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INTRODUCTION

The intent of this annotated bibliography was to identify projects throughout Alaskathat address
the effectiveness of the current Alaska Forest Resources and Practices Act (FRPA) in protecting
fish habitat and water quality. The Act requires protection of ten components:

A.) channel morphology,

B.) clean spawning gravels,

C.) food sources,

D.) large woody debris,

E.) nutrient cycling,

F.) stream bank stability,

G.) stream flow,

H.) sunlight,

[.) water quality,

J) water temperature.

Very little research has been conducted specifically to evaluate the effectiveness of FRPA.
Therefore, this review takes a broader approach and identifies projects that contribute to
knowledge of the ten fish habitat and water quality components and the impact of forest
management practices on these components. We expanded the literature search beyond Alaskan
projects to provide additional information contributing to a genera understanding of aquatic
ecosystems and the impacts of forest management upon them.

The literature search focused on recent (i.e. the last ~10-15 years) publications, athough older
documents are included. We used several sources to identify pertinent literature, including:

®  direct contact with individuals conducting relevant research in Alaska and individuals
with personal libraries on these topics;

"  aninternet search using the Google® search engine;

® anonline search of the table of contents and abstracts of peer-reviewed journals that
regularly publish articles related to the fish habitat and water quality variables identified
in FRPA (e.g. Canadian Journal of Forest Research, Earth Surface Processes and
Landforms, Journal of the North American Benthological Society, Transactions of the
American Fisheries Society);

® an electronic key word search (see the next paragraph) of Goldmine, the electronic library
catalog of the University of Alaska Fairbanks, to identify relevant gray literature (e.g.
agency reports, University of Alaska dissertations and theses) of projects conducted in
Alaska;

" an electronic key word search of the following article databases avail able through
Rasmuson library at the University of Alaska Fairbanks to identify additional Alaska-
related peer-reviewed and gray literature: Academic Search Premier, Alaska/Polar
Periodical Index, Aquatic Sciences and Fisheries abstracts, Arctic & Antarctic Regions,
Cambridge Scientific abstracts, Fish and Fisheries Worldwide abstracts, and Water
Resources.



We used the following key words, singly or in various combinations, when conducting key word
searches of electronic databases and the internet: Alaska, Alaska Forest Resources and Practices
Act, anadromous, bank stability, benthic, benthos, boreal, buffer strip, channel migration,
channel morphology, clear cut, clearcut, CWD, erosion, fish fish habitat, fish passage, forest
management, forestry, FRPA, invertebrate drift, large woody debris, logging, logging roads,
LWD, macroinvertebrate, nutrient cycling, redd(s), riparian, riparian buffer, roads, salmon,
sedimentation, spawning gravels, stream flow, sunlight, timber harvest, water quality, and water
temperature.

This annotated bibliography has two main sections, which are further divided into several
subsections. The first main section contains citations and abstracts of work conducted in Alaska,
and is divided into four subsections (Figure 1):

" FRPA Region I—Coastal Sitka Spruce/Hemlock Forest;
" FRPA Region II—Interior Spruce/Hardwood Forest, South of the Alaska Range;

" FRPA Region Ill—Interior Spruce Hardwood Forest, North and West of the Alaska
Range;

" Alaska Genera—State-wide references and references in which the location of the study
area was not identified.

The second main section contains citations and abstracts of work that was conducted outside
Alaska, or which is genera in nature (e.g. topical literature reviews), or lacks the identification
of astudy area in the abstract. This second section is divided into four subsections:

" Canada,

" Lower 48 States,

" |nternationa—Other Than Canada,
"  Miscellaneous.

Each abstract isidentified as being an author abstract, an electronic abstract, or a compiler
abstract. Author abstracts were copied verbatim from journal articles and reports that were
available to us, or from electronic abstracts that were posted on websites of individual peer-
reviewed journals. In afew instances, areport did not contain an abstract, but a summary,
introduction, or conclusions section contained information that was adequate for summarizing
the described project. In these cases, the appropriate sections were copied verbatim and labeled
as an author abstract as well. Electronic abstracts are those which were obtained from the
electronic key word search of the article databases identified above. From experience, we knew
that many of these abstracts were not complete author abstracts, so we did not want to identify
them as such. Conmpiler abstracts are those that were written by the compilers of this
bibliography for those reports that did not contain an abstract or a suitable introduction,
summary, or conclusions section.

At the end of each citation, the letter designations of the FRPA fish habitat and water quality
component(s) (A-J) that are discussed in the article or report are identified in parentheses. In
addition, we added a variable (K) to identify articles relevant to the discussion of forest
management impacts on fish habitat and water quality that do not specifically identify one of the
ten FRPA components. For example, articles discussing forest harvest-related landslides or



sediment production from forest roads are important in a discussion of forestry impacts on water
quality, but the abstracted articles may not specifically address landslides or forest road erosion
in the context of water quality. The variable K was used only if an article or report did not
specifically address any of the 10 fish habitat and water quality variables identified in FRPA.
Refer to the first paragraph for the letter designations of the FRPA variables.

Appendix A isintended to assist readers of this bibliography with locating specific references.
The Appendix lists all of the references contained in this bibliography in aphabetical order,
identifies in which bibliography section the reference is located, and identifies which FRPA
variables are discussed in each reference.

Thisreview isintended to complement the bibliographies compiled during the reviews of the
FRPA riparian standards for FRPA regions Il and I11. This review references those
bibliographies, although some of the individual references included in them also appear in this

bibliography.

Alaska Forest Resources
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Figure 1. Alaska Forest Resources and Practices Act management regions.



ALASKA REFERENCES

Alaska—FRPA Region |
(Coastal Sitka Spruce/Hemlock Forest)

1) Allan, J.D., M.S. Wipfli, J.P. Caouette, A. Prussian, and J. Rodgers. 2003. I nfluence of
streamside vegetation on inputs of terrestrial invertebratesto salmonid food webs.
Canadian Journal of Fisheries and Aquatic Sciences. 60: 309-320. (C)

Author abstract: Salmonid food webs receive important energy subsidies viaterrestrial in-fall,
downstream transport, and spawning migrations. We examined the contribution of terrestrially
derived invertebrates (TI) to juvenile coho (Oncorhynchus kisutch) in streams of southeastern
Alaskaby diet analysis and sampling of Tl inputsin 12 streams of contrasting riparian
vegetation Juvenile coho ingested 12.1 mg-fish™ of invertebrate mass averaged across all sites;
no significant differences associated with location (plant or forest type) were detected, possibly
because prey are well mixed by wind and water dispersal. Terrestrial and aquatic prey composed
approximately equal fractions of prey ingested. Surface inputs were estimated at ~80 mg-m-
2.day™, primarily TI. Direct sampling of invertebrates from the stems of six plant species
demonstrated differences in invertebrate taxa occupying different plant species and much lower
TI biomass per stem for conifers compared with overstory and understory deciduous plants.
Traps placed under red alder (Alnusrubra) and conifer (mix of western hemlock (Tsuga
heterophylla) and Sitka spruce (Picea sitchensis)) canopies consistently captured higher biomass
of Tl under the former. Management of riparian vegetation is likely to influence the food supply
of juvenile coho and the productivity of stream food webs.

2) Bartos, L. 1989. A new look at low flows after logging. In: Proceedings of Watershed ‘89:
A Conference on the Stewar dship of Sail, Air, and Water Resour ces, 21-23 March
1989, Juneau, Alaska. E.B. Alexander, Editor. USDA Forest Service, Alaska Region,
R10-M B-77. Pages 95-98. (G)

Author abstract: On the west side of Prince of Wales Island, a 51.6 square mile drainage basin
was used to systematically evaluate low flow trends, before and after timber harvest. Both yearly
flow duration curves and the 2 and 20 year recurrence low flow derived by Log Pearson Type 1|
analysis, showed significantly greater low flows after timber harvesting 35 percent of the
drainage area.

3) Bartos, L.R. 1993. Stream discharge related to basin geometry and geology, before and
after logging. In: Proceedings of Watershed ‘91: A Conference on the Stewardship of
Sail, Air, and Water Resour ces, 16-17 April 1991, Juneau, Alaska. T. Brock, Editor.
USDA Forest Service, Alaska Region, R10-M B-217. Pages 29-32. (G)

Author abstract: Utilizing available U.S.G.S. hydrologic data on five watersheds in SE Alaska
with different intensities of logging and two watersheds for a no harvest control; a composite
analysis was done to determine the degree of hydrologic change caused by harvesting. The
possible controlling basin parameters effecting a streams regimen, i.e., water yield, peak flood



flows and mean seven day low flows other than drainage area and amount of timber harvest are
geologic makeup, mean basin side slope gradient and basin shape. Whenconsidering these basin
parameters (excepting basin shape) on floods before and after timber harvest, it was found that in
all cases they were significant in SE. Alaska.

4) Bjornn, T.C., S.C. Kirking, and W.R. Meehan. 1991. Relation of cover alterationstothe
summer standing crop of young salmonidsin small southeast Alaska streams.
Transactions of the American Fisheries Society. 20: 562-570. (K)

Electronic abstract: Summer abundance of young coho salmon Oncorhynchus kisutch,
steelhead O. mykiss, and Dolly Varden Salvelinus malma was assessed in small streams on
Prince of Wales Idand, Alaska, in an attempt to measure the response of these fishto various
types of cover aterations. The standing crop of subyearlings decreased during summer, but none
of the decrease could be attributed to the changes in cover we made. Subyearling coho salmon
(about 75% of the fish present) did not respond either to the removal of natural riparian
vegetationor to the addition of simulated riparian canopy, large boulders, woody debris, or
simulated undercut banks. L ocalized movements within the streams were sufficient to provide
relatively rapid recolonization of the experimental habitat units. The forms of cover we evaluated
were relatively unimportant in regulating abundance of young coho salmon in small streams.

5) Brabets, T.P. 1995. Application of surface geophysical techniquesin a study of the
geomor phology of the Lower Copper River, Alaska. USDI Geological Survey, Water
Resour ces Division, Anchorage, Alaska, Water-Resour ces I nvestigations Report 94-
4165. 47pp. (A, G, 1)

Electronic abstract: The Copper River, located in southcentral Alaska, drains an area of more
than 24,000 square miles. About 30 miles above its mouth, thislarge river enters Miles Lake, a
proglacia lake formed by the retreat of Miles Glacier. Downstream from the outlet of Miles
Lake, the Copper River flows past the face of Childs Glacier before it enters alarge, broad,
aluvia flood plain. The Copper River Highway traverses this flood plain and in 1996, 11
bridges were located along this section of the highway. These bridges cross parts or al of the
Copper River and in recent years, some of these bridges have sustained serious damage due to
the changing course of the Copper River. Although the annual mean discharge of the lower
Copper River is 57,400 cubic feet per second, most of the flow occurs during the summer months
from snowmelt, rainfall, and glacial melt. Approximately every six years, an outburst flood from
Van Cleve Lake, a glacier-dammed lake formed by Miles Glacier, releases approximately 1
million acre-feet of water into the Copper River. At the peak outflow rate from Van Cleve Lake,
the flow of the Copper River will increase an additional 140,000 and 190,000 cubic feet per
second. Bedload sampling and continuous seismic reflection were used to show that Miles Lake
traps virtually all the bedload being transported by the Copper River as it enters the lake from the
north. The reservoir-like effect of Miles Lake results in the armoring of the channel of the
Copper River downstream from Miles Lakes, past Childs Glacier, until it reaches the dluvia
flood plain. At this point, bedload transport begins again. The lower Copper River transports 69
million tons per year of suspended sediment, approximately the same quantity as the Y ukon
River, whichdrains an area of more than 300,000 square miles. By correlating concurrent flows
from along-term streamflow- gaging station on the Copper River with a short-term streamflow-



gaging station at the outlet of Miles Lake, long-term flow characteristics of the lower Copper
River were synthesized. Historical discharge and cross-section data indicate that as late as 1970,
most of the flow of the lower Copper River was through the first three bridges of the Copper
River Highway as it begins to traverse the alluvia flood plain. In the mid 1980's, a percentage of
the flow had shifted away from these three bridges and in 1995, only 51 percent of the flow of
the Copper River passed through them. Eight different years of aerial photography of the lower
Copper River were analyzed using Geographical Information System techniques. This analysis
indicated that no magjor channel changes were caused by the 1964 earthquake. A flood in 1981
that had a recurrence interval of more than 100 years caused significant channel changesin the
lower Copper River. A probability analysis of the lower Copper River indicated stable areas and
the long-term locations of channels. By knowing the number of times a particular area has been
occupied by water and the last year an area was occupied by water, areas of instability can be
located. A Markov analysis of the lower Copper River indicated that the tendency of the flood
plain isto remain in its current state. Large floods of the magnitude of the 1981 event are
believed to be the cause of major changes in the lower Copper River.

6) Brownlee, K. 1991. Prey consumption by juvenile sailmonids on the Taku River,
southeast Alaska. M.S. Thesis, University of Alaska, Fairbanks. 166pp. (C)

Author abstract: Stomach contentswere collected from juvenile salmonids (genus
Oncorhynchus and Salvelinus) from habitats on the Taku River in 1987. Differences were
defined between groups on fry. A linear discriminant function (LDF) analysis was applied to
prey frequencies grouped by species, habitat, and period. The analysis discriminated between:
fishin beaver ponds; sockeye in side-slough sites and fish from other mainstem sites; and beaver
ponds and mainstem sites. An exclusion experiment was established in a beaver pond. The diet
of sockeye (O. nerka) and coho (O. kisutch) fry was sampled from allopatric and sympatric
treatment enclosures. LDF analysis applied to prey categories assigned group membership
between species, treatment, and period factors. A loglinear analysis yielded significant
interaction effects between the treatment, habitat, and period explanatory variables and the
response, prey, confirming the influence of the presence of cogenerics on prey consumed.

7) Bryant, M.D. 1980. Evolution of large, organic debris after timber harvest: M aybeso
Creek, 1949 to 1978. USDA Forest Service, Pacific Northwest Forest and Range
Experiment Station, General Technical Report PNW-101. 30pp. (A, D)

Author abstract: The Maybeso Creek valley was logged from 1953 to 1960. Stream maps
showing large accumulations of debris and stream channel features were made in 1949 and
updated to 1960. The objectives of this paper are to document the effects of natural and logging
debris on channel morphometry and to examine the fate of logging debris during and after
logging. Map sections from 1949 through 1963 are examined and compared with a ground
survey in 1978 of debris accumulations.

Natural conditions before logging revealed sparse accumulations of large debris scattered
throughout the stream; these accumulations increased in number and density during logging.
Natural material appeared to be well controlled and stable; whereas, logging debris was
floatable. Y ear-to-year changes in accumulations were noted throughout the period of logging
from 1953 to 1969. Fewer accumulations were observed in 1978 than in 1949, before the start of



logging. Further studies are needed to quantify physical changes and to relate these changes to
salmon habitat.

8) Bryant, M.D. 1981. Evaluation of a small diameter baffled culvert for passing juvenile
salmonids. USDA Forest Service, Pacific Northwest Forest and Range Experiment
Station, Forest Service Research Note PNW-384. 8 pp. (K)

Electronic abstract: Poorly constructed road crossings of small streams can block upstream
movement of juvenile salmonids. Where gradients are more than 1%, baffled culverts may
facilitate fishpassage to nursery areas above road crossings. The baffles create a series of short
high velocity runs between the baffles and a series of low velocity backwater areas behind the
baffles. These areas allow the fishto swim in short bursts and then rest. A 90-cm diameter
culvert with off-set baffles was set at a 10% gradient in an artificial stream channel on Admiralty
Isdand, Alaska Juvenile coho salmon, Dolly Varden and cutthroat trout used in the study were
taken from two nearby streams. All fish with the exception of afew larger (110 to 120 mm)
Dolly Varden, were less than 100 mm fork length. All three species were able to negotiate the
culvert, but more Dolly Varden than Coho salmon or Cutthroat trout were successful. Within the
range of discharges commonly examined between 10 1/S and 16 1/S, discharge did not appear to
affect fishmovement up the culvert. Two potential problems with baffled culverts may occur at
the outlet: outlet velocity; and scour of the stream bottom. Both can be avoided by proper design.

