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Monitoring Plan Summary for Determining Trends
ln

Watershed Condition and Populations
of

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

Tongass National Forest

May 10,2012

lntroduction:

Dolly varden char, cutthroat trout and coho salmon have been identified in the 1997 Tongass
Land and Resource Management Forest Plan as Managemeff Indicator Species (MIS). MIS
trends ideally provide a surrogate measure of envircnmental quality that affects the biological
commrmity and environmettal condition. This monitoring strives to characterize the ecological
condition and trends ofwatersheds and aquatic ecos)'stems on the Tongass National Forest, The
proposed monitoring attempts to respond to the lollowing basic questions: Is the Tongass
National Forest Plan maintaining or restoring aquatic and riparian ecosystems to desired
conditions on Tongass National Forest lands? Are populatian trends for MIS and their
relationship to habitat changes consistent with expectations.

General Design

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

The monitoring will look at the aggregate ofvarious physical and biological indicators to
evaluate watershed condition. To be meaningful, a moniloring program should provide insights
into cause-and-effect relations betwgen environmental stressors and anticipated ecosystem
responses. A primary step in developing an effectiveness plan is to recognize the factors that
influence the parameter of interest. An overvierv ofthe concepiual model foi the aouatic and
riparian ecosystems is shown in figure l. The conceptual model illusnates the response of
firndamental watershed processcs, as influenced by inherent landscape parterns of climate,
geology, topography, and soils, to natural and human-caused stressors.

Three physical subsystems (upslope, riparian and flood plain, and stream channel)
and related biological components will be monitored. The processes occurdng 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 inlluences on the stream channel subsyslem. stream channel and
riparian aad floodplain subsystems are coupled (i.e., influences are bidirectional) so changes in
mtes or states associated with the processes and stressors in one ofthese subsystems will



usually all'ecl the linked subsystem (Naiman et al. 1992)" In contrast, the influence of
the upslope subsystem on the flood-plain and riparian and stream channel subsystems

is more strongly unidirectional (downslope). The influence of riparian and aquatic subsyslems

on upslope process€s is assumed 1o be nearly, but not completely, negligible'

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

Plan are shown in figure 2. Processes are grouped into those that describe general ecosystem

function, with related key processes usef,rl for designing the monitoring strategy. These key

processes are further developed as indicators in table I .

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

riparian biota make up a set ofprocesses th4t prol'ide a conceptual link between the

physical and bictic elements of this monitoring plan The model depicts habitat development

as the composite of the ecosystem processes listed' Thus, habitat development

and population or communiiy dynamics are shown as features thal integrate general and

key ec;system processes in the stream channel and riparian/flood-plain subsysterns

(fig. l). Sirnilarly, habirat distribution, diversily, complexity, and temporal and spatial

connectivity comprise a composite ofhabitat development as affected by natural and

human-caused ecosystem stressors'

An integration ofprocesses and sffessors provides the funclional relations critical to developing

conceptual models for monitoring lNoon et al" 1999). Specific aspects of each ecosystem plocess

have been icientitied as stressors that affect the three subsystems. Although natural and human-

caused stressors are often difficult to distinguish in practice. the model lis1s examples of both

types. In keeping with the effectiveness monitoring strategy, stressors are intended to be value-

n*t ut (i."., itt.i can be either positive or negative like roads. which represent both road removal

and construclion).

Upslope subsystem indicators 
-Upslope 

subsystem indicators such as vegetation composition,

seial itage, road density and percentage of cover-reflect pmcesses influencing the entire stream

nerwork (Naiman et al. 1992) and are relevant indicators over the entire

watershed. Dala can be gathered largely by existing imagery and ArcGlS.

Riparian and flood-plain indicators-Riparian and flood-plain subsystem indicators

represent processes delivering structure, sediment, and nulrients 1o stream channels

over intemrediate spatial sca.les, and they require finer scale analysis and greater initial
sampling intensity for validation thal do upslope indicators. It is suggested that riparian

indiiators be measured throughout the stream network, u'hich includes perennial, fishbearing

as *'ell as perennial nonfish-bearing and intermittent streams, Allhough materials

delivered by riparian and flood-plain subsystems initially affect adjacent stream reaches.

they also affect the condition of downsoeam reaches (Naiman et al. 1992).

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

and depth, particle size distribution, and large woody debris count will be measured at the reach

scale. In-channel subsystem indicators will be measured within 8 stream sections in each

watershed. Four ofthe measFed stfeam sections will be in the upper watershed upstream of



barriers impassable to aradromous fish and 4 will be in the lower watershed within anadromous
habitat.

Figure I : Overvr'ew ofthe conceptuai framework
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Table l*Core indicators by ecologic process with preferred measures and data lields

Watershed
Subsection
nnd Process

Key Process Indicator Protocol Evalusted Data

Upslope
Subsystem

Vegetative
successlon,

growth &
mortalitv

Wood
Production and

anspon

Vegetation
seral stage and
series

Cover by composition
and slructule class

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

Soil Cple
Sediment
production and
ranspon

Stream
crossing
density

Density of stream
crossings per square
mile

Density of
stream crossings
per sq uare mile

Soil Cycle

Sediment
production and
transport

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

Miles of road per
square mile
within 300
meters of streams

Soil Cycle

Sediment
production and
Ilanspott

Landslides Protocol from
Swanson addressing
frequency, typ€, and
location

Ftequency, by
type. size and
location of
landslide

Riparian
flood-plain
Subsyqtem

Vegetative
succession,

grov/th &
mortality

Wood delivery.
community
structural

development

Vegetalion
seral stage and
association

Cover by composition
and structwe class

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

Soil Cycle
Sediment

production and
transDort

Stream
crossing
density

Density of stream
crossings per square
mile

Density of
stream crossings
Der square mile

Soil Cycle

Sediment
production and

transport

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

Miles of road per
square mile
within 300
meters of steams

Soil Cycle

Sediment
production and

lranspon

Landslides Protocol from
Sn'anson addressing
frequency. type, and
location

Frequency, by
type, size and
location of
landslide



T*ble 1-{ore indicators by ecologic process with preferred measures and data fields

(continued)

Watershed
Subsection
and Process

Key Process lndicator Protocol Evaluated Data

In-channel
Subsvstem

Channel
structural
dlrlamics

Sediment and
wood delivery

Channel cross
section

Monumented cross-

sectional profile
Bankfull width
and mean depth

Channel
slructural
dwamics

Sediment and

wood delivery
Channel
mov€ment

Monumenled charmel

longi tudinal prollie
Water surface
slope

Channel
structural
drnamics

Sediment and
wood delivery

Channel
sinuosity

Stream length/valley
length from aerial
photos.

Stream
length/valley
lensth

Channel
structural
dynamics

Sediment and

wood delivery
Channel pools Survey of residual

pool volume, depth,
and fiequency in
sample reaches

Pool depth,
volume and
frequency

Channel
structural
dynamics

Sediment and
wood delivery

Stluctural
complexity

Survey of LWD
counts in sample
reaches

LWD counts per
lineal measure

Channel
structural
drrnamics

Sediment and
*'ood delivery

Substrate
composition

Wolman pebble count Percenlage of
fines and D50

Energy
Exchange

Heat delivery Water
TemFerature

Temperafure recorder Water
lemperanre
change

Hydrologic
cycle

Water delivery Water quantity Sage recorder Discharge
change

Biotic
Community

Biotic
integrly

MIS species
densily and
condition
factor

Removal method
using minnow traps in
closed system sample
reaches

Species density
and condition
factor change



True watersheds {6th-lieid hydrological unit) forms the basic geographic unit for monitoring.
Fourteen watersheds will be sampled over an I year period. Two of the walershcds will be
sampled annually (Fixed watersheds) and 12 watersheds will be grouped into lbur separate
panels (Panel w-atersheds) of3 watersheds each and sampled on a rotating basis once every fbur
years (table 2;.

One ofthe annually sampled watersheds is within an unmanaged condition currently and into the
perceivable future while the other will be representative ofpast, present and proposed future
active management activities, 'fhe annually sampled fixed watersheds will allow lor tlre
assessmenl oflrends more rapidly as well as provide information on natural variability.

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

Selected watercheds have populations of: 1) resident Dolly Varden char and./or cuttlroat trour
upstream of impassable and permanent barrier(s) and cohn salmon young-of-the-year and parr in
downstream sections. Four resident fish populated stream secrions and four coho populated
stream sections of approximately 100 meters in length will be sampled within each otthe 14
selected watersheds.

sample reaches will be in FP0, FPS, MMO, or MMS channels (See Cbannel 1'ype users cuide
for description). These less constrained, lower gradient (<670), smaller and mostly alluvial
ciannels support relatively greater numbers offish, conlact a greater area ofthe fioo6-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 ofupstream
watershed process (Reeves et al. 1998).



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

affucred by forest management, .IJre believe trends in fish populations may be less likely in

slreams connected to lakes. Therefore, selecied sample stream seetions will ideally 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 permanendy marked olosed reaches of
,tr.u*. R tht..-pui, to fo* p*t removal method using minnow traps baited with disinfected.

saimon eggs. Ternporary bloik nets will be deployed on the upstream and downstream ends of

the sampiireach to restrict fish movement while sampling' Previous experience indicates thgt

betrveen 25 to 50 minnow traps are required to saturate the reach and ailow for adequate capture

rares. Appendix A provides i publication containing more detail on the removal method.

Nalural obstructions. like shallorv riflles or small waterlalls 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 prcbability ofpersistence for the life ofthe

moniroring project. In any case, lhe ends ofthe selected study reaches should be pennanently

marked, itetat tags nailed to trees are recommended as permanent markers. Suweyors flagging

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

will be recorded also to relocate study sites'

Minnow traps shouid be set for approximately 1.5 hours at which time all captured fish will be

transfened io buckets. It is suggested the buckets have holes drilled in the sides and be placed in

the stream for water exchange io keep the lish aerated. The traps should be rebaited and reser 1br

another 1.5-hour period. wirile the second se1 is fishing. fish captured during the first set should

be processed. This can be repealed for three to four cycles. Data collected for each set should

inciude the number of fish captured by species and their lork lengths and weight. The

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

reach of capture.

Population estimates and associated confidence intervals will be determined using CAPTURE

software program (White, 1978).

Minnow rap funnel openings will be enlarged ifnecessary and maintained at a I " opening size.

Openings ltill also be coated with silicone to avoid the possibility ofinjuring fish upon entry into

the minnow lraP.

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

completed during high flows.



Literature Cited

Naiman, R,J.; Be€chie, TJ.; Benda, L.f,. Jet al.l. 1992. Fundamental el€ments of
heal*ly watersheds in the Pacilic Nortfiwest coastal ecoregion. ln: Naiman, R.J-, ed.
Watenhed maoageoent: balancing sustainability and environmental change. New
York: Springer-Verlag: 127- 188.

Reeves, G.H.; Sisson, P.A-; Dambacher, J.M. 1998, Fish communities- In: Naiman,
R.J.; Bilby. R.8., eds. River ecology and managemsnt: lessons Aom the Pacific
coastal ecorcgion- New Yorft: Springer-Verlag: 200-234.

Reeves, G,H et aL, 2003. Aquatic and Riparian Effectiv€ness Monitoring Plan for ttre Nonhwest Forest Pian- !'orest
Servicq Ceneral Technicel Report PNW-CTR-s77

Whitet G.C.et al,i 1978. Capture program - Computes estimat€s ofcaptwe probability and population size for
"closed" population capture-recapture data. User's Manual for Program CAPTURE, Utah State Uniy. press.l_ogan,

Utah-



Appendix A

Estimating Fish Populations by Removal Methods with Minnow Traps in Southeast

Alaska Streams

MAsoN f). BRYANT*

Ilnited St4tes lbrc !,entce, t'acit'i 1\iotthwest Research Stotio& t770 Sleft.oo.l latv 2A. -tuneat llallo 99801, ASA

,lrstr4cr- passive qrptu.€ meih(x]s, suoh as minno* llaps, aro commonly scd to crpture fsh for rirat! {ecaptwe population

€stimot€st ho\e!'er, they ha\,e not bgen nsed for remoral melhodt. Minaow trnps s€l tor t0-rtin pctiods dur;ng thrae ot four sequentul

capt$r€ occssions during $e summer of 1996 \}€re used to capture col'to salmon Oncorlrytfus kisutch fry alld parr, Dolly Varde$

J'.a^,el,?na ndlno. cutthroat lrout O. c,/ofh and juveoile sEelhead a ,,.l,ltsr to estinrate population size wiih th€ ZipPin or gdn.mli?ed

|!mtl-.al method- Mofe than dsy. ofibe toiai c|rch was obtaioed du.riog the first capture occation, md in rn1xt cases. &a calch during the

iburth occasion $as less than 15% oi ihe total oaroh. ln most pools, lhc ptobabiljtt of caPture 1ta! gcsler than 0.4 but w4s lolYsr fot

coho salmon fi} thall for c$ho sal&on parl and oths spccie!- Mcan topu,alion cstirnat!'s ior coho salmon pnn firade wjth goncu.tenl

mark-recapture md Emoval mBdods diflered significantly in small strtanls. [stitnat€s frotn nurk tecaptor€ and removal nethods *ere

lot signifi;dntly diffcreni for coho salnon fi-.' and Dolly Vardcn, but natk-recatturc erlimales *ere hi8hc. than rcmoval ettim{cs in

most cas*. My resulrs sho* that removd estimet€s crn bc obtairEd wilh minnow trups if sanFling prl.'cedutes confolm io ,te
assumsti.rnr rcquired lbr tht m!'thod

Obtaining prccise ,nd accurotE es'tima.es of fish

abundance jn stream$ conlinues to challenge llshery

hiologists. despite the development of $ophislicated

mafiematical models. Commonly used methods

inplude ma.k-recapture cxpedmeDts (Ricler l9?51

Z-ubik anr! Fmloy 1988) ?nd removal estimales (Moran

l95l; Zippin 1958i White et al. 1982). Though snorkel

srv€ys are also used to estimalg fish ahundatce

{Nonhcore and Wilkc 1963r Schill ard Cdfnth 1984:
'l hurow 1994), rhay rcquire a separatc l]stimate of the

population to caiibrare dre counts (Hankin 1986).

Malhematjcal fiodels for both marl'-recapture and

remoral cstimatgs aae well-tested, but prcscnt

substantial Iogislical challenges to mdet tht
assumphons.

l\,lafk-recaplurc estimalds are commonly u$ed it
southeast Alacka and €lsewhete to cstimatc populalions

of juvenile salmonids. rnost cornmoniy coho salmou

Oncoryhnchus Lisutch and Dolly Varden Salrrlrn*s
rnalma, in small ( ;l-m"wide) second-to lhitd-order
strcams (Ellioit and Hubat'lt l9?81 Dollofr l98li
Bryant 1984: Youog cl &1. 1999). Sampl€ reach€s jn

streams rvider than 4 m and with higher !-ate. fio\\s are

diflicul! to isolare, and mark-recapture methods are not
reliable because of molemenl betlteen sample Pcriods-
High iows, commoo in soltheast Alasko, also al]lcr
movcment and catchabilit; bttN.'en samplc pcri

'!-mail: mdbryaDtAfs-fed.ls R€ccrved April l:. 19991

rccepred M.rch 30, 2(Xll

ods. RcrDoval m€thods or snorkel stlnc)-s arc ofien

used in tbese strca]ns, yet even these methods are

limired. Lo\y conductilir)' and patohes of complex

habitat rvith lslge woodrv debris maric thc removal

melhod of el€ctrofishing impractical, Snork€l 
'un'eysalso an impractical hccaure of compier hahiol and

poor visihiliS in the dark waters of many southcast

Alaska strcams.

Rcmoyal methods hare sevelal advanllges ovgr mark-
recapturc mcthods to estimats fish numbers. ['ish are

c0pturcd olly onc€, \thioh eljmi'|ates ttias due to
behavioral rasponses to a trap. fish do not necd to be

marked. vhich removes assumptions that all nrarks ate

identi{ied aod !ha! negligibld moltality oocurs due to
marlijng, The stream section can be sampled in 1 d.

lrhich sdbstantially reduces the probabiiit-v.. of
movement b), fish inio and out of thc sample area in

c.a-ses in which lhe sream section canflot be isolated for
the durarion of th€ mark-recaFure sequenc€. In

addition, a ld sampling effon simplilies logistics for
thosc locrtions lhal are diflicult to reach and diminates
any dillerences in sampling c{Iiciency due to changes

in flo\ regimes {i.e., h;gh-waler evenls that occur altcr
marking aod bel'ore or during recapture).

Pa-ssive capture methods arc commonly used for mark-
recapture expeiments but arc seldom used for removal

estimotes. Minno$ tmps baitcd with salmoo el8s are

an etl'octirg m!'thod lb. capruring juvenile salmonids

aod have been used in nurner

923
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ous strdjes Lhrougholt sourheast Alaska (Bloom 19?6:
gllio$ and Hubartl 19781 Dolioff 1983: tsryant l98J)-
Minnow traps have not bcen used for removal
population estjmates but havo Scveral advanlages over
ele.trofishing: they aJe less hsrmlll ro lhe tish, disturb
thc strcam lcs! can be used eflisi€dly in complex
habitats. and arc not dependcnt on the water chemistrX
oi'fte $reart (M€sa ard Schreck 1989; Riley- and
Fausch 1992: llollender and Carline 1994: llabcra et

ai- 1996; R€ynolds 1996). Airhougi mrnnow irap$ {r.
not effectir's in riffle or fart-water habittrs, they oljk o

less-intrusive altemative to elecrofishing in strea$s
$ilh pools or sbw.mo\.i4g water. Howaver, lheir use
as a .emovai melhod fbr population egtimates has nor
bc^cn $tudied.

Itly pulpose is to determine if minnov traps can be
used ds a removal method to estimate population sizes
of fish in slrcams, M-!-, lint objecliv€ is to deGnnine if
minnow lraps capture a suJncicnt part ofthe populatio!
on each capturc occasior to cstimale populalion size oi
juvcnile salmonids using a rmroval msthod and to
examine probabilitics ofcapture in n:rtlrral streams. My
second objecri!€ is to ddlermine if coocurrent mark-
rcmplu€ estimates arrd removal eslimale$ thaough the
use ofminnow traps diller significartl.v.

Methods

Tbe sludy was sonductcd on live small second-lo
lhird-order streams, Conv€nicnce. Ili.nic- Switzer,
Twi\r, aid Tye cfeeks, ind threa mcdium-sizc fourth"to
fifth-ordcr streams* Pairt€d- Sal. and Trap creeks. in
southeail Alaska dllring lhc summer of 1996. The
small streams !*ere all less ihan 4 rn in bank-fuu widrh
and had summcr mean fo\rs oi less than 0.5 m/s, The
mediurn-size strearns \rerc great€r than 4 m but lcss
thal| 30 m in tark-firll width afld dmined into salt
water. Ali streams supported populstions of coho
salmon rnd Dolly Vardcn. Slrclhe/ad Onchorhlachu!
?ryfurr and cutthroat trout A crrr*i werc folnd in some
sFeams 4nd *ere not sympatric in any strcam that wa!
sampfed. Coastrange scuipins Cotl!.r aleuticus vte(E

occasionally c{prured but no1 included in the Estin reri.

Thg three medium-size strqlms \t'ere samplcd uith tho
removal cstimate only. Concujrcnt ma.k-,fi:capture and
removal experimeots were completdd on all tive small
fiteam5.

IUark-recapture and rcmoval me$ods require olosed
populatjons: th€relb|e, sample reaches eere selected to
minimize emigmtion or immigration during the sample
period. In th€ five small sFcams, fte sample r€acbcs
ranged liom 100 to 350 m drd w€re blocked by.' ncti
wei.s. o. bariers at both cnds tbr thc duratior of the
experimcnt, uslally 3-4 d. ln ths ttlree n€dium-sjze
streams, nels could nol bc uscdl ratural baraigrs werc
used to isolatd thi reaclt and pools within the rearh.
These includod iong, shallow riflies 1 5 crn depth) or
submerged logs rhai fullv spanned thc stiearn, tbrmjng
a dam- \\tile complet€ isolation was not achjoved. fish

rnovemcnt a,lross thcse badiers wLs not observ€d
dudrB sarnpling, which usually lasred no longer than I
h at each sitc.
'I}|e remotal experirnent woi compl€Lcd in I d on each

mcdium-sizc stream. llrrc Lallure occus;ons ucre
used in Paiotcd Cleck, tlrc first srea$ sampled ni.h the
r€moval method. [$ur clpture occasions \ryere used on
'Irap and Sal creeks. Reachos ranged in l('ngth ftonr
ahout 200 to 300
m.lndividual ptxrls were idenlilied and courrted in cach
reach. A! lsast 50% ol tJre pools \rere rdrdomly
seleoed and population estimates were computed Jbt
lish ir each pool. The size olthe p(x)l$ rdngclj iiom 9.?
ro 1,480 m'- the average sjzB bgiog 288 rn'- One to thrir
pools \rere s{mpled cencu.rently, deperding upon tieir
siz-e and complexity" Once a pool rvas selectcd, sample
localions for the rninnow rrsps (3.?-mm mesh size: 19

cm diameter and J5.5 cm long) $ere s€lected.
Distancss belween lraps depended upon habitat
complexity. bu1 gererallt faps $. sre scpamted by
about 2 m. 'liaps wers set rnore dersely in complex
habitats (i.e., pools with large amounts of woody
debis) lhan ir more open pools. B€tveerl 40 and 50
traps \rerc set fof each removal c-\pe ment.
Traps wer* baited wjth salrhon e!g$ (disinfectcd for,l0
min with l:100 betadyre to vrater solutior) held in
perl-orared '!.+hirlpals," Traps'werc sct on the s1r€am

bottom next to suspect€d habitat ofjuvdile salmonids,
such as woody debris, root*ads, or underlut banks, but
\rere distributcd to completely sample the pool. 'lraps

la.erc len undisllrbcd for 90 1 l0 mir Bnd tbel \rgre
picked |lp in the safle ordpr in wbich ticy rrsrs set-

Fish were removcd. snd li€sh bait rvas placed in each
trap. Traps rlerc set again in the same iocations. Fish
fiom each pool and capture occasion were prccessed

scpdrarcly. While thc sscond set was ,ishi'lg rhe lixh
ilom the fir$ ser were identilied, counte4 measured
(mm). ard weighed (n$arert 0.1 g;. Dara from ear:h

capture occa{or were identiliid by number (1, ?,3, or
4), cach of which identified thc captur$ occ&sion. The
procedure \ras rcpeat.d three to four times- depending
upon lhe desired lurnber oi capture occasions. fish
from each cagture occasion \}-ere pla4ed in a holding
net

ll



ESTI\IATII.IC FlS PorUl,A IlOilS BY REvOvAl-

(ilr blockcd minno\l traps) until the lssl captutc

occirsion was completcd, at vhich time all fish }rcre

rctumed lo !h€ same arca lrom *'hich they }\crc

captured. Popularion sift \ras estimatcd lbr cach

species in each pool- Coho salmon were classifed as

&y (agc 0) or parl {agc l+) based on anal)'sis of
lenglh-frequenc].' data- Coho salmon werc considcEd

lo be fry ifthey wcrs less than 50 mm in Jun€, less than

55 mm in July, or less than 60 mm in August.
'Ihe some procedurcs for thc rgmoval estimale jn thc

mcdium-size Streams were uscd in lle small strcams

dllring &e qoncufient mark-recaptuac and removal

Llqxriments. Sivnplc rcaohol; rvhich were 100 !o 300

m long md ranged in atca liom 68 to 2?4 m. could bc

easily sampicd with 4{}-5{l lrapr. The enlire reach wa-s

sampled durilg one experimcl! and population sjze

wai estimnted for thc cntirc teach. All Ush wcrc

marked du ng four captute occasions in ths rcmolal
estimatq which Servod as the mark sample in a single-

census Petersoll mark-recapture !'stimale detetmincd

by thc chapman modificatioo (Ricler 1975) 'll!e

ricrptuE sample \tas completed duting one capture oc-

casion 3-.1d aiiet the fish $ete.gleased. All fish were

identiffed by spgcies atd rncasured. Recaptured marked

fish werc recorded,

Removal estimat$ and probabiliaies of capture (A)
rverc computed b).' thc capitrrc progran {Whitc el al.

1982). Ii lirur capture occ&sions wcre used. Population
si?r nas esdmaled by the generaliz,ed removal estimate

rn thv eaplur€ program: hoth equal P. irmong occasions

and unequal P. between tbe first and subsequenl

occasions. Thc program also tcsted whethsr /. $as

corstsnt. ba-sed on a chi-sq$arc tcsa (tH).05) lhe
Zippin method, which assunes equal probabililics of
taptlre. was ustd lor Pai$ted Cteek \ther€ lhree

copturg occasions werc completed.

A paircd l-t€st (0--0.05) t{as used lo compare fte
probdbitit' ofcaplurE from lhc hrsL !apturc occ6\ion lo

subsequent caplure occasions in pools whcre a va abi$

protrability of capture was us€d lo cstimate
populations A pdred ,-test (0:0 051 was also used to

exarnine difl'srenccs in tJopuli ion estimates and

probabilitics oI'capure belr*een thr€€ or lbut caplu.e

occasions lbr coho salmot li]. coho salmon pan, Dolly
vard.n, and steel-head. Estimatres from indilidual
pools that had valid eslimstes ior tbur captur.

occa,sions lvere uscd as the sample unit. Eslimatcs for
three capturo occasions lvere madc by aecomPuling lhd

first t|tlce capture occasions from $stimatcs \tith tbu!
csplurc {xcasions-
Depletion and nraxk-rcq?pture €sdmates liom reaches

in the fivc small stre?ms were comparcd by a pnired l-
tes! ({}{).05), 'lhc t€st was complited separal€ly lbr
coho salmon fr-v. coho salmon pa . and Dolly Vardcn.

Culrbroat tout and sleel-head \*crc nol capturcd in all

staganrs and werc not inclrtdcd in lhc analysis.

Normalit-v and homogeneity of variancc u'as teslcd

befi)G usc ofthc l-tc$l$ (SAS lnslitute 1988)-

ResullJ
Removol F'stimates

Abundanqe of cobo salmon parr *as estimated for 47

pools in Painted, Sal, and Tmp creeks. Estimate! werc

no1 computcd (defned as 'frilurcs" by thc computer

progBm) jn three pools for coho salmot fry l|f|d Dolly
Vardcn whcB lcss than l0 J)sh werc caught during all

caplure occasionr Por two of *lc Pool$ failures

occured when more loho salmon li llere caqght

dlrring eifi€r the second or third capture occasion lhan

during the liri! caplui€ occasion. For tle third pool, no

l)olly varden were capturcd during the fi$t two
caplure occasions, 16 werc captured duing lhc thjrd
capiure o(asr on, and J *pre captured during th€ fourlh
capluie occasion. Steelhead lverc capturcd onl]' in Sal

Creck a|rd 3 failures occuned out of the l0 pools

sampled.
For all species, more than 45olo of the tolaj catch in all
rBches ol PajEtcd, Sal, and'liap crecks \r'clc taken

duri g rh€ nrst capturc occasion (f-igure l), In most

cases, lhe number of lish captured durin& 6e fourth
capturc occasion was l€ss than 1596 of the mtal calch.

For all specigs excep! cltlo sshnon ily, the Fobabiliiy
of caplurd was greater than 0,3 for at leasl 80o/" of the
poots sanplcd rrhen it was assumed conslant for all

c4plure occasions (l:igure 2). ProbabiliB o1 captutl
was greater lrn 0.4 jn more that 90o/'o of lhe pools lbr
cutthroat lrou! and steslhead. Coho salmon lrl- and pan

had the lowest probability of capture, but morc than

509; of fte pools o(cecdcd 0.4. ln mosi cases,

howcver, subslantially fcwet coho salmon tb' ard part

rvcre caught upon elch succ€ssive sampling ooca^,tion,

cvcn with lo*er probabilities of capture, for example.

in one pool, 123, 95, dnd 51 ooho salmon l-ry rvere

captured during Successive caplure occasions. Tic
probability of capure calculated to
0.344. The 9J% confidence inten'ol ranged ftom 3?4 to
472 6sh around the popularion e3timatc of 174 fsh.
While {}e lo*er probability of caFrure resulted in less

precisjon, thc lo*er confidence iiltcrYal was within
l3t; and the uppet confide$oe interval eithin 26% of
lhs estit)ate.
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selectcd for Dolly vardsn and saeelhead jn all F]ols
of Sal Croek (Table l). In Trap Crsel(, tic constanl-
probability-of'-capturc model was selectcd for Dolly
Vrrden in 8196 olthe pools. A variabie-probability-
of.capture model was lscd to estimfltc population
size fo. coho salmon fry in fivc paols, fo. coho
salmon parr in €ight pools! ard fbr Dolly Varden jn
lbur Fools. Oniy for coho salmon fr_v rvas the
probability of capture signincanlly greater for lhc
n.st !0pturg occasion thaa for subsequent captur€
occasions (Table 2)-
Populatiofl eslimates and probabilities ofcapture for
lhrce sample occasion! *cre gcnerally low€r than
tbose conrFu|ed for four samplg ogcasions {Table 3),
Population estimatcs for three ald four capturc
qccasions w€re $ignificanlly different for coho
salmon parr (P =0.013), but djfferences wcre not
obsened lbr population esdni es of coho salmon
lry and Doliy Varden. Diafere ces ber*-een the
probabilities of capture fbr ttrrce ard fbur capturc
occasjons werc observed lbr coho salmon fry. coho
salmon pan, and Dolly Varden. The probabiljties of
c.aplure for three capturc occasjons llers grcaler tha,
that estimated for fou capturc occasions (Table 3).
Thc population estimates o. probabiliries of captur€
for steglhead iverc not significar{ty differenl
bci\reen three and four capturc occa$ors (Tablo j).

lla|i Recapture and Re oral Estimatet

Comparisons of popul&1iot estimates for the two
mcthods ihowed mixed rcsults among species. but
generally estimatts liom the matk-{ecaDture metbod
wcrc higher than those from thc removaj m!.thod.
Mark-rccapture fid rcmoval €stim8tes were
signjficanlly diffcrsDt for coho salnon pa.n (p
=0.049) but rere not sjgnificantly diff$cnt for
Dolly Varden and coho sahnon fiv (Figurc 3).
Mark-recapturc estimates $ere higher in all steams
ard ibr all species except coho sdmfi fry in Twi$

Creek znd Doll-! Varden in Picnic Creeft. ln bath cases,
removal estimales had wider qonlidince int€ryals than
the mark-recaplure estimates. Removql estimates for
both strclms had low probabilitjcs of capture and a
high numtrer of lish captu€d during the final capture
occasior.

Disc!ssioo

Probabilities oi capture ivere generdlly high, and in
mo$i ca$es. i(Xir,/o of the population was captured
du.irg the first sample occasion. Howerer, evcn with
hjgh probabilities of caplurs, undercstimarion of rhc
population may be a problem bc

tirt fat p{a I
C€plu.r Oocarion

F'rcL'iE l.-The prcporlionofcohosalmonfi,y({D}}, ooho
snlmon palr (COP), Dolly Varden {DV), eutthroar lmut (C D,
qnd sleelh€ad (Sfl) captwed during ar:h capturc occasron ro
'Iiap. Sd, and Pninted crEets fo. the lenov5i expefimrnt in
southeast Al€iks, IEi6.

in Sal and Trap crcckr both ofrvhich had four
.apturg occasions, the captu.e progmm cornparsd
constaflt.capture prabability ald variable-captur€
probability, ln most pools. the probabiliti€s ofcaptute
wsre constant. lhe constanl-probability-ofanpture
model was sele.tcd lbr all spccies in 8894 ofthe lools
in Sat Creek 8od in 939,0 ofthe pools in'l'r:rp Creek
(chi-square. 0=0.0i: Utrjte et ai-
1982). Ths constaft-prcbabili'-y-.of:capturc model lvas



cause of dilTetences in probabilitigs of captu.e between

sample o{casions {Riley and Fausch 1992).

Undercstimalion would occur if t}e probabiliry of
capturt uas highcr during the fir:r sample or:casion and

lo$e. during suhsequent sampling occarions (Rilcy

and F'aueJh 1992.). 'fhe biar can bi accountcd for if tlte
differences bch!€en prob{bilitt of capturc can be

detectcd during the cstimation th.ough the use of four

capl!rc occasions and lhc generaliz-ed rcnroval method

(Whitc et al. 1982)- Results tiom thjs study agree |tith
the recammendalion of Rilcy and Fausch i1992) that

f,rrr capture occasions bc uscd foa rcmotal cstilnates

whenever Fossible,
Ritey and l'rusch (1992) and thc Rumctous studies

thet' cile repotl decreasing tatrhabili*- aiier the fitst

captltr occaslon dudllg elecrolishing and suggesl tha!

it is impottaft to maintain equal cllbrl among sll
samDles. Howev€!. not onl)., do€s thc Focess 01

clcchofi shing impotie a considerablc

TABT.E | 
-Percenr 

of poolr '!r'ith constatl and vsriable

rrababrlrtis, of €plure for coho s{lmofl til. cohd salmon

pan. t)olly Varden, and ileelhead capturcd in two slre.rns in

southeast Alaskg. 1996.

Typ. ofprcbsbilily Coho saltoo
as Fry Dolty vrll€i I-

disturbance upotl rhe slreafi and in uflce fish behaviot

Juring subicque0! samples. hut it also imposcs !
physiotogical fcsponsc in fish that ;nflucnc.s bchavior

oI| dpse that \+ere shocked but not captured duing the

nrst attempt (Mesa and Schreck 1989). Minnolt tlaps

arc a passivs capturc method and impos€ a much lo\ier
dellree of disturtlance than elerlronshing. This

eliminales the effcc$ ol dis'turba'tcres if c{rc is used

when thc ltlps are set and r€trieved

Regardless of the msthod used 1() caplure fish,

assumplions of temoval estimales must be met lhal

inolude isolali(m ofthe sampJe area during tie sample

period. Rccruitnrett into thc sarnple arca dudng lhg

cstimote '$ill rcsult jn an upwsrd bias in &e estimate:

hawiver, recruitment \+as Ilot observcd in study

scctions of the laJgct streams dur,ng 6-7 h sampld

periods. Ifthc pool withh the

'f A8LF.2.-{mnpllison (paired r{est} betl,vca'lr probaf ililies of
captue (P.) on finl snd suh€quent caFute oco&sio|!\ in pmls

\}hore a variable prohability of oapture wst us.d to e$imate

Fopnlalions for cobo salmon fry and parr aDd Dolty Vdden ir
l*'o sE€arnr in sorthmsl Alasts, 19 .

[irs1 Sub*quent
$lclies sotutt trlpntls df I
Cot$ el.ro,r 0 5?l 0 01

'fry Pm Dol!! D rt{ 0 30? 0 546 41 0.E5

Vstden 0.415 0.212 i 0 06

1.0

0.9

6 0.7o
3 o.eo
E 0.5

b 0.4
o.

. ;;;l

^-:
..*. DV

, *: sH
0.'l

0.0
>0 >o l >.o2 >0 3 >o'4 >0 5

Probablllty of ctpture

FlouRE2_-.Ihe relationship bel*een prohabilit! ofcapture oiEll five rpeci.s l|nd lhe numbcr of poolt exprEssEd as a pNporuon ol-

toral poolg sarnpla-d id Trap, ial, and Painad deeks for th€ removal o(p€rirlent in soulheast Alsska' 1996

I
Constent ?$ 80 l0{ 100 ISal C.El

t4



l 
^B!E3.-{'omparison tpaired l-!€sti bel\3en J-sample and 4-sample r€moval e$imales ofpop.tlation a.d p.obabilities ot captrre 1'or

coho salnron fry and pan, Dolly Vnrdeq and steelkad in lrap and Sol $eakr, sourhsast Ajasta- 1996_

Menll popultl'on csilnalr (Dlrmbi:i oifisit'
-lbe

Nto' ptobabil;r) ofcr u.e

reach i5 not
satumtgd

' . sD..Eswtrn traps:-c;l;-
lith ftom salmon

wi1hj, thl Fry part 5122 61 2J 00E?
0.0t3

Iarge numbers of
jureniJe

salmonids. They
also did rot
rcquire as many
trEps as pools
l}ith largc
rootwads and

0..1{5 0.001
0 J?3 |

0 00E
5

0.006

2t24 0 tJ9
06J5pool ma,

be recruited
inlo nearb" bllY

t€ps during subsiquent sampljDg occasions. Evidence
of €cruiunen! du.ing the sample pe od may be ob-
scrv€d R.hen more fish are captured in later rarnple
ol;casions than during thc firsl or second samplc
occasions. Eflort should bc made to capturc the
gteatest numbgr offsh from ihe pool rvhile comple!:ly
sampling the pool a$d mainraining equal samplirg
etlort amorlg captuae occasions.

several smallcr connected pools.
Ahhauglt remo'eal ard mark{ecapture est!

I'rauRr l.-The comparison of populqtjon $tinates liom
markJecapture and removal rFthods by speaies for five
small str€atns in soulheasr Alaska, 1996,

Mimow tmps havc physical iimitations tha! limit
lhelr usc a.s a captufe mrthod. They do not adequatgiy
sample riflc habitat; rherei'ore, thc method is lirnited io
pool habilats, Sream depth must be suilicient to
submerge rhe opening ol the trap. The effecdve range
or orientation of baited mjnnorv traps has not been
s).sfematically tested. but traps are usu8lly set parnltel
to lhe flow or in pools }!jth minimal flow. Exlensive
figld extr*icnce in southeast Alaska suggests that
minno\r traps arc cflbctive al a radius ofat lcast 2 mi a
do!,rnst.ea,n bjas may exaend the ralrg$ depcnding orl

600

't00

coF cop ov coF cop Dv coF cop Dv coF COp DV COF COp Dv

Specles

flo--. Complcx habirats, such as largc, dcnse dc,bris
jams, may rcquire a highcr dcnsiq- of rmps lhan opcn
poois. Fish behavior and habitat prefcrenccs will
determind the distribution of traps. l,arg\, sc{rur poots
with linle cover and hjgh flows gererally did nor ),i€ld

6 {oo

o
b 300

r
€*
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matcs it small strcams lvere nol significanlly diilirent tbr coho salmon l'ry dnd Dully vardcn m{rrk {cLbptur{: mcan eslirnales

,!ere l3-l7o/o gre{tcr than rcmoval mian esrilnatcs, \rioladons of at lcast tlvo assumptions, equal vulnerability of markcd-to-

unmarked fish*(trlp-shy) and grcarer nrorlality of miuked fish. couki accor-rnt for higher mark-recaptule eslimalis- Removai

erJtimates rvire ollen lower than malk{fcaFturc eslim3tcs, Mahon (1980) and l>cterson and Ccderholtn (!984} generally

atkiblted *is rc decreasing probabjliry of cxpturc upon successive captlto occa-iion$ 'fhcil cstimirtes, however. werc dtdved

liom eleolrofishing and noibl' less-obur:"sile method\ such as minnolv 1raps. 'Ihi geocr,rli?.ed remoYal program uscd a constanl

fmiability ofcapiure for ali five ol'rhe streams r-dther tban a vari.ble probBbilit)' of ciiptuie, *hich suggests .1''e minnow trdps did

no! afftct fish behavi0r.

Removal methods hare seveftl ad!:rntages ovcr mark*recapture methodi including the ability t{) complele sampling in a

single day and requiring fcwer assumptions. Minnou, lrops itrposc lcss slress on fish $l{u glectrofishin& lhouSi care musl be

taken *hen flsh are hcld lbr sevcral hours. In streams thal canrol be comFletely blockgd, lhe shorter time intcrral needed for lhe

rcmoval estimde reduces the probabiliry of movement and more closelt- satisiils tle closure aslumption *an is possible lor

,naat-"cupt,,re e*poim$lts $at requilg several days ber*eea the matli and recaltute. the altsumptioo oi cloture can seldomly

be accomplished in large streams wiih grcaler flov volumes, but shon"lerrn movemenl can be reduced during a removal estttnate

through tirc usc of samplc reaches that are scp&rdted by nalurally occuning obsruclions. Minnow traps, carelully placed in a

srream and leli undisturbed. are also les.s likel) to disturb lish &an during clsctrolishing or seining $hen $eveml lteople move

through the sfieam during each sampl€ occasion. Minnorv traps olfer aI| atlractive ahemalive iQr conductiLrg removal eslimates

1'Or ju-venile snLmonids. Sirnilflr methods may be applicahle to othel spcuies thlt alc susccpliblo lo passivs a4pture melhods'
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