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Monitoring Plan Summary for Determining Trends
ln

Watershed Condition and Populations
of

Resident Dolly varden char, Resident cutthroat Trout and coho salmon
on the

Tongass National Forest

MaY l0' 2012

Introduction:

Dolly varden char, cunhroat trout and coho salmon have been identified in the 1997 Tongass

Land and Resowce Managcment Forest Plan as Management Indicator Species {MIS)' MIS 
.

trends ideally provide a surrogate measure of environmental quality that affects the biological

.o-*unity *d environmental condition, This monitoring strives tc characterize the ecological

condition and trends of watersheds and aquatic ecosystems on the Tongass National Forest. The

proposed monitoring attempls to rcspond to the following basic questions: Is the Tongass

i.lational Forost Plan mainlaining or restoring aquatic and riparian ecosystems to desired

conditions on Tongass Nalional Forest lands? Are population trends for MIS and their

relarionship to habitat changes consistent with expectations.

General Design

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

Monitoring Plan for the Paiific Northwest Forest Plan (AREMP) with some modifications.

Much of tie nanative and many ofthe figures and tables contained within this proposal is

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

The monitoring will look at the aggregate ofvarious physical and biological indicators to

e.,natuate waterihed condition, To be meaningful. a monitoring program should provide insigltts

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

responses. A primary step in developing an elTectiveness plan is to recognize the factors thal

infiuence the paramiter of interest. An overview o1'lhe conceptual model for the aquatic and

riparian ecosystems is shown in figure 1. 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 stressors'

Three physical subsystems (upslope, riparian and flood plain, and stream channel)

and ."ia"d biological componenti will be monitored. The processes occurring in the upslope

subsystem (i.e., in the watershed in general) are assumed to affec the riparian and flood-plain

subsystem and the stream channel subsystem. The riparian and flood-plain subsystem may, to

varying rlegrees, buft'er upslope influences on the stream channel subsyslem. Stream channel and

,ipariai attl modplain subsystems are coupled (i.e., influences are bidirectional) so changes in

rates or staaes associated with the processes and stressors in one oflhese subsystems will



usually all'ect the linked subsystem (Naiman etal. 1992). In contrast, rhe influence of
the upslope subsystem on the flood-plain and riparial and stream channel subsystems
is more strongly unidirectional (downslope). The inlluence ofriparian and aquatic subsystems
on upslope processes is assumed to be neirly, but not completely, negligible.

Processes perlinent to aquatic, riparian, and upslope ecosystems affected by the Forest
Plan are shown in figure 2. Processes are grouped into those that describe general ecosystem
function, wirh reiated key processes useful lbr designing the moniroring stfutegy. These key
processes are further developed as indicators in table 1.

Aquatic and terrestrial habitat development and the population dynamics ofaquatic and
riparian biota make up a set ofprocesses that provide a conceptual link betwein the
physical and biotic elements ofthis monitoring plan. The model depicts habirat development
as the composite cf the ecosystem processes listed. Thus, habitat development
and population or community dynamics are shown as features that inregiate general and
key ecosystem processes in the stream channel and ripariarlflood-plain subsystems
(fig. l). Similarly, habitat distribution, diversity, ccmplexity, and temporal and spatial
connectivily comprise a composite ofhabirat development as affected by naturaiand
human-caused ecosystem $tressors.

An integration ofprocesses and stressors provides the functional relations critical to developing
conceptual models for monitoring (Noon e1 al. 1999). specific aspects ofeach e.oryrt.. pioa..,
have been identified as stressors that affect the three subsystems. Although natural ana hulan-
caused stressors ar€ often diflicult to djstinguish in practice, the model lists examples of both
types. In keeping with the effectiveness monitoring strategy, srressors 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 subsy-stem indicators 
-upslope subsystem indicators such as vegeration composition,

seral stage, road density and percentage of cover-reflect processes influencing the eniire srream
network (Naiman et al. 1992) and are relevant indicators over the enlire
watershed. Data can be gathered largely by existing imagery and ArcGIS.

Riparian and flood-plain indicators-Riparian and flood-plain subsystem indicators
represent processes delivering sFucture, sediment, and nuirients 10 stream channels
over intermediate spatial scales, and they require finer scale analysis and geater initial
sampling intensity for validalion than do upslope indicators. It is suggesti rhat riparian
indicators be measwed ihroughout the stream network, which includes perennial, fishbearing
as well as pererurial nonfish-bearing and intermittent streams. Although materials
delivered by riparian and flood-plain subsystems initialry affect adjacint stream reaches,
they also affect the condition ofdownsrream reaches lNaiman et al. l99Z;.

In-channel subsystem indicators-ln-channel indicators such as residual pool frequency volume
and depth, particle size distribution, and large woody debris count will be measured at ihe reach
scale. In-channel subsystem indicators will be meazured withiil g stream seclions in each
watershed. Foru ofthe measured stream sections will be in the upper rvalershed upstream of



barriers impassable to anadtomous fish an<1 4 will be in the lower rvatershed within anadromous

habitat.

