Mason D. Bryant and Fred H. Everest, Aguatic/Land Interactions Research Program, Pacific Northwest Research
Station. U.S.0.A. Forest Service, 2770 Sherwood Ln., 2A, Juneau, Alaska 99801

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

Abstract

In centrast to most of North America and Europe, numerous intact or lightly disturbed watersheds are present throughout south-
east Alaska. These watersheds support abundant and diverse populatiens of anadromous salmonids. While the watersheds throughout
the northern hemisphere have been exposed to human disturbance from millennia to centuries, significant human disturbance to
the watersheds of southeast Alaska did not begin until the 1950 with the start of industrial logging. Although management of
warersheds has evolved 1o reduce risks to aquatic habitat. the most intensive logging occurred during the first 20 years of timber
harvest when few restraints were placed on timber harvest in watersheds, As a result, a legacy of streams with deteriorating habitat
remains. While [ew salmon stocks in southeast Alaska appear to be in decline, escapement records on specific watersheds, par-
ticularly those most severely affected by munagement are non-existent or qualitative. The prescnt status of salmon stocks may he
attributed to abundanl intact watersheds, high marine survival, and escapement levels that fully seed most watersheds. The numer-
ous intact watersheds throughout southeast Alaska are a eritical factor in maintaining sustainable salmon stocks in southeast

Alaska.

Introduction

Hundreds of large and small, and mostly pristine
watersheds are dispersed through the islands of
the Alexander Archipelago of southeast Alaska.
These watersheds are located in a small percent
of the remaining temperate rain forests in the world
that have not been moderately or severely altered
by human activity. Furthermore. thesc watersheds
support a disproporticnately high proportion of
the wild anadromous salmonid stocks remaining
in the Pacific Northwest. Throughout the west-
ern United States and British Columbia, Canada.
numerous stocks of anadromous salmonids are
at risk of extinction, declining, or of serious con-
cern to resource managers and users (Nchlsen et
al. 1991: Slaney ctal. 1996). Southeast Alaska is
an exception with few stocks that have been iden-
tified in decline (Baker ct al, 1996; Halupka et
al. in press). This can be attributed largely to the
absence of dams, agricultural and urban devel-
opment, and intact watersheds in southeast Alaska.
Intensive human exploitation of watersheds in
southeast Alaska began only a few decades ago
and is likely to continue as demand for resources
grows with increasing human populations. The
most significant potential risks to salmonid stocks
in southeast Alaska include large scale habitat
degradation and fishing pressure (Baker et al. 1996;
Halupka et al. in press).

The purpose of this paper is to examine his-
torical timber harvest patterns, management his-
tory, distribution of managed and intact water-
sheds. and their relationship to anadromous
salmonid populations in southeast Alaska. The
focus is on land managed by the U. S. Forest Ser-
vice, the Tongass Naticnal Forest (TNF), Although
the area of the Tongass National Forest is large, a
relatively small portion is suitable for timber pro-
duction and this portion often coincides with highly
productive fish habitat. We briefly describe the
development of "Best Management Practices”
implemented by the U.S. Forest Service from the
1950s through 1996 and their application in wa-
tersheds in southeast Alaska. We examine timber
harvest patterns to show the extent of disturbance
in managed watersheds and how these patterns
have changed from the start of industrial timber
harvest to the present. We hypothesize that im-
provements in forest management practices within
the past 3 years and retention of intact watersheds
will be an important factor in maintaining healthy
anadromous salmen populations in southeast
Alaska,

The TNF is part of the temperate rain forest
biome (Alaback 1991). Globally. the temperate
rain forest consists of about 34.4 miilion ha (90
million acres) which includes parts of North
America, Chile, New Zealand, Tasmania, and the
former Soviet Union (Hagenstein 1993; TLMP
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Revision 1997). About 50% of this biome occurs
in North America with most located along the
coasts of British Columbia and southeast Alaska
(Ecotrust et al. 1995). About 14% (5.1 million
ha) occurs in the TNF. About 2.0 million ha of
the TNF is classified as old-growth forests and is
commercial forest'. The remaining area consists
of alpine, ice fields, muskegs, and areas with less
than 10% tree cover, More thap 70% of the com-
mercial forest is below 492 m (1500 ft) elevation
and of that more than 409 is below 262.5 m (800
fty elevation (Figure 1}. The area less than 262.5
m (800 f1) includes 1,450,000 ha of commercial
and non-commercial forests and comprises the
most productive valley bottoms. Of this, about
263,000 ha are riparian corridors (TLMP Revi-
sion 1997).

