ui uj uj uj d uj d ur ri ui ui uj 
'.i 

u.i uj ut u,j d ui trj ui '! !tEfiffifecictrciicq;iiiiccccsqqqiEEeqEEEEqdqddiEEifioi.E====EaziiaEE!6E56656E oEaa o o o o o o o o o o o o o o o o o o g q:o:.J olt o o oo;5---i--i------i--a1-

3 ra * rl rt { r+ * *'q t I { t -f q I r+ <l M .+ $ r+ r' { t { $ * t I i i \t \t { 3 rt'f s
b o o o oo o o o o o o o o o o oo o <to o I o e e e q I q 9 o o o o o o o o o o o o o o o o o oNtr!$Ndi!{r!8e*S!sAAq$Aeqgq!!eqttts!eEet!!$sg$!s{altE

i F s s s .{ s s s s s s s s s N s N F s F F s s { s s s s s s s F s N s s N s N s 
^{ 

N s ! s s s s s

s s s r n.gEggEEgEEEEEEEg€EgEgggEgEgEEgEgggEE€EgEEEEEEEgEgE
ocj ..j Fi ..-i,i i.; ii i'i b i,i i"i i.i ct.rt it.o (") O ar i'i (4 c! ci (.).q (.) o rq Fr.t.?).t.t rr (' o (r, r?, (.J fi
I .; -; '; -;'; : 5 -'i ';'i'i 5 : 5 5 5 .;'; 5 -; 5 '; r 5 5 -; T :'; 5 5 5 i '; 5 5 5 .; .; 5 T 5 5 t a'i :';

rn rrr ra) 
'n 

\r) |r).{r io In '. llr l.) () lr) (t to !D (} (, rJ) rar 4 ro rQ 'q !) !l 5}!l!l!i}f)roq)|r.)q)ro6r.)()ro'.)6)r.'ot!rg)'.JN NNoi Noi^iNN.rGi.{ c!.{ N N.! (\ cq.t N.r N<\ N(to'l N N N N c,l
; ; + + + + i + a * + n { < n r f .a {'q s * r tr * * r € r ! rr { ir !c_ ! e !c t n 9 t t t ? < \t \t tt !
d: d d56 dr dd,o cngl.n o'6 drd'6 o d,6 or,r' ot s' s,o o,o,g, q,o,c',61 o,

--i:FENtsNFFL i\ i- i- i- i\ i' F F N n F F, F, F-
!.<idod(jridd6u,)dd!.i|{'o<ioor;n@6rihd{j{'aa{''{)<idL.i()dd,r,'d6ddd@uirid6d56 6,it 6 (5 o (,an(' (' 6st 4 Lto (' (' 6 ()'.)

-Laaiacaca
r66oo6o-oooociooooooooQoqo9oo9oo.oooooooooop9996ddddd&o-o.o.o.o-d.dd.o.d.d.d.d.d.d.o-ciddo-o-ao-cI)"o.6"o.G0"o.o-co,c0.o-o-o-o-0.0-o-

f,r!t'l(oF.o e (l !o F. 6 6, o E .! a 9 9 q \ aqqE!!J ()@N \ro6(lr.\(.)n l.Jcon < - nr () (' i. ft ,.)'.) () 6) 6 @(o o to (o rD @ @ 19 F
;s833333338333;333S333tS333833S333;333338$3S333333

a;

I

.tl

E >>>>!b6'iDai iDoo 0,ooar!,Q,q,o o 6., o O di oo oiD lD lD 0, o rDo4,dto lD r,o q, qq{ C CIClD0, ltl cr o
-aeaaa.cccP 6 6 d 6 E 6 6 6 6.F o 6 (! iri i! c (!in (u

