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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 l0' 2012

lntroduction:

Dolly Varden char, cutthroat trout and coho salmon have been identified in the 1997_ Tongass

Lani and Resource Management Forest Plan as Management Indicator Species (MIS). MIS

trends ideally provide a surrogate measure of env ironmental quality thal affects the bioiogical

communiry and environmental condition, This monitoring stril'es to characterize the ecological

condition and trends of watersheds and aquatic ecosystems on the Tongass National F'orest. The

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

iilatlonal Forest Plan maintaining or restoring aquatic and riparian ecosystems to desired

conditions on Tongass National Forest lands? Are population trends for MIS and their

relationship to habitat changes consistent with expectations.

General Design

This proposal follows the approach established for the Aquatic and Riparian Effectiveness

Monitoring Plan for the Pacific Northwest Forest Plan (AREMP) with some modifications.

Much ofthe nanative and many ofthe figures and tables contained within this proposal is

directly quoted or paraphrased from the AREMP General Technical RepoA PNW-GTR-577.

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

evaluare waterihed condition. To be meaningful, a monitoring program should provide insiglts
into cause-and-effect relations between environmental slre$sors and anticipated ecosystem

responses. A primary step in develOping an effectiveness plan is to recognize ihp factors that

influence the parameter of interest. An ovewierv of the conceptual model for the aquatic and

riparian ecosystems is shown in figure L The conceptual model illustrates the response of
firndamental watershed processes. as influenced by inherent landscape pattems 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 *.atershed 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

varfng degrees, buflbr upslope influences on the stream channel subsystem. Stream channel and

riparian and floodplain subsystems are coupled (i.e., influences are bidirectional) so changes i
rates or states associated with the ptocesses and stressors in one of these subsyslems will



usuaily allect the linked subsystem (Naiman et al. 1992). In contrast, rhe influence of
the upslope subsystem on the flood-plain and riparian and strearn channel subsyst€ms
is more strongly unidirectional (downslope). The inJluence ofriparian and aquatic subsystems
on upslope processes is assumed to be nezrly, but not complelely, negligible.

.Processes pertinent to aquatic, riparian, and upslope ecosystems affected by the Forest
Plan are shown in Iigure 2. Processes are grouped into those that describe general eoosystem
function, with related key processes useful for designing the monitoring strategy. These key
processes are fi:rther 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 that proyide a conceptual link between the
physical and biotic elements ofthis monitoring plan. 'lhe model depicts habirat development
as the composite of the ecosystem processes listed. Thus, habitat development
and population or community dynamics are shown as features that integrate general and
key ecosystem processes ifl the stream channel and riparian/flood-plain subsystems
(fig. l). Similarly, habitat distribution, diversity, complexity, and temporal and spatial
connectivity comprise a composite ofhabitat development as affected by natural and
human-caused ecosystem stressors.

An integration ofprocesses and stressors provides the functional relations critical to developing
conceptua.l models for monitoring (Noon et al. 1999). Specihc aspects ofeach ecosystem process
have been identified as stressors that affect the three subsystems. Although natural and human-
caused stressors are often dificult to distinguish in practice" the model lists examples of both
types. In keeping v/ith the effeciiveness monitoring strategy, stressors arc intended to be value-
neutral (i.e., they can be either positive or negative like roads, *'hich represent both road removal
and construction).

upslope subsystem indicators 
-upslope subsystem indicators such as vegetation composition,

seral stage, road density and percentage of cover-reflect pmcesses influencing the entire stream
network (Naiman et al. 1992) and are relevant indicators over the entire
watershed. Data can be gathered largely by existing imagery and ArcGIS.

Riparian and flood-plain indicators-Riparian and flood-plain subsystem indicators
represent processes delivering structure, sediment, and dutrients to stream channels
over intermediate spatial scales, and they require finer scale analysis and greater initial
sarnpling intensity for validation than do upslope indicators. Ir is suggested that riparian
indicators be measured throughout the stream netrvork, which includes perennial, fishbearing
as well as perennial nonfish-bearing and intemittent streams. Although materials
delivered by riparian and flood-plain subsystems initially affect adjacent stream reaches,
they also affect the condition of downsteam reaches (Naiman et al. 1992).

In-channel subsystem indicators-ln<hannel indicators such as residual pool frequency 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 measured sueam sections will be in the upper wat€rshed upsfream of



|arriers impassable to anadromous fish and 4 *'ill be in the lower watershed lvithin anadromous

habirat.

Figure l: overview ofthe conc€ptual framework
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Table l-{ore indicators by ecologic process with preferred mersures and data fields

Watershed
Subsection

Key Process Indicator Protocol Evaluafed Dtrtr

lrnd

Upslop€
Sutrsvstem

Vegetative
succession,

grotth &
mortality

Wood
Production and

llansPofT

Vegctation
seral stage and

series

Cover by composition
and structue class

Proponion of
watershed in
early-mid, and
iate seral stages

Soil Cycle
Sediment
production and
lrirnsnort

Stream
crossing
density

Densiq af stream
crossings per square
mile

Density of
stream crossings
Der square mile

Soil Cycle

Sediment
producdon and
transport

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

Miles of road per
square mile
within 300
meters of streams

Soil Cycle

Sediment
production and
rraJBpon

i,andslides Protocol from
Swanson addressing
frequency, type, and
location

Frequency, by
type. size and
location of
landslide

Riparian
llood-plain
Subsvstem

Vegetative
succession,

growth &
morrality

Wood delivery.
community
structural

deveiopment

Vegetation
seral stage and
association

Cover by composition
and slructure class

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

Soil Cycle
Sediment

production and
transport

Stream
crossing
density

Density of stream
crossings per square
mile

D€nsity of
stream crossings
per square mile

Soil Cy'cle

Sediment
production and

tmnsport

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

Miles of road per
square mile
vrithin 300
meters of streams

Soil Cycle

Sediment
production and

transport

Landslides Protocol from
Swanson addressing
frequency, type, and
location

Frequency, by
type, size and
location of
landslide



Table 1*-Core indicators by ecologic process with preferred measures and data fields
fcontinued)

Watershed
Subsection
and Process

Key Process Indicator Protocol Evaluated Data

ln-channel
Subsystem

Channel
structural
dynamics

Sediment and
wood delivery

Channel cross
seclion

Monumented cross-
sectiodal profile

Bankfull width
and mean depth

Channel
structural
dnamics

Sediment and
wood delivery

Channel
movemenl

Monunented channel
longitudinal prollie

Water surface
slope

Channel
structural
dynamics

Sediment and
wood delivery

Channel
sinuosity

Stream length/valle y
length from aerial
photos.

Stream
length/valley
length

Channel
structrral
dlnamics

Sediment and
wood delivery

Chamel poo.ls Suwey of residual
pool volume, depth,
and fiequency in
sample reaches

Pool depth,
volume and
frequency

Channel
structural
dynamics

Sediment and
wood delivery

Structural
complexity

Survey of LWD
counts in sample
reaches

LWD counts per
lineal measure

Channel
structuml
drnamics

Sediment and
u'ood delivery

Substrate
composition

Wolman pebble count Percentage of
fines and D50

Energy
Exchange

Heat delivery Waier
Temperature

Temoerature recorder Waler
lemperattue
change

Hydrologic
cycle

Water delivery Water quantity Stage recorder Discharge
change

Biotic
Community

Biotic
integrity

MIS species
density and
condition
factor

Removal method
using minnow traps in
closed system sample
reaches

Species density
and condition
factor change



True watersheds (6thJield hydrologioal unit) forms the basic geographic unit for monitoring.

l-ourteen watersheds will be sampled over an 8 year period. Two of the watcrsheds will be

sampled annually (Fixed watersheds) and 12 watersheds will be grouped into lbur separate

panets lPanel 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 cunently and into the

perceivable future q'hile the other \ rill be representative ofpast, present and pfoposed futule

active management activilies. The annually sampled fixed watersheds will allow for the

assessment of trends more rapiclly as well as provide information on natural variability.

The warersheds sampled on a rotating panel basis will ideally represent the range ofecological

conditions an<I forest management across the Forest. The relatively small sample size will not

allow for extensive stratification.

Selected watersheds have populations of: I ) resident Dolly Varden char and/or cutthroat trout

upstrearn of impassable and permanent barrier(s) and coho salmon young-of-the-year and parr in

dornstream sections. Four resident fish populated stream sections and four coho populated

saeam sections of approximately 100 meters in length will be sampled within each of the 14

selected watersheds .

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

for description). These less constrained, lower gradient (<6%), smaller and mostly alluvial

channels iupport 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 upstleam

*atershed process (Reeves et al. 1998).



Since the lakes probably provide quality over-wintering habitat and are thought to be little
affected by forest management, we believe trends in fish populations may be less likely in
streans connected to lakes. Therefore, selected sample stream sections will ideallv not be
associated with lakes.

Methods for !'ish Poollation Estimates:

Resident Dolly Varden. resident cuttluoat trout and juvenile coho salmon will be monitored for
population trends by repeat population estimates in permanently marked closed reaches of
stream. A three-pass to four pass removal method using minnov'traps baited with disinfected
salmon eggs. Temporary block nets will be deployed on the upsfeam and downstream ends of
the sample reach to restrict fish movement while sampling. Previous experience indicates that
between 25 to 50 minnow traps are required to saturale the reach and allow for adequate capture
rates. Appendix A provides a publication containing more detail on the removal metlrod.

Natural obstructions. like shallow df{les or small waterf'alls 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 ofthe
monitoring project. ln any case, the ends ofthe selected study reaches should be permanently
marked. Metal tags nailed to trees are recornmended as permanent markers. Surveyors flagging
and notations on aerial photos are suggested to help relocate the metal tags. GPS coordinates
will be recorded also to relocate study sites.

Minnow traps should be set for approximately 1.5 hours at rvhich time all captured fish will be
transfered to buckets. It is suggested the buckets have holes drilled in rhe sides ald be placed in
the stream lbr water exch'ange to keep the fish aerated. The traps should be rebaited andieset for
another 1 .5-hour pericd. while the second set is fishing. fish captured during the fiIst set should
be processed. This can be repeated for three to four cycles. Data collected for each set should
include the number offish captured by species and their fork lengths and w-eight. Ihe
recommended anesthetic :is MS-222. All captured fish will be released unharmed within the
reach of capturc.

Population estimates and associated confidence intervals q,ill be determined usins cApruRE
software program (White, 1978).

Minnou,trap funnel openings will be enlarged ifnecessary and maintained at a l" opening size.
openings will also be coated wilh silicone to avoid the possibility of injuring fish upon entry into
the minnow trap.

Fish capture will occur during the months of Jrme through August and sampling will not be
completed dudng high flows.
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Appendix A

Estimating Fish Populations by Removal Flethods with Minnow Traps in Southeast
Alaska Streams

MAsot'r D. BRYAnir+

Untted Skres |br|st :'!.,*ice, Pacilic \'orthwtl Rcsea4h Stotpn, 2770 SL'cftood lane 1j1. "bn ai, Atdska 99801. USl

ItJrra.r- Passile capture mcthods, such ai minnow faps, are commotly used lo c.npture fish foa nrark,{ecapture populalion
esljmates: ho{el'er, liey hare not been us€d {or r€moral methods. Minrow tsaps srt for 90'nin periods during thrae or four sequcntial
captur€ occrsians d0ring the ssmmer ol ly)6 w€rc u!€d to captur€ coho salmon Ohcorhtnclnlr hisulch fry and parr, Dolll, Vardgn
SolvelimlJ nalns. cutthtoal FoBt O L'la*,. and juvenile steelhcad O. r,.llrss to estimate populadon size wiih the Zippin or gen€ralized
rmovrl meth{d. More than 4J96 oftbe tatal carch wrs obtained dwing the fi|sl capfure occniion, snd in most cases. $e catch durirg the
fourth occarion ltas less than l5'/o of lhe lolal ca1ri. ln nrosl poois, lhe p.ohability of capture l'.'as gre.Nrer thsn 0.4 but was lolvet for
coho sslmon fy than for coho salmon palr and olher species. Mran populdion cstimales for coho salmon plrr made with concunert
madi-recapture aod r€moval melhods ditTeted significantl_r_ in small strean$. lstimates iiom malk-ftcapture and removalmdhods , cI.
oot sig$incandy diflcrani for coho salmon try md Dolly Vardc( bu mark-rccapturc €stinat€s \|trc bigher than removal estinlles in
m(xt cas.s. My resulls sho* thal tcmoval astinatsj €, be obtained wilh mjmo\r tftrps if sampling procedurcs confom to the
essumttions rcquircd for thr m(dlod.

Obtaining pftcise and accuiale estimatqi of fish
abundance in streams continues to challenge fishery
bioiogisls, despiie the developmcni oi sophislicalcd
mathenatical models. Coflmonly us€d mcthods
ilclude mark-recapture experiments (Rjckei l9?5i
7,ubik and Frdley 1988) and removal cstimat€s (Moran
l95l; Zippin 1958: Whjlc ct al. 1982). Though snorkel
surveys are also used to LTtimaae lish abundance
(Northcot€ and Wilke 1963; Schill and Grilirh 1984;
'lhurow 1994), they rcquire a separate c$ima1e ofthc
populatk n to calibrare $e counts (Hankin 1986).
Malhernalical models for bolh mark{ecaDtur€ and
removal esimatqs ar€ uell-tes1cd, but prcs€nt

substantial Iogistical challenges to rncet thc
assumptions,

\,t8rk--recaprurc estimales ale c()mmonly used in
soutieart Alaska and €isewhsrc to estimatc populations
of juveltile galmonjdr most commonly coho salmon
Oncoryhnchas kis2ttch and Dolly Va.rden Salre/'tas
nalm,r, i$ small ( 4-m-rvide) secord-to thirdr.der
streams (Ellioft 6nd Hubartt 1978: Dollaff l98ll
BrJ,am 198,1; Youog et al. 1999). Sample rceches in
sirearis rvidrr than 4 m and with highcr *arfi ffo\\s are
difncult to isolale, and majk-rscapturc methods arc nct
reliable beralrse ofmovcment between sample periods.
High flows, common in southeast Alask4 also alltcr
movemenl and catchabiliLv bct$cr.n sarnple Jteri

+ !-mail: mdbryantafs.fe.d.us R€.erved April l:, 19991

acceoed Mu.h 10,2000
ods. Rcmorul mfthods or snotkel sun-eys ore oiten

used in these steafis, yct clen these methods are
lirnited- l,oR condlctiviry and pat hes of complex
habitat $i1h large woodj dehris ma-lic the removal
mgthod of el€cfofishing impractical. Sno.licl surreys
also ar! impractical because ol complex habitat and
poor lisibility in ths da.k \.vaters of many southeasl
Alaska streams.

Removal methods have several edvantagcs over mark-
recaptu/e methods to cstimale fish numbers. fish iw
capturcd only onc€, which eliminates bia-s due 10

bchavioral responses to a trap, Fish do not need lo b€
marked, which rsmovgs assumptions lhat all marks are
identilied and that negligible mortaliq occ!$ due to
marking. The stream secfior can b€ sampled in I d.
ehich substantially reduces the probabili! of
movement by fish into and out of the sarnple area it
cases in which the sream sictiorl cannor be isolated tbr
the duraiion of thc mark-recapture sequerce, In
addition, a ld sarnpling effon simplifies logisrics for
thosc locations thai are difficult to rcach and eliminates
any differcnccs in sampling eliicienc-v due lo changcs
in florv r€gimes (i.e., ltigh-walcr events *lal occllr ailer
marking zurd hefirro or during recapt{rre).
Pa.ssive capture methods are commonly usad for mstk-
recapture experjmgnts but ale seldom used for rcmoYal
estimates. MinnoN traps baitcd with salmon eggs are
an eflbctiv€ method for caprurhg juveniie salmonids
and have beeo used in numer
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ous studies throughout southea-sl Alaska (Bloom 1976:

tjlliott ard Hubad 1978; Dolloff 1983: Brysrt 1985).

Minnolr traps havc not becn uscd for removal

population cstirnates bul havc sev€ral adllvlaages ovet

.leclro,ishingl they are IEss hlrmlul to lhe fish, dislurb
the sream les\ mn be used efficic[t]y in complex
habirats. and ote not depcndcnt on thc t\akf chemislry

of the strearn (Mess 6nd SchrBrk 1989; Rilcy and

Fauslh 1992; llollender and Carlire 19941 llabcra ct

al. 1996; ReynoLds 1996). Although minoo\r ll'dps are

not etlcctive in rillle or fa.rt-l\ater habjtats, they ollbr a

less-inlrusive altemarivc to eiectrollshing in steains
r+rth pools or slow-moving \,'aldr. llo$evcr. lhcir u\c

* 3 ;emqval rnethod fi' populatio! estimates has nor

bccn studied.
M) purpose is ao delermin€ if mjnnot traps cao be

used as a removal method to estimate populdion sizes

oflish i. sreams. My firsl objectjve is 10 delermitre il
mi$no\r traps capturc a sofficient pan ofthe population

on cach capturc occasion to estimatc populalioo size of
juvenils salmonids using a removal method and to
sxami$e probabiliti€s ofcapture in nalural str€alnt. My
s€cond objgctive is to derermine if concunent mark*
recapturc eslimates and remolal cslimates lhrough the

us€ of tn innow fraps difler signili can tly.

M€lbods

The s rdy \.!as conducEd oo live shall cecond-k)

$ird-ordcr streams. Convenience, l)icnic. Swilzer,

Twiw, and lye creeks, und thrce msdium-sizc fourth-to
fiih-order sreams, Painted. Sal. snd Trap c.c.kq in

southeasl Alaska during the summer of 1996. The

small streams were all lcss $an 4 m in bank-full *idth
and had sumner mcan fln*s of lecs than 0.5 m ls. I he

medium-sire strearns lvere greater than 4 m bul less

lhan 30 m in bank-full widti and drained into salt

rlater. All streams supportcd populations of coho

salmon ard Dolly Varden. SLeclhgdl Onchorhynchw
/aj|,tj6s and cutthroat rout A cLrl.ti wcre found in somc

snlams alrd w€r€ not sympalric in {ny sbeam thal was

sampled. Coastrange scdpios Colrrrs alextia$ were

occasionally captured bul not iocluded in thc cslimsres.

The three modium-sizc stteams u'crc samplgd with thc

remova.i estimale only. Cotcurent mark-rccapturc and

rernoval expetimenls were compleled on all liv€ small

sllea.tns.

Maak-recspture and removal methods rcquire closed
populations: theretbre, sample reaches \rere s€lected to

minimizc emigration or immigration during the sampie

pcriod, In the lilt small stteams, lhc sample reaches

ranged fiom 100 to 350 m and wete block€d by net$,

$eirs- or barriers at both ends ltlr tho duration of the

exp€.imen! usually .l-4 d. ln the thred mcdium-size

sta€ami. n€ts aould nol bc ulicd: natuml baryiers were

ussd to isolate the r€ach and pogls within the rcach.

Thesc included long, shsllolv rjffies { 5 crn dcplh) or
submgrged logs that lully spanncd thc striarn, tbnning
a dam- r,\'hile comDlEte isolatiqn \las noi Bchieved. fish

hovemenl across th!'se barriers was not obselv!-d

during sampling, \&hich usually lasted no langer that S

h at qach si!c.
'l}le remolal cxperimcnl \ias completcd in I d on eacb

medium-iize jlrcan. lhrcc callure occosionJ $erc
l'rscd in Painted Creek, ths first stream sampled rvith the

removal meihod. four capturc occasioTrs wcre used on
'Iaap and Sal crceks, Reachcs rang€d in length from

about 200 1o l{}O
m, Individual pools were identil'Led and countdd in each

reach. A! leaJt 50yo of tle pools wete rrlndomly

sclecGd and population cstimates $ere computed tor
lish in each pool, The 5i13 ofthe pools rdnged from 9.7

to 1,480 m'. the average size being 288 m - Ooc io three
pools were sampled concurrently, depending upoo their

size 6nd complexity, Oncc a pool was selected, sample

localions for thc minno\t iraps (3.2-mm m€sh size: 19

cm diameter and 15.5 cm long) rlerc selecled.

l)ishnccs bet\dcen trnp$ depended upon habilat

compleriily, but gsnerally tmps lvete separattd by
about ? m. Traps Nere set more densgly iD complex

habitats (i.c., poots tith large amounts of rtoody
debris) thfi in more open pools. B€t*€en ,10 atd 50

tr:rps wcre sa'l for cach rcmolal exFeriment.

Trdps \tere bailed with salmon eggs (disinlbed for 10

min with lrl00 betadlne to water solution) held in

perlbrated "'uhirlpaks." Traps weie 9€t or the stream

bottom nexl to suspected habitat ofjut*niic salmonidq

such {s *oody debds, root\r"ds, or ndercul barks, but

\ryere distributcd to completely sample the pool. 'l'Eps

rryere left undisturbcd for 90 * l0 min alld then }!€re
picked up in the sarRe order in which they $er€ set.

tish trerg rgmoved. and feslr bait \vos tlaced in each

trap. Tmps wcrc sct again in the same locations. Fish
ilom esch pool and capture occasion \"-'ere processed

scparaJely. Whilc thc s$cond ssl was fishing, the Iish

from the 6rst set werc identified, coultled, measuied
(mm). and wcighed (nssr€st 0.1 g). Data from cach

caplwe o€ca-sior \.vere identitiid by number (1, 2, 3, or
4), each of l\hi0h identifi€d the capture occssion. 'fhe

procejure was rcpeaEd r}rqs to four timcs, depending

upon lhe delircd numbr'r of c€pturc occasions. Fish

from each calture occasion rvere plac€d in a holding
net

lt
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(or biocked minnow traps) until th. last capturc
occasion r'as completed- at rthich lime all fish werg
retumed lo the same area from *llich thev were
captured. Population s:ze was cslimated for each
specjes in each pool. Coho salmor wcre classjfied as

fty (age 0) o. par. (age l+) base.d on analysis of
lengih-frequcncy data. Coho salmon were considered
to be fr-y ifthey wer€ less thfi J0 mm in June, less tha,
55 mm in July, or less than 60 mm in August.

Thc same procedures for ths remoral estimale in the
nledium-size streants r ere uscd in the small strcams
duriBg the cooc|]frcnt urk*rccapture and rcmoval
cxp€rim€nls. Sample reachcs" lvhjch \rere 100 !o 300
']l long cnd rdflged in arc! from 68 lo l?4 m, could be

easily samplcd $ith 4(l-50 traps. The entire reach was
sampled durinB one experimcnt, and population size
was esti:nated far the cntire reach. All fish were
markcd dufing four raprurc occasions in thc removal
csaimate, which serv!'d as the mark sample in s singlc-
cL'nsus Fete6on mark_leqaplur€ !'stimale determincd
by thc Chapman modification (Ricker 1975). Thc
recopture samplc $"as completed during one coplwe oc-
casiot 3-4 d atier lhe fish u'ere rcleased. All fish uere
identified ul- species and measurEd. R€captured marked
fish rler,e r€corded.

Removal estimates ald probabilities of capture (/,)
*€re computed b)', the capture prog-drn (White et al.
1982)- Jf fbur capturc oc{asions $rre used^ polulation
si?.e i€s e$imated by the generalir,cd remolal estimote
in the capture program: bo[r equal P, arnong occasions
and unequal P, b€t$een the first and subsequent
occasions. The program also tested whelher P. was
constant, ba^sed on a chi-square lcst {0<).05). ]}c
Zippin method, which assunes equal ptobabililies ui
capt$e! was used loa Painted Crcek \lhere lhree
crpture occasions were conpleted.

A paired t-test {0=0.05) wa.s used to compare the
probubilil) of capturc from thc fir;t capturc' occarion ro
subs€qu€nt capturc occasions in pools where a r.ariable
probability of captLrr€ wlts used to estimate
populations, A paired r-tcst ({H).05) wes also uscd to
examine diflkcnces in popularion e$imares and
probabilities oi capure between three or lbur caplure
occasions i'or coho sajmon li,v. coho salmon parr, Doll,,-
Vaden. a$d steel-hcad. Estinatei f.om individual
pools thax had valid estjmates for ibur capturc
occasions were uscd as the samDle unit. listimaaes for
three capture occasions rvcrc made by recoDrputiog the
tirst thicc capture occasiots liom cstimates with lbur
capture occaSions.
Depletio! alld nark-rcqopturc estimatcs liom reaches
in thc five small strcams werc comparcd by a paired l-
tcst ({F0.05). 'Ihc tcst was completed separately lbr
coho salmon fry. coho s{lmon pan. and Doily Varden.
Cutrhroat hout and steel.head $cre not captured in all
stacams and t!$c not included in the snalvsis.

1\_ormalily and homoggneily of varian.e was tesied
bclbre use ofthe r-resrs {SAS Insrilute 1988).

Results
Remoral Fstimales

Abundanre af coho salmon parr was estimated for 47
pools in Painted, Sal, and Trap crceks. Estimates wer€
not romputcd (deined as "failures" by th€ computer
program) in lhree pools for coho salmon fry and Dolly
Varden when lcss than l0 lish werc caught during all
capture occasjons. lor two of the pooli I'ailures
occurred ryheB more coho salmgn liy rvere caugbt
during eiiher the second or third caplure oc{asion than
during fie fintl capture occasion. For the third pool, no
Dolly Varden *erc capturcd during the first two
capture occasions, 16 were captured dqring the thjrd
capture oc.casio4 iird 3 wcrc .aptued during tll€ fourlh
capture occasion. Steclhead w€re captured onl!- in Sal
Creclq and 3 lailures o.cuned out of lhe t0 pools
sampled.

For all spccies, more than 45olo ofthe total cttch jn all
reachcs of Pairtsd, Sai, and 'l'rap creeks werg taken
durirg the first captu.e occasion (Figure 1). In mosr
cascs. the number of fish captured during the fourt}
€plu.e occasion was less than 159'0 of the toial catch_

For all species excepl coho selmon liy, rhc probabiliry-

of capiurc wal grealsr than 0.3 for at lei$t 809,0 of the
pools samplgd rvhcD it \ras assumed corsrant for all
caplurc occasions (Figure 2). Probability of capturc
wa$ gr€ater than 0.4 in mars lhan 909'0 of tis pools lbr
cullhroal trout artd s|eclhead. Coho salmon fri-r-' and parr
had $e io$rst probability of capture, but more {hall
50% of the pools excc€ded 0.4, ln most cas€s.

however, substantially fc\rer coho salmon fu- and parr
wdr€ cau[:ht upon cach succcssive sampling o(x-a\ion,
even \ri0l lower probabilitics of caplurc, For example-
iu one pool, 123, 95. and 5l coho salmon fr) worc
captured doring Successive captufe occrsions- Tle
protrability of capturc calculated to
0,344, The 9i% confid€rse interval ranged from J24 to
472 fish a.ound the poFrlation eslmate of 174 fish.
While re lo}ler prubabilitv of capftre resulted ih bss
precision, the lo*'er confidence intewal was within
139; and the upper confidencc intgn'al wilhin 26% of
lhe eslin)ate.
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selectgd fo. Dolly varden and sfeelhcad io all paals

of Sal Creck (Table l). In Trap Crc'ek, the constanl-

!.obabiliry-ot'-capturc modcl was selccted for Dolly
Va.dcn in 81o/u of th€ pools. A variatrle-probabiuty-
of-captuie model was used !o estimatc populalion

size for coho salmon fry in fivc poolt, for coho

salmon parr in eight pools, and for Dolly varden in
four pools. Only 1br coho stlmon fi-r rvas the

Fobabiliry of capture significantly greatcr for lhe

fir'ot c4pture occaeion than for subsquerll capturc
occasjons (Tablc 2),
Populalion eslimales and probabilitics ofcaplure for
thrge sample occasions were gcnerally lowq than
those computed for four sarnplc oc.,casions (Table 3).

Population estimatcs fgr lhree and four captute

o{casions vgre giSnificanrly diffcfent for coho

salmon par (P =0.013), bul djffercncl*r werc not
observed for populatior uriimales of coho salmon

fry and Dolly Vard€n. Diflerences berB-eeo the
probabilities of capture for thrce and firur capture

occasions rvere obseNed {or coho solmon fry. coho

salmon parr, 8nd Dolly Varden. The probslilitjes af
capture i)r three capture occasions werc greatcr than

that estimar€d lbr four capturc occasions (Table 3).

Tte population estimates of probobilities of capture
for steelhead lvere not signilicartly different
between tbrec and four capturc occasions (Tablc 3).

Mark- Recapture and Remorcl Estimates

Comparisons of population cstimatcs for thc lwo
mcthods showcd mixed resulrs among specics. but
generally e$limales l'rom the oark-recapture method

wcrc highcr than those from thc removal mrthod,
Mark-recaptwe and rsmoval rsli.nBles were

signifcantly diffcrent for coho salmon parr (P

=0.049) but \rere not significanlly diferena for
Dolly Va.rderi and coho salmon fry (Figurg ll
Mark--recapture estimates !+ere higher in all steams
and ior all specios except coho salmon !;\' in Trviw

Creck and Dolly vardcn in Picnic Creek. Ill botb cates,

removal estirnates had wid€r conlidence inteflals than

the m8rk-{ecapture estimates. R*moval e$imarcs for
both streams had low probabilitics of crpture and a
higi umber of Jish capturcd duriog thc final capture

occlsion-

Discusrion

Probabilities oi capture --ere genemll.!- higb, and in
most cases. i0-651/" of the population was captured
during the firsr sample otJcasion, llos€ver, even wilh
high probabiliries of clpture, underestimatiou of thc
population n}aJ- be a problsm be

lt- | Pna 2 Pra:

S.r C|t k --a-cof
- o- coP
-+.tll{.....t}v

-;...--l
bt P|.r 2

q. pairnod Cr€€*
---+-cor I

l-.- COF I

t-o- GT

f :.!-'w

tarr t ltal' t 9.|a t ?aa a

C€it(rr Occedon

I;rcuie l.- l'he proporlionofcohosatmonfi!(C{)F-}, coho

salmon parr {C(]P), Dol'y VardeTt (DV), cuflhroar bout (CT),

and steelh€ad (SlI) cattured during each ca ute occasion in
T.ap. Sal. aDd fiinled creek for thc rcmoval expcrimenl in
southe.st Alaska, I EJ6.

ln Sal and Tral creeks. borh ofwhich had forlt
capture occasions, tfrg capture progmm compared
constant-capturc problbiliq and variable-capture

probabilig. ln most pools. rhe probabilities ofcaptute
wgre constant.'lhe constanaprobability-ofc$pturc
model was xlecled for all species in llSyu ofthe Fools
in Sal Creek and i[ 939'o ofthe pools jn'lrap Ct€ek
(cbi-6quaie, 0=O.0j ; \rybjte ct al.

ItS2). The conslart-prubabiliry--of-capturc model rvos

IJ
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FJGL*E f .-'Ihe reln{ionship belwe€n probabilit} ofcaptur€ olsll five spcci€s anil the numbcr oi pools cxpress€{ as a proportion of
rotal pools samplod in 

_Ir1p, 
Sri, and Paincd caecks for the remolal expe.imen( in soudFast Alaska- 1996.

ceuie oldilTcrrnces in probabiliries nfcapture between
sanple occasions (Rile], and F'ausch 1992).

UnderestirBaiion would occur if the probabihtv of
capture was hightr during ths lirst sample occalion and
lo\rcr during subsequent sampung occa$ioos (Riley
ard Fauech 1992). The bias car br accounted lor ifthe
diffcrences bctweet pfobability of caplurc cao bc
dctected during lhc estirnalior thtolgb the use af four
capnr€ occasiorls ard &e generalized renoval metbod

{Whitc ct al. 1982). Ri}sults {iom this study agree rrith
thc rccommendalion of Riley ard I-alsch (199?) rhat
fout capture occasions be user,l for removal estimares
wheoerer possible.

Riley and !'ausch (1992) and the numerous studies
th€y cite repor decr€sing catchabilio afrgr the lirst
c{pturc oc{asion du.ing clecrloiishing ard $gge$ tlar
it ;s importanl to maintain equal efl'on among all
samples, Hnwevcr, not only does the process of
elechofi shing imposc a considerablc

TAbLr L-Percanl of poi)ls with constanl and veriible
probabilitiEs ofsdptufe for coho salmon li1, {oho salmon
pan Doll)r Vaaden, and sreelhead crptursd in two strcms in
southeast Alaskn, 1996.

Typ. ofprcbrbihy Coha s.hnon
far Fr,' tlolly lnnbn

disturbance upon the shea$ and inllu€nce fish behavior
during subsgqugnt samples, but it also imposes a
physiological rcsporsc in fish that influcnces behavior
on those that rr'ere shocked bul not qaptured duing the
irsl 8ll€mpt (Mesa and Schrerk 1989). luinDou t aps
are a passilr captu.e method and impose a much loilgr
degree of disturbanc€ than elcctrofisbing. This
eliminatcs the effects of dislurbances if ca.re is used

when lhe traps are set and retricved.
Regardless of the melhod used to capture f,sh,
assumptions of lemovai eslimales must be met that
incll]de isolation of the sample arca during lhe sarople
period. Recruilrnsnt into thg smplc arc{ during thg
estim3te will rcsul! in an upwlrd bia$ in ab€ estimslc:
ho\rever, rccruitment was rot obseaved in sttdy
scctions of thc lalger streams during 6-7 h sample
periods. lfthc pool within the

I AILE 2.-{omparison (paircd l-resl) b€twE€n probabililies of
oapfiie (P.) on fidl and subi:quenr cadure ocsarions in pools
wherc a variabie probabilit"v of captur€ was uscd to cstimate
populations for coho 3almon fri. and parr and Dolly V den in
i'vo strcams in southeas{ Alaska. 1996_

l:,lsl S!b*que'.
SrHles cartnr. c€rture! Jf /

dl
001

fryPrDolly 0574 0.3020.5.16 47 0.E5
var4er 0415 0.212 I 0.068

100 I

I

Sal Ct€ek s0 t00

l4



T^BLE 3.--{-omprrison (paired l-test) bet\ren .}-ssmple and 4"6:t nple removal esdnat€s ofpopulation and p.obabilities ofcErrun: fo!

coho salmon fry s|rd par. Dolir_ Vatd.n. and sleclhead in Ttrp and Sal crecLs. soulh.ast Alask! I 996.

Mw populabon ridsrc {o!mb< of lisl}
-l h*r

M€dr probobiht ol ciflur.

fish liom s"t.on
within theF]Pn
Pool ma"v

be recruiled
into ncaAy Dollr

tmps during subsequett sampling occasions. Evidence

of rgcruilnent during the sample period may be ob-

ssrved when more fish arc caltured in later sample

occasions than during rhe first or sccond sample

occasions. Effort should bc madc to capture tlre

greatest number offish fiom thc pool while completely
sampling lhe pool and maintainlng equal sampling
eJIort smong capturc oocasions.

sevoral smqllgr cQnnecled pools.

Allhougi removal and mark recapturc e$i-

frcuRr .i.--Tt'e comparison of populrtion €stimales fion
nark-Jecaplrlre and .emoval methods by species for five
smsllstresms in soutireaJl Alaska, 1996,

?

0.5J9 0.415 0.001
0 655 0 57-r 7

0008
I
0.t06

?424 J.122 61 25 0 087
0.013

large numbers oi
juvenile

salmorids, They

also did not
rcquirc as many
raPs as pools
Nith large
.oolrvads and

Minnow traps hsve physjcal limitations tbat limit
thcir use as a captur€ method. Thc) do not sdcquatcly

sample rilie habitat; thercfbre, thc mcthod is limitcd to
pool habitats. Str98n deplh m st be s!flicient to
subme.ge ih€ opening of rhe trap- 'l"he effcctive range

or orjentation of baited minto\t Saps has not becn

s]stemotically re$ed- but t aps a.c usually set plrallel
to thg ffow or ir| pools with minimll flow. Extensive

field exp€rience in southcast Alssk4 suggests that

minnolv taps are effecliv€ al a rddius ofat least 2 rn; n

downstrqs$ bias may extend the range dependitrg on

600

coF coP Dv coF coP ov cof coP Dv coF

Specles

flo\r. Complcx habitats, such as largc, defise dcbris
jams, may requirc a higler dcnsity of traps ihart open
pools- Fjsh behavior and habitat preferences will
determinc the distritution oi 1raps. l,a4e scour pools

with litlle cover and hjgh tlows g€.|elall) did not yiekl
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matcs in small streams ltere nol significanllv dillcrenl lbr coho sahnon try nnd Dolly Vardcn. maJli tecaplure mean estimates
werc 13-l?96 greater than rcmoval mean €siinatcs, Violations ol at leafl tlvo assumptiorN, equal vulnerabilit] of marked-to-
unmrrked lish (lrap-shy) and greater tuonality of marked fish. could account for higher mark'<ecaplure ostimates. Remoyal
eslitnale'i lrere ollen lo*er ihan mark{ccalture eslimalcs. Mnhon (1980) and Pctc$on and Cederholm (1984) gcncratly
aftributed lhis to decreesing probability of capturc upoo successive capture ftcasions. Thcir estimatcs, howevcr. were derived
fiom elcclrolishing ald not by lcss"oblflrsive m€thods. such [s minnow trdps, 

_['he 
gcBcmlized removal program used a conslant

probability ofcltpiure lbr all fivc ofthe streams.ather than 
^ 

variable probabilil-v ofcaptu.e. which supgesrs *re minnow trups did
not affect lish behavior.

Removal methods have scverdl advrntages ovgr mark-recapture methods. including tie abilily lo compl.tc san1pling rn a
singlc day and rcquidng fc\'ver asslmplions. Minnow traps impos!'less strcsj on fish than elefirofishing, though care must be
late when fish are hcld for several hours- In stnaas tbat cannoi bc complelely bloclied, fie shofler time in tcraal needed ibr fie
rcmoval estimale reduces thc probabiliry- of molemenl and more closely satisfids lhe closurc alsurnption rhan is possibl. for
mark--recapture expe.im€nts that requi.c scleral days belween lhe rnark and recspture. Thd assumption ofclosure car scldomly
be accomplishcd in large streams wilh grcater iow volumes, bllt short.term movem€rl can be reduced during a rernoval estimale
throrgh ths ust ofsample rcachoJ that arc separated by naturally occuring obsructions. Minnow traps, carefully placsd ro a
stream aod left undjsturbed. are also less likely to disturb tish fian du.ing elechofishing or seining when several people move
throuet! the stfeam during each sample occasion. Minnorv trrps olTer an sttmctive altemative lbr corductillg renoval estimateli
lbtjuvenile salmonids. Simi)ar melhods may be applicable to othsr speciei fiat d.c susoeplible to passive rsptur€ rnethods.
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