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Monitoring Pl*n Summary for Determining Trends
ln

Watershed Condition and Populations
of

Resident Dolly Varden Charn Resident Cutthroat Trout and Coho Salmon
on the

Tongass National Forest

May l0' 2012

lntroduction:

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 (MIS)' MIS
trends ideally provide a sunogate measure of environmental quality that affects the biol,ogical

community and environmental condition, This monitoring strives to characterize the ecological

condition and trends of watersheds and aquatic ecosyslems 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 and their

relarionship ro habitat changes consistent with expectations.

Oeneral Desisn

This proposal lbllows the approach established for the Aquatic and Riparian Effectiveness

Monitoring Plan for the Pacific Northr,rrst Forest Plan (AREMP) with some modifications.
Much of the nanative and many oflhe figures and tables contained within this proposal is

directly quoted or paraphrased from the AREMP General Technical Report PNW-GTR-577

The monitoring will look at the aggregate of various physical and biological indicators io
evaluate watershed condition. To be meaninglul. a monitoring program should provide insights

into cause-and-effect relations between environmental stre$sors and anticipated ecosystem

responses. A primary step in developing an effectiveness plan is to recognize the factors that
inlluence the parameter of interest. An ovewiew ofthe conceptual model 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, topography, and soils, to nalural and human-caused stfessors.

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 r*'atershed in general) are assumed to affect the riparian and flood-plain
subsystem and the stream chanoel subsl'stem. The riparian and flood-plain subsystem may, to
varying degxees, bufl'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
rales or states associated with the processes and stressors in one oflhese subsystems will



usually all'ecl the linked subsystem (Naiman et al. 1992), In contrasl, rhe influence of
the upslope subsystem on the flood-plain and riparian and stream channel subsystems
is more strongly unidirectional (downslope). The inlluence ofriparian and aquatic subsystems
on upslcpe processes is assumed to be nearly, but nor completely, negligible.

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

Aquatic and terrestrial habitat development and the population dynamics of aquatic and
riparian biota make up a set of processes 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 dymamics are shown as featur€s that integrate general and
key ecosystem processes in the steam channel and riparian/flood-plain subs).stems
(fig. l). Similarly, habitat distribution, diversity, complexity, and remporal and spatial
connectivity 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 nodels lbr monitoring (l.loon et al. 1999). Specific aspects of each ecosystem process
have been identified as stressors that aJfect the three subsystems. Although natural and human-
caused stressors are often difficult to distinguish in practice, the model lists examples of both
lypes. In keeping wirh the effectiveness monitoring stralegy! stressors are intended to be value-
neutral (i.e., they can be either positive or negative like roads. which represent bo$ road removal
and conskuction).

Upslope subsystem indicalors 
-upslope 

subsystem indicators such as vegetalion composition,
seral stage, road density and percentage of cover-reflect processes influencing tre entire stream
network (Naiman et al. 1992) and are relevant indicators over the entire
watershed. Data can be gathered largely by existing imagery and ArcGlS.

Riparian and flood-plain indicators-Riparian and flood-plain subsystem indicators
represent processes delivering structure, sediment, and nutrients 10 stream channel$
over intermediate spatial scales, and they require finer scale analysis and greater initial
sampling intensity for validation rhan do upslope indicators. Ir is suggesled thar riparian
indicators be measured throughout the slream network, *'hich includes perennial, fishbearing
as well as perennial nonfish-bearing and intermittent streams. Although materials
delivered by riparian and flood-plain subsystems initially affecl adjacent stream reaches,
they also affect the condition ofdownstream reaches (Naiman et al. 1992).

ln-channel subsystem indicators-ln-chamel indicators such as residual pool ftequency volume
and depth, particle size distribution, and large woody debris count will be measured at the reach
scale. In-channel subsystem indicators will be measured within 8 stream sections in each
watershed, Four ofthe measured stream sections will be in the upper watershed upsfeam of



barriers impassable to anadromous fish and 4 will be in the lower $'atershed within anadromous

habirat.

Figure l: Overview ofth€ conc€ptual framework
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Landscape Template
Ceology-
Climate

