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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 10,2012

lntroduction: .

Dolly Varden char, cutthoat trout and coho salmon have been identified in the 1997 Tongass
Land and Resource Manageme.nt Forest Plan as Mandgement Indicator Species (MIS). MIS
trends ideally provide a surrogate measure ofenvironmental quality thal affects the biological
community md envimnmental condition. This monitoring strives to characterize the ecological
condition and trends of watersheds and aquatic ecosyslems on the Tongass National Forest.'Ihe
proposed monitoring attempls to respond to the lollowing basic questions: Is the Tongass

National Forest Plan mainlaining or restoring aquatic and riparian ecosystems 1o desited
conditions on Tongass National Forest lands? Are population trends for MIS and their
relafionship to habiut changes consistent with expectations.

General Desisn

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

The monitoring will look at the aggegate of various physical and biological indicators to
evaluate watershed condition. To be meaningf'ul. a monitoring program should provide insights
into cause-and-effect relations between environmental stressors and anticipated ecosystem
responses. A pdmary step in dcveloping an effectiveness plan is to recognize the factors that
influence the parameter ofinterest. An ovewiew of the 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,
geologyr topography, and soils, to naturai and human-caused slressors.

Three physical subsystems {upslope, riparian and flood plain, and stream channel)
and related biological components will be monitored. The prccesses cccurring in the upslope
subsystem (i.e., in the watershed in general) are assumed to affect the riparian and flood-plain
subsystem and the stream channel subsystem. The riparian and flood-plain subsystem may, to
varying degrees, bufl'er upslope influences on the stream channel subsystem. Stream channsl and
riparian and floodplain subsy'stems are coupled (i.e., influences are bidirectional) so changes in
rates or states associated with the prccesses and stressors in one oflhese subsystems *.i11



usually all'ect the linked subsystern (Naiman ct al- 1992). In contrast, rhe influence of
the upslope subsystem on the flood-plain and riparian and sl.ream channel subsystems

is more strongly unidirectional (downslopc). The in{luence ofriparian and aquatic subsyslems

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

Processes pertinenl to aquatic, riparian, and upslope ecosystems affected by the Forest

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

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 habita! development and the population dy"namics ofaquatic and

riparian biota make up a set ofprocesses that provide a conceptual link between the
physical and biotic elements ofthis monitoring plan. The model depicts habitat development
as the composite of the ecosystem processes listed. Thus, habital development
and population or community d1'namics are shqwn as features that integrate general and

key ecosystem processes in the stream channel and riparian/flood-plain subsystems
(lig. l). Similarly, hab:itat distribution, diversity, complexity, and temporal and spatial
connectivity comprise a composite ofhabitat development as affected by natural and

human-caused ecosyslem stressors.

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

conceptual models for monitoring iNoon et al. 1999). Specific aspects of each ocosystem process

have been identified as stressors that affect the three subsystems. Although natural and human-
caused stressors are often difficult to distinguish in practice. the model lists examples ofboth
types. In keeping with the effectiveness monitoring strategy, stressors are intended tc be value-
neutral (i.e., they can be either positive or negative like roads, which represent botl road removal
and construction).

Upslope subsystem indicators 
-Upslope 

subsyste.m indicators such as vegetation composition,
seral stage, road density and percentage of cover-reflect pmcesses influencing the entire stream

network (Naiman et al. 1992) and ere relevant indicators over the entire
lvate$hed. Data can be gathered largely by existing imagery and ArcGIS.

Riparian and flood-plain indicators-Riparian and flood-plain subsystem indicators
represe processes delivering structure, sediment, and nutdents to stream channels
over intermediate spatial scales, and they require finer scale analysis and greater initial
sampling intensiqv for validation than do upslope indicators. It is suggested that riparian
indicators be measured throughout the stream n€twork, which includes perenniai, fishbearing
as nell as perennial nonish-bearing and intermittent streams. Although materials
delivered by dparian and flood-plain sutrsystems initially affect adjacent stream reaches,

they also affect the condition ofdownsteam reaches (}'laiman et al. 1992).

In-channel subsystem indicators-ln-channe.l indicators such as residual pocl frequency volume
and depth, particle size distribution, and large woody debris counr 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 rvatershed upstream of



Lraniers impassable to anadromous fish and 4 will be in the lowef wateruhed within anadromous

habitat.

