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Monitoring Plan Summary for Determining Trends
tn

Watershed Condition and Populations
of

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

Tongass National Forest

May 10,2Ol2

Introduction:

Dolly Varden char, cutthroat ttout and eoho salmon have been identified in the 1997 Tongass

Land and Resource Management Forest Plan as Management Indicator Species (MIS). MIS
trends ideally provide a surrogate measure ofenvironmental quality that affects the biclogical
commqnity and envimnmental condition. This monitoring strives to characterize the ecological

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

proposed monitoring attempts to respond to the following basic questions: Is the Tongass

National Forest Pian maintaining or restoring aquatic and riparian ecosystems to desired

conditions on Tongass National Forest lands? Are population trends for MIS and their
relationship to habitat changes consistent with expectations.

General Design

This proposal tbllows the apptoach established for the Aquatic and Riparian Effectiveness

Monitoring Plan for the Pacific Northwest Forest Plan (AREMP) with some modifications.
Much of the narrative and many ofthe figures and tables contained within this prcposal is

directly quoted or paraphrased from the AREMP Ceneral 'ltchnical Report PNW-GTR-577,

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

evaluate watershed condition. To be meaningful, a monitoring program should provide insights
into cause-and-effect relations between environmental stressors and anticipated ecosyslem

responses. A primary step in developing an effectiveness plan is to recognize the factors thal
influence the parameter of interest. An overview ol'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,
geology, topography, and soils, to natural and hurnan-caused slressors.

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

and related biological components will be monitored. The processes occurring in the upslope

subsystem (i.e., in the watershed in general) are assumed to affect the riparian and flood-plain
subsystem and the stream channel subsl'stem, The riparian and flood-plain subsystem may, to

varying degrees, bufl'er upslope influences on the stream channel subsy*em. Stream channel and

riparian and lloodplain subsystems are coupled (i.e., influences are bidirectional) so changes in
rates or states associated with the processes and stressors in one oflhese subsystems will



usually aft'ect the linked subsystem (Naiman et al. 1992)- In contrast, rhe influence of
the upslope subsystem on the flood-plain a:rd ripariar and stream channel subsystems
is more strongly unidirectional (downslopc). The influence of riparian and aquatic subsystems
on upslope processes is assumed to be nearly, but not complelely, negligible.

Processes pertinent to aquatic, riparian, and upslope ecosystems affecled by the Forest
Plan are shown in figure 2. Processes ate grouped into those that describe general ecosysiem
function, with related key processes uselirl for designing rhe monitoring strategy. These key
processes are further developed as indicators in table L

Aquatic and terrestrial habitat development and the population dynamics ofaquatic and
riparian biota make up a set ofprocesses that provide a conceptual link between the
physical and biotic elements of this monitoring plan. The model depicts habitat development
as the composite of the ecosystem processes listed. Thus, habitat development
and population or community dynamics are shown as features that integrate general and
key ecosystem processes in the stream channel and riparianlflood-plain subsystems
(fig. l). Similarly, habitat distribution, diversily, complexity, and tempcral and spatial
connectivity comprise a composite of habitat development as affected by natural and
human-caused ecosyslem stressors.

An inte$ation ofprocesses and stressors provides the functional reladons critical to developing
conceplual models for monitoring (Noon et al. 1999). Specific aspects ofeach ecosystem process
have been identified as stressors that affect the three subsystems. Although natural and human-
caused stressors are often diilcult to distinguish in practice, the model lists examples ofboth
types. In keeping with the effectiveness monitoring strategy, stressors are intended to be value-
neutral (i.e., they can be either positive or negative like roads. which represent bgth road rernoval
and constnrclion).

Upslope subsystem indicators 
-Upslop€ 

subsystem indicators such as vegetation composilior,,
seral stage, road density and percentage of cover-reflect processes influencing the entire stream
network {Naiman et al. 1992) and are relevant indicators over the entire
watershed. Data can be galhered largely by existing imagery and ArcGIS.

Riparian and flood-plain indicators-Riparian and flood-plain subsystem indicators
represent processes delivering structure, sediment, and nutrients to stream channels
over intermediate spatial scales, and they require finer scale analysis and $eater initial
sampling intensity for validation than do upslope indicators. It is suggested that riparian
indicators be measured throughout the stream network, which includes perennial, fishbearing
as well as perennial nonfish-bearing and intermittent sueams. Although materials
delivered by riparian and flood-plain subsystems initially affect adjacent stream reaches.
they also affect the condition of downstream reaches (lrlaiman et al. 199?).

In-channel subsystcm indicalors-In-channel indicators such as residual pool frequency volume
and depth, particle size distribution, and large woody debris count will be measured at the reacn
scale. In-channel subsystem indicalors will be measured within 8 stream seclions in each
watershed. Four ofthe measured stream sections will be in the upper rvatershed upsheam of



tarriers impassable !o anadromous lish and 4 will be in the lowet watershed lvithin anadromous

habitat.

