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Management and Condition of Watersheds in Southeast Alaska: The
Persistence of Anadromous Salmon

Abstract
ln contrast to inon ol Nofih America and Europe. numerou\ in|rtct of lighdv disturbed \iatefshed\ arc present throughout s(Nrh
e.rslAl.r\ka. Thesc salersheds suppor! abundtrt rnd d ilers.' populati(ms ofanadromous sllmonids. While the lvatershcds rlxoushoul
the nof therrr  hemisphefe hr le bec.  c) ,po\ed to human distLrrbance f rom mi l lcnnia to centunc. .  srgnrt r r rnt  hLrmcn t l rs turhrnce tu
the lr'atershcd\ oi southeast Alask.r .li(l not hegin un!il lhe 1950 s $'irh lhc shn of indusrrial loggmg. Alrhough m.rnasemenr oj'
Nalersheds hrs e!o l led to reducc r isks n) . rquat ic  habiur .  the mo\r  i . le l ls i \e logginc occun.d dur ing rhe f i rs t  l0 ierrs of t inbcr
harlest whcr le\t restrainls $crc placed on timber Iar!csl in waterhed\. A! a re\uh. a legacy of stre.rms with dcrcriomting habilal
remains whilc le\i srlmon shcks in !nrrhei$t r\laska rppear to be in dccline. escapement rccords on speciiic \r.rlersheds. par
ticulafl) lhosc most severel) atleclcd by n.rnrgernent arc non eriisrenr or qualirati\e. The prescnl status of salmon stocks ma),'. hc
attributed to abundanl irtacl \\' alershcds. ligh nafine survi!al. and escrpemenl lc!cls thrt fully secd nost \\atersheds. The nulner-
ous intirct wale.\hcds throughout soulhcast Alaska xre a crirical hctof in naiilaiDing susrainablc salnon stock\ in sourheast

Introduction

Huldreds of large and small, and mostly pristine
watershcds are dispersed through the islands of
thc Alexander Archipelago of southeast Alaska.
These watersheds eLre located in a small perccnt
oflhe remaining tempcrute rain tbrests in the world
that have not been noderalcly or severely altcred
by human activitv. Funhermole. thesc watersheds
support a disproportionatelv high proportion of
lhc  u  i ld  rn r . l r , . rn rou .5a ln t r \n iL l  \ lock \  re rn l in ing
in thlj Pacitlc Nothwcst. Throughout thc wesG
ern United Stalcs and Brit ish Columbia, Canada.
numerous stocks of anadromous salmonids are
r t  r i sL  o f  e r . t in i t i ,  ' n .  dec j in  ing .  ,  ' r ,  ' l  . ( r iou \  c t \n -
cem to resource managcrs and users (Nchlsen et
al. 1991: Slaney cttl. 1996). Southeast Alaska is
an exception with tew stocks that haYe been iden-
tif ied in decline (Baker ct al. 1996: Halupka et
al. in press). This can be attdbuted largely ro the
absence of dams. agricultural and urban devel-
opmert, and inttlct watersheds in southeast Alaska.
Intensive human exploitation of watershcds in
southeast Alaska bcgan only a few decades ago
and is l ikely to continue as demand tirr resources
grows with increasing human populations. The
most signil icant potential risks to sahnonid stocks
in southeast Alaska includc large scale habitat
dcgradation and lishing pressure (Bakcr et aJ. 1996:
Halupka et al. in press).

The purpose of this paper is to examine his-
torical limber har-\'est pattcrns, managenrent his
tory, distribution of managed and intact water-
sheds. and their relationship to anadronrous
salmonid populations in southeast Alaska. Thc
tocus is on land managed by the U. S. Forest Ser
vice, the Tongass National Forcst (TNF). Although
the area efthe Tongass National Forest is lalge, a
relatively small portion is suitable for timber pro
duction and this poftion oftencoincides u'ithhighly
productive fish habitat. Wc briefly describe the
devclopment of "Bcst Managemcnt Practices"
inplemented by the U.S. Forest Servicc from the
1950s through 1996 ard their applicatron in \i 'a-
tersheds in southcast Alaska. Wc exarnine timbcr
haruest patterns to show the extent ofdisturbance
rn managed walcrsheds and how these patlcrns
have changcd fiom the stan of industrial timber
harvcst to the presenr. We hypothcsize that im-
provements in forest management pnctices within
the past 5 years and reteDtion of intact watersheds
will be an important t'actor in maintaining healthv
anadromous salmoD populations in southeast
Alaskt.

The TNF is part of the temperate rain fbrest
biome (Alaback 1991). Globally. the temperarc
rain forest consists of about 3.1..1 million ha (90
mill ion acrcs) which includes parts of North
Amcrica. Chile. Ncw Zealand, Tasnrania, and the
tbmer Soviet Union (Hagenstein l993; TLMP
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Revision l997). About 50% ofthis btome occurs
in Nonh Amcrica with nost located along thc
coasts of Brit ish Columbia and southeast Alaska
(Ecotrust et al. 1995). About l '17c (5.1 nil l ion
ha) occurs in the TNF. About 2.0 mill ion ha of
the TNF is classified as old growth tbrests and is
commercial forest'. The remaining arca consists
of alpine, ice tields, muske-qs. and areas with less
thrn 107. trce cover. More than 707a ofthe com-
nercial tbrest is below ,192 m (1500 ft) elevation
and ofthat more than.107c is below 262.5 m (800
ft.) elevation (Figure 1). The area less than 262.5
m (800 ft) includes 1..150,000 ha of conrmercial
ancl non comn-rercial lbrests and comprises the
most productive vrlley bottoms. Of this. about
263,000 ha are riparian coridors (TLMP Rcvi-
sion 1997).