Fjgure l: Overvie'J,/ ofthe conceptual liamework

Landscape temPlate
r Geology
r Climate
r Topography

Disturbance processes



Landscape Template
Ceology
Climate

Topology

Vegetativ$ succession
groMh and mortality

wood Production
and tnnspon

Windthrow, insects
and patbogcns

Windthrow, timb€r
harvest, thinning

Fragmeolation,
debris and ntltrient
cvclinp

Soil cycle Sediment
production and
rrdnspon

Mars wasting,
Brosion, and debris
flows

Roads, mining, and
timber harvest

Nu?ient c),cling, soil
moisturc. formation
Iates, and sediment
regime

Hydrologic clrle WBt€r storage and
yield

Precipi6tion,
flooding and drought

Roads, mining,
timber harvesa and
climate chalge

Change in runoff
timing, magnitude.
and water storaee

Riparian nood-plair

gror4th and maftality and pathogens
Forcst managrment,
thinning and
recreation

F'ragmentation,
debris, nufient
cycling and changes
in nutrient cycling

Changes in lutrient
prodoction and
toxins

t.":::i:li,,"l
Hydrologic cycle Water storage and

yield
Precipitation,
flooding and drought

Roads, mining,
timber harvest and
climate chang€

Change in runoff
timing llagnitude,
and water storase

Energy Excbange Heat deliyery lnsolation and
shading

Forest management Changes in
microclimate and
waler temperaturc

Channel sructure Sedim$nt and
wood delivery,
habitat formation

Scour, deposition,
debris rranspora. and
channel ftigration

Forest management.
rccreation,
testoratt'on

Habitat loss, change
in stream channel
form and sediment
regrme

lralnerrgure work ot \tateiihed cond ition rtonrtonng



Table l--core indicators by ecologic process with preferred measnres and data fields

wate.sh"dKe},P"oc"s"IndicatorProtoco|Eva|U'tedDats
Subsection
and Process

Upslope

Vegetative
succession,

gowth &

Wood
Production and
transpon

Vegetation
seral stage and

senes

Cover by composition
and structure class

Proportion ot
watershed in
early-mid, and
late seral stage

Soil Cycle
Sediment
production and

Stream
crossing

Density of stream
crossings per square
mile

Density of
stream oossings
ner souare mile

Soil Cycle

Sediment
production and
transport

Road densiry Lengh and proportion
of road network
hydrologicallY
connected to the
stream channel

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

Soil Cycle

Sediment
production and

ransport

Landslides Protocol l1om
Swanson addressing
frequency, t1pe, and
location

Frequency, by
type. size and

location of
landslide

Riparian
flood-plain
Subsvstem

Vegetatite
succession,

growth &
mortality

Wood delivery.
community
structural

develooment

Vegetation
seral stage and

association

Cover by composition
and structure class

Proportion of
walershed in
early-mid, and
late seral staAes

Soil Cycle
Sediment

production and
transDort

Stream
crossing
density

Delsity of stream
crossings per square
mile

Density of
sream crossings
per square mile

Soil Cycle

Sediment
production and

tlanspon

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

Miles of road per
square mile
wilhin 300
meters of streams

Soil Cycle

Sediment
prnduction and

transport

Landslides Protocol I|om
Swanson addressing
fr€quency. type, and

location

Frequency, by
type, size and
location of
landslide



Table l-Core indicators try ecologic process with preferred measures and data fiekls
(continuedi

Watershed Key Process Indicator Protocol Evaluated Data
Subsection
and Procers

ln-channel
Subslstem

Channol
structural
dynamics

Sediment and
wood delivery

Channel cross
section

Monumenled cross-
sectional profil€

Bankfull width
and mean depth

Channel
structural
dynamics

Sediment and
wood delivery

Channel
movement

Monumented channel
Iongitudinal protlie

Water surface
slope

Channel
structural
drnamics

Sediment and
wood delivery

Channel
sinuosity

Stream lengtVvalley
length from aerial
photos.

Stream
length/valley

Channel
structural
dynamics

Sediment and
wood delivery

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

Pool depth,
volume and
frequency

Channel
structural
drnamics

Sediment and
wood delivery

Structural
complexity

Survey of LWD
counts in sample
reaches

LWD counts per
lineal measure

Channel
structural
dynamics

Sediment and
ra'ood delivery

Substrate
composition

Wolman pebble count Percentage of
fines and D50

Energy
Exchange

Heat delivery Water
Temperature

Temperature recorder Water
temperature
change

Hydrologic
cycle

Water delivery Water quantity Stage recorder Discharge
change

Biotic
Community

Biotic
integrity

MIS species
density and
condition
factor

Removal method
using minnow traps in
closed system siunple
reaches

Species density
and condition
factor change



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

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

sampled annually (Fixed watersheds) and 12 watersheds will be grouped lnlo four separate 
^

p-els lPa.tel uatersheds) of3 watersheds each and sampled on a rotating basis once every four

years (tabie 2).

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

perceivable future whileihe olher will be represenUtive ofpast, presenl and pfoposed future

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

assessment Jf trends more rapidly as well as provide information on natura.l variability.

The watersheds sampled on a rotating panel bBsis will ideally represent the finge of ecological

conditions and forest management across the Forest. The relatively small sample size will not

allow for extensive sffatification.