Figure I : Overview ofthe conceptual framework
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ligure 2: Conceplual llnnlework of lydlershed condition monitoring



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

W6tershed
Subsection
and Process

Key Process Indicator Protocol Evaluated Data

Upslopc
Subsystem

Vegetative
succession,

growth &
mortality

Wood
Production and
transpoIt

Vcgctation
seral stage and
series

Cover by composition
and structue class

Proponion of
qatetshed in
early-mid, and
late seral stages

Soil Cycle
Sediment
production and
ransDort

Stream
crossing
density

Density cf stream
crossings per square
mile

Density of
stream crossings
per square mile

Soil Cycle

Sediment
production and
lransporT

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

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

Soil Cycle

Sediment
production and
ranspofl

Landslides Protocol from
Swanson addressing
frequency, type, and
locadon

Frequency, by
type. size and
location of
landslide

Riparian
flood-plain
Subsvstem

Vegetative
succession,
gowth&
mortaliiy

Wood delivery"
community
structural

development

Vegetation
seral stage urd
association

Cover by composition
and slructure class

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

Soil Cycle
Sediment

production and
tftlnsport

Stream
crossing
densitv

Density ofstream
crossings per square
mile

Density of
stream crossings
ner square mile

Soil Cycle

Sediment
production and

uanspolT

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

tftlnsport

Landslides Protocol from
Swanson addressing
{iequency, type, and
locaticn

Frequency, by
type, size and
location of
landslide



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

Watersbed
Subsection
and Process

Key Process lndicator Protocol Evaluated Data

In-channel
Subsvstem

Channel
structufal
dtnamics

Sediment and
wood delivery

Channel cross
ssclion

Monumented cross-
sectional profile

Banktull *idth
and mean depth

Channel
stluctural
dynamics

Sediment and
wood delivery

Channel
movement

Monumented channel
longitudinal prollie

Water surlace
slope

Channel
structural
dvnamics

Sediment and
wood delivery

Channel
sinuosity

Stream length/valley
length from aerial
photos.

Stream
lengthlvalley
lensth

Channel
structural
dynamics

Sediment and
wood delivery

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

Pool depth,
volume ald
frequency

Channel
stluctural
dynamics

Sediment and
wood delivery

Structural
complexity

Survey of LWD
counts in sample
reaches

LWD counts per
lineal measwe

Channel
structural
dvnamics

Sediment and
wood delivery

Substrate
composition

Wolman oebble count Percentage of
fines and D50

Energy
Exchange

Heat delivery Water
Temperature

Teffiperature r€corder Water
temperature
chanse

Hydro.logic
cvcle

Water delivery water qutuitity Stage recorder Discharge
change

Biotic
Community

Biotic
integrity

MIS species
density and

condition
fector

Removai method
using minnow traps in
closed system sample
teaches

Species densit_v

and condition
factor change



True rvatersheds (6th-field hydrological unit) forms the basic geographic unit for moniloring.
Fourteen watersheds will be sampled over an 8 year period. Two of the watcrsheds will be
sampled annually (Fixed watersheds) and 12 watersheds will be grcuped into four separate
panels (Panel *atersheds) of3 wanersheds each and sampled on a rotating basis once every four
years (table 2).

One of the annually sampled watersheds is within an unmanaged condition currently and into the
perceivable future while the olher will be representative ofpast, present and proposed future
active management activities. 'l-he annually sampled lixed watersheds will allow for the
assessment oftrends more rapidly as well as provide information on natural variability.

The watersheds sampled on a rotating panel basis will ideally represent the range ofecologicai
conditions and foresl management across the Forest. The relatively small sample size will not
allow for extensive stratificatiorr.

Selected watersheds have populations of: I ) resident Dolly Varden char and/or cutthroat troul
upstream of impassable and permanent barder(s) and coho salmon young-of-the-year and parr in
downstream sections. Four resident fish populated stream sections and lbur coho populated
stream sections of approximately 100 meters in lenglh will be sampled within each ofthe 14
selected watersheds.

Sample reaches will be in FP0, IPS, MM0, or MMS channels (See Channel Tlpe Users Cuide
for description). These less constrained, Iower gradient (<6%), smaller and mostly atluvial
channels support relatively greater numbers of fish, contact a greater area ofthe 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 integralion of upstream
watershed process (Reeves et al. 1998).



Since the lakes probably provide quality over-wintering habitat and are thoug.ht to be little
aftbcted by forest management, we believe trends in fish populations may be less likely in
streams comected to lakes. 'Iherefore, selected sample st eam section$ will ideally not be

associated with lakes.

Methods for Fish Pooulation Estimates:

Resident Dolly Varden. resident cutthroat trout and juvenile coho salmon will be monilored for
population trends by repeat population estimates in permanently marked closed reaches af
stream. A tfuee-pass to four pass removal method using minno*' traps baited with disinfecrcd

salmon eggs. Ternporary block nets will be deployed on the upstream and downstream ends of
the sample reach to rcstrict fish movemenl while sampling. Ptevious experience indicates that

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

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

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

upper and lower boundaries for the study reaohes. Where possible. these natural obslructions
should be relatively permanent to increase the probability ofpersistence for the life ofihe
monitoring project. In any case, the ends ofthe selected study reaches should be permanently

marked. Metal tags nailed to trees are recor[nended as permanent markers. Surveyots flagging
and notations on aerial photos are suggested to help relocate the metal tags. GPS coordinates
will be recorded also to relocate study sites.

