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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 10,2012

lntroduction:

Dolly varden char, culdroat trout and coho salmon have been identified in the 1997 Tonsass
Land and Resource Managem€nt Forest plan as Management Indicator species (Mts). lr,its
trends ideally provide a surrogate measure ofenvironmental quality thar affects ihe biotogical
commulity and environmental condition. This monitoring strires to characterize the ecoligical
condition and trends ofwarersheds and aquatic ecosystems on the Tongass Nalional Forej The
proposedmonitoring attempts to respond to the lollowing basic questions: Is the Tongass
National Forest Plan mainlaining or restoring aquatic and riparian ecosystems to desiied
condidons on Tongass National Forest lands? Are population trends for MIS and their
relationship to habitat changes consistent with expectations.

General Design

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. of the narrative and many of the figures and tables contained wirhin this proposal is
directly quoted or paraphrased from the AREMp ceneral rechnicar Report pNw-ilrR-577.

The monitoring will look at the Aqgregate ofvarious physical and biological indicaton to
evaluate watenhed condition. To be meaningful, a monitoring program shoutd provide insiglts
into cause-and-effect relations between environmental srrtsoii and anticipated etosystem
responses. A pr.imary step in developing an effectiveness plan is to recognize the facio.s that
influence the parameter of interest. An overview of the conceptual mode-l for the aquatic anJ
riparian ecosystems is shown in figur9 l. The conceptuar model lusnate, th* r"rporrr" oi
fundamental watershed processes, as influenced by inherent landscape pattems ofclimate,
geology, topography, and soils, 1o natural and human-caused skcssors.

Three physical subsystems (upsrope, riparian and floo<i plain, and stream channel)
anrl related biological components will be monitored. The processes occurring in the upslope
subsystem (i'e., in the watershed in generar) are assumed to affect the ripariaJ*d tlooi-ptuin
subsystem and t]'e stream channel subsystem. The riparian and flood-plain subsyst"* ,nuy, io
varfag degrees, bufrer upslope influences on the shiam channel subi,r,stem. stream channel and
riparian and floodplain subsystans are coupled (i.e., influences are bid-irectional) so changes in
rates or states associated with the processes and stressors in one ofthese subsystems will



usualiy alTect the linked subsystem (Nlaiman et al' I 992)'.ln contrast' the influcnce of

theupstopesubsystemonlheflood-plainandriparianandstrea$charmelSubsystems
i, *or" rirongty unidircctional (dow.nslope). The influence ofriparian and aquatic subsysrems

on upslope proiesses is assumed to be nearly, but not completely' negligible'

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

plan are shown in figurJ2. Procisses are grouped into those that describe general ecosystem

function, with relut"d k"y pm."s*"s useful fcrdesigning the monitoring strategy. These key

processes are firther developed as indicators in table L

Aquatic and terrestrial habitat development and the population dynamics of aquatic and

rinkan Uiota mate up a set of proceises that provide a concept'al link between the

ofiu.i"ar and biotic elements ofthis monitoring plan. The model depicts habitat development

us'the"o*posit"oftheecosystemprocesseslised'Thus,habitatdevelopment
a:rJpopurution or community dynarrr*ics are shown as fealures that integrate general and

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

ini. ri. si_ir*iy, habirat distriburion, diversity, compleKity, ard temporal and spatral

"oin".tiuity "o*ptise 
a composite of habitat development as affected by natural and

human-oaused ecosystem stressors.

An integration ofprocesses and stressors p,rovides the functional relations critical to developing

conc"pi.,al modeli for monitoring (Noon et al. 1999). Specific aspects ofeach ecosystem process

have been identified as stressors ihat affect the three subsystems. Although natural and human-

caused stressors are often difficult to distinguish in practice, the model lists examples of both

tvp"r. r, t""pirg with the effectiveness monitoring strategy, sfessors are intended to be value-

neutraf (i.e., itei can be either positive or negative like roads. which represent both foad removal

and construction).

upslope subsystem indicators 
-Upslope 

subsystem indicators such as vegetation composition,

oiuf Jtug",.ouO density and percentage of cover-reflect processes influencing the entire stream

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

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

Riparianandflood.plainindicarors-Riparianaldflood.plainsubryStemindicators
represent processes delivering structure' sediment, and nutrients to stream channels

oio int"t*"aat" spatial scalis, and rhey require finer scale analysis and greater initial

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

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

as well as perennial nonfish-bearing and intermittenl.tt"*T Although materials

deliuered by riparian and flood-plain subsystems initially_ affect adjacent stream reaches'

they also aifeci the condition of downstream reaches (Naiman et a1' 1992)'

In-channel subsystem indicators-ln-channel indicators such as residual pool frequency volume

*aa.p*lparticlesizedistribution,andlargewoodydebris.courrtwillb€measuredatthercach
scale. in-channel subsystem indicators will be measured within I stream sections in each

watershed. Four oflhe measued $tream sections will be in the uppef watershed upstream of



barriers impassable to anadromous llsh and 4 will be in the lower rvatershed within anadromous
habitat.