Figurc l: Overview ofth€ conceptual framework
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Table l*Core indicators by eeologic process with preferred measures and data fields

Watershed
Subsection

Key Protess Indicator Protocol Evaluated Data

Upslope
Subsl'stem

Vegetative
succession,

growth &
mortality

Wood
Production and

transport

Vegetation
seml stage and

series

Cover by composition
and structue class

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

Soil Cycle
Sediment
production and
ransoon

Stream
crossing
densitv

Density of stream
crossings pef square
mile

Density of
saeam crossings
per square mile

Soil Cycle

Sediment
production and
wmsporr

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

Miles of road per
square mile
within 300
metem of streams

Soil Cycle

Sediment
production and
Iranspofl

Landslides Protocol from
Swanson addressing
ftequency, type, and
location

Frequency, by
type, size and
location of
landslide

Riparian
llood-plain
Subsvstom

Vegetative
succession,

growth &
mortality

Wood delivery,
commrmity
structural

development

Vegetation
seral stage zurd

associalion

Cover by composition
and struolure class

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

Soil Cy'cle
Sediment

pmduction and
wrnspolt

Stream
crossing
density

Density of stream
crossings per square
mile

Density of
stream crossings
per square mile

Soil Cycle

Sediment
production and

transpofi

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

Miles of road per
square mile
vrithin 300
meters of streams

Soil Cycle

Sediment
production and

transpofl

Laadslides Protocol from
Su,'alson addressing
frequency. ty"pe, and

location

Frequency, by
type, size and
localion of
landslide



Trble l--Core indicators by ecologic process with pre{erred measures and data fields
(continued)

Watershed
Subsection
and Process

Key Process Indicator Protocol Evaluated Data

In-channel
Subsystem

Channel
structural
dtnamics

Sediment and
wood delivery

Char:.nel cross
section

Monumented cross-
seclional profi1e

Bankfull width
and mean depth

Channel
structural
dynamics

Sediment and
wood delivery

Channel
movement

Monumenled channel
longitudinal protlie

Water surface
slope

Chtrnnel
suuctural
dynamics

Sediment and
wood delivery

Channel
sinuosi!y

Stream length/valley
length fiom aerial
photos.

Stream
length/vallev
length

Channel
structutal
dlnamics

Sediment and
wood deiivery

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

Pool depth,
volume and
frequency

Channel
structural
dnamics

Sedimenr and
wood delivery

Structural
complexity

Survey of LWD
counts in sample
reaches

LWD counts per
lineal measure

Charurel
structural
dynamics

Sediment and
wood delivery

Substrate
composition

Wolman pebble count Percentage of
fines and D50

Energy
Exchange

Heat delivery Water
Temperature

Temperature recorder Water
temperafure
change

Hydrologic
cycle

Water delivery Water quantity Stage recorder Discharge
change

Biotic
Community

Biolic
integrily

MIS species
density and
condition
factor

Removal melhod
using minnow traps in
closed system sample
reaches

Species density
and condition
factor change



True rvatersheds (6th-1ield hy&ological 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 anmrally (Fixed wateisheds) and 12 watersheds will be grouped into four separate

panels (Panel watersheds) of3 watersheds each and sampled on a rotating basis once every four
years (table 2).

One ofthe annually sampled watersheds is within al unmanaged condition currenlly and inlo the

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

active management activities. l1re annually sampled fixed watersheds will allow for the

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

The watersheds sampled on a rotating panel basis will ideally represent the range ofecological
conditions and forest management across the Forest, The relatively small sample size will not
allow for extensive stratificat ion.

Selected watersheds have populations of: I ) resident Dolly Varden char and/or cuttfuoat trout
upstream of impassable and permanent barrier(s) and coho salmon young-of-the-year and parr in
downstleam sections. Iour resident fish populated stream sections and four coho populated

stream sections of approximately 100 meters in length will be sampled wirhin each of the 14

selected w8tersheds.

Sample reaches will be in FP0, FPS, MM0, or MMS channels (See Channel Type Users Guide

for description). These less constrained, lower gadient {<6Vo), smaller and mostly alluvial
channels support relatively greater numbers offish. 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 refleet the integration of upstream
watershed process (Reeves et al. 1998).

Trble 2-Number of



Since the lakes probably pn:r.ide quality over-wintering habitat and are thought to be little
affected by forest management, we believe trends in fish populations may be less likely in
streams connected to lakes. Therefore, selected sample sfieam sections $'ill ideallv not be
associated with lakes.

Methods for Fish Population Estimates:

Resident Dolly Varden. resident cutthroat trout and juvenile coho salmon will be monitored for
population trends by repeat population estimates in permanently mzrhed closed reaches of
stream. A three-pass to four pass removal method using minnow traps baited with disinf'ected
salmon eggs. Temporary block nets will be deployed on the upstream and downslream ends of
the sample reach to restricl fish movement while sampling. Previous experience indicates that
between 25 to 50 minnow traps are required to salurate the reach and allow for adequate capture
ntes. Appendix A provides a publication containing mcre detail on the removal method,

Natural obstructions. like shallow riffles or small waterfalls 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 probability ofpersistence for the life of the
monitoring project. In any case, the ends ofthe selected study reaches should be permanently
marked. Metal tags nailed to trees are recormended as permanent markers. Surveyors flagging
and notalions on aerial photos are suggested tc help relocate the metal tags. CPS coordinates
will be recorded also to relocate study sites.