Minnow traps should be se1 ibr approximately 1.5 hours at which time all captured fish will be

tansfened to buckets. It is suggested the buckets have holes drilled in the sides and be placed in
the strearn for water exchange to keep the fish aerated. The traps should be rebaited and reset for
another l.5-hour petiod. While the second set is fishing. fish captured during the first set should

be processe.d. This can be repeated for three to four cycles. Data coliecled for each set should

include the number of fish captured by species and their fork lengths and weight. 'Ihe

recommended anesthetic is MS-222. All captured fish will be released unharmed within the

reach of capture.

Population estimates and associated confidence inten'als *'ill be determined using CAPTLIRE
software program (White, 1978).

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

Openings will also be coated with silicone to avoid the possibility of injuring fish upan en1ry into
the minnow trap.

Fish capture will occur during the monihs ofJune through August and sampling will not tre

completed during high Ilows.
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Appendix A

Estimating Fish Populations by Removal ivlethods lYith Minnow Traps in southeast

Alas*r Streams

MAsoN D. BRYANT*

(lnitr(I St ct loresr Se't/]e, Ptcific Norlhwest R$eafth Stalton. 2 t-70 Steruood lane 2.4..hnealt, 'l!os*a 9180.1 L1f"1

,lhrrrca- psssive capture methods, guch as minnow EI]ps, aro gommonly used ao caplurc fish foa mark-{ecapture populat,on

€stimates: hotygvar, lh€y iave not been rL.€d for r€movtl meihods. Mindow traps 5et lbr 9O-ftin periods dlritlg ihrae or four scqucntlal

capture occasions during tle ssmnei of 1996 wcrd rts€d to €spturi coho salmon c't&r]"nchus hsutch fry atd pan' Dolly vard€n

iotuli.," ,ot^o. cutthioat trour 0. c/.rrl]. 6nd juvenii. steelb€ad a ft) tt$r io erili ale populalion sizi lrilh the zippin or ge enlized

rcmoval ethod. Mor. ihar 459,o of ihe lotal catch vras oblrined during th€ nrst capiure occaslofl. and in most casig- lhe catch duti$g the

fourth occasion was l€ss th8n lJ% of th. totsl calch- tn o)o pools, thc probabilit) of cspture l}as greater than 0.4 but was lowl3t fot

coho saimofi frr'- than for coho saLmon prrr and olher Jpccies. Mean populstioo cilimares lbr coha lalmon pat made with {oncudetl

nrark recapture and rernoval methods dilTered signi{icantly in smell strer.ms. lslimatcs ftonr rark rccaptore and removal methods wele

not sipitisantly different for coho salnton Iry and Dolly Vs.dcn, bur maik-rccaptur. sttimat$ rd.clc highcr than rcmoval lstimatas m

*ort 
-cases, 

My res 1l5 show tbat remolal estinales can he obranrd *ith minnow asps if sampling pra{,odures mnform to the

asswplions rt{tuirsd tor tic nrethod.

Obtaining precise and accurate estimares of fish

abund$ce in streams conlinues to challerge lishdry

hiologists. dcspite the dcYelopment of sophisticaled

malhemadcal modnls. Cornnonly uscd methods
jnqlude mark-recapture cxpcriments (Ricker 1975:

Z-ubik and Froley 1988) and rdmol'al cstimates {Moran
l95l; Zippin 1958; White cl al. 1982). ThouEi snorkel

survels ate also usgd to estimats fish abundance

(Northcots aDd Wilke 1963; Schill and Crifith 1984:
'I hurow 1994), thoy rcquirc a seplrate qstimalc of thc
population to calibrate ths counts (t{ankin 1986).

Malhematicai moddls for both mark--{ecapture aJld

removal cstimate.s are {'tll-teslcd, but pcsent

substanliat logislicll chdlleng(' tu meet thc

assumptlons,
Mark-rccapturc estimates are commoniy used in

southeast Ala.ska and clse\vhere !o cstimalc poplllalions

ol juvenile Salnronids, most commonlv coho salmon

Oncoryhnchus itst c& and Dolly Varden So&efi-zas

nralma. in small { 4-m.}vide} sccond-to third-order

streans (Elliott snd Hubsrtt 1978: Dollaff 1983:

Br'lnt 1984: Voung et al. 1999). Sample reaches in

sbeams widtr than 4 m and $ith hilter warer llo\}s atc

difiicuh 1o isolrte, and matk--recaplure rnethods ate nol

rcliable because of tnovernett betlieen satnple Peiods.
ttigh flows, commoo in soulheast Ahska, also allec!

moremenr and catchabilit) bcrtlcl.n sarnplc plri

* h-mail: trtdbryantofs.fe{us Ricelvcd April l:. ls99l

rccepred Mitch 10, 2fi)o

ods. Rcrnoval melhods or snorkcl sutveys arc oilcn

uted in these $treans, yet even ahese methods arc

limited. t,o* conductiviry aad patches of complex

hahita! $ith large rvood! debris malis the removal

method of ele0fofishing impractical, Snorkel sunc)'s

also are impractical beoause of compiex habital ard
poor visibility in the dark waters of man)' southeast