'l'opology

V€getative succ€ssion
glowth and mortality

Wood Production
and transpon

Windlhrow, insects
and pathogens

Windthrow, timber
harvest, thinning

Fragmentation,
debris and nutrient
cycline

Soil cycle Sediment
production and
Ilanspon

Mass wasting,
€rosion, and debris
flows

Roads, mining, and
timber harvest

Nutrient cycling soil
moisture, formalion
rates, and sediment
regime

Hydrologic cyc)e Water slorage and
yield

Precipitation,
flooding and drought

Roads, mining,
timber harvest and
climate chaflce

Chaage in runoff
timing, |nagnitude,
and water storace

Ripariao flood-pkin

Slream charnal 1"":*:':1

Vegerative succession
growth and moflality

lvood productjor
and transport,
seral stage, and
community
stnrcture

Windthrow, insects
and pathogens

Forcst managemeut,
thinning and
recfeation

Fragnentation,
d€bris, nut ent
cycling and changes
in nutrient cycling

Soil cycle Sedim€nt
production and
ranspon

Mass wasting,
erosion, and debris
flows

Roads, mining
fbrest managernent
and reereation

Nutrient clclid& soil
moisture, formation
rates, and sediment
regime

Hydrologic cycle Water slorage and
yield

Pr€c ipitation,
flooding and drought

Roads, mining,
timber harv€st and
climate chanee

Change in runoff
timing, magnitude,
and water storage

Energy Exchange Heat delivery Insolation and
shading

Forcst management Changes in
microclimate and
watr temperatute

Chemical/nutri€nt
tumover

Chemical/n utrienr
delivery

Deposition, erosion,
transport and storage

Forest managemetlt Charges in nutrient
production and
toxins

t.":*i:i;,"t
Hydrologic cycle Water slomge and

yield
Pr€cipitation,
flooding and drought

Roads, mining,
timber harvest and
climate chanee

Change in runoff
tjming, magnitude,
and water $orase

Energy Exchange Hcal delivery Insolation and

shading
Forest management Changes in

microclimate and
water temperature

Charnrl structulc Sediment and
wood deliv€r!,
habitat formadon

Scour, deposition,
debris transport, and
channel mig'ration

Foresf ma[agement,
recreation,
restoration

Habitat loss, change
in stream chann€l
form and sediment
regime

2: Co ceptual frafiework of lvatershed conditionCo ceptual monrlonn8



Table l*core indicators by ecologic process with preferred measures and drta fields

Watershed
Subsection
and Process

Key Process Indicator Prot0col Evaluated Drts

Upslope
Subsvstem

Vegetative
succession,

growth &
mortality

Wood
Production and

transpofi

Vegetalion
seral stage and

series

Cover by composition
and structure class

Proponion of
watershed in
early-mid, and
late seral slages

Soil Cycle
Sediment
production and
ffanspon

Stream
crossing
density

Density of stream
crossings per square

miie

Density of
stream crossings
per square mile

Soil Cycle

Sediment
production and
uallspolT

Road density Leng1h and proportion
ofroad network
hydrologically
connected to the
stream channe.l

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

Soil Cycle

Sediment
production and
transport

Landslides Protocol fiom
Sr,lnnson addressing
frequency, rype, and
Iocation

Frequency, by
type, size and
location of
landslide

Riparian
flood-plain
Subsystem

Vcgetative
succession,

growth &
mortality

Wood delivery,
community
structural

development

Vegetation
seral stage and

association

Cover by composition
and slructure class

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

Soil C1'cle
Sediment

production and
uansporT

Stream
crossing
density

Density of stream
crossings per squart
mile

Density of
stream c(ossings
per square mile

Soil Cy'cle

Sediment
production and

tmnsport

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

Miles of road per
square mile
within 300
meters of streams

Soil Cycle

Sediment
production and

lranspon

Landslides Protocol from
Swanson addressing
frequency. t1pe, and
location

Frequency, by
t1'pe, size and
location of,
landslide



Tuble l-{ore indicators by ecologic process with preferred measures and data fields
(continued)

Watershed Key Process Indicator Protocol Evaluated Data
Suhscction
and Process

In-channel
qlrlllClem

Channel
structural
dnamics

Sediment and
wood delivery

Channel cross
section

Monumenled cross-
sectional profile

Bankirll width
and meal depth

Channel
structural
dynamics

Sediment end
wood delivery

Channel
moveme

Monumenled channel
longitudinal protlie

Water surface
slope

Channel
structural
dynamics

Sediment and
wood delivery

Channel
sinuosity

Stream length./val ley
length {iom aerial
phctos.

Stream
length/valley
length

Channel
skuctural
dynamics

Sediment and
wood delivery

Channel pools Sunel' ofresidual
pool volume, depth,
and frequency in
sample reaches

Pool depth,
volume and
frequency

Channel
structural
dynamics

Sediment and
wood delivery

Structura.l
complexity

Survey of LWD
counts in sample
reaches

LWD counts per
lineal measure

Channel
structural
dynamics

Sediment and
'trcod delivery

Substrate
composition

Wolman pebble count Percentage of
fines and D50

Energy
Exchange

Heat delivery Water
Temperature

Temperature recorder Water
temperatffe
change

Hydrologic
cycle

Water delivery Water quantity Stage recorder Discharge
change

Biotic
Community

Biotic
integrity

MIS species
densily and
condition
factor

Removal method
using minnow traps in
closed system samPle
reaches

Species density
and condition
factor change



True rvatersheds (6th-lield hydrological unit) forms rhe basic geographic rinit for mon:itoring.

Fourteen watersheds will be sampled over an I ltar period. Two of the waiersheds will be

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

panils lPanel watersheds) of3 watersheds each and sampled on a rotating basis once every four

years (table 2).

One of the annually sampled watersheds is within an unmanaged condition cunently and into the

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

active managemenr activiti€s. 1he annually sampled fixed watersheds will allow for the

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

The watersheds sampled on a rolating panel basis will ideally represent the range of ecological

conditions and foresl mariagernent across the Forest. The relatively small sample size will not

allow for extensive stratifi cation.

Selected watersheds have populations of: I ) resident Dolly Varden char and/or cuttiroat tfout
upstream of impassable a.Od permanent barrie(S) and coho salmon young-of-the-year and parr in

downstream sections. Four resident fish populated stream sections and four ccho populated

stream sections of appmximately 100 meters in lengfh will be sampled within each of the 14

selected watersheds.