Selected watersheds have populaticns of: I ) resident Dolly Varden char and/or cutthroat lrout

upstream of impassable and peffnanen! barrier(s) and coho salmon young-of-the-year and parr in

downstream o"tionr. Four resident fish populated stream sections and four ccho populated

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

selected watersheds.

sample reaches will be in FP0, FPS, MMO, or MMS channels (see channel Type users Guide

for description). These less constrained, lower gradie nt (<6%;), smaller and moslly alluvial

channels support relatively greater numbers offish, contact a greater area ofthe flood-plain and

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

hy&aulics, and therefore habitats, and they are considered to reflect the integtation of upstream

watershed process (Reeves et al. 1998).



since thc lakes probaLrly provide quality over-wintering habitat and are thought to be little
afrected by fr:rest managemenl, we believe trends in fish populations may be less likely in
str€ams conneeted to lakes. t herefore, selected sample stream sections will ideally not be
associated with lakes.

Melhods for Fish Population Estimates:

Resident Dolly Varden, resident cutthLroat trout and juvenile coho salmon nill be monitored for
population lrends by repeat population estimates in permanenlly marked closed reaches of
stream. A three-pass to four pass removal method using minnow traps baited with 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 inrlicates thar
between 25 to 50 minnow traps are required to salurate thc reach and aliow for adequate caDlure
rates. Appendix A provides a publication containing more detai I on the removal *.thod.

Nalurai obstructions" like shallow riffles or small waterl'alls over large wood. should be used as
upper and lower boundaries for the study reaches. where possible, these natural obstructions
should be relatively permanent to increase the p4obability of persi stence for rhe life of the
monitoring project. In any case, the ends ofthe selected study reaches should be permanently
marked. Metal tags nailed to trees arc recoffinended as permanent markers. surveyors flagging
and notations on aerial photos are suggested to help relocate the metal tags. Gps coordinaGi
will be recorded also to relocate study sites.

Minnow traps should be set for approximately L5 hours at rvhich time all capiured fish will be
transfcrred to buckets. It is suggested the buckets have holes drilled in rhe sides and be nlaced in
the stream for water exchange to keep the fish aerated. The traps should be rebaited andieser for
another l.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 shou.ld
include thenumber offish captured by species and their fork lengths and weighr. The
recommended anesthetic is MS-222. All captured fish will be released unharmed within the
reach of capture.

Population estimates and associated confidence intervals uill be determined usine cAprURE
soflware program (White, l97E;.

Minnow trap funnel openings will be enlarged ifnecessary and maintained ar a l" opening size.
openings will also be coated with silicone to avoid the possibility ofinjuring fish upon eriry into
the minnow trap.

Fish caphre will occur dudng the months ofJune rhrough August and sampling will not be
completed during high flows.
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Appendix A

Estimating Fish Populations by Removal lvlethods *'ith Minnow Traps in southcast
Alaska Strcams

M.rsoN D. Bnv,q.Nr*
Unikd States Fbrcst Seryice. Patilic Notthwett ]l\search Sra on, 2 7tA Shet t+ood Lane 2A, Juneex, Ata*a 99t01. US,I

Absksct.- Plssiv'. capure melbods. sucfi &5 miruow tr,)ps, aro commonly used !o caplure frsh for mark-recapture populalion
$limates; holvever, the! halr not bfen xsed fo. rcmoval methods_ Mirno* Flps sel for 9trinin periods rturing three oi four sequential
capture sct6io0s dudng the summer of 1996 \,r€r. us€d to capure coho sa,mon Oncortrynchus tuutch fry ana pan, Ddly Vanlur
Salwli,l/': nalnc. crfilroal nout (). clarlrr. and.juveoile sr€Elhead O. mJ,ljjr 10 eslimat€ poputation size lvith_th9 Zippin o, gJ,"olired
.en8val method More lha'| 4596 of the totll .atch vras obtnjned during th€ first capture occasion, and in mosr cases. catcfdurin;ih;
fourth oocnsion *as less lhtn i5o/6 of the tolal cr|ch. ln oost pools, thc probability of captwe was gr*aler fiat 0-4 but was low; lor
coho stlmon fry than lor coho sdmon parl and other spcci$. Mljan population eilimatciibr coho salmon pan mad. with oonaufent
ma.k-r€captuae and removat m€$ods difsted si8nificaotly iu snull streams. Estirnates fiom mark-recapt$e and removal malhods *frc
not signilicantly ditfcralt tbr t.rlho salnron fo_ nnd Dolly vardcn, but nlart-rc.apture i:rtimatcs wcrc hrgh* than removsl vr5limalcs it
most aases, My results show thal remolal estinatui aan b€ oblained with minnow traps if sanpting procedures confom to the
nssumplbns rsquired lbr the mctbod.

