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Monitoring Plan Summary for Determining Trends
ln

Watershed Condition and Poputations
of

Resident Dolly Varden Char, Resident Cutthroat Trout and Coho Salmon
on the

Tongass National Forest

May 10,2012

lntroduction:

Dolly Varden char, cuttlroat trout and coho salmon have been identified in the 1997 Tongass

Land and Resource Management Forest Plan as Managemem lndicator Species (MIS). MIS
trends ideally provide a surrogale measure ofenvironmental quality that affects the biological
community and environmental condition. This monitoring strives lo characterize the ecological
condition and trends of watersheds and aquatic 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 Forest lands? Are population trends for MIS ald their
relationship to habitat changes consistent with expectations.

General Desiqn

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

The monitoring will look at the aggregate ofvarious physical and biological indicarors to
evaluate watershed condition. To be meaningi'ul, a monitoring program should provide insights
into cause-and-effect relations between enlironmenta.l stressors and anticipated ecosystem
responses. A primary step in developing an elTectiveness plan is to recognize the iactors that
influence the parameter of interest. An overvie*'ofthe conceptual model for the aquatic and
riparian ecosystems is shown in figure L The conceptual model illustrares the response of
firndamental watershed processes, as influenced by inherent landscape pattems of clinvlte,
geology, topography, and soils, to natural and human-oaused slressors.

Three physical subsystems (upslope, riparian and flood plain, and stream channel)
and related biological components will be monitored. The processes 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 subsystem. 1he riparian and flood-plain subsystem may, to
varying degrees, buff'er upslope influences on the stream channel subsystem. Stream channel and
riparian and floodplain subsystems are coupled (i.e., influences are bidirectional) so changes in
ntes or states associated with the orocesses and sressors in one ofthese subsvstems will



usually ail'ect the linked subsystem (Naiman ct al. 1992), In contrast, the influcncc of
the upslope subsystem on the flood-plain and riparian and stream channel subsystems
is more strongly unidircctional (downslopc). The in{luence of riparian and aquatic subsystems
on upslcpe processes is assumed to be nearly, bul not completely, negligible.

Processes pertinent to aquatic, riparian, and upslope ecosystems aflected by the Forest
Plan are shown in figure 2. Processes are grouped inro those that describe general ecosystem
function, with related key processes usefirl for designing the monitoring strategy. These key
processes are further developed as indicators in table 1.

Aquatic and terrestrial habitat development and the population dwamics of aquatic and
riparian biota make up a set ofprocesses 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 community dynamics are shown as features that integrate general and
key ecosystem processes in the stream channel and ripariar/flood-plain subsysterns
(fig. l). Similarly, habitat distribution, diversity, complexily, and temporal and spatial
connectivity comprise a composite of habitat development as affected by natual and
human-caused ecosystem stressors.

An integration ofprocesses and stressors provides the functiona.l relations critical to developing
conceptual models for monitoring {Noon et al. 1999). Specific aspects ofeach ecosystem process
have been identified as stressors that atTect the three subsystems. Although natural and human-
caused stressoc are often dilhcult to distinguish in practice, the model lists examples of bolh
types. In keeping with the effectiveness monitoring stralegy, stressors are intended to be value-
neutral (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 processes influencing the entire stream
network (Naiman et al. 1992) and are relevant indicalors over the entire
watershed. Data can be gathered largely by existing imagery and ArcGIS.

Riparian and flood-plain indicators-Riparian and flood-plain subsystem indicators
repr€sent processes delivering structure, sediment, and nutrients to stream channels
over intermediate spatial scales, and they require finer sca.le analysis and greater initial
sampling intensity for validation than do upslope indicators. It is suggested that riparian
indicators be measured throughout the stream network, which includes perennial, frshbearing
as well as perennial nonfish-bearing and intermitt€nt stleams. Although materials
delivered by riparian and flood-plain subsystems initially affect adjacent stream reaches,
they also affect the condition ofdownsteam reaches (Naiman et al. 1992)^

In-channel subsystem indicators-ln-chamel indicators such as residual pool frequency volume
and depth, particle size distribution, and large woody debris count u'ill be measured at the reach
scale. In-channel subsystem indicators will be measured within 8 stream sections in each
walershed. Four of the measued stream sections will be in the upper walershed upstream of



barriers impassable to anadromous fish and 4 will be in the lower rvatershed \yithin anadromous

habilat.

Figure l: Overview ofthe conceptual fiamework
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Table l-Core indicators by ecologic process with preferred measures and duta fields

Watershed
Subsection

Key Process Indicator Protocol Evaluated Data

and
Upslopc
Sutrsvstem

Vegetative
succession,

growth &
mortality

Wood
Production and

transport

Vcgetation
seral stage and
series

Cover by composition
and structule class

Proponion of
watershed in
early-mid, and
lat€ seral stages

Soil Cycle
Sediment
production and
ranspon

Stream
crossing
density

Density of stream
crossings per sqwue
mile

Density of
stream ffossings
per square mile

Soil Cy'cle

Sediment
production and
transport

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

Miles of road per
square mile
within 300
mete6 of streams

Soil Cycle

Sediment
production and
transport

Landslides Protocol from
Swanson addressing
frequency, !ype, and
locarion

Frequency, Lty

tJ'pe. size and
location of
landslide

Riparian
flood-plain
Subsvslem

Vegetalive
succ€ssion,

growth &
mortality

Wood delivery.
community
structural

development

Vegetation
seral stage and
associalion

Cove( by composition
and slructure olass

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

Soil Cycle
Sediment

production and
uansporx

Stream
crossing
density

Density of stream
crossings per square
mile

Density of
stream crossings
oer square mile

Soil Cycle

Sediment
production and

transport

Road density Length and proportion
ofroad network
hydrologiealty
connected to the
stream charuel

Miles of road per
square mile
within 300
meters of streams

Soil Cycle

Sediment
production and

transport

Landslides Protocol from
S*'anson addressing
frequency. type, and
location

Frequency, by
type, size and
location of
landslide



Table 1--Core indicators by ecologic process with preferred me&sures and data fields
(continuedi

Watersherl
Subsection
and Process

Key Process Indicator Protocol Evaluated Data

In-chalnel
Subst'stem

Channel
structural
dynamics

Sediment and
wood delivery

Channel cross
sectioo

Monumeded cross-
sectional profile

Bankfull *.idth
and mean depth

Channel
structural
dynamics

Sediment and
u'ood delivery

Channel
movement

Monumented channel
longitudinal prollie

Water surface
slope

Channel
structural
dynamics

Sediment and
wood delivery

Channel
sinuosity

Stream length/valley
length from aerial
photos.

Stream
length./valley
lensth

Channel
skuctural
dl,namics

Sediment and
wood delivery

Channel pools Surv'ey of residual
pool volume, depth,
and frequency in
sample reaches

Pool depth,
volume and
frequency

Channel
structural
dylamics

Sediment and
wood delivery

Structural
complexity

Survey of LWD
counts in sample
reaches

LWD counts per
lineal measure

Channel
structural
dynamics

Sediment and
wood delivery

Substrate
composition

Wolman pebble count Percentage of
fines and D50

Energy
Exchange

Heat delivery Water
Temperature

Temperature recorder Water
temperature
chanse

Hydrolog.ic
cvcle

Water delivery Water quantily Stage recorder Discharge
change

Biotic
Communily

Biotic
integrily

MIS species
density and
condition
factor

Removal method
using minnow traps in
closed system sample
reaches

Species density
and condition
factor change



True watersheds (6th-lield hydrological unit) fonns the basic geographic unit for monitoring.

Fourteen watersheds will be sampled over an 8 year period. Two of the watersheds will be

samplcd annually (Fixed u'atersheds) and l2 watersheds will be grcuped into four sepalate

panils (Panel watershetls) of 3 watersheds each and sampled on a rotating basis once every four

years (table 2).

One of the amually sampled watersheds is within an unmanaged condition currently and into the

perceivable future while the other will be representative ofpast, present and proposed future

active management activities. The annually sampled fixed watersheds will allow for the

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

The watersheds sampled on a rotating panel basis will ideally represent &e range of ecological

conditions and forest management across the Forest. The relativel-v small sample size will not

allow for extensive stratifi cation.

Selected watersheds have populations of: I ) resident Dolly Varden char and/or cuttkoat trout

upstream of impassable and permanent barrier{s) and coho salmon young-of-the-year and pan in
do$nstream sections. Four resident fish populated stream sections and four coho populated

stream soctions of approximately 100 meters in length will be sampled within each ofthe 14

selected watersheds.

Sample reaches will be in FPO, FPS, MM0, or MMS channels (See Channel Type Users Guide

for descriplion). These less constrained, lowet gradient (<6%), smaller and mostly alluvial
channels support relatively greater numbers offish, contact a gleater afea ofthe flood-plain and

ripadan area, these reaches generally have Sreater variarion in bed and bank materials,

hydraulics, and therefore habilats, and lhey are considered to reflect the integration of upslream

watershed process (Reeves et al. 1998).



Since the lakes probably provide quality over-wintering habitat and are tlought ro be little
aftbcted by forest management, we believe trends in fish populations may be less likely in
slreams connected 1o lakes. 'Iherefore, selected sample stream sections will ideally not be
associated with lakes.

Methods for Fish Pooulation Estimates:

Resident Dolly Varden, resident cutthroat trout and juvenile coho salmon will be monitored for
population trends by repeat populalion estimates in permanently marked closed reaches of
stream. A three-pass to four pass removal method using minnow traps baited witl disinfected
salmon eggs. Temporary block nets will be deployed cn the upstream and downstream ends of
the sample reach to restrict fish movement while sampling. Previous experience indicates that
between 25 to 50 mimow traps are required to saturate the reach and a.llow fcr adequate capture
rates. Appendix A provides a publication containing more detail on the removal method,

Natural obstructions. like shallow rilfles or small waterfalls over large wood. should be used as
upper and lower boundaries for the study reaches. Where possible, these nalural obstructions
should be relatively permanent to.increase lhe probability ofpersistence for the life ofthe
monitoring project. In any case, the ends ofthe selected study reaches should be permanently
marked, Metal lags nailed to trees are recommended as permanent markers. Suweyors flagging
and notations on aerial photos are suggested to help relocate the metal tags. GpS coordinates
will be recorded also to relocate study sites.

Minncw traps should be set for approximately 1.5 hours at which time all captured fish will be
transfered to buckets. It is suggested the buckets have holes drilled in the sides and be placed in
the stream lbr water exchange ta keep the fish aerated. The traps should be rebaited and teset for
another 1.S-hour period. while the second set is fishing. fish captured during the first set should
be processed. This can be repeated for three to four cycles. Data collected for each set should
include the number offish captwed by species and their fork lengths and weight. 1'he
recommended anesthetic is MS-222. All captured fish will be released unharmed within the
reach of capture.

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

Mirurow trap funnel openings will be enlarged ifnecessary and maintained at a l" opening size.
Openings will also be coated u'ith silicone to avoid the possibility of injuring fish upon entry into
the minnow trap,

Fish capture will occur during the months ofJune through August and sampling will not be
completed during high flows.
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Appendix A

Estimating Fish Populaticns by Removal Methods with Minnow Traps in Southeast
Alaska Streams

M,,rsor D, BRvlNr*
U'rtedSnter lbres:bni&, Pocift North\es! lbseatxh Sratio",2ll0 Shetxood lane ]A, Juneat. Alaska 99801. USA

.,lrj/.aar,-- Palsilie capture mclhods, surji $s minnow tr_dps, are commorily |lscd to cspturg 6sh for miuk{€capturc populaiion
eslrmalesi ho$eyer, thiry hale not t)ecn rsed for r€moval methods. tr'linnow lraps sel for 90-min pcriods during three or four Jequential
captule occ{siQ.}s du.ing the summer of i996 were us€d to capure aoho salmon Ctcorb:nchus *rsutch iry ard parr. Dolly Varden
Sul'P-lintc nolns. cullhro:lt arout O. c/o.l,. andjulcnile ste€lhead A /r.llir.r to estimale population sirE wilh the Zippin or gen€nlized
iemovrl melhod. More rhan 4596 of the roul crtch l'vas ob(.rned during the first capture occasion, 0nd in moli cases. lhe catch du ng the
fourth occasion trns less thall I Jtlo of lhe lotal caloh- ln nrosr pools, lhe prcbability of capture $as greater ihan 0.4 bur wes low€r for
coho salnon fiy than Jor coho salfton prrr and olher rpccics. Mean populatron eslinatrs ibr coho salmon parr madc with codcur.ent
mark raaa$ufe dni, rcmoval melhods difered significartly i rmall streanrs. Estimales from markjecspture and removal mettods \+cre
not signilitandy ditrgrcnl ior coho salrnon ry,- and Dolly Varden, but mark-r!_capturc eslimat?s wcre highcr than rcnoval Dstitralcs in
most cases. My resrlta show that temolal estimales can be obraiied *i1h minnow hltps il ssmpling procedurcs co iorm to *e
aisumDtions reouirod lba thc methad.

Obtaining p.ecise and accumte estimates of fish
abundance in stteams continues to challenge tishery
biologists, despite the developmc of ;ophisticated
mathematical models. C{mrnonly us€d methods
include mark-reoapture cxprdments (Rickcr 1975;

Zubik and Fraley 1988) and removal cstimates (Moran
l95l; Zippin 1958: \!'hite et al. 1982). Though snorkcl
survels are also uscd lo gstimato fish abundance

{Northcote and Wilke 1963: Schill ald Crifiith 1984:

Thu.ow 1994), thcy rcquirc a sepa€te es mate of the
popularion 10 calibrale lhe counts (Hankin 1986).
Mathematical models fur both mark-rccaptu.E and
rcmoval cstimates arc well-tested, but paesent

substantial logisticirL challenges to meet the
a3sulnptions.

I,lar*-reaapture estimates are commonly used in
sourheasl Alaska ard clscwherc to cstimBte populations
of juvenile salmonid$. Inost commonly coho salrnon
Oncoryhnchus fu*rci ard Dolly Varden Sa/ve/r'zs
rnalrno, in small { 4-m..wide) s.cond-to tlird-order
strearns {Ellioft and Hubarn l9?8i Dqlloff 1983:
Bryant 1984: Young et al. 1999). Sample reaches jn

streams rvide. than 4 m and with highcr water ffows are
dillicult to isolate, and matk-recaplure methods are nol
rclioblc beaause of movcmgnt betneen sample periods.
Iligb ffows, conmon il soulh€ast Alark& also atlbct
moveminl and catchabilj!" bctween srrnple peri

' t'mail: .ndbryantafs.fed.us Receired April l:. t99l
accepred Mar.h 10,2tru0

ods. Rcmowl methods or snorkcl so,.veys arc oilen

us{d in thtse srlreams, yet even these methods are
lin1iled. l,o|,l conductiviry- and patches of complex
habitdt $ith lalge *-oody debris mali.s the Emoval
method of electrotishing impractiral, Snorkel sun'e;s
also uc inpractical bccause of complex habilal and
poor visibility in l.hc dark wate6 of mary southeast
Alaska stfcams.
Removal me&ods have several sdvantages over mark-
rcc$pturr mcthods to L-stimare lish numbers, Fish are
captlred only once, which eliminates tties due to
behavionl responses to a trdp. Fish do not ne€d lo be
markcd, which removes asssmptions that all marks are

idcnti{ied and l}|at negligible mortalib- occu.s du€ to
marking. The sfteam section can bs sampled in I d.
r+hich substantially redBces the probability of
movement by fish into afid out of tle sample alea in
cases in which lhe sfeam section cannoi be isolated for
Ihe duration of the maJk -recapture se{uerce, ln
addition, s ld sanpling effon simptifies logisr;cs for
those locations thal are diffiault to reach fid elimirates
any diffcrcnccs in sampling efliciency due to changcs
in floiv regimes (i,e., high-warer events trat occur arigr
marking and helbre or durirg recapture).
Pa,ssive capture metbods are colnmonly used for mark,
recaplffe expe ments but arc scldom used ibr rcmoval
estimates. Minno\r traps baited $ith saLmon e!€s are
an etltclive method for capruring juvenile salmonids
ard havc been used in rumer

923
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ous studies tkoughout sourheast Alaska (Bloom 1976:

Elliott and Hubartt 1978; Dolloff 1983: Bryant 1985).

Minnow t]aps have not bren usgd for rcmoval
popllalion estimates but havc several advanugcs over

oiectrofishing: thsy are less harmt'ul to the lish, disturb

the slream less, cat tre lrsed elliciently in complex

habir4tr and oje not dependcat rm thl': rratcr chomistD
ol'tie strsam (Mesa 8nd Schreck 1989; Riley and

Fausch 1992; llollender and ClrlinB 1994: Itabera el
a1. 1996; Reynolds 1996). Although minnon raps ine
not ellectjYe in rifRr or fa.d-{&ter habitalt they orlbr a

lesri.inrusivc altemative to elecrolishing jn streams

with pools or slow-rtor.ing watir- lloweler, their use

as a rtmoval melhod fbr population estinrates has noi
bcer studi€d.

MJ purpose is to determjnc if minnow Iraps can ?x

us.d as a rcmoval mstiod to estim|te population sizcs

oflish in srreahs. M:r first objecrjle is 10 d€rermine if
mionor.r tmps capturc a sumcicnt pan of the population
on each capturg occasion to estimate popularion sizc of
juvenile salmonids lsing a removat method and to
€xamine probabilitics ofcaptur€ in rlatural $rcans. My
second objedile is to ddermine if concurre t mark*
recapturc cstimates aral .emoval eslirnales lbrough lhe

us€ ofminnow traps difier sigoilicantl.y",

M€thods

Thc study *as conducted on live small recond.to
*trd-order str.ams, Conveniencc. ['icnic. S\lit"rr,
Twiw, and TJ'e creeks. and th.€e mcdium-size fourlh{o
fifth-order shealvLs, Painted. Sal. and Trap ffeekq in

southeast Alaska during the summer of 1996. The
small stleams werc all le$s than 4 m in t'8nl-full widrh
and had summgr mean ffows ol less than 0.5 m /s. The
rnedium.size streams were greatff than 4 m but lcss

than 30 m in bank-flll width and dr-dined into salt
watcr. All sireams supportcd populations of coho
sslmon a'tld Dolfy Varden. Steelhead Onchorfunchus
.r-vfus.r and cutthroat .rout A ./.rrli lretc found in some

streams ard iysle not sympatric ir ary slrcsm Lhat was

sampled. Coastrange sculpins Cbltlj ale tictls were
oq$sionally captured but rot included in $e estimat€s.

The $fee rnedium-size stroams rvcre sampled with the
removal estimate only. Concurent mark-rccapture and
rcmoval eliperiments were completcd on all nve small
srtamS.

Mark-recapture and removal mcrhods require closed
populadonsi thercfor€, sample reaches \,gre s€lgst€d to

minimize emi8ralion or immigratior during ahe sanplc
period. I|r the live small sreams, the samplc reachcs

ranged from 100 to 3J0 m and \veri blockrd by neLs,

vei$. or b{niers at boib ends lbr thc dumtion ol th€
expcrineni, usually 3-4 d. In tle tbrer nredillm-siz-e

stre'ams, nets could not be us€d: naturll bari$rs wflc
used to j$olatc tie reach ard pools within the acach.

These included long, sballow riflcs ( 5 cm depah) or
submerged logs lhat lirlly sFanited fic stream, lbrming
tt dam. Whilc complete isolation was not achicved. fish

movemen! across thcsc bariers was not obsewcd

durjng safipling, which usuallv lasted no longet than I
h dt cach sir$.

llte remotal expcrimcnt \4as complcled in I d on each

mdd'um-sizc slrcam. Thrrc c€plurc occillions \.lere

usrd in Paintcd Croek, the firsl stream sampled $ith ahi.

remoyal method. folr captrre ocaasions l*er€ us€d on
'Irap aad Sal sreeks, Reachcs ranged in length from
abour 200 ro 300
m. Individu,rl pool! werc idenlified and counl{d io eaeh

resch. A! least 50% ol the pools w€re nrndomly-

selected and populalio! cstimales \*ere compl,ted l?,r

lish in each pool, Thc sitae ofthe pools ringrd tom 9.7

to I.180 m', tle areragc size baing 288 m . One to thtec
pools werc sampled concunenlly, depending upon theit
size ond .omplexity, Once a pool uas selectcd, sample
locations for the minnow taps (3.2-mm mesh size: 19

cm diamctfr and 35.5 cnr long) were sclected.

Distanlcs bet\lcen tuaps depended upon habihr
comp)exity, but gcncrally' baps r1'ere separaied b'
abolt ? m. TmFs rvere $ct ntore densely in complex

habihts (i.e., pools with large ar,lounts of woody
debris) tiajl in more open pools. Bet]3en 40 and 50

traps \cre set fbr each removal cxpcriment.
Traps w€rr bailed wj|h salmon eggs (disinf'ectcd for l0
min trith l:100 bemdlne to water solution) held in
perfor.ted "*hirlpaks-" Traps were set oo the stream

boltom ncRt to suspcctcd habitat ofjuvenile salmonids,

suoh as woody dcbris, rootwads, or wdcrcut barks, but
wcre distributed to compLelgly sample the pool. 'l raps

wcre left undislurbed for 90 ! l0 min and then wer€
picked up in the same ord€r in which thcy uere sct.

Fish werc n;moved. nnd lresh bait lvas pla{ed in e1ch

trap. Traps rcrc set aCein in the sam€ locations. l'ish
ftom each pool ard capture occasion were processed

s,eparat€ly, Whilc tha sccond sct was fishin& the lish
from the fiis:t s€r. \r€re identil]ed, counted, measured

{mm). and weighed (n$rest 0.1 g). Dalo Iiom ealh
capture occa-cion wcrc identified by rtlmber (1. 2. 3. or
4), each of which identiied tic captuR occrsio!, The
procedure was rep€alcd $ree 1o four times. depending

upon ahe dcsifcd rumber of capturc occasioos. Fish
ftom each capiure occasion were placed in a holding
nel

11
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(or blockcd minno$ traps) until the lasl captur$
occasion rlas completedj at \rhich time ail 6sh lvcre
returned 1(} rhe same area from which they wrrc
captured. Population size $as rslimated far each
species in each pool. Coho salmon $Ere classifed as

fr)' (ag,s 0) or parr (agt: l+) based on analysis of
lengd-lreq[cncy data. Coho salmon wcrc considered
ta h€ fry jftl€y werc less than 50 mm in Junq less than
55 mm in July. or less than 60 mm jn Augrst.

-fhe 
same procaduris lo! the remo\€l eslimare in the

mcdiurn-size streams rvere uscd in tie small slieams
duritg the concurenr nark--necaptuie ond &-rnoval
*\pcrimcnls. Sa$pht re.aches, rvhich rlcre 100 to 300
m long iod rarged in arca from 68 to 2?4 or,.ould bc
ensily sampled with ,1{150 rrapi. The e jrc r€aqh was

samplcd during one experiment, arld population size
was estinated for the qrtire nach. All fish were
markcd during four capture occasions in thc rcmoval
estimate, which served a5 the mark sampl€ io a singl!-
cellsus Petcrson mark-re{aplurc r-stjmale detemined
by thc Chapman modification (Ricker 1975). Thc
recaptur€ sanpl€ \ms completed during onE cepture oc-
casion 3*4 d alier the Ssh $ere released- All fish were
id€rlifed by sp€cies and measured. Recaplured marked
Jish were recorded.

Removal eslimates and probabjlities of capture (A)
were comput€d by thc captqrc prugram (While et al.
l9ll2). If lbuf capture occasions v,i€re used. population
sjze was estimated by the generali..cd rrmoval estimate
in Ihc {japturc progrdm: txrrh cqual P. arnong occasions
and snequal P. bet\r?en lhe first and subscquert
occasions. Thc program also teste.d whethsr f. was

sonstanl, based on a chi-squarc tcst ((F-0.05). lhc
Zippin method, whiqh assumes equal pobabililies of
c:lpture, wa-s used for Painted Creek *herc thrce
cspture occasions wer1: conplet d.

A p{ired t-test (0=0.05) wa.s uscd to compar€ the
probdbilit) ofcapturc firrm thr firsl c4pturs occasion to
subsoqu€nt capture occasions in pools where a variablc
prohability of capturc was lsed to estimate
populatio$s. A prired l-test (0=0.05) w€s also lsed to
exarnine djffereoces in pofJulation eslimales and
probabilitiqi of captu.e bet*ren thrce or tbur caprure
occasions for coho salmon ft}, coho salmon pa.r, Dolly
Varderl and steel-head. Estimales from jndilidual
pools thst h8d valid estimatcs for l'our capture
occarions wer€ used as the samplc unit. Estir,ates fot
thrDe caplure or:casiors rvere made by recomputing the
fir$ three capture occasions tiom estimat€s lvirh four
capt{E occasions.

Depletion ard nrark-reeEpture cslimal.s from rcaches

in tre live small sbeams were conparcd by a paired l-
lesl (F0.0i). lhe test was compleled separately lor
coho salmon fry. coho salnon pan, and Dolly Varden.
Cuttbroat troul and sieel-head \acre nol coDtured in all
strcams and wclc not includcd in the anaivsis-

i'"ormalit-! and homogeneity of variancc was tesled
befllr* usc ofthe r-tests (SAS lnsriautc 1988).

Ros|lltl
Refiotal F"stimates

Abundanca of coho salmon parr \eas estimated for 47
pools in Painted, Sal, and Trap creeks. Il,stimates were
not computd (detined as 'fsilurcs" by thc computcr
progran) in threc pools for coho salrnon fry and Doily
\rardcn when lcis than t0 fish *cre caught during all
rapture occlsions. For nro of the pools, itlurgs
occlned rvhen more coho salmon lif wete caught
during either the second or third capturi occasjon lhan
durirg $e tint capturc occasion. For the third pool, no
Dolly Varder were captur€d during the first trvo
capture occirsions. 16 were captured during the third
capturc occasjorL and 3 were capturcd during the foudh
capture occasion. Steelhead lvsre capturcd oni]., jn Sal

Creck, and 3 failures occurred out of the t0 poals

sampled,
For all species, more rhan 45% ofthe total catcb in all
raaches of Paittcd, Sal, and 'l'Iap crccks *ere taken
during the firsl capture occasion {Figtre l). In mosl
cases, the number of fish capfi.r€d duri.g the founh
erplure occasion was lcss than l5qo of the total carch-
l-or all species except cobo liolmor fty, thr probabiii}-
of capture was grgater than 0.3 for ar leasa 809,. of the
pools sompled rvhen it was a"ssumed conslant for all
capturc occasions (Figllre 2). ftobability of captu.!
va-s greater than 0.4 in more ftan 90?'o of the pool$ lbr
cutlhroat troul and stcc)head- Coho salmon rrya aad parr
had the lo*est probabiiilv of capture, but mofe than
50% of thc pools exceeded 0,.1. lo most cas€s.

howcvcr, )ubstantially fewer coho salmon fry and parr
wcre caught upoo each successive sampling occasion,
cvcn with lowcr probabjlities of captue, for example.
in one pool, 123, 95, and 5l coho salmon fry wc.c
captured during successive capturc occasiors_ The
probability of capture calculated 1('

0.344. Th. 95% confidoncc intenal ranged liom J24 to
472 lish arowd the popularion cstimate of 3?4 fish-
While *le loiver probability of caprure re$ulted in less
prccision, the loicer conlidenoe interval was within
139i, and the utper confidence inten al within 2670 of
thr esliolate.
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sclectgd lor Dolly Var(lgrr and stcelhrld in al1 pools

of Sal Crcek ('fable l). ln frap Creek, ths corstant-
probability-ol:captlrc modcl was sclccted for Dolly
Vorden in 819ro oftho pools. A rariabls-probability-
of-rapture model \.tas used to eslimate population

size for coho salmon fr_v in fve pools, for coho
sBlmon parr io ejght pools, and tbr Dolly \rarden in
tbur po,ols, Only lbr coho xlmon fry was &e
probabiliry of coplure significanrl,v great€r for lhc
tint caplure occaJjon that for subse.quenl cBpturg

occasions (Tablc ?)-

Populaliol estimates and ,robabilities of gapturc fo.
thrce sample occasions were generally lowe. than
those compuled fo. lour sarnplc oaaasions (Table 3),
Population estimatcs for three and foui caplure
occasions uele significan!]t dilferenl lor coho
salmon parr (P =0,013), bu1 djffercncq:$ wire not
observed for poprlation esdrrates o[ coho salmon
1i]' snd Dolly Vard€n- Differencei between thc
probabilities of capture lbr th.ce and fbur capturc
occasions vere otrsen€d lbr ooha salmon iry, coho
salmon parr, and Dolly Varden. The probabililies of
capture for threi captute occa-sion-s \!ere greal€r lhan
that cstimated for lollr capture occasions {T8ble 3).
Th€ population sstjmates or probabilities of capture
for steelhead were not sigDificantly difftrenl
hct\reen thrce and four capture occLsjons (Table l).

Mo&- Recapturc ard Rernoval E\timates

Compari$ons of population estjmates fo. thc two
Dcthods showed mixed rqsults among specics. but
generally estimates from thc mitrk-{e{:apture method
wcrc highcr than those from tie removal method.
Mark-recapture md removal estimates were
signiicantly dillerent for coho salmon pan (P

=0.049) but were not significanrl! different for
Dolly Vardcn nnd coho salmon fry (Figure 3).
Matk--recapture cstimatcs *'ere higher in all str|ams
and 1br all species except coho salmon frf in Trvirv

Crcek and Doll_y., Verden ir Picnic Creek. In both caseq
removirl estimat$s had Bider conlideoce intcrals thafl
lbc mBrk--recapture cstimatrJs. Rcmovsl estimatcs for
both slrenms had low probabjlities of crptui€ ond a
higl number of lish captured during tie final capture
occasion.

Discussioo

Probabiliies of caplure were generally high, and in
most cases. 5HJ% of the population was captured
during the first sample oc0rlsion. Ilowe!€t €v€n wirh
high probabiljtiss of capture, und€festimation of th€
population may be a prohlem be

Ptai 
'

Farr 3

; .';or 
!

Pqinted Cnik

Dra.t lrsa : p{a t P-a I
CAtu.. Occ ign

Frorir.E l.- Ihe praponionof cohosalmonfry(Ca)f_), $oho
$aknon p3 r (COP), Doily Varden (DV), eutlhroat trou (CD,
and st.elhad (Sll) cap$sed during fath cq urc occaslun in
Trap. Ssl, and Painted craeks for the removal expedm.nt jn

southeast Al&ska, 1q96.

la Sal and Tmp crecks- both of$hi.h had four
capture occasions, tho ctpture progmm compaftd
constant-capture probabilit-v and variable-captwc
probability. ln most pools. fhe probabil;ties ofcapture
werc constant, [he connnnl"probabiliR-ofcaptu.e
model $as selected lbr all specics in 88o/o ofthe pools
in Sal Creek and in 93% oflhe pools in Tmp Creek
(chi-square. 0=0.05; Whit! et al.
1981). The constmt.probabilirr'-Of-cAptu.e model lyas

IJ



cause ofdifferencas in probabilities ofcapture between

sample occrlsions {fuley and Fausch 1992).

ljnderestinration ]rould oclur if the probabilily of
capture was higher during the first sample occasion and

lover during subsequen! sampling occ&sions (Rile)
and l-ausch 1992). 'l'he bia.r can tc a.count-d for if *.e
diffcrences bcr--een probabiljty of r&plur* cafi be

detlrtcd during the cstimatioD through the use of four
caprurc occssions and the generaliz.ed removal mcthod
(White ct al. 1982). Results from ahis stldy agrce rrith
lhe rccommcndadon of Riley and Fausrh (1992) thtrt

four capture occa-\ions be usL\l for removal estimares

wheoe!er possible.

Riley and fausch (1992) and thc numerous studies

lhey cite repon decreasing calchabilir:* afler the first
capturc occasion durimg electrofishing aad suggest that

it js important to rnaintain equal dllbrl amorg all
sartples, Ilowever, not only does the process of
electrofi shing impose a considerable

TABLE I --Peragnt ofpools wilh cdNtanl and v4riable
probabilitie5 of captur€ ior loho saltnon iry, coho salmon
parr, tlolly V|rden, and arcelhead captur€d in nto stlen|ns in

south€as1 Alaska. 1996.

Typ€ oi prcbabihJ Coho sallroo
Par Fr] Dolly V€rdc!

-.---*.-

Colo elnri}l 0 523
fo..Pd oollt 0 574
Vndd 0.d15

djsturbanoe upor the stleam and inffuence fish hehavior
during subsequent samples, blt it algo imposcs a
physiological response in fish that influcnccs bchavior
on thosg thBt \*ere lhockgd brt not raptured during the
li|st attempr (Mesa and Schrec* 1989). Minnow baps
are a passilc capture method and impose a mucb lo*gt
degree of dislurbirnce than electrofishing, Thit
elim;nates the effscts ol disturbances if care is used

*hen the tmps are set and retri€vcd.
Regardlcss of thc merhod used to capturc fish.
assumptions of removal estirnates must be md thal
include isolation ofthe sample area duri[g rhe sample
period. Rccruitrnent into the sample area during tho
cstimatc will rcsult in ar upuard biRs in the estimalc:
however, recluitment \ras not observed in study
scctions of ahc largcr strcafis duliog 6-7 h sample
pcriods. lfthe pool rvjthin th€

TABr-n 2.-{omparison (pai.cd ,-t€st) bdween probabil ilies of
ca ure (P.) $n first and subsequ€nt €aptur€ occBsions in lmls
lvhere a variabl€ probinbilily of capturc \*as nsed to €stimate
populati0ns for coho salmon fn and pa.r aod Dolly Varden in
t\.o st cams in southeas! Alaska, I 996.

tirsl slb$riue
Sr,elies 93rorc clorures df .P

1,0

0.9

0.8

6 0.7o
S o.eo
gou
io,g 0.3

Q.2

i+ coF

-.- Cr
i"'ov
i:,*:s-.f1...,0.1

0.0
>0 >0.1 >.o2 >0.3 >0.4 >0.5

Probaullty of captute

Fraurr2.--Ihe relationship berwccn probabilitJ" of caplure oi all five sp€cies and the number of pools expressed as a proponion of
lolal pools safipled in 

-Irap, 
Sal, 6nd Pajncd areclis for the removal c^-p€riment in $outheasr Alasli& 1996.

dl
001

0.J0? 0.516 41 0 rJ
0.:12 i 0.06

S.lCreek E0 100

8
100 I
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TA8LE 3.--comparison (prired ,-test) bet*ean J-sampie lnd 4-sampl€ remo!'al .stimates olpopulation and probabilities ofc8tlure lbr
{oho salnron t_ry and pon, Dolly vsrder\ and sleclh€ad in 

-li|p 
and Sal creakt. southeas! Alas&a- | 996-

Nlarn popul.:ur estinrk (Dlhbcr of fisl)
'ttilce

Meoi probb,li0 of captqr.

reach is not

5'tll 6l :5 {1.0E7

0 0l:l
0159 0 4,15 0.001
0655 0 573 7

0.q0E
J
0.006

Jarge numbers of
juvcnile

salmonids. Thcy
also did Dot
require as many
raps as pools

nich largc
rqot\Tads and

saorated
, . s0a.r6sr!n8 rap%rc

fish ftom satmon

lrithin th€ F)P"o

pool ma)
be r€cruited
intc nearby tully

t aps during subsequent sampling occasions. Etidence
of recruirnent duriflg thc samplc pgriod may be ot,-
served lrhen more fish ard captured in laacr sarnple

occasions than during the irsl or s€cond sarnple

occasions. Effort should be made to capture the
grealest number of fish from th€ pool ivhile completcly
sampling tbe pool and mainlairiing equol sampling
clTort among capture accasions.

lvlinnow traps have physlcal limitations that limit
tleir usc as a caplurc mathod. They do not adequalcly
szmplc riflle habitati lherelbre, lhe mclhod ji limited ta
pool habi1als. Sre{m rlepth musi be slflicient to
submerge the opening of thc tap. 'l hc cffeoivc range

or orjentation of baited minnow tlaps has rlot becn
s)slematically tesled, but t aps arc usually set parailel

to the flow or in pools with minimd flow. nxtersile
fi9ld expe ence in southeast Alaska suggesa that

minnow haps arc eflectivc at a radjus ofal lcast 2 m; a
downskeom bias may extgnd th€ rargs depending on

600

Sp€cies

flow, Comtlex habitdts, liuch as largc, dqn$c dsbris
jams, may require a higher density of traps than open
pools. Fish behavior and hobitat prclbrences wjll
determine the distribution of lraps. largp scour pools
with litrle cover and high flows generally did not yjeld

several smalle. conneated pools.

AlLhougi removal ard mark--recapture esti-

f€upi 3--The compaison of popllation eslimates frorn
mark-$capture and remcval methods by sp€cics f(}r fiv€
small str€ams in southc&st Alaiks, 1try6.
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matcs in small strcams *cre nol signiUcantly dilirrcnl lbr coho sahnon t'ry and Delly Varden- mark-rccapture mean eslimates
nere l3-lJ9'o greater than remolal mean 9slinatcs, \riohtjons ofat lqest two ossumptions, equai rul.leratijity of msrked-to-
unmarked fish (1rup-shy) and greater morlality of marked fish. could accoLrnt lor higher mark-rccapture estimBles- Removal
€stimates rverc oRen lotrer lhan maJk rccaplurr eslimales- Mahon (198t)) and I'eterson and Ced€rholm (1984) generall]
attributed this to decreasing probabjlity ol capturc upon successive capttre occa$ions. Their estimltes, howevcr. were derjved
from electroltthing and not by less-oblrusile mcthod; such as min rw lraps. The genemlized removal program used a constanl
pmbability ofcaplrlre fof all live ol &e slred..ns ralhcr than a varioble prcbabilily oicaplure. which suggess the nrinno\r traps did
not affcct fish behavior.

R€movd melhods have several advanagcs ovry mark-rEcapturc mcthodl including rhe ability to complete sampling in a
single dqy and rgquiring fe\rer sssunptions. Minnow t.aps jmposc lcss st&'ss on ish than electrofishirlg ihough care must bi
laten lvhen nsh are hdld for severul hou.s. ln slreaas that cannoa bc comFlelely blocked, lhe shoner dme inEnal nee<led lor rhe

rcmoval eslimale reduces the probability of ftovemenr and more closely sa(islies lhe closurg assumplion thai is possible lor
mark{ccapture €xperiments ahal requirc several days beween the mark and rccapture. The arisumption ofclosure can seldomly
b€ accomtlished in large sfeams with gr€alcr llow volumes, but short-term movcment can be f€duced during a removal cslimate
through tbe us{ of samplc reachcs that are scparated by nalurally ocsurring obstruclions, Minnon'traps, carefully placed in a
stream and left undisturbed. arc also l€ss likely to disturb Jish rhan during electrolishing or seining whsr sevemi people moy€
through (he stream doring each sample occasjon, Minnow traps ollbr an Bttractive ahematjye for conducting rernoval e..ilimates
tbrjuvenile salmonids. Similaf rnelhods rnay be applicable to olh€r speliei lha! are susceptiblc to passive capiure methcds,
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