Alaska Jtrcam!.
Rcmoval methods have ssveral advuntag€s over maJk-

reaapture mcthods to esaimare lish numbers, Fish are

capturcd only once, which Eliminates bias due to
bchavioml respoos€s to a tr6p. Fish do tot n€ed to be

mar!,ed. which removcs altumplionli that all mBrks are

idenliJicd alld that negligible mofialiD* occurx due to

marking, The stieam s€ction can be ssmpled in I d.

which suhstantially reduc€s thc probabiiit-v of
movement by fish into a$d out of the samplc area jn

cases in whioh lhc strcatn sestion cannol be isolated for
the duration of the mctk{ecapture scquenc€. In

addilion. a ld sampling effon simplifi€s loSistics for

thosc localion! thal atJ dimcull to teach and eliminates

any diffcrcnces in sampling ellicienq- due |o changes

in floi} regimes (i.c-, high-*aEr events thal oc€ur alicr

marking and belirrc or dllring recapture).

Paisive capture melhods are commonly us!{ lor mark-

recapturc e\penmcnls hut arc teldom uled tor remo\al

esljmates. Minnow traf,s baircd with saimon elgs are

an cfTcclive method for captrring juvenile salmonids

ond hove been us{d ln numer

923
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ous sl$dies throughout south!'att Alaska {Bloom 1976:
ELlioft and Hubaft 1978: Dolloff 1983: Br-varr 1985),

Minnow trirps hfivc not beeri usad for rcnro€l
population cstimirtes bu! hare seveml advanages ovcr
electrolishing: they are less harmlll to the lish, dislurb
the steam less, can be used efficiertll- in somplex
habitats, and are not dependent on the w{ter chemistry
of tie stream (Mcsa ard Schrerk 1989j Riley .ritd
Fausr"h 1992; Ilollender and Carli$e 19941 tlab€ta et
al. 1996; Reloolds 19 ). nlthorgh minncw |raps are
not effectil'e in dfile oi last-v,der habita6, thc)- oller a
less-intrusive ultemative to elecuoiishing in rrrcanr
\rith pools or shw-moving }}ater. llowc"-er, thei lrse
as a aemoval mcthod lbr population cllimates has noi
bcen studied.

M] purpose is to detemjne if mitrnolv traps can be
used as a removal method !o estimde population sizes
oflish in streams. My firsr objectiv€ is to detixrnine if
minno$ traps aaplurc a sufncicnt part oflhe populadon
on each mpture occas'on 10 estimsle population sizc of
juvenile salmonids using a removal m€thod $nd to
examinc probabilities olcapture in Mtural streams. My
second objecrive is to ddlermine if cqncurrent mark-
rgcaplurc eslimates and rcmoval cstimiites thaough the
us€ ofminnow lraps dillcr signili cantly.

ivtethods

The study was conducEd on fi!'e small second-10
thjrd<xdcr streams, Conlcn:ence. Picnic. Svi?rr,
Twiw, and Tye crceks. md three medium-siz.c iounh-to
fiih-arder strejdms, Painted. Sal. ond T€p c.eeks, in
southeast Alaska dudng the summcr of 1996. thc
rmall strcams rrcre all less than 4 m in bank-fuii width
and had surnner mean iows ofless than 0.5 mJs. The
medium-size staearns \vere greater than 4 m but less
than 30 m in bank-fult'*idth:md drained inro salt
warer. All streams supportcd populatiols of coho
salmon and Dolly Vaiden. Steelhead Oncharlrynchus
/r/,trir and cufth.oat trout O- cldrli wsrc lound in somc
s}eams and were not sympairic in any srn am thal was
sampled. Coastra[gc sculpins C'pft-l.r dleuticls werc
occusJonalll. captured but not includcd in the estimates.
The thrc€ medium-siz,€ st(oams werc samplgd \rith the
rcmoval cstimate only- Concrrrcnt markJccaplure and
removal rxperiments wcre compleled on all liv€ smsll
3rteafis_

NlarlFrecapture and removal methods rix.luire closed
populatjons; therelbre, sarnple reaches lrre selected 10

minirniz€ emigration or immigration durjng the sample
pcriod. ln the li,-e small sreams, |he sarnDle leachcs
rEnged iiom 100 to 3J0 m ar}d were blocked b,v ncr!
wei6. or barriers at both ends lbr thc duratio of the
er(perimcnt, usuall) l-4 d. In the thrcs mcdium,size
slrcams, nets couid not bl} us€d: oaturtl badels werc
used to isolate the rrach and pools wilhin thc rcarh.
Thesc inckded lon& shallow rifnes ( 5 .m dcpth) or
submerged logs fiat fully spanncd rhc stream, tbi-.nin8
a d!m, \{'t}ile complele iriolation was not achieved, lish

rllov*rBent across the$ barrie6 was noi obseIved
during sampling, *hich usually lasred so longer than 8
lr at cach site.