Minnow traps should be set for approximately i.5 hours at rvhich time all captured fish will b€
transferred to buckets. It is suggested the buckets have holes drilled in the sides and be placed in
lhe stream for water exshange to keep the fish aerated. 'fhe ftaps should be rebaited and reset for
another l.5-hour period. While the second set is fishing, fish captured during the first set should
be processed. This can be repeated for three to four cycles. Data collected for each set shou.ld
include the number offish captured by species and iheir fork lengths and weight. The
recommended anesthe tic is MS-?22. All captured fish will be released unharmed within the
reach of capture.

Population estimates and associated confirience intervals *-ill be determined using CAPTURE
software program (White, 1978).

Mimow trap funnel openings will be enlarged if necessary and maintained at a l" opening size.
Openings will also be coated with silicone to avoid *re possibility ofinjuring fish upon entry inta
the minnow trap.

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



Literature Cited

Naiman, R,J.; Beecbie, T.J.; Benda, L.E. let 81.1. 1992. Fundanental clernents of
healthy wat€nheds in the Pacific Nodhuest coastal ecoregton. ln: Naiman, R.J., ed.

watershed managemenl; balancing susminability and environmental change New
York: Springer-Verlag: 127- 188.

Rewes, G.H.; Bisson, f,A.; Dambtcher' J.M. 1998. Fish communities. In: Naiman,
RJ.i Bilby, R-8., eds. River ecology and manag€mefi: lessons from the Pacific
coastal ecoregion. New Yotk: Springet-Verlag: 200-2i4.

Reeves, G.H et 81., ?003. Aquatic and Riparian Effectiveness Monitoring Plar lbr the Nonhwest Forest Plan. Forest

Service, General Techoical Report PNW-CTR-577

Wbits, G.C.€t al., l9?8. Capture progmm - Computes €stimates ofcapture probability and population size for
"closed" population capture-recapture data. UseCs Manual for Program CAPTURE. Utah State Uniy, Press,Logan,

Utah.



Appendix A

Estimating Fish Populalions by Removal Meihods with Minnow Traps in Southcast
Alaska Stream$

MAsoN D. gRYANT*

Untted Slates ,bre1t Sen')ce, Ftci.lic No/lhlaest Pterearch Slalpn, 2770 Sh4t*,ood lane 2i. Jfirea* ,4laska 99801. USA

,]6trdct.-- Paisilt capture methods, such as minno\t faps, alc commonly used rc capturc 6sh for nrark-{€capure populaiion
estimatesi howct'e., th.)i harc nol bien uscd for removd methods. Minro\|, lraps sel lbr 90-min peiods durjflg three or four sequinaial
caltl.lr€ ociasions during the sumrner of 1996 1}€r€ us€d to cap(rr€ coho salmon (hcolht:ichut ltisutch fry ard parr, Dolly Vardcn
Salrelimts qlnc..rillhron1 nout O. rirr,ti andjuvenile 5leelh€6d a mJdi$ 1l) istiniat€ population siz€ wirh lh€ Zippirr or ge eralized
emoval ffethod- More than 4596 ofthe total eatch wa3 obrained during Oe first capore occasio{l. and in mosr cases. the carch du.ing the
fourlh occdsion w3s l€ss than 15?6 of the totsl ca$h, ln most pools, the probabilit.- of c3plure a-ds grealer thai 0.4 but was low€r for
coho sglm$t liy than for coho salmon parr and other spgcies. Mean population cstimarts l-or coho salmon pan nade *ith co:rcurrcnl
mark-recapture and rernoval methods dillered sigiticantly in small srcams. lislimat€s from mark-recapture and lEmolal nethods \terr
not signin.anlly difcrcnt for coho salnron 1ry and flolly Vrrdcn. but mark'recanturc cslinales wcr. highcr than ternoval cstim?rtes in
mo6l &rses. My restllls sholv thsr removal estimat€s ciln be obtairrd wilh miirrow tmps if sampling precedlres conforn to ths
assumltions rcquirtd lbr thr mc'lhod.

Obtalning prerise and accumte estjmales of fish
abundarce in str€irs coatinues to ch'allenge fishrry
t iologistlt, despite the drlelopment of vlphisticaldd
math€rnalical models. Commonly used oethods
include mark-recapture c)iperimeits (Ricter 19751

Zrbik ard Fraley 1988) and rsmoval estimares (Moran
l95l; Zippin 1958: white et a]. 1982). Thougb sno*el
srrveys aJe also used to estimate fish abundance

{Northcote and wilke 1963: Schill and Cnflith 1981:
'l hutow 1994), thcy require a separate eslimale of the
populariof 10 calib!'aae the counts (Hankjn 1986).