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

for description). These less consrained, lower gradient (<6%), smaller and mostly alluvial
channels support relatively greater numbers of fish, contact a greatsr area of the flood-plain and

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

hydraulics, and therefore habitats, and they are considered to reflect the inle$ation of upstrcam

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, *'e believe trends in fish populations may be less likely in
streams connected to lakes. 1'herefore, selected sa.nple stream sections will ideally not be
associated with lakes.

Methods for Fish Population Estimates;

Resident Dolly Varden, resident cutthrcat trout and juvenile coho salmon will be monitored for
population trends by repeat population estimates in permanenlly marked closed reaches of
strea&. A three-pass to four pass removal method using minnow traps baited with disinfected
salmon eggs. Temporary block nets will be deployed on the upsfeam and downstream ends of
the sample reach to restrict fish movement while sa$pling. Previous experience indicates that
between ?5 to 50 minnow traps are required to saturate the reach and allow for adequate captwe
rates. Appendix A provides a publication containing more detail on the removal method,

Natural obstructions. like shallo*'riffles or small uaterf'alls over large wood. should be used as
upper and lower boundaries for the stud,r, reaches. Where possible, these natural obstmctions
should be relatively permanent to increase the probability ofpersistence for the life ofthe
monitoring project. In any case, the ends ofthe selected study reaches should be permanently
marked. Metal tags nailed to trees are recommended as permanent markers. Surveyors flagging
and notations on aerial photos are suggested to help relocate the metal tags. GPS coordinates
will be recorded also to relocate study siles.

Minnow traps should be set for approximately 1.5 hours at rvhich time all captured fish will be
transferred to buckets. It is suggested the buckets have holes drilled in the sides and be placed rn
the stream for water exchange 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 thrce to fcur cycles. Data collected for each set should
include the number of fish captured by species and their fork lengths and weight. The
recommended anesthetic is MS-222. A1l captured fish will be released unharmed within the
reach of capture.

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

Mirmow trap funnel openings will be enlarged ifnecessary and maintained at a l" opening size.
Openings will also be coated with silicone to avoid the possibility of injuring fish upon en1ry intc
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 Fi$h Populations by Removal ilIeahods *ith Minnow Traps in Southeasi
Alaska Streams

M^soN D. BRYAtir*

Uniud S/lJl.J lbrcstSemjce. Pa.ilic No/hvest Rcs4a4h S,euar, 2i70 Sheryood 1,eae tA. JuneaL Alaska 9980]. LiSA

Jrsr.aar- Passive capute mcthods, s{oh a! rninnow traps, ale L.ommonly used lo capture fish lba mark {ecaplure populalion
eslimstes: howovet t!€y hare not becn us€d for r€molal methods. Minnov traps tel for 90-nin peri(dJ during rhr.r or four seqtential
€apturi occasions during the summe. of 1996 were usrd to csptu.r coho salmon (hcorhynchus hnutch fry and parr, Doll_v Varden
Sallali8' s ilslda, cttlhtoat lr')ut O. o/arli. and juvenile sreElhead A ,r.l'ltss to €slinrat€ population size wirh the Zippin or geieraliz€d
?emoval method. Mofe than 45% offte total ctrch wrs obtai ed during lhe firur Dapture occasiDn. and in most cases. ihe calch during tlte
lburth occdsion was lesr than l5'ln of the tot€l c sh. ln {rost pools, lhe probabilitt of capt}re r+as grearcr than 0.4 but war lowcr for
coho solmon f')- than for coho sslmon parr and othev specic$. Mcan popqlatron estinalcs tbr aoho saimoo parr msdc wilh gonclnenl
mark-{$aplure ind rernovEl mrdrods dille.ed significsntl} in snallfieanrs. Cslirutcs from mark-recatture and rcmovalmelhods *eae
no1 tigniiicantly diffcrcnt tor coho salmon liy and Dolly Vrrd€q bui mark-rccaptlr€ e,rtimatcs were highcr than rcmoval estimnes in
most cases. My results show thal ftmold eslimales can be obtained *ith minnow trsps if sanpling procedu.es conform to tha
atslrmotton3 r€quired lba the mothod,

Obtainjng precise and accurate estiinatcs of fish
abundance io streams conlinues to challenge lishery
hiologisls" despite the dcvelopment of sophisticaled
mathcmatical modcls. Commonl] Bsed methods
include mark-recapture clpcrimeurs (Ricker 1975;

Zubik and Fraley 1988) and removal cstimatcs (Moran
l95l; Zippin 1958: while et al. 1982). Though snork.l
sunsys arc also us$d 1o estimate lish ablrdance
(Northcote and Wilke 196l: Schill {rd Gdltrth 1984i
'l hu(ow 1994), thay require a separale osrimote of the
population to calibrare the colnts (llankin 1986).
Malhcmatical ftodels lor buth mark-{{calrurc and
removal eslimsles ard well-teslcd, but Fcscnt
substantial logisticaL challenges to meet the
assumDnons.

i\,laik-recapure estimates are commonly used in
southeast Alalka and elsewherd ro cstimate populations
oljuvinil€ salmonids. fiost commonl!, coho salmon
Oncoryhn:hus kis lch utd Dolly Vsrde S{r&",liallt
raalara, in small ( ,l-m-$idc) sccond.to third-order
stleams (Elliott ond Hubarlt 19?8: Dolloff 19831