'commercial forest defined as having 8,000 board [eel (h.f.)
PCr acre,

30

Sitka spruce (Picea sitchensis) and western
hemlock (Tsuga heterophylla) are the dominant
trees at the lower elevations and in the stream valley
bottoms (Viereck and Little 1972). These were
the only economically valuable tree specics uniil
five years ago when yellow cedar (Chamaecyparis
nootkarensisy also became economically impor-
tant. Alaska yellow cedar extends throughout
coastal south central Alaska, southeast Alaska.
and southward through British Columbia (Viereck
and Little 1972). Western redcedar ( Thuje plicala)
occurs in the southern portion of southeast Alaska.
Mountain hemlock ( Tsuga mertensiana) is found
at higher elevations. Red Alder (Alnus rubra) is
common along disturbed sites, either natural or
anthropogenic, such as landslides, abandoned
roads, and gravel bars along riparian areas. Un-
derstory of old-growth forests is generally com-
prised of younger trees and various shrubs and
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Figure 1. Distribution {% of area) of old-growth forest in southeust Alaska classified into commercial and non-commercial for-

est by landscape and elevation (TLMP 1997 ).
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herbs including blueberry (Veccinium spp), fool’s
huckleberry (Menziesia ferruginea), stink current
(Ribes bracteosun), and devils club {Oplopanax
horridus). A complete description of the vegeta-
tion is provided by Alaback (19803,

The landscape of southeuast Alaska is geologi-
cally young. Most areas were glaciated during
the late- Wisconsin glactation which ended about
10,000 yr BP (Heusser 196{}; Pewe 1975; Piclou
1992). The terrain is mountainous and character-
ized by steep-sided mountains and U-shaped val-
leys sculpted by glaciers (Harris et al. 1974). High
rainfall and heavy snowpack at higher elevations
{>3(0 m) combined with the steep topography
drive a complex hydrological cycle that creates
tall floods and high water in the spring as the snow
melts (Schmicge et al. 1974). The steep, irregu-
lar topography and high precipitation contribute
to a pattern of frequent natural disturbance events
that include landslides and blowdown of large
old-growth trees. The combination of varying
flows, natural disturbance, and large old-growth
trees creates complex stream ecosystems that sup-
pert large and diverse communities of anadromous
salmonids. These, in turn, support valuable com-
mercial, sport. and subsistence fisheries for pink
{(Oncorhynchus gorbuscha), coho, (O, kisutch),
sockeye. (0. rerka), chum (O. keta), and chinook
salmon (O tshawytscha) {Meehan 1974}, The large
salmon runs are a significant resource to terres-
trial mamimals and birds (Shochat 1993 Willson
and Halupka 1995) as well as an important nutri-
ent source for aquatic organisms (Cederholm et
al.1989; Wipfli in press).

Historical Perspective of Watershed
Disturbance

Rivers and their watersheds have been focal points
for human occupation and large scale anthropo-
genic modifications and disturbances have occurred
for miflennia. Zuaderer (1985) documents the
development of canals and irrigation systems of
the Tigres and Euphrates river systems to sup-
port agriculture for the ancient city states of
Ninevah and the Assyrian empire about 3000 vr
BP. Watershed and riparian development through-
out Europe began centuries ago, beginning with
deforestation, agriculture, and more recently, in-
dustrial development (Petts 1989; Petts et al. 1989).
As a result, few unmodified reaches remain. At-
lantic salmon (Salnio salar) have been extirpated
from many of the rivers. Remaining populations

are maintained by hatcheries in numerous rivers
throughout western Europe {Mills 1991),

Widespread cxploitation of watersheds in North
America has spanned three centuries beginning
on the Atlantic coast with permanent European
settlements in the early 1700°s. River valleys were
cleared for agricultural development. and streams
and rivers were dammed for water power and small
mills. Along the east coast of the United States,
New England, in particular, loss of Atlantic salmon
populations occurred more than 100 years ago
and was largely unrecorded. Dams throughout New
England extirpated natural runs of Atlantic Salmon
throughout the region (Stolte 1981). Wissmar ct
al. (1994 reviewed chronology of disturbance on
the watersheds of the Pacific Northwest which
began with the fur trade in 1811. The following
decades brought the development of mining, carly
settlement for agriculture, and livestock grazing
throughout the Pacific Northwest, During the
course of three centuries of watershed develop-
ment in North America, no major watershed re-
mains completely free of extensive human dis-
turbance in the contiguous United States. By 1990,
Iess than 20% of the old-growth forests remained
in the Pacific Northwest, virtually all on public
land {Lehmkuhl and Ruggiero 1991),