9) Bryant, M.D. 1984. Distribution of salmonidsin the Trap Bay Basin, Tenakee Inlet. In:
Fish and Wildlife Relationshipsin Old-Growth For ests. Proceedings of a symposium,
12-15 April 1982, Juneau, Alaska. W.R. Meehan, T.R. Merréell, Jr., and T.A. Hanley,
Editors. Pages 17-31. (K)

Author abstract: Because land management may affect a stream system at various points along
its progression to the sea, it is important to identify zones used in the watershed by juvenile
salmonids. This 2-year study examined the distribution of juvenile salmonids in an undisturbed,
old-growthforest drainage. The purpose of the study was to determine the distribution of
juvenile salmonids in a small stream basin from the main stream through the upper tributaries.
Differences in density, species ratios, and size among juvenile salmonids in main-stream zones,
lower tributary zones, and upper tributary zones were observed. Upper reaches of tributaries
were used by age-0 coho, cutthroat trout, and Dolly Varden Lower reaches of tributaries were
extensively used by juvenile coho of al age-classes and Dolly Varden up to about 120 mmin
length. Main-stream zones were sparsely populated by all species, but where off-channel rearing
areas were available, coho were more abundant. Differences in density occurred from early
summer to early fall.

10) Bryant, M.D. 1985. Changes 30 year s after logging in large woody debris, and its use by
salmonids. In: Riparian ecosystems and their management: Reconciling conflicting
uses. R.R. Johnson, C.D. Ziebell, D.R. Paton, P.F. Ffolliot, and R.H. Hamre,
Coordinators. Rocky Mountain Forest and Range Experiment Station, Gener al
Technical Report GTR RM-120. Pages 329-334. (D)



Electronic abstract: Changes in large woody debris in fourth and fifth-order salmon streams
with logged, unlogged, and partially logged riparian zones are documented from maps--for 1949
to 1960--and from field surveys done in 1983 and 1984. Over the 30-year period, most changes
in the amount of large woody debris occurred in the logged systems. During and immediately
after logging large increases were noted, but in 1984 the amount of large woody debris in the
logged systems was less than that observed before logging in most categories. Amounts of large
woody debris in the other streams remained relatively stable. Thirty years after logging, habitat
formed as aresult of large debris provides important rearing areas for juvenile salmonids.

11) Bryant, M.D., and F.H. Everest. 1998. M anagement and condition of water shedsin
southeast Alaska: The persistence of anadromous salmon. Northwest Science. 72:
249-267. (K)

Electronic abstract: In contrast to most of North America and Europe, numerous intact or
lightly disturbed watersheds are present throughout southeast Alaska These watersheds support
abundant and diverse populations of anadromous salmonids. While the watersheds throughout
the northern hemisphere have been exposed to human disturbance frommillennia to centuries,
significant human disturbance to the watersheds of southeast Alaska did not begin until the
1950's with the start of industrial logging. Although management of watersheds has evolved to
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. Asaresult, a
legacy of streams with deteriorating habitat remains. While few salmon stocks in southeast
Alaska appear to be in decline, escapement records on specific watersheds, particularly those
most severely affected by management are non-existent or qualitative. The present status of
salmon stocks may be attributed to abundant intact watersheds, high marine survival, and
escapement levels that fully seed most watersheds. The numerous intact watersheds throughout
southeast Alaska are a critical factor in maintaining sustainable salmon stocks in southeast
Alaska.

12) Bryant, M.D., B.E. Wright, and B.J. Davies. 1992. Application of a hierarchical habitat
unit classification system: Stream habitat and salmonid distribution in Ward Creek,
southeast Alaska. USDA Forest Service, Pacific Northwest Research Station,
Resear ch Note PNW-RN-508. (A)

Electronic abstract: A hierarchical classification system separating stream habitat into habitat
units defined by stream morphology and hydrology was used in a pre-enhancement stream
survey. The system separates habitat units into macrounits, mesounits, and microunits and
includes a separate evaluation of instream cover that also uses the hierarchical scheme. The
paper presents an application of the system to a pre-enhancement survey of habitat and salmonid
populations. Application of the method accompanied by snorkel counts of fishalowed us to
determine habitat area, salmonid densities within habitat units, and an estimate of the total
salmonid population by species. The method is useful to rapidly describe and stratify stream
habitat to determine salmonid distribution and abundance during stream surveys.



13) Bryant, M.D., J.P. Caouette, and B.E. Wright. Evaluating stream habitat survey data
and statistical power using an example from southeast Alaska. Draft manuscript.
First author address: USDA Forest Service, Pacific Northwest Resear ch Station,
Forestry Sciences Laboratory, Juneau, Alaska. (A)

Author abstract: Stream habitat surveys and watershed assessments have been devel oped and
used as monitoring tools for decades. Most rely on type | error as the primary criterion with
minor consideration of statistical power and effect size. We test for statistical differencesin fish
habitat condition between harvested and nonharvested watersheds from habitat survey data
collected in Southeast Alaska. We apply statistical power analysis to judge whether non
significant results could be interpreted with confidence. None of the fish habitat variables we
examined were significant at P = 0.05; however, several p-values were less than 0.10 and
consistent differences between harvested and unharvested reaches were observed among channel
types. Statistical power islow and the probability of not detecting differences is high when the
effect size, scaled to the standard deviation of the measurement, is small to medium. For large
effect sizes the ability to detect differences increased but did not exceed 85% for any
measurement. Statistical power, effect size and biological significance of the outcome are
important considerations when the results are interpreted and can lend additional information to
managers making decision with less than perfect data.

14) Bryant, M .D., N.D. Zymonas, and B.E. Wright. 2004. Salmonids on the fringe:
Abundance, species composition, and habitat use of salmonidsin high gradient
headwater streams, southeast Alaska. Transactions of the American Fisheries
Society. 133: 1529-1538. (A)

Author abstract: We evaluated the species distribution, abundance, and habitat relationships of
salmonids in small, 1st to 2nd order headwater streams in Southeast Alaska. Streams were
separated into three zones based on gradient and sampled during the spring, summer, and fall.
Dolly Varden(Salvelinus malma) were found in all streams where fishwere present. They were
the dominant species in moderate (mean gradient 5.5 %) and high gradient (mean gradient 12.9
%) zones. Coho salmon (Oncorhynchus kisutch) fry and parr were dominant species in the low
gradient zone (mean gradient 3.1 %), but were present in higher gradient zones. Small numbers
of steelhead parr (O. mykiss) were present in all three zones in the spring and fall. Few were
captured during the summer. Coastal cutthroat trout (O. clarki) were found primarily in one
stream and in al three zones. Dengity of all species decreased as gradient increased. Anadromous
Dally Varden in spawning condition were observed in the fall up to the highest accessible
locations in four streams. Salmonids use high gradient reaches when pools are present and
accessible. Headwater tributaries comprise a large proportion of most Southeast Alaska
watersheds and the combined contribution from all of these tributaries to the fish community
may be large. Results from this study underscore the importance of maintaining access for fish
throughout watersheds and into small high gradient streams.

15) Bryant, M .D., D.N. Swanston, R.C. Wissmar, and B.E. Wright. 1998. Coho salmon
populationsin the kar st landscape of North Prince of Wales Island, southeast
Alaska. Transactions of the American Fisheries Society. 127: 425-433. (E, |)
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Electronic abstract: Karst topography is a unique and distinct landscape and its geology may
have important implications for salmon productivity in streams. The relationship between
salmonid communities and water chemistry and the influence of habitat was examined in a set of
streams on north Prince of Wales Idland, southeast Alaska. Streams in karst landscapes showed
higher alkalinities (1,500-2,300 mu eg/L) than streams not influenced by karst landscapes (750-
770 mu eg/L). A significant, positive relationship was observed between akalinity and density of
coho salmon parr Oncor hynchus kisutch. Backwater pools supported higher densities of coho
salmon than did other habitat units. Both coho salmon fry and parr tended to be larger in most
karst-influenced streams than in nonkarst streams. Although past timber harvest practicesin the
riparian areas of several of the streams appeared to influence stream habitat and water
temperature, streams flowing through karst landscapes had distinct water chemistry.
Furthermore, these streams appeared to support more fishthan nonkarst streams.

16) Buffington, J.M., and D.R. Montgomery. 1999. Effects of hydraulic roughness on
surface textures of gravel-bed rivers. Water Resour ces Resear ch. 35: 3507-3521. (A,
B, D, G)

Electronic abstract: Field studies of forest gravel-bed rivers in northwestern Washington and
southeastern Alaska demonstrate that bed-surface grain size is responsive to hydraulic roughness
caused by bank irregularities, bars, and wood debris. We evaluate textural response by
comparing reach-average median grain size (Dso) to that predicted from the total bank-full
boundary shear stress (to, ), representing a hypothetical reference condition of low hydraulic

roughness. For agiven to,, channels with progressively greater hydraulic roughness have

systematically finer bed surfaces, presumably due to reduced bed shear stress, resulting in lower
channel competence and diminished bed load transport capacity, both of which promote textural
fining. In channels with significant hydraulic roughness, observed values of Dsg can be up to

90% smaller than those predicted from to, .. We find that wood debris plays an important role at

our study sites, not only providing hydraulic roughness but aso influencing pool spacing,
frequency of textural patches, and the amplitude and wavelength of bank and bar topography and
their consegquent roughness. Our observations also have biological implications. We find that
textural fining due to hydraulic roughness can create usable salmonid spawning gravelsin
channels that otherwise would be too coarse.

17) Buffington, J.M ., T.E. Lisle, R.D. Woodsmith, and S. Hilton. 2002. Controlson the size
and occurrence of pools in coar se-grained forest rivers. River Research and
Applications. 18: 507-531. (A, D)

Electronic abstract: Controls on pool formation are examined in gravel- and cobble-bed rivers
in forest mountain drainage basins of northern California, southern Oregon, and southeastern
Alaska. We demonstrate that the majority of pools at our study sites are formed by flow
obstructions and that pool geometry and frequency largely depend on obstruction characteristics
(size, type, and frequency). However, the effectiveness of obstructions to induce scour aso
depends on channel characteristics, such as channel gradient, width:depth ratio, relative
submergence (ratio of flow depth to grain size), and the calibre and rate of bed material supply.
Moreover, different reach-scale channel types impose different characteristic physical processes
and boundary conditions that further control the occurrence of pools within a catchment. Our
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findings indicate that effective management of pools and associated aguatic habitat requires
consideration of avariety of factors, each of which may be more or less important depending on
channel type and location within a catchment. Consequently, strategies for managing pools that
are based solely on single-factor, regional target values (e.g. a certain number of wood pieces or
pools per stream length) are likely to be ineffective because they do not account for the variety of
local and catchment controls on pool scour and, therefore, may be of limited value for proactive
management of complex ecosystems.

18) Campbedll, AJ., and R.C. Sidle. 1985. Bedload transport in a pool-riffle sequence of a
coastal Alaska stream. Water Resour ces Bulletin. 21: 579-590. (1)

Electronic abstract: A Helley-Smith pressure differential bedload sampler was used to measure
bedload transport at consecutive riffle sections of ariffle-pool-riffle sequence on Bambi Creek, a
small (154 ha), second-order stream on Chichagof Island, Alaska, during four storms over a 2-
year period. Maximum bedload transport rate measured was 4920 kg/h at a streamflow of 2.35
nt/s corresponding to a storm having a 5-year return interval. Transport of larger sediment (> 8
mm) varied systematically with streamflow at the two sampling locations. At flows up to
approximately bankfull, transport of large sediment was greatest at the upstream site; at flows
above bankfull, transport of large sediment was greatest at the downstream site.

19) Chaloner, D.T., and M.S. Wipfli. 2002. Influence of decomposing Pacific salmon
car casses on macroinvertebrate growth and standing stock in southeastern Alaska
streams. Jour nal of the North American Benthological Society. 21: 430-442. (C, E)

Author abstract: We compared macroinvertebrate growth rates and standing stock in the
absence and presence of meat from Pacific salmon (Oncorhynchus spp.) carcasses in microcosm
and natural stream rearing experiments in southeastern Alaska. In microcosm experiments, the
presence of salmon meat increased growth rates and standing stock for the shredder Zapada
cinctipes and the collector Psychoglypha subborealis, but not the predator Rhyacophila sp., or
the scraper Cinygmula sp. In natural stream experiments, the presence of salmon meat increased
the growth rate and standing stock of P. subborealis, but increased only the growth rate of Z.
cinctipes. Macroinvertebrate responses to inputs of salmontderived organic material can vary by
species, which may reflect their feeding ecology. Macroinvertebrate taxa belonging to the
collector functional-feeding group are likely to be important in transferring the effects of
spawning salmon to the rest of the food web in southeastern Alaska streams.

20) Chaloner, D.T., M.S. Wipfli, and J.P. Caouette. 2002. M ass |oss and macr oinvertebrate
colonisation of Pacific salmon car cassesin south-eastern Alaskan streams.
Freshwater Biology. 47: 263-273. (C, E)

Author abstract: 1. We examined the spatial and temporal dynamics of pink salmon
(Oncorhynchus gorbuscha) carcass decomposition (mass |oss and macroinvertebrate
colonisation) in south-eastern Alaskan streams. Dry mass and macroinvertebrate fauna of
carcasses placed in streams were measured every two weeks over two monthsin six artificial
streams and once after six weeks in four natural streams. We also surveyed the
macroinvertebrate fauna and wet mass of naturally occurring salmon carcasses.
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2. Carcass mass loss in artificial streams was initialy rapid and then declined over time (k =-
0.033 day'}), and no significant differences were found among natural streams.

3. Severa macroinvertebrate taxa colonized carcasses, but chironomid midge (Diptera:
Chironomidae) and Zapada (Pleceoptera: Nemouridae) larvae were found consistently and were
the most abundant (on average 95 and 2%, respectively, of the invertebrates found). Chironomid
abundance and biomass increased over time, whereas Zapada abundance and biomass did not.
Significant differences in abundance were found among natural streams for Baetis
(Ephemeroptera: Baetidae) and Sweltsa (Plecoptera: Chloroperlidae) larvae, while no significant
differences were found for chironomid and Zapada abundance or biomass.

4. Our results suggest that salmon carcasses initially undergo a high rate of mass loss that tapers
off with time. Chironomid and Zapada larvae are likely to be important in mediating nutrient and
energy transfer between salmon carcasses and other components of the freshwater-riparian food
web in south-eastern Alaskan streams.

21) Chaloner, D.T., K.M. Martin, M.S. Wipfli, P.H. Ostrom, and G.A. Lamberti. 2002.
Marine carbon and nitrogenin southeastern Alaska stream food webs: Evidence
from artificial and natural streams. Canadian Journal of Fisheriesand Aquatic
Sciences. 59: 1257-1265. (C, E)

Author abstract: Incorporation of marine-derived nutrients (MDN) into freshwater food webs
of southeastern Alaska was studied by measuring the natural abundance of nitrogenand carbon
stable isotopes in biota from artificial and natural streams. Biofilm, agquatic macroinvertebrates
(detritivores, shredders, and predators), and fish (coho salmon, Oncor hynchus kisutch, and
cutthroat trout, Oncorhynchus clarki) were sampled from streams in which Pacific salmon
(Oncorhynchus spp.) carcasses had been artificially placed or were present naturaly. In the
presence of carcasses, all trophic levels incorporated marine-derived nitrogen (range, 22—73%
of total N) and carbon (range, 7-52% of total C). In general, chironomid midges assimilated
more marine-derived nitrogen and carbon than did other consumers. The assimilation of MDN
by aquatic organisms and subsequent isotopic enrichment (5-6%o for 1°N, 3-4%o for 13C) were
similar in experimentally and naturally carcass-enriched streams. For specific taxa, however,
percent assimilation for marine nitrogen and carbon were often dissimilar, possibly because of
fractionation or transfer inefficiencies. These results suggest that pathways of MDN
incorporation into stream food webs include both consumption of salmon material by
macroinvertebrates and fish and uptake of mineralized MDN by biofilm. Incorporation of
MDN into multiple trophic levels demonstrates the ecologica significance of annual returns of
anadromous fishes for sustaining the productivity of freshwater food webs.

22) Chaloner, D.T., G.A. Lamberti, RW. Merritt, N.L. Mitchell, P.H. Ostrom, and M.S.
Wipfli. 2004. Variation in response to spawning Pacific salmonamong three south-
eastern Alaska streams. Freshwater Biology. 49: 587-599. (C, E)

Author abstract: 1. Pacific salmon are thought to stimulate the productivity of the fresh waters
in which they spawn by fertilizing them with marine-derived nutrients (MDN). We compared the
influence of salmon spawners on surface streamwater chemistry and benthic biota among three
southeastern Alaska streams. Within each stream, reaches up- and downstream of barriersto
salmon migrationwere sampled during or soon after spawners entered the streams. 2. Within
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streams, concentrations of dissolved ammonium and soluble reactive phosphorus (SRP),
abundance of epilithon (chlorophyll a and ash-free dry mass) and biomass of chironomids were
significantly higher in reaches with salmon spawners. In contrast, biomass of the mayflies
Epeorus spp. and Rhithrogena spp. was significantly higher in reaches lacking spawners. 3.
Among streams, significant differences were found in concentrations of dissolved ammonium,
dissolved organic carbon, nitrate and SRP, abundance of epilithon, and the biomass of
chironomids and Rhithrogena. These differences did not appear to reflect differences among
streams in spawner density, nor the changes in water chemistry resulting from sal mon spawners.
4. Our results suggest that the *enrichment’ effect of salmon spawners (e.g. increased
streamwater nutrient concentrations) was balanced by other concurrent effects of spawners on
streams (e.g. sediment disturbance). Furthermore, the collective effect of spawners onlotic
ecosystems is likely to be constrained by conditions unique to individual streams, such as
temperature, background water chemistry and light attenuation.