Landscape template
o Geology
r Climate
r Topography

Disturbance processes

Figure 1: Overyiew oflhe conceptual framework
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2: Conceptual fi-am( \ 'ork of lratersheJ d,ndilion monitoring



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

Watershed
Subsection
and Process

Key Process Indicator Protocol Evaluated Data

Upslope
lqbqystqm

Vegetative
succession,

grora'th &
mortalitv

Wood
Production and
transport

Vegetation
seral stage and
series

Coler by composition
and structure class

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

Soil Cycle
Sediment
production and
ransport

Stream
crossing
density

Density of stream
crossings per square
mile

Density of
stream crossings
per square mile

Soil Cycle

Sediment
production and
transport

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

Miles of road per
square mile
within 300
meters of streams

Soil Cycle

Sedimenl
production and
uansport

l"andslides Protocol from
Swanson addressing
frequency, t]?€, and
location

Frcqumcy, by
type, size and
localion of
landslide

Riparinn
flood-plain
Subsystem

Vegetative
succession,

growth &
mortality

Wood delivery,
community
structural

development

Vegetation
seral stage and
association

Cover by composition
and structue class

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

Soil Cycle
Sediment

production and
transDort

Stream
crossing
densily

Density ofstream
crossings per square
mile

Density of
stream crossings
per square mile

Soil Cy'cle

Sediment
production and

transport

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

Miles of road per
square mile
within 300
meters of steams

Soil Cycle

Sediment
production and

transport

Landslides Protocol from
Swanson addressing
frequency. ty.pe, and
Iocation

Frequency, by
type, size and
location of
landslide



Trble l--core indicators by ecologic process with preferred measures and data fields
(continued)

Watershed
Subscction
and Process

Key Process Indicator Protocol Evaluated Data

In-chgnnel
Subrvstem

Channel
structural
dynamics

Sediment and
wood delivery

Channel cross
seclion

Monumented cross-

sectional profile
Bankfull width
and mean depth

Channel
struclural
dynamics

Sediment and
wood delivery

Channel
movement

Monumented channel
longi tudinal proflie

Water surface

slope

Channel
structural
dynamics

Sediment and
wood delivery

Channel
sinuosity

Srream length/valley
length from aerial
photos.

Stream
length/valley
lensth

Channel
skuctulal
dynamics

Sediment and
wood delivery

Channel pocls Survey ofresidual
pool volume, depth,
and llequency in
sample reaches

Pool depth,
volume and
frequency

Channel
structural
dynamics

Sediment and
wood delivery

Structural
complexity

Suwey of LWD
counts in sample
reaches

LWD counts per

lineal measure

Channel
structural
dynamics

Sediment and
v!'ood deliverY

Substrate
composition

Wolman oebble count Percentage of
fines and D50

Energy
Exchange

Heat delivery Water
Temperature

Temoerature recorder Water
lempera re
change

Hydrologic
cvcle

Water delivery Water quantity Stage recorder Discharge
change

Biotic
Community

Biotic
integrity

MIS species
densily and
condition
factor

Removal method
using mimow traps in
closed system sample
reaches

Species density
and condition
factor change



Truc rvatersheds (6th-field hydrological unit) forms the basic geographic unit for monitoring.
Fourteen ivatersheds will be sampled over an 8 year period. Two of the watershcds will be
samplcd annually (Fixed r+'atersheds) and 12 watersheds will be grouped into four sepamt€
panels (Panel w'atersheds) of3 watersheds each and sampled on a rotating basis once every four
years (table 2).

One of the annually sampled watersheds is within an unmanaged condition cunently and into the
perceivable future while the other will be representative ofpast, present and proposed futue
active management activities. The annually sampled hxed 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 stratifi cation.

Table 2-Number of Wntersheds and

Seleoted wate$heds have populations of: I ) resident Dolly Varden char and./or cutthroat trout
upstream of impassable and permanent banier(s) and coho salmon young-of-the-year and parr in
downstream sections. Four resident fish populaled stream sections and four coho populated
skeam sections of approximately 100 meters in lenglh will be sampled within each ofthe 14
selected watersheds.

Sample reaches will be in FP0, FPS, MM0, or MMS channels (See Channel 'l'y'pe Users Guide
for description). These less constmined, lower gradi ent (.<6%{, smaller and mostly alluvial
channels support relatively greater numbers of fish, contact a greater area of the flood-plain and
riparian area, these reaches generally have greater variation in bed and bank materials,
hydraulics, and therefore habitats, and they are considered to reflect the integration of upslream
ratershed process (Reeves et al. 1998).



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

aft'ected by forest management, r 'e believe trends in fish populations may be less likely in

streams comect€d to lakes. Therefore, selected sample stream sections will ideally not be

associated with lakes.

Methods for t'ish Population Estimates:

Resident Dolly Varden, resident cuttlroat trcut and juvenile coho salmon will be monitored for
population trends by repeat population estimates in permanently marked closed reaches cf
striam- A tfuee-pass to four pass removal method using minnow traps baited with disinfected_

salmon eggs, Temporary block nets will be deployed on the upslream and downstream ends of
the sampiJ reach to restrict fish movement while sampling. Previous 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 detail on the removal method.