The literature reviewed by Wissmar et al. (1994)
and McIntosh et al. {1994) suggested that most
of the adverse effects of the development and
exploitation of the watersheds in Pacific North-
west were largely unreported until the 1970°s. They
cited only three pre-1940 reports on habitat con-
dition of these watersheds. During the 1980,
reports on the condition of habitat and salmon
stocks appeared in greater numbers and by the
199(Fs several comprehensive reports on habitat
condition revealed that large scale deterioration
of habitat in the Columbia River basin occurred
during the past century (cited in Wissmar et
al.1994). The cumulative effects of habitat deg-
radation, combined with over-exploitation, and
declining ocean productivity for these stocks has
placed 214 native, naturally spawning stocks of
salmonids in Washington, Oregon, and Califor-
nia at varying degrees of risk of extinction (Nehlsen
et al. 1991; FEMAT 1993). The list includes
chinook, coho, sockeye, chum, and pink salmon,
as well as steelhead (0. myvkiss) and sea-run cut-
throat trout {(Q. clarki). The combined effects of
these factors has created the “salmon crisis” in
the last decade. The degree of etfect seems 1o be
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related to the duration and density of human oc-
cupation.

Large scale anthropogenic influence on south-
east Alaska watersheds is a relatively recent phe-
nomenon, Even though European exploration of
southeast Alaska began in the 1700’s, it was pri-
marily related to the development of the fur trade—
sea otter and seals— and whaling and effects on
the landscape were localized and relatively mi-
nor (McDougall 1993}, Even after the purchase
of Alaska in 1867 by the United States, timber
harvest was restricted to casily accessible areas
necar the shoreline. By 1900. 14 sawmills were
operating and harvested 8.45 million board feet.
From 1910 to 1920, another 410 million beard
tfeet were harvested (Harris and Farr 1974). Spo-
radic timber harvest continued through 1950, Large
scale harvest did not begin until after a 50-vear
timber contract for .25 billion board feet of tim-
ber was awarded to the Ketchikan Pulp Company
in 1951 by the U.S.D.A. Forest Service (Harris

700000

and Farr 19743, [n 1956, a sccond 50-year timber
contract for 5.31 billion board feet of timber was
awarded to the Alaska Lumber and Pulp Com-
pany. Timber harvest for the two 50-year con-
tracts marks the beginning of industrial forestry
and major watershed disturbance in southeast
Alaska.

From 1950 through 1992, more than 14 bil-
lion board feet of timber were removed from the
Tongass National Forest (Murray 1970: Ruderman
1985; Warren 1996). From 1980 through 1994,
about 5.9 billion board feet were harvested from
private land in Alaska, most of which occurred in
southeast Alaska (Ruderman 1985; Warren 1996),
The peak harvest on the TNF occurred during the
late 196(’s through the early 197¢’s (Figure 2).
From 1982 through 1986 harvest was about 1.4
billion board feet. As National Forest land was
transferred to private ownership, timber harvest
on private lands exceeded that on the TNF. The
combined harvest from the TNF and from private
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Figure 2. Annual timber harvest in sountheast Alaska from the Tongass National Forest (TNF), and staie and private lands from

1950 through 1994,
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land from 1988 to 1994 wus greater than the highest
harvest on TNF lands at any point, The mill in
Sitka closed in 1994 and a decline in timber har-
vest occurred on the TNF. The pulp mill in
Ketchikan closed in 1997 further decreasing the
demand for timber from the TNF.

History of Management Practices in
Southeast Alaska

We separate management of riparian areas and
stream habitat in the TNF into {ive intervals; 1950
to 1970: 1971 to 1982; 1983 10 199 1991 o
1996; and from 1997. The last period began with
the adoption of the Tongass Land Management
Plan (TLMP) by the U.S. Forest Service in May
1997. The intervals do not represent precise
changes in management policies with the excep-
tion of 1991 when bufter strips 32.5m (100 ft)
along fish streams were mandated ( TTRA 1990),
Changes throughout other periods were less ap-
parcnt in administrative documentation, but the
degree of protection to aquatic resources during
timber harvest increased during each time interval.

1950-1970

From 1930 to 1970, legging generally proceeded
up an entire stream basin with clear-cut logging
from the streambank up to an elevaiion of about
324 m (800 f1). Although felling timber into streams
and yarding across streams was prohibited, this
was not strictly enforced. Trees were felled into
creeks and removed during logging.” Logs were
often dragged across streams or in some cases
logs were dragged along streams. Tractor logging
was often used in low gradient riparian areas and
road crossings were made through streams. Heavy
equipment was operated in streams and along
stream banks. Log jams (large woody debris), both
natural or resulting from logging operations, were
systematically removed from streams either be-
cause they were perceived as blocks to migration
or created poels that removed spawning areas.
Evaluation of the effects of logging was gener-
ally accomplished by site inspections which fre-
quently reported equivocal effects.” For example,
“The tractor road channel may or may not be det-
rimental” Few guidelines for road layout or de-
sign that addressed the protection of aquatic habitat
were available (U.S.D.A. Forest Service 1960).