Mathcmatical modcls for both mark-{ecapture ald
rcmoval istimal,es aro wcll-teslcd, but prescnt

substantial logistical rhirllenges to meel the
assum!tions-

:\,lark-rerapture estimaLs are commonly uscd in
sourhart Alaska and elsewhsn, to cstimnte populafjons
ofjuvcnile salmonid\ most commonly coho salmon
Oncorlthnchas lLitutch and Dolly Varden Sa/re/r'rus
nalma. in xndl ( ,l-m.wid$) sgrotd-to thi.d-order
strcans {Elliod llnd Hubarn 19?8: Dolloff 19831

Bryant 19841 Young el al. 1999). Sampl€ rFaches in
strea$s $idrr tha!| 4 m ar]d with higher *ater ffows are

dimcult to jsolate, and msrk-recuplure methods are nal
r€liable trecause ofmovemenl between sample periods.
High flows, common in so$theast Alaska, also atllca
moremcnl rnLl calcbobility bc'l.('.'n sarnple pcri

' U-mail: mdbry.nro6.fed-L$ Rcrciycd Attil l:. lg99l

ac.€o@d March i0- 2090

ods. Rcmoval methods or snorkcl sunevs arc o{tcn

uiied in these st€arns, yct clcn lhese methods ale
limitcd. l,o\1 conductivir)- and patr:hes of complex
habital rrith iarge woody dehris make the rcflioval
method of electofishjng impmctical. Snorkcl suncys
also afe inpractjcal because ol complcx habitai and
poor visibiiiqv in thc dark waters of many southeast
Alaskr slrcams.
Removal nethods have seyeral advanlnges over mark-
recapturc mcthods to cstimale lish nunbers- Fish are

captured only oncq which climinales bias due to
behavioml rcsponses 10 a trap. Fish do not need to be
mirrlied, $hich removes assumplions that all marks arc
identi{ied alrd t}rat ncgligible mortality occuB due 10

ma*ing. The sh€am soction 'ran be sampled in I d"

rhirh rubrrantiall) reduces thc probabilit) of
movem.nt by fish into and ouf of the sample Iret in
cascs in which the stream section canro( be isolated fbr
tfie duralion of thc mark-rec0plure scquencs, In
addition, a ld sampling effort simplili€s logistios for
thosc locations thar are dittrcult to reach and eliminates
any diffcrcnccs in sanlpting elliciency due ro chaBges
in flow regimes (i.e., hjgh-vater e!'ents iha! occur ailer
marking and hefbru or during recapture).
Pa.ssive capturc methods are oommonly usi,.d foi marh-
recaplure expedments but arc seldom used fof rcmovat
e*imates. Mi$no\} traps haited with salmon eggs are
an cffectivc mt'thod lor capturing iuvenile salmonids
and hsve been used in numea

923
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ous sludics thrqughout sol]rheasl Alaska (Bloom 1976:

Elliott and Hubarft 1978t Dolloff 1983: Brr-ont 1985).

Minnow traps have not been usdd lbt removal

F)pulalion estimates but havc selctal adlanrageJ ovcr
eleorolishingi rhey are less hafmful to lhe fish, disturb
thc stream less, cat bc lsed efficiefltly in complex

habitats, and are not depend{nt on thE wat&r ch€mjsttt
ol'rhe stream (Mesa ?nd Schreck 1989; Rile) and

Fdusch 1992: Hollender and Carline 1994: Ilabera et

al. 1996; R€ynolds 1996). Altltough minnow Laps arc

not effectiye in ri{Ilc ot iast-\|latcr habitaLs, rhry oj}tr a

les$-intrusive altemative to elecuolishing in stream$

$ith pools or slew-moving water- Hotreler, theit usg

as a removal method ibr population cstimates has nol
bcen studi€d-

My purpose is to delermi e il m;nno\l raps can be

u."6 u5 x 19s9val method to €stimate population sizcs

of fish in strcams. M-v fi|st objectile js io dcremine if
rninnow traps capture a sumcient pan ofthe population

on cach caplurc occasion rc cstimsle populatioo size ol
juvcnile salmonids using a rcmoyal method aod lu
examine prcbabilitiss ofcapture in naiuml streams. My
second objactivg is to deErmine if concurent marli-
recaplure estifirates a$d removal eslimates thtough lhe

uso of minnow traps ditler significantly,

Methods

The study was conducted on li!'e small scccnd-to
third.order sfeams, Conv€niencq Picnio. S\riter,
Twiw, and Tye cr€ek$ md thr€e mcdirm-size foufih-lo
frth-order strszms, Painted Sll. i}nd Trap creeks, in
southeest Alaska during the summcr of 1996. The

small streams vr€rc all lcss than 4 m in bank-full widlh
and had sumnrer mean ffo*s of l€ss than 0.5 mls. The

medium-si?€ strearns lvcrc greatfl ihan 4 m but ]css

than 30 m in bank-t'ull width and drained in|o salt

watcr. All strcams supported populations of coho

salmon and Dolly Varden, Stedhead Onchor$nchus
rn'ftrbs a$d cutthroai trolt A cldl*/ wcrs found in some

$reams and lvsr€ not sympatric in any suctm tiat \r'as

sarnpled. Coastrange sculpins CoIt J dleulicut wefe
osclsionally captured but not included in tbc c$imales.
'the thrcc mediurn-size slrcam$ u'gre sampled with the

removal €stimale only- concurent markJccapture and
removal experiments lAcre comple[ed on all fivd small

str€auns,

Mark-iecapture and remoral methods rcquire closed
populations: thercfore, sample reaches were selected 10

minimize cmigration or immigration dur;ng lhe sarnple

perioil. In rhe fir-e smalL sreams, the sajlplc r(?ches

ranged fiom 100 to 350 m aad were blodied b-v net-s'

weits. or barrisrs at botr ends lbr thc durdtion oi e

exDeriment, usoally 3-4 d. In the three nedium"siz-e

strelms- nets couid nol be used: natural barricrs werc
used to isolate lhe rgach and pools within thc reach.