23) Deal, R.L. 1997. Under story plant diversity in riparian alder-conifer stands after
logging in southeast Alaska. USDA Forest Service, Pacific Northwest Resear ch
Station, Research Note PNW-RN-523. 8pp. (D)

Author abstract: Stand structure, tree height growth, and understory plant diversity were
assessed in five mixed alder-conifer stands after logging in southeast Alaska. Tree species
composition ranged from 7- to 91-percent alder, and basal area ranged from 30 to 55 nf/ha. The
alder exhibited rapid early growth, but recent growth has slowed considerably. Some conifers
have been suppressed, but some spruce are now nearly as tall as the overstory alders. The four
stands with the most alder had high species richness of shrubs, herbs, ferns, and mosses, but the
predominantly spruce stand had dightly fewer species of shrubs and ferns, and considerably
fewer herbs. Mixed alder-conifer stands have maintained species-rich understories for 45 years
after logging, and stands with conifers and alders of relatively equal stocking contained the
largest diameter conifers. Riparian ader-conifer stands maintain plant diversity and also will
provide some large-diameter conifers for large woody debris for streams.

24) Deal, R., M. Wipfli, A. Johnson, T. De Santo, P. Hennon, and T. Hanley. 2002. Doesred
alder enhance wildlife, aquatic, and fisheriesresourcesin young-growth western
hemlock-Sitka spruce forests of southeast Alaska? In: Beyond 2001: A Silvicultural
Odyssey to Sustaining Terrestrial and Aquatic Ecosystems. Proceedings of the 2001
National Silviculture Workshop, 6-10 May, Hood River, Oregon. S. Parker and S.S.
Hummel, Compilers. USDA Forest Service, Pacific Northwest Resear ch Station,
General Technical Report PNW-GTR-546. Pages 93-102 (C, D, F)

Author abstract: Red alder (Alnus rubra Bong.) appears to influence the productivity and
community composition of young growth conifer forests and affect the major resources (timber,
wildlife, and fishes) of forested ecosystems in southeast Alaska. We propose thet |andscapes may
be managed to concurrently enhance these resources. Historically, red alder has often been
regarded as an undesirable species by forest managers and has been thinned from riparian and
upland forests. We present an integrated approach to study the function of young-growth forest
ecosystems and to understand how alder influences selected trophic linkages and processes in
managed |andscapes. We will assess the physical disturbances that are associated with alder
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establishment. We will also investigate mixed red alder-conifer forests and determine if these
forests provide a greater biomass of understory vegetation and forage for herbivores (e.g., deer)
and invertebrates than young- growth conifer forests. We will determine the effect of mixed red
alder-conifer forests on the abundance of aquatic, riparian, and terrestrial invertebrates that
provide food for fish bats, and birds. We will also determine if most red alder trees die standing
(as opposed to uprooting or bole snapping), and assess woody debris and sediment input in
streams. We will investigate whether red alder in mixed stands may enhance conifer growth and
total wood production. The inclusion of red ader in young-growth stands may allow clearcutting
in areas where purely even-aged conifer forests would compromise wildlife, fish, and aquatic
resources.

25) Dolloff, C.A. 1983. The relationships of wood debristo juvenile salmonid production
and microhabitat in small southeast Alaska streams. Ph.D. Thesis, Montana State
University, Bozeman. 109pp. (D)

Author abstract: Many small streamsin Southeast Alaska contain both wood debris deposited
by natural causes and/or logging and populations of juvenile salmonids. Resource managers have
assumed that large amounts of wood debris were detrimental to fish populations and have
recommended debris removal. This study was initiated to describe the effects of wood debrisand
debris removal on populations of juvenile coho salmonand Dolly Vardenin four tributary
streams of Staney Creek, Prince of Wales Iand, Alaska during the summers of 1979-1981.
Three streams were located in clearcuts and had debris removed from selected subsections by
manual labor. A fourth stream was located in an uncut forest stand and provided information on
fish populations under natural conditions. Population densities and prodction of both species
were typically higher in subsections having debris accumulations intact. Production during the
June- September period for age 0+ and age 1+ coho combined ranged from 0.464-2.496 g/square
meter. Dolly Varden production ranged from 0.106-0.879 g/square meter. For coho, debris
provided visual isolation, permitting larger numbers of fish to live together without excessive
territorial interactions. Greater Dolly Varden numbers were related to increased cover provided
by debris. There was little apparent competition between the species. An examination of
microhabitat preferences showed that each of two coho and three Dolly Varden age classes was
found in distinct areas. Coho occupied midwater positions that they defended from other fish.
Dally Varden were found on the stream bottom in dense cover. Analysis of stomach contents
showed that coho selected most dietary items from the drift whereas Dolly Varden primarily
exploited benthic prey. Discriminant analysis showed that depth of focal point, depth of water,
distance to nearest fish and distance to nearest cover were the most important variables
accounting for separation of the five species-age class groups. Discriminant analysis using
species as groups and incorporating the proportion of diet from terrestrial sources as an
independent variable revealed that dietary differences also contributed to group separation.
Stream cleaning in streams similar to those studied will likely be detrimental to anadromous
juvenile fish populations.

26) Dolloff, C.A. 1986. Effects of stream cleaning on juvenile Coho salmon and Dolly
Vardenin southeast Alaska. Transactions of the American Fisheries Society. 115:
743-755. (D)
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Author abstract: The effects are described of selective removal of woody debris on populations
of juvenile Coho salmon Oncorhynchus kisutch and Dolly Varden Salvelinus malma in two small
streams on Prince of Wales Island, Alaska, during the summers of 1979-1981. These streams
contained debris left when surrounding forests were clear-cut in the late 1960s. Debris smaller
than 60 mm in diameter and larger debris not embedded in the stream channel were manually
removed from half of the study reach on each stream in 1979 by state-of-the-art techniques.
Immigration and emigration of fishfrom the study sections and intrastream movements were
very limited after an initial period of population adjustment in the spring regardless of treatment.
Population densities and production of both species were typically higher in sections where
debris accumulations had not been removed. Production of age-0+ and age-1+ Coho salmon and
age- 1+ and age-2+ Dolly Varden during the June- September period ranged from 0.70 to 2.22
o/sq m in the cleaned sections and from 0.84 to 2.10 g/sgq m in the uncleaned sections. Carrying
capacities for both species were lower in cleaned sections despite the use of selective techniques
for removing woody debris.

27) Duncan, W.F.A., and M .A. Brusven. 1985. Energy dynamics of three low-or der
southeast Alaskan streams. Autochthonous production. Journal of Freshwater
Ecology. 3: 155-166. (K)

Electronic abstract: Physical and biotic processes of three low-order southeast Alaska streams
located on Prince of Wales Island were studied. These streams drained an undisturbed watershed
representing a coniferous climax forest, a recently logged watershed with little riparian
regeneration, and alogged watershed with heavy riparian growth. Community respiration and
production were measured in closed, recirculating 12-L Plexiglas metabolism chambers using the
dissolved oxygen method. Gross production among the streams varied from 0.1-2.7 g Ox/nf/d;
respiration varied from 0.1-1.0 g O,/nf/d. Highest rates of production and respiration occurred in
the recently logged stream; lowest rates were measured in the mature, climax forest stream.
Seasonal differences in production and respiration were apparently influenced by logging.

28) Duncan, W.F.A., and M.A. Brusven. 1986. Benthic macroinvertebratesin logged and
unlogged low-order southeast Alaskan streams. Freshwater Invertebrate Biology. 4:
125-132. (C)

Electronic abstract: The benthic macroinvertebrate communities of three low-order streamsin
southeast Alaska exhibiting pre- and post logging conditions were examined. The logged
watersheds had the highest densities and biomass of benthic macroinvertebrates, while an
unlogged coniferous climax forest watershed had the lowest. Benthic macroinvertebrate
community composition was similar for key species among the three streams. Collector-
gatherers were generally the most abundant functional group comprising up to 80% of the insect
community; predator-engulfers were the second most abundant functional group. Salmonid
fishes greatly atered the macroinvertebrate community composition during spawning because of
mass disturbance of the streambed. Gravels disturbed during spawning were most rapidly
recolonized by mayflies and stoneflies, especially Alloperla spp.

29) Duncan, W.F.A., M.A. Brusven, and T.C. Bjornn. 1989. Ener gy-flow response models
for evaluation of altered riparianvegetation in three southeast Alaskan streams.
Water Research. 23: 965-974. (C)
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Electronic abstract: First approximation productionresponse models to riparian vegetation
alteration for low-order southeast Alaskan streams are presented. The models reflect negative
and positive production responses with respect to estimated maximum production values (kcal).
Using the models we predict the response of autochthonous of allochthonous production, benthic
and terrestrial macroinvertebrate production, and potential salmonid tissue elaboration to
variation in ripariancover, riparian composition and stream nutrients. Higher amounts of net
usable allochthonous input are predicted with increasing riparian cover and percentage deciduous
composition. Autochthonous production and net usable alochthonous production form the
primary energy base of the stream ecosystem and are linked via energy transfer coefficients to
higher trophic levels, e.g., benthic macroinvertebrate (BMI) production. Like the energy transfer
coefficients derived for autochthonous and allochthonous production, the terrestrial invertebrate
and salmonid production estimates are first approximations and require validation. These models
provide resource managers with criteria to assess probable consequences of different riparian
management strategies on fisheries resources in S.E. Alaska

30) Edgington, J. 1976. Study of land use- salmon problems and planning in southeastern
Alaska. Alaska Department of Fish Game, Compliance Report No. 5-31-R. (B)

Electronic abstract: During the period 1973-1976 detailed stream inventories have been
completed for Southeastern Alaska salmon Districts 2 and 4 and published in Technical Report
No 23. A total of 438 streams have been surveyed and accounts for atotal of 3,119,433 nt of
available spawning gravel. The effects of logging study of Kadashan Creek has established the
pre-logging data base describing the average pink salmon escapements as { approx} 53,300 for
the evenyr cycle and { approx} 44,200 for the odd-yr cycle. Chum salmon have averaged 16,700
escapements. Fry production and survival have been greatest in the intertidal sample area
although other sample areas had high values also. Gravel particles < 0.833 mm diam have
fluctuated at approx the 8% level of amix of other gravel sizes. All sample areas show rormal
levels of intra-gravel dissolved oxygen The project awaits the logging phase for continued
sampling

31) Edgington, J.R. 1984. Some observations of fine sediment in gravels of five undisturbed
water shedsin southeast Alaska. In: Fish and Wildlife Relationshipsin Old-Growth
Forests. Proceedings of a symposium, 12-15 April 1982, Juneau, Alaska. W.R.
Meehan, T.R. Merrell, Jr., and T.A. Hanley, Editors. Pages 109-114. (B, I)

Author abstract: Analysis of gravel samplesis reported for five streams in southeast Alaska. A
10-cm diameter cylinder sampler was used, with sieve analysis presented as percent fines, by
weight. No consistency was apparent in the levels of fines, which wasless than 0.833 mm, from
stream to stream. The monitoring standard of percent of fines less than 0.833 mm detected wide
variations in fines, and demonstrated long-term trends in the Kadashan River. The highest
percentage of fines was approximately 13 percent for three streams.

Increased escapement goals are advocated for streams suspected of having increased amounts
of fines.
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32) Elliot, S.T. 1986. Reduction of a Dolly Varden population and macr obenthos after
removal of logging debris. Transactions of the American Fisheries Society. 115: 392-
400. (C, D)

Electronic abstract: Logging debris resident for five or more years in small streams of
southeastern Alaska is frequently removed to improve salmonid habitat. This practice was
evauated for its effects on juvenile anadromous Dolly Varden Salvelinus malma and
macrobenthos populations in asmall spring-fed stream during 1973-1981. Debris, consisting of
limbs, needles, and fragmented logs, was removed by hand from the entire stream in July 1976.
The surface area, number, and size of pools were reduced thereafter, and the water vel ocity
increased. Macrobenthos density and invertebrate drift decreased 60-90% immediately after
debris removal but returned to pretreatment levelsin 1977. The Dolly Varden population
decreased from 900 to less than 100 fishby 1978 and then fluctuated sharply between late 1978
and 1981. Removal of old logging debris does not improve habitat and can result in smaller
rearing populations. Old debris should not be removed unless a block to migrating adult
spawners or impairment of water quality can be demonstrated.

33) Estep, M.A., and R.L. Beschta. 1985. Transport of bedload sediment and channel
mor phology of a southeast Alaska stream. USDA Forest Service, Pacific Northwest
Forest and Range Experiment Station, Resear ch Note PNW-430. 15pp. (A, D, G, 1)

Author abstract: During 1980-81, transport of bedload sediment and channel morphology were
determined at Trap Bay Creek, athird-order stream that drains a 13.5-square kilometer
watershed on Chichagof Island in southeast Alaska. Bedload sediment was sampled for 10
storms: peak flows ranged from 0.6 to 19.0 cubic meters per second, and transport rated ranged
from 4 to 4400 kilograms per hour. Peak transport rates typically occurred during peak
streamflow. Transport of bedload sediment at ariffle over 1600 meters upstream from the mouth
of the watershed was greater for most storm events than that measured at another riffle 22 meters
downstream. Transport was greatest at the downstream riffle, however, during the most severe
storm of the season and during another storm 1 week later. Both magnitude of storm and
availability of sediment appeared to determine the transport of bedload sediment in Trap Bay
Creek. Regression relationships were developed between streamflow (independent variable),
severa transport variables, and particle sizes in two diameter classes (Dso and Dyo). Analysis
revealed that total bedload discharge was positively correlated with streamflow; transport of
either diameter class, however, had no consistent relationship with streamflow from one storm to
the next. Relationships between particulate organic matter and streamflow were also highly
variable from storm to storm. Observations indicated that large organic debris, especialy fallen
trees, played a mgor role in determining channel morphology; tidal action was an important
factor affecting channel characteristics in the lower 1300 meters of the channel.

34) Fish Habitat Analysis Team. 1994. Appendix C: An evaluation of the effectiveness of
current proceduresfor protecting anadromous fish habitat on the Tongass National
Forest. In: Report to Congress: Anadromous Fish Habitat Assessment (January
1995). USDA Forest Service, Pacific Northwest Resear ch Station, Alaska Region,
R10-M B-279. 63pp. plus Appendices(A, B, D, F, 1, J)
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Compiler abstract: The Fish Habitat Analysis Team (FHAT) used three interrel ated
investigations to respond to a Congressional request to study the effectiveness of current
procedures in protecting fish habitat on the Tongass National Forest:

1. Assessment of existing literature and data (published and unpublished) related to forest
management effects on fishin southeast Alaska;

2. Convening of a group of experts in watershed science and fish habitat that examined a
group of managed watersheds and determined the effectiveness of current management
practices on protecting fish habitat; and

3. Analysesof apilot project of three watersheds representing a range of management
conditions on the Tongass.

The literature review resulted in 1,542 citations related to land management effects on
anadromous fish habitats. No studies directly evaluated BMPs as practiced on the Tongass
National Forest. Studies in landscapes similar to southeast Alaska, however, demonstrated that
salmonid habitat declined when >25% of a watershed was harvested.

The watershed and fish habitat experts determined that under current management practices,
two watersheds were at a low risk of experiencing adverse changes to fish habitat and water
quality, five watersheds were at moderately low risk, and one watershed was at moderate risk.
Future fish habitat risk was rated moderate or moderately high because of an expectation of
continued timber harvest and road building. The experts expressed concerns regarding some
buffers that were too narrow, streams without buffers, timber harvest on unstable slopes, and
road-related problems.

The analyses of the pilot watershed project resulted in the determination that existing fish
habitat isin relatively good condition in the two watersheds with the least amount of timber
harvest activity (5-6%). The third watershed with 15% timber harvest may be an exception to
this conclusion.

The overall conclusion of the FHAT was that current BMPs, although an improvement from
previous procedures, are not entirely effective at protecting fish habitat over the long term.