“‘unpublished report. The effect of logging on twilve salmon

eetE

streams in southeast Alaska. On file with the primary author.

1970-1982

The Logging and Fish Habitat Pamphlet of 1976
outlined improved forest practices for fish streams
(U.S.D.A. Forest Service 1976). It identified the
significance of small tributaries to juvenile salmo-
nids, steelhead. and non-anadromous species such
as Dolly Varden (Salvelinus malma) and cutthroat
trout. Although the pamphlet recognized the im-
portance of woody debris as cover for fish and
cautioned against over-zealous debris removal,
itdid not recognize the significance of large wood
on stream morphology and suggested that large
accumulations were blocks to migration and af-
fected spawning habitat. Extensive stream clean-
ing continued unabated from 1971 through 1982
(Bryant 1983). Examples of road construction,
bridge and culvert crossing design, and construction
timing (o minimize the effect of sediment in streams
were given in the Logging and Fish Habitat Pam-
phlet (U.5.D.A. Forest Scrvice 1976). Significant
improvements in aquatic habitat protection were
implemented during this period in comparison to
the previous 20 years, but streams in most water-
sheds that were logged during this period had no
buffer strips and removal of large wood from most
main stem and tributary streams was a common
practice. Culverts were often installed that were
too small for frequent floods in autumn and washed
out. Others were improperly installed and were
blocks to adult and juvenile salmonid movement
(Bryant personal observation).

1983-1990

The 1979 Tongass Land Management Plan (TLMP
1979}, the Alaska Regional Guide (U.S.D.A, Forest
Service 1983), and a 1984 review of the Plan
(U.S.D.A. Forest Service 1984) incorporated ex-
tensive sets of recommendations for strearn habitat
protection. The Plan in 1979 classified streams
with anadromous fish as class I; streams with
non-anadromous fish as class Il; and tributaries
or upstream sections of streams without fish that
flow into fish bearing streams as class [11. Each
stream class was given a different level of pro-
tection with the highest afforded to class | streams.
Riparian vegetation was retained to provide shade
for temperature sensitive streams. Small tributary
streams were recognized as habitat for resident
trout and Dolly Varden. Riparian habitat was
managed to provide large wood to streams that
were identified as rearing habilal for identified
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species. The recommendation for these streams
was to retain all trees that were along the
streambank and less than 30.5 cm in diameter at
about 1.5 m above ground. Directional felling away
from the stream channel was required as was full
suspension of timber over streams (1., logs were
completely elevated above the ground) during
varding operations. Logging in the riparian zone
continued as a common practice. Where buffer
strips were left, they were generally no wider than
one tree height and usually were smaller,
non-merchantable trees. In some cases, old-growth
buffer strips were left along low gradient flood-
plain areas such as sections in the upper scetion
of the South Fork of Staney Creek on Prince of
Wales Island,

Retention of large wood in streams was in-
cluded as a management practice in the 1980
Aquatic Habitat Management Handbook as a re-
sult of literature demonsirating the importance
of lurge wood in the streams of the Pacific North-
west and Alaska (Swanson et al. 1976; Keller and
Talley 1979; Brvant 1983; and Dolloff 1983 among
others). Removal of woody debris was restricted
to logging slash less than 4 cm diameter, although
logging slash was to be prevented from entering
the stream in the first place. The handbook spe-
cifically recommended against “removal of small
debris jams in rearing streams”. The large scale
removal of woody debris prevalent before 1983
wus largely discontinued throughout southeast
Alaska (Bryant personal observation}.

Significant improvements and specific recom-
mendations for road layout, construction, and
stream crossings were included in the Aquatic
Habitat Management Handbook {(U.S. Department
of Agriculture 1986), Practices were incorporated
o provide fish pussage for both adult and juve-
nile salmonids and to minimize sediment produc-
tion. These recommendations included informa-
tion from an increasing number of reports on
methods for forest road construction and stream
crossing (Dane 1978; Anderson and Bryant 1980).
Although the improved practices were applied and
served to reduce effects of roads and stream cross-
ing structures on aquatic habitat, implementation
or effectiveness was not systematically monitored
and numerous instunces where procedures were
cither not followed or improperly applied occurred
throughout the region. Maore significantly as roads
were closed, many stream crossing structures were
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cither not removed or improparly removed. As a
result long term, chronic erosion and sediment
transport sources were created.