Natual obstructions. like shalloi,r' riffles or small walerfalls 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. ln any case, the ends ofthe selected study reaches should be permanently

marked. Metal tags nailed to trees are recommended as pelmanent markers. Suweyors flagging

and notations on aerial photos are suggested to help relocate the metal tags. GPS coordinates

will be recorded also to rclocate study sites.

Minnow traps should be set for approximately L5 hours at which time all captured fish will be

transferred to buckets. It is suggested the buckets have holes drilled in the sides and be placed in

the stream for water exchange to keep the fish aerated. The traps should be rebaited and reset for

another i.S-hour period. while the second set is fishing. fish captured during the first set should

be processed- This can be repeated for tlree to four cycles. Data collected for each set should

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

fecommended anesthetic is MS-222. All captured fish will be released unharmed wi&in the

reach of capture.

Population estimates and associated conlldence intervals will be determined using cAPTURE

software progtam (White, 1978).

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

Openings *.ill also be coated u'ith silicone to avoid &e possibility of injuring fish upon entry into

the minnow trap.

Fish capture will occur during the months ofJune through August and sampling will not be

completed during high flows.
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Appendix A

Estimatirg Fish Populations by Removal lVlethods with Minnow Traps in Southeast
Alasks Str€am$

MAsoN D. BRYANT*

t.tni&dSrateslbresSeu*ice.Podftclorth'acstllcstarchStolian,2770Slvrm'oodlane,Jueatt.llaska9980],USA

lrsldcr- Passir€ caDurrg meftods, such a5 minnol,v b_.r0s, are commody lrd lo clptlre fish l'oa matk--{ecapture population

eslimates: hoReyer, fhey halr not b€en us€d for removal methods. Minnow tr"ps set for 90-min p.'riods duting threc or foul sequential

capture sccasions during th6 summer of 19 w-ere u5ed lo cspqrre cok) salmon Clncorlrlteh.r *ts!lc, lry a:rd par, Dollt vafden

Sdlretint t nolnd. c lthro trott O. r/d,i and juleDile st€Elh€ad a mjli$ to Eslinote pop$laliot size 1ri!h th. Zippin or gatralizcd
removal melhod. More than 45% of the loral ceich was ohained dwing the firct captufe occasioq and in mogt €ses. ihe calch during the

fourth occasion i!.3s less than I 5% of the knsl carch, ln nrost poolt th€ probsbility of captur€ *as grdaler lban 0.4 bul was low€r fot
coho satmot fD'-than for coho saLrfion psrr and other splcics. Mean population eslimares frjr coho salmon p?fi madr qilh oonaur,enl

mafk iacaprure and refioyal mdhods didered significantly in small strcams. Eslimates fron nark-recapture and rcmolal methods r €re

not 5igrificantly differcni for coho salmon ir)- and Dolly Vardcn, but r ark-recaptura cstimatg5 $elc hiShcr than remoEl cstinatei in

mo6t cas99, My resulls lhow rhat removal estimttes can be obtained $ilh miixlow trlps if sampling proceduFs mnfolm lo th€

asrumltions requircd lb. thc meihod.

Obtaining precise and accumte estimates of fish

abundance jn streams condnues to challefige fishcry
biologists, despite the development of sophisticated

ma$emadcd models. Commonly used methods

include mark-rccapture expc'riments (Ricker l9?51

Zubik and Fmley 1988) and removal qstimates (Motan

l95l; Zippin 1958i Whitc et al. 198?). Though sno*el
suflels aJg also used lo cstirraao fish abundance

(No*hcote atd wilke 19631 Schill and Criffith 198,1:
'l hurow 1994), they rcquirc a scparate cslirutc of the

populalion ro calibra|e rhe counts (Hankin 1986).

Malhemarical models for boft mark-*iecapture and

rcmoval esrimatqs arc trell-tcst€d, but prcsent

substantisl logistical challenges to meel the

ass!mptions,
luaak--recapure eslimales are commonly usrd in

southea-st Alaska and elscwhetc to cstimatc popnlations

of juvenile salmonids. most commonly coho salmon

Oncoryhnchus tisulch a'].d Dolly Vardcn Sdrrftnr.r
zralara. in smail ( 4-m-ryidg) $rotd-lo third-order
strcsms (Elliott snd Hubartt 1978: Dolioff 19831

Bryant 1984: Young et ol. 1999), ssmpl€ reacites in
sheams iridlT than 4 m and with higher vaier flo\Ys lrre

ditlicult to isolrte, and mark{ecapture methods are nol
reliable bs&use ofmovernent betl+€en sample periods.