obtaining prccise a]ld accurale estimates of fish used in these rlrcatrs, y€t syen thess mothods are
abundance jn stieams continues to challenge lishery limjred- l,ow con{iuctiviry and patrher of conrplex
hiologists. dcspite the devslopmc of sophislicatdd habirat rilh large *ood;- dctrris male rhe removal
mati€marical moddls. comrnonrJ'' used methods method of electrofishing impractical. snorkcr sune)rs
incJude ma&-recapture cxperimerrrs (Rickcr l9?5: also src impractical because ol complcx habitat and
Zubik and Fraley 1988) and removal estirnates (Moran poor lisibility in the dark *?tgrs ol' mary southeast
I95l; Zippin 1958: White er at. 1982). Thou€i snorkel Alaska srcarns.
surveys are also used io estimat€ lish abundance Rarnoval melhods have sayeml advdntases over mark-
(Narthcote and wilke 1 3: schill ard crifith 1984: recaprure methods to eslimarc fish nurnbcrs. tish are'lhurolr 1994), they require a scpa'utc e,srimale ofthc captured only onc., whioh eliminates |ria-s due to
population to calibrale rhe counts (Hankin 1986). bchavioral responsds to a trE, Fish do not n€cd r,o be
Mathemalical models for br:{h mark--rccalrture and murked, vhich removes assumptions that all marks sre
rcmoval €srimates sre w{ll-te$ted, but preJenl idenr;fied and t}at negligible moflality orcurs due to
substantial logistical chsllEnges to mcet rhg marking. The shcam section can bs sampled in t d.assumptions. which sutrstantially reduces tle Drobabilit! of

]{ark-recapnre €stimares are commonly used in movemenl by fish inio and our ofrhe samprc arca in
southea-sl Alaska and elsewhere to cslimatc populalions cases ifi which thc stleafi seciron cannor be isolatcd for
ofjuvenile salmonids, most commonl-v coho salmon the duration of thl: mark{ecaflure s€oucnce_ ln
Qncoryhnchus lisutch .-{rd Dolly Vafden Salre/rr?.a, addition, a ld mmpling efl-on simpliiiet logistics for
malma. ln small ( 4-m-wjde) stcond-lo third-order those locations thar are dimcult to feach and ;liminates
stieenn (Elliott ond Hubqr$ 1978r Dollofr lgtl: any differenccs in sampling elllciency rrue ro changes
Bryant 1934r Young er al. 1999), sample reaches in in fforv regimes (i.c., high-warcr evenis rh* occur aier
slreams widcr thfi 4 m and with highcr water flows nr6 marking and helorc or dudhg recapture)_
difficult to isolat€, and msjk-tecapture melhods arc not Passive capturo melhods are cornmonly us(d for msrk-
reliabl€ because ofmoi€nenl between safiFle pe ods. rccapture experiments tut arc scldom used for removal
High'fiowq common in southeast Aleska, also atlefl estimates. Minnow tlaps bar.ted with salmon egg-s are
mov€ment and catchability bcrwa\n sample peri an efectile m.thod for capturing juvenilc salmonids

aod hove be€d usgd ift numer
i !-rnail: mdbryantofs.fed.us R.rccived Alril 12, l99t g23
ac.epled M.rch 10. 2000

ods. Rcmowl meahods or snorkel suneys ore oftcn

l0



ous studies thtoughout soudlea^st Aiaska (Bloom 1976:

llliott and Hubart 1978; Dotloff 1983: Bryolrl 1985).

Mir,now trdp! hav{ not bt!'n Lrscd for rcmolal

popllation cstimates but have setcral advartdSes ov€a

.lectofishing: lhiy'' are id5s hlr-miul to rh. fish, djsturb

the sirearn lcss, cat bt used qmciedl-' in complex

habi|ats. Erd are not dependent on the waler ch€mistry

of ihi strealn (Mes{ and Schlrl-k 1989; ltilcy and

Fauxh 1992; llolletder and Carlil]t 1994i llabers el

al. 1996i Rqnolds 1996). Alihough minnow x'dps ilre

not eflictiv. in rillle or fast-'trater habitals, they olldr a

les$int u$ive allemativc to electrolishing in streams

$ith Dools or sh$.moying \*ater. However, theit use

as a removal niethod fbr population estimates ha.\ not

been studied.
\'ly purpose is to determine ;l minnow traps can tle

used as a removal msthod to €stimate populsrion sizes

of fish in slrcams. My first objectivc is 1o delerrnine if
minnow lraps capture a sumcient pAf1 ofthe Population
on each capturg occlrsion 10 cstinrate populatiotl siz€ of
ju!'enilc salmonids using a temoval mqthad and to

€xamine probabilities ofcapturc in natural streams My
sccond objecrive is to dercrmioe if concurent nark-
rec{plure estimates and rcmoval estimsles through t}e
rrse ofrninnoB traps dirle. signiticantlJ",

M€(hods

The stu{t},was conducled on live small $econd'to

third-order streams, Convenience, Picnic. S*itzer,
Twiw, and Tye creekl and three rnedium.size founh-to

{ifih-order streams, Painted. Sal- ajd Ttap creekq in
s{ruthcast Alasta during the summer of 1996. the
small streains were ail l€ss than 4 m in bank'full widrh

and had sumnrcr mcan Bo$s ol less lhan 0.5 m /s The

medium-si2€ streauns wsre greatqr lhan .t m bul less

thaB 30 m in bank-full width ard drlined into salt

warer. All streanls suppo(gd populatiols of coho

salmon and Dolly Vard€n. Stleelhead Onchofi)atchus
,ay&rsr and cutthtoat ttout a cfurli \rpre iound in some

streams and *erc not s)mpalric in any slfeur that was

sampled. Coaslrange sculpios ColrxJ aleuticas *erc
occasjonslly caplured bul not included in the estimalst.

The rhr$c medium-sizc st €ams *'$e semplcd wjth thc

removal {stimate only. Concunedl $atk_{rcapture and

removal eripetiments werc comple&d on all five small

nrcztms.