1991-1996

The most obvious change in management in 1991
was the requirement for buffer strips that were at
least 32.8 m (100 ft) wide where no trees would
be cut along class I, and II streams that flowed
into anadromeus fish streams (Tongass Timber
Reform Act 1990). It included provisions of the
Aquatic Management Handbook (U.S. Depart-
ment of Agriculture 1986). The “Best Manage-
ment Practices” in the Soil and Water Conserva-
tion handbook (U.S. Department of the Agriculture
1993) were applied to protect riparian habitat and
stream habitat in managed watersheds. Some sig-
nificant additions in the Soil and Conservation
Handbook were the recognition of riparian areas
and floodplains, and specification of management
practices to protect habitat beyond the mandated
32.8 m buffer zone. It states that “preferential
consideration to riparian dependent resources will
be given when conflicts among land use activi-
ties occur”. The handbook also presents moni-
loring as an “essential” part of “Best Manage-
ment Practices” and describes procedures and three
stages of monitoring to evaluate management
practices.  Specific prescriptions are given to
maintain channel integrity of all streams includ-
ing non-fish streams. Guidelines are provided to
reduce the potential for mass failures from road
construction and location, road crossings, and log
decks.

The set of management practices used {rom
1990 through 1996 were a significant improve-
ment from those in place at the onset of indus-
trial timber harvest and represented an accumu-
lation of management and research information
during that petiod. Throughout the evolution of
"Best Managemenlt Practices” implementation was
unevenly applied. In the absence of effective
monitoring, detrimental streamside harvest prac-
tices such as debris removal, improper road and
culvert installation and maintenance continued even
after they were identified in various administra-
tive directives. To the benefit of some watersheds,
management practices exceeded those required
by various directives. In many watersheds,
buffer strips were extended beyond 32.8 m,
particularly in floodplains. While the practices



used from 1991 through 1996 generally provided
good protection to streams used by anadromous
and non-anadromous salmonids, they did not ad-
dress many of the important intermittent and higher
gradient streams that are an integral part of the
drainage systems in watersheds. Most of these
systems are at elevations above 262.5 m (800 ft}
and may not support perennial fish populations.
However, they can have a significant influcnce
on downstream habitat and fish populaticns (Heede
1972; Benda 1990; and Lamberti et al. 1991).

In 1994, the U.S. Congress directed the USDA
Forest Service to review existing habitat protec-
tion for salmonid streams on the Tongass National
Forest to determine their effectiveness (U.S. De-
partment of Agriculture 1993). The reportinciuded
an extensive literature review on Pacific salmon
and their habitat in southeast Alaska and the Pa-
cific Northwest, examined existing data and in-
formation on salmonid populations and their habitat
in the Tongass National Forest, and reported re-
sults from a field evaluation of seven watersheds
by a staff of Federal fisheries and watershed pro-
fessionals (U.S. Department of Agriculture 1995).
The assessment also included a pilot watershed
analysis of three watersheds in southern, central,
and northern southeast Alaska. Some of the key
recommendations in the report were for increased
protection of headwater streams, ephemeral
streams, and non-fish bearing streams that are tribu-
taries to resident and anadromous salmonid
streams, site specific buffers on flood plains and
alluvial streams, management of fish streams “to
preserve biological integrity”, and implementa-
tion of watershed analysis. The results and rec-
ommendations from the Anadromous Fish Habi-
tat Assessment Report formed the cornerstone for
the provisions for fish stream and watershed man-
agement in the Revision of the Tongass Land
Management Plan (TLMP 1997).

1997

In May 1997. the revision of the Tongass Land
Management Plan (TLMP) was completed and
included increased protection for watersheds and
associated riparian areas (TLMP 1997). A sig-
nificant element of the TLMP is to consider fish
habitat in the context of the whole watershed from
the headwaters to the ocean during management
planning. The plan directly addresses riparian areas
and assigns management objectives that include

maintaining natural conditions for fish and aquatic
life, managing for biodiversity, and 1o maintain
streambank and stream channel processes (TLMP
1997). In most tloodplain stream reaches, buffer
areas are required over the active floodplain.
Changes to prescribed riparian buffers require a
walershed analysis to assess “important riparian
and aquatic habitat values and geomorphic pro-
cesses within a watershed”. While maintaining
and reinforcing protection afforded to anadromous
salmonid — class 1 streams, resident salmonid
—<lass TT streams, and non-fish —class T1T streams,
TLMP identifies an additional group of streams—
Class 1V streams. These include intermittent,
ephemeral, and small perennial channels with low
flows or low sediment transport capabilities. Al-
though these are not specifically addressed for
riparian protection, buffer strips in V-notches of
higher gradient class I11 streams, which may he
¢phemeral, are included. The management strat-
egy of the standards and guides is to retain natu-
ral stream function and processes in watersheds
that fall into management categories that will be
used for timber harvest or other development
activities.