These includ€d long, shallow ri{nes ( .5 cm depth} or
submerged logs that {irllv spanned thc stream, li}rming
a dam. Wtiile complcte isolation was nol arhicved, fish

movem!*! across thcse balri€rs w&5 nol obsen,ed

dlring sampling, *bich usually lasred no ]onger than I
h at each sitc,

Thc removul cxpgrirnent laas complcted in I d on each

medium-si7e slresrn. Three calttuIc occiNion\ $ere

us€d in Paintcd Crcek, the li$t strcant sampled ilith thc
removal mcthod. Fout capturc occasions \4ere used on
'Irap and Sal crecks, Reach€s ranged in leng*l ftom
abofi 200 !0 30i)
m. Indiljdual pools lrere ide ified and counted in each

reach. A! least 50% of rhe Fools $ere tandomly
seie('ted and population estimntes were computed lbr
fish in each pool. The size olthe pools ranged from 9.7

ro l,48ll rr- the aleragc size being 2ll$ m'. (he lo thrce
pools *ere sampled conculently, dcpetding upon their
sizs and completity. Once a pool rtas selectcd, sample

locations for lhe minnow raps {3.2-mm mesh sizc: 19

cm diameter and 15.5 cm )ong) \r!re selected.

Distanccs bct\reen t aps dep€nded upot habitat

complcxjty, but grneratly traps rvere separatd by

aboul ? m. Traps were set more densely in complex

habimts (j.€,, pools with largc amounti of \aoody

deb s) than in more open pools. Bete.'-een 4t a$d 50

lmps rvcrc set lbr each rernolsl expe ment.

Tlaps were baited with salmon egEs (disinfccted for l0
min witi l:100 beiadyne to \vater solution) h€id in
perforatod -'whirlpals." Trapr rvere sei on the sfeam
bottom next to susp€cted habitat ofjuvcnilc salrnonids,

such &\ woody debris, rootwads, or undcrcut banks, but
were disfijbuted ta completely sample the pool. Treps

wer* lcft undisurbcd for 90 + l0 min and th€n were
picked up ir the same order in which thcy lvcre set.

Fish werc removcd. and tiesh bail was placed in eaoh

t(ap- 'kaps !1cre sct again in th€ same localions. Fish
from each pool and capturs occasior llere pfoccssed

s!'parately. While the sccond s€t was lishing, the fish

from the fi.st ser were identified, countcd. measurcd
(mm). and rfeighed (nearcst 0.1 g), Data from each

oapture occa-lior were identilird by numbcr (1, 2. 3, or
4), earh oflvhich identjfied thc capture occagion. Thc
procedure was .epea!9d thrce 1o four timqs, deptnding
upon thc dssir€d number of saptur€ occasions. Fish

from each caprr'e occasion were placed in a holding
nct

lt



ESTIVATINC F]S]J P(:)PI ]I.ATIO:!S BY REMOVAL

(or blo.ked minBow lraps) uutil thc last capture

occasion \\as compleled. at *hich limc all fish \rere
rctumed 1o lhe sajnc alea from which th€! were

capturcd. Population size \vas estimated for each
species in ea.h pool. Coho salmon lvcre classificd as

qy (age 0) or patr (ag€ l+) ba:e.d on an{lysjs of
lcngrh-frequency data. Coho salmon were considercd
to b€ fry ifthey wero less than 50 mm in June, less than
55 mm in Jllly" or less rhan 60 nrm in Augus!.

'fhe same procedlres lor the rcfiolal estimare in tle
mc.dium"size streams wcre lsed in the sfirall slrcams
dlritg the concuraenl madt{ccapturc and fcmoval
experime ts- Samplc rsachg$, which wcrc 100 to 300
m long and ranged in alea fiom 68 lo 274 n, colld bc
casily sampled with .f0-50 traps. The entirc reach was

samplql dlring one €xpcriment and population size
was esti$nte.d for th€ enlire reach. All fish rvere

markcd during four capturc occasions in the rcmolal
dstimate, \rhich served as the mark sample il a slnglc-
census l,ete$on mark-fecapure estimate determincd
by the Chapman modiJication (Ricker 1975). Ile
reraptur€ sample u'as cornpl(ted du ng one capture oc-
casion J-4 d afler th€ 6sh $ere Gleased. Ali fish uere
identified by species and mea-rured. Recaptured marligd
fish wfre recordcd.

Removal €stjmates and prqbdbilities of capture (P.)
}!rre compLrted by the caplure prograrn (Whi1e et al.

19112). ll' fou. capturc occasions were used population

siac uas r*imated by the generalized rcmoval estimate
in lhc |Japtulc progmm. ba& equal A umong oeeasit'n.'
and unequal A be1\4€en lhe first and subsequent

occrsions. The progrum also t{sted whefher P. Nas

cor,slant, !.ascd o a chi-sqrarc tusr (l)-0.05), lhe
Zippin method, which assumes equal probabilities of
captue, wa^s used for Painted CLeck rvher€ rhree
clpture occasions wcrc completed.