The remoral cxperirnent wts completed in I d on each

medium-sizc $ream. TlRc captufc occirsi.Jns *ere
uscd i'l Paintsd Creck, th€ lir$ srrcam sampled tri|h the
remo,/al method. l-our capturc occasions were used on
'f.ap and Sa1 crecks. Rcaches ra.oged in lenglh from
about 200 10 3{X.}

m. Individuil Dools *crc irjenlified and counted in each
rcach. A! least 50y. ol the pools were rdndomly
sslecled and populalion estimates *ere compured lbr
lish ir rach pool. The si/c ofthc pools rangrd from 9-7
to 1,480 m^ the average sjze being 288 m'. Onc to tbree
pogls wcre sampled concurren y, depending upon thgif
size and compleritt_. Once a pool ilas sclected, sanple
lo.ations for thc rrinBow traps (3,?-mm mesh size: 19

cm diam.:ter ard f5.5 crn long) uerc selected.
Distances brt\lrcrl traps depended upo'| habiial
complcxjty, bur gcnerall,,- lmps $,cre separated by
about 2 m. Tmps wcre set more densely in complex
habitats (i.c., pools *-ith large arnounts of Eoody
debfis) than in more open pools. Bet$€en 40 and 50
lmps *ere set lbr each removal cxpcriment.
Traps \-!cr. baited with s3llnon e!€s (disinfected for l0
mir with l:100 betadlne to .lyater solutior) held in
ped?'rated "whirlpals." Traps wcrc sct on the 9 €am
bottom nexl to sirspectcd habjtat ofjuvclile salmonidq
such as }oody dcbril rootwads, or undsrcul banks, but
were disrribulcd to complelely sample the pool. 'l raps
{ere leli undisturbed lbr 90 } l0 min and then were
picked up in thc same order in which thcy rvero sct.
Fish wgrc removcd- and li.esh bait rvas place.d in €lch
trap. I raps werc set agnin in the samc localions. I'ish
ftom each pool and capture occasion $ete proccsscd
scparaiely. Whilc thc sccond sct was fishing. the lish
ilom the first ser vere identified, counter! measlred
(mm). and rveighed (nearlsl 0.1 g). Data trom cach
captr.lre occil\ion were identiJied by number (1, 2. 3, or
4). each oi lvhich idenfncd tlc capture occasion. The
procedure was rcpeatcd three 1o four times. dcpending
upon lhe dcsi.cd number of capture occasions, Fish
from €ach captuie occasion *ere placed in a holding
ngl
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ESTTVATING FiSH POPUT- TiONS BY REMOVAL,

(or blocked minnow trapsJ until !h. last captutc

occasion \\-as cornpleled, at lvhich lime all fish wi:re

rctumcd 1{} rhe saile area fiom which ihey *erc
captured. Population size $i!s eslimoted lbr each

species in each pool. Coho salmon \tete classified as

fiy lage 0) ar parr (age l+) bascd on analysis of
lenglh-lreqlenc] data. Coho saldon lere considererl

to he fi-v if tley werc less than 50 mrn in Jote, less thatl

55 mm in july. or less rhan 60 nm in August.

The same procedures for ths remoYal €stimale in the

tucdium-si7,c streruns \'!erc uscd in the small slrcarns

duaiDg the aoncurrgnl mark*reoapturc and tcmotal
cxpe.imerts. Sample resches, lvhich wcle 100 lo 300

m long and rdngcd in atca trum 68 to 2?4 m. cor-ld be

dasily sa$pled with .10-50 lraps. The entire rcach was

samplcd during one experiment and population size

was eltimated for the ettire .each. All fish were

markcd during fow csplurc occasions in thc tcmoval
Estimate, which 6.rved as the mark sample in a singlg-

aensus Peterson mark-aecaplure estima€ detelmined

t..i th. Chapman modification (Ricker l9?,5). The

rerapfure Sample \vrLs compl€ted durinS on9 ctpturc oc-
crsion J*4 d after thc lish were released. A1l lish $ere

identified by spcl'ies and measu.ed. Recat nred marked

lish wl,rl: r€corded.

Removal estimates ard probnbilitics of captur€ (P.)

were computed by the capture prograrn {While et al.

1982). It lilur caplurc occasjons wcrc !sed" populslion

size was esrimated by the generaliz,cd remoral estim8te

in thc captulc progr-dm: horh equrl P. irmong occasionJ

and mequal A lrehreen th€ fi$t and subsequen!

occasions. The progftsn also l.slcd }lhsther A tras

corstant, hased on s chisquarc tcst (0=0.05). lhc
Zippin m.{hod, $hich assumes equal ptotabililies of
oapture, w4s used lor Painted Crcel *here lhree

capture occnsians w€le cotlpleled.
A pairgd f-tesi ((F0.05) wa.r used to compa.€ lhe

pmbabilitJ: ofcaptutc from lhe firsr capluae occ"tsioo lo
subs€quent capture occa.sions in pools where a vatiable

probability of .apture wrs used t{} eslimate
populations- A paircd t-test (0-0.0J) wal also uscd to
examjnc difGrenccs in population ei-timalEr dnd

probabilities of capure b€tween three or lbul capturc

occasions jbi coho satmon 1'ry. coho sa:mon parr, Dolly
varderl ard stcel-hcad. listimates lron jndividual

pools tist had vaiid estimates lbr lbur caplurs

occasions were used as the samtle uDiL llstinalc! for
three sdpture occasions wcre mide by rccomputing lle
lir$ rhree capture occasjons liom cstimatL's rvith fbut
caplure occasions.