Mark-recaprure atd removal methods tc{luire clos€d

populatians: therelbre, sample rerches \a9re selecied to

minimijre emigtatjon or immigration during the sample

period- in the {i!e small $tteams' the sample reaches

rang€d ftom 100 to 150 n 6.nd $ere blockcd by nels,

$cirs. or birniers at bo$ .nds lb. the duralion of thc

exrreriment, usually 3-4 d. In lhe three medium'siz-e

strearE. nsts could nol be used: tatural barriers werc

used to isolate the reach and pools within the rdach.

Therje included iong, shallorv ri{fles ( 5 cm depth) or
submerged logs that lully spanned thc strcam, lbrmitg
a drm. \\'hils compiete isolation \l-as nol rchi9ved. fish

movumclt agross thase barriers wrs not obselvod

during samplr'ng. llhich usurdly laited no longet than I
h irl oach sitc.

The remorirl rxporimenl \tas complctcd in I d on each

mcdrum-sizc slream. Thrae cgpturc ncca\ionj wera

used in Painted Crl.ek the lirst stream samplcd irith the

removal method. Fout cnplure occasions were used on

I rap and Sal crci:ks. lleaches rangcd it length fr'lm
ahout ?00 to 3{X)

m. lndiridual p(x)ls were identified and counldd in each

reach. Ar least 50% of the Jr{}ols were randoml}

selecled ard populalion e:itimates wsre cofiputed for

lish in each pool. l}le size ofthe pools ranged frcm 9.7

to 1.480 rn', the averogc size bcing 2ll8 m . One lo thret

pools \rere sampled concuftentlt drpending upon tleir
sizc and complcxity. Once a pool 1\as selecled, s€ople

localions for $e minnow uaps {3'2-mm mesh size: 19

cm diamel$ and 15,5 cft long) we.e sclccted.

l)istanccs bct\reqn traps depended upon hahilat

complcxity, but gererally tmps lvere separaled by

about 2 m.'Iraps wc.e set more detsely in complex

habitats (i.e., pools vith large amounts of rvoody

debris) thar in more open pools- Belwee$ 40 and 50

lraps wgrc set lbr iach iemoval expcaiment

Traps lr€re brited with salmon e!€s (disinf€cted for l0
min \lith 1:100 beildyne to rvrter solution) hcld kr

perlbraled -'whirlpaks." Trags were sct or the slream

bottom ncxt to suspected habilat oljuvenile salmonids,

such as *oody dtbtis, roorwads, or undcrcut banks, bul

wcrc distributed to completely sample the pool. 'l'raps

r*ere left undisturbcd lor 90 ! l0 min and then rrEtc
picked up in the same order in which they netc set.

Fish werr removcd. and tresh bait rvas placed in each

trap. Tiaps ltcre sct a8ain in rhe same lo.ations. Fish

from cach pool and capturg occasion w€lg processed

s*paraaely. Whilc the second srt was lishin& tie f{sh

from the fiFn set \aere identified, coutrcd, measurcd

(mm). a.nd weighed (n€are$t 0.1 g), Data from cauh

caplure occa-sion were ideotjtied by numbir ( I , 2, l, or
,t). each oi $hich id':ntilied the capture o{ctsion. The

procedure was rcpeat€d rhree to four times. dcpending

upon tJre dcsired number of capturs occasions Fish

from $ach caoture occasion ,r€.e placed in N holding
nel

ll
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(or blocked minnow traps) until the last cirpturc
occasion l\a.s comDleted. st \rhich timc all filh were
retumcd to the saane area from rrhich thcy r|Te
capturcd. Populariofl sj?€ was eslimatcd for cach
species in qNh pool. Coho sslmon $ere classificd as
rDs {age 0) or pan (agc l+) based on antl}sis of
lengih-licqucncy data. Coho salmon wcrc considered
to be fry ifthey were l€ss than 50 mm in June, less than
5J mm in July. or less than 60 mm tn August.

The same prucedures ibr lhe removal €stimate in the
mcdium-sirc strearns *ere used in the small ltrcams
during rhe conculrent mark-rccatlure uro rcmoral
s\periments- SsJnple rgachss, \rhich llere 100 !g 300
m long and rangcd in areu fiom 68 to 274 m - could be
easily saftpled with 4(150 traps. The fitire rcach r!-as

samplcd during one ixpgrimcnt and poFulatior sizi
was |]stimalcd for the sntire reach. All fish were
markc{ durjflg four capture occasions in thc rcmoval
cstimale, Rhich sc gd as the mark sample in a silglc-
census Pet€rson mark-recaplur€ r'stimate delermined
by the Chapman modilication (Rickc. 1975). I}c
tecapturc sample was completed during one csprure oc-
casion 3-4 d aller thl, fish rvere lglsasg!- 41; 615 w.,.
identifed by speeies and measured. Recaplured ma.ked
iisb *crc recorded.

Remo€l egtinates and probabjuti€s ol capture (A)
werc computcd by the capture program (White et al.
l9ll2). ll lour capturc occ&sions iverd us€d. population
sj?r \aas e$imated tjy thc genemlized rcmoval estimste
rn lhe capture pro*ram: holh equaL A among occtrlion!
and unequal A be reen lhe fir$ and subsequent
oscesions. The program aiso testcd whcther P, was
constant, tlased on a chlsquanc test (0<).05), I'hc
Zippin method, ivhich assurnes equal probabiLilies of
capturc! was uscd aor Paintad Creek where three
capture occasions \rers aompleled.