35) Flory, E.A., and A.M. Milner. 1999. Influence of riparian vegetation on invertebrate
assemblagesin arecently formed stream in Glacier Bay National Park, Alaska.
Journal of the North American Benthological Society. 18: 261-273. (C)

Electronic abstract: Influence of the development of riparian vegetationon benthic invertebrate
assemblages was analyzed in a recently formed stream in southeast Alaska. Several features of
riparianinteraction were documented: 1) invertebrate use of willow catkins entering streamsin
summer, 2) invertebrate use of submerged alder roots as a substrate for attachment and as a
source of building material for caddisfly cases, and 3) retention of leaf litter by salmon carcasses.
The development of riparian vegetation markedly influenced colonization of the stream by
certain invertebrate taxa and thereby played an important role in the successional sequence of
macroinvertebrates and overall assemblage development in this new stream.

36) Flory, E.A., and A.M. Milner. 2000. M acr oinver tebrate community sucession in Wolf
Point Creek, Glacier Bay National Park, Alaska. Freshwater Biology. 44: 465-480.

(©)

Author abstract: Macroinvertebrate community development in Wolf Point Creek in Glacier
Bay National Park, Alaska formed by ice recession was investigated from 1991 to 1994 as part
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of along-term study of colonization now exceeding 20 years. Chironomidae, the first taxon to
colonize the stream, still dominated the community comprising 75-95% by number, but species
succession was apparent. 2. Species richness in August increased from five speciesin 1978 to 11
in 1991 and 16 in 1994. 3. Diamesa species, abundant in 1978 at densities exceeding 2 750 mi?,
were not collected in 1994, while Pagastia partica dominated the community with densities
exceeding 10 000 m2. 4. Sixteen taxa, never previously collected, colonized the stream between
1991 and 1994 including representatives of Coleoptera, Muscidae, Trichoptera, and the first
noninsect taxon, Oligochaeta. Colonization by new taxa was associated with an increase in
summer water temperature and the development of riparian vegetation 5. Inter-specific
competition is suggested as a possible factor in species succession and is incorporated into ataxa
richness model of community development in postglacial streams incorporating stable and
unstable channels.

37) Gende, SM., T.P. Quinn, M.F. Willson, R. Heintz, and T.M. Scott. 2004. Magnitude
and fate of salmon-derived nutrients and energy in a coastal stream ecosystem.
Journal of Freshwater Ecology. 19: 149-160. (C, E)

Electronic abstract: We quantified the energy and mineral (nitrogen phosphorous) composition
of live pink salmon(Oncorhynchus gorbuscha) and chum salmon (O. keta), their eggs, and
carcasses, and tracked the fate of chum salmon spawning in a small Alaskan coastal stream. On
average, salmon entered streams with 5.3 kJxg?, 3.3% N, 0.48% P. Much of the energy in
female salmon was stored in the gametes because the gonads were both large (20% of their wet
body mass) and high in energy density (11 kJ/g). Carcasses following senescent death had lower
mass-specific energy and N (but not P) compared to fishat stream entrance. Bears removed
nearly 50% of the salmon-derived nutrients and energy from the stream by capturing salmon and
dragging the carcasses from the stream. Much of the salmon biomass was made available to
riparian scavengers because bears partially consumed the fish. Nutrients bound in salmon tissue
at senescent death were quickly exported to the estuary after only a few days because of periodic
high flows and low rates of scavenging by bears.

38) Gillilan, S.E. 1989. Storage dynamics of fine woody debris for two low-order coastal
streamsin southeast Alaska. M.S. Thesis, Oregon State University, Corvallis. (C, D)

Author abstract: The characteristics and associated storage dynamics of approximately 2000
pieces of fine woody debris (FWD; 2.5 cm < diameter < 10 cm and 0.3 m < length < 10 m) was
evaluated over athree-year period in two undisturbed salmonid nursery streams in southeast
Alaska. To index a given reach propensity to capture and store FWD over time, 100 survey
stakes (diameter = 2.9 cm, length = 44 cm) were introduced at one- year intervals to the head of
four reaches with distinct coarse woody debris (CWD; diameter > 10 cm, length > 1 m) loadings,
and their downstream dispersal monitored.

Between 1987 and 1989, storage of FWD was temporally and spatialy variable and not
suggestive of steady-state conditions. In the 1987-1988 stormflow period, the total resident FWD
volume (cn? per meter of reach) declined 43%. This was followed by a resident volume increase
of 9% in the 1988-1989 period. These changes in FWD storage occurred despite maximum peak
flowswhich differed between periods by only 10%. These annual changesin FWD storage
indicate thet factors and processes in addition to magnitude of peak flow were important in FWD
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storage dynamics. Factors important in describing the observed storage fluctuations might
include the effects of an unusualy low peak flow regime (20% of nine-year average) in the year
prior to the study’s commencement, as well as variable rates of FWD recruitment from the
riparian environment.

The mgjority of FWD was shorter (66-102 cm) than bankfull width (3.8-5.6 m),
approximately 4.7 cm in diameter, geometrically simple in form, and in moderate to advanced
states of decay. Shorter pieces were generally entrained more frequently than longer pieces,
resulting in selective retention of longer pieces through time. The data strongly suggest FWD
loadings are positively correlated with the amount of CWD in the reach.

Retention of stakes was generally highest in a reach with high CWD loading (0.47 n¥/m),
intermediate in two reaches with moderate CWD loading (0.13 n/m and 0.11 nt/m), and lowest
in areach with low CWD loading (0.0082 n/m). Distinct spatial and temporal stake dispersal
patterns were noted between reaches. The retention of stakes declined most dramatically during
the first stormflow (1.31 n/m) following their introduction, while succeeding storms of equal or
greater magnitude had less of an effect.

39) Glass, R.L., and T.P. Brabets. 1988. Summary of water resources data for the
Girdwood-Alyeska area, Alaska. USDI Geological Survey, Water Resour ces
Division, Anchorage, Alaska, Open-File Report 87-678. 24pp. (G, I)

Electronic abstract: Surface water, groundwater and water quality data for the Girdwood-
Alyeska area are presented in graphs, tables, and maps. Surface water data include streamflow
measurements and water quality analyses from three streams. Groundwater data include
descriptions of 106 wells, with lithologic and water quality data from selected wells. The report
also contains a map depicting the geology of the area.

40) Gomi, T., R.C. Sidle, and D.N. Swanston. 2004. Hydr ogeomor phic linkages of sediment
transport in headwater streams, M aybeso Experimental Forest, southeast Alaska.
Hydrological Processes. 18: 667-683. (B, D, F, I)

Author abstract: Hydrogeomorphic linkages related to sediment transport in headwater streams
following basin wide clear-cut logging on Prince of Wales Iland, southeast Alaska, were
investigated. Landdlides and debris flows transported sediment and woody debris in headwater
tributariesin 1961, 1979, and 1993. Widespread landslidingin 1961 and 1993 was triggered by
rainstorms with recurrence intervals (24 h precipitation) of 7.0 years and 4.2 years respectively.
Occurrence, distribution, and downstream effects of these mass movementswere controlled by
landform characteristics such as channel gradient and valley configuration. Landslides and
channelized debris flows created exposed bedrock reaches, log jams, fans, and abandoned
channels. The terminus of the deposits did not enter main channels because debris flows spread
and thinned on the unconfined bottom of the U-shaped glaciated valley. Chronic sediment input
to channels included surface erosionof exposed till (rain splash, sheet erosion, and freeze-thaw
action) and bank failures. Bedload sediment transport in a channel impacted by 1993 landdlides
and debris flows was two to ten times greater and relatively finer compared with bedload
transport in a young alder riparian channel that had last experienced a landslide and debris flow
in 1961. Sediment transport and storage were influenced by regeneration of riparian vegetation
storage behind recruited woody debris, development of a streambed armour layer, and the
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decoupling of hillslopes and channels. Both spatial and temporal variations of sediment
movement and riparian condition are important factors in understanding material transport within
headwaters and through channel networks.

41) Gomi, T., R.C. Sidle, M .D. Bryant, and R.D. Woodsmith. 2001. The char acteristics of
woody debris and sediment distribution in headwater streams, southeastern Alaska.
Canadian Journal of Forest Research. 31: 1386-1399. (B, C, D)

Author abstract: Large woody debris (LWD), fine woody debris (FWD), fine organic debris
(FOD), and sediment deposition were measured in 15 steep headwater streams with five
management and disturbance regimes. Clear-cut channels logged in 1995 contained large
accumulations of logging residue that initially provided sites for sediment storage. Half of the
LWD in clear-cut channels was recruited during and immediately after logging. Woody debris
from logging activities remains in young growth conifer channels 37 years after logging.
Numbers of LWD in clear-cut and young conifer channels were significantly higher thanin old-
growth channels, although numbers of FWD pieces were not significantly different because of
higher recruitment from old- growth stands. Channels that experienced recent (1979 and (or)
1993) and earlier (1961 and (or) 1979) scour and runout of landslides and debris flows contained
less LWD and FWD, although large volumes of LWD and FWD were found in deposition zones.
The volumes of sediment stored in young alder and recent landslide channels were higher than in
the other channels. Because of the recruitment of LWD and FWD from young alder stands, the
ratio of sediment stored behind woody debris to total sediment volume was higher in young ader
channels compared with recent landslide channels. Numbers of LWD and FWD piecesin all
streams were significantly correlated with the volumes of sediment stored behind woody debris.
Timber harvesting and soil mass movement influence the recruitment, distribution, and
accumulation of woody debris in headwater streams; this modifies sediment storage and
transport in headwater channels.

42) Gomi, T., R.C. Sidle, R.D. Woodsmith, and M.D. Bryant. 2003. Char acteristics of
channel steps and reach morphology in headwater streams, southeast Alaska.
Geomor phology. 51: 225-242. (A, D)

Author abstract: The effect of timber harvesting and mass movement on channel steps and
reach morphology was examined in 16 headwater streams of SE Alaska. Channel steps formed
by woody debris and boulders are significant channel units in headwater streams. Numbers,
intervals, and heights of steps did not differ among management and disturbance regimes. A
negative exponential relationship between channel gradient and mean length of step intervals
was observed in the fluvial reaches (<0.25 unit gradient) of recent landdide and old- growth
channels. No such relationship was found in upper reaches (3 0.25 gradient) where colluvia
processes dominated. Woody debris and sediment recruitment from regenerating riparian stands
may have obscured any strong relationship between step geometry and channel gradient in young
alder, young conifer, and recent clear-cut channels. Channel reaches are described as pool—
riffles, step—pools, step—steps, cascades, rapids, and bedrock. Geometry of channel steps
principally characterized channel reach types. We infer that fluvial processes dominated in pool—
riffle and step—pool reaches, while colluvia processes dominated in bedrock reaches. Step—step,
rapids, and cascade reaches occurred in channels dominated by both fluvial processes and
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colluvial processes. Step—step reaches were transitional from cascades (upstream) to step—pool
reaches (downstream). Woody debris recruited from riparian corridors and logging activities
formed steps and then sequentially might modify channel reach types from step—pools to step—
steps. Scour, runout, and deposition of sediment and woody debris from landslides and debris
flows modified the distribution of reach types (bedrock, cascade, and step—pool) and the
structure of steps within reaches.

43) Grotefendt, R.A. 1996. A pilot study utilizing low-altitude fixed base aerial
photography for monitoring riparian and channel habitat conditions. Report
written by Forest Consulting and Photogrammetry, North Bend, Washington.
Written for Sealaska Corporation, Juneau, Alaska. 15pp. plus maps and photo
plates. (A, D, F)

Compiler abstract: The purpose of this pilot study was to investigate the potential of low
altitude aeria photography as a means to enhance the monitoring of riparian buffers and stream
channel habitats on Sealaska Corporation lands in southeast Alaska. Monitoring of riparian
habitats is normally conducted through ground surveys. However, obtaining large sample sizes
and quantifying the complexity of riparian and channel habitats is difficult with ground surveys.
Therefore, in 1995, low atitude aeria photographs (420 to 750 ft. flying heights) were obtained
for about 3 miles of Cabin Creek, Prince of Wales Island, Alaska and for 2 miles of Sandstone
Creek, Canyon River, and Wildcat Creek in Washington. The imagery was expected to: 1)
provide multiple measurements of many riparian attributes, 2) document stream changes for
historical review, 3) obtain detailed photographs to show the effectiveness of land management
practices, and 4) provide the ability to repeat the measurements that were taken. Thirty riparian
and stream characteristics were investigated using low altitude photos, including (but not al
inclusive): diameter of downed trees, heights of standing trees, cut bank erosionvolume, down
tree count, down tree decay class, geomorphic zones, channel gradient (%), treefal direction,
canopy closure (%), channel width, stem map, sand bar map, channel bank map, log debris
position map. Results showed that photo measurements were accurate at quantifying many
riparian characteristics, however, overhanging vegetation can obscure some dimensions.
Therefore, low altitude photography may be used in conjunction with ground survey techniques
to more fully quantify riparian area characteristics.

44) Halupka, K.C., M.F. Willson, M.D. Bryant, F.H. Everest, and A.J. Gharrett. 2003.
Conservation of population diversity of Pacific salmonin southeast Alaska. North
American Journal of Fisheries Management. 23: 1057-1086. (K)

Author abstract: We analyzed intraspecific variation in selected biological characteristics of
five species of Pacific salmon Oncorhynchus spp. in southeast Alaska and adjacent areas of
Canada with a particular interest in describing the variation among populations and suggesting
conservation priorities to preserve existing variation. We identified traits that showed high levels
of among-population variation, evaluated the interspecific consistency of variation patterns, and
noted the relationship of these traits to potential adaptive variation. In addition, we graphically
identified populations with distinctive phenotypic and demographic characteristics as outliers
from the distribution of mean values of traits taken from populations throughout the region. We
also reviewed allozyme surveys to identify populations that differed in terms of the geographic
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clustering patterns of allele frequencies. Approximately 9,000 salmon populations occur in the
study area, and sufficient data were available from 2,062 (23%) of them to analyze at least one
characteristic. We identified 47 popul ations represented by adequate data sets that have
distinctive characteristics. An additional 35 populations, represented by limited samples or
unusua nominal traits, may be regionally distinctive. Of the 47 adequately sampled, distinctive
populations, 22 met our criteriafor conservation consideration: (1) high potential for adaptive
variation (including distinctive run timing), (2) adistinctive trait combined with high spawner
abundance or allozyme frequencies that diverge from geographic clustering patterns, and (3)
more than one distinctive characteristic or freshwater habitat shared with other distinctive
populations. Freshwater habitats for 6 of those 22 populations are located in watersheds that do
not have restrictive land use designations and warrant the highest conservation priority.

45) Harding, R.D. 1993. Abundance, size, habitat utilization, and intrastream movement of
juvenile coho salmonin a small southeast Alaska stream. M.S. Thesis, University of
Alaska, Fairbanks. 109pp. (A, D)

Author abstract: Aquatic habitat was measured, and juvenile coho salmon Oncorhynchus
kisutch abundance and intrastream migrations were monitored in Kake Bake Creek, Alaska,
between 1985 and 1986. Fry densities averaged 0.88, 0.33, and 0.11 fish/n? during August,
November, and March, respectively; parr densities averaged 0.15, 0.09, and 0.05 fish/n?, during
August, November, and March respectively. Fry were distributed evenly between riffle, glide,
and pool habitat types during August, but not during November or March. Parr were distributed
evenly in riffle and glide habitats during August, November and March. Stream areas containing
pools and large woody debris tended to have higher coho densities; habitat was generally a
significant predictor of juvenile abundance despite low R values.

Fall immigrants totaled 1,434 coho, with 764 immigrating into beaver ponds. Fall immigrants
were bright silver in color and several had sea-lice Calugus spp. attached near their anal fins.
Between April 1 and June 2, 1986, 586 coho smolts emigrated from Kake Bake Creek; 172 had
been fall immigrants.

46) Harris, A.S., and W.A. Farr. 1974. The forest ecosystem of southeast Alaska. 7. Forest
ecology and timber management. USDA Forest Service, Pacific Northwest For est
and Range Experiment Station, General Technical Report PNW-25. 109pp. (K)

Author abstract: Large-scale use of the timber resource of southeast Alaska began in 1953 after
long efforts to establish a timber industry. Development and present status of the industry and
present management of the timber resource are summarized, stressing the biological basis for
timber management activities in southeast Alaska today. Ecological and silvicultura
considerations related to timber harvest, reforestation, and stand development are discussed.

Published and unpublished information are brought together. Current management practices
are discussed as a basis for a better understanding of how this information can be helpful in
managing the timber resource and to point out where research is needed.