Dcpleiion and mark-rgcaplure r'slimates l'rofi rcaches

in $e five snull streams inere compared by a paircd F
rssr ((H.05).'llo tcsr tras compltted separately for
coho salmon fry. coho salnlon parr, atd Dolly Vardefi.

Cutrhroat lront and steel-head \+ere nol capturcd in all

sfrqams and .tlere not includcd in thc dnalysis.

Normaljtl and homogeneity of variance was tcstcd

before use ofthc r-tssts (SAS lnsthutc 1988).

R€sultr
Remoedl F,s,imates

Abundance of coho salmon palr was cstimated for 47

lools in Painted, Sal, and lrap creeks. Estimat€s were

not computsd (defined Bs "failures" by thc computer
program) in thf€e pools for coho salmon liy ond Dolly
Varde$ whct l.ss thall 10 8sh wcrc ctugh! during all
eapture occasions. For two of the pdlls' tailures
occunrd when rnore coho sirlmon liy were caught

during either the sdcond or third capl$e occi.sion thon

during he lii:I capturc occasion. Fo. the third pool, no

Doll.y Varden \rer€ captured during lhe fir'n ilto
caplure occasions, 16 were captured during lhc thjad

csplure ocrasion, and 3 were caplur€d during frc fourth
capture occa.sion- Steelhead rt916 capturcd onl]- in Sal

Crech and 3 failures occuned out o{ thc l0 pools

samPl€d.

[;or hll spccies. ]nore than 45o/. ofthe total catch in lll
rc'aphes af PaiDtcd, Sal, ard lrap cr.cks werc lakel
duri g thc first capture occasion (Figure l). In most

casei thc number of fish captured during the fouith
cap{ure occaJion nils l€ss lhan l5olo of the iotal caich.

For all speci€s exc€pt cobo salmon li), th€ probability
of caplur* was greal€r than 0.3 for at least 80o/o of the

pools sampled Nhen it rvi$ assumed constart fbr all
caplue occlsions (figure 2). Probabjliry of capture

wa-s greater than 0,4 in more than 9091, ofthe pools lbr
cunhrgal kout and steelhcad. Coho salmon fi-v and part

had lhe lo\rest probability of capturc. but more than

i0% of the poois erceedcd 0-,1. Io most crs€s.

howevsr, subltartially fewer cobo salmon fu- and palr
wr:re caught upoo cach successive sampling occr-siott.

cvcn with lowgr probabilities of capturc- For cxample.

in onc r)()ol, l?3, 95, and 5l coho salmon t) rverc

captured durjrg successi\r captu.e occosions. Thc
probabiliq of capture calculaied to

0.344. The 95% confidence intelval moged f'ram J24 to

4?2 Ssh arouod thc polxrlarioo €stirnale of 3?4 fisi-
\lhile .he lo*er probability ol'caprure resulted in ltss
precision, the ktwer confidence inter.ral was $ithit
ll9; snd rhe uiper confidence iotgwal wkhin 260.6 of
the estimata.
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sclected lor Dollt Varden and stcelhe-ad in all pools

of Sal Creck {Tablc l). lo Trap Cr!'ek, the constanl-
probabiliq-ot:capture modill 14as selected for Dolly
Vorden in 819,o of the pools. A variabie-probability-
of-capture model was uscd to estimate population

sizc for coho salmon f in five pools, for coho

salmon parr in eight pools, and fot Dolly Varden in
four pxrls. OnLv for coho sulmon fry was the
probability of capture significMlly geatet for lhc
lirs1 cltture occaliofl than for subsquenl capture

occasions (Table ?),
Population .slirnsles al]d probabililics ofcapturc fot
thrqe sa|]lple occasions werc gcneaally loi,yea th8[
thosc computod ior forr ssnple occasions (Tablc 3),

Population cstimatps fo. three and four captute

occasions rvere significand) dillcrent for coho

salmon par (P =0.011), but djffcr ce-s werc not
observcd for population €slimites of coho silmon
lry and Dolly varden. Dilferences between the
probabilities of capture fbr tl]rce and tbu. €pturt
occasions were obscrved ioa coho $lmon fry" coho

salmon parr, and Dolly Vlrden. The probabiljties of
oaFlure for three caplurc occrsjons *ere greater thatl

that estimared lbr four capture occasions (Tabl€ 3).
'[h9 population cstimales or probsbilities of capture
lar slecthead lvere nol significantly differcnr
bet*'een tbrec and lbur caprurc occasions (Table 3).

Marl,- Recapnre and Remoral 
'.tliaatetComparisons of population estimates for the two

mcthods sho*ed mixed rcsults among $ecies. but
generally cstimates from the mark*Ncapture method
rwrc highcr than thosc from &c rcmoval mo'thod.

Marl-recapture und removal eslimalEs were

significandy dillerent for coho sdmon parr (P

=0.049) but were not significsntly dilfcrent for
Dolly Varden and coho sahron fry (Fig$re 3).

Mark--recaplure estimates \r'ere h;Bher jn all stteams

alld fbr all specjes except coho salmon urq in Trvirv

Crwk and Dolly Varden in Picnia Creck. ln both cases,

rernoval cstimates had wider conlidence inlervals than

1.hc msrk*recapture estimatrs. Rcmoval gslimates for
both sl.cams had low probabililies of capturE and a
high numbcr of fish captured du ng the fnal capture

occasion.

Discusriotr

Probabilities of capture rvero geni'rally higb, and in
most cases. 5M5Yo oi the population was captured
during lhe fi$t sample orcasion, llo*eler, even $ilh
high probabilities of capture, underestimation of th{,

popllation ma)- be a problen be

th.a t P.ri, th'' t paa I
Captl.rr O{c'rion

lilcuRE 1.'l'tte proponionofcohosalmonfry(C0F), coho

salmon pan (CCIP), Dolly Vatdn (DV), cutlhroat t.out (CT),

and steclh.ad (SIl) captured dutitg each cetr,iJe occlsion m
'Imp. 

Sa.l. aod Prrnted cre€l(s for the rcmovtl exp{rimcnt in

southeGt AIaskB, 196.

]n Sal and Trap crceks, both ofwhich had four
capturc occasion! thc coplure program conpared
consrantcatture probabiliq and valiable-capture

probability, In most pools. th. probnbilitics ofcaplure
were constart. l-hc constqnFprqbqbility-olbapllre
modcl was sslected lbr all sp€ci$s ifl 88o/o ofthe pools

in Sal Cre€k and in 93olo ofthe pools in'l'rap Creek
(chi-sqru.re. 0-{.05; White e{ al.
1982). The con5tant-Frobabilit-v-ul:capturc modr:l wts

tl
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calse ofdilTerencas in probabilitigs ofcapture bctwcen
sample occasions (Rjls), and Fausch 1992).

Underestirnation would occur if the probabilily of
tapturc was higher during the first sample occn-sion and

lol{-er during subsequenr :iampiing occasions (Rilq
and !au$h 1992). 'lhe bias can be accounEd for ifthe
diffcrences bclwcen probsbility of capture can be

dqtecled dudng the estirnation through the llsc of four
capture occ?tsions ard fi€ genefaliz-ed renlolal metbod
(Whit€ el al. 1982). Resuhs f.om this study agree irjtll
the reoomtncndation of Riley and tausch (1992) that
fo1|f caplwe o€casions be usrd lbr removal eslimalcs
whencver Dossiblc.

R;ley and l'auich (1992) and thc $umcyous studies
they cile repoft decreasing catchability aflgr the fi6t
capturc occasion durimg clecuolishing Bld suggesr that
it is important to maintzin equal dflilrt among all
sarnplet. Haw.\er. nol onl]_ does the process of
elcctrofi shing imposc a considerable

TArll | .-Icrccrt of pools wrth conslaBt and va$able
probabiliries of capture for coho salmon fi, aoho salmon
par. Dolly Vardcn, and ileelb(4d capaured in rwo sae.dms in
southeasl Alnik& lqt6.

Tr". olp$babiliry Colo salmon
I'e lrt llolly V&de!

disturbanoe upon th€ stream and influence filh behavjoi
duling subsrquen! samples, tlut it also imposcs a
physiological rcsponse in fish that influcnces bchavior
on thosc lhsf w.rc shocked bljl not captured duJirg thc
first atlempt (Mesa and Schreck 1989). Minnow raps
arc ! passive capturc method and impose a much lower
d€gres of disturbance than electrofrshing. This
eliminirtes the effects ol disarlrbdnc€s if c6re is used
when lhi tmps are set and rel-icved.
Regardless of thc method used to caprure fish,
a-ssufiFtions of removal estimates mutt be rhet that
include isolation ofthe sainplc arce during the sample
pcriod. Rccruitment into the samplg ar€a during the
estimirte will resul! in an upward trias jn fte estimate:
ho\4rver, rccruitnrtrt $as not obserled in study
scltions of the laigcr strcams during 6-7 h sample
pc.iods. Ifthe pool within ft€

l 
^tsl-E 

2.--'{lomparison {paired r-tesr} ba(ween probabililies ot
cap$rf iA) on flnt and subseq ent captuc mcasions in pcnLs

wherr a variabld probability of capturc was {sed to €stimate

Iopulalions for cobo salmon frr and pnr. and Dolly Varden in
l*o \tr€ams in soulheast Alaska. 1996.

Ii61 Subs.qD.nt
sftli.s capiur cae$rcs df /,
&l$elFon 0 5:l 0.01
fry Pd Dolly 0 J?l 0102 0.5,16 4 .1 o.EJ
V$den 0Jl5 1i.212 J 0 06

d!

100 I

I

SalCr€€k 80 100

l4



T^3 LE 3.-Comparison (paired t-tes0 btbveen ,]-satnplc and 4-samplc rcmoval eslimales ofpopllation and probabilities olcspntn lbr
coho salnon fr} and plrr- Dolly Var&n. snd s!e.lh$d in Tmp and Sal creelis. soudeasl Alaska- 1996.

Nl6popdariotr esdmsrc (rumbq of 6*)
Thie

Md robatiliD afcaplu€

reach is not
salurated

5122 61 25 0.087
00t3

0 559 0..t4-< 0001
0.655 0.5;-t i

0 008
J

0.tlj6

iarge numbers of
juvenile

salmonids. They
also did not
rcquirc as m6ry
traps as pools
wjth iarge
rootlYads and

. . SD.ciest4ltn traps-;fi-
hsh iiom sal.on
tl,irhin the F., Par :.{ 24

pool ma]
be recruitcd
into nearb" hllY

tmps during $ubsequ€nt sampling o.cariont. F,vidence
of re.ruirnsnt during the srrlnplr pcdod may be ob-
sarvcd lrhen more fish are captirred in latcr sanple
occas;ors lhan during the 6rst or second sarnFle
occasions. Effort should b€ made to catture the
greatest number offish from ihd pool whilc completel'
sampling the pool and maioaaining equal sampling
cffort among caplure occitsiolls.

lvlinno$ traps have physical limilatiols rhar limir
their tise as a capture method. Thcl do not adlAuately
srmple rjfflc habitati thereforc. thc method Is limited to
p{}ol habitats. Sre€Jn depth must be suiicient to
submerge th€ opening of rhe lrap- 'Ihe elleaive rangc
or oricntalion of baited minnow tlaps has nst bern
systematicall-r tested. bui t aps arc usuall! set palallel
to thc flow or in poels lvith minimill flow- Dxtensive
fieJd expcriencc in southeast Alaska sugSests thal
minnow ttaps orc et'Tcctivc at a.adiu: olat lcast ? fit; a
downstream bias mal ertend [he ro'1ge dependi]rg ot

6m

Specleg

flor, Complex habilats, such as lafge. densc debris
iams, ma."' rcquire a highcr dcnsity of traps than open
pools. Fish hehavior and habitat p.eltrences will
dctermine the dislribution of traps. l-arge scour Fools
with little cover imd high flows gencrally did not yield

several sllloller connccted pools-
Allhough removai and mark--recapture esri-

frcuR! J.-lhe coaptrison of population estjmales fmm
mark-{ecapture and removqL melhods by spscics for five
small slre3ms in southcrlsr Alaska, lyt6.

'6 .00

o
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mntes in small Strcamt werc nol signlficantly ditlcrcnl lbr coho salmon l'ry dnd Dolly varden mar'crccaplure mcan estimates

were l3-l7o/o grcater than rcmoval me8n osiimslcs. Vjolntions of al least lwo assumptions, equal vulnerabilitl of markcd-to-

unmurked fish {trap-shy) and grealer morlalily of marked fish. could account for higher mitrk-recapture eslimales. Removal

ertimatcs werc otien loeer ihan mark-r€capiure eslimatcs. Mahofi (191i0) aod l>.tsrson end Cederholrn (l9li4) gdnerally

attributcd lhis to dec.eaiing probabilily of capture upon successive capture {rccasiots. Thgir estimntgs, howelcr. wer€ der;ved

liom elect(rlishing and not by less-obtrusive methods, such as minno$ traps. 
_Ihd 

generalized remoYal program used a consldn!

probability ofcapture for all fil,e {ri lhe srre.a$s rather than a varishle probability ofcapture. whicl't suggesls thc minnow traps did

rot a6ect fish behavior.
Removal msthods ha\e selc.al advantagss over mark-recapture mcthod\ including the abilrty to compl{tc sampling in a

single day and r€quiri!',g fewer assumptions. lvlinnow traps imposc less strcss on fish than electrofishing, though caue must bc

taker Nhen fish are heLd for scvcral hours. In srreams thxt canno! b(J comFlelely bk clied, the shoner time intenal nceded ior the

removel estimste reduces &e probabilit! of movemcnl ard morc closely satislius the closure assurnFtion rhan is possible for

mark{ecapturg cxpgrifieflts that require several dsy$ he!\,r'een lbe madi and recapture. The assumption of closure can seldomly

be accomplished in large streams vrith great€r flow volumes, but short-term movement czLn be reduced during a rcmoYal estimate

through thg usc of sample reaches that are scpamtcd by odumlly occuriing obsltuclions. Minnow t.aps, ca.efully placed in a

sr€am and Iell undisturbed, are also less likel) to disiurb lish fiao during slectroli:hing or seining $hen seveml people move

throug! the srean during each samplc oscaiion. Mirno\r tlaps offer an atfactive altehative for conducling removal eslimates

li]I juvenile salmonids, Similar melhods Ina!, be applicablc to olher speciei drat aJe susceptiblc to passile c?pture melhods.
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