A paired l-test (0-0.05) was used to (lomp0re lhe
ptottability ofcapturc frqn the Srst caplure o.casion to
subscqucnt caplure occasions in llools wfiere a r.ariable
prohabiliry of capture was lsed to estimate
populations. A paired r-test (0=0.05) was also used ro
examjnc difl'erences in popularion estimates and
probabililies ol' capurc bet*een three or lbut raplure
occasions for coho salmon li;.r. coho salmon parr, ltolly
Varden, md stcelhead- Eslimal,gs from indilidual
pools tiat had valid eslimBtes for tbur capture
occasions rvere used as the sample ullit. Eslimaaes for
lhrcc captufe occasions were made by rccompuling $e
lirst three caphlle occasjoDs liom estimates rvith lbur
caplute occllslons.
Deplction ard mark-rccaplur€ e$im8tqi from reachgs
in lhe fivc small streams *ere compared by a paired l-
tcsl {(}=0.05), 'lhc tesi wa.r compicted separately lor
coho salmon flv. coho salmon parr. and Dolly Varden.
Cuttbra{l trout and steeL-head wcre not capturEd in all
Strcams and \acrc not included in thc $nalvsis.

Normaljty and homogeneity of variance lvas tested
before us€ of tie r-tests (SAS lnstitute l9S8i.

Results
Removal l,slinates

AbundMce of goho salmon plrr was cstimated for 47
pools in Painted, Sal, and TraD creeks. F.stimatsr werd
not computcd (delined as -failu.cs" by thc computer
pfogram) in threc pools for coho salmon fq and Dolly
Varden whon lcss tha[ l0 fish \rere csugbt dudng all
capturc o.€asions. lbr tuo of th€ pfi)l\ failures
occurred ryhen more coho salmon ILv \.verc caught
during either thc se{ord or lhird caDtu.e occasion than
during lhe linil capturc {tccasion. For t}e third pool, no
Dol]y Varden *ere captured during the fif$ tqo
csprurq occaiions. 16 |}erc captured duing the thjrd
caplur€ oc.asion. and 3 were .aptured during tie fourth
caplure occnsion. St€elhead tvcrc captursd onll/ in Sat
Creek. and 3 fhilures occuned out of th€ I0 poals
sampled.
For all species, more thaD 45% oflhe total catch il] all
&'a{hcs of Pailrtcd, Sal, and ]mp creeks wetc tak!'n
durirg thg firsl captute occasion (Figure t). In most
cases, the oumber of fish captured during the fou*l
capl$c occasion was less *ran li9'o of rhc total carch.
For all species exccpt colo sulmon jly, the probabiliB
of captore was grearer fhan 0.3 for at least g0% of th€
pools sa$pled when il lvas assuned con$ant for all
capturc occasjons ([igure 2). hobab;lity of capture
\las greater rh€n 0.4 in more *sn g07o ofthe pools tbr
cutthroal lrou! and stcelhead. Coho salmon rrlq and parr
had the lolrest probabilit] of capture, but more than
50o/i of ths pools elcecdcd 0.;1. h mosr cases.
howsvsr, substantially fewer coho salmon fry and part
llcrc caught upon cuch successilr sampling occa^sion.
clqn vilh to*cr probabiljties of capture. !'ot e,ranple.
in one pool, 123,95. and 5l coho salmon fr) werc
capturcd durjng successil'c capture occlsions_ Thc
probability of caflu.e calctlated to
0,34{. The 95% confidcncc iDtenal ranged ftom J?4 to
472 fish around the popularion esdmate of 374 fisll
While fte lo\trr probability of capturs rcsulted in less
pnecision, the lo\$er confidcnce intewal was withit
l3?; aod rhe upper confideble inter,-al wirhin 26% of
thc estinraie.
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CrpnJr Occclion

t_r6LlnE I --'I19 prgportronofcohcsatmonfty(Col-), coho

salmon pad {COP}, Dolly Vardn (DV), cuttrroal troul (C f),
lnd steelhead (SIt) captured durirg mch capluri occaslon In

Trap. Sat. ard Pdnled creok for ih€ ftnoval tlxperimenl tn

sourlclst Alsska. 196.

ln Saland Trap cr€eks. both ofwhich had four

capturc occasionE thc cspturc progmm .ompared

con$ant-capt{re probabiliO atd variable-capturo

probabiJity. ln most pools. thc probabilities ofcapture

werc consnnt, Tbe constant-pfobability-ofcapture

model was selccted for all specics ia 88oi ofthe tools
in Sal Creek ard jn 939'o ofthe pools in'frap Cr€ek

(chi-square. ft-0.05i Utjte et al.