Sitka spruce (Pi<:ea sitchensisl and wcstern
henrlock (Ts&,qa /rr:teroph.r'lla) are the dominant
trees at the lowcr clcvations aDd in the stream valley
bottoms (Viereck and Litt lc 1972). These rvere
the only economically valuable tree spccics unti l
live ye;u-s ago when yellow cedar (Chalracoparis
noot kdt ensis\ also became economically impor-
tant. Alaska yellow cedar (]xtends throughout
coastal south central AIaska, southeast Alaska.
and southward through British Columbia (Viereck
and Little 1972). Wcstem redcedar (Iftirla plicata )
occurs in the southern poftion ol southcast Alaska.
Mountain henrlock (Tstrga tnertensianu) is fountl
at higher elevations. Red Alder (A[nus rubra) rs
common along disturbed sites, either natural or
anthropogenic, such as landslides, abandoned
roads. and gravel bars along riparian arcrs. Un-
derstory of old-growth forests is generally com-
prised of younger trecs and vadous shntbs and
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herbs including bluebeny (Vtciirirrirr spp). fool's
hucklebeny lMer:ieslc /a/r rgir?lr). stink current
(Ribes braoeostm). and devils club /Oplrprurar
/rrrrrft1us). A complete description of dtc vegeta-
tion is provided by Alaback ( l9E0).

The landscape ofsoutheast Alaska is geologi-
cll l l  young. Most areas werc glaciated during
the late-Wisconsin glaciation which cnded rbout
10,000 yr BP (Heusser 1960; Perve 1975; Pielou
l992). The terain is mountainous and character-
izcd by steep-sided mountains ancl U-shaped val
leys sculpted by glaciers (H;rris et al. 1974). High
raintall and hear,y snowpack at higher elevations
(>300 nr) cornbined *ith the stcep topography
drive a complcx hvdrological cycle that creates
talJ tloods and high waler in the sp.ing as the snow
mcl t .  (S(hnruse er  r r l .  l9 - - l r .  The : tecp .  i r regu-
lar k)po-sraphy and high precipitation contribute
to a pattern of fuequent natur l disturbance evcnts
that include landslides and blowdown of large
old-growth trees. The combination of varying
tlo$'s. natural disturbance. and large old-growth
trees creates complex strcam ecosystems that sup-
pofi large and diverse conmunities ofanadromous
salnronids. These. in tum. suppon valuable com
mercial. spofl. and subsistence lisheries for pink
(Oncorhtttcltus gorbuscln). coho. (O. lisrrrry'r),
sockeye. (O. ire,'Aa). chun (O. keta), anclchinook
salmon (t). rslnr'_rticln) lMeehan 197'1). The lar-qe
salmon runs are a significant resource to teres
ffial mammals and birds (Shochat l993: Willson
rnd Hr lupkr  lqq5)  : l \  u  (  l l  J .  J l  imp,  ' r t rn t  nu t l i
ert soLlrce for aquatic organisms (Cederholm et
al.1989; Wiptl i in press).

Historical Perspective of Watershed
Disturbance

Riven and their watcrshccls have been focal points
for human occupation and large scale anthropo-
genic modifications and disturbances hlve occured
for millennia. Zuaderer (1985.1 documcnts the
development of canals and irrjgation systems of
thc Tigres and Euphrates rivcr systems to sup
po lgriculture for the ancienl cily states of
Ninevah and the Assyrian empire about 3000 yr
BP Watershcd and riparian development through-
out Europe began centudes ago, beginning rvith
deforestation. agriculture, and more recentl,-. in-
dustrial developnent (PetLs 1989: Pens et al. l989).
As a result. terv ulmodified rcaches remain. At
lantic salmon (Sa/nro srrlnr.lhave been cxtirpated
tiom many of the rivers. Rcmaining populations

lre maintained by hatcheries iD ltLrmerous rivers
thloughout westeln Europe (Mills l99l).

Widespread cxploitation ofwate$hcds in Nodh
Anlcrica has spanned threc centuries beginning
on the Atlantic coast with permancnt European
settlements in the earlv 1700's. River valleys were
clcared tbr agricultural dcvclopment. and streants
and ri\ers were dammed for watcr power and small
mi11s. Along the east coast of the United States.
New England, in prrticular.loss ofAtlantic salmon
populations occuned rtore than 100 years ago
and u'as largely unrecorded. Dams throughout Ne*
Englandextryated nalural runs of Atlantic Salmon
throughour rhe region (Srolte | 98 I ). Wissmar cr
al. (199.1) reviewed chronology of disturbance on
the \\,atcrsheds of the Pacific Northwest which
began with thc fur trade in l8l l. Thc fir l lowirg
decades brought the devcloprnent of mining. carJy
seltlcment fbr agdculture. and livestock grazing
throughout the Pacific Northwest. Dudng the
coursc ol three celtu es of watershed develop-
ment in Nofth America. no major watershed re-
malns completely free of exlensive human dis
turbance in the coltiguous United States. B] 1990.
lcss than 207r ofthe old-growth tbrests remainecl
ir the Pacific Nolhwest. virtually all on public
land (Lehmkuhl and Ruggiero 1991).

The literature revieled bv Wissrnar et al. ( 1994)
and Mclntosh et al. ( 199,1) suggesred that mosr
of thc adverse etlects of thc development and
exploitation of the watersheds in Pacific North
westwele largely unreponed urtil the l970's.They
citcd onlv three pre 19,10 rcports on habitat con-
dition of these watersheds. During the 1980's.
reporls on the condition of habitat and salnon
stocks appeared in greater numbers and by thc
1990's scvcral conprehensile rcpr)rts on habitat
conditiou levealed that large scale deterioration
of habitat in the Columbia River basin occured
during the past cenlury (cited in Wissmar ct
al.199,1). Thc cumulative effects of habitat deg
radatjol, combincd with over-exploitation. and
declining ocean producti\ i ty t i)r these stocks has
placed 214 native. naturally spawning stocks of
salnronids in Washington. Oregon. and Cali l irr-
nia at varying degrees ofrisk of extinction (NehlseD
el  a l .  1991:  FEMAT 1993) .  The l i s t  inc ludes
chinook, coho. sockeye. chum. and pink salmon.
as well as steelhead (0. mltlss) and sea mn cut-
throat trout (O. clrrri l). The combined ellects of
these lactors has created the "salmon crisis" in
the last decade. The dcgrce of eflect seems to bc
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r-elated to the duratio[ alld density of human oc-
cupation.

Large scille rnthropogcnic inlluence on south
east Alaska watersheds is li rclatively recent phc-
nomenoD. Even though European exploration of
southcast Alaska began in the 1700's, it u'as pri-
marily related to the der'elopment ofthe fur trrde-
sea otter ard seals rnd $halin-s and cl'fecLs on
thc landscape were localized and relatively mi-
nor (McDougall 1993). Evcn after the purchase
of Alaska in 1867 by the United States. t imber
harvest $,rs restrictcd to casily accessible areas
ncar thc shoreline. By 1900. 1.1 srwnil ls were
operating and hanested 8.,15 million board fcct.
From l9l0 to 1920, anothcr.1l0 nil l ior board
ttct wcre harvested (Haris and Farr 197.1). Spo-
radic tinber hrn est continucd through 19-50. Larye
scale harvest did not begin unti l irfter a 50-ycar
timber contract for 8.25 bil l ion board feet of t im-
bcr was auarded to the Ketchikan Pulp Cornpany
in 1951 by the U.S.D.A. Forest Servicc (Harris

and Fam I 97:l). In 1956. a sccond 50-year timber
contract for 5.3 I bil l ion board teet of t imber was
awarded kr thc Alaska Lumber and Pulp Com
pany. Tinber harvest tirr the two 50-yerr con-
trrcts nrarks the beginning of industrial folestry
and major $,atershed disturbance in southeast
Alaska.

From 1950 through 1992. more than l4 bil-
lion board ltet of timber rvere renoved fiom the
Tongass National Forest (Murray 1970: Rudcman
1985: Warren 1996). From 1980 through 199.1.
about 5.9 billion board t'cct wcrc hlrvested from
privatc land inAlaska, most ofwhich occuredin
southeastAlaska (Rudennan 1985; Waren 1996).
The peak harvest on the TNF occurrcd during the
latc 1960's through the early 1970's (Figure 2).
From 1982 through 1986 harvest was about I .,1
bil l ion board feet. As National Forest land was
transt'erred to plivatc owncrship, timber harvest
on pri\ate lands exceeded that on the TNF. The
combined harvest tr-om the TNF and fronr private
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Figurc l. r\nnual tinrber hafvest in southeast Al.L\k tiom the T(mgass National Forcsl (TNF). rnd slalc and pri\a(c land\ lronl
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land lrom 1988 to 199;l was grerterthitn the highest
har\est on TNF lands at rny point. The mill in
Sitka closed in l99.1and a dcciine in timber har-
\,est occrued on the TNF. Thc pulp mill in
Ketchjkan closed in 1997 further decrcasing thc
denand lbr tirnber tiom the TNF.

History of Management Practices in
Southeast Alaska

We separate manrgcmcnt of riprrian areits and
strean habitat in the TNF into l l\c intervals: I 950
to  1970:  l97 l  ro  1982;  1983 k )  1990:  1991 ro
1996; and from 1997. Thc last pcriod began with
the adoplion of thc Tongass Land Muagenent
Plan (TLMP) by the U.S. Forest Service in May
1997. The intervals do not represent precise
cll i lngcs in mana-gement policies \\, i th the excep
lion ol 1991 whcn butl 'er strips 32.5m (100 ft)
along fish streams wcrc mandated ( TTRA 1990).
Changes throughout other periods were less ap
parcnl in administrative documertatiol, but the
degree of protection to aquatic resources dlldng
timber harvest incrcased durilg each tine intenal.

1 9 5 0  1 9 7 0

From 1950 to 1970. loggirg generally proceeded
up an entirc strean basin with clear cut logging
fiom the streambaDk up to an elevation of about
l l l  r r r  lR00 f i  r .  A  l lh ,  'ugh  Ic l l in !  r i rnher  in r , ' . l feJm.
ald yarding across strcams was prohibited. this
was not strictl l  enforccd. Trees were felled into
creeks and removed during logging.r Logs were
ofien dragged across streams or in some cases
logs rvere dragged along streams. Tractor log-qing
was otten used in low gradient riparian areas and
road crossings werc nladc through streams. HeaYy
equipmenl was opcrrtecl in stre ms and alolg
slream banks. Logjams (large u'oody debds). both
nf,turcl , )r ru:ult in!: l i i ,n I lrrE! in! | 'pefirl ion\. u ere
systematicall) removcd from streams either be-
cause thev \\"ere perceived as blocks to migration
or  c rca teJ  poo l .  Ih r l  rcm, ' red  ' fu r rn i r r !  rcn . .
Evaluation ol'the et't lcts of logging was gener
trl ly acconrplished by site inspections which fre-
qucntly repofted equivocal eftects.r For exanple,
"Thc tractor road channel may or may not be det-
rimental." Fcw guideJines 1br road layout or de
si-sn that addressed the prctection ofaqualic habitat
were available (U.S.D.A. Forest Service 1960).

runpublished fepon. The effecr of logging on ruclr c salmon
ilrcrms in southe stAl.L\kr. On file !\'irh rlrc prirnar\ rulhor.

1974-1982

The Logging and Fish Habitat Pamphlet of 1976
outlincd improved fbrest practices for llsh strcams
(U.S.D.A. Forcst Service 1976). It identif ied the
significance of small tributaries tojuvenile salno
nids. steelhead. and non-anadronous species such
as Dolly Varden (.5a h e Lituts maLma) a\d cutthront
trout. Although thc pamphlet recognized the im-
polance of woody debris as cover for tish atd
cautioned rgainst over zealous debris rcnroval.
it did not recognize the significance oflarge wood
on stfeam morphology and suggested that large
lrccunulations werc blocks to migration ald af
lected spawning htrbitat. Extensive stream clean
ing continued unabatcd tiom 1971 through 1982
lBr l rn t  lo8 .1r .  Er rmplc :  , ' i  r ,uL l  J , ,n \ ( r r rc t jon .
briclge and cuhertcrossing design, and construction
timing 1() nrinimize the e11ect ofsedimentiD streanls
were given in the Logging and Fish Habitat Pam-
phlet (U.S.D.A. Foresl Scrvice 1976). Signihcant
improvements in aqutrtic habitat protection were
imp lenrcn tc r l  du l ing  th  i .  per iu r l  i r r  compar i .on  ro
the previous 20 years, but streams in most \\"ater
sheds that were logged during this pcriod hacl no
bulltr strips and removal oflarge $'ood from most
main stem and tributrry streams was a comllton
practice. Culvens wcrc ot'ten installed that were
too small for frequcnt floods in autunu andwaslted
out. Others were improperly installed and were
blocks to adult andjurcnile salmonid movement
(Bryant pelsonal obser!ation).

1983 1990

The l9T9Tongass LandManagement Plan (TLMP
1979), the Alaska Regional Guide (U.S.D.A. Forest
Scrvice 1983). and a 1984 review ol the Plan
(U.S.D.A. Forest Service 198.1) incorporated ex-
tensive sets ol recommendations for stream habitat
protection. The Plan in 1979 clrssif ied streans
with anadronous fish as class I; streams with
non-anadromous lish as class I[: and tributaries
or upstream sections of streams without fish that
l low into tlsh beadrg streams as cltrss III. Each
strcanr class was given a different lcvel of pro-
teclion with the highest aftbrded to class I strcams.
Ripadan vegetation was retained to provide shade
fbr temperature sensitive streanrs. Small tributary
strcams were recognized as habitat for resident
trout aDd Dolly Varden. Riparian habitat was
managed to provide large wood to streams that
were iclentifled as rearing habitat fir identilied

Management and Condition ofWatersheds 253



species. The reconmendation lbr these slreams
was to retrin all trees that were along the
stleanbank and less than 30.5 cm in diameter at
about L5 m abovc ground. Dircctional telling away
tiom the shran channel was required as was full
suspcnsion of t inrber over streilms (i.e. logs rvere
completely elevated above the ground) during

l  a rd ing  opcr r t ions .  Logg ing  in  the  r iper i ln  zone
continued as a common practice. Where buffer
strips $'ere left, they u'ere generallv no wider than
one t ree  he igh t  and usua l ly  were  smal le r .
non-merchantable tees. In sone cases. old gro*th
butTer strips were left along low gradient t lood-
p la  i r t  l re : r r  :ueh r '  rc i t i ,  ' n .  i r t  t  hu  uppt  r  . .  c t  ion
of the South Folk of Staney Creek on Prince of
Wales Island.

R c l a n l i , ' n . , 1  l r r : l c  r r , r , \ l  i t r  . l r e r r m r  u r s  i n -
cluded as a management practice jn the 1986
Aquatic Habitat Management Handbook as a re-
'u l t  o l  l i te r l tu r<  dernons t r r t ing  the  in rpor t l rec
oflarge vood in the streams ofthe Pacitic North-
rvest and Alaska (Swanson ct al. 1976; Kcllcr and
Talley 1979; Bryant 1983; and Dolloff 1983 among
othcrs). Rcmoval of woody debris was restricted
to logging slash less than.+ cm dianeter, although
1r 'gg ine . l r rsh  \ r .  I l l  bc  p rc !cn lcL l  l i , , rn  cn lu r in !
the stream in the f-ust place. The handbook spe
ciflcally recomnrended against "removrl of smalJ
dcbris jarns in rcaring streams". The Jarge scale
removal of woody debris prevalent before 1983
rvas largely discontinued throughout southeast
Alaska (Br)rant personal observation).

Significant improve1r)ents and specific recom
nrendations for road layout. construction. and
stream crossings rvere included in the Aquatic
Habitat Management Handbook (U.S. Departnent
of Agriculture | 9li6). Practices were incorporated
to provide fish passrge tbr both adult rncl juve-
nile sallronids and to mininize sediment produc-
tion. These recornmendations included informa
t i , ,n  l r , ' rn  Jn  in ( re i r . in !  nunrher  u l  repur l \  on
methods 1or tbrest road construction and stream
crossing (Dane 1978: Anderson and Bryant 1980).
Although the irnproved prictices were applied and
scrvcd to rcclucc cffects ofroads and stream cross-
ing struclures on aqualic habitat, implcmcntation
oreffectiveness was not systematicallymonitored
and numerous instl lnces where plocedures were
cithcr not follo\r,ed or improperly applied occurred
throughout the region. More signiticantly as roads
wcrc closcd. mury stream crossing structures were
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cithcr not removed or improperly removed. As a
result long term, chronic erosion and sediment
transport sources were crerted.

1 9 9 1 - 1 9 9 6

The most obvious change in mana-qcmcnt in 1991
was the require|llent lbr bufler strips that were at
lcast 32.8 m (100 ti) r ' ide where no trees would
be cut along class l, and ll streanls that flowed
into anadromous fish streams (Tongass Tinber
Refbrm Act l990). It included ployisions of the
Aquatic Management Handbook (U.S. Depart
ment of Agriculture 1986.t. The "Best Manage-
ment Practices" in the Soil and Water Conserva-
tion handbook (U.S. Depaftment ofthe Agriculture
1993) were applied to protect riparian habittt rncl
strcam habitat in managed *atersheds. Some sig
nil lcrnt rdditiou: in the Soil:tnd Con:(r\aliun
Handbook were the rccognition of riparran areas
and tloodplains. and specification of managcment
practices to protect habitat beyond the nandated
32.8 m buffer zonc. It states that "preferential

consideration to riparian dependent rcsources will
bc given when conflicts among land use activi
l ies  occur " .  The hrndbook r l s , - r  p re .en t .  rn , 'n i -
loling as an "csscntial ' part of "Best Manage-
ment Practices" and describes procedurcs and three
stages of monitoring to evaluate management
pruc t iecs .  Spee i l rc  p rescr ip t iun .  . r re  g i ren  to
naintain channel integrity of all slrcams includ-
ing non-fish streams. Cuidelines are provided to
reduce the potential for mass lailurcs fronr road
construction and location. road crossings, and log
decks.

The set of rnanagement practices used l'rom
lq( )0  lh ruu ih  iaa6 uere  a  ' i cn i l i c rn t  in rp rore-
ment l'rom thosc in place at the onset of indus-
trial timber harvest and represented an accumu-
lation of management and research intbrmation
during that period. Throughout the evolution of
"Best Management Practiccs" implementation was
unevenly applied. In the absence of effcctive
monitoring, detrimental streanside haNestpfac
ticcs such as dcbris removal, improper road and
culrert installation and maintenaDce continued evcn
aficr they *,ere iclentified in various administra-
tive directives. To the beneht ofsome watersheds.
management practiccs cxcceded those required
by various directives. I l many watersheds.
buller strips were extended beyond 32.8 m,
p . r r l i .u l r r r l )  in  l l , ,o r lp l r in : .  \ \  h i l c  the  pr r r ' t i re .



used frorr l99l thlough 1996 genenlly provided
good protectien to streams used by anadromous
and non anadromous salmonids, they did not ad-
dress many ofthc impoftant intcnnitlent and higher
gradient streams that ale ao integr-al pafi of the
drainage systems in watcrshcds. MosL of these
systems are at elevations above 262.5 m (800ft)
and may not support perennial lish populations.
However. they can htve a signiticant intlucncc
on downstuean habitat and fish populations (Heede
1972;  Benda 1990;  rnd  Lambcr t i  c ta l .  1991) .

In 199.1, thc U.S. Congress directed the USDA
Forest SeNice to rcvie\\" existing habit t protec-
tion tbr salmonid streams on theTongass National
Forcst to dctcrminc their efl 'ectiveness (U.S. De
pafiment ofAgdculture 1995). The rcpot included
an extensivc l itcraturc rcvicrv on Pacific salmon
and their habitat in southeast Alaska ancl the Pa-
cific Noflhwest, examined existing data and in
formation on salmonid populations and their habitat
in the Tongass National Forcst. and rcportcd rc-
sults from a field evaluation of seven watersheds
by a staff ofFedelal fisheries and watershed pro-
t'essionals (U.S. Dcpanmcnt olAgdculturc 1 995 ).
The assessnent also included a pilot watershed
analysis of thrcc rvatcrsheds in soulhern, central,
and norlhem southeast Alaska. Some of the ke)
reconrmendations in the repoft were for incrcascd
protcclion of hcadwater streans. ephemeral
streams, and non fish bearing streans that are tdbu-
ta r ies  to  res ident  and anadromous sa lmon id
streams, site specific buffers on flood plains and
alluvial strcams. managemelll of f ish streams "to

preserve biological integrity", and implementa-
tion of u,atershcd analysis. Thc rcsults and rcc-
ommendations from the Anadromous Fish Habi
tatAssessment Report lbrmed the cornerstooe lbl
the provisions for f ish stream and watershed nran-
agement in the Revision of the Tongass Land
Managsment Plan (TLMP 1997).
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ln May 1997. the revision of the Tongass Land
Management Plan (TLMP) was completed and
included increased protection tin watersheds and
associated riparian aleas (TLMP 1997). A sig
nificant elcment of thc TLMP is to considcr fish
habitat in the context ofthe whole watershed fioor
the headwaters to the ocean during management
planning. Tle plan direcrly irddre\ses ripcrirn Jrcr\
and assigns management objectives that include

naintaining natural conditions fbr fish and lquatic
lifc. managing for biodiversity. and to nainlain
streambank and stream ch;rnnel processes (TLMP
1997). ln most tloodplain stream reaches. buffer
areas are required over the active floodplain.
Chrngc. to plescribcJ riprri ln bulfer. requirc r
u  le r .h (d  ana l l  . i '  to  r . 'e "  ' i n rpor t rn t  r ip i r r iun
and aquatic habitat values and geomorphic pro-
(c : \c \  u l lh ln  r  \ \ J lc r \heJ  \ \  h i l r  r ru in t l rn ing
and reinfbrcing protection affbrded to uadronrous
salmonid class I stleams, resident salmonid
{lass IJ streams. and non-fish ---<llss I streams.

TLMP identilles an additional group ofstreans
Class IV streams. These include intermlttent.
ephemeral, and small perennial channels with low
t' lows or low scdimcnl transport capabil it ies. A1-
though these ale not specitically addressed fbr
riparian protection, buffer strips in V notches of
higher gradient class III streams, which mav be
cphemcral, are included. The management strat-
egy of the staldards and guides is to retain natu-
r-al stream tunction and processes in u,atersheds
that fall into mrna-qcmcnt catcgorics that will bc
used for timber halvest or other developmeDt
activit ics.

History of Timber Harvest

Timber harlest in southeast Alaska was not lo-
cated randomly thrurghout time or locrtiu (TLMP
Revision 1997). The sites with easy access and
high volumes of wood were harvested first. High
volume timber sites were frequently located in
the valley bottoms less than 244 m (1100 fi) in
elevation and along riparian conidors. More than
70% of the total tinber volune on the TNF was
htuvcsted from l950through 1982, the period $,hcn
minin-rum riparian protection was given to slreams
(Table l). Of the 156,600 ha (387,000 acres) Iogged
from 1950 through 1994, 38% (-59,896 ha) were
harvested tiom 1950 through 1970 (Table l).
Furthemore. tinber harvest was concentrated on
selected islands such as Chichagof. Kuiu. Prince
of Wales. and Revil la-qigado islands (Figure 3).
Other locations such as Admiralty lsland, most
ofu,hich has been designated as a National Monu-
ment. and Baranoflsland which contains largc wil-
derness areas, are )ess developed. They also con-
tain ertensive arcas ofnon commercial forests.

During the first 20 years of large scale timber
han'est. most han'est occurred in the Yalley bottoms
where low gradient streams are located. These
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streams and thcir rssociated riparian habitats (i.e.
beaver ponds) also are the most ploductive loca-
tions fbr anadronlous salnronids. From 1950 to
1910.901r of the total arca harvested wts less
than 2.1.1 m in elevation (Table l). As timbcr har-
rest progresscd, proportionally nore area above
2,1,1m was harvcstcd and by l99l [ro[e than 37%
of the timbcr harvest occuffed above 24.1 nt in
elevation (Tablc l). Less than 307c of the trrca
u'as harvested whilc nreasures rvere in place thal
recognized snall rearing slrcams and aflbr-ded
i l r t  c r .c ( l  I r r , , te (  l io t1  1q  119n 1 l ) ;n l1um1'u , .peL. ie . .
Less than 10% ol the total alea was harvcstcd
when buffer strips rvere u integlal and requircd
part of watcrshcd mtnagelnent.

N'laybeso Creek. located on Princc of Wales
lsland. rvas harvested during the 1950's. Harvest
began aL thc bottonr of the valley and continucd
up to 366 n (1.200 il) in elevation during one
cntry (Figure.l). All merchanLablc timber along
thc riparian zone was harrested which was the
gcneral patter-n ofhaNest for thc llrst 20 years of
timber harvest. Lr subsequenl \cars. harvest pat-
tcrns chaneed rnd by 1970 smaller prtches (usu-
r l l )  .  l t l  h r r  uere .  u l .  The < . r l i c r  hur rc . t  u r r i r .
tended to be in thc vallcy bottoms. Most of the
harvest units during 197.1 through 1976 in the
Corner Creek watershecl rvere located along the
stream. whereas. those cut in 1986 or later rvere
located at higher elevatior'rs away lhrm the main
channel (Figure 5). A similar pallem occurred in
thc Hamilton Creek watershed with later units
placed lurther upstlcam and on higher elevatlons
(Figure 6). The concentration of intense timber
hanest in the ripariar zone belbrc 1980 left a
leer . )  , ' l  u ! l te r .hed.  \ \ i th  l i  l i  r r1  1 , '  1 ip ;11 i1n
protection.
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The ellect of t imc and elevation oftinbcr har-
\ 'cst is retlected in the numbcr of kilometers of
sffeam thal rvcrc within 100 m of a timber har-
vcst unit. More than 75% ol thc length of anadro-
mous streams were ncar or djacent to a timber
harvcst unit th t was cut ftom 1950 ro 1982 (Table
2). As changcs in fbrest managemenl that moved
harvest units away from the ripadan zone \\'ere
implcmented. the amount of harvest in these ar-
eas decreascd. The largest pafi of timber harvest
occurred in the vallev bottoms adjtcent to sffeans
hc lb re  adeqr ra tc  mJn. rpe tnen l  p rac l r (u .  ue fe  in
placc to reduce even the most obvious detrinen-
tal eftects of t imber hrrvest on strean Irabitats.

The Persistence of Salmon

Despite the legacy ofwatersheds that were loggecl
with poor riparian manaeetnent practiccs through-
out southeast Alaska. such as the Maybeso Creek
watershcd, 1e$' documented declines of salmon
stocks e recorded (Baker et al. 1996). Howcver,
lerv watershcds in southeast Alaska have escape
ment records that are depcndable betbre 1960 and
no systematic or quantitlltive studies document
luvenile or smolt nunrbers fron watersheds be
fore the onset of large scale logging in southeast
Alaska (Halupka et al. in prcss).

Naturll lluctuations at a region-wide scale caused
by changes in narine survival, *eather cvcles, or
othel environmcntal llctors as well as production
of salmon fiom intact watersheds will obscure de-
clines in a single watersl'rcd. The limitations ofcatch
statistics as indicators of stock abundance arc gen-
erally acknowledgcd (see Bisson et al. 1992). but
the cycles ofthe comnercial catch ofcoho salmon
liom t893 through 1998 demonstrute the magni-
tude of region-rvide variation that obscure trelds
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T,A.BLI :. Kilonreiersand (pefcent)oi andrcrnousand non-
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1or indiviclual watersheds (Figure 7). As a result.
any declines in salmon production in individual
watersheds havc gone undetected.

High madne survival rates during the past de
cade have been inrplicated iD increased catch and
escapement to all watersheds (Hol'meistel et al.
1988t  Shau l  1994:  Beamisheta l .  1997) .Chrnges
in mafine survival will have a large eft'ect on adult
returns and increased marine survival rvill oftiet

decreased fiesh$,ator survival as a result of habi-
tat loss in individual watersheds. For cxalnple,
estimates l iom Hugh Smith Lake in southeast
Alaska rvere 51.789 smolt fbr 1983 and 23.499
srnolt firr 1985: the estimated marine survival rates
lbr the two years were7.4Vc and 19.1%, respec
tively (Shaul 1994). Adult retums, using these two
suNival estimtrtcs. were 3,832 lish in 1983 and
,1.488 fish in 1985. The higher marine survival in
19E5 produccd a higher retum tiom 50o/e f'ewer
smolts. An jncrease in marinc survival can easily
mask a 50% loss of juvenile salnronid produc-
tioD in lreshwater.

The effects of logging on salmon populations
under vari0us management prescdptions and par-
ticularly in watersheds with poor pr()tection of
ripariar and stream habitathave been documented
and revie*ed in several sources (Salo and Cundy
I987;  Meehan 1991:  H icks  e t  a l .  l99 l ;B isson e t
a|.1992:WoodsmithandBuflingt(D 1996). Habitat
loss and reduced survival ol anldromous salmo-
nids have been documented in several studies of
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watersheds in southeast Alaskr that were logged
belbre l9801Bryant 1985a:Thedinga ct al. 1989;
Montgomery et al.199-5). The comnron theme
rmong these studies is loss of stream channel
conplcxitl and sinplif ication of hrbitat. How
ever. even in inlcnsively logged rvatersheds, popu-
latiotrs of aoadronou s salmonids rcmain. but thesc
populations are closely l inked with cornplex habi-
tats maintaincd by large wood (Dolloff 1983:
Bryant 1985a). These complex habitats har,e been
tnr in t r incd  b1  l r lge  u ,u ' ,1  lh ! l t  \ \a .  p re :sn l  in
streams befine timber haNesl. For example, i l
\everely inpacted watersheds. such as Maybcso
Cleek and the Harfis Rivcr. large *ood from
old-growth trees that lell into thc strerm betbrc
logging provide thc onlv anchors for large wood
accumulations. The residence tinre of lal ge trees
in stream channels i)f southeast Alaska spans de-
cades (Srvanson et al. 198,1: Murphy ancl Koski
1989) aDd the efltcts oftheir loss u'i l l  be gradual
ancl appear decades after thc cessrtion of timber
harvest in thc watershed (Bryant 1980). A com-
monly accepted misconception is that stream rc-
covery begins shortly after the ccssation of activ
ity in the watershed. ln rcalit),. the loss ofhabitat
qualit) is l ikcly to contjnue for morc than 100
years atter logging untilriparian trees become large
enough to maintain stream channcl complexity
(Bryart 1980: 1985a: Beechie et al. 199,1).

Pelsistence of fish in sonre ofthe more scvcrely
trflcctecl u'atersheds can be tttributed to escape
rnents u'hich fullr, scecl available habitats, and the
abil ity ofsorne species ol salmonids. coho salmon
in particular, to exploit rnarginal habitats. Thc
prcsence and expansion of bcaver pond habitats
in intensivcly logged watersheds may be an in
portant lactor naintaining coho salmon popula-
lion in some ofthese $'atershcds (Bryant 1985b:
San.rpson 199.11. Snrall. lou'gradient 2nd to 3rd
order tributaries. ofien less tltan 2 mcters in $'idth,
are comtr.tolr reaing habitat fbr juvenile coho
salmon in southeast Alaska (Ell iott and Hubbafit
1978). The sizc of the tributades may trl low re-
tention of smaller w(nd debris (Bilby 198-5). Small
slrcams with grcater anounls of large wood in
i ntensivel)' managcd watersheds maintain higher
densitics of.juvenile coho salmon than those with
smaller amounts of woocl ancl tew pools (Dolloff
1983). Thc persistence of salmonids in larger
watersheds is maintained by conplexity that in-
cludes both instream structure. most of which is
rc l r tcJ  t  res i r iu r l  l r rge  uood. : rnJ  he ter , . r , . :ene i l \
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of habitats within watersheds u'hich includes a
mixture ofoff-channel habitats. beaver ponds. and
srnall tr ibutarics.

On a legion-rvide scale, the existcnce tnd re
lcntion of intact watcrsheds may be a signiticant
factor in maintaining the curent status ofsalmon
stocks in southeast Alaskr. More than 757r ofthe
Tongass National Forest is classified into Land
Use Dcsignatioos (LUD) I or II which include
wilderness areas, National Monuments. and
roadless areas (Tongass Land Managcment Re
t.ision 1997). This includes a substantial part of
Adnriralty Island and thc Misty Fjord which are
designated as National Monuments. Although large
portions ofthe area in LUD I and LUD Il catcgo-
des are alpine, glacial, or arcas of nrarginal eco-
nomic value with respect to timbcr harvest, l]u
merous highly producdvc watersheds in old-gro$th
fo re . l r  r re . r l ' o  inc luded rn  rhe . r  de . ignr t i , , I \ .
The watcrsheds in these protccted l ndscapes rcp-
resent thc largest group of intact watersheds in
lhe  nonhcrn  henr i .phere .  Othcr  Je . ign l t ion '  : r rc
LUD III which is prirnarily rccreation use and
LUD IV u'hich allows intensive resource use such
rs tinrber harvest and mining.

The existence of thesc low inpact land use
designations (LUD I, 1ll, and III) has resulrcd in
a relatively high percent of anadromous slrcams
(567c) -measurcd by length- that are located
in watershcds that have not bccn affected by tinr-
ber harvest (Figure [J). A total o19,91 | krn (6.l60
miles) (or 4.1clr ) of anadromous slrcam llow
th[ough watersheds that have been exposed ro
varying dc-qrees of timber harvest. Of this group
ofwatershcds. 6% ofthe stream length is locatcd
ln watershcds that have ltad ntore than 20% of
the area loggcd. These are likely to be the mosL
severely affected stream systems. Thc largest per
cent ofanadromous stream length is in watersheds
with less than 20% of the area logged (Figure 8).
While it is likclv that habitat has been lost in rhese
systems. espcciallv in the most intensively har-
vested watershcds such as Maybeso Creek (Bryant
1980: l985a). a decrerse in the nunrber of f ish
may be obscured by natural lluctuations and bv
production of fish from intilct sffeams on a re-
gion wide basis.

We propose the  fo l low ing  hypothes is :  1 )
anadronrous salmon production measured by
smolt output-will be norc variable in iDtensivcly
logged (>20% of alea) watersheds than in inlact



Figure 8. Reltrlilc le.grh (it) of rnadrcnous streams flo*ing throrLgh xatersheds \rith \trr)ing pcrcent of rfea logged in lhc

To.sxsr Nrtional Forc\t.

watelshedsl 2) dccreases in narine survival, in-
cluding natural and fishing mortalit). wil l con-
tributc to greater variability of smolt production
in intensively managed rvatershed tllan in intact
$,ate$heds; and 3) enviroDnental disturbances
droughts, scvere floods, landslidcs will have a
proportionally gre ter effccl on vadability in in-
tcnr i re ly  n tunr leJ  r la te rshcds  thun in  in l i r i l  ua
tersheds. Thc unifying theme in thcse hypothesis
is thc test ofresil iency of watersheds and the prc-
diction that intensively managcd watershed wil l
be less resil ient than intact water-sheds. The out
come is that salmon production in watersheds that
havc been intensively logged such as those du ng
the fust 30 yeiu s of industrial ti mber ha./est in south-
east Alaska may not be nreasurably difterent than
many intact $'atersheds during benign environmental
conditions and high ocean productivitl,. but are likely
10 be less resistant 10 adverse effects during peri-
ods of environmental strcss. The strcams in the
urulanaged (i.c. pdstine.) watersheds are likely ttt
be the most cflective bufter firr trcshwater produc-
tion of anadromous salmon region wlde.

Management Status of Fish Streams

Percent of wateBhed logged

Summary

Although "Best Management Praclices' have
substantially improved during thc pasl rfo yeals
of commcrcial timber harvest in southeastAlaska.
most timber harnest on the Tongass National Forcst
occured during the first 20 years of industlial
loggirg and was dispropofiionately distributcd in
thc rullel hottom' hel', 'rc rt lequrte ripui..rn pr, '-
tection was iD place. As a result, a legacy of u a-
tersheds with second-growth vcgelatiol'r with lim-
ited potential 1br recruitmcnt of large wood. as
rvell as other adverse ellects rising from poor timber
harvest practices remains. Whilc loss of salmo-
nid production from these wi,rtersheds may be s1g
nificalt. it has been undocumented. However, more
than 507c of the length of anadromous sh.eant
habitat remains in pristine rvatelsbeds of thc
Tongass National F()rcst. The number and distri-
butiolr of intact watcrsheds in the TNF are criLi-
cal elemerts fbr sustainable salmon populations
in the face of habitat loss elscwhere in southeast
Alaska and the Pacific North$'est.
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Thc catastr-ophic declines in salmon stocks drat
have occurred in other areas ofthe Pacific North-
west arc the result of multiple efltcts that include
urban and agricultural dcvcJopment. t inber har
\:est placticcs. and large dams such as those on
the Columbia River which may have been exac
crbated by cyclical decreases in marine produc
tivity (tsisson et al. 1992). Furthermore. thc patch-
rvork oflandowners ak)ng nearly all the watefsheds
of the Pacific Northwest complicates warershed
managenrent aldrestomtion (Kohonen 1996). The
rnultiple effccts present in the Pacific Northwest
rre generally absent in southeast Alaska: there
forc. the prospect of sustainablc salmon stocks
in southeasl Alaska is good, but depends on a
combinations of factors. The retention of exist
ing intact watersheds is a key elenent. Improv-
ing riparian management in nanaged watersheds
is inpofiant to prcvent lurther loss ofaquatic pro-
ductivity. A systenatic and well-planned ald
1r)onitored watershed restoration effo is possible
and could accelcrtrte the recovery of damaged
vatersheds. A contiDuing conservative hanest
stralegy on salmon that accommodates changes
in marine and freshwater conditions to allow
spawning cscapements that maintain lieshwatcr
productivity is essential.

Globally, fe* intact watershccls remain in the
nonhcm hemispherc and nearly all are in thc nofth-
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em regions of the hemisphere (Dynesius and
Nilsson 199.1; Afihington and Welcome 1995).
Most of thc remaining intact watersheds of the
tcmperate rain forest occur in southeast Alaska.
As the land base u'ithil southeasl A]aska is tuf
ther separated into old-growth forests and non-
tbrest land. the relativc amount of uDnanagcd
old-growth lbrest becones smaller. The relatilely
snall propofiion of old-growth lorcsts supports
some of the most productive salmonid habitats
in Noflh America, and a disproponionately Iarge
segment of the salmonid tlshery value for the
Pacifi c Nofihwest. Furthemore, these watersheds
reprcsent calibrution sites for management ofdis-
turbed watcrsheds within the noflhcrn remperate
zone and are of global signiticance.
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