History of Timber Harvest

Timber harvest in southeast Alaska was not lo-
cated randomly throughout time or location (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 (800 ft) in
elevation and along riparian corridors. More than
70% of the total timber volume on the TNF was
harvested from 1950 through 1982, the period when
minimum riparian protection was given Lo streams
(Table 1). Of the 156,600 ha (387,000 acres) logged
from 1950 through 1994, 38% (59,896 ha) were
harvested from 1950 through 1970 (Table 1),
Furthermore, timber harvest was concentrated on
selected 1slands such as Chichagof, Kuiu, Prince
of Wales, and Reviliagigado islands (Figure 3).
Other locations such as Admiralty Island, most
of which has been designated as a National Monu-
ment. and Baranof Island which contains large wil-
derness areas, are less developed. They also con-
tain extensive areas of non-commercial forests.

During the first 20 years of large scale timber
harvest, most harvest occurred in the valley bottoms
where low gradient streams are located. These
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TABLE 1. Tunber harvest of the Tongass National Forest by time period and by clevation,

Time period

Area in hectares and {percent harvested) during each time peried

Elevalion (m)

Total <244 244-457 >457
1950-70 39.896 54027.6 (90.2) 5665.8 (9.3) 20235 (0.3
1971-1982 53420 453164.5 (84.5) 8094.0(15.2) 161.88 (6.30)
1983-1990 28.329 20639.7 (73.6) 6879.9 (24.5) 526,11 (1.88)
1991-1994 14.974 9308.1 (62.2) 5261.1(35.1) 4047 (2.770)

streams and their associated riparian habitats (i.e.
beaver ponds) also are the most productive loca-
tions for anadromous satmonids. From 1950 o
1970, 90% of the total arca harvested was less
than 244 m in elevation (Table 1). As timber har-
vest progressed, proportionally more area above
244 m was harvested and by 1991 more than 37%
of the timber harvest occurred above 244 m in
etevation (Table 1). Less than 30% of the arca
was harvested while measures were in place that
recognized small rearing streams and afforded
increased protection to non-anadromous species.
Less than 10% of the total area was harvested
when buffer strips were an integral and required
part of watershed management.

Maybeso Creek, located on Prince of Wales
Island, was harvested during the 1950°s. Harvest
began at the bottom of the valley and continued
up to 366 m (1,200 {1) in elevation during one
entry (Figure 4). Al merchantable timber along
the riparian zone was harvested which was the
general pattern of harvest for the first 20 vears of
timber harvest. In subsequent years, harvest pat-
terns changed and by 1970 smaller patches (usu-
ally < 40 ha) were cut. The earlier harvest units
tended to be in the valley bottoms, Most of the
harvest units during 1974 through 1976 in the
Corner Creek watershed were located along the
stream, whereas, those cut in 1986 or later were
located at higher elevations away {rom the main
channel (Figure 5). A similar pattern occurred in
the Hamilton Creek watershed with later units
placed further upstream and on higher elevations
(Figure 6). The concentration of intense timber
harvest in the riparian zone before 1980 left a
legacy of watersheds with little or no riparian
protection,
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The effect of time and elevation of timber har-
vest is reflected in the number of kilometers of
stream that were within 100 m of a timber har-
vest unit. More than 75% of the length of anadro-
mous streams were near or adjacent to a timber
harvest unit that was cut from 1950 to 1982 (Table
2). As changes in forest management that moved
harvest units away from the riparian zone were
implemented. the amount of harvest in these ar-
eas decreascd. The largest part of timber harvest
occurred in the valley bottoms adjacent to streams
before adequale management practices were in
place to reduce even the most obvious detrimen-
tal effects of timber harvest on stream habitats.

The Persistence of Salmon

Despite the legacy of watersheds that were logged
with poor riparian management practices through-
out southeast Alaska, such as the Maybeso Creek
watershed, few documented declines of salmon
stocks are recorded (Baker et al. 1990). However,
few watersheds in southeast Alaska have escape-
ment records that are dependable before 1960 and
no systematic or quantitative studies document
juvenile or smolt numbers from watersheds be-
fore the onset of large scale logging in southeast
Alaska (Halupka et al. in press).

Natural fluctuations at a region-wide scale cansed
by changes in marine survival, weather cycles, or
other environmental factors as well as production
of salmon from intact watersheds will obscure de-
clines in a single watershed. The limitations of catch
statistics as indicators of stock abundance are gen-
erally acknowledged (see Bisson et al. 1992), but
the cycles of the commercial catch of coho salmon
from 1893 through 1998 demonstrate the magni-
tude of region-wide variation that obscure trends
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Figure 3. Distribution of commercial oid-growth forest and timber harvest throughout southeast Alaska. “Productive Old-growth™
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Maybeso Creek Watershed
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Corner Creek Watershed
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Hamilton Creek Watershed
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TABLE 2. Kilometers and { percent) of anudromaeus and non-
anadromous streams within 100 m of a timber
harvest unit.

Anadromous Resident
Year {Class I) Class 11
Harvested Streams Streams Total
1930-1970 880.3 (44) 326.8(32) 1207.9 (40
1971-1982 678.0 (34} 372.6(38) 1051.2 (35)
1983-1990 114.4 (6) 127013 241.5(8)
1991-1995 319.8 {16) 1891 (19} 509.2¢17)

for individual watersheds (Figure 7). As a result,
any declines in salmon production in individual
watersheds have gone undetected.

High marine survival rates during the past de-
cade have been implicated in increased catch and
escapement to all watersheds (Hofmeister et al.
1988; Shaul 1994; Beamish et al. 1997). Changes
in marine survival will have a large effect on adult
returns and increased marine survival will offset

11000

decreased freshwater survival as a result of habi-
tat loss in individual watersheds. For example,
estimates from Hugh Smith Lake in southeast
Alaska were 51,789 smolt for 1983 and 23,499
smolt for 1985; the estimated marine survival rates
for the two years were 7.4% and 19.1%, respec-
tively (Shaul 1994). Adult returns, using these two
survival estimates, were 3,832 fish in 1983 and
4.488 fish in 1985. The higher marine survival in
1985 produced a higher return from 50% fewer
smolts. An increase in marine survival can easily
mask a 50% loss of juvenile salmonid produc-
tion in freshwater.

The effects of logging on salmon populations
under various management prescriptions and par-
ticularly in watersheds with poor protection of
riparian and stream habitat have been documented
and reviewed in several sources (Salo and Cundy
1987; Meehan 1991: Hicks et al. 1991, Bisson et
al.1992; Woodsmith and Buffington 1996). Habitat
loss and reduced survival of anadromous salmo-
nids have been documented in several studies of
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Figure 7. Annual commercial hurvest of coho salmon in southeast Alaska [rom 1900 through 1992 (Rigby et al. 1991 and unpub-
lished data Alaska Department of Fish and Game, Division of Commercial Fisheries. Juneau. AK).
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watersheds in southeast Alaska that were logged
before 1980 (Bryant 1985a: Thedinga et al. 1989;
Montgomery et al.1995). The commaon theme
among these studies is loss of stream channel
complexity and simplification of habitat. How-
ever. even in intensively logged watersheds, popu-
lations ot anadromous salmonids remain, but these
populations are closely linked with complex habi-
tats maintained by large wood (Dolloff 1983;
Bryant 1985a). These complex habitats have been
maintained by large wood that was present in
streams before timber harvest. For example, in
severely impacted watersheds, such as Maybeso
Creek and the Harris River, large wood from
old-growth trees that fell into the stream before
logging provide the only anchors for large wood
accumulations. The residence time of large trees
in stream channels of southeast Alaska spans de-
cades (Swanson et al, 1984: Murphy and Koski
1989) and the effects of their loss will be gradual
and uppear decades after the cessation of timber
harvest in the watershed (Bryant 1980). A com-
moenly accepted misconception is that stream re-
covery begins shortly after the cessation of activ-
ity in the watershed. In reality, the loss of habitat
quality is likely to continue for more than 100
years after logging until riparian trees become large
enough o maintain stream channel complexity
(Bryant 1980; 1985a:; Beechie et al. 1994).

Persistence of fish in some of the more scverely
alfected watersheds can be attributed to escape-
ments which fully seed available habitats, and the
ability of some species of salmonids, coho salmon
in particular, to exploit marginal habitats. The
presence and expansion of beaver pond habitats
i intensively logged watersheds may be an im-
portant factor maintaining coho salmon popula-
tion in some of these watersheds (Bryant [1985b;
Sampson 1994}, Small, low gradient 2nd to 3rd
order tributaries, often less than 2 meters in width,
are common rearing habitat for juvenile coho
salmon in southeast Alaska (Elliott and Hubbartt
1978). The size of the tributaries may allow re-
tention of smaller wood debris (Bilby 1985). Small
strcams with greater amounts of large wood in
intensively managed watersheds maintain higher
densitics of juvenile coho salmon than those with
smaller amounis of wood and few pools (Dolloff
1983). The persistence of salmonids in larger
watersheds is maintained by complexity that in-
cludes both instream structure, most of which is
related to residual large wood, and heterogeneity
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of habitats within watersheds which includes a
mixture of off-channel habitats, beaver ponds, and
small tributaries.

On a regicn-wide scale, the existence and re-
tention of intact watersheds may be a significant
factor in maintaining the current status of salmon
stocks in southeast Alaska, More than 73% of the
Tongass National Forest is classified into Land
Use Designations (LUD) I or TT which include
wilderness areas, National Monuments, and
roadless areas (Tongass Land Management Re-
vision 1997). This includes a substantial part of
Admiralty Island and the Misty Fjord which are
designated as National Monuments, Although large
portions of the areain LUD [ and LUD Il catego-
ries are alpine, glacial, or areas of marginal eco-
nomic value with respect to timber harvest, nu-
merous highly productive watersheds in old-growth
forests are also included in these designations.
The watersheds in these protected landscapes rep-
resent the largest group of intact watersheds in
the northern hemisphere. Cther designations are
LUD III which is primarily rccreation use and
LUD IV which allows intensive resource use such
as timber harvest and mining.

The existence of these low impact land use
designations (LUD I, 111, and II1) has resulied in
a relatively high percent of anadromous sircams
{56%) —measured by length— that are located
in watersheds that have not been affected by tim-
ber harvest (Figure ). A total 0f 9,911 km {6,160
miles) (or 44%) of anadromous stream flow
through watersheds that have been exposed to
varying degrees of timber harvest. Of this group
of watersheds, 6% of the stream length is located
in watersheds that have had more than 20% of
the area logged. These are likely to be the most
severely affected stream systems. The largest per-
cent of anadromous streamn length is in watersheds
with less than 20% of the area logged (Figure 8).
While it is likely that habitat has been lost in these
systems. especially in the most intensively har-
vested watersheds such as Maybeso Creek (Bryant
1980: 1983a), a decrease in the number of fish
may be obscured by natural fluctuations and by
production of fish from intact streams on a re-
eion-wide basis.

We propose the following hypothesis: 1)
anadromous salmon production—measured by
smolt output—will be more variable in intensively
logged (>20% of area) watersheds than in intact
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Figure 8. Relative length (%) of anadromous streams flowing through watersheds with varying percent of area logged in the

Tongass National Forest

watersheds: 2) decreases in marine survival, in-
cluding natural and fishing mortality. will con-
tribute to greater variability of smolt production
in intensively managed watershed than in intact
watersheds; and 3) environmental disturbances—
droughts, severe floods, landslides—will have a
proportionally greater effect on variability in in-
tensively managed watersheds than in intact wa-
tersheds. The unifying theme in these hypothesis
is the test of resiliency of watersheds and the pre-
diction that intensively managed watershed will
be less resilient than intact watersheds. The out-
come is that salmon production in watersheds that
have been intensively logged such as those during
the first 30 years of industrial timber harvest in south-
east Alaska may not be measurably different than
many intact watersheds during benign environmental
conditions and high ocean productivity, but are likely
10 be less resistant to adverse effects during peri-
ods of environmental stress. The streams in the
unmanaged (i.c. pristine) watersheds are likely to
be the most effective butter for freshwater produc-
tion of anadromous salmon region-wide.

Summary

Although “Best Management Practices”™ have
substantially improved during the past 40 years
of commereial timber harvest in southeast Alaska,
maost timber harvest on the Tongass National Forest
occurred during the first 20 years of industrial
logging and was disproportionately distributed in
the valley bottoms before adequate riparian pro-
tection was in place. As a result, a legacy of wa-
tersheds with second-growth vegetation with lim-
ited potential for recruitrnent of large wood, as
well as other adverse effects rising from poor timber
harvest practices remains. While loss of salmo-
nid production from these watersheds may be sig-
nificant. it has been undocumented. However, more
than 50% of the length of anadromous stream
habitat remains in pristine watersheds of the
Tongass National Forest. The number and distri-
bution of intact watersheds in the TNF are criti-
cal elements for sustainable salmon populations
in the face of habitat loss elsewhere in southeast
Alaska and the Pacific Northwest.
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The catastrophic declines in salmon stocks that
have occurred in other areas of the Pacific North-
west are the result of multiple effects that include
urban and agricultural development, timber har-
vesl practices, and large dams such as those on
the Columbia River which may have been exac-
erbated by cyclical decreases in marine produc-
tvity (Bisson et al. 1992). Furthermore, the patch-
work of Jandowners along nearly all the watersheds
of the Pacific Northwest complicales watershed
management and restoration (Kohonen 1996), The
multiple effects present in the Pacific Northwest
are generally absent in southeast Alaska; there-
fore, the prospect of sustainable sulmon stocks
in southeast Alaska is good, but depends on a
combinations of factors. The retention of exist-
ing intact watersheds is a key element. Improv-
ing riparian management in managed watersheds
1s important to prevent further loss of aquatic pro-
ductivity. A systematic and well-planned and
monitored watershed restoration effort is possible
and could accelcrate the recovery of damaged
watersheds. A continuing conservative harvest
strategy on salmon that accommodates changes
in marine and freshwater conditions to allow
spawning cscapements that maintain freshwater
productivity is essential.

Globally, few intact watersheds remain in the
northern hemisphere and nearly all are in the north-
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