A paired l-lcst (0--0.05) wa.s usrd to compare *rc
probability ofoapture lrom lhe first capture occasioo 1o

subseqirent capnrc occasiors in pools where { va.iablo
probabiliiy of captue was used ro estimate
populatjons. A paircd ,-tcst (il<1.05) wal also used to
examite differeDc€s in population estimat€s and
probabililies of capture between thme or ibur caplure
occasions lbr coho salmon l'ry. .oho salmon pan, Dolty
Va.d€r, md stecl-head, Estimatss from indiridual
pools that had valid €stimeGs for lbur captu.e
occasions lvere used as th€ sample uiit. gstintales for
thr6e qdphre occasions vere made by recompuling the

lirst three copttrre occasions fiom estimatcs lvith fbur
caplure occasions-

Depletion and mark-rccapture estimates liom reaches

in tie fiw small strcams were compared by a paired r-
airsl (F0,05), 'fhc lcsl ra.s completed separBlely for
eoho salmon fr). coho salfloo parf, and Dolly Varden.
Cu$hroat trout Bnd sleel-head werc not caFtured ir all
sircams and wcre not inchrded in lhc anal''sis.

Normalit) a]rd homogsncity of variancc rvas tested
betbre use ofthe r-tests (SAS lNtjrure 1988).

ResDlts
Rema,;al F"saimates

Abundanca of coho solmon patr wns estimated for 47
pools in Painted, Sal. and Trap creeks. nstimat€s werc
not camputed (defined as "failurcs" b)' thc compulcr
program) in three pools for coho salmon fr)'and tolly
Vardcn whcn lcss thai l0 fish rvcre ctught during all
clpturc occasions- for lwo of thc pools, failufes
occutr€d when mole goho salmor lry lrere calght
during eilhe. thc sdco.d or third capture occasion than
during rh€ li.st capture occasion. For the thifd poot, no
Dolly Varden rlere captured dur;rg the fi.sl two
iJaprurg occasion!. 16 F'erc captured during rhc third
capture occasion, and 3 were capturcd during ths fourlh
capture occasion. Steelhead rvere captFrgd only in Sal

Creslq and 3 hilurcs occured ol( of the l0 pools
samPled.

For all specics more than 4J% oithe tolalcatch h all
reachcs of Painlcd, Sal, a.r!d-lrap crcoks wsrs taken
during thl3 first captllre o*casion (Figure l)- In most
cases, lhe nurnber of fish capturcd dlring the fourth
capturc occasion was less than 1596 of lhe lotal catch.
For all species €xoept coho salmon 1}y, the prababilitl
of captur* was greater lian 0.3 for at lcasi 80% of the
pools sampled Bhet it ivirs assumed con$ant for all
capture occasions (t'igufc l). Probability of capturs
was greacr drar 0.4 in more than 9070 ofthe pools lbr
crtthroat trout and steelhead, Coho salmon flv and parr
had the lowsst probability of capture, but morc than
50yo of lhe pools excccdcd 0.:1. ln $ost cases,

howcver, substartially fewer coho salmon u,rs and pan
s,:rc caught upon uuch suLceJsivE sampling cccasiun.
cven vith lo$er probabilities ofcapture- Fof example.
in one poo], I23, 95, and Jl ooho salmon fr' were
captuaed during successive caphfe occasions- Thc
prcbability of rapture calcltlated to
0.344. The 9596 confidenoe intenal mlged irom 3?4 to
472 $sh around the popDlarion estimate of 374 fish.
While rhe lowe, probability ofcaprurc rerulied in less
prccision, lhe lovcr confidence interval wa-s within
139; and the Lrpper confidence interval witbin 2696 of
tha estinrale.
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l-lcuRs 1.-jl|e proponionofcoho$aimonfry(Ct]f-), coho

salnoo par. (COP), l)ol'y Varden (DV), cutthroat troul (C I),
nnd ste€lh.ld (Sll) catturcd durinB cach caprurc occ6ion in

Trat. Ssl. and Printed lreeks ior the rcmoval experimerl io
soudlelst Aliska, lEJ6.

ln Sal and T.ap creefts, both ofwhich had four
capture occasioni thc cspturc program comparcd
corstant-captuc probabilir! ard vaiable-captur€
prcbabjlity. ln rnost pools. thc probabilities oicdpture
were constant.'l he constant-probability"ofcaplule
model was selecled for allspecies in 88?; ofthe pools

ir SaJ Crcek and ir 93% ofthe pools in T|ap Cr€ek
(chlsquare. {f-0.05; White el al.

1982). The constant-piobability-ot-caplurc modcl was

sclectcd for Dolly Vordfl aod saselh€ad in all pools

ofsal Creek (Tablc I). In frap Creck, the constant-
probability-oi'-capturc modci was sclcctcd for Dolly
varden in 819/0 ofthe pools. A variable-probability-
of-capturc model was us€d to estimatc population

size for coho salmon lry in five pools, for collo
stlmon parr in eighl pools, ard for Dolly varden in
l'our prxls. Oniy for coho salmon fry wus lhe
probability of copture significantly greder fo. the

iril cspture occarion than for subse4renl capture

o.casions (Tablc l)-
Populalion estimales an,l probabilitics ofcapture for
three sample occasions weae gcnerally lower than
those compuled for four ssrnple occasions {Table 3)-

Population cstimates for thrce ard four capture

oecasions were significan ) difTerent for coho

salmon pan tP =0.011), but differcnces wcre not
obsened for population qJrimalcs ol coho salfion
lry and Dolly Varder. l)illbrences bet*een the
pmbabilities of caplure lbr thrce and fbur capture
ocrcasions were obsened 1b! coho solmon fry, coho

salmon par, and Dolly varden. Thc prohabilities of
capture for ahree caf,tute occasions were grcatcr than
that cstimated fbr four captwe occasions (Table 3).
The popuiation estimat€s or probabjlities of caplurg
for s€glhcnd wcre not signjiicantly diJlcrena

bclweer three and four captr.rre occasions {TaLrle 1).