High ffolrs, common in southeasl Alaska. slso ail'€ct

movemcnt ard catchability behveen sample pe

r ti-mail: mdbt'}.nt@f3.fed.ns Reccived April l1 1999r

scc€pred Much 10, 20(xJ

ods. Removal m€thods or snorkel suncys ore oRen

used in these streams, yet cven these methods are

linritcd. l,oru conductiviry* arld patches of conrplex

habilat *ith largc woody dcfrris malic the rcmoval

rnethod of electrofishing impractical, Snorkcl sun'eys
also arc impractical beoausc oa complex hablal and
poor visibility in tie dark waters of man-v southeasl

Alaska srcams.
Removal methods havc sevcral advanlages over mark-
rccsFtuie methods lo gstimale fisb tumbers. Fish are

captured only once, which eliminar€s bias due to
behavioral rcsponses to a {rsp, Fish do nal nc€d to be

marhcd, which removes assumptions that all mBrks arc
idenlilied a$d that ncgligible mortaliry orcurs due to
markiog. The str€am sectjon can bs sampled in I d
ehich $utstantialiy rcduces the probabilrry* of
movement b-v fish inlo and out of the samplc 0r9fl jn

ctrses in which thc stream sdction cannor bc isolated f-or

thc durarion of tbe matk{ecatture sequenc.. In
addition, a td sampling effon simpLiies logistr'os for
thosc locarions thar arc di{itult to re3rh alrd €liminates

any diffetcnccs in sMrpling ellicienc-a duc to changes

in flow regines (i.e., high-war€i events rhar occur aller
marking and beford or during rccapore).
Passive capture methods are commonly used lor mark-
recaptur€ expcdmenls bul are scldom used for rcmoval
estimates. MinnoN traps baited with salmoo elgs arc

an efltclive rnsthod tbr caFJtoring juvenile salmonids

and have been r.red in numer

923
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ous srudics lhroughout sourhea^st Alssks (Bloom 1976;
lllioti aud Hubarfl 1978; Dolloff l9$3: Br-}..anl 1985).

MiBnow tauBs havc 0ot bctl| used lor removal
population cstim8tes bul havc seversl advanages o!€r
electrofishing: lhey are less hxrmtll ia the fish, disb$
the stream less, can be used emciently in complex
habitats, and ar€ not dependenl on the water ch€mistry
ot'*re streaD (Mesa and Schreok 1989; Riley and
Irausch 1992: Hollender and Carline ,994; llabera el
al. 19 i Reynolds 1996). Although minnow trirp! are

not effective in rilie or fast-watcr habitals, they of]'cr a
less-intrusivg altemalive to ciccFofishing in strears
$ith pools or slow-moving water- However, lheir use
as a rcmoval mclhod f'or popllation estimates hirs nct
bccn sludied.

I,t)- purpose is to determine if mi no\! tlaps can be
used as a removal method to estimate pop|llation sizes
of $sh in sftearrs. My first objective is to derermine jl'
minnow traps capture a sumrient part ofthe population
on each capture occasion to cstimale populatior rize of
juvenile salnronids using a removal mcthod and to
gxamire probabilitics ofcapttrrc in natuml sircams. My
second objectiv€ is to deermine if concurenl mark-
reaaplurc cstinates and removal cstimates through the

us€ ofminnow traps diticr silnilicantl-v,

Methods

The sludy *as conducEd on fivc small second-l{,
lhird-o.dsr strearns. Convenjencq Picnic. Srit?ir,
Twiw, 8nd T)"e crccks. aod thlce medium-size founh-to
fifth-order streams, Painted. Sal. llnd Tmp c.eeks, jn

southcasl Alaska during the summer of 1996. The
small slr€arns wFre all lcrs than 4 m in baik-full wid&
and had sunmer rnean fforvs of less than 0.5 m7s. The
mcdium-sizc strearns wer€ greater than ,1 m but less
tlan 30 m in bank-flll v.idth and drained into salt
*ater. All s0eams suppqrtcd populatiofls of coho
salmon and Dolly Vardcn. Steclhe$d Onchorhy.chus
nyf,irs and cutthroat t out A cral*t were found in some
streams and *erp not slrlpatric in any slfearh that wls
sampied. Coaslrange sculpins Cbff6 eleuticus vere
occasionally captured but not included in the esljmales.
The thr€€ medium-size sreams r'!,ere sampled \ith thc
rcmoval cstimalc only. Concurrent mark-rccapturo and
removal eriperiments were completdd on all ffve small
streams,

Mflrk-igcapiure and rcmoral melhods require closed
popolalions: therelbre, sample reaches vc|e selected lo
minimize cmigration or immigration during the sample
period. In the five small stfcams, fie sample r€aches
rar|Sed ftom l00Io 3J0 rn 9nd wore blocked b)., lrdli
weirs. or barriers at b$th ends tb. the duration of the
experiment, usually 3-4 d. In the th.ec mcdjum-size
sfteams. nets could nol b€ usedl Dallral barricni rvere

used to isolale the reach and pools within the reach-
These included long, shallow rifies ( 5 cm d.p!h) or
submerged logs thal fullv spanncd the stream, lbrming
a darn. Wh s cqmplete isolation \ras not achicvcd. fish

movclllcal across these ba$iers lvts not obsefied
durinS sampling. whiah usually lasted no longer thsn 8

