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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

Introduction:

Dolly Varden char, cutthroat trout and coho salmon have been identified in the 1997 Tongass
Land and Resource Management Forest pran as Management Indicator species (MIS). ilra
trends ideally provide a surrogate measure of enviranmental quality rhar affect, it" liotogi"ur
community and environmental cordition. This monitoring strives io characrerize the ecotigical
condition and trends of watersheds and aquatic ecosl,steris on the Tongass National For..f ihe
proposedmoniroring artempts to respond to the fofiowing basic questiJns: Is the Tongass
National Forest Plan maintaining or resr.oring aquatic anJ riparian ecosystems to desi;ed
conditions on Tongass National Foresr lands? Are population trends foi trals and their
relationship to habitat changes consistent with expectalions.

General Design

This proposal ibllows the approach established for the Aquatic and fuparian Effectiveness
Monitoring Plan for the pacific Northwest Forest plan (AilEMp) with some modifications.
Mueh of the narrative and many of the figwes and tables contained within this proposar is
directly quoted or paraphrased from the AREMp General rechnical R€port pNw-iirR-577.

The monitoring will look at the aggregate of various physical and biological indicators to
evaluate watershed condition. To be meaningful, a monitoring program shourd provide insights
into cause-and-effect relations between environmeotal sressJru ani anticipated ecosystem
responses. A primary step in developing an effectiveness plan is to recognize the faciors that
influence the pararneter of interest. An overview of the conceptual o,oalt ro, *r" uquuti. *J
ll,Tiun "1o3tr,.ms 

is shown in figure L The conceptuar mod'er itturt ur", tr,.."rpinr" oi'*
nmcamenkl watershed prccessesr as influenced by inherent randscape pattems of climate,
geology, topography, and soils, to natural and human-caused $ressors.

Three physicai subsystems (upsrope, riparian and flood prain, and stream charurel)
and related,biologicarl components w l be monitored. The processes occurdng in the upsrope
subsystem (i.e., in the watershed in general) are assumed to affect the ripari"ti*a n"J-pri',
subsystem and the stream channer subsystem. The riparian and flo.d-prain ,rt.yrt"rn *uy,lo
varying degrees, bullbr upslope inlluences on the sheam channel subsysrem. Stream channel and
riparian and Iloodplain subsystems are coupled (i.e., influences are biiirectional) ," .il;;;;
rales or states associated with the processes and stressors in one ofthese subsystems w l



usually aff'ecl the linked subsystem (Naiman ct al' 1992)'-ln contast' tlre influcnce of

the upslope subsystem on the liood-plain and riparian and stream channel subsystems

i, _J.",fongrv unidirecrional (downslope). The influence of riparian and aquaric subsystems

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

Processes pertinent to aquatic, riparian, and upstope ecosystems affected by lhe Foresl

pt*a!" rto* in figure2. procisses are glouped inro those that describe general ecosystem

function, with related key processes useful foidesigning the monitoring stralegy' These key

processes are frtrther developed as indicators in table I '

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

Jp'*i* Uo* *"te up a set ofprocesses that provide a. conceptual link between the

piysical and biotic elements of this monitoring plan. The model depicts habirat development

L'th" 
"o*potit* 

of the ecosystem processes listed' Thus, habit'at development

*Jprp"i",i"" or communiiy dynamics are shown_ as features that integrate general and

keyecosysternprocessesinthestreamchannelandripariar/flood.plainsubsystems
inl. rl. Sirnif*fv, habitat distribution, <liversity' complexity, and temporal and spatial

)oitt".ti"ity comprise a composite of habitat development as affected by natural and

human-caused ecosystem stressors'

An integration of processes and stressors Provides the functional relalions sritical to developlng

cor,""ptiral -odels for monitoring (Noon et al. 1999). Specihc aspects of each ecosystem process

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

"urrod 
rt.".ror. *e often diilicult to distinguish in practice, the model lists examples ofbcth

iyp"rl" r.."pirg with the effectiveness monitoring strategy, stressors are intended to be value-

neutrat {i.e., itrey can be either positive or negativj like roads. rn'hich represent both foad r€moval

and construction).

upslope subsystem indicators 
-Upslope 

subsystem rFdicators such as vegeation composition,

**l.ui J,ug., road density and percentage of cover-reflect processes influencing the entire stream

,r.t*orklN"i** et al. 1992) and are relevant indicators over the entire

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

Riparianarrdflood.p|ainindicators-fuparianandflood.plainsubsystemindicators
i.ir"""n, pro""rues'delivering structure, sediment, and nutrients 1o stream channels

oJer inteimediate spatial scalis, and rhey require finer scale analysis and greater initial

,"*prirg i"*.iry ior validation than do upslope indicators.ll is suggested thar riparian

indiltoi be measured throughout the stream netwcrk, which includes perennial, frshbearing

as rell as perennial nonfish-bearing and intermittent s11"*T Although materials

a*tver"a ly riparian and flood-plain subsystems initially affect adjac€nt stream leaches.

they also affecithe condition of downstream reaches (Naiman et al' 1992)'

In-channel subsystem indicators-In-channel indicators such as residual pool lrequency volume

;J;;;th, panicle size distribution, and |arge woody debris,count will be measured at the reach

*J* i"-"rr*r.r sub$ystem indicators will be measured within g stream sections in each

watershed. Fow ofthe measured stream sections will be in the upper watershed upsffeam of



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

Landscape template
. Geology
r Climate
r Topography

Disturbance processe$

Figure l: Overvi€w ofthe conceptual fiamework
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Tnble l-Core indicators by ecologic process with preferred measures and data fields

Watershed
Subsection

Key Process Indicator Protocol Evaluated Data
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Tstrle l,-{ore indicators by ecologic process with prel'erred measurcs and data fields

(continued)

Key Process Indicator Protocol Evaluated DataWatershed
Subsection
and Process

Sun'ey of residual
pool volume, dep&,
and lrequency in

Survey of LWD
counts in sample
reaches

Removal method
using minnow traps in
closed systern sarnple
reaches



True watersheds (6th-lield hydrological unit) forms the basic geographic unit tbr monitoring.
Fourteen w?tersheds rvill be sampled over an 8 year period. Two of the warersheds will be
sampled annually (Fixed \ry'atersheds) and 12 warersheds 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 of the annually sampled watersheds is within an unmanaged condition currently and into the
perceivable future while the other will be representative ofpast, presenl and proposed future
active management activities. The annually sampled fixed watersheds will allow for rhe
assessment oftrends more rapidly as well as provide information on natural variability.

The watersheds sampled on a rotaring panel basis will irteally represent the range ofecologioa-
conditions and forest management across the Forest. The relalively small sample size will not
allow for extensive stratifi cation.

selected watersheds have populations of: I ) resident Dolly varda: char and,/or cutthoat trout
upstream of impassable and permanent banieds) and coho salmon young-of-the-year and parr in
doqnsheam sections. Four resident fish populated srream sections and four coho populated
stream sections of approximately 100 meters in length will be sampletl within each olthe 14
selected watersheds.

sample reaches will be in FP0, FPS, MMO, or MMS channels (see channel Type Users cuide
for description). These less constrained, lower gradient (<6%), smaller and mostly alluvial
ctrannels 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 habitars, and they are considered to reflect the integration ofupstream
watershed process (Reeves et al. 1998).



since the lakes prabably provide quality over-wintering habitat and are thought to be little

affecred by forest managemenr, we believe trends in fish populations may be less likely in

slreams connected to lakes. 'l'herefore, selected sample stream sections 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 lrends by repeat population estimates in permanently marked closed reaches 9f
stream. A tfuee-puss to four p^r removal method using minnow traps baited with disinfected.

salmon eggs, Temporary block nea will be deployed on the upstream and downstream ends oi'

the sampl-Jreach to restrict fish movement while sampling' Previous experience indicates that

between 25 to 50 minnow traps are required to saturato the reach and allou fcr adequate captue

rates. Appendix A ptovides a publication containing more detail cn the removal method.

Nalural obstructions, like shallow riffles or small waterfalls over large wood. should be used as

upper and lower boundaties for the s1ud1, reaches. Where possible, these natural obstructions

should be relatil'ely perrnanent !o increase the plobabilily of persistence for the life of the

monitoring project. In any case, the ends ofthe selected study reaches should be permanently

rnatted, trtetaitags nailed to trees are recommended as permanent mafkers. Surveyors flagging

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

will be recorded also to relocate study sites.

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

transfened io buckets. Il is suggested the buckets have holes drilled in the sides aad be placed in

the saream lbr water exchange to keep the fish aerated. The traps should be rebailed and reset for

another 1.s-hour pedod. While the second set is fishing, fish captured during the tirst set should

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

inciude the number offish captured by species and their fork lengths and weight. 'l'he

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

reach of capture.

Population estimates and associated confidence intervals will be determined using CAPTURE

soltware program (white, 1978).

Minnow trap funnel openings will be enlarged ifnecessary and maintained at a l'' opening siz.e.

Openings raill also beioated u"ith silicone to avoid the 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 druing high flows.
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Appendix A

Estimating Fish Populations by Remoyal Nlcthods with Minnow Traps in southeast

Alaska Streams

MASON D, BRYANT*

IlnitedState4 fbrcs! Se.rice, Pacift!: No h*est lleseatah Slolton, 2 ?74 Shct"A aad lanc 2,1, Juneat. .|loska 9980l tst

,lrrtdar- passire capture mcthods. suoh as mlnnow t-ap6, are commonly ustd to caplure fish for nlaJk ltcaptwe populatron

estim{lesi howelar, tiey have not been usd for remolal methods. Minnow traps sel lo. 90-min periards during lhr€e or four sequ€nlial

canture occasions ,juring the sunnrr of 1996 w.re u$ad to lapture coho salmon On orrychus litutch lry and parr, Dolly Vardcn

Schzlinas nolna. cdth;at trolt (]. r/drl,, andjuvenile steelh€ad a m.|*/sr to estimale pop$lalion si?e widr ih€ Zippin or gcrlerallzfd

rcmovd mehod- More ihon 4Jolo of rlK loul carch was obui ed du.airg the nrsl tapllre occasioA and in most eases. the catch duting the

lourth oc{asion was less rhsn lJ% of the total catch. l n)ost po{b, lhe probabilig of caplure Das gre4er $an 0 4 but wss lowsr for

coho satmon fq.. than for coho salmon pair and othcr lpecicr. Mran poFuiation estimat$ lbr coho salmon patr mada lfith roDcurrent

mark,-reraptuacnnr, reinoval medods dilTered siglificartly in srnall sFeams. fjstimates ftom mark-recaDture and rsmoval methods *ere

not rignifi;antly diffcrcnr tbr aoho salmon ary a:d Doll) \rardcn, bu inai(-rccapturc csiinrates rdcrc highcr than remoYal eshm.lca m

'rost 
iases, t,ty relulls show that r.moval cstimi|lgs can b€ obtained lvi1h mlnnow ttaps il sanpling procedures conform to thr

assumptions required l-or lhc mcthod

Obtaining precise a.d accurate estimates of iish

abundance in stle rs conlinues to challenge ,lsher,v

hiologists, despite the dcvelopmenl of sophisticatcd

mathematical mod€ls. Commonly lscd mothods

include mark-rccapture experimerrs (Rickcr l9?5i

Zubik and Fraiey 1988) and rcmoval c$tim$tes (Moran

1951; zippin 1958r &hilc et al. 1982)' Though snorkel

sun"eys ars al6o us.d to gstimate fish abundalcc

(No hcote ard *ilke 1963; Scltill and Critlith 1984:
'l hlrow 199.1), lh*iy requitc a scpaftrte csrimatc of thc

popllation to calibrate tle goutts (Hankjn 1986).

Mathcrnalical modcls lor toth markJecaPture and

rcmoval eslimlles $re lvcll-&stcd, hut prescnt

used iD lhese strcams, yet cvEn these methods are

limiled. Lo* conductivily and patches of complex

habirat \,\ith large qoodr debfis maric thc removal

method of electrofishjng impractical, Snarkel sufteys

also 619 impractical bcqause of compiex babkat and

poor visibiljty in thc dark wateN of man].' southcast

Alaska strcams.

Removal mcthods have sever4l adv&nlages ovet mark-
recopture methods [o estimate fish numbeB. l'ish are

captured only oncq, ehich eliminates hjas due to

b€hayiorul responses to a trat- Fish do not necd to be

murlcd. which removes assumplions lhot all marks are

identified alrd &at neglidble ltofiality occurs du€ to

substantial h8istical chdlienges to meel the mafk;ng. The sfteam section cm bc sampled in I d
assumltions. ehi.h slbslantislly riduces the piobabiliry' of

tr iuk-recapture dstimates ale commonly uled in morement hy fish iolo and out ofthe sample alca tn

southea-st Alaska ard elscwhcrc to cstimale populations cases in which thc stream section cannor bc i$olated fbr

ofjuvolile salmonids. most commonly coho salmon tie duration of th* marli-recaptutg sequen.e ln

Oncoryhnchus *,iturch alrd Dolly Varden Sa/vel/nrc addition, a ld samPling eflort simPlifies logistics lor

nalrnd, in smali ( 4-m.wide) sicond-to third-ordcr lhose locations thar are dilicult 1o reach ard eljnhates

stre{ms {I]lion and Hubafi 1978: Do]loff 1981: any differeitccs in sampling efliciency due lo changes

Bfyant 1984i Young et al. t999). sample reaches in in flOw regimcs (i,e., high-warcr events that occur ailer

sr;ams wider than 4 m and with higler $aler flous are marking and bel'ore or during recapture)

diflicult ta isolate. and mafk-tecaplurc methods are not Pa^ssive capturc mcthods are cornmonly ustd fot mark-

reliable beCnuse of move,nent bct\veen sampl€ pcdods. recapture expenments but arc Seldom uscd fol removal

High nows, commot in southeast Alaska, aLso al]-ecr estimates. Minno$ traps baited witi sllmoo e€€s are

moivemcnt and catchabjlity bclw!'en sample peri an efl'ectire mr-'thod lbr caprt}jng ju!€nilo salmonids

ald havc been used in numer

i U,tnail: mdbryanl@fs.led.r6 Rectived Aptil 12. 1999: 923

accepred Match ,0, 2000

ods. Retnoval melhods or snorkel suft'c)s ate ollet

l0



ous studics lhroughout southq!$ Alaskn {Bloom 19?6:
LllioR ard Hubanl I978i Dollolf tqSj: Br.vant l9BJ,.
Miinow traps have not been lsed lor remoyal
populalion estimittcs bul havc severdl ird"anta{ies oter
elestrofishing: ihey'' are less harmfLl !o &e lish, djsturb
the stream less, cqn tlc used gJiiciently in complex
hahilsts, 6nd are not dependent on th€ w{ter chemistr}
of lhe sream (Me$a ard Schrect l9g9: Rilev and
Fuuslh 1992: llollendrr and Carlinc 1994; Habcra et
aJ. 1996; Rc;nolds 1996). Alrhough mjnnon rrsp\ arc
.|ot effective in rilllc or fast-watcr habitar$. the.}. oftLr a
lcss-intrusive altemati!.c lo clcctrolishing in steams
wilh pools or slow-moving water. Holvever, th€h use
as a removd method for population estinrates has not
bccn studied.

1\,1)- purpose is to determire if minnow traps can be
us€d as a rcmoval fieftod to estimate popularion sizes
offish in strcams. My first objectjre is lo derermine if
mltnow t.aps cap1urc a sufli.ient part offie popularion
oo each capluc occasiot to cstinratc populatio, sizc of
juvenilc salmotids lsing a removal method rnd to
€xlmine probabi)itics of capture in nalurJl strcam$. My
second objccrive is !o detennine if concunenr mark_
rccopture eslimgtes !ni, rcmovAl estimates lhrough the
u$€ of mi']now llaps difer signilicantl.v-,

Mettods

The study was conducEd on live small second-tr)
third-order streams, Convenicnce. ['irnic. S}litzer,
T\Di*', snd Tye creeks. dnd lhrec m€dium-siae fourth"to
fillh-order slreans, Painted, Sal- irnd Trap crceks, jrl
southea9 Aloska during rhe summer of 1996. Tlre
small strcams nere all iess ihan 4 m in bank-full ,/idth
and had summsr mran frow\ ol leis lhan 0.5 m /s. The
medium-size stleams rvere grealer than .1 m but ltss
thar l0 m in bank-tiril width and d.ained into salt
watcr. All strcams supported populations of coho
salmon ard Dolly Vardeo. Steelhead Anchorhynchus
||,.?,tr.rs and cutthroat tmut O- cldr*i *crc found ir} some
fircams and were not s)fipatric in any srram that *as
sampled- Coaslrange sculpins Cottu! aleulic s wcre
occasionally capturcd but rot incjuded in thc e$imales,
Thc thlse medium-sizo streems were sarnplcd with Oe
rcmoyal eslima|e only. Concurcnt ma*--recaoture and
removal f"\peaimentt wcrc completrd on ail live small
srrearns.

lvlark-recaptlre and removal methocls require closed
populationsi ther€lbre, sample reaches werl s€lelted to
minimize cmigratiofi or immigration during the samplc
pe od. ln rhe five small sbeams, lhe samDle ieachcs
ranged fiom 100 to 350 m itnd were blocked b,y.' nfl$
weirs. or baniers al both cnds lbr thc dufltion of the
fxperiment, usually l-4 d. In tlle lhree nDdium_si/.
strsams. nets could not b9 uscd: notural barrieN wcre
used to isolate {re reach a$d pools *ithin the fe.ach.
These includ€d long, shalJow rifffes ( 5 cnr deprh) or
submcrged logs that fully spanned lhc st eam, lbrmine
J dim. \\'hilc co,nplclc isolarion uas nor nchicved. fish'

molcmcnt across these baficrs was nol ob$gncd
durirg sampling. which usuallv la.sted no longer than g

h at cach site.

the rcrnoral experimenr was completed in I d on each
medium-si./e slream. Ihrcc caplurc occrlsionJ were
us€d in Painted Crsek, the lirst strean sampled $ith the
rcmoval meihod. I.our copfure occasions were used ot
'Irap and Sai crccks, Reaches ranged in length fronj
abour 200 lo l(n
m. Individual poole r|ere idertified and counted in cach
r.ach. Ai least 50d/o of the pools were .andomly
$cleded and papulatioo estimates lrere aornpuled fbr
lish in each pool. The size olthe pools ranBed iiom 9.?
to l,{80 m . the avcragc \ize being 288 m . One to rhre(
pools were sampled concuncntl)', deperding upon their
size and cornplExity" C)nce a pool \rss select€d, samrle
locations for rhe minnow rraps (3.2-mm mesh sizc: l9
cm diametcr and 35,J cm long) \r?re s€lected.
Dislanccs bellleen traps dgpended upon habitat
complsxitl bul gcrerally haps ryere sepamled by
about 2 m. Traps wrre set more densely in cornpler
hahihts (i.c,, pools \{ith large anounts of woody
debris) than in morc open pools. Bet\le€n 40 and 50
lrnps werc set lbr each remoral cxp,:rimenl-
Traps werc bailed with sal.ron eggs (disinf'ected for l0
mir *ith l:100 beradyne to urtet solutior) ield in
perfbrared 'i{hirlpaks-" Traps were set on t}e streairl
boltom next to suspccted hattibt ofjuvetiie sslmonids,
such as woody debri$ root$ads, or undcrcut barks, but
wsre distribute.d lo complerely sample the pool. 'fraps
werc lell lndisturbcd for 90 4 l0 mir and tben were
picked up in the same order in which the! $erc set-
F:sh rlgrc rcmoved. s.nd iiesh bait was placed in gach
trap. Imts \}erc set again in the same iocations_ Fish
from calh pool and capturs occasion were proccssed
swarelely. While the sRond sst rat hshins. rhe lish
from fte firi1 sel \+ere identified, uouttd.-mcasurcd
(mm), and rveighed (ne.arcst 0.1 g). Dtta from each
caplure occaiion wers identitdd by number (1, 2" 3, or
4r. curh of $hich idcntified rhe capture occasion. fhe
procedur€ was rcpeated lhres to folr timr5. depending
uFon tbe desircd number qi captur€ occasions_ Fish
from each caprure occasion $e.e placed in a holding
net
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(or blocked minno\r traps) until the liNt capturc

occasion \ra^s completcd, 4t *hich time all fish \!qre

retumed 1(' the same area tlom wilich th€) werc

capturcd. Populatign size $os €;limated for each

soecies in each pool. Coho sBhnon'Icte classi$cd as

fr! (age 0) or pa.t (agc l+) bascd on analysis of
len!.rh r^+qucnc] dala. ( oho salmon werc considcrcd

ro tr'e trv it rtrey *cre tess than 50 mm in JLrne. less lhan

55 mm in July, ot less than 60 mm in August'
'fhe same procednais for the remoYal estimalo in the

dedium-sizc steilms rnere used in the small stresfis

dunng the conculrcnl mark-G(apurc an{j rcmoldl

expcnments. Sarnple reaches, *hich were 100 to 300

m long and ranged in arta from 68 10 27'l m-' could be

"'asily 
sa$frled *-itb 40-50 lrapt. l-lie enljre reach rvas

sarnpled during onc e\pcrimenl and Population Jile

was cstirnnled for the cntirc reach. All isb wefc

flarkcd during fout capturc occasions in thc removal

,srimatc, which servcd as lhe mark samPlc it a sinSlc'

cefisus Petcrton mark-recaprurc ostintate determincd

by thc Chapman modiJlcatjon (Ricker 1975) 'lhe

recapture sample was complctgd during ong captur€ oc_

casion 3-4 d atler thc lish \vere released. All fish were

identilied by species and mea-sured. Recaptured matled

fish wgrc recorded

Removal ertimates and probabilirics ot capture (A)

were computed bl $e capture progrdrn (Whit€ er al'

l9lJ2). lj- four txlpture occLsions werc used. population

sjz.c q&9 estimated by thc gcnerlllized r{'rnoval estimate

in thc tapturc progBm: bodr equal P. among occasions

and unequal A trctrveel the ,intt 6nd subsequent

occasions. 'llie program also tested whethqr P' rvas

conslant, based on a chi-squarc tsst (u=0 0J)' llte

Zippin mcthod,,rhich assurrles equal probabiliti€s of
captlne, \tal used for Paintcd Cteek \there lhrec

capture occasions wcrg aomplet€d.

A Daired t-tesl (0=0.05) was used to 0ompare lhe

trobability ofcaPhre from lhe firsl capturc occitsioo lo

iubsequent caprrre occasions jn pools where a varjable

trotability of captue was u{ed 10 estimdte

poputations. A plirsd Ftcst (0-0.05) was aiso used to

exarninc differcnccs in populadon €siima1es tnd

Fobabitities of capore beiw-e€o three or tblJr capture

occasions ior coho salmon 1i], coho salmon patr, f'olly
vardeo, and stecl-hedd. Estimates lrom indi!idual

pools thot had valid estitnates for 1-our capture

occasions rvere us€d as the sample ullit. Estimatss far

thre€ caplure occasiots were madc by retompuling lhe

firsr three capture occaiions liom esti.nalcs *ith four

caolure ocqlllonS-
Dcpletion and matk-rg$apture sslimstes tiom reaches

in the five small streairs \terc co pared by a paired l'
icst ((H.05).'[ho lest was completcd $eFaralely for

coho sahnon fry. coho salnlon part" and llolly Vsrden

Cuthroal trout and steel"hcad were not c8ptu.€d in all

slrcam\ and r.rcrc not illcludcd in lhc nnal)si\'

Nolrnalily and homoge{eity ol vatiance w8s tcst.d

belore ose ol$e,-tests (SAS ln$itute 1988).

Rtslrlts
Removol Fslinnles

Abundance of coho salmon pan \+as estimat€d for 47

pools in Pnintcd, Sal, atd Trap creeks- Estimaics rvere

not computDd (deined as 'lailures" by thc .omputcr

prograln) in thrce pools for coho salmon fry and Dolly

Vardcn whcn lcss thaD l0 fish werc csugit during all

rapture occdsions. For rwo of thc pools' failurcs

occufi€d \\'hen more coho salmon fi] \t€ro caught

during eilher the second ot third captu.€ oc.&sion thalt

duridg ihe lin* captut$ occ8sion. For thc third pool' no

Doll.v Vnrden were captured during the firsl two

caplure occirsions. 16 \lcre captured during rhe third

capturc occasion, and 3 wcre captur€d durjng the fouih
capture occasion. Steelhcad were captuted only in sal

Creek, and J failsres occured out of lhe l0 pools

sampled,
for all specie$ more lhal) 45ol. oflhe total catch in ell

.L-aches ol Painted, Sal, and 'fuap cteek wsre taken

duriIlg the firsl capture occztsion (Figure l) ln most

cases. the number of fish {rptured during the fou(h
cspturc ocaasion lvils less than 1596 ofrhe iotal calch-

for al1 spccjes excepl coho salmon 1iy, tbe probabilir]-

of capt$r. was gr.€ler than 0.3 lor at least 807o of the

pools $mpled lvhen it \!a5 assanned connant for all

capture occasions (Figure 2). Probability of capturc

was greater l]tafl 0,4 in motc rha, 90yo of the pools lbr
cut{hroat troul and slcelhead. Coho salmon fi-l- and part

had the lotrest probability of copture' but more lhan

50% of the pools exeeedcd 0.4. In most cases.

ho$cvLr, subrtantiall) lcwer coho salmon t+ and parr

wen- cauefrt upon cach succcssi\'E san)pling o(czl\iun

evcn uiti lower probabilitics of capturc lor example.

in one paol, 123,95. and 5l coho salmon fry wers

captured durjnli succes$ivc capture occssions The

Drobabil jty of {aplr.c calculalcd to

0,34c. The 9596 confidioce inten'al ranged f.om J24 to

4?2 6sh around the populatian estimatc of l7'l fish.

While rhe lowcr Frobability of caplure resulted in less

precision, th€ lolqer confidmce intcwal $as within

l3% and the uppet conliden0€ intetYal vithin 26910 of
tha eslr ate.
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sslectcd for Dolly Vnrder a.d str!"lhgfld in all Dools
of Ssl Cnct iTablc I )- ln Trap Crcck rhe conirant-
probqbility-oi:captrrl"' model ryns sslcctcd for Dolly
Vorden in 819.o ol thu pools. A varicble-orobabilitv-
of-cnlture model $as u5cd (o csrimarc population
sizc for coho salmon fr) in frrc pools, for coho
salmon parr in eight pools, asd fbr llolly Varden in
tbur p{Dls. (hly lbr coho salmon fry rvos tie
probability of capturc signilicantl.r greater for the
ni$ tgpt|]re occagiot than fof subs€quent r$Dfurc
occasionl {Tablc 2}.
Population eslimates arld probabilitjcs ofcaDture lor
thfee samplc occasions $ere gcncrally lor+er than
those compurcd for foitr sample occasions (Table 3).
Populatiolr estimatcs for thrcc and lbur copture
occasions were significanrl) cUfferenr lor coho
salmon pnlr (P :{}.01J), bul diffcrcnct:.s \rer€ no!
obsened t''or population €stimates of coho salmon
lry and Dolty Vir.den. Diffcrencex belween the
probabi;itiqj of capturc lbr thrw and fblrr ("pture
occa9lons wsre ohserved for coho salmon fry. coho
salmon pan, and Dolly Vardcn. The probabilitjes of
capture for three capturo occasions werc {reatcr lhai
rhal eslimarcd li)r lour caplure occasions lTanlr 31.
Thc population €stimstes or probabilities of capture
for sleelhearl wcre nol significanrl] differel
between thNe and fou. capturc occasjons (Table 3)-

Mar*- Reetpture anl Rehorel l:rtimarcs
!--omparisons of population estimates for thc tro
mcthods showed mixci r|Jsult$ among specics. but
genelilly eslimatFs from thc ruark_recapturc method
$crc ligher than those liom the removal method.
Mark-recapture ind removal estimates w€re
significandy diflcrcnt for coho salmon nan [p
4,{t49) but wsre not significanrl! di{ferenr for
Dolly Varden qnd coho salmon fr_v (Figurc j).
Mark*recapture estirrates nere higher io all streams
and lbr oll species except coho salmoD [y.' in Twirv

Crcck and Dolly Varden in picnic Croek. ln both cas€r
remoraj estimatcr had *idcr confidcncc inlellals lhsn
the markJccapNre estjmates. Rcmoval esfmales for
both streams had lorv probabiliiies of capturc and a
high numbe. of lish captu.ed during the nnal capturc
ocaasion-

Di3clrssion

Probabilities of caplure ryero gel|erally higlr, anrl in
most cases. 50-{J% of the FDpulation $as captured
during the Rast sample occasion. However, even rrith
high problbilitjes 0f capture, Undereritimation ef the
populatjon tuay be a problgm bc

tttl t p6I pa.. a ?ata I
Cetuar Ooc.|ion

Flcuis L-Ihe proporlionoliahosalmonf0i(CDF), q)ho
salmon parr (COp), Dolly Varden (DV), cunhroal trou (L^I),
and ste€lkad ISIII caprltrEd during rach cqlure o{casrcn rn
Tmp. Sal. and Painled crerks tbr rhe removal cxpcrrmcnr rn
soulhea$ Ataska, 1tl96.

h Sal and Trap creeks, both of.which had fou,
captrre oclasions, the capturc program compared
constan-capture probability and variabte-.aplu.e
probabiliE. ln most pools. rhc probabilities ofcBpaure
wer€ constant. fhe aonstant-probability-ofs{pture
mod.l was sele.te.d lbr all species in gg96 ofrhe pools
jn Sal Creek and in 919,0 ofthe pools in,frrp Creek
(cbi-square. 0-{.05; White el al,
| 982). The consta1|t-probabilit,'.'-01'.capture model \.yos

l3
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Pmbablllty ot capturs

llcuRr 2.-jlbe retario shi! berlveen probabiliiy of capiure ot all 6vc lpecies l,Ild fte numbcr of puil! crprdssEd 3s a pmpor on of

,ill";;t-;;; t" T6,-dol, and Pajnr'd cret(s fo' the removal erPeriment in sorth€,'lt ALaslia i996

caus€ of differences in pmbabiliaies of captute bclw*cen

sarnole occasions {Rilq atd F'ausch 1992)'

undercslinration ltould ocilur if the probabilitv of

capture was higher duing the first sample occasion and

lo*cr during subsequsnl sanpling occasions (Riley

and l'arsth t992), The bias can bc accounted for if l}|€

diffrrcn0es bctw€cn pfobability ol capture caD be

detect€d during the estimatiotr thtough tho use oi four

cBpture occ{rsionii and the generali?ed rcmoval method

(White et al. 1982). Results from this study agree wrth

thc rcqommendation of Riley 6td lsusch (1992) that

four capture occasions he uscd lbr rcmoval estimales

whanever possible.

Ril(y and Faurch ll992l and thc numerous Jtudids

they cite report decreasing calchabilit) allgr the firit
caDture ocrasion durimg clectrofishing and suggest that

it is imDortBnt to mainain equal ellon among all

sa'tples, llotvevc!. not only does lhe process of
electrofi shing impose a cons jderable

T?sLt I .-+emrn! of poots wilh constant and varilble

prolrabrhti<s ofcapturc for soho {almon fry' coh'r }almon

oarr. Dollt vdrden. and ilcclhrad c.Plure'l in lqo <trEuns In

southeast Alaska, 1996

T),p€ of p.obabililY Colo srlmon
Pat Fry alolly va&r

di$turbance lpttt the strcam and influenc'e fish bchavioi

during subs€qtent samFles, but it also imposes a

physiological rcsPotsc i!'! lish thal itflucnccs behalior

on thosg that werc shocked but not capturcd dutjog the

first attempt (Mesa and Schreck 1989). Mintow lraps

arc a passilg ciptu.e method and impose a nruch lolver

degree oa tlisturbance than ele'cffofishing This

elimirarcs thf effgcts of disturbances if cale is used

\Ahen $c lraps are sct and retrieved,

Regardless of the method ussd lo oap re fish'

a.ssumprioos of removal cstimates mujt bc met that

ifiglude isohtion of the sample arca during the sample

Deriod, Recruitm€nt into the satnple arca during the

estimatc will rcsuh io an upward bias in lhe estimste:

ho\rever, rc'llriitment *as not gbservcd in study

scctions of thc larger strcams during 6-7 h sample

periods. lfthe Pool within the

'l A$LE ?.-{omparison (pairad t"1osl) berwEen probahililies of
iagurc 1A) on fi.st dnd subsequenl capture occa:liots in pdts

rhere a variable prot'ability of capbft wa3 used to estimali

popu,alions for coho $lmon I.tL and patr and Dolly Vatden io

two streams in so$theas( Alaska, 1996.

Iri61 Suhiequcnr
sru i,* q4!te crpluEt df I
C$no slmoa 0 521 0 4l

!n PdL\,llr 0511 010:\1516 aI OJ(5

voa"" 0411 n)12 i 004

S.l Cek Cons$nt 18
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'r'\8LE 3 _Jiomparison lpaired r-{esl) belrYeen_l_sample and 4-sample removal eslinlates ()1 poputrnon and probabilities of capture io{coho saimon fry and pafi. DoIy vffden. and steelrread in r'mp anrl Sai cr*cis. s,rurrr"*r atastu- r,196_

ivls poFularioir eshhll. {D!rrrh6 oIiish)
'I hEr

Ildr lmbabilir) o{capturc

reach is no!
satumted

',. Sre.;e'wrrn Irapst;F-
fish liom gtnoa

$ifiin the r.) p".

pool may
bo recruited
into nearhv hllY

800

2424 5422 6t 2! 0 0E7
001-3

large nuinbels of
juvsnile

salmonids. They
also did not
rcqujrc as many
taps as pools
with largs
roollrads and

0.519 0.r4_r 0.00r
0.6J5 0.J73 7

000E
5

0.006

tnps during subsequont sampling occaJjons. f_viderae
of recruitrnent during the sample period mry be ob-
scrvcd r{.hen more fish are captured,n later )ample
occasionj thaJr during rhc fint or sccontl samole
occasions. Lffort should h€ madc to caprurc ihe
greatest numtler offish fiom the pool Nhile qonDletelv
sajnpling thc pool and mainlaining cqual samplin!
cllo( among capture oocasioss,

seYeral smaller connerled pools.
Althougi removal and mark {ec&pture esti_

l-rct]R€ i.-Ih€ comparison of populatio, €stlnates lioh
nark--ftcapture slld re{rcral m.rhods by srecies for ftve
smail stregms in $outhclst Alaska. l9]6.

Minflow trnps have physjcal limitatioff lhar limit
lh€ir use as a capturc method. Thg] do not adequatcly
sarnple rific habitar; thereforc. the rnethod js limited to
pool habitats. Srea.n depth must b€ sumcient to
submefgc the op.njflg of ahe trup. 'l}|e eflecrive range
or onentation of baited minnow traps has not bcen
systematically tested. bur treps are r.rsr:ally $et parallel
to the flow or in pools witb minimal florv. Extensive
fieJd expcricnce in southeast Alaska suggesrs mat
mi[now traps a.e effective at a radhrs ofat ]cast 2 m; a
downst cam bias may exlend the ftngc dependi,rg on

6 1oo

o
b 300
lt
F

imo

coF c@ DV COF COp ov coF c@ DV COF @p DV CoF cop Dv
Specles

ffow Compleli habilats, such as taJgc. dense dqbrir
Jams. may require a highcr drnsity of trdps tha, opgn
pools. Fish behavior and habitat prefcrences wjll
dcErmine lhc distribulion of traps. t,argc scour pools
$ilh linle covcr und high florr,s g.ncrally,ji{_j no{ yield

l)



mates in sms.ll strrams were not signilicantlJ- ditlcaent lbr coho ".irlrnon f'ry rnd Dolly varden. markrectplure mean estlmates

nere l3-l?9'; grcatcr $an rctloval mcan sstirnates Violations of at least two assumprion! equal vulnerabili$ of markcd-to-

unmarked fish (trap-shy) and g,"t", n'u'*tity of marked fish' could acco,unl fo; higho mark-recapturc eslimaes Rcmoval

rstimatcs rver€ ollen lower ttran mark-j.ecal rc Eslimates. Mahon (l98tl) anrj I'etenion irnd cederholm (1984) generally

afrib$tsrlthislodecre$ingprobahilityof"uplu'"'ponsuccessivcclplureoccB'sions'Thcireslimatcs'hgwevcr'lrgredetived
r,o* ii*,*nrrri"g *d noibl- less-obmrsiue methods, slrch ali minno$ traps. The generalized removal program used a conslanl

prohabilit) ofcaplure for all five ot ttre sueanrs *ti..it * u 
"ari,,i,t" 

probability oicapture, which sugg€sts tie min ow trirps did

not a:tTcur fish bchovior. . ,.

Removal ,nethods ha\e seveil actlantages ovlr mark-recaptue m€thodr includi!8 the tbiljty to complite sampling in a

,f,rgf" J* 
""J,"q-frfng 

fcwer rssumprioni. Minnow tropr imposc less sficas on fish thlr elect(ofishin& though aate must be

laken whcD fish are hdld for sevelei nou,li ln 
"'"u*" 

tttui"anfloi be complelely blocked' lhe shoner dme interval needed lor the

fgmoyalestimalereducestieprouaurlrryofmovomentanilnoleclose]ysalisfieslheclosu.gassurnptionthanispossible|ot
mark-.recaptur9experimgntstnatrgqulrcselernldaysbel*eetlhemarkandr€capture'Thcassumptionofclosurecanseldoml)
b€acconrplishedinlarg€sbeams$lnglealerflo\r-'volumcs'bu|short-termmolementoanb€red|lcdJduringaramovalestimate
;h,-il;;; ;r;"a,ilple reachcs tt,ai are-s"p*,n"a by nahrrally occuning.otlstrucrjons. Minno* traps' carefully placed in a

strcamand|eliundisturbed'afealso|ess]ikslytodisturbfisl'l}|anduringsl€gtrolishingorscining\rhensevera'lpeople.mole
ti-iigt, ,r.r" ,*** auring *"i, ,a.pt* o""urion. Minno* traps oilLr an attrac{iv€ altemative 1br conducri.g remoyal estimates

tbr iuyenile salmonids. Simjler methods may be applic{ble to othsr species thal are suscepliblg to passivc capturc merhods'

.A.€knovledgmenls
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