Mark Recapure and Renorzl Estimates

Comparisons of population estimales for the two
methods sho$ed mixed r.sults among spccies. but
ggnerally istimalgs ,iom the mdrk-recapturc method

vcrg htghcr than those from lhc rcmoval method.

Maak-recaptllre and removal estjmdtes were
signiicantly diffcrant for coho salmfi parr {.P

=0.049) but wcre not sjgnificanlly difl€rsnt for
Dolly Varden and coho salmon fry (Figule 3).
Mark-recapture estimates were higher in aii streams

and for all speci€s except coho salmon liy in T\,ri$
Creek and Dolly varden in Picnic Cr.ek. ln both cases,

removal estimates had wider confidcnce inlervals thcn

lhe markjecapture cslimarcs. Rcmoval estimalgs for
both strerms had low probobilities of capturc and a
high number of lish captur€d during the finql capture

occasion.

Discus!ion

Pmbabilities of capture \rere generally high, aod in
mo$t cases. JHs% of thc population was captured
during the first sample occasion. Iloeever, elen wilh
high probabilities of capturc- undercstimation of lhe
populalion n)ay be a problDm be

Trrp Crr€l i-+-cor'
_3_COF,
-.r ".tnr i
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Frarrrl.-l h€ rcldionship betueen probabilit olcaplure ofalL five species and lhe nu,nber oi pools a\press€d as a pmponion oi
totd poob s$npled in 

_frap, 
Sa:, ard Pain1ed cre€ts for the ramolal cxp€rimcnl in southsalt Alaska, i996,

cause ofdillercncas in probabilities of capture bet\r'een

sanple orcasions (RJley and Fausch 1992).

Undcrcslirnation \rould occur it the probability of
capture was higher during lhe firsl sfiople ftcasiot and

lower during subsequent sampling occasions (Riley
and F'ausch 1992;. 'fhe bias can bc accounted for ifthe
differenccs betr,r-ecn probability of {apturc can be

deiectcd during the estimatiol lhrough the us€ of four
caplurc oc!"d:iions and the geneializcd rcnroval method
(Whhe clal. 1982). Rssuhs liom this study agrce with
th€ rccomm$ndalion of Rilet and Fausch (1992) that
forr captuae occasions bc used for remoyal estimarcs
whenever possibll..

Riley and Fausch (1992) snd the numerous studiis
they cite repod dec.easing catchabili!" after the first
caplure occasion during elccl.rofishing and sugSe$ that
it is importtnt 10 mainlain equal dllbrl among all
salnples. I{owever. not only does the process of
elcctrofishing in, pose a rolsiderable

TAoLE L--+eirent of pools with mnslant and variable
probibiliries of cipturc lor coho salmor f'ry, coho salmoo

tarr. Dolly V3jden, and sleelhead caFured in lwo streams irl
southeast Alaska. 1996.

Typc of probabilny C.ho ralnon
Par Fry Doliy Vddd'

disturbance upon ihe slrearn and influence fish behavior
during subsrquent lamples. but it also imposes a
physiological rcsponse in fish that inffucnces bchaljot
on those that wcrc shocked but not captured during the
first nttcmpr (Mesa and Schrcck 1989). Minnow tlaps
are a passire capture method ard imposs a much lo}}cr
degrce of disturbance than electrofishing. This
eliminales rhe clTects ol disturbaoces if care is used
\lhen the lmps aae set and rctrieved.
Rega.dlcss of lhc mdthod lscd to caprur€ fish.
assumptions of removal eslimatcs mu\t be lnet that
include isolation ofthe sample ffea during rhe samplc
period. l{ecruitment into t}g sample area during the
cstimatc will rcsult in an up*.ard bias in ihe estimate:
howel'er, recrui nent }}as not obsened in study
scctions of the largcr streams during 6-? h sample
pcriods. Iflhc pool withi'l the

TADTE 2.-{omparison (paired l-le\t} berw€er probabilities of
oap re 1P.) on first and slbsequent cature Ncasions in p{xrls
where a va.riabl€ p.obabilio. of capture wai usid to €stinate
populatims for coho salmon fn snd pan and Dolly Varden in
hro sk€ans in sonthcasl Alasfta. ! 996-

Iirsl Subseq*n!
Speci,rs ..rl!'.c c:durcs df f

dl
Cslo sln$$ 0.521
lry Par Dollt 0 J74 0.302 0 t{6 4 7
VardEn 0.4i5 0 232 l

(l0l
08J
006E

t00 8

I

Srl Cek 30 !00
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T^BLE 3.-{'ompaaison (paired r-tesl) bet\ean l-sample Bnd il-ssmple removal estimates ot populstion ond p(rbabilities of caFrture for
coho salnron try and psrr. Ilolly vlrdefl. and steelh€ad in 