h at sach sitc.
'Ilre remoral expdriment was complcted io I d on cach
mudium-si2e stream. Ihrrc capLurc occa\ions r\ere
used in Paintcd Creck, the lirst stream sampled rvirh the
removal method. l.our capturc occasiong wtr(. us€d on
'Irap and Sat crcrks. lleaches ranged in leagth from
abour 200 to 300
m. IndilidLral poolr \ erc identified and counted in each
rcach. At least 50Yo of the pools were raadomly
selected and population estimates wcrs computpd fbr
fish in ench pool. Thc si:;r€ ofthe pools ianged ftom 9.7
lo I,.180 m'. fie areragc Jize bring 288 m. One to lhrec
pools were nffipled concuftently, depending upon their
siz,c and con$lexit!- ODce a pool was sslected, sample
locadons for thc minnow raps (3.2-mm mesh size: 19

cm diamcter and Js.J crn lolg) were selected_

Distances betw€en t aps depended upon habitar
comphxjty, but gcnerall_,- traps uere separated by
about 2 r . Traps $ere sct more densely in complex
habitats (i.c.. pools \.!'ith largo amounts of woody
debris) than in more open pools- B€twe€n 40 and 50
traps were set for cach removal expcaimert.
Tfaps ll€re baited *irh salmon eggs (disinfecred for l0
mjn vjtl l:l()0 bqadyne to wate. solution) held it
perlbrated "q'hirlpals," 'fraps wers set on the $ream
botaom next to $spectDd habitat ofju\.rnile salinonids,
such as woody debris, rootllads, or undficut banks, but
were distributed to completely sample the pool. 'laps
u'crc lcft undisurbcd for 90 + l0 min and then were
picked !p in the sarne order in which thcy \rere set.
Fish wcrc t moved. and iilsh bait $as Dlaced in each
trap- Traps wcrc set again in the sarne iocaiions. fish
ftom eaah pool and capture occssion lxere processed

scpalately. While tho second srt was lishing the Rsh

Aom Ue firsl ser were identified, counle4 measured
(m$), and lveighed (nenrert 0.1 g). Data from earh
capbre occasio. wer€ identiliod by number (1, 2, 3, or
4). each of which identified th€ capturc occesion. The
proc€dure \{as rcpearcd firee ro fou| timds- dep€ndhg
upon the desired number of cspture occasions. fish
from each capt$e occasion \rere placed in a holding
ner

ll
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(or blockcd mintou traps) until thc la$ captlts
occasion was comDletcd. at \lhich time all fish $erc
retumed lo the same arca liom which thljy uere

capturcd. Population size Nar estimatcd lbr cach

species in eath pool- Coho salmon Bere classifed as

fri' (ag,e 0) or parr (age l+) bas€d on anallsis of
lergrh-frcqucncy data. Coho salinon were considcrcd

to be fr-v if &ey were less than 50 mm in Junq less than

55 mm in July. or less than 60 mm in Augutl.
'lhe same proceduRs for thc rernoval esdrnate in the

mcdiurn-size strearls \'r'ere used in tle lmall ltrcams
during the concurrcnl mark{ccapturc afld romova]

experimerls- Sarnple reachos, which were 100 to 300

m long and rangdd in flrea from 68 lo f?,1 m'- could be

casily sampl<t trith 40--50 ttaps. Tho entire reach wa-\

sampled duri*g one expsrimen! snd population si?-e

was esthrated for $e sntire riiach. All 6sh *ctc
marked during fo!. caplure occasioDs in tht rgmoval

.stimatg, Rhich served as lhe mark sample in I singlt-
cersLrs PeteFon mark-rgcaplure sstimate delelmined
by thc Chapman modification (Ricket 1975). The

rgc&pturc sa|nplc \{as completed during one capture oc-
casion J-4 d after the fish were released. All lish were

identined b-v spccies afld measured. Recaptured rnarked

ish w€re .ecorded.
Removal e$imates and probabiljties of caprur. (P.)

wcre computed by the capture program (Whitc ct ai.

1982). lj- four capturc occ&sions were used. populirtion

siec was esrimaied by th€ gereralized rcmolal estimate

in the capturc progt-dm. horh equaL & among octasion:
and unequal P. betlveen the fust and subsequelt

oacasions. 'Ile progr.m also tcsted wheth€r P" was

constant, blied on a ahi-squarc t{st (0=0.05). lhc
Zippin nethod, which assumes equal probabililies of
{japturc, was used for Painted Creek where thaee

capture oc40sions w€re compl€ted.

A paired Fl€sr (0-{.05) was used to compare the

probability ofcrpturc fro$ the fLrsl capture occasion to
subsequent cap ae occasions in Pools \there a variahle

probability of laplfe \\ts used to estimate
populatioos- A paire.d t-rest (0=0.05) was also used to
exarrine dilTslencas in populalion estimalcs and
probabilities of caprute b€t*een three or tbur cdplltre

occasions tbr coho salmon j:ry. coho salmon parr, Doll,v

vardcn- and steel-head. Eslimates from indiridual
pools that had valid estinlatcs for lbur capture

ocaasions w€re used as the samplc unit. g$imaics for
ihrce captute occasions were made by recomputing the

fi$t thr€e capture occasio[s li-om ostimates *ift lbur

caplulg occaslons.