1982). The constatFprobattilit]-oicapturc modcl w8s

selccted for Dolly vatdcn afld steg]head it all pools

of Sal Creok (Tablc I ). ln Trap Crctk, {hc constanl-

probability"ol'-capture modsl rvas sclcctqd ibr Dolly
Vard€n in 8lo/o of the pools. A variable-probability-

of-capture model was used to estlmatc populallon

sizc for coho salmon fry in five pools, for coho

salmon parr iri eight pools, and for Dolly Vatdefl in

four pools- Only for coho salmon fry rvas the

probab;liq of cBpture signilicandy geater for rhe

firs't capturc occasion thafl for subsequ€nl capture

occasions (Tnble 2)-

Popullrlioo estimates and probabilities ofcapturc tor

thr€e sample occasions werc gcnerally lower tlan
those comDuted lot four samplc occasions (Table 3).

Populatio[ estimates for lhree and foui tapturc

occasions w€te significanlly dillerent for coho

salmor pa.rr (.P -0.011), but djffetonces werc not

obsened for population estimalgs af coho salmoo

fry anLl Dr.rlly Varrlen. Diffcrcnccs bct\lcen thc

probabiiilies of capture fbr tbree and fbur capturc

occs.sions wste observed for coho sirlmon fry" coho

salmon pdrr, and Dolly Vatd.o. The prohabjlities of
caplurc for thtee cafture occasions were gtcater than

that estimared for four caplu€ occnsions (Table 3).

Thc population cstimales or probabilities of capturc

for steelhead were nat signiicanily differetlt

belween three and lbul captun occasions (Tabl9 3).

Ila*. Recapture and Renotal Estimctes

Comparisons of popuLation estiruates for thc lwo
methods sholed mixcd tcsults among spscica, but
generally estimatcs from tie milrk-lecapture mclhod

wcre hjghcr than those from the rcmoYal mL.thod

Mark-recalture and removal eltimatcs $erc
signiicantly different for coho salmon parr (P

=0.049) but were not significantly di{ferent for
Dolly Varden md coho salmon fiy (Fjgut 3)'

Mark-{ecapture estimates wet€ highci in all strcrms

and lbr all specjes except coho salmon {ry in Twi}v

Creck amd D0lJy Varden in Picnic Cr€ek ln boll cases,

removaj estirnates had wider con$dencc iotgrvals than

the mark-<ecapture eslimatcs. Rtmoval esimatcs for
both slreams had loly probsbiliti€s ol capture and a

high number of lish captured during $e inal capture

mcasion,

Disc!tlion

Itrobnbililies of capturc utrc genstally high, and in
mosl cases. 5H5% oi the population wa^\ captured

during the firsl sampie occasion, llow€vet even uith
hjgh probabililiis of rlpturt underestimation ol lhe

population nray b€ a problsm be

IJ
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FICURE L-The .elationship belweeo prtlbabilitl of capturs of all fye speci.s b1lj rhe numbcr of pools expr.ssed a$ a pruponion of
total poolc sampled in lrap, Sal,.nd PainrEd creets ft'r lhe romoraj erperiment in soulbea{ Alask6, i996.

cause ofdiflererces in probabilities of capture between
sample occasions {Rjley and Fausch 1992).
Underestination would occur if the probabiliry of
capture $'.s higher during the first saiople occasion and
lower durirg subsequent sampljflg occasions (Riley
and fauslh 199?). 'fhe bias can bc :rccounted for ifthe
differcnces betreen probability of captu.e can be
dere(ed during thc estirnaxion throlgh the use of four
capture occasions and &e generali?"ed rcnroval metbod
(White et al, 1982). Re$lrs from this study agree wiih
lhe fecomm{:ndation of Riley and lausrh (1992) thar
four captute occasions bc usrrl for remoyal estimates
whencY€r possible.

Riley md lausch (199?) ard the numEreus sruores
lhe-y cite report decreas;ng calahabiliry* aller the first
c0pturc occasion durimg .lectrofishing and sugge lhat
it is impoAanl 1() rnaintain cqual elliln among all
stu1tples, HoFcvcr. not only does thc pmcess of
elcchofi shioS impose a considcrable

l.rG!€ | 

-Pfraent 
oi Dools $ith conslant and variable

probabililies of captrre iot coho sallnon tif, coho $lmon
pln Dolly Varden, fid sleclhead caDturgd in t\yo strEBms in
southe8st Aliska, 1996.

Type ofp$babil,ry Coho salaon
?tn Fr! Dolt Vdlql

disturbance uFon the stream and influence fish behavior
during slbsequent samples, bul it also imposes a
physiological response in fish that jnilucnces bchavior
on thos. that wer* shocked btt not cuptured dudng the
first atempt {Mesa a$d Schrcck 1989). Minnow raps
are a panstle capturc method and irnposc a much lo\agr
degree of disturbsnce than elertfofishing. This
eliminalcs the effects af disturban(€s if car€ is used
$hen the tmpl ure Jct ard retrieved.
Regardless of the method lsed to oapturc ish,
a-ssumptions of lelnoval estimates must be mct that
include isoldtion ofthe sample arca du ng $e sarnplg
period- Recruitmsnt into the slmplg area during the
estimste will rcsult in ar! up$Brd bias in dle estimam:
howevet rccruitment was not observ-ed in study
sr.ctions of the largcr streams during 6*7 h ssmple
p$iods. lfthe poolwirhin rh€

TADIE 2.-{omparison (paiad l.test) berween probnbil hier of
caphrre (P.) on first and subscqueni cap(irre occesians in pooLs
$/here a variobla probabilitj, of captllrc urs us€c to csttmate
F$puldlrons lor coho salmoo fry and pan and Dolly Varden in
lwo streamr in southezsr Alaska. 1996.