Brj,anr 1984; Young et al. 1999). Sampl€ reaches in
sb€ams \yidcr than 4 m aad with higher warer Bo*s arc
dillicult to isolate, and mark-recapturc methods arc not
reliablg becaus€ ofmovement bet\reen sarnple periods.
High flo\rs, common in souLh.r5t Alsska, also atkcr
movcment and catchabiljty bctlreen rample psri

t ]j-mail: mdbryant@fs.fed.us Rec€ived Apri] I I I 9991

ac$pted Msr{h 10, 2000

ods. Rerhoval methods or snorkel s.ralcvs arc oitcn

used in these streams, yct cven these melhods are
lin}itird. Lorv conductivilj" and patl,h6 of conrpiex
habital $ith large woody debris rnaJie the removal
method ol elecronshjng impmctjcal. Snorkel suneys
also 6rc impractical becsuse ol complcx habital and
poo! visibilitv in tic dark walers oi mmy southcast
Alaska strcams.
Removal medrods hav€ several advurllges over mark-
rccapture methods to sstimate lish numbers. Fish are
coplur€d only onw which eljmindl€s bia,i due to
bchavioral responses to a trap. Fish do nol nf.ed to be
markcd, which remorcs assumplions that all mark are
jdcntilicd alld tiat negligible rortalily oecurj due to
marking. The sh€am section can be sampled in I d.
whicb sutrstantialiy reduces ahe probabilit) of
rnovement by fish inro and out of the samplc atea in
cascs in wlrich the stream section canror be isolated fot
tie duration of tbe tl)ark--rgcspture sequcnce. In
addition, a ld sampling effort simplifies logisti0s tor
thosc locatio s thar srl- ditloult to reach and eliminates
any differcnces in sampling etiiciency due to changcs
in florv regimes (i,e., high-warer events thar occur aner
marking and helbre or during recapture).
Pa.ssive capturc methods are commonly used for mark-
recaplure expenmcnts but arc scldom used for removal
estimates. Minno$ traps baited with saLmon eggs are
!n cffcctive melhod for capruring juvenile salmonids
aDd lave been usgd irl rrmer
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ous studies throughout southeait Alaska {llloom 19?6:

llliott and Hubartt 1978; Dolloff 1983r BryaN 1985).

Minnow trirps hrve not beel used for removal

Jxlpllation erlifiales but have sevetal tdtflntalies over

electrolishing: &ey are less harmf'ul !o the lish, distu

the strearn less, can bc }sed emuiently in complex

habir4ts. aJtd atc not depend€nt on the watcr ch€mt$try

of rle slrram (Mesa and Schreck 1989; Riley wtd

Fausr,h 1992: Flollender and Carljnc 1994; llabera et

al. 1996; Reynolds 1996). Although minnolv lrt]ps arc

not offective jn ri{Ile or fad-$ater habitats, the} af}'er a

les$-intrusive altemative to glecltolishing in slrearns

with pools or shw-moving water- Howg\tr, th€ir usc

as a aefioval method l'or population estitnates has nol
been studied.

I{y purpose is to determine if minnow traps cao be

used as a removal method to .stimale popul4tion sjzes

of l'ish in streams. M-v.' 6tsl objeclive is to deremine if
minnow lraps capturc a suilcienl patt of&e population

on each taplurd occasion to estimatc popllation size of

,iuvcnile salmonids lsitg a removal method and lo

examine ptobabilitics ofcapture in natutal streafti' My
second objictive is to de€rmine if concurrenl mark-
rccapturc eslimates and removal eslimt{es tbrough the

usc of rninnow traps dilTer significantly.

Metlodi

The study was conducFd on five small sdcond'1o

rhird-order strcarns, CorFfiience, I'icnic. S\*itz3t,

Tviw, and Tye ct€eks, and thrce m€dium-size founh'to
fllh-ordcr streams, Painted- Sal. snd Tiap creekq in

southRet Alasko during the summer of 1996. The

small str6ar.s !!-ere all less thsi 4 m in bar*-full \tid$
and had summer mean iows of less than 0.5 m,/s. The

Inedi|rm-size slreaans \\jere greatea than 4 m bul less

thar l0 m io bank-firll lvidth and drained into salt

$ater. All sft€ams suppottcd pgpulations of coho

sslmon and Doily Vdrden. Stedhe:ad. Onchorbwhut
n-vlns and cutthroat trout O- cl4rki wetc found in some

slleams and qere not sympatric in any stream that $&s

sampled. Coastrange Sculpins Cdrau,t r!/eltct s wsre

occ€sionally capturid bul no1 induded in thc eslimares

The thr€e mediutll-si?r $teslns were samplcd wilh the

remov4l cstilDatc only. Concurrcnt merk-recapturc and

removal erperiments were compl€led on all lild small

Stfealns,

lvlark-recapturs 8nd removal merhods rcquire cl).sed

populatiolsi therelbre, sample reaches wete selscted to

minimize emigration or immigmtion during the sanple
pcriod. tn the fiye small stleams, |he sa.mple reachcs

r.mged ftom 100 to 350 m and were blocltcd b:,' n€Is,

weirs. or barriets at both end$ lbr the dumtion of lhe

experimen! usually 3-4 d. ln thc three medium-size

streamJ- nets could nor bc usedl nalllal ballie$ were

used to isalale dre f€ach and pools \&ithin the reach.

These inchded long, shallow rimes ( 5 cm drpih) or
submerged logs that fully spanncd thc stream, lbtming
d dam. lvhile comolete isolation was not achicved, Rsh

molemcnt acioss thesc bardcrs was not obscn'ad

during sampling, which usually lalled no longer than 8

h B| qnrch sitr.
'lhe rernoral experiment was complete'd in I d on each

mcdium_stzc slreum. Three carrture occasions *ete
used in Painted Creck the lirst slream sampled wiih the

ramo!"| .ngthod- lour capfure occasions verc usted on
'Ir'.iD and Sal tr{:eks. Reachds ranged in lenSlh ftom

aboul 200 to 100

m. Individual pools rve.e id€nlified aod counted in each

reach. At leaJt 50% of the pdts leere rdndomly

seleded and population cstimates were comPut€d lbt
iish in sach pool, The si1f ofthe pools rdngcd from 9-?

ro l.-180 m-. th. avemgs sire b€ing 288 m' ()ne ro three

pools were sampled concumcnlly, depcnding upot their

sizr and cornplexity. Oncc a pool was selectcd, sample

lacalions fof $c minnow raps {3.2"mm mesh size: 19

cm diameter and 15.5 cm long) werc s€lecled.

Distances b€tween tmps depended upon habil,8l

complcxit, but gqnsrally tmps wers s€palated by
abolt 2 m. Tmps were set more densely in complex

habitats (i.c.. pools rsith lalgc amounts of $oody

debris) than in more open pools. Behreer '10 and 50

lBpri \+cre set lbr each rcmolal experiment.

Traps $ere baitcd wih salrnon cggs (disinfccted fQr l0
mh wjth 1:100 bcudyne to qate. solution) h€ld in

pcrforatEd -'rihirlpals." 'l'raps were set iln tbe stteam

botmm ne&l to suspected habitat ofjuvenilc salmonids,

such as wood], deblis, root\tads, or undsncut bankr but
were distdbutcd to complet€ly snmplt the pool. 'fEps

rverc leti undis!!*)cd fot 90 r l0 min and then werc
picked up in the same ordcr in which thcy trcrc set.

Fish rvere rcmoved. and fresh bait $as plar-qi in each

trap. Tmps wcre set ag'ain in the same iocations- I'ish

irom ealh pool and capute qcc&sio{ \'terc processed

separatel)'. Whilc ttlq s$cond s€t wae nshing. the lish

from the ,irs se! \t€re identified, counted. me&surcd

(mm). ord rveighed (nearesl 0,1 g). Data ftom e3,ch

capture occ4qion tvere idenlified b) number (1, 2. 3, ttt
4), each of which identified thc captuIc occssion The
prot'cdurc l|as rcpeated thrce to four timcs- depcnding

upon the desirc.d mrmber of cnptur€ occasions Fish

frcm each capture oc€asion were placed in a holding
nct

ll



ESTII1ATINC IISH POI'LJI,ATK}NS BY RIMOVAI,

(or trlockcd minno$ traps) urtil il'te last capturc
occasion was complet.d, at *hich time all ish lvcre
rLlumed to lhc samc a.ea from which they \rere
capturcd. Populalion size t\as estimaled lbr esch
species in each pool. Coho salmon were classified a-\

lry (age 0) or parr (age l+) based on analysis of
length-freqlenc_!' dara. Coho salmon \aere considercd
to be fr_v ifthey were less than 50 rnm in lune, less than
Ji mm in July. or less than 60 mm in August.

Ihe samc procedures for the removal eslimals jn tho
medium-size streams rcre uscd in the small str$ams
during the concrrlrent nark{ecaptuac and rcmolal
expcdmenls. Sample reachel which wcre 100 ro 300
m lonB ond rangcJ in area lrom 6H lo f?4 m-,.ould bc
casily sanrplcd uith 4{}.50 l.aps. The entire reach was
samplcd during one crporjrten! and population $zc
was est;mated for the crtire reach. All fish we.r
markcd during four raptwe opcasions in thg removal
estimqtq whicb scrvcd as the mark sample in a single-
census PoterSon rnark-rccapture estimate delcrmincd
by thc Chapman modification (Ric*er 1975)_ I'he
recapturs sample uas comple(ed duritg onc captlre oc-
cnsion l-4 d alier the fsh uere released. AII fish were
identified bv species and measured. Recapured ma*ed
fish wcr"' aecorded.

Removal a$linalcs and probabjliries of caFture (A)
rvere computed b)" fie capture program {Whitc et at.
l9$2), If four capture occasions wore used, lxlpulation
size ues cstimated by the generalized rcmoval esnmare
in the .aplure pRrgrdm: hoth equal A dmong oc(asions
ard unequal & between thE fi{st Bnd subsequeni
oac{sions. The Fogram atso tested whether P" Nas
constant, b&rcd on a chi-squarc tcst (0=O,05). lhc
Zippin me$od, which assurnes equal pmbabiliries of
caplurc, was used lor Pa,ntcd Creek where tiree
capture oc.cssions wer€ conpleted.

A paired /-test (0=0.05) wa! uscd to comparc lhe
probabilil).' ofcrpturc ftom lhe firsr ci4)lurc occalion to
subsequent capure occasions in pools where a variable
protabilig of capture was used to estimatc
populations. A paired t-test {0<}.05) was also used to
examine difl'erences in population escmares ur(l
probabililies of capturc be(w*een thrce or jbur captur€
occasions for coho salmon j_ry.'. coho salmon pan, Dolly
Varden, and steel-head. Estinates lrom indiridual
pools that had valid cstim8tes for tbur capture
occaJions were used as the sampk ll|lil. lltirnarcs for
lhaEe captura occasions rvere made by r*computing *re
lirst three captus occasions f'rom cstimatcs with fbur
captlre oocasions.

DcpletioD and mark rccapture cstin)ates fiom rgachcs
in thc five smali strcams were compared by a paired t-
lesl ((H,05J,]hc test *as completed separatcly for
coho salmon fry. coho sslmon parf. and Dolly Vardcn.
Culrhroat tfout and steelhead were not captured in all
streams and $crlj rol lraluded in thq analvsis.

Nonnality a]]d hornogeneity of variance was {estcc
betbre use of lhe ,-resrs (SAS Insrirurc 1988).

ResultJ
Removal tslimates

Abundaacc of coiro salmon pan was Ejtinated for 47
p(xlls in Painted, Sal, and TrEp crceks. Eslimales iver€
rot computed (defncd as "Failures" b-l'ths computfr
FrograrD) in thrc€ pools for coho salmon Sy and Dolb,
Vardcn whcn lcss than l0 fish |i€rc caught durilg a]l
capture occasions. For lwo of the pools, f'ailures
occlrred rvhen more coho s:llmon lif .were caught
during eith€r the second or third capturg occajion lhan
during the 8r$ capture occasion. For the third pool. no
Dollv Vxrdcr rvcte capturcd du ng the first two
cirprurg occasions. 16 \l.cr€ captured during the third
capture occasion, ar 3 welc caplured durjng the fourth
caplurc o€calion. Sbelh€ad tvqrg captuaed onlv in Sal
Creek, and 3 failurcs occu{ed ortt of the l0 oools
sampled.
Iror all spccies, more than,l5ol. ofthe total catch in all
rcarhes of Pairtcd, Sal, atd -l'rap 

crcchs $ere taken
du.irg the fiIst caplurc occalion (Figure l). In most
cases, the numb€r of nsh captured during the fourttt
cdplure occasion was less tlan t57o of thg btal .a,tir.
lor all species excepr coho salnon fry, the probabili*-
of.apt!r. was grearcr than 0.3 for at least g0% ofthe
pools samplcd Ihcn it rvas assumed constanl fo. all
capture occasjori (Figure 2). Probabjlit) of capturc
was greater than 0.4 in more that 90yo ofthe pools lLlr
culthroal trout and steelhend. Coho sa.lmon fr-v and par
had the lo*est probability of captur.-. but more thar
50016 of $c pools orcccded 0-,t. ln mo$ cas€s.
howc\'gr, substantiaily fe*er coho salmol fr)- and pan
*rre caught upon eoch successrve sampling orca-sion,
clen rvith ,o\!cr probabilitie,r of captur€. for example.
in one pool, l2l, 95. and 5l coho sdlmon fry rrere
captured duting sncccssil.c oapture occasions_ fie
probability of capnre calculated to
{}.344. The 9596 confidenca intsrval ranged from j24 to
4?2 ish aiound thc popnlario[ esl.imate of 3?.1 frsh.
While ahe lowcr probabilibr of capkre resllted in less
precision, the lower confidence intewal rvas within
13% ond tie upper.onfidence inten'al witlin 26% of
the estinate.
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s€lectgd for Dolly Vafden and stcclhcad in all pools

of Sal Creck (Tablc l). ln Trap Cieek, the constant-
probabiliq-ot'-capture modgl wfls scli:cted for Doll!'
vcrden in 8lo,,o of the pools. A yariabl€-probability-

of-capt\rre model was used to eslimatc population

size for coho salmon uy- in fivc pools, for coho
salmon parr in cight pools, and for Dolly \rardln in
lbur pools. Only for coho xhnon lry rms &e
probabiliry of capture signiticadlly greater for the

first c0ptute occajion than for slbsequont capture
occasiors {Tabtc 2)-

Populiilion estimates and probabilitiljs ofcapture ior
thrge sample occasions $ere generally lower than
those computed for four sample occasions (Table 3).

Population cstimatcs for threc and four capture
occasions wtre signiicantly different for coho
salmon parr (P -0.011), but diffe.ences we.e nol
obserr,ed for population eslimates of coho salmon
fry and Dolly Varden. Diferences beween tbc

Fobabililies of captule fbr thre€ and tbur capture

occalion$ were observed for coho salmon ffy. coho
salmon pan, and Dolly varden. The probabilitirs of
caplure for three laplure occair'ons were Sreater than
thst rstimaled for four ctpturg occa.sions (Table l).
'fhd popuiatioo estimates or probabilities of capttlrc
for steclhead wcre not significantly diflerenl
between thrce and four capture occasiofls (Table 3).

lla& Recaptr/rc ahd Renoral Estimttes

Compari$ons of population cstinlates for th€ twg
mdlods showed mixsd rrsults arnong $p€cies, bul
gererally cstimatcs from thc ft{k-{€capture method
wcrc higher than thosc from the rcmolal nethod,
Mark--recaptuie and romoval eslimates were

significandy diffcrent for coho salmon parr (P
=0.049) but were oot sigrificantly diffcrctlt for
Dolly Vardcn and coho salmon fry (Figure 3I
Mark-recapture estjmales $€re higher in all streams

and lbr all $pecies except coho salmo! fry in Tlvi$
Crcek and llall-v varden ir Pirnia Creek. In both cas€s,

remoral e-ilimates had tridcr confidence irfervals than
the mark-rccapture cstimatcs. Rcmoval cstimatss for
both slreams had lo\r' probabilities of captur€ Bnd a
high number of lish captured dtlring the fnal capturc
occation.

Discus3ion

Problbilities of caplurc werd generaly hjgh, and in
most ca.se!. 5H5% of the population was capturcd
during rhe fLrsi sampl€ occasioo, I{oweler, cven with
high probabilities of caplure, under€stinutior of $e
population rllay be a problem bc

-i--.-COF 
i

i_a_ coe
i- *, . lll
:: 'r..Dv -

Praa 
'

Pata l Ltr a

q. painted Cr€ok

Its I 1|rlr, p.|a t p|ta {
Crdur Occr'ion

Frcuf,E l.-'i'he proponionofcohosalmonfry(L1)l'), !!ho
sa:non pan (COp), Dolly Vard€n (DV), cudhroat trout (C I),
and st elhead {S l { ) cipturri durin g eath mpturc oc* asrun in
Tr6p- Sil, &rd Painted creek for th€ redoval experihenl in
sou{herst Alaskz, lEi6.

Jn Sal and TraD creeks. both ofwhich had four
capture occ2sjooq thc capturc proglam comparcd
constqnt-capture probabilily end variable-{aplurF
probobility- ln most pools.lhe probabilities ofcapture
werc constant fhc cofl nant-probabilily.ot'c{ptui€
mod.l $as sclectqj lbr all spccies in 880/6of the pools

in Sal Creek and in 939'0 oflhe pools in Trap Creek

{chi-squar€, 0=0.05; white et al.

1982). The conslsnt-f,robahilit!-of-capture model $bs
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Probabillty of cspturo

FTGURT?.:Ihe Gkiionship beiveen prohabili|J of caplure ofsll five spccies and lhc number of tryjls expressed as a pmponion of
rotal pools sampled in 

_l 
rrp, Sal, Bnd Paifled cleeks for tl'€ r€moval exp€rimenl in sou$easr Alaslia, lglx,

0&use ofdit1ercnces ir probobilitie$ ot capture betwqen
sa.rnple occosions (Riley and Fausch 1992)-

Undcrcstimaiion rvould occur if the probabiliry of
capture was higher duriog the first sampie occasion and

lot{-ei dlring subsequenr sampling occasio$ (Rilcy
and f'ausch 1992). 'fhe bia$ can be accounted for ilthe
difercncrs bet*ecn Fobability of capture can be

derr'cted during the estimatior through thc us€ of four
capture occasions and the genaraliz-ed rcrnolal ncthod
(Whitc et al. 1982). Resuhs from this study agrec witb
ths rccommsndation of Riley and Fzusch (1992) rhat
fol]r caplure occa-rions bc usl\l for {ernovai €stimares

whenever possible.

Riley and Frusch (1992) ard thc numerous studics
they cite r€pon decreasing catchalrilit' alier th€ firsr
capture occasion during elcctrolishing and suggesr that
it is important to mainLain equal cflirn among all
sainples. Howeve( not onlJ" does the process of
electrofi shing impose a considerablc

TAar"E I .--+erornt of pools i{ilh conganr and wriable
probabililies of crpturc tor coho salmo{ liy, collo salmoo
pan, Dolly Varden, snd skelbead capurcd iD t*o str€ami in
joutheast Alaska. 1996.

Tl.pe of p{ebabilirl Colo slhmn
Pa$ Fl Dolly Yard€n

disturbancc upon the stlealn and inffudnce filh behavior
during subsequent samples, but it also imposes a
physialogical rgspon$c in fish that influcnces behaviot
on ilose that were shocked but not captured during the
first attempt (Mesa and Schreok 1989). M;nno$, traFs
are a p$sito captu.e method ard impo$ a much low9r
degree ol dislurbance than elwtrofishing. This
eliminales the effects of dislurbances if care is used
\,h€n lhc traps a.e $et and rctrieled.
Regardless oi the method used to capture fish.
assumplions of leftoval estimatcs must be mct that
jnclude isolation olthe sample a.rea durjng the sample
period. Rccruilrnent into tie sample area during th€
estimate will rcsulr in an upws(d biBs in the cstimate:
however, rccrritmont }las not obseNed in stldy
sc.ctions of the larger strcams duriog 6-7 h sarnplc
periods. lfthe pool within th€

'IABLE 2.-{omparison (pai|rd nte$t} bctween probabililies of
€atnrre (P.) on fir$ ard s{$scqu€nt caprure occasions in pmls
\\herr a variable probabilitv of capture was us.d to estimate

tr(lpulalions for cobo lalmon fry and parr and Dolly Varden in
t*,o \tresms in soulheast Alaslia, 1996.

Ii61 Subseq\:ert
srs€s clrtu.l caotorcs df P
ftno salnon 052] 001
l-ry P{ Do[y 0 J7{ 0 30? 0.5it6 4 t 0.8t
Vard€n 0.{35 A 23? i 0 06

dl
8

100 I

I

S.lCrali E0 l0{
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T,\DL!.3. -comparison (p?ired ,-r€st) bel\yeen J-sample and 4-sample r.moval eslimales ofpoFulatiot and probabil[ies of capture ftr
coho salmon fr! and por. Dolly Varden, lnd steelhead in Tlltp and Sal crctts. toulhsast Aldska" lyl6

M(s p,rpul.rrlJn .snhrr {D!r'bq otn*)
'ftrlcc

Man p.obdbiln] ot captwe

reach is not

fish from satman

$ithin thc "l 
P* 2424

pool may

be recruited

into nearby tullY

t122 61 2J 0 087
0.01-3

Iarge numtrers ol
juvenile

solmonids. They

also did rot
rcquirc as mally
lrBps as paols

*ith large

rol)trlads and

0 559 0,r,15 0.001

0655 0.573 i
0.008
l
0.i06

traps dudng subsequ€nt sarnpling occaljons. Flvidence

of recruiunent during the sample petiod may be ob-

scftcd then morc fish ard captured in latir sartple

occasions than during fie first or second samplc

occasions. Effort should be madc to capt!.c th€
greatcst rumber offish f.om the pool whilc conpletely
sarlpling the pool and maintaining equal sampling

etTort among capture Qccasions.

fulinrc$'ttaps have physical limitations that limit
their use as a capturc method. Thet do rot adequat{ly
sample rific habitati lherelbre. rhe mcthod is limited ao

pool habitats, Strenm depth must be sollicient to
submorgp the opening of ihe rap. 'l'h* elTective range

or orientalion of traited m;nnow traps has not been

systgmoticajly tcsted. but tmps arc tlsl|ally set parallel

to the ffow or h pools lrith minimal ffow. Extensive

feld experience it soulhtil3t Alaska suggests tha!

minrou traps are eflbctivc at a radius ofat least 2 ml a
downstream bias maj' exlcnd th€ range depending on

8m

coF coP Dv coF coP ov coF coP rry coF

6pecies

Row. Complex habitots, such as lsrgc, dcnse dehris
jams, ma1.' require a highsr densitt of araps than opeo

pools. Fish behavior and habitat preferences lvill
deteimine the distribution of trups. Lar$) sc{rur pools

rlith litlle cover and high ffows generally did not yield

sereral smaller connccted pools,

Alrhougi removal and mark-$capture esti-

I-TGURE J.-ThB cortpzriso of population €shfiat€s fiom
msrk-'r.captur€ and removal nrclhods b!, species for five
small sreans in southeasl Alaska, 1y)6-

6 4oo

b 30o

E

imo
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matcs in small strcamr 1!ere not signiliaatlly difl'arcnl t'br coho sallnon Ji-a and Dotly Vardcn. mark--'cc8Dturc mcan estimarcs
\\ ere 13- 170,'o greater thai rcmoval meai sstimates. Violotjons of at lcasl two assumprions, equal vu lnembilit_v of marked-to-
unmarked fish (L'ap-shy) and &rcater nlortality ol marled fish. could account for highcr mark-recapture estimates. Removal
estimates lverc ollen lorrer than mark-recaplurc cstimates- Nrahon {198U} and l}eterson drd Cederholm (198.1) gcnerall,v
athibuted rhis to decreasing probability oi caFturc upon successiv* caplurc occasions. Thsir cstimatcs, howevcr. ivsre der;ved
ftom eleclnrlishing and not by less-obtrusive methods, such as minaorv tr'dps. lhe genentlized removal program used a conslanl
probabiliq/ of capure llr 4ll lire of(he sreams rather than a variable Frohability ol caplurc, !-hich su!€ests the minnaw traps did
not affcct Jish behovior.

Removal mcthods have several advattages ovgr mark-recapturc methods. including the abiljt) to compl.te sarDpliog irl a
sirulc dty and rcquiring fcwer assumptions, Minno\r h0ps impose less s!.!'ss oa nsh than el*rofishing, though ca.re must be
hlieD $hen lish ar€ hsld for scvcral hours. ln streans that canoot b€ complcl$ly blocked, the shorter time intonal leeded ior rne
removal estimale redutes tie probahility of movemett and more closeiy satisfies me closurc assunption rhan is possible for
mark -recapture ei\periments thal require s€veral days berween the mark and r€capture. Tha assumptioo of closlr9 can scldomly
be accomplishcd in large strcams \aith greater flow volumcs. but shorl-term movement can be reduced during a rcmotal eslimale
throogh the lsc of samplc reach€s that arl, scparated by nstuftlly occurring obst uaiions. Mionorv lrap! cifefully phccd ln a
sream atd leii undisturbed, are also less likely to distlrlb lish &ar dudng electroushing or seining w-hen ser,cral people movc
through the Stream during each sa.rnlle occasion. Minnaw traps offcr ar} Btiractive altedadve for condrcling removal esdmates
lbrjuvgnile sslmonids. Siftiltt nelhods may be applicnble to olhsr speciei thst are susceptible to passive captrlle methods,
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