47) Heifetz, J., M.L. Murphy, and K.V. Koski. 1986. Effects of logging on winter habitat of
juvenile salmonidsin Alaskan streams. North American Journal of Fisheries
Management. 6: 52-58. (A, D)
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Electronic abstract: Effects of logging on preferred winter habitats of juvenile salmonidsin
southeastern Alaskan streams were assessed by conparing the area of preferred winter habitat in
54 reaches of 18 streams. Three types of streams were sampled at each of six locations. a stream
in a mature, undisturbed forest; a stream in a clear-cut area but logged on at least one bank; and a
stream in aclear-cut area with strips of forest (buffer strips) along the stream bank. To identify
preferred winter habitats, we classified stream areas in 12 of 18 streams into discrete habitat
types and compared the density of salmonids within these habitat types with average density of
the entire reach. Most wintering Coho salmon (Oncor hynchus kisutch), Dolly Varden (Salvelinus
malma), and steelhead (Salmo gairdneri) occupied deep pools with cover (i.e., upturned tree
roots, accumulations of logs, and cobble substrate). Riffles, glides, and pools without cover were
not used. Seventy-three percent of all pools were formed by large organic debris. Reachesin
clear-cut areas without buffer strips had significantly less area of pool habitat than old-growth
reaches. Buffer strips protected winter habitat of juvenile salmonids by maintaining pool area
and cover within pools. In some cases, blowdown from buffer strips added large organic debris
to the stream and increased the cover within pools.

48) Hennon, P., M. Wipfli, R. Deal, A. Johnson, T. De Santo, M. Schultz, T. Hanley, E.
Orlikowska, G. Takashi, M. Bryant, and R. Edwards. 2002. Mixed alder-conifer
forests: Managing upland ecosystems in southeast Alaska for wood products,
wildlife, and fish. In: Congruent Management of Multiple Resour ces. Proceedings
From the Wood Compatibility Initiative Workshop, 4-7 December 2001, Stevenson,
Washington. A.C. Johnson, R.W. Haynes, and R. A. Monserud, Editors. USDA
Forest Service, Pacific Northwest Resear ch Station, General Technical Report
PNW-GTR-563. Pages 51-58. (C, D)

Author abstract: Historically, red alder (Alnus rubra) Bong. has been viewed as an undesirable
tree species and has been actively removed from managed forests. Several recent studies suggest
that the presence of red alder may help aleviate some of the problems associated with fishand
wildlife habitat that develop in the dense conifer-dominated young-growth forests that typically
grow after clearcutting. Our study uses an integrated approach to evaluate to what extent red
alder may influence trophic linkages and processes in managed young-growth ecosystems. Key
components of this study include how logging and natural disturbance favor the regeneration of
alder and how different mixtures of alder are associated with timber productivity, woody debris
recruitment, terrestrial and aguatic invertebrate abundance, and fish and wildlife habitat. By
using one independent variable in all components of this study (i.e., amount of red alder), we
simultaneously contrasted many possible responses across this gradient to develop a general
response model. Managers may use this model to choose a desirable level of red alder in a
particular landscape to meet simple or multiple resource objectives. Both compatibility and
tradeoffs among resources will be clearly evident. Active management (i.e., thinning with
species bias or planting) can be used to achieve different amounts of alder in managed forests.

49) Hetrick, N.J., M.A. Brusven, W.R. Meehan, and T.C. Bjornn. 1998. Changesin solar
input, water temperature, periphyton accumulation, and allochthonous input and
storage after canopy removal along two small salmon streamsin southeast Alaska.
Transactions of the American Fisheries Society. 127: 859-875. (C, E, H, J)
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Electronic abstract: Changes in solar radiation water temperature, periphyton accumulation,
and allochthonous inputs and storage were measured after we removed patches of deciduous,
second- growth riparian vegetation bordering two small streamsin southeast Alaskathat produce
Coho salmon Oncorhynchus kisutch. Solar radiation and leaf litter input were measured at the
water surface at random locations dispersed through six alternating closed- and opencanopy
stream sections. Water temperature, periphyton, and stored organic samples were collected near
the downstream end of each section. Solar radiation intensity was measured with digital daylight
integrators and pyronometers, periphyton biomass and chlorophyll a were measured on red clay
tile substrates, allochthonous input was measured with leaf litter baskets, and benthic organic
matter was measured with a Hess sampler. Average intensity of solar radiation that reached the
water surface of open-canopy sections was significantly higher than in closed-canopy sections of
two streams measured during daylight hours in summer 1988 and of one stream measured day
and night in summer 1989.

50) Hetrick, N.J., M.A. Brusven, T.C. Bjornn, R.M. Keith, and W.R. Meehan. 1998. Effects
of canopy removal on invertebrates and diet of juvenile Coho salmon in a small
stream in southeast Alaska. Transactions of the American Fisheries Society. 127:
876-888. (C)

Electronic abstract: We assessed changes in availability and consumption of invertebrates by
juvenile Coho salmon Oncorhynchus kisutch in a small stream in southeast Alaskawhere patches
of dense second- growth riparian vegetation bordering the stream had been removed. Benthic
invertebrate populations were assessed during summer 1988 and 1989 with a Hess sampler.
Aerid invertebrates were sampled during summer 1989 with wire- mesh sticky traps hung just
above the water surface and with floating clear-plastic pan traps. Invertebrate drift was assessed
during summer 1989 with nets placed at the downstream end of closed- and open-canopy stream
sections. Diets of age-0 and age-1 Coho salmonwere sampled by flushing stomach contents of
fishcollected from closed- and open-canopy stream sections. Abundance and biomass of benthic
invertebrates were larger in opent than in closed-canopy stream sections and were primarily
Dipterans, Ephemeropterans, and Plecopterans. More insects were caught on sticky traps in open
than in closed sections on two of four dates sampled, and composition of the catch was primarily
dipterans (74% in both closed- and open-canopy sections).

51) Johnson, A.C., and P. Wilcock. 2002. Association between cedar decline and hillslope
stability in mountainous regions of southeast Alaska. Geomor phology. 46: 129-142.

(K)

Author abstract: Old-growth forests experiencing widespread decline of yellow-cedar
(Chamaecyparis nootkatensis ) in southeast Alaska have a 3.8-fold increase in the frequency of
landslides. We report here on an investigation of the cause of this increased dope instability.
Time since death of cedar was assessed using surveys around landslide sites. Root decay on dead
trees was used to estimate the decline in the apparent soil strength provided by roots. Changes in
soil hydrology were measured with 120 piezometers located in areas of healthy cedar, healthy
spruce/hemlock, and sites with cedar decline. Relative influences on slope stability by changesin
soil moisture and root strength were evaluated with a simple stability model. At most sites, soil
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depth is <0.7 m, and the loss of root strength has an important and possibly dominant influence
on slope instability. In soils degper than 1 m, changes in pore pressure have a proportionately
larger influence on slope stability. Landslides appear most likely when cedar decline reaches
snag class IV (approximately 50 years after tree death), when most of the cedar root strength is
lost and root strength from secondary growth has yet to devel op.

52) Johnson, A.C., and R.T. Edwards. 2002. Physical and chemical processesin headwater
channels with red alder. In: Congruent Management of M ultiple Resour ces:
Proceedings From the Wood Compaitibility I nitiative Workshop, 4-7 December
2001, Stevenson, Washington. A.C. Johnson, R.W. Haynes, and R. A. Monserud,
Editors. USDA Forest Service, Pacific Northwest Resear ch Station, General
Technical Report PNW-GTR-563. Pages 101-108. (E)

Author abstract: We investigated links between physical disturbance processes, vegetation type
(alder or conifer), and stream nitrate concentrations in headwater streams in young-growth stands
and old-growth forests within mountainous terrain in southeast Alaska. Alder coverage in upland
headwater zones (areas with Sopes > 15°, or 27%) associated with landsliding was more
extensive within young- growth stands than within old-growth forests. The highest nitrate
concentrations occurred in streams within alder dominated young- growth forest. However, some
streams with high alder coverage had low nitrate concentrations. These streams were larger and
originated within alpine zones or ridge tops, suggesting that landform and source area may be
important factors regulating nutrient concentrations. An understanding of the relationship among
disturbance patterns, tree species establishment, and nutrient cycling may help managers better
predict the effect of harvest practices on stream productivity.

53) Johnson, A.C., D.N. Swanston, and K.E. M cGee. 2000. L andsdlide initiation, runout, and
deposition within clear cuts and old-growth forests of Alaska. Journal of the
American Water Resour ces Association. 36: 17-30. (K)

Electronic abstract: More than 300 landdlides and debris flows were triggered by an October
1993 storm on Prince of Wales Idland, southeast Alaska. Initiation, runout, and deposition
patterns of landslides that occurred within clearcuts, second- growth, and old-growthforests were
examined. Blowdown and snags, associated with cedar decline and "normal” rates of mortality,
were found adjacent to at least 75 percent of all failures regardless of land use. Nearly 50 percent
of the landslides within clearcuts occurred within one year following timber harvest; more than
70 percent of these sites had hydrophytic vegetation directly above failures. In following the
runout paths of failures, significantly more erosionper unit area occurred within clearcuts than in
old- growth forests on slopes with gradients from 9 to 28 degree (16 to 54 percent). Runout
length, controlled by hillslope position within deglaciated valleys, was typically longer in old-
growth forests than in second growthand clearcuts (median values were 334, 201, and 153 m,
respectively). Most landslides and debris flows deposited in first- and second-order channels
before reaching the main stem channels used by anadromous fish Slide deposits in old-growth
forests were composed of a higher proportion of woody debris than deposits derived from slides
in second growth or clearcuts.
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54) Johnson, SW., and J. Heifetz. 1985. M ethods for assessing effects of timber harvest on
small streams. National Oceanic and Atmospheric Administration, National Marine
Fisheries Service, Northwest and Alaska Fisheries Center, Auke Bay L aboratory,
Alaska, NOAA Technical Memorandum ABFL/NMFS. (A, C,E, G, I)

Electronic abstract: The methods used by the Northwest and Alaska Fisheries Center's Auke
Bay Laboratory in assessing the effects of clear-cut logging on salmonid habitat and the
effectiveness of buffer strips in protecting fish habitat during and after logging are described in
detail. The methods have been used by the laboratory since 1982 to study fish populations and
habitat in three different categories of streams in southeastern Alaska. The methods described
include measurements of fish, periphyton, benthos, preferred fish habitats, and stream physical
characteristics, such as discharge gradient, substrate, and water quality.

55) Johnson, SW., J. Heifetz, and K.V. Koski. 1986. Effects of logging on the abundance
and seasonal distribution of juvenile steelhead in some southeastern Alaska streams.
North American Journal of Fisheries. 6: 532-537. (K)

Electronic abstract: Eighteen streamsin six locations in Southeastern Alaska were examined
for the effects of logging on juvenile steelhead (Salmo gairdneri) populations. Three types of
streams were examined at each location: a stream in undisturbed old- growthforest; a streamin a
clear-cut area with strips of forest (buffer strips) along the stream bank; and a stream in a clear-
cut arealogged on at least one bank. Within each stream type, three reaches were sampled. Few
juvenile steelhead were found in reaches where juvenile cutthroat trout (Salmo clarki) were
present, and no juvenile steelhead were found in streams with a lowflow discharge (<0.06 n¥/s).
Only two study sites, Prince of Wales Island and Mitkof Island, had juvenile steelhead in all
three stream types. Fry (age 0) and parr (age 1 and older) were sampled in summer and winter at
the Prince of Wales Idland site; parr were sampled in summer at the Mitkof Island site. Logging
appeared to affect the growth of steelhead fry and the abundance and distribution of both fry and
parr. On Prince of Wales Island, fry were more abundant and larger in the clear-cut reaches than
in the old- growth or buffered reaches. Parr density in summer was highest in the clear-cut
reaches at both sites but, by winter, had decreased 91% in the clear-cut reaches and had increased
100 and 400%, respectively, in the old-growth and buffered reaches. Parr were migrating during
fall and winter; therefore, the effects of logging on their growth could not be assessed.

56) Jones, SH., R.J. Madison, and C. Zenone. 1978. Water resour ces of the K odiak-
Shelikof Subregion, south-central Alaska. USDI Geological Survey, Water
Resour ces Division, Anchorage, Alaska, Hydrologic I nvestigations AtlasHA-612. (1)

Electronic abstract: Hydrologic data for the Kodiak-Shelikof subregion of south-central Alaska
are summarized to provide a basis for planning water resources development, identifying water
problems and evaluating existing water quality and availability. Average annual precipitation,
measured at a few coastal locations in this maritime climatic zone, ranges from 23 to 127 inches.
Mean annual runoff for the Kodiak Island group ranges from 4 to 8 cfs/sg mi. A maximum
instantaneous runoff of 457 cfs/sq mi has been determined from a small basin on Kodiak Island.
Lowest measured stream discharges range from no flow to 0.91 cfs/sq mi. Surface water isthe
primary source of water supplies for the city of Kodiak and other communities. The geology of
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the subregion is characterized by metamorphosed sedimentary and volcanic rocks with only a
thin mantle of unconsolidated material. A few small, aluvium-filled coastal valleys offer the
most favorable conditions for ground-water development, but moderate yields (50-100 gal/min)
have been obtained from wells in fractured bedrock. Water in streams and lakes generaly has a
dissolved- solids concentration less than 60 mg/L, and the water varies from a calciun+
bicarbonate type to a sodium-chloride type. The chemical composition of ground waters has a
dilute calcium-bicarbonate type in unconsolidated materials and a sodium:-bicarbonate type in
bedrock. The dissolved solids in the groundwater ranges from 170 to 250 mg/L.

57) Keith, R.M., T.C. Bjornn, W.R. Meehan, N.J. Hetrick, and M.A. Brusven. 1998.
Response of juvenile salmonidsto riparianand instream cover modificationsin
small streams flowing through second-growth for ests of southeast Alaska.
Transactions of the American Fisheries Society. 127: 889-907. (D)

Electronic abstract: We manipulated the canopy of second-growth red alder Alnus rubra and
instream cover to assess the effects on abundance of juvenile salmonidsin small streams of
Prince of Wales Island, southeast Alaska, in 1988 and 1989. Sections of red alder canopy were
removed to compare responses of salmonids to open and closed-canopy sections. At the start of
the study, all potential instream cover was removed from the study pools. Alder brush bundles
were then placed in half the pools to test the response of juvenile salmonids to the addition of
instream cover. Abundance of age-0 Coho salmon Oncorhynchus kisutch decreased in both

open and closed-canopy sections during both summers, but abundance decreased at a higher rate
in closed-canopy sections. More age-0 Dolly Varden Salvelinus malma were found in open
canopy sections than in closed-canopy during both summers. Numbers of age-1 and older Coho
salmon and Dolly Varden were relatively constant during both summers, and there was no
significant difference in abundance detected between open and closed-canopy sections.
Abundance of age-0 Coho salmon decreased in pools with and without additional instream cover
during both summers. Abundance of age-1 and older Coho sailmon and age-0 Dolly Varden did
not differ significantly in pools with or without added cover during either summer. Abundance of
age-1 and older Dolly Varden was higher in pools with added instream cover than in pools
without cover during both summers. Age-0 Coho salmon decreased in abundance throughout the
summer in both years. Emigration was measured in 1989 and accounted for most of the decrease
in abundance. Age-0 Coho salmon emigrants were significantly smaller than age-0 Coho salmon
that remained in the stream

58) Kesdler, S.J., SJ. Paustian, and S. Russell. 1989. M odeling fish habitat and stream class
using channé classifications. In: Proceedings of Watershed ‘89: A Conference on
the Stewar dship of Sail, Air, and Water Resour ces, 21-23 March 1989, Juneau,
Alaska. E.B. Alexander, Editor. USDA Forest Service, Alaska Region, R10-M B-77.
Page 101. (A)

Author abstract: Channel type inventories of Tongass National Forest streams are used in a
number of ways in the Revision of the Tongass Land Management Plan and other planning and
implementation activities across the Forest. For the fish resource, three major uses of the channel
type inventories are employed in conjunction with the ARC/INFO Geographical Information
system (GIS). These uses are: 1) to model the quantity of timber available from riparian areas as
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aresult of application of different |land management prescriptions, 2) to modd the fish habitat
capability of Forest streams, and to predict effects on the fish resource resulting from different
land management alocations, and 3) to predict stream class, or display the extent of anadromous
and resident fish habitat. We presented detailed information for the second two uses, while
Wilsona and Kessler addressed the quantity of timber available in riparian areas in their
presentation.

59) Kirchhofer, D.A. 1984. A stream ecosystem in an old-gr owthforest in southeast Alaska.
Part I11: Standing crop and drift of invertebratesin Porcupine Creek. In: Fish and
Wildlife Relationshipsin Old-Growth Forests. Proceedings of a symposium, 12-15
April 1982, Juneau, Alaska. W.R. Meehan, T.R. Merrell, Jr., and T.A. Hanley,
Editors. Pages 71-79. (C)

Author abstract: Abundance and composition of benthos and drift in Porcupine Creek, a small
undisturbed stream in southeast Alaska, was sampled over a period of two years. Abundance of
aquatic insects varied greatly from year to year. The density (number per sg m) was three to six
times greater in 1978 than in 1977, ranging from a low of 307 insects/nt to a high of 48,418
insects/nt. For freshwater reaches of Porcupine Creek, four taxa, two mayfly genera, Baetis and
Cinygmula, one stonefly taxa, Alloperla complex, and the diteran family Chironomidae made up
64-81 percent of all insects in the benthos. The stream/estuary ecotone of Porcupine Creek,
which as influenced by tides, had a greater density of macroinvertebrates than the freshwater
reaches. | sopods and amphipods accounted for 93 percent of the benthos in the ecotone.