-liap 
and Sal crecks. southe€s! Al&elo. | 996.

iltcajr p{'pularion rslingle (iumbc. ollisl)
'Ihrr

I!@r tfl ,bobihl of c.ptw!

rcacr ts noa

saluftrted
large numbers of

juvcnile
salmonids. Thcy
also did no{
rcquire as m6ny
amps as pools
rvith large
ruohrads and

\!ilh t aps::=
nsh fiom satmon

wirlljn thc Fry Pm ?124 ,a !2

pool ma-v

bc recrui'ted

into nearby kllr
rraps during subsequcnt sampling o{casions- Evidence
of recruitsncnl during the sample period may be ob-
scrvad \+'hm lno.e fish are caplured in later sample

occasions than during thc Jirst or second s€n'lple

occasions. Efforl should bc made to capture the

Ercdcst rllmber offish fiom the poql while completely
sampling the pool and maintailing qual safipling
eilort among capture oc€asions.

lvlinllow traps havc physical limitatiom thar limit
their use as a capture metlod, They do nol adequaaely

saflple rilic habilat; tfiercfore. the m€thod is limited to
pool habitats. Slrsarn depth must be $rmcienl to
submerge the op€nirg of the trap. Th. effectiyc range

or oricntation of traitgd minno* traps has not becn

systematicaliy lested- bul tr-dps are usraliy set parallel
to the flo\r or in pools lvith minimal flow. Exteasive
field expryicnce in southqdst Alaska suggests that
minro\ traps are effective at a radjus ofgt leasl ? m; a
do\rnst&sm bias may extcnd the range depending on

s(x'

t{x}

Specles

ffow. Complex habitats, such a5 large, dcnse debris
jarns, may require a higher density of traps thar opcn
poots. ljisb behavior and habitar prgferenc€$ will
dctcrmine the djstribution of tr"ps. l,arg€ scour pools
rrith liftle cover and high flows generalJy did nor yield

several smaller connected pools.
Although removal and mark-recapture csi-

t:rcuRE l.-Thc comparison of population estinales fiom
lnirk-'ftcapture and renoval melhods by sp€cies for five
small slrearns in soulheast Alaska, 1996.
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matcs in sm4ll strearns were not signi{icantly dillcrenl lbr ooho,.mhnon t'ry and Dolly Vardcn. ma.kJecaptute mcan estimafes

\rere i3-179,i grgarer than rcmoval moarl eslirnatrs, Viol0tiqns of at least two assumptions, equal vulnerabilit) of matkcd-to-

unmarked hsh {lrap-shy) md greate. morlality of marked fish. could account lor highcr mark-recaplute estimaien. Removal

eslimater yere oflen lower than mark rccapture estimat€s. Mahon (1980) end lleterson and O€derholm (1984) generdlll-

atftibutcd this to d.crcasing proboh;liry of clpture upon successive capture occasiots. Their estimatcs, ho\rever. nue de v€d

hom elcctrcfishing and nat hy less-obtusive method$, such as minno$ tr-dps. Ihe genetalized removal program used a constanl

prohabjlity of c:rpti.rre for all live of lhc stre?rms .ather thbn a yariable probability ofcapturc. which suggests the minnow traps did

no! affqct fish bchnvior.
Removd m9lhods have seleral advantagcs ovcr mar!-recapture methods, including the abiljty to complete sampliog in a

single da,v and requiring frwer {ssumptions. Minnow traps jmpose lcss sucss ot fish lhan electrofishing thoueh caie must be

taken $hen lish are held for sevcral hours. In strcams that car or be completely blocked. the shoncr time intenal needed for the

rcmoval estimah reduces thg probability of movement and more closel_v satislics lhe closurc axsumFtion than is possible for

mark{ecaptw€ experiments thii rcquire s€veral da-vs berween the mrrk and recapturc. Tte arisumption ofclosura can scldofil}
be accomplished in large sueams with grrater llow rolumds, but short'tsrm mov€ment can be reduced dutiug a ramoval es.limatc

through rhe usc of samplq reach€s thsl arc separated by naturally occuring obilruclions. Minnolv traps, corcfully placed ln a
stream and leli undisturbEd^ are also tess likely to disturb fish $an du.ing eiecltalishing ot seining when scv€ral people movi
througi ihe stream during each sample occasion, Minnorv traps offer an allrac'tite altematjve for conducling temoval sstimates

lbr iuvenile salrnonidr. Similor methods may be applirable to o1h9r speci€s tiat arc susceplible 1o passive caplutc mcthods,

.{rknowlcdgmenls

Brian f)aviqs^ MaJk Lr.rkey, Brenda lvrighl, ond others proridcd valuable field assistance and iurvice th.oughout the studt.

John Caougtte contributed signjlicam statisti.ll advico.'ferry Quinn, Ilr.nda Wright, and Michael Young gale construclive and

h€lpful revje\vs of the paper. Alyre Chiasson and two $nonymous reviewers provided lhorough and helpfut rcviews. The use of
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