Dcpletion alld maxk-{egaFlurc eslimates l-rom rcaches

in the fivr small str€ans were compated by a paired ,-
lesl {F0,05). 'lhe test was compl€ted separately for
coho sahnon fry. coho salmon parf. and Dolly Vorden.

Cufihros! trout ard slecl-head wcrc no! csptured in all

sircams and wcre not inchdcd in tlle analysis.

Normality and homoge(ejty of variance \!:Ls t*sted

belbre use oflhe r-tesls (SAS Inslhute 1988).

Resultj
Remoeol Fatimqtes

Abund{nce oi coho salmon par was estirnated fbr 47

pools in Painted, Sal, and Trap creeks. Eslimat€s were

not computgd (deiined as "failures" by thc computcr
program) in three pools for coho salmon fry aj|d Dolly
Vardcn when lcss ftan l0 fish irete caugltt during all
capture occs5ions. f'or two of tbe pools, tailures

occuf€d $'hen more coho xlmon tia w€rc caught

during either the second or lhird capturt occasion tlan
durirg fie firtt caplure occ4sion. For the third pool, Bo

Dolly Varden $rre capturcd du.ing ihe firsl two
capaure occasims. 16 werc capturcd during rhc third
capture occasion and 3 were raplurcd during th€ fourth
mp[ure ocrasion. Steclhead *erc captursd onl] in Sal

Crcalq and 3 failuGs occurred or|t of the l0 pools

sampreo.

for all species, more thao 4570 ofthc total cntch in all
resches of t'ainted. Sal, and 'frap {reeks werc tak€n

during the first taplure occasion (Figure l). ln mosl
cases, the numb€r of fish captuJed during lhe fourti
cirplure occBsion was less lhan l5yr of lhc ioral catch-

For all spccies exctpr coho solmon fr,', the probabiiit)

of capturd was e.eater rhan 0.3 for at least 80% ofthe
pools stunpled when it rvas assumed con$ant fbr all
captu.e occasjons (Figurc 2). Probability of caprunc

was grcater ftan 0.4 in lnore ftan 9070 oflle pools lbr
cullhroat hout and stceihead. Coho salmon i]._ 8nd part
had the lo\rest probability of captlrq but more tharl

50% of the pools ercccded 0.-,1. ln most cascs.

howcvcr, substantjally fewer coho salmon fl:v ard p&rr

\*ijre caught upon eBch succ€ssivs sampling oecaliion-

cvcn with lowcr probabilities of capture. lor example.

in one pool, I 23 , 95. and 5 1 croho salmon frl- rtere
captured during succe,\sive caplure occasions. lhc
probabilily of caplurc calculated to
0.144, The 95% confidencs inten'al mnged ftom J?4 to
4f2 llsh around the population eslimate of l?4 lish.
While the lower fnobability of capore resulted in less

prccjsion, lhe lo*er confidence intcwal was within
l3?; ard the lpper confLd€nce intewal within 26% of
thr estinratc,

l2
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selected fo. Dolly Varden ard srcalh!-ad in all pools
ofsai Creek {Table 1), In Trap Crcek, thc constanr-
pfobability-oicapturc modcl was selectcd for Dolly
Varder in 819,; ofrh(r poots. A variabie-probability-
of-cnpturc model was uscd to estimate population
size for coho salmon fry in live pools, for coho
salmon parr in cight pools, and for Dolly Varde, in
tirur pools. (hly i-or coho salmon fr_.v lras the
probahili4 of clpturc significlrtty grcater for lhe
firs1 captue occasion than for subscquent capturc
occasions {Table 2).
Populalion cstimates and probabilities of cepturc for
tnrce sample occasions \+cre gencrally lower than
those computed for four sa'npic occasions {Table l).
Popul8lion esiimates for three and lbur capture
occasiots wsre signifcaflly diflerent for coho
salrnon parr (P =0.013), but differsnccs were nor
obsened fi}r population estimates of coho salmon
lr)' and Doliy Varden, Differcnces bet\refi the
probabiliiics of caplur€ fbr three and firur capture
occasions were observed for coho salmon fry, coho
salmoo pfi, and Dolly Varden. The probabilities of
caplure for lhre€ capture occasjons \yere grealer than
that gstimated fbr four caprufe occasions (Table l),-lhc 

population estimale6 or probsbjlities of ca0ture
for Jreelhead were nol signincantly diflersnl
bctween three and four capture ocrasions (Tahle l)-

Ma* Recapture and Rem.rytl Btimarcs
comparisons of population estimates ior the two
mcthods showed mixcd results among species. but
generall-v cslimates from thc mark-{ecapturc method
wcrc highcr than thosc from tie rcmoval method.
Mark-.€capturc and removal eltimdtes were
signifcantl) diffcrcnt for coho salmon parr (p
=0.049) but wer€ not sjgnifioanlly differenr for
Dolly Varden and coho salmon fry {Figur* 3)_
Mark--recapture estirnates 1r.ere higher in all steams
and lbr all species except coho salmon fry in Twil\

Creek and Dolly Varden in Picr c Creek. In both cases,
rcmoval cstimal€s had wider conlidence ifltervals thao
the Dark-r€capturc estjrnaf&s. Removal estjmates for
both streams had lolv prob8bililies of csttue ard a
high number of lish capturcd during lhe final capture
occaston,

Discrsgion

frobBbilitiss of caplure \yere gederally high, ard in
rDost cases. 5k5% of the popuiation $a5 captured
during the fi$t sample occasion. Ilo*evir, even l'lith
high probabiljties of captur€, underestimatior of !h€
populalion may be a problem bc

Pata 2 P-a a

Prar 2 l|ara l Prti a

t-;-cor I

:-o- COp ,

i-o-cr
i:.:.t ' 'oil

ttul F.||, pt|i! paaa a

Captart Ocorton

FrcuRE l.--l'he proFortionoti1)hosalmonfi](Colr), coho
s.Ihon parr icoti), Dolly Vardrn (DV), cutiroltl rrout (CT),
lrd g€elh€ad (Sl.l) caplured during each captlrrc occcron rn
Trap. Sal ard Painted crc€kl for rhc removal cxo{rirftn! in
soulhfast Alaska. 19J6.

ln Sal and Trap cre€ks, both ofwhich had four
capture occasions, the caplljls progmm compared
const fi-captur€ probabiliry and vatable{aptu 9
probability. In most pools. thc piobobilities ofcapturc
were consmnt. I he consllnFprobability-ofcaplure
model $as selccted lbr all spccics in gt9/o ofthe Dools
in Sal Creek and in 919,0 of the pools in t rap Creik
(chi-square. H.05: \Vhite et at.
1982), Th€ constanl-probobilirJ.-'-oa-capturc modet was

{-t Ssl Crr*,
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Frbr RLf - fhe rElali'rnlhlp b€lwc€n Frobabrlit! ')f $prur€ ofallfiv' spect6and lhe numbel ufpools express€d a!! pNportion of

totJ-[U samptea in 
-fmp, Si, snd rainted crccls for the r.moval erperimenl in southeart Alaska' ]996'

cause of dillercnces in probobiliiies ofcapturc bdwcen

sample occasions (Riley and Fausch 1992).

Undcreslimalion would occur ii the probabilil-v of
caplure *as higher during lhe firsl sample occasion and

lo\,€r duting subsequenl sampliog occasionr (Riley

and Fausr.h 19q2). The bi6-s oan be accounled for ifthe
diff$rences bclwgcn probabilitr of capturc can be

dglected during the cstimatio! through thc u5€ of fout

capturc {xcrt.sions and fre generalized removal method

(White et al- 1982). Resulls fram this study ogree with

the recommendation of Riley ald lausch (1992) that

fo|Il capture occa-cions be used tbr lgmolal estimales

whcnevBr possibls,

Rilcy and lausch (1992, and lhc numerous rtudids

rhey cile fepori decraasitg calchability afler the li.st

capturc occasion durjrlg cl('ctrolishirlS and suSgcsl lha!

it is important to m$intain eqlal eflbn among all

saflples. Ilowever. not onl)_ does the process of
electrofi shing imposc a cr)nsid€rablc

TABLE t 
-Percen! 

of p{x)b vt'ith conslan! and }nri rble

probabilr €s ofcapture for coho salmoo iry, coho salmon

!arr. Dully vatdsn. and ieclhcad caplurcd In two stre8mt rn

southeast Alnskq, 1996

Typ€ of ptobsbility Colo salnon
Pat' Fr! Dotb v&*n

distlrbance upon lhe stream alrd influence fish b€havjor

during tubs(quenl samples. but it also imposcs ,r

physiological rqsponsc in fish that influcnccs behariot

on thosc lhrt uere shocked bur not captured duting the

irst $ftempt {Mesa and Schrcck | 989). Minnow traps

are a passiro capture method and impose a much lower

degree of disturbaoc€ than electrofshing This

elimina&s thc affects ot'disturbanccs ;f caJe is usid
rlherl thc tr{rps arc set and relricved.

R€gardlcss of the mEthod used to caprute tish-

a.ssumprions ol asmoval estimates mu$ bc met that

inclule isolatjon ofthe sampie area during the sampl€

period. Rccruitmenl inro the ssnpll atea during the

estimste $ill rcsult in an upward bias ilr rh€ €stimatc:

ho$ever, recruitment was not observed in study

scctiors of the larger stsgal's duting 6-7 h sample

periods. Ilthc Pool within the

l asr.e 2.--{omparison (paired .-(est) between Probsbililiet of
crptutc (P.) on fi|si snd subscquefi cspiutE occaiioor in ,nols
where a v6riable probabilit]- of capturE was used lo estimate

populations for coho salmon lry and parr snd Dolly vnrden in

two sl*anN in sonthetlt Alaslia. l!)96.

lirn Subs€qlon
Sneits e5o1!E ellllcs df /

-cuto 

s.t.on 0.521 o ol

l!-v Pd L101lt 0 J74 0.30? 0.516 4 r 0 8l
varder 0435 0.212 i 006

dI
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T^BL! 3.-Compadson tp€i|ed l-tost) bel$3eo -1-ssmple ard 4-sample removsl rslimates af popularion and probabiliti€s rf oapture fo,
roho salmon fry and psrr. Dollr Varden. and steelhead in liap ar1d Sat crecks. sou$ealr Alasl(o- t996.

Me.1r pspul!non esiFar. (nrmbi:r ol'nsi')

'rbe
rcach is not
saturatcd

Mon Frehab)ilt ofcapld.

0.5J9 0..14J 0.00r
0.655 0 57.1 7

0 008
t
0.006

large numbers of
juvenile

salmonids.:I}ey
also did not
rcqujre as many
lmps as pools
wirh large
root\lads aDd

fish liom sanon
llithin the FD-, Par 24 24

pool mat'
be recruited
into ncarby bllr
traps during subscquent sampling occasions. Evidence
of rccruirnent during lhe sample period may be ob-
scrvgd \r,hen morc fish are captured ir later sample
occasions that during the first or se,oond sarrplc
occasjons- Effort should be made to capture the
grealest number offish from thc pooi while completcly
sampling tbe pool and maiftaining equal sampling
elToat among eaplure o$casions.

lvlilitlow traps have phtsical lim;talions rhai limir
tberr usc as a capturc method. Th€y do not adequdtcl),
sample rillic habitar; theretbre. lhe mcthod is timitcd fo
pool habitats. Stre$n depth must be sullicient to
subl:relge th€ opening of the trap. 'l'he effrctivc rangc
or ori9ntation of baitcd minnolv haps h4s not been
systerdatically tesled. but raps are usualiy set pa!'allel
to the iow or ir pools with mirimai flow, Extensive
fisld €xp!'riencc in southea.st Alaska luggests $al
minnow traps are efiective at a radius ofat lcasl 2 mi a
downstr.am bias may exlcnd the range dependirg on

800

Specles

fforr, Compl€ri habitats, such as large, dg,nse dcbris
jams, maJ" requi.e a highcr densjty of traps than opcn
pools. Fish behavior and habitat prefficnccs will
dctermir€ the distribution of 1raps, l,arge scour pools
wiih little cover 6nd high tlows genefally did not yield

scvetal smaller conn€ctcd pools.
Alhough removal and mark-recapture ssti-

Ircspr i--Ihe comparison of population €stimales frofit
mark-fecap$r€ r.d removal ftethods b.v species for fiv€
small slreams in souihcast Alaska 1996_

54 22 61 25 00E?
00t.1

fi loo

o
b 300
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mates in small ltrcams \v€te not signincanll,v dift*rent lbr c'oho salmon lry and Dolly Varden' mark_lecapturc mean eslLmates

*ere l3-l7o,,D great* than rcmoval mean esritnates. \iiolotions of at )east tlvo assumptions, equat \ulnerabilil! of markcd-to-

unmurked fish (trap-shyi and grcarer rnorlality of marked l'ish. could account for higher mafk-recaplur€ eslimales. l{emoval

qstimatei werc ollen lovcr rtran ma({ocaFture eslimatcs, Mahon (1980) and Pctc.ion and (:€ditholm (1984) generdlLy

attributed this ro decreasing probabjliry o{ caFturc lpon successive capture occa-sbns. 'fheir estimotes, ho\'!evcr. were derived

liom elcctyolishing anrl noiby less-obtrusive methodl such as mjnnalw 1rdps. 
_l-hc geocnrlized tgmoYal progratn |]sed a consunl

probnbility ofcapiure lilr ali {ivc ol-rhe sycams rather lhx11 a yariablc prubability of captuie, wlli.h sue€esrs rhe nritnow trirps did

not xncct,ish bchavior-
Removal mcthods hale selcr3l ad'-antages ovcr mark-recapturc methodr includirg the ability to complctg satnpling in a

single day and requidng fq$€r nssurnptions. Minnow trrys itrposc lcss sfiess on fish thsn gleclrofishing, though care rtust be

takin when fish are held for sevenl hours- h streams thal cannor be complelely blocked' lhe shoner time intcn-al needed for fie

rcmoval estimde reduces the probabilitY of movement and more closely satisfies t-he closure assumption rhar is grssible lor

rnart -recaptwe expeimelts that requirg sgveral days belweeo the malk and recapture. 
-ll'te 

assumption of closurg can sg]domly

be accomplisherl in iarge streams ilith grealer llow volumes" bul short-Lerm movenent can be reduced during a rernoval estimate

through tilc use of sariplc reaches that ar€ sep*rated by naturnlly occufing ob$ruclions. Minnow ttaps, careftrlly placed in a

stre; .rd let undisturb€d^ are also less likel) to disturb fish ll1an dufi[g eleclro$shing or seining when serelal people move

througi the stream dtri{g each sample occasion. Minno$ traps olTer'an atlractive altemalive for conducling removai eslamates

forjrivenile salrnonids. similor me&ods may be applictble to olher species thal arc susceplible to passive catfiie rncthods'
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