Drift was composed of the same major taxa as the benthos, but in different proportions. For
the third-order section, two taxa, Baetis and Chironomidae, made up 66-98 percent of the total
drift. Baetiswas a greater percentage of drift than benthos at both second- and third-order
reaches, whereas Alloperla made up a greater percentage of benthos than drift and did not drift in
any numbers except during spring emergence.

60) Kirkpatrick, B., T.C. Shirley, and C.E. O’Clair. 1998. Deep-water bark accumulation
and benthos richness at log transfer storage facilities. Alaska Fishery Research
Bulletin. 5: 103-115. (K)

Author abstract: A small, manned submersible was used to determine the extent of bark
accumulation and its effects on the epifaunal macrobenthos at depths from 20-130 m at log
transfer facilities (LTFs) and log rafting facilities (LRFs) in Dora Bay, Prince of Wales Island,
Alaska. Continuous videotaping from an external fixed camera was conducted along 6 transects
located near LTFs and LRFs and along 3 transects in asimilar, adjacent area not used asan LTF
or LRF. Bark and woody debris accumulation and kinds and numbers of organisms were
recorded by depth for 3 general habitat types (steep, rocky; moderate incline; cobble; flat, silty)
with and without bark. Bark accumulation was found to 40-m depth on 6 dives, and to 70-m
depth on 3 dives. Of 91 taxa observed during the study, most (69 species) were found on rocky,
bark-free habitat; significantly reduced species richness was found in al bark-dominated
habitats. Bark and debris from LTFs appeared to be displaced down slope into adjacent, deeper
area; thisisthe first published account of bark and woody debris accumulation below 20-m
depth. In suitable habitats, manned submersibles or remotely operated vehicles appear to be
useful tools for monitoring bark accumulation and investigating the effects of logging facilities.
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61) Kline, T.C., Jr., J.J. Goering, O.A. Mathisen, P.H. Poe, and P.L. Parker. 1990.
Recycling of elements transported upstream by runs of Pacific salmon: 1. d®™N and
d®3C evidencein Sashin Creek, southeastern Alaska. Canadian Journal of Fisheries
and Aquatic Sciences. 47: 136-144. (E)

Electronic abstract: Vaue of d*>N and d*3C (the per mil deviation from the recognized isotope
standard) from biota of a southeastern Alaska stream (Sashin Creek) that receives an annual run
of 30,000 anadromous pink salmon (Oncor hynchus gorbuscha ) were measured to determine
sources of nitrogen(N) and carbon (C). Marine-derived nitrogen (MDN) is the predominant
source of N for food webs found in the lower 1,200 m of the stream which, due to a waterfall, is
the only portion of the stream available to salmon returning to spawn. Comparable spawning
section biota were enriched by about 5 per mil relative to the salmon-free control section,
corresponding to the difference between 0 and 100% MDN in amixing model. Food webs of
resident rainbow trout (O. mykiss), at the outlet of one of the source lakes, Sashin Lake, have
very low d*3C, suggesting the importance of a respired C pool in the lake

62) Konopacky Environmental. 1996. Fish collectionsin twelve unnamed and USFS-
designated Class 111 streamson Prince of Wales Island, southeast Alaska, during
late-June 1996. Annual Report — 1995, Volume 2 of 2. Konopacky Project No. 002-7
report written by Konopacky Environmental, Meridian, Idaho. Written for
Ketchikan Pulp Company, Ketchikan, Alaska. Submitted to Alaska Department of
Fish and Game, Juneau, Alaska. (A)

Author abstract: Konopacky Environmental staff used a Coffelt Mark X backpack
electrofisher, set at 300 volts and variable amperage, to sample a 60-m long reach in each of 12
small unnamed USFS-designated Class |11 streams (i.e., fishless) on Prince of Wales Island,
southeast Alaska, on June 25-26, 1996. Three streams were located in each of four study-defined
guadrants (i.e., north, west, east, south) on the idand. All streams were used in an ongoing multi-
year water-air temperature/timber harvest study, funded by Ketchikan Pulp Company, on the
island. A total of three Dolly Vardenchar Salvelinus malma were collected from two streams.
One char (i.e, 126 mm total length [TL], 15 g live weight [LW]), was collected from a stream,
located at T66S, R80E, SE1/4, in the north quadrant on the island. Two char (i.e, 97 mmTL, 7 g
LW and 107 mm TL, 10 g LW) were collected from a stream, located at T71S, R80E, S02,
NW1/4, in the west quadrant on the island. No fishof any species were collected in the sampled
reaches of the other ten study streams. Given the small number of fish found in the two streams
via the electrofishing efforts, the USFS method of labeling Class |11 streams appears acceptable
for planning purposes associated with timber harvest.

63) Koski, K.V. 1981. Utilization of estuarine areas by salmonidsin southeastern Alaska
and the potential impact from logging. Estuaries. 4: 286-287. (K)

Electronic abstract: Southeastern Alaska is a complex of mountainous islands and fiords. Most
of this archipelago is in the Tongass Nationa Forest which contains the largest stand of old
growthforest in the United States. Over 250,000 acres of the Tongass have been clearcut and
logging is continuing at arate of about 18,000 acres annually. Over 2,500 identified salmon
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streams flow from this Forest into adjacent estuaries, these ecosystems produce about 30% of the
Nation's salmon resource. Physical and biological characteristics of these estuaries are variable
and dependent upon adjacent watershed topography and geology.

64) Koski, K.V., and D.A. Kirchhofer. 1984. A stream ecosystem in an old-growthforestin
southeast Alaska. Part 1V: Food of juvenile coho salmon, Oncorhynchus kisutch, in
relation to abundance of drift and benthos. In: Fish and Wildlife Relationships in
Old-Growth Forests. Proceedings of a symposium, 12-15 April 1982, Juneau,
Alaska. W.R. Meehan, T.R. Merrell, Jr., and T.A. Hanley, Editors. Pages 81-87. (C)

Author abstract: Stomach contents of juvenile coho salmonwere collected from five study
reaches in Porcupine Creek, southeast Alaska, using a flushing technique that did not injure the
fish The food consumed was compared with the apparent food availability as measured by
samples of the invertebrate drift and benthos. The prey items found in the stomachs were ranked
asto their relative dietary importance using the Index of Relative Importance (IRI). To determine
what food was available or unavailable to coho salmon, the actual food consumed was compared
with the apparent food availability using an Index of Food Selection (L). Total stomach contents
were compared using a relative index of fullness. Food items with the highest values of IRI
varied among all study reaches. Amphipods were the most important food in the stream / estuary
ecotone, and Diptera was the dominant food in the freshwater reaches upstream. Pink salmon
eggs were the most important food item in all reaches during September. Salmon eggs,
amphipods, and Diptera were actively selected from the apparent availability of food, whereas
Plecoptera, Ephemeroptera, and isopods were usually avoided or not available. The fullness of
stomachs reflected the general abundance of food in the drift and benthos. Terrestrial insects
were scarce in the diet and in the apparent food supply, possibly reflecting the low diversity of
vegetation associated with old-growthforests in southeast Alaska. The stream / estuary ecotone
is an important rearing habitat for coho salmon as shown by its higher density and growth as
compared with areas upstream. Possible consequences of logging are discussed.

65) Koski, K.V., and M.L. Murphy. 1989. Input and depletion of woody debrisin Alaska
streams and implications for streamside management. North American Journal of
Fisheries Management. 9: 427-436. (D)

Author abstract: Natura rates of input and depletion of large woody debris (LWD) in southeast
Alaska streams were studied to provide a basis for managing streamside zones to maintain LWD
for fish habitat after timber harvest. Debris was inventoried in a variety of stream typesin
undisturbed old- growth forest; 252 pieces of LWD were dated from the age of trees growing on
them. Longevity of LWD was directly related to bole diameter: small LWD (10-30 cm diameter)
was less than 110 years old, whereas large LWD (> 60 cm diameter) was up to 226 years old.
Assuming equilibrium between input and depletion of LWD in streams in old-growth forests and
exponential decay of LWD, input and depletion rates were calculated from mean age of LWD.
Input and depletion rates were inversely proportional to LWD diameter and ranged from 1%/yr
for large LWD in al stream types to 3%/yr for smal LWD in large, high-energy, bedrock-
controlled streams. A model of changesin LWD after timber harvest (which accounted for
depletion of LWD and input from second-growth forest) indicated that 90 years after clear-cut
logging without a stream-side buffer strip, LWD would be reduced by 70% and recovery to
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prelogging levels would take more than 250 years. Because nearly all LWD is derived from
within 30 m of the stream, the use of a 30-m wide, unlogged buffer strip aong both sides of the
stream during timber harvest should maintain LWD.

66) Landwehr, D. 1993. Soil disturbance monitoring transects. Thorne Bat Ranger District,
Tongass National Forest. In: Proceedings of Watershed ‘91: Sail, Air, and Water
Stewar dship Conference, 16-17 April 1991, Juneau, Alaska. T. Brock, Editor. USDA
Forest Service, Alaska Region, R10-M B-217. Page 58. (K)

Author abstract: One hundred ninety soil disturbance transects were completed in timber
harvest units on the Thorne Bat Ranger District, Tongass National Forest in southeast Alaska.
Minera soil disturbance on individual transects varied from 0 to 39 percent of the transect.
Average disturbance of all transects was 4.6 percent. Shovel yarding averaged dightly higher
levels of disturbance, 5.1 percent, as compared to cable yarding systems which averaged 4.0
percent.

Comparisons were drawn between the Coffman Cove Administrative Area and the Thorne
Bay Administrative Area. Shovel yarding on the Coffman Cove averaged 7.1 percent mineral
soil disturbance whereas shovel yarding on the Thorne Bay Area averaged 3.3 percent.

Differences in mineral soil disturbance between the two administrative areas can be
explained by differences in operator experience or awareness and differences in timber sale
administration. Once operators on the Coffman Cove Areatried to reduce soil disturbance,
conditions improved and total disturbance was reduced.

Shove yarding appears to have the higher potential for exposing mineral soil. When done
improperly, shovel yarding can result in high levels of disturbance. Standards and guidelines for
overal mineral soil disturbance were met in al the units involved in the study. Three units are
borderline on acceptable disturbance (i.e. Confidence intervals overlap the acceptable level).
Most of the exposed [soil] in these areas resulted from rutting in shovel yarded areas and skid
trails in the case of one downhill hi-lead unit.

67) Lide, T.E. 1986. Effects of woody debris on anadromous salmonid habitat, Prince of
Wales |dand, southeast Alaska. North American Journal of Fisheries M anagement.
6: 538-550. (A, D)

Author abstract: The effects of woody debris on anadromous salmonid habitat in eight streams
on Prince of Wales Island, southeast Alaska, were investigated by comparing low-gradient (1-
9%) first- or second-order streams flowing through either spruce- hemlock forests or 6-10-year-
old clearcuts, and by observing changes after debris was selectively removed from clear-cut
reaches. Woody debris decreased the rate of shallowing as discharge decreased, thus helping to
preserve living space for fishduring critical low-flow periods. Debris dams were more frequent
in clear-cut streams (14.9/100 m), which contained more debris, than in forested streams
(4.2/100 m). As aresult, total residual pool length (Iength when pools are filled with water but
there is no flow) and length of channel with residual depth greater than 14 cm+the depth range
occupied by 84% of coho salmon (Oncor hynchus kisutch)-were greater in clear-cut streams than
in forested streams. Greater volumes of woody debris in clear-cut streams produced greater
storage of fine sediment (<4-mm diameter) unless the stream gradient was sufficiently high to
flush sediment from storage. One-half of the debris dams broke up or were newly formed over a
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3-year period, which suggests that they usually released sediment and woody debris before the
pools they formed were filled with sediment. Woody debris removal decreased debris-covered
area, debris damfrequency, and hydraulic friction in some cases but, in others, these variables
were unaffected or recovered within 2 years after erosionand adjustment of the streambed. No
consistent differences in pool dimensions were found between treated and untreated clear-cut
reaches. Comparisons of habitat in forested and clear-cut streams suggested that removing debris
from clear-cut streams reduced salmonid carrying capacity. Retention and natural reformation of
debris dams in cleared reaches prevented the expected deterioration of habitat. However, the
removal and destabilization of existing woody debris may cause depletion of debris before
riparian trees can regrow and furnish new material to the clear-cut streams.

68) Lohr, S.C., and M .D. Bryant. 1999. Biological characteristics and population status of
steelhead (Oncorhynchus mykiss) in southeast Alaska. USDA Forest Service, Pacific
Northwest Research Station, General Technical Report PNW-GTR-407. 20pp. (K)

Author abstract: We reviewed existing data to determine the range and distribution of steelhead
(Oncorhynchus mykiss) in southeast Alaska, summarized biological characteristics, and
determined population status of steelhead stocks. Unique or sensitive stocks that may require
consideration in planning land management activities are identified within the data reviewed.
Data sources were personal communications, reports, and unpublished data files of State and
Federal agencies. Only eight winter-run stocks in southeast Alaska and two summer-run stocks
in southwest Alaska had sufficient data to valuate biological characteristics. Age structure, sex
ratio, incidence and frequency of repeat spawning, and body length were similar among winter-
run stocks, and consistent with coastwide trends of increasing freshwater age and body size of
steelhead stocks in the northern portion of their range. Winter-run stocks appeared to have a
greater proportion of repeat spawners (kelts) than summer-run stocks, and juvenile steelhead in
the summer-run stocks generally spent 1 year less in both fresh water and the ocean. Assessment
of escapement trends, run timing, and stock status is hindered by lack of adequate data both in
number of stocks with sufficient data and the number of years of data available. Incomplete weir
counts during immigration and emigration of adult fishand low sample sizes of escapement
indices, both within and among years, decrease the reliability of estimates. Although stocks with
sufficient data are not at risk, small run sizes that are typical of most steelhead stocks may be
more susceptible to poor land management practices and overharvest than larger stocks.

69) Lorenz, J.M., M.L. Murphy, and K.V. Koski. 1989. Classification and inventory of fish
habitat in the Taku River, Alaska. In: Proceedings of Watershed ‘89: A Conference
on the Stewar dship of Soil, Air, and Water Resour ces, 21-23 March 1989, Juneau,
Alaska. E.B. Alexander, Editor. USDA Forest Service, Alaska Region, R10-M B-77.
Pages 113-115. (A, G)

Author abstract: A system for classifying fish habitat in large glacial rivers was developed and
used in a 1986 study of salmonin the Taku River, Alaska. Twelve distinct habitat types -- 7
within the river channel and 5 off-channel-- were identified on the valley floor (Table 1). Aerial
photographs were used to differentiate habitat types by their channel geometry, hydraulic
characteristics, and water source. Over 1,900 ha of fish habitat in the lower river, between the
Canadian border and the river mouth (29 km), were classified by habitat type and verified with



aeria and boat surveys. Random samples of fish abundance and physical characteristics,
stratified by habitat type, were used to estimate fish density and habitat quality for each habitat
type in the lower river. The two most abundant types (main channels and braids) were in the
river channel and made up over 90% of the area. However, the most important habitats for
juvenile sockeye, coho, and Chinook salmon (Table 2), those with low water velocity and easy
access to main channels, made up less than 10% of the area. The total population of juvenile
salmon in the lower Taku River was estimated at about one million. Juvenile salmon density in
main channel habitats was similar along the entire length of the river (60 km), but species
composition changed as sockeye became less abundant and chinook more abundant upstream.
Sockeye salmon spawned in many habitat types, keying on specific reaches with good
intragravel flow. The habitat classification system described here provided a good framework for
identifying juvenile fish habitat in the Taku River and may be applicable to other large glacia
rivers.

70) Martin, D.J. 1993. Fish habitat and channel conditions of nine streamsin forested lands
of southeast Alaska and Afognak Island. Project No. 44-005 final report written by
Pentec Environmental, Inc., Edmonds, Washington. Written for Sealaska
Corporation, Juneau, Alaska and the Alaska Forest Association, Ketchikan, Alaska.
37pp. plus Figures, Tables, and Appendix. (A, B, D, F, H, J)

Compiler abstract: Sealaska Corporation and the Alaska Forest Association initiated a
monitoring program to determine the effectiveness of the 1990 Alaska Forest Resources and
Practices Act BMPs in protecting fish habitat and water quality during and after timber harvest in
southeast Alaska. The monitoring program included unharvested, currently harvested, and
previously harvested watersheds. This report presents the results of stream surveys conducted on
nine streams in southeast Alaska and on Afognak Island in 1992:

Four sites were previously logged from 1990-1992 and retained riparian buffers (two

were harvested with variations);

Three sites had logging initiated during 1992 and corcurrent with the initiation of the

monitoring program;

Two sites had not experienced logging and were not scheduled to be harvested in the

immediate future.