Iirsl Slh*qreDl
SrEci,is callue € $$ df I
Colto slnor 0 521 0 0l
lry Pu Doll! 0.5?4 0 30? 0.J16 41 0.8j
varden 0415 A.212 I 0.06

dt
I

100 ISrlCrek 80 100
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T^8LE l' -. comparisofl (paired ,_test) bel\r€.o l-stmple atd 4iample (€moval dsdmate! ot Populatron and probabilitied ot capture lbr

loho lalmon lry and p0ri, Dol,)- Vard.n. and stdclhead in Trap md Sal creeLt, southra$ Alaslt 1996'

Nlcin pop{lalion .snh!!c {!rumbe! ot frrh)

-lllee

reach is not

6sh hom lat.on

within thr Ft'- P'r
pool ma!'

be recruiled
Jnto nearby blly

raps during subsequont ssmpliDg occasions. llYidince
of recruisnent during thc sa$ple period may be ob'
scrved r,hen more fish 8td captured in later sample

occasions than during lhe first or second sample

occasiong. Effort should he made to capiurc ttl€

greatest number ofish ftom thc pool while conpletely

sarnpling the pool and maintaining equal sampling
gtTott among capture occasions.

Minoow tlaps have physical limitations that limit
th€ir use as a capturc method. Thcy do not adequatcly

sample riiie habitat: thereforc. rhe mcthod is li.tited lo
po{rl habitats. Sream depth must b€ suilicienl to
submerge the opening of th. lrq)- l'h€ $ffoctive rangc

or orientation of baited mionow traps has not be€n

systematically tesled, but traps are usualiy set tJarallcl
to the flo\r or in pools with minimal flow. Exlensilc

field experience it southcag Alaska suggesls that

minnow t aps are cffective at a mdius ofd lcast 2 m; a

dqlvnstream bjas miy exlcnd the rarrge dtpendjng on

600

100

Specles

flow. Complex habitsts, such as large dcnse detlris
jams, rnay rcquire a high!'r density of trsps that opgt
pools. Fish behavior and habitat pr€feretces wiil
determin€ the disttibution of tt"ps- l,&rge scow pools

with little .over and high tlows generally did not yield

Md pr$bebiln! ot.aplu.

large numbers of
juvenile

$rlmon;ds. They

also did not
aequirc as many
trdps as pools

wit} largs

motwads and

several smaller connected pools.

Althougi rernoval aod mark--recailute esd-

!',cuRE l. The {orlipltison of poFrlation esbmates frorn

mrrk{ecapture and temovsl melhods by species li'r fiYe

small sir€3ms in sootheAll Alaska, i!)96-

0.001

0.008
t
0.006

24 24 5121 6125

saturatcd
' ' )De'Etltrtn lrapst;;-
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matcs in small St.eamt were not significanll)' dillerEnt fbr coho sitlmon liy and f-)olly Vardcn- mark-rerapturc mean estimales
were 13- 179lo gfeater ahan rcrnoval stean estiinatcs. Vjolations of at leasl trvo ogsumptjons. equal vuirerability of marked-to-
unmarkcd lish (trap'shy) nnd grealer trlo(aliLy of ma.ked fish. could account lor higher mark-r€oapture es(imares. Remorai
estimirtes wcrc olien lo!+-s lhan maJk{ccallure estimales. Mahon (1980) and I'rtclson and Cederholm (1984) generall.y
aftihuted this to decreasing probabiijty ol caplurc upon successit€ caplure oc!'asions, Thejr estimlrlclr, horevcr. rvere derjved
Aom el€cholishing and nol by less-obrusile method\ such as minnow traps. The genemL;zed removal program llsed a r;ons6nt
pn$abilitr oi caprure for alL fi!'e ol the s$eirus rither than a yiiriahlc probatrility of caprure. u-hich suggesrts the nrinnow traps {lid
rot affc.ct fish tehovior.

Removd m€thods hare several ndvanlages ovcr mark-recaptuft melhods. including the abiljty to complcte sampling in a
single day and requjring fg$er {ssumptions. Mimo\t trsps imposc less stress on fish than elechofishin& though carc must be
taken \rhen ftsh are held for severill hours. ln streams that cannor be completely blockcd, the shoirr time inlcnal needed for rhe
remor'al estimat€ red!.es lhe p'robability oi movement and morc closely satirfi€s the closui, assuDption rhan ir possible for
mark-recapturg expgriments that requife se!€ral davs belwecr lhe mark and recapture. The assumption ofclosufe c8t1 seldomly
be accofiplished in la4e streans with greater ilow vollmcs, but short-t rm moy€m€ot can b€ reduced during a removal estimale
lhrough the use of sample rcaches that ate separated by nrlumlly occurring obstruclions, Minnow traps, carefully placad in a
stream and lefl undisturbed, are also lq;s likell to digurb iish fian during electrolishing or seining whcn several peopl€ move
throuel the st.eam during each sample o(casion, Minno\r trdps otllr an atractive altemative fbr conducling removal estimate*
for juvcnile salmonids. Similar methods may be applioable to other spccies that afc susceptible to passive caplurc methods.
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