666666au)@oahant4rtitiDatntn@@qavJ.hau)u)ur@urthaaa6@6aaathvtulaurautaa

NN.{.\(! N.!.!!6r!.r .\l (! .t Gl N !! 9! !!ij aj ij ij ct d aj o u o u o o o o o o o (J o e e o (J o I !J Q () !J o o o o o o Q o () o o o o o o o () o o;;tt>-tttttt>t>>
-7Yr?-III

aoaa@vt@tJrchutu)rhttrattattraarhaho'taaurut@u>aaaaa<trlJao@6aaahauraaauraa



-l

EE;3R+3339$b3F8Eb'e33*36SRfl E3$33tsS33X gbSSq+bg ggEF?S

# * € € + € # € € + € € + + + + e -e e c * c + e c E + e,e e E,e # + ;' + c + + q c c + e s s s € e e
l' ia i i i i i i i i i a e s_ i gI g i i i i i iq q I e q i ii i i 9 9 ia e I i i i 9a'i g g i



E3ggg333g$$E$3$g$$gg$$33$3$333$E3$3 33Eg333EEE3Eg3
i"l ,, U, rtll 

"i 
l! ujuju;L,idd dui ui dtijujLd Lu uj Lr.r ui ui rrj r.u Lj uj d uiuiutujduiul 'ri ui E ui ui uiuj uj Llitri

€EEEEE;q; gqqqEi€€EE!€€Eq€€E€EEqq€€qEEEEEa€EEE€EEEE

-sssssssslFsFssssssslsspssssssssssssssssssFsFpssls

- EE € ;€;€;; €€fi;€5€ € E€;€€ €;€€€;;;;€€t;€€; E E iiE€EEEiE
*€€€€€€€€€€:€€€€€€€€€€€€€€€€€€€€€€€€€€€€ E€€€€€€€€E

tFs'SFFFFAs'gAFtp'88''3s'&Es',s.4€F$p"E"E'E'Ss't.F$t.e'0f,e'.F.s'g's's"E'E,EF F F F F P' F T T - T T- T- l_ F F F F F F F F F F F F F F F F F F F ; F F F F F F F F F F

E€eeeE€EEeg€€ €eeEs €Ee€eE € ee€eg €€eEeE€eE E5 €5 €eE€ 5Ee

-gHgHHHggHHEFFE 
gHHHgEEgHE gEEEEE 

HEEHEEEEEEEEEEEEEEE
-E Y i ! ; { T i 5 5 ; : i t : : Y i 5 T t i '; f i';';';';':';': i ';'i 5 5 i t 5 t : 5 5 5 : ';':'i Y

R R R K R 3 K R R R R K R R E R E 3 E 3 3 I S I E E & S S I S R { R R R F -R { I I e E I E 
-R 

S { {
FFPFFF*pFpFR*FFFPF**FRFFFFF*F*FFFFRFFF*FFPFP*FFFR

tgegg*eggss33s3ss33S333gg3ss3ss33SS3333S3SB33g3333

};n;T*P;rFFsF;FFFFFFFFFFFFFFFFf FFFFFFEFFFFFFSFFFFF

e*$$s$ gEEHHfr fi HhHfi fi Efr ;$;fi hfi fi EHfi $$fi B$8fr BH$$888Hfi $*$$

I

g ; s gg ; * s$ ; ; sgg$g ; g gsg g $gg s gg g; ;g;g s* $sggg;$ g ; * ; ;*g

sssssg!i ggiiPiglggig?!?PHg??;??iiggl?t????gH$:?;;
E6Eiii'iif,EEiEn'i,6if,iiEi,i,E',66'.'.66t,i61,666666666'o66656



+

g|-

E93S€33b$959;9933€333*ts;*83+;63*g;+399F6\gSSggeSSC

I,EieiqEE iiiEiEEggEEiE9EEEigiEEEiEEggEE 9 9EEEEE i qEEE



EEEEEFEEEEFFEFFSs6E6SEEEEFFFSSEEEEEEEEEEEEEFiFFss
E5;;;;5;;fi ;fi ;;;;fi 5;6;;;;;;;;;;;;;;;;;;!EiiEiiii;fi ;'i q e e g 9 9 9 9 9 9 9 2 9 2 P P 9 9 P P F P P P P P€PE€€ 9 9 9 P ? ? P ? ? P P P 9 P P P P P
$ E E E E €'s E € E i E E E E E E E 

=B -B 
E t'B -B 

E 
"B 

E E E E : E "3 -s s E 
"3 -B -8 3 3 E E E -s E € E E E

Es'FAr'ESFgs'S&e=SFEESFBs'FSe'&88$SFG.SF,S.!'.tAE,E,&s'E.Es"E's's's's'F ;F F FT. F F FFF F F F F F FF FF F; F I-F F F F F F F F F F F F F F F F F F F F F FF FF

EFEEEEEEEEEEEEiEEEEEFEEEEiEEEEEEiEFEEFEEEEFEEFFEEE
E!:E€EES€€E€5€5€5:E;E::E5:=5==i:ii*i5========E5===

3 ? t !(' t :l t t + tr s v <l ? t * {' n s rl:tItw

NFFFFFRiiITERRRQSQREASEEqEE!8E8E8E8qEEE!gEEEEgEEEE
€ S s F F F F F S S S S S S S F N F S F F S F S S $ F S N F N -E T S S S S F S S S S F S N F F F S S

E gggggg ggggC E peye e,- e p p e p P e P P .' P s e g g g e t g e e E g g E g g 
_P 

g e er o.!,! 6,! 1! o 6 q s s s s e sEEEEIE!5EE!! !EEE5555EEEEEE!EEsEEss
A 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 a a 6 it @ iD a tD o tu th a u, v, a v) q o u, ut th u1 o a a a u> a @ a

NNNtsF'

g ET E g g-E E g E g g E E E E E g g g€ E EE E gE E gE E g g g E E g g E g g g g g g E gE E
6.j o.j cj c"j .,)..j o ri r; rj rd rj.j o.'t rj r.i; id id i'j cj i"' (.r (.) c.' dt i't i'i U M i6 b - i't -.t ct c' - .a o .., o 

'?, 't 
(t

.g 5 i'r r r t r 5 5 t'i'i r r'; '; r 5 : T'i 5 5'i';': 5 :': 5'; 5 r r i'i r : T'i : 1 '; 5 Y'; T - -

6li a.i Aj & ai N (\J.! N cJ 6: ar{\.{ N N.'i cl N N.!.! f! ry ry !l 61 (\r N Ar N
:i :i :i H ii lg X is S s s s 3 E t 3 3 s 3 3 t F s 6 $ 6 $ 6 6 6 F $ S $ S F 6 6 6 S S 6 F F F F F s s(;:i-FF-FFF,FFNFTN
i-i\i\Fi\ F.F-F F F F- i- it F- F i! t\ F i\ Ni\ rs rsN l"_

rLl Lll;li;i"i,;;'ci;;.bi"i."j;,r; 'r;,r;,rj,rid..j'{'d'r,rjdcjdqj6dL.j.')'.l6(Ja,C,'r.)r,'{i d q;{idL'''j
!;j fi 6 .; d i, () r.) '{r,n '., (),o h 6 nin; d d 6 6 'ij it si 'at Lii !i

N C.I I! G/ (\ 
'! 

fli N N CJ CT 
'! 

N N T\J N N N N 
'\T 

(\J N N N 
'1 '^J '\ 

N N N N 
'!ij ij ij ij ij d d ij o O U (j o o o ci ij ij O d U o o Lt o I !r o o () c, o () o o o o o p o I I u o o o o o o; ;;ttt; ;tt>)->>>t;;;;t

' ' ' ' , ++++--i iTiTr
!tr F F F tr tr F FF F F FF F- F. F F F FF F F F F F L F F F FI- F F F FF F F F FFF FF FF FFF
A vt a o tt i,l (r) ih o ah a a at a o ur 'ur 'o o a a @ ur th a a o @ Ur {n q a a o lh u) @ a a uJ a a a, !) u, u' u' a @ @

E E:€EEPEE:::EEEEE??E€EEEEEE!EEEEEEEEEEEEEEEEEEEEE

"gge;eesgeae;gegegeegggeEeggegeeege;eggsg3$$g$3$$gg ui ni ui u; rr.r d r ui ui d ui ui 
'J 

ui L! ui r! u.i ur u, r,j ui rd ui ui Lu LrL L.i ui u.i ui ui ui ur ui ui ut ui ui !!i ui d ui uJ '! l! u.l ui ui
b ; i - - c f = c c c . c i i i i ; ; i c" s E q E 1 1 ; ;- 1 E i c i c i c c c c E- c-- E Ej d s i i c c.

€iii55€€!EEiEEE!5€€€EEiEEE!Eq!E€EEEE€EEEE€58€€EE3€

\r, = = FF? F? -- ? ?'c F i z ttz? E E t E Ei tzE E E E t E E-eE-c-ctEEzz E E E E E
#FEFFFEFFFFEEFFFFFFFFFEFEEFFf f EEsrressrrssssssspss

R$$fi $$n$g$$B$BgE$H$HH$65$$$Hfi h$$FH8*HHBfi $gF$$$H$8fi

O.

a

c;



FN@':{)r@!otooiE)o()*.r)@F:Qqrry{prr:..r-.oNf)Ior6V(')<b.r(o.o<rr-(OrorrrFrrrooo)v -, !o 
'rl !t 6 rt + o v s + rr'.) c) !r (.' e @ h ! ro a .! F Li, I li) v v rd !. n.r e)

I g g g g a g g a g g E,9 g g g 
-e 

g E I E I s s .s e -e -E -s .s -s -e e o o o d, o,D o o o,r!es
"r.E e E c E E E - E E - E E E; € Ec i E 'E d E E - 

= 
E E E 

= 
E E E 

= = = = 
E==EEEEEE,;..;

^r.) {) g) p p tr 9 9) I di q' i! r',) d,,szzz:a::2::::>z
= a.a 

"..4.2.?..4.4.4.r- =.4.1.=..1.4.4.f..2.f..4.4.4 1.a.f a.1 1.1.1.a.a.1.a.1 .?..t.2.a.?..'_.:.1 '_ a.a.i.:



EFE6d66dd6 66 666666 66hbbbbbbhbEbEEdd6bbbbb6b6bbS66; E E: l i9! >-.:.=::: pE o r|tsopppp p lrpo I I p ppp pltpppp EpP
R=i;; 66d66D;iio !!o(!or!(!6 :; ts X 6 6 6 it i5 i5 ij <t ij ij e O 6 d d i ij>>>>';i ^ ^ ^: > = = = 7 = =;; F 7; - F F. >>!> > >:\a:\>>> >2.2.>>>>2.>>>->x Y :J :J : a - -- = 4. = = = = - - -- a r = = =xf :.!=-: rl=:: ===::1<<.i< o o o oFg E 3 d 3 d d d d d d d d d d d d i d ,j d o o 6 6 o o o o o o o o o o o o o o d o o (] 6 o o n o o

s' s' S E r' g F E S F t S e' e' S E e' g g F.g F E' F A S E' 8 F E' 3 F S E' 3 3 3 S F'.S'.q E.S g F E s' F.S
FFFFFFFFFFFFFFFFF

EAiEFEEEEEEAEEAEEEEEAAPEEEEEFEEEEEEEEEEFEEEEEEEEEi
E===5;=55==========5==-===E====5===5i==========E==

rt I l.$ I \t t { ta l. I ta !.t !f v rti $ { 3I \r \tt \r t* rt I s tl { i'{.c t !q a !a rf l \t I s \i \t * !r tt *
8E555E555556585585655856555556E588E5E56666E€F5558{EN{{{{{{Q!s+sqtqaq{retsqaqqqqeE!!tqqqqq!qssssq{Q!tDdd+$ vtrvnvss*tnE{stn$rqq!aE|,!!qsqss$rssressEssssss!ssssssssPsssssnir:r:|:rir:FFN

E gggggggggge p e'e p s p'p g s s c s e e I 3 e P E s s P P P P s E s P s e e s c e e e gP 6 ii! l! 6 6 {! (6 o r! @ o o o o .! r! o O q {! q !! q !! !! !! !! !! E rc o N E o i! o o 6 t!
E i; i; i; fr fr ii i; ii ii d 6 ti ti 6 ii d, 6 d 6 6 d' ii 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

d.!NNf!c{c{.\.{.!c!N.{.!Nfl6rN.r!!c!..rqN.!q!!!.!!!!!qN.JorN..{ .{ .1r N frr (\J Gr c.J N C{ Or q r\r .l
d o o ii it E E it s. tr iL tr d d d d e E e o t e d s. tr d v. s t E d tr t t d d E t u ct tr. e e E t E E s tr

.= r i F E F E F E F FE F T g g T T F IF FFFTFF F F F F C F F F F F F F F F F F F F F F FF
E'aaur'tDt4a@oa@itqqur.tt.Dut.Jtul@utaauraav)oauru)uru)vru)tDU)ou)L1.DlrauJalh@aa

!.b€E!o\tr5!!
G E -E -E -E E E E -e -s -e "e s s s.g s s s ! ! "g.ss -q .3 s s l9 -q s $
sssstseeEs9sEe99ssrE9999essEs g99g3Eg99g9EEg9EE9s9
6 6 5 t) {' 6 E 6 E 6 t E 6 6 E 6 6 ! E 6, 6 o & ! I .e ! -q s.9 -E s -e -q ! j! .9 .e g -s -s 3 I I e "g .c 3 -e

-- O O O O O O O () o o o o o ()o o oo o o o()o oo o o ()o o u{J o o oo o o o oo o oo.J u(.) o
I 

"i 
d ui ur ui ui !,i 

"i 
ui r:.: Lr- u.i r,rt ui u ,ri r.i rri ui ui ui ui ui ui ui ur ul ui ui oi LJ ur ur ld ui ui Lri di tri d ui ui uJ Ji ui ui ui Ld 

'rj6...ciFiiiccicc

€€€EEEEEEEiEqq€EEqq€EEEEEE!EEE€EEE5€gqgqEEqEqqEqs!

---PPPPPPRRPPPFPRPF-RRRRRTRPPRFFPPPPPRFFRRPRPFFSFN F- L i' b b b ia i,o b.' il .a t , iq il i4 i"} - a) F - (' .i nr .e ..l !q c-) O a A la (.) .4 .r .' .t .) (") (') (') (t) (a (.)
i6 io io i6 iD 6 iri @ 6 o to @ O @ to @ @ro
989ts58tsFts383388338333333S33333333333383s33333333s

Pg g 3 g g g s g g $ g g $ s s g iis s 3 g s g s s g g s s s s s s s g g s ss s s s fr g 3 s s ss
9': ! t r'; .; 5 5 5';'i : 1 "; t : : r : t'i'; 5 T 5 5 .; 5 : t'i'; t'i 5 5 T i'i I ,; i 5 T '; r Y t';

$$$esBEEEEEEEEBEBBs$seeEssEsEEE6sEsEEEssEsEEEEEE€
RPRXFFxifi FRXNSfi Ffi FXXPEXFFXff E&&&NSSNdF&F&NFFFSFNF$F
i\i'-i-Fi.Fr-FEFFFF:F.NF-F.:Nt--F--FF..F-\\\\rr\\\\\f\\\\\\f-\\\\r:N\

:d,r)dddd(),.r()(),o.n r, {, a, 
'rt 'o! ; 6 6d.6 d'b'i' 6 () 6vt ii r) o \rl

dz = -- z z ? z i F F F i z 7 ? ? i i ? F F = 7 7 a 7, F 7 7 --- 7 -c E E t t Z : ; E E E Z E E E : €
i 6 5 6 d 6 d 5 6 oo oo o o o o odrddo-o-o-o.o"o-dd(!6'aLd!Lo.cdo-o-o.t!o-o-0-o.o-l!al.ooIco-o'0-oo-o-0.ccl!o-o"aLo-(r.o-

ioreN .!q\aqto${ 6(oN6o'oo
eEFHTPTS*xRPFSXN[-TiHRTRTXIT*NNXRPRRPRRPPPPPPPEEFEE 5 d 5 i.) 'n in ir, i{) i{) i{, i., irl 6 {) (| r, f) io in o, o k (' 

'.) ro 6 6 6,n,., .l.j (j

G



d-

E l, "-. = 
i I I !: 3 \ 3 r e q r:: - 99 1- E' !-o 3 s q r-u q \ @ !! o' .e F 3 . . .r - - . ^ - S - I 6, * - - - - 3c rt ro 1.) - r t, F- rf, or (o F- 6 <o N 'o rb (.) o 6 io;.oo <a t, co F F- ct F- 6 (o @ -

o rt!rlpoEE! !,!oE! rd o E rc ! ! n E n n a n a € n n 6 5 ir :o Eg,. . +{*{{+ s{ ! e { ! 
-s 

q * + E q _{ { E { s { g ss s ss{{Iss€€.E ! !.EEIEEE,g,9Eg9.9,9g.g9.9e4ge-e-e-s.e-cggs.qr!-q-e-0r!-S!)-0"0-0-d-0-E-d-E!DEdD6!5do,- - E e E - E - E E E; E E - E E E E a q E E E E;: E E - E - E E 
= = 

E 
= 

E E E E E E 
= = = 

E 
=e'3 ! g g:" I g 9:9 9I I I I I g I I9I9 g I9 e e s e s s e e g s g g C e I I I s I I I s I e

= z.? 1a :..1.1:_ r-..4 f_.1.1.?.:..2..:..a 1.5_.2.a 15_ :'1.1.A 1:,.1.1.a -:..3..1.i.4..i.4.1.i.i.4 i.i.1.1.i



t]EEr]E!EE9o {,"sp e.geeee-q3c€
5"; o; o o o b 6 6 o u o o

,iii!!i$ii$f !: Eii::ggigEi:ig-Baaaasaasaeaa€ ;;; ;;;. ; E ;;E B ;;

$33$E$3$3g$$3$$3g5$E$3$$3gE
I d lri d ui tri ut ui ut if ui ui d d d uj u ti ui ur ui u, ui rlj d ur ui ut

i q e 
g t 5€q'-5€ € € €EE€€Ei E€ € q€qgq

fi fi Eefi fi aU*EEEB**BE*EBBB'B*EB
gss sss s333 s33 3 g g3933 3 3338 g 33
I'i i';5r r5-i 5 Tt5 5'i ri 5i 5 : :55"; '; -; -;

FFFFFF$FF$eEFF*FRIFEEFRRRE$
ES93S33833S33333338333S8833S

E$ $ $ 5$$5 
g$ 

$$ $$ #$g$$ $ $$ $$# $ $$

A F E g E' s' S A E E r' g S F F t E' s' I S E' E' g E A.S s'
FFFFFFFFFI_-FF-FFFF

EEEE€EEE:EEE€€EEEEECEECEE:EC

+ *{ rc tt n\tt tl 3 nit { v\t

IFFRFFFFFFFFFF$$FFFFFFFE$FF$

HEH$sPs999qggggg ggg ggg g?g?g
E a a a a a o o i4 a rlr a 6 a u> a vl u1 !, u1 @ o a a o a, q !)

E. === r,4-=ztzz z Fi i iF? = =i?'-7? ?
#FFFEEEEEFEFFFFEPFFF€EFFEEFF

e*$gBgHgs$fi *8fr sSgB$gsgg$$$Hg

ii



o-

,dt: o, or rar to or - atr o - o F .o r't o - F. 10 rt (' co ro €lj aD r\ o (o rtc F (o .o @ ro F. .D o or r (o v .D e coc)sl ,a)*aoN(t

61'rrr:rETr!T,EroEoE !

-g _q _9 -q -c _9 _s _9 _q ! _e _9 _e s e I .9 ! .e -c .e i -e .c -e .e .g .q|

_r irj o o o o ru rD o o iD rD o ir, rD



COp,CTp,DVp