Twenty parameters were characterized within each stream, including large woody debris
(LWD), LWD source bank, pool depth, substrate composition, spawning area, cover type, total
cover, bank erosion shade, channel gradient, channel width, cobble embeddedness, and
temperature. Monitoring results were presented for each surveyed creek. Potential BMP
effectiveness was also discussed.

71) Martin, D.J. 1995. A preliminary assessment of fish habitat and channel conditionsfor
streams on for ested lands of southeast Alaska. Project 44-006 final report written by
Pentec Environmental, Inc., Edmonds, Washington. Written for Sealaska
Corporation, Juneau, Alaska and the Alaska Forest Association, Ketchikan, Alaska.
88pp. (A,B,D, F, G, 1,J)

Compiler abstract: In 1992, Sealaska Corporation and the Alaska Forest Association initiated a
monitoring program in southeast Alaska to evaluate the overall effectiveness of the BMPs
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specified by the revised 1990 Alaska Forest Resources and Practices Act (FRPA) with the intent
to prevent significant adverse effects of timber harvest on fish habitat and water quality. The
objectives of the monitoring program were to determine: (1) if fish habitat conditions changed
following timber harvest, and (2) if fish habitat quality had been significantly affected (positive
or negative) by timber harvest activities. This report presents results from the 1993 habitat
survey and provides preliminary analyses of survey data collected in both 1992 and 1993.

Ten streams were surveyed in 1992 and 1993. Streams varied in size from 5.2 to 31.0 m
wide. Streams were subdivided into reaches based on geomorphic channel types. Timber harvest
activitiesin all watersheds except one had occurred or were planned to occur in accordance with
the revised FRPA. Streams were surveyed beginning at the mouth and proceeding upstream until
an anadromous fish barrier was encountered or to a point where fish utilization was known to be
low. Fish habitat and channel conditions were characterized by measuring or characterizing
reach length, channel type, channel bankfull width, channel gradient, streambed particle size,
riparian vegetation, buffer width, buffer treatment (e.g. unmanaged, partia harvest, no buffer),
channel disturbances (e.g. bank erosion blowdown), channel depth, pool width and length, large
woody debris (LWD), stream flows, water temperature. These data were used to calculate
various factors known to be indicative of fish habitat and spawning habitat quality: relative
amount of fast-water and slow-water habitat; relative amount of pool habitat; pool spacing;
residual pool depth; LWD in channel; size distribution of the dominant substrate; dominant
habitat cover type; and frequencies of occurrence of units with sand/gravel, gravel/sand,
gravel/cobble, and cobble/gravel substrate. Comparisons of fish habitat and channel conditions
for the various streams between 1992 and 1993 ard between different timber harvest treatments
are provided.

72) Martin, D.J. 1996. Fish habitat and channel conditions for streamson forested lands of
coastal Alaska: An assessment of cumulative effects. 1995 Assessment. Project 51-
002 review draft report written by Pentec Environmental, Inc., Edmonds,
Washington. Written for Sealaska Cor poration, Juneau, Alaska and the Alaska
Forest Association, Ketchikan, Alaska. 37pp. plus Appendices. (A, B, D, F, G)

Author abstract (Author Summary of Current Findings): An experimental approach that
uses comparisons of pre- and post- harvest conditions in multiple basins is proposed as the basis
for testing the effectiveness of modern BMPs in protecting fish habitat. A suit of habitat
measurements, which will provide measurement repeatability and are useful for documentation
of habitat changes, have been tested and modified for this monitoring program. Power analyses
have been performed on a number of habitat parameters to determine the level of detection of
various statistical analyses. Sample sizes have been identified for most parameters that will
enable an 80 percent level of power.

Some habitat conditions are changing more in the post-harvest basins than in the pre-harvest
basins, and the changes are most likely a result of timber harvest activities. Recent LWD recruits
to a stream and the percentage of recruits caused by blowdown show a definite response to
timber harvest. Significant reductions in riparian canopy density may be associated with timber
harvest in some basins. Changes in total LWD loading are difficult to interpret in terms assigning
timber harvest effects except where blowdown is clearly documented. Large variability in LWD
loading within a basin makes it difficult to test for differences between pre- and post-harvest
conditions among groups of basins because not al of the basins are demonstrating the same
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pattern under natural conditions. Following LWD trends within a basin over time is probably the
best approach to detecting change. The substrate particle size analysis was the most sensitive
analysis performed, yet the results do not provide any indication that timber harvest can be
associated with the recorded changes. Changes in relative pool area and pool depth show no
relationship to pre- or post- harvest conditions or anything else.

73) Martin, D.J. 2001. The influence of geomor phic factor s and geographic region on large
woody debris loading and fish habitat in Alaska coastal streams. North American
Journal of Fisheries Management. 21: 429-440. (A, D)

Author abstract: Large woody debris (LWD) and channel data from three Alaska coastal
regions with varying geomorphic channel typeswere analyzed to document regional variability
in LWD abundance, define geomorphic characteristics affecting LWD abundance, and identify
relationships between LWD abundance and the formation of pools and gravel bars in streams.
Large woody debris abundance was significantly lower at the northern edge of the coastal
coniferous forest than in Southeast Alaska and was significantly greater in aluvia gravel-bedded
channels than in contained boulder-bedrock channels. More pools and gravel bars were formed
by LWD in aluvia channels than in contained channels. Pool spacing (the number of channel
widths between pools) decreased with increasing LWD abundance (pieceskm) and was
significantly influenced by the interaction between LWD abundance and channel width. As
channel width increased, pool spacing was more strongly influenced by changesin LWD
abundance, but the relative change in pool spacing diminished with increasing LWD load. The
percentage of stream areain pools was insensitive to changes in LWD abundance and was best
predicted by channel type. The percentage of habitat units with gravel as the dominant substrate
was positively related to LWD abundance and negatively related to stream gradient.

74) Martin, D.J., and A. Shelly. 2004. Status and trends of fish habitat condition on private
timberlandsin southeast Alaska: 2003 Summary. Alaska Clean Water Action Grant
No. NA170Z2325 final report written by Martin Environmental and TerraStat
Consulting Group, Seattle, Washington. Written for Sealaska Cor poration and the
Alaska Department of Natural Resour ces, Juneau, Alaska. 44pp. plus Appendices.
(A, B, D)

Compiler abstract: In 2003 the Sealaska Corporation and the Alaska Department of Natural
Resources initiated a habitat and channel conditions monitoring program through an Alaska
Clean Water Action Grant. This project was a continuation from previous monitoring programs
that were conducted from 1992-1997 and from 1998-2001. The objectives of the project were to
expand the database for monitoring of streams on private lands in southeast Alaska and to
examine trends in habitat condition using both previously gathered and newly gathered data.
Analyses were conducted to identify factors besides logging that could be influencing habitat
trends. A power analysis was also conducted to determine sample size for future monitoring.
Results from this study were compared against habitat condition trends and data collected by the
Tongass National Forest on streams without logging.

This study surveyed 19 stream reaches during 2003 that included 7 new reaches and 12
previously surveyed reaches. The surveyed reaches were located in three basins in the Hoonah
areaand in six basins in the Craig area. With the exception of four, all the reaches occurred in
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timber harvest units and most had buffer zones along both sides of the stream. Trend analysis
was a so conducted on 13 stream reaches from the historical data. Data were divided by those
with only post-harvest data and those with both pre- and post- harvest data. Results of the
analysis suggest that there were no significant regional trends in habitat conditions at the post-
harvest sites for 11 years following logging. Also, there was no discernable difference between
average habitat conditions before and after logging at the pre- and post- harvest reaches on
private lands. Results showed that habitat variability was partialy caused by different responses
in habitat to changes in recruitment of wood that were related to wood loading and channel
width. Additional years of reach monitoring are needed.

75) Martin, D.J., and J.A. Kirtland. 1995. An assessment of fish habitat and channel
conditionsin streams affected by debrisflows at Hobart Bay. Project 16-004 report
written by Pentec Environmental, Inc., Edmonds, Washington. Written for
Goldbdlt, Inc., Juneau, Alaska. 40pp. plus Appendix. (A, B, D, G)

Compiler abstract: In 1993, several debris flows occurred in two small basins that drain into
Laura's Creek and Salt Chuck Creek of Hobart Bay. Three debris flows were initiated by forest
practice activities, which then deposited silt, sand and some debris into Gypo Creek. Two large
debris flows were initiated by natural causes that then passed through a clearcut unit and
deposited large quantities of sediment and debrisin Nancy and Salt Chuck Creeks. Laura's
Creek, Salt Chuck Creek, and their tributaries were subsequently listed as DEC impaired water
bodies because of channel modifications and sedimentation caused by the debris flows.

Field surveys of Gypo Creek, Nancy Creek, and lower Salt Chuck Creek were conducted to
assess fish habitat, channel conditions, and landslide occurrence. Landslides were inventoried
using aerial photographs taken in 1979 (pre- harvest) and 1989-90 (post-harvest). Fish habitat and
stream channel inventories were conducted both upstream and downstream of the debris flow
entry locations. Channel types were used to delineate stream reaches, and each reach was further
delineated into channel geomorphic units (e.g. pools, riffles, cascades). Within each channel, the
following were measured or characterized: stream discharge, channel gradient, channel depth,
thalweg depth, pool tail crest depth, pool width and length, pool forming elements, cover
elements (e.g. large woody debris[LWD], slash, undercut banks), and substrate particle size.
From these variables, various habitat parameters were calculated, such LWD and undercut bank
area, pool spacing, pool volume, frequency of occurrence of pool forming elements, frequency of
dominant and subdominant substrates, and total and inchannel LWD loading.

Study results were as follows:

- A total of 26 landdlides were identified, al of which were shallow-rapid failures of the

thin, semi- cohesionless soils of the areg;

All landdides were either debris avalanches or debris flows,

Thirteen of the 26 landdlides delivered sediment to streams; six of these originated in
timber harvest aress;

The majority (69%) of the landslides occurred in steep inner gorges along stream
channels;

Forty-six percent of the landslides occurred in old-growth forest;

Fifty-four percent of the landslides originated in harvest units or road fill;

It was not possible to determine if forest management activities increased the frequency
of landdliding;
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Landslides in the Gypo Creek and Nancy Creek watersheds were largely confined to
small tributaries and did not transfer significant amounts of sediment to higher order
channels;

Channel characteristics and fishspawning and rearing habitat conditions were described;
Channel modifications and sedimentation of Hobart Bay streams result from naturally
occurring debris flows that create favorable and unfavorable fish habitat conditions that
vary with the size and frequency of mass wasting events. Timber harvest may have
influenced the timing and magnitude of some events.

76) Martin, D.J., and L .E. Benda. 2001. Patter ns of instream wood recruitment and
transport at the water shed scale. Transactions of the American Fisheries Society.
130: 940-958. (D)

Author abstract: A wood budget was constructed for the Game Creek basin (132 kn?) in
southeast Alaskato identify spatial and temporal controls on the abundance and distribution of
large woody debris (LWD). Field measurements of wood storage, size, and age were used to
estimate volumetric rates of LWD recruitment and transport. Mortality recruitment did not
follow a spatial pattern and ranged from 0.1 to 8.1 n?*-kmt-year (recruitment corresponded to
forest mortality rates of 0.1 - 2.6% per year). Wood recruitment by bark erosionincreased with
increasing drainage area and ranged from 1 nt-km*-year? at the smallest drainage areas to about
16 mP-kmt-year! at 60 kn. Bank erosion recruitment exceeded the maximum mortality
recruitment at a drainage area of approximately 20 kn? (about 10-m-wide channel). Recruitment
from land-dliding was only locally significant. The contribution of fluvial transport (flux) to total
LWD storage increased with drainage area to an asymptotic maximum of 50% at about 50 knt
(about 20- mwide channel). Mean predicted transport distances for mobile LWD over the
lifetime of individua pieces ranged from about 200 m in small, jam rich streams to about 2,500
m in larger channels with fewer jams. Fluvia transport of LWD increased interjam spacing and
jam size and decreased jam age with increasing distance downstream. Constructing LWD
budgets at the watershed scale has numerous geomorphic and ecologica implications, including
identifying spatial controls on the abundance and diversity of aguatic habitats. In addition,
information on LWD budgets may be useful for determining how and where to protect LWD
sources to streams.

77) Martin, D.J., M.E. Robinson, and R.A. Grotefendt. 1997. Fish habitat and riparian
stand composition for streams on forested lands of coastal Alaska: 1996 assessment.
Review draft report written by Martin Environmental, Seattle, Washington, and
Grotefendt Photogrammetric Services, Inc., North Bend, Washington. Written for
Sealaska Corporation, Juneau, Alaska. 43pp. plus Appendices. (A, D, F, H)

Compiler abstract: The overall objective of this study was to document the effects of forestry
practices on fish habitat. Specific objectives were to 1) determine if timber harvest is changing
fish habitat, 2) determine if timber harvest is affecting habitat quality, and 3) identify the specific
categories of best management practices that are not protecting fish habitat. Surveys of streams
were conducted for 4 years in 20 stream systems in southeast Alaska. Comparisons were made
among habitat features in pre- and post-harvest basins, as well as between pre- and post-harvest
habitat features within each basin. Low-altitude aerial photographs were taken of the riparian
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zones and stream channels. Twelve sets of variables were measured from the photographs,
including: channel area; length of stream reach; down tree decay; treefall direction; standing tree
type (conifer, deciduous, snag); and distance from a stream to standing trees, down trees, and
stumps. Fish habitat and channel morphology data were also collected, and included: channel
depth, velocity, and width; channel surface gradient; channel cross-sectional area; channel type;
pool spacing; sizes of stream bed substrates; numbers and types of large woody debris (LWD)
structures, channel forming functions of LWD structures (e.g. pool scour, pool damming, bar
stabilization, sediment storage, channel deflection); riparian canopy density; and location and
length of unstable banks.

Results showed most LWD is recruited from areas immediately adjacent the streams.
Comparisons at pre- and post- harvest basins showed that canopy density was not significantly
different, the amount of change in LWD was larger in post-harvest reaches than pre-harvest
reaches, and that there is an increase in LWD recruitment following logging in the post harvest
basins. Pool depths changes were significant in 50% of the reaches in both pre- and post-harvest
basins. Results aso showed that pool habitat is strongly affected by channel type and that
significant changes in the amount of LWD in streams can cause changes in pool habitat
depending on channel type, LWD loading, and initial pool spacing.

78) Martin, D.J., M .E. Robinson, and R.A. Grotefendt. 1998. The\ for protection of
salmonid habitat in Alaska coastal streams. Report written by Martin
Environmental, Seattle, Washington, and Grotefendt Photogrammetric Services,
Inc., North Bend, Washington. Written for Sealaska Cor poration, Juneau, Alaska
and the Alaska Forest Association, Ketchikan, Alaska. 85pp. plus Appendices. (A,
D)

Compiler abstract: The purpose of this study was to evaluate the cumulative effectiveness of
the Alaska Forest Resources and Practices Act by determine the effectiveness of 20 m wide
riparian buffers for supplying LWD to streams and for protecting fish habitat. Low-elevation
aerial photographs were used to identify potential large woody debris (LWD) sourcesin 15
watersheds (36 study reaches) in southeast Alaska. Annual channel survey data from 1994-1997
were used to monitor changes in LWD recruitment and to examine interactions between LWD,
channel morphology, and fish habitat. Thirteen variables were measured from the aerial
photographs, including: channel area, length of down trees, height of standing trees, treefall
direction, and down tree decay class. Fish habitat and channel inventories were also conducted.
Some of the study results were:

LWD is important for pool formation and for retention of gravels for salmonid spawning

habitat;
Relative effectiveness of LWD to form fish habitat is a function of stream channel type and the

amount of LWD in the stream;

Nearly all of the recruitable size trees occurred within 20 m of stream,

Selective timber harvest in the buffers, in addition to windthrow following logging, did

not significantly reduce the potential supply of LWD from the 0-10 m zone,

A 20-m wide buffer zone is more effective for providing LWD than awider buffer or an

unlogged area;

Windthrow may reduce potential long-term supply of LWD in a small percentage of

riparian buffers;
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Quantity and quality of fish habitat in streams with naturally low supplies of LWD could
be improved by planning buffer zones to increase the supply of LWD.

79) Martin, D.J., M .E. Robinson, S.J. Perkins, and R.A. Grotefendt. 1997. Monitoring the
effects of timber harvest activities on fish habitat in streams of coastal Alaska 1992-
1997. Project statusreport written by Martin Environmental, and S.J. Perkins,
Seattle, Washington, and Grotefendt Photogrammetric Service, Inc., North Bend,
Washington. Written for Sealaska Corporation, Juneau, Alaska. 13pp. (A, D, 1)

Compiler abstract: Sealaska Corporation and the Alaska Forest Association initiated a
monitoring program in 1992 to determine the short-term and long-term effects of modern forest
practices on fish habitat and water quality. This report provides a summary of the monitoring
program objectives, approach, and findings from 1992-1997.

The objectives of the monitoring program were to: (1) determine if fish habitat conditions
have been altered by timber harvest; (2) determine if habitat quality has been significantly
affected, positively or negatively, by timber harvest; and (3) identify specific types of BMPs,
such asriparian buffers or roads, that are not protecting fish habitat.

Stream surveys were conducted from 1992 to 1997 in 32 basins located in coastal forests of
southeast Alaska, on the Kenai Peninsula, and on Afognak Island. In order to determine if fish
habitat conditions have changed due to timber harvest, two study approaches were used: (1)
comparing pre- and post-harvest habitat conditions in multiple basins, and (2) comparing pre-
and post-harvest habitat conditions in each of the basins. Conclusions are presented for the buffer
zone and mass wasting studies.

80) Martin, D.J., W.M. Young, Jr., SD. Edland, T.S. Lin, and R.B. Morrow. 1990. An
inventory of fish habitat conditions on seven southeast Alaska streamsidentified by
the EPA Section 304(1) Long List. Project No. 00044-001 interpretive report written
by Pentec Environmental, Inc., Edmonds, Washington. Written for Sealaska
Corporation, Juneau, Alaska. 14pp. plus Figures, Tables, and Appendix. (A, B, D, F,
H)

Compiler abstract: Streams that are suspected of being degraded by timber harvest and other
activities are listed as impaired water bodies by the Environmental Protection Agency (EPA) and
the Alaska Department of Environmental Conservation (DEC). Water quality data for forested
streams in southeast Alaska are almost nor+existent, so the so called “long list” of degraded
streams is developed primarily through professional judgment. As aresult, EPA requested
comments from all interested parties concerning the need for inclusion or deletion of specific
streams from the “long list.”

Seven streams on Sealaska Corporation land in southeast Alaska that appeared on the “long
list” were measured in 1990 to assess the quality and quantity of salmonid spawning and rearing
habitat, to determine if they met applicable water quality standards. Cobble embeddedness and
stream bank stability were measured to infer conditions related to sediment loads and turbidity.
Large woody debris (LWD) was quantified as an indicator of channel stability and habitat quality
for rearing fish Riparian tree frequency was measured as an index of stream shading and future
LWD sources. Sixteen environmental parameters were measured or visually estimated in each
study reach and along transects within each reach. Transect characteristics that were quantified
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were: habitat type, width and depth, pool size, pool depth, pool cover, pool quality, pool creator
(bedrock, boulders, gravel/cobbles, LWD), substrate composition, cobble embeddedness, and
potential LWD. Characteristics of stream reaches between transects that were quantified were:
bank stability, riparian condition (old growth buffer > or < 30 m, second growth clearcut), large
woody debris, spawning area, spawning quality, and gradient.
Study results indicated that general habitat characteristics of the seven streams were
characterized as follows:
Rifflesand runs were the dominant habitat types;
Pools were relatively small, shallow, and had limited cover;
Riparian condition varied along all streams, with sectiors of clearcuts, riparian buffers,
second growth and old growth forest;
Clearcut was the dominant riparian condition along all streams except Humpback and
Gunnuck creeks,
Stream bed substrate was predominantly gravel and cobble;
Spawning area ranged from <500 n to 10,000 nt.
Cobble embeddedness, bank stability, LWD and potential LWD were discussed in detail. The
relationships between environmental conditions and water quality standards were also discussed.

81) Martin Environmental. 1997. A summary of stream water quality monitoring data:
South Fork Michael Creek, Admiralty Idand, Alaska. Draft report written by
Martin Environmental, Seattle, Washington. Written for Koncor Forest Products,
Inc., Anchorage, Alaska, and the Alaska Department of Environmental
Conservation and Alaska Department of Natural Resour ces, Juneau, Alaska. 10pp.
plus Figures and Tables(l)

Compiler abstract: The South Fork of Michael Creek in the Lake Florence Watershed,
Admiralty 1sland was monitored from 1993-1996 to determine the effect of 66 ft wide riparian
buffer strips with variation treatments on water temperature and turbidity. The stream was
monitored for two years prior to timber harvest, and continued during the logging phase (1995
and 1996). Stream stage, turbidity, and water temperature were monitored at five stations, and
riparian canopy density was measured between stream monitoring stations. The partial-cut
buffers and associated BMPs effectively maintained stream turbidity near pre-harvest levels. Pre-
treatment canopy densities were not measured, but comparisons of canopy densities anong
treated and untreated areas suggested some places were affected by timber harvest. Canopy
density was reduced in all sampled areas in the winter of 1995-1996 as a result of blowdown.
The effectiveness of the partia- harvest buffers and associated BMPs on maintenance of water
temperature was not clearly demonstrated.

82) Martin, J.R. 1993. Influence of roads on wetland vegetation in southeast Alaska. In:
Proceedings of Watershed ‘91: A Conference on the Stewardship of Sail, Air, and
Water Resources, 16-17 April 1991, Juneau, Alaska. T. Brock, Editor. USDA Forest
Service, Alaska Region, R10-M B-217. Page 33. (K)

Author abstract: The Tongass is the largest National Forest (over 17 million acres) in the
United States and encompasses most of southeast Alaska. Approximately, 1.6% of the land is
classified as forested wetlands; 9.5% peatland, 3.7% scrub wetlands; 2.3% lacustrine wetlands;
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0.2% estuarine wetlands; and 42,429 miles of riverine wetlands for atotal of over 4.7 million
acres. Road building has been a major activity since the early 1950's. Over 2,600 miles of forest
roads currently exist on the Tongass N.F. It's been expected that this mileage will double over
the next 50 years. Most of these roads are built by overlaying pit-run rock on organic soils
generally on gentle to flat topography. Because of the high rainfall, much of this flat topography
is dominated by wetland vegetation. Consequently, alarge percentage of the roads have been
built on peatland and forest wetlands and to a lesser extent estuarine wetlands. Vegetation
response to this development is highly variable in both direction and rate depending on how the
hydrologic function was disrupted. Previously wet areas have become dryer and are progressing
towards forest conditions as indicated by increased tree growth and regeneration. Conversely,
wet areas have become wetter and shifts are seen from Sphagnum and short sedge dominated
peatlands with highly stagnant water towards tall sedge fresh water marsh communities. In
aluvia riparian forests, where terrace building and degradation is an active process, roads have
caused some sites to become more stable and other sites to degenerate to alder or gravel bar
conditions. Roads built in estuaries which have reduced the extent of saltwater inundation have
caused formally grass dominated communities to become forested. The importance of
considering changes in hydrologic function and subsequent shifts in resource production in road
management planning is emphasized. Opportunities to utilize these concepts in road management
planning and restoration are discussed.

83) McGreer, D.J. 2000. Effects of forest harvesting and roads on streamflow processes and
application to water sheds of southeast Alaska. Report written by Western
Water shed Analysts, L ewiston, Idaho. Written for Sealaska Cor poration, Juneau,
Alaska. 10pp. (G)

Compiler abstract: Timber harvest and related road construction can have important effects on
hydrologic processes such as total water yield, timing of yield, seasonal low flows, peak flows
and floods. This paper presents areview of scientific studies of the potential effects of timber
harvest and roads on hydrologic processes in cool, wet forests—mostly from the western sopes
of the Pacific Northwest—similar to those typically found in southeast Alaska. The author
concludes that clearcut harvesting of forests in southeast Alaska will result in increased annual
streamflow as well as increased flows at al timesof the year, including low flows. In addition,
the author concludes that peak flows may potentially increase following extensive clearcut
logging, with further increases due to forest roads. These effects can be minimized by regulating
the amount of acreage harvested and by minimizing compacted road surfaces and the amount of
road mileage that dischargeswater directly to streams or gullies that are linked to streams. Road
system water discharge can be minimized by carefully locating roads and by designing road
drainage systems to minimize discharge of road surface sediments.

84) McNeil, W.H. 1966. Effect of the spawning bed environment on reproduction of pink
and chum salmon. University of Washington, College of Fisheries, Seattle, Fishery
Bulletin. 65: 495-523. (G, I)

Electronic abstract: The pink Oncorhynchus gorbuscha and chum O. keta are the only Pacific
salmonin North American streams using fresh water solely for spawning. The young of other
species remain in fresh water for many months. Post work on spawning bed mortality and
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fieldwork in streams of the Kasaan Bay region of Prince of Wales Isand in Southeast Alaska are
reviewed. There was 75-99% mortality between spawning and fry emergence connected with
low and high stream discharge, freezing air temperatures low dissolved oxygenlevels during
and after spawning or movement of gravel.

85) Meehan, W.R. 1970. Some effects of shade cover on stream temperature in southeast
Alaska. USDA Forest Service, Pacific Northwest Forest and Range Experiment
Station, Research Note PNW-113. 9pp. (H, J)

Electronic abstract: Water temperature differences measured with a precision resistance
thermometer over 20-yard intervals show that on clear summer days, shade-producing streamside
vegetation is important in cooling or maintaining coolness of small streams. The average
temperature increase in unshaded reaches of streams in the Haines Juneau area was 0.071 deg c.
and in the Petersburg Wrangell area it was 0.164 deg c. in shaded reaches the average
temperature decrease was 0.060 deg c. and 0.081 deg c., respectively. Under overcast skies, the
effects of shade were very small and the trend was for a dight temperature increase over 20-yard
stream reaches--0.011 deg c. and 0.009 deg c., in the two areas. The reasons for the significantly
different temperature responses in the two geographic areas are not yet known.

86) Meehan, W.R. 1971. Effects of gravel cleaning on bottom organismsin three southeast
Alaska streams. USDA Forest Service, Pacific Northwest Forest and Range
Experiment Station, Program Fish Cultivation. 33: 107-111. (B, C)

Electronic abstract: Excessive sediment in the spawning gravels of salmonstreamsiis believed
to be afactor limiting salmon production. A riffle sifter designed for 'cleaning’ streambed gravels
is described. It is self-powered and amphibious, and stirs up streambed gravel sucking up fine
materials and spraying them out onto the stream banks. The effects of using the riffle sifter in 3
streamsin SE. Alaskais evaluated. The 3 streams were Fish Creek, Slocum Creek and Lover's
Cove Creek. Lover's Cove Creek was the best cleaned after development of the equipment. The
bottom types and pre-treatment levels of sedimentationwere similar. Samples were taken 3 days
before, approx 3 days after, 3 months after and 12 months after treatment. All showed noticeable
decreases in bottom faunaimmediately after cleaning. There was a decrease of approx 30 percent
in materials less than 0.4 mm in Slocum Creek and 65 percent lessin Lover's Cove Creek which
was the most thoroughly cleaned. In Lover's Cove Creek recruitment of bottom organisms was
back to pre-treatment levels after 12 months and differences in fauna were negligible.

87) Meehan, W.R. 1974. Theforest ecosystem of southeast Alaska. 3. Fish habitats. USDA
Forest Service, Pacific Northwest Forest and Range Experiment Station, Gener al
Technical Report PNW-15. 41pp. (B, D, G, I, J)

Author abstract: The effects of logging and associated activities on fish habitat in southeastern
Alaska are discussed, and fish habitat research applicable to southeast Alaska is summarized.
Requirements of salmonids for suitable spawning and rearing areas are presented. Factors
associated with timber harvest which may influence these habitats are discussed in detail; e.g.,
sediment, stream temperature, streamflow, logging debris, and chemicals. Recommendations for
further research are made.



88) Meehan, W.R., F.B. Lotspeich, and E.W. Mueller. 1975. Effects of forest fertilization on
two southeast Alaska streams. Journal of Environmental Quality. 4: 50-55. (1)

Electronic abstract: 4 streams in southeast Alaska were studied to determine the effects of
forest fertilization with urea on basic productivity and water quality. An initial, short-term
increase in ammonia- N, was observed in the treated streams, and nitrate-N» levelsincreased and
remained high compared to control stream levels during the yr following treatment. Conclusions
did not approach those considered toxic to aquatic life or unsafe for human consumption.
Changes in biomass of periphyton and benthic fauna as a result of fertilization were not detected.

89) Milner, A.M. 1987. Colonization and ecological development of new streamsin Glacier
Bay National Park, Alaska. Freshwater Biology. 18: 53-70. (C, G, 1, J)

Author abstract: Colonization and ecological development of post-glacia freshwater
communities were investigated in Glacier Bay Nationa Park, south-eastern Alaska, following
the rapid recession of a Neo-glacial ice sheet within the last 250 years. Environmental variables
shown to be most significant in stream development were temperature, flow regime and
sedimentation The Chironomidae (Diptera) were the pioneer invertebrate colonizers of newly
emergent streams arising as meltwater from receding ice sheets and displayed a distinct pattern
of succession with stream maturity. Ephemeroptera and Plecoptera colonized warmer clearwater
streams, but Trichoptera had a minimal role in invertebrate community devel opment.
Establishment and production of salmonid fish populations in the new streams related principally
to stream flow and sediment characteristics. Future pathways along which the streams may
develop is probably dependent on the degree of large organic debris input. Stream devel opment,
structure and function are summarized including references to theories of ecosystem
development, ecological succession and community stability.

90) Milner, A.M. 1996. Data analysis and summary of the use of rapid bioassessment
metricsto evaluate the use of a partial buffer zone in timber harvest in a Lake
Florence water shed, Admiralty, Island. White paper, Institute of Arctic Biology,
University of Alaska, Fairbanks. 13pp. (C, I)

Compiler abstract: The report summarizes three years of macroinvertebrate data collected in
Michael Creek to analyze the application of rapid bioassessment for evaluating timber harvest
effects with a partial buffer strip on the macroinvertebrate community. The data represent atwo
year pre-harvest period (1993-1994), and the first year of post- harvest (1995). Four
bioassessment metrics were used to determine possible differences in the macroinvertebrate
community between a portion of the creek with a partial buffer and a control area. The four
metrics were: 1) EPT genera (orders Ephemeroptera, Trichoptera, and Plecoptera); 2) EPT
Individuals/Total Irdividuals Ratio; 3) percent dominant taxa; and 4) Family Biotic Index of
Hilsenoff. Overall, no significant effects of timber harvest on the macroinvertebrate community
were detected using the chosen bioassessment metrics. However, the bioassessment technique
described may not detect timber harvest effects on aquatic systems that are not linked to
macroinvertebrate community structure. Likewise, timber harvest effects that cause an overall
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decrease in macroinvertebrate populations, but do not alter their community structure will also
not be detected.

91) Milner, A.M. and G.S. York. 2001. Factors influencing fish productivity in a newly
formed watershed in Kenai Fjords National Park, Alaska. Archiv fuer
Hydrobiologie. 151: 627-647. (C, E, I)

Electronic abstract: Delusion Creek in McCarty Fjord, southcentral Alaska, was studied over
three field seasons from 1992 to 1994 to investigate the factors influencing salmonid
colonization and productivity of a new stream system formed by glacia ice recession within the
last 40 years. Stream discharge was extremely variable during the summer months. Frequent
gpate events were a major factor in maintaining an unstable channel and in raising turbidity
levels, which limit primary production and the abundance and diversity of invertebrates in the
main stream channel available to rearing fish However, in less than 40 years, Coho
(Oncorhynchus kisutch), pink (O. gorbuscha), and sockeye (O. nerka) salmon have colonized
Delusion Creek, and over 1,000 sockeye salmon were observed to spawn aong the margin of the
upper lakein 1993. Ninety-three percent of juvenile sockeye salmon remained in the lakes for
two years prior to smolting. Kettle ponds, formed after ice recession, were also found to be
important rearing areas for juvenile Coho salmon. In the main stream channel, Dolly Varden
(Salvelinus malma) char were the most abundant juvenile rearing fish. Water chemistry of the
lakes indicated that nitrogenwas likely a limiting nutrient to primary production. Experiments
with artificial channels showed that enrichment with nitrogen and phosphorus increased
chlorophyll-a levels and macroinvertebrate drift was significantly reduced from enriched
channels. We suggest that primary productivity and invertebrate abundance may be enhanced by
the colonization of spawning anadromous salmon which may, thus, act as a positive feedback to
productivity of this new stream.

92) Milner, A.M., and R.G. Bailey. 1989. Salmonid colonization of new streamsin Glