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Monitoring Plan Summary for Determining Trends
tn

Watershed Condition and populations
of

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

Tongass National Forest

lvtay tQ 20t2

Introduction:

Dolly varden char, cutthroat trout and coho salmon have been identified in the 1997 Tonsass
Land and Resource Management Forest plan as Managemcm lndicator Species (MIS). M-lS
trends ideally provide a surrogate measure ofenvironmental quality thar affects ihe biological
comrnunity and environmental cordition. This monitoring slrives to characterize the ecological
condition and trends of watersheds and aquatic ecos.vstems on the Tongass National Foresi -the
proposed monitoring attempts to respond to the following basic questions: Is the Tongass
National Forest Plan mainlaining or restoring aquatic and riparian ecosystems to desiied
oonditions on Tongass National Forest lands? Are population trends for MIS and their
relationship to habitat changes consistent with expectations.

Ceneral Design

This proposal lbllows the approach established for the Aquatic and Riparian Effectiveness
Monitoring Plan for fie Pacific Northwest Foresr plan (AREMp) with some modificarions.
Much_of the narrative and many ofthe figures and tables contained within this proposal is
directly quoted or paraphrased from the AREMp ceneral rechnical Report pNw-bTR-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 betyeen environmental stressors and anticiDated ecosvstem
responses. A primary step in developing an effectiveness plan is to recognize the faciors that
influence the parameter of interest. An overview ol the concepti.ral modJ for the aquatic and
riparian ecosystems is shown in figure L The conceptual model illustrates the response of
fundamental watershed processes, as influenced by inherent landscape pattems of climate,
geology, lopogBphy, and soils, to natural and human-caused slressors.

Three physical subsystems (upslope, riparian and flood plain, and stream channel)
and related biological ccmponents will be monitored. The prooesses occurring in the upslope
subsystem (i.e., in the watershed in general) are assumed to affect the ripariariand flooa,ptuin
subsystem and the stream channel subs;'stem. The riparian and fiood-plain subsystem rnay, to
varyrng degrees, bullbr upslope influences on the stream channel subsysrem. strearn channel and
riparian and flcodplain subsyst€ms are coupred (i.e., inlluences are bidirectional) so chanqes in
rates or states associated with the processes and stressors in one ofthese subsystems will



usually al'l'ect the linked subsystem (Naiman ct al. 1992). In ccntrast, the influencc of

the upslope subsystem on the flood-plain and riparian and stream channel subsystems

iro,Jr" rtrongty unidirectional (domslope). The inlluence of riparian and aquatic subsysrems

on upslcpe p.ocesses is assumed to be nearly' but not complelely, negligible'

Processes pertinent to aquatic, ripatian, and upslope ecosystems affected by the Forest

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

function, wirh related key processes useful for designing the monitoring strat€gy. These key

processes me firther developed as indicators in table I '

Aouatic and terrestrial habitat developmenl and the population dynamics ofaquatic and

riparian biota rnake up a set ofprocesses that provide a_ conceptual link between the

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

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

and population or community dynamics are shorm. as features that integrate general and

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

tni. fl. iimifurfy. habitat distribution, diversity, complexity, and temporal and spatial

.oinr.tiuity 
"o,1prise 

a composite of habitat development as affected by nalural and

human-caused ecosystem sfi essors.

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

concepiul models lbr monitoring (Noon et al. 1999). Specific aspects ofeach ecosystem process

have been identified as stressors that affect the three subsystems. Although natural and humal-

.uur"d st esroru ure often diffrcult to distinguish in practice, the model lists examples ofboth

tyfes. tn teeping with the effectiveness monitoring strategy, stressors are intend€d to be value-

,iJut uf ti..., iir"V can be either positive or negative like roads, which represenl both road removal

and construction).

Upslope subs-vstem indicators 
-Upslope 

subsystem indicators such as vegeation comp-osition'

.out rtug", road density and percentage of cover-reflect processes influencing the entire strcam

network=(Naiman et al. 1992) and are relevant indicalors over the entire

watershed. Data can be gathered largely by existing imagery and ATcGIS'

Riparian and flood-plain indicators-Riparian and flood-plain subsystem indicators

represent processes delivering structure, sediment, and nutrients to stream chamels

onler intermediate spatial scales, and they require finer scale analysis and greater initial

sampling intensity ior validation than do upslope indicators. lt is suggested that riparian

indiltois be measured throughout the stream network, which includes perennial, fishbearing

as well as perennial nonfish-bearing and intermittent streams. Although mat€Iials

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

they also Jfeci the condition of downstream reaches (Naiman et al' 1992)'

In-channel subsystem indicalors-ln-channei indicalors such as residual pocl frequency volume

and deprh, partiile size distriburion, and large woody debris cormt will be measured at the reach

scale. in-channel subsystem indicators will be measured within I stream sections in each

watershed. Four of the measr.red sueam sections will be in the upper watershed upstream of



barriers impassable to anadromous fish and 4 will be in the lower watershed within anadromous

habitat.

Fieure l: {)verview ofthe conceDtual framework

Landscape template
r Geology
o Climate
r Topography

Disturbance processes



Upslopr sublystrm

Vegetativ€ successjon
gro\.r.th and moItalitY

Wood Production
and ransport

Windlhrow, insects
and patbog€ns

Windthrow, timber
harvest, thinning

Fragmsntation,
debris and nutrient
cycline

Soil cycle Sediment
production and
rrcnspon

Mass wastin&
erosion, and debris
flows

Roads. mining, and
tinber harv€sr

Nutrient cycling, soil
moisture, formation
rates, and sediment
resime

Hydrologic cycle Water storcge and
yield

Precipitation,
flooding and drought

Roads, mining,
dmbei harvest and

climate chanee

Change in runoff
timing, magnitude,
and wat€r storage

Ltrndscape Template
Geology
Climale

Topology

lVatershed

Ripsrisn flood-plrin

Forcst management,
thjnning and

recreation

!-ragmentation,
debris, nut ent
cycling and changes
in nurient c,€ling

Windthrox i rsects
and pathogens

V€g€tative successian
growth and mortality

Changes in nutrient
production and
toxins

ligure 2: Conceptual lramcwork of rvatershed condiliotl monjtoring

Stread chann€l t t I
Hydrologic cycle Water storage afld

yield
Precipitation.
flooding and drought

Roads, minirg,
timbfl harvest and
climate chanee

Change in runoff
timin& magnitude,
and water stoaaee

En€rgy Exchange Heat delivery Insolation and

shadir€
Forest manag€ment Changes in

microclimate and
water temperatue

Channill slructure Sediment and
wood delivery',
habitat formation

scour, depositio[,
debris h*dnsport, and
channel migration

Forest management,
r€creation,
restoration

Habitat loss, change
in sneam channel
form and sediment
regjme



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

Watershed
Subsection

Key Process Indicator Protocol Evaluated Data

and
Upslope
Subsystem

Vegetative
succession,

growth &
mortality

Wood
Production and
transpon

Vegetation
seral stage and
series

Cover by composition
and skucture class

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

Soil Cycle
Sediment
production and
tlansport

Stream
crossing
density

Density of stream
crossings per square
mile

Density of
stream crossings
per square mile

Soil Cycle

Sediment
production and
tftuspon

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

Miles of road per
square mile
within 300
meters of streams

Soil Cycle

Sediment
production and
transpoft

Landslides Protocol from
Swzmson addressing
frequency, type, and
location

Frequency, by
type. size and
location of
landslide

Riparian
flood-plain
Subsystem

Vegetative
succession,
gowth&
mortalitv

Wood delivery.
community
structu(al

development

Vegetation
seral stage and
associalion

Cover by composition
and structure slass

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

Soil Cyc.le
Sediment

production and
transport

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 l,ength and proportion
ofroad net*'ork
hydrologicaily
connected to the
stream channel

Miles of road per
square mile
within 300
meters of streams

Soil Cycle

Sediment
production and

rftmspon

Landslides Protocol from
Svvanson addressing
llequency. t1'pe, and
location

Frequency, by
type, size and
location of
landslide



Table 1--core indicators by ecologic process with preferred measures and data fields

(continued)

Watershed
Subsection
and Process

Key Process lndicator Protocol Evaluated Data

In-channel
Subsvslem

Channel
structural
dynamics

Sediment and
wood delivery

Channel cross
section

Monumented cross-
sectional profile

Bankfull *'idth
and mean depth

Channel
structural
dlnamics

Sediment and
wood delivery

Channel
movemenl

Monumenled channel

longitudinal prollie
Water surface
slope

Channel
structural
dynamics

Sediment and
wood delivery

Channel
sinuosity

Stream length'/val ley
length from aerial
photos.

Stream
length/valley
lensth

Channel
structural
dlnamics

Sediment and
wood delivery

Channel pools Sun'e,v of residual
pool volume, depth,
and frequency in
sample reaches

Pool depth,
volume and
frequency

Channel
structural
dynamics

Sediment and
wood delivery

Structural
complexitv

Survey of LWD
counts in sample
reaches

LWD counts per
lineal measure

Channel
structural
dynamics

Sediment and
waod delivery

Substrate
compcsition

Wolman pebble count Percentage of
fines and D50

Energy
Exchange

Heat delivery Water
Temperalure

Temperature reoorder Water
iemperalure
change

Hydrologic
c-vcle

Water delivery Water quantity Stage recorder Discharge
change

Biotic
Community

Biolic
integdty

MIS species
density and
condition
factor

Removal method
using minnow traps in
closed system sample
reaches

Species density
and condition
factor change



'I'ruc 
rvatersheds {6th-lield hydrological unit) forms the basic geographic unit for monitoring.

Fourteen watersheds will be sampled over an I year period. Two of rhe watersheds will be
sampled annually (Fixed 'll'atersheds) and 12 watersheds will be grouped into lbur sepa$te
panels (Panel watersheds) of3 watersheds each and sampled on a rotaling basis oncJevery four
years (table 2).

One ofthe annually sampled watersheds is within an unmanage<l condition currently and into the
perceivable future while the other will be representative ofpast, present and proposed future
active management activities. 1he annually sampled fixed watersheds will aliow for the
assessmenl of trends more rapidly as well as provide information on natural variability.

The watersheds sampled on a rotating panel basis will ideally represent the mnge ofecological
conditions and foresl management across the Forest. The relatively small sample size willirot
allow for extensive stratifica(ion.

selected *'atersheds have populafons of: I ) resident Dolly Varden char andlor cutthroat trout
upstream of impassable and permanent bsrrier(s) and coho salmon young-of-the-year and parr in
downstream seclions. Four resident fish populated steam sections and ro* coho poputated
stream s€ctions ofapproximately 100 meters in lenglh will be sampled within each oi the 14
selected watersheds.

sample reaches will be in FPO, FPS, MM0, or MMS channeis (See channel rype users Guide
for description). These less constrained, lower gradient (<6%), smaller and mostly alluvial
c}annels support relatively greater numbers offish, contact a greater area of the fiood-plain and
riparian area, these reaches generally have greater variation in bed and bank materials,
hydraulics, and therefore habitars, and they are considered to reflect the integration ofupstream
watershed process (Reeves et al. 1998).



Since the lakes probably provide quality over-wintering habitat and are thought to be little

affected by forest management, we believe trends in fish populations may be less likely in

sneams connected to lakes. 1'herefore, selected sample strearn sections will ideaily not be

associated with lakes.

Methods for F'ish Pooulation Estimates:

Resident Dolly Varden, resident cuttluoat trout and juvenile coho salmon will be monitored fot

population trends by repeat population estimat$ in permanently marked closed reaches of
,tr"u*. A th.."-puis to four pass removal method using minnow traps baited with disinfected

salmon eggs. Tanporary block nets will be deployed on the upstream and downstream ends of

the sampie"reach to restiict fish movement while sampling. Previous experience indicates that

between 25 to 50 minnow traps are required to saturate the rcach and allow for adequate capture

rates. Appendix A provides a publication containing more detail on the removal method'

Natural obstructions. like shallow riffles or small waterlalls over large wood. should be used as

upper and lower boundaries for the study reaches. Where possible. these natural obstructions

should be relatively permalent to ircrease the probability oipersistence for the life ofthe

monitoring project. 1n any case, the ends ofthe selected study reaches should be permanently

marfed. Ii{ital tags nailed to trees are reco mended as permanent markers. Surveyors flagging

and notations on aerial photos are suggested to help relocate the metal tags. GPS coo(dinates

will be recorded also to relocate study sites.

Minnow traps should be set for approximately 1.5 hours at which time all captured tlsh will be

transferred io buckets. lt is suggested the buckets have hoies drilled in the sides and be placed in

the stxeam for water .xchange to keep the fish aerated. The traps should be rebaited and reset for

another 1.5-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

inciude the number of fish capturcd by species and their fork lengths and weight. The

fecommended anesthetic is MS-222. All captured fish will be released unharmed wilhin the

reach of capturc.

Population estimates and associated confi<lence intervals $'ill be determined using CAPTURE

software program (Whitc, 1978).

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

openings uill also beioated with silicone to avoid the possibility ofinjuring fish upon entry into

the minnow trap.

Fish capture will occur rluring the monlhs ofJune thfough August and sampling will not be

completed during high flows.
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ApPendix A

f,stimating Fish Pnpulations by Removal Methods with Minnow Traps in Southcast

Alaska Streams

M.'tsor f). BtYelt*
Ljniled Stdtes l,bAst Seu-ice, ptlcigc i\:o hwest tlcsearch Ste{io\ 2770 Sb!r\!oo1l Lane 2A Juneatt ,llaska 9980! USA

,lhfdra- p&ssivc capture m€thods, such as mrnr$lr traps, ale commonly std o caFrlurc fish for nlark=ecaprura populrtior

"ri*r", 
ir"**er, ,f,"y ;qve not been us€d for removal methods. Minno* Aaps set lor 90-min periods duriflg thrce or lbur sequ€ntFl

;;;;;;;;; ;#e t: sumnrer of l99c were u!€d to caprnre coho s almon oncorhlkctut hsut.h k,f atrd parr, Dolly varden

SiJlwlinns nul,ro. cLttthrcd tout {,, c/ rri unaiuttnilt tr""flt"a a 
'fl}ii$ 

to estinrale population size wilh rbe ZiPpin or gen€raliz'd

rcmorsl merhod- More than 45% of$e total calJh \vat oblained during the firsr capnte occasj$l and in most cases_ lhe cal'h dudng the

iourth occasion was }ess than I Jo/i, ol th. l,,ral calch. ln nrosr pools, ihe probabilig- oi cspture $!5 P'ester lhan 0.4 bul was low€r for

c'ot,osalrnonrrytiranrorcohosa]monpu'ranilothcrspccics-Mganpopulalionestimalrslbrcoho'almonpa'fmade\'itb'oncufcnt
;;-k;;;;;;;#;val rnerhods ditTered signific;b.in snalt stre6irs. Estimarer f.om mark-rccapture and temovdl methods ,'erE

;;;;ditJ;;;;r.t""r tu cotro .atmon fry aid Doll! vatden, bui inatk-recatt$rc oslimaies *ere highcr than Iemolal cstim{cs in

mo6t c.so!. L{t rcsujt5 shus* rhar r€moyar estim$Es ciln be oblained wilb mifftolt traps if ssmpling proc€dlr€s conlorm to the

atsumptiont r€quiRt lor tfu: m€thod

u$ed in these :ltleams, yet even the59 rnetnods arp

limited. l,ow cotductivitl- and parches of contplex

hahilat uilh largc t\oody dehris mdlc lhe rcmoval

method oi el€ctrofishing jrnpractical Snorkel sulle)t
also sr$ impractical because of comPlex habitat and

ooor lisibilit-v ir) the dark watets of manl- southeast

Alaska itrcams.
Remoyal me&ods have several adYitntages over maaK-

recaptuis m€tlods lo sstimatc fish numbeB fish are

caiturcd onl,v onct, \rhich etiminales bias duc to

behavioral responsts to a trap- Iish do nol necd to bG

marl,ed, which removes assumplbns that all marks ate

identi{ied and $al negligible mo(alify occu6 due to

markjng. The str€am sectioo can b€ samptcd in I d.

which substantiall)' reduces ihe probabili!- of
mo.rement b,v Jish into and out ofthE sample area jn

cnscs in which thc stresm s.ction cannot be isolatcd for

the duralion of thc marh-rgcapture sequgnce ln

a{t'iition. a ld sampling cffort simplifies logisrics for

those lo&tions thar are dimcull to feach a d elimuates

any diJfercncss in sampling emciency due ro changcs

in llorv regimes (i.e., high-$-ater events lhat occur sfter

marking and belore or during rocaPlure)

Passjve capture methods arc commonly used for mark-

recapturc expedmcnls bui arc scldom used fol rcmoval

Ejtimates. Minno* traps baitcd with saLmon el€s are

an cffective mdhod for cap$ring julenile salmonids

and hove been us9d ln ot'imet

923

Oblaining precise alld accumte estjmates of fish

abunrlarce in strmrns condnuqs to challenge {ishery

hiologisls. despitc the dcYclopmc.n of sophjsticaled

marhgmarical models- Commonly used methods

include mark-re€apture gxpcdmenis (Ricker l9?5i

Zubik anr! Fraley 1988) and .cmoval estimatcs (Morsn

1951: Zippin 1958: whilc ct al. 1982)- Thougi snorkcl

survels arc also used lo estimatt fish abundance

(iiofihcotc and Wilke 1 3; Schill ard Ctjfiith 198't:

'lhurow 1994), th9) rcquire a separatc cstimale ofthe
population to calibtde rbe couots (Htnkin 1986)'

Ma$ernatical models |(rr both mark-rccaptrtd alto

rcmovd cstimatcs nle iltll-tesled, Lrut present

subst.nlicl klgiilicdl thallenpcs to meel the

aslump{ion\.
M8rli--reraplure estimates are commonly u$o In

sourheast Alaska and elsewhere !o cstim&tc pofrulations

ol -iuvcnile \almonid:. most communlt coho salnton

Oncoryhnchus *?.rrr.lt arld Dolly Varden Szl]etru!'
raalrna, iu small { 4-m-rvidc) sctond-lo thild-order

strcams {Elliolt snd Hubartl 19?8: Dolloff 1983;

BqMt 198,1: Young et d 1999). Somple reaches in

sueams wider than 4 m and with higher *ater fiows {re

dilncult lo isolac, and matk-tecapture metlods ate not

reliable because of fiovcrtenl betieen samlrle periods

lligh flows, common in soulheast Alaska also ailecr

movement and catchablli$ bci!'.{n sdmpl( peri

i lt-mril: mdbryattfals fcd.r|s RecciYcd April 12. 19991

ar((Dted Morch'10, :fUo

ods. Rcmoval methods or orkel sun'c-!s arc ol1€n

10



ous studies throughout southeast Alasko (Bloom 1976:
Elliott and Hubartl 1978; Dolloff t983; Brr-ant 1985i.
Minnow tnts have not been used for removal
populalion estimstes bul have sevcml advaniases over
cl.ctloli.hing: rhe) are lcss h$mful to $e ti.iOisrurb
the $ream lcss, cal bc uscd e{liciently in complex
habints, and ore not depend€nt on the rvak. chemistr)
of the stretun (Mes$ ard Schrelk 1989; Riley- ttn{,
Fausqh 199?; tlollender ard Cadine 1994; I{ab€m er
al. 1996; Relnolds 1996). AldlouAh minno\r rrdps irc
not efl-ective in rimc or fa\t-nater halrita\ they oflei a
l$Js-infusive altemativc to electrolishing in streams
with pools or slow-moving water. Howe.!?r, their usc
as a femoval metbod lbr populetion estinrates ha-s nol
bcel studied.

My purpose is to detcflr1ioe tf minno}\ lraps can be
uscd as a remowl method to ssrimate popuiation sizes
of fish in streams. M-v tirst objectjve is to derermine if
miDno$ faps cAglure a suticiert pan oftlle populaiion
on each capture occasion to estimatc population siz$ of
juvenile salmonids Lsing a rcmoval msthod BJtd to
cxamine probabilities ofcapture in nalu.al srearn$. My
second objective is to debrmine if cancurtent mark_
recepturc cstifix|tes ard remova] estimates throuch the
use ofminno\} traps differ significantl.v.

MGtlodt
'lte study *as condlcred on live small sccond.to

lhjrd-order stieams, Conv€nience. I'icnjc. S\ritrcr,
Twiw, and Tye creeks. md thrce rnedium-size founh-to
fifl}l-ordcr streams, Pa;nted, Sal. and Trap creeks, jr
southea{ Alsska during rhe summer of t9 . .lhe

small str.ams lv€re all less thar 4 m in banl-full \ridth
and had sufimcr mean torvs ofless than 0.5 m7s_ The
medium-siile stlealns Nerc grealer than 4 m but less
than l0 m in hank-tlll width and dmined into satt
watcr. All strcams supponcd populations of coho
s{lmon and Dolly Vurden. Steejhesd Onchorh.rachus
fi-vlsj' and cutthroat trout O. 

"1arli 
welc found in some

sreams and !}ers not sympalric in any strcar! thal wat
sampled. Coafirange sculpins Corrus aleuticrs werc
oscasionally caplur€d bot rot jnrluded in the estimates.
'fhe ftrse medium-si?'e streafis ilcre sampled wjth thc
rcmoval estirnale only. CQncurrcnt mark-{ccapture and
lemovel €xpcrimeots were compleadd on all fivd small
slrealns.

Mark-recaptlre and remoyal melhods rcquire oloscd
populations: therelbre, sample reaches \,.erc selected to
minimize emigroiion or imhigration during the sarnple
pefiod, ln lhc lile small strcans, rhe sample reachcs
ranged liom 100 to 350 rh and $ere blocked bl', nets,
weirs. or boriers al both ends fbr the duration of rhe
erp€riment, usually 3-4 d- ln the three medium.siz-e
streams. nots cooJd not be uscd; oatural bariqrj werc
uscd to isolati the reach and pools $ithin tle rcach.
Thesc included long, shallory riflcs ( j cm dcoth) or
subrnerged lo8s thal li.rllv spanrcd rhe stream. tbrming
a d3m. Utilc complcte isola(ion $as not achicved. fis[

movcmerl across th05e barrigls was not obs€avad
during sampljn& r{.hich usually lascd no longer than g
h Bt cach site.
'l-he removalerpe ment was compleled in I d on each
medium-si.,.e ltream. ll1rre caprurc occasionl $ere
used in Painted Creck, the lirst strcam sampled nifi the
removal method. F uf captu.E oclasi(rns were usd or'lrap and Sal creeks. Reachrs ranged ir lergth from
about 200 lo 300
m, Individud pools were identified and countrd io each
re{{h. At least 50% of tle purls l'ere randomi]
selecxed and population estimates were computed tbr
lish in each pool. The silE ofthe pools rdnged fiom 9-?
ro 1,481) m-. rh€ aversg* sj?€ bcing 288 m'. Onc |o thrse
pools were $amplcd concuftently, depending upan their
siz-c dnd colnplexity. Once a pool was selected. s4mple
localions for the mjrlnolt uaps {J.2-mm mesh sizcl 19
cm diameter and 15.5 cm long) wc"re sclccted.
Dislqnccs b€treen traps depended upon habitat
complcxit),, but gencrally traps $.et! sepamred by
about 2 m. Traps rvere set more dmsely il complex
habil4ts ti.c.. pools with largr amounrs oI xoody
debris.) lhan in morc oper pools_ Betl'Bsn ,t0 and j0
traps werc set lbr each remolal e:)(periment.
Traps irefe baiGd wifi salmon eggs (disinfccted for I0
min wjrh l:100 beiadyne to \}!ter solution) held in
perforated "whirlpaks," -ffaps 

wers sct on the stresm
bottom next to suspected habitat ofjuvcnile sa.lmonids,
such as *oody deb.is, roonlads, or underctl banks, but
l'ere distributed to compler€ly sample the pool. 'lBps
Dcre lcll undislurbcd for 90 ! l0 min and thea wrre
picked up in Btc same ordcr in which tncy rvere set.
Fish werc removcd- and fresh bait wss placed is each
trap, Tmps *cre set again in the same localions. Fish
from each ;ruol and capture occasjon w-ere processed
guparatcl)- Whilc thc sccond sct was fisbing- thc lish
from fte first ser were identificd, counted, measured
(mm). and $'eigh€d (nearcsl 0.1 g), Data ftom cach
capture occaqon were identjlied by number (1, 2, 3. or
4). oach of whiqh idcnriiied thc capture ocrasion. The
procedure was rcpeated $ree to four timgs. depending
upon rhe desired numbcr of capture ocrasions. i.ish
from each captule occasion \le.e placed in a holding
net

II
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(or blocked minnow traps) until thc la.st capturc

occasion \ras completed, at lvhich limc atl fish \tsre

retlmed to thc same area frorn which they ucre

caphired- Popularion si?i t1.'os estimated for each

sF€cies in c?rh pool Coho salmon $cre elassi$ed as

6.r.. lage 0) or par (a8€ 1+) bascd on analysis of

length-frequency data Coho salfton were consideted

to b€ fr-y iftley tlere less than 50 mm in Jmc' less tbat

55 mm in July, or lcss than 60 tnm in August
'fhe same procedures fo. the temoval estimale in lh€

mcdium-sizc stlsams wete lscd in the small ttrcams

during the concurten! mark-*c4pture and rcmoval

cxptriments. Sanrple reachcs' rvhich wcre 100 to 300

m long and rdnged in ared from 68 10 274 m', could be

easily samplnd l'rith 40-50 traps l}te entire reach rvas

samplcd during one expcrirncnt and popularion sire

\r'ras estifldled for the cntirc rqlch' All fish vere

marked dudlg lour caplurc occa6ions in thc romoval

dstimat , which served ss the mark sampl€ iD a singlc-

census Pete6on mark-rccapture estimate delcmlined

by the Chaptnsn modjftcation (Rickm l9?5)- I'hc

recapture sample lvats completed duting one capture oc-

casion 3-4 d aller the fish $'ert releas€d. All ish u'ere

identified by species snd mea.sured Recaptursd marked

lish were r€aordad-

Removal €stimate$ sJ|d probabilities ol'caprure (P')

rvere co$puted b) the capture program (While et al'

l9$2). lf laLrr capturc occilsions qcte us.d. populalion

siz-e wss estimated by the generaliT-ed icmoval estimste
jn rhc capture program hoth equ:rl R among oecalion:i

and unequal A Lrelwem the first ard subsequelrt

occasions. The ptogr,m also tested wh€ther l,o l|as

constont, based on a chi-squarc a,rst (0405). Ibc

Zippin metlod, which alsumes equal probat'ilities of
capturg. *as uslrd for Painted Cteek \+here lhree

capture occasions \terc comPlet€d.

A pajred r-tesl (0=0.05) was used to conrplre the

pIobabilit!'ofcapturc fron the 6rst captur€ occasjon to

subsequent capluie occa-$ions in pools whEre d variable

prohabilis of clpl$e \l'.ts used lo estimate

populations- A paired Ftest (0{ 0J) $as also used !o

examinc differenccs in population estimalcs and

probabitilies of caprurc bet$ecn three or Jbu. oaplure

occasions I'or coho salmoD lb. coho $lmon parf' Dolly

Varden. and stcel-head- Estimatds from individual

oools that had valid estimates for lbur capture

occasions were used as the sample ulit Eslimalcs for

thrd€ cap[te occasioos were made by reconputitg lhe

first three capture oqJasiotls iiom gstifiatcs ltilh lbur

caplurc otcatlons.
Dcplelion strd malk-rccaPlure estimates from reaches

in the five small stteaos *ere compaEd h] a paired l-

lesr (0=0,05). Lhc te$t ita-s completed separatcly for

coho selmon iry. coho salnlon parr. and l]olly Vatden

Cutrhaoat trout and s{cel_head werc no! aaptuicd in &11

str€a'rls and vterc not irchlded in thc {nalysls-

Normalty and homogeneity of tariancc lxas tesled

be{ore use ofthe r-lesls (SAS lnstitue 1988).

ResultJ

Re oval Fsaimates

Abundar!'o of coho salmol parr \1!s estirnstcd for 47

pools in Pnioted, Sal, and Tiap crceks. Estirnates qere

not computed (defined as "fsilurcs" by thc compulcl

Frogram) in firec pools fot coho salmon fry and DolB

\rardsn whe! less than l0 fish werc cBught duing all

capt0re occasjonr l-or two oi the pools, t'ailures

occured lvheo motF coho salmon 1i} were cagght

during eithe. the second or third riaplurc occasion ihan

dnring |hc linir caphrc occflsion' Fot the thild pool, no

Dolly Vffden rvetc captued durjng the firsl t!!a
capurc occasjons. 15 sere captured during the third

caplorc occasion, and 3 \+-cre cnptured duting tl,€ fourth

captwe occasion. Sreclhead rvcrc captured only in Sal

Crcalq and 3 laihres occutrcd out o{ lhe l0 pools

sampled.

lor all species, more thBn 45yo ofthc total catch in all

reaches oi Pajnted, Sal, and'lmp clelks wcrc laken

during the nrst capture occasion (Figure l) ln most

cases, lhe number of lish caplur€d during the fourdl

captwe occasion lrlls le$ lhan ljE ofthe btal €lch
For ail species excepr coho sslmon fi!, the probabiljty

of caplure was gleatcr than 0.3 for at lcasr 80"/o of thc

pools samplcd rvhen it *os essumEd conslsltt ffi all

culluni occasioo5 (flgure 2) ProbahiliD ol caPlurc

vas greater &!n 0.4 ic more lhan 9070 ofthe pools for

cunhroat trout and slcelhead. Coho sBlmon fr-v and par
had rhe to\{est probabilit} of \:apture but more tfian

50?i, of |hc pools cxcecded 0 'l ln most cascs

however, st-rbstantially fewer coho salmon try and parr

werc caught upo each slccessive sirmPling occaiion.

rvcn with lotler probabilities of capturc fot e'xample.

in one paol, 123. 95. and il srho salmon try we.t

captured dudng successive capllre occasioDs. The

probabiliU of .aplute calculated to

0,344. The 9596 confldence interval ntged itom 324 to

472 fish around the population cstimatc of 174 fish.

Wh;le lhe lower trobabilit-v of capture resultcd jn less

precision, the lorver confidence interval was within

139; &nd (he upp€r conidetce inter'{d within 2690 of
thd estimatc.
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selcctcd for Dolly Vard€n and steelhead in all pools
of Sal Cn ek (Table I). ln Trap Creck, the constanr"
probabjlity-olcapturc modcl w{|s sqlectcd for Doliy
Varden in 8l?; of thr pools. A variable-probabiuty-
of-capture model nas used to €stimatc populatjsn
sizc for coho salmon lry il five pools. for coho
srimon par in cight pooli ard for llolty Varden it
lbur lxJols, Only for coho jalmon fry leas lh€
probabjliq of capturc significanrly grcater for rhe
firsl captule occasion than fof sub$equent ca!ture
ocsasions (Table ?)-
Populstion eslimates and probabilitics ofoaplure for
three sirmple occasions were gencrally lower than
tho$e computed lor four sarnple accasions {Table j),
Population estimatcs for lhrec and lbur capturc
orcasions were sjgniUcanll' djtlerent lor coho
salmon parr (P =0.011). but djflerenccs w€re no!
observed for potulation esdrnales of coho salmon
fr1 and Dolly Vsrden. Differencc$ between the
probabilities of capture lbr thr€c and lbur capture
occasions ly€re observcd for coho sulmon fty" coho
sahon parr, and Dolly Vardcn. Tte prcbabiljtr'ds of
capllre for thaee capturc Occasions were grealer tban
that cstimat€d for four capture occasions (Tahle 3).
Thc population estjmales of probabilities of captuje
lor steeihead rvere nol signilicantlt differest
hea\"'een thfce and four capture occarions (Table 3).

Mar*-Recapute oul Renoval Estinarcs

Clomparisons of population estioaks for the rwo
methods showcd mixed rcsults amorg specjcs. but
g€nerylly cstimates from thc mark*recagture metlod
wcae hjghff than those from lhc remolai mathod.
Mart-recapture ald removal eslimates werc
significantly dilliirent for coho salmoo parr (p
=0.&9) but nere not sjgnificanly diffcrent for
Dolly Vardcn and coho salmon frv (Figurc 3).
Matk-recapture estimates were higher ir all streams
and for all species except coho salmon fry in Trvirv

Crcek and Doll-v Varden jn Picnic Creek. lB both caser
rcmoval estimates had widcr confidence intervats than
thc mark-recapure cstimafes. Rcmoval estimales for
both sl.eams had low probobilities of cepture ard a
higlt lurntrer o{ lish captur.d during the final capturc
occasion.

Discussioa

I'mbabililics of captun $trc generally high, and in
mofi cases^ jH57o of thc population ,!ras c4ptured
during the first sarnple occ&sion. tJowever, even {ith
high probabilities of copture- underestimation of ths
populalion may be a problsD be

Para, Pr$t Fota
C$luar Occarion

FrcuiE l.-'i'he propo(ionofcohosalmonfry((Df i, coho
salmon p3n {COP), Dol ly Var&n {DV), cuthroat t out (CT),
and $ieelhead (Sfl) captured during €ach !3pttre oc.asion io
'lrap^ Ssl, and Painled cre€ks for the rernovai cxoc'menr tn
southe{st Alaska, lyi6.

ln Sal and Trap creeks. both of wh irh had four
capturF occasions, thc loFture progtam comparcd
constant-captur€ probabilit"l and variable-captur€
probabiiity. ln most pools. the probabililics ofcaprure
were constlnt. lhe constsnt-probability-ofcapture
model was selgctcd lirr all specics in 88_cro ofthe pools
in Sal Cr€ek and in 93% ofthe pools in'frap Creek
(chi-square. O-{).05; Whrle et al-
1982). Tho constant-prob0bilir-y--of-ctFtunj model lvas

IJ
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aause of dillercnces in probabilities ofcapture bctween

sample occasions (Riley and Fausch 1992)

Underestimalion would occu! if the probabilit-v of
capture was higher during thc firsl satnple oc.a\io'n and

lorrer during subsequent sglnpliDg occesio$ {Rile}
and Fausrh 1992). The bias can be actounted for ifthg
diffcr€nces belwecn ptobability of caplure can be

detecied during the estitnation through the use of iour
cspture occasions aDd fte gencraliT-ed remolal metlmd

(Whitc ct al. 198?). Resulb f.on this study agree with

th. recommendalion of Riley and Fau$rh (199?l that

fo||r caplure occasions bc uaLld lbt tcmolal cstimates

wh€nev$r possiblg,

Riley and lausch (1992, and lhc numert)us itudies

rhe:/ cile report dec.easing calchabiliry afler the fitst

caplure occasion durillg eiectrofishing and suggEsr $al
il is imporhnl to maintain equal efliTt among all

samples. lloveve( not only does the ptocess of
electrofi shing impos* a considerable

TABLe I .-Percenl of pools $'iti constrnl and wrisblg

Drobabilrtiei ofcapturc tor coho salmon 1i1' coho salmon

pan. l)ully Varden and jLcelhrad ciPlured in l$o strcams ;n

south€dsl Alaska. l9t6-

Ty!. ofpobabrlilt Coho lal$oo
i'l' Fry Dotlr v.rhn

{iisturbance upon the stream and itfluence fish behaviot

during subsequent samples. bul it also imposcs a

physiological Nsponsc in fish that influctc.s tlehaviot

on those lhat were shocked but not captured dujing the

litst attempt (Mesa a$d Schrcck 1989)- Minnow lmps

are a passitc capturg method and jflpos€ a much loiier
degree of disturbafice than elci.tlofishjng. This

eliminat€s the effects of disturbances if carc is uscd

\\hen the traps are s€t and rctdcved.

Regardless of ahe method used 1(' caprure fish.

assumptions ot removal estimatcs must be mct thal
jnrlude isolation of the sample area during the sample

pcriod. Recruitm€nt into the samplg atca during lis
se11m61s will result in an upwsrd bias in (ho cstimate;

ho$,ever, recruitmenl l}as not observed in study

scctions of the lalger strmms during 6-? h sample

pc.jods. Ilthe pool Bithin rhc

-tAsLe 2.-{ompathon (pdired r-test} betwcen probabilitics of
captwe (P.) on tiri and subsequent capturE {xcnsions in pools

*here a variablE prababilitv of cryturc was used 10 tstimatE
populsrions for mho salmon fry and par and Dolly Vsrden ,n

l11o streamr in southeast AlasftL 1996.

[rsl Subseqrenl
Snsie, sdure .{ot'r€s dl f
cono ehon 0 521 0 0l
bd Pan Dally 0 J74 0 3010.516 4a 0E5

vdds 0.,1J5 0 2l? .i 00c
dl

$l Crc€k Coniurl ?8 80 lll0
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TABLE 3. -.compatisot (pajr€d /-tisti bet$ran -]-scmple aod 4-sempl€ remov-d ertimates ofpopulation and probabithies ofcaptu.e ior
coho salmon li} and parr. Dollv Varden. nnd steelhead in'frap snd Sal creakt. soulheas( Alask\ L6.

Mean popllrxor r,.nhrle {nunbe. r:'lfisl)

Tl[*
rcach is not
saturatcd

SDe(ieswru riapsr;il;-
lish fiom sr'nron

$ithin thq t1} h
pool may
be r€cmited
into nearbv hllY

Nlmber - Fou-
olFEh $dd r.mpl€

2424 54 ?2 6t 25 ar.087

0 0l.l

Thlee- [ollc
$ortr. $ntP'c

0001

0 00E
5

M@ rrobdbih) oa *ptu.c

0J45
0.573

large numbers of
jureoile

salmonids. Thcy
also did not
requ're a5 many
traps as pools
\iith largc
rootlvads 6nd

O.JJ9
O6JJ

faps during subsequert sarnpljng occarjons_ Eeidence
of recruifrnfit during the sample pcriod may be otr-
serv€d when more ish arc captured ir latgr salnple
occasions than during rhe fi(i1 or second sample
occasions. Effort should bc made to capture the
gr€ale,st $umber olfish from thc pool while somplctsly
sampling the pool €nd mainurining equal liampling
glTort a.mong caplurc occssions.

Minnow traps havc physical limitarions thsi limit
thcir use as a capture method. The) do not adequalrly
sampl€ filc- habita{ therefore. the .!ctl}od is limiled to
pool habitats, Strcam depth must be sufncient to
submerge the openilg of thc trap. 

-fhe 
€flicdve rangc

or orjentation of baitcd minnow traps has not becn
s)Gtematically lested- but traps are usltally set parallel
to the Bow or in pools }!jth nrinimll flow, Extensive
tield cxFe.ience in southeast Alask& suggests that
minno\r tlaps are elTectivc at a aadius ofnt lcast 2 m; o
downstrcom bias ma) extcod fie range dependilrg on

800

$peclec

ffow. Compler habitats, such as la€q donse dcbris
jams, ma1- re,quire a highcr densjt' ol tfaps ihan opcn
pools. Fish behavior and habi*rt preterenccs will
determine th€ distribution ol tmps. l,argc scour pools
with iinle coyer |n{i hjgh flows gcneralty did not tield

sev€tril smallcr conno€tcd pools.
Ahhough removal and mark-,iecapture esd-

FrcNAn l,-The comparison of poplrlation estimates from
mark-{eEapture and remcval m.rhods b_v sp€cies for liye
small strc:tms in southcart Alask{ 1996.
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taates in small stresms were not $igtlilicanlll_ difllrent lbr coho sslmon li,'_ atld Dolly \ratdcn' mBrk-rccaplurc mean estimates

xere l3,l?o/o grsatcr thar rcnovol mean esrirnates. Violalions of at least two assumptionrt, equal vulnerability Df markcd-lo-

urmarketl fish (rrap-shy) nnd greaier murraLiqr ol'marked frsh. could account for hig.her mark recapture eslimates. llemo'ral

cstimates were oflen lower rhar mark-*ecapturc cstimares- Mahon (198t)) and lreterson dnd Csderholm (1984) generall)'.

attribut€d this to d€creasing probabjliry of capturc llxrn successive caplurc occ&1ions. Their estimat€s, howev$r. werc denved

iiom electroiishing aod not by lc$t4brusive methods. such as minnow traps. Ihe Eencr.rlized temolal program uscd a constant

prohability olcrpture for all five of&e suearns rather lhan a variBble probabiliqr ofoapture, *hich sugge*s the mirnow tr,rps did

not affcct fiih behavior.
Removal methods hare sevcrdl advantages over mark*recapturc method!! including rhe abiljfy to complete sampling )n a

single day aad requiring few€r assumptions. lvlinnou traps imposd lsss sress o$ fish than electofishing thouei care must be

taken r+hen fish are held for sevcralhours. ln stfeams that carnat bc complelely blocked, th. short€. time intenal needed for tie
rcmoval estimde reducas th€ probatility of moy€m.nt aod more cbsely salishds the clolturc alsur')ption lhan is possible for

mmk-recaptLlrc cxpqiments that requirg s€veral days bet*een the maak and recaptur€. lhe assumption of closurl can seldofily

tre accomplished in large streams wilh grcaler llow volumes, but sho -tcim molcment ean be aeduced duting a rernolal estimal€

through the use of sample reaches that a|€ scperstcd by naturally occ{rting obslruciions. Minnow traps, carefully pla(ed in a

strcam ard leh undisturbed, are also less li*eLy to dislurb tish lhan during elecrrolishing or seining when sev€ral people move

through lhe stream duri$g oach salnple orcasion. Minno$ traps otil'er al rttmctive ahcrnative lbr conducti g renoval esdmates

forjuvcnile sslmonids. Similar mehods may bc applicable to olher species tiet ate suscepliblc to passiYe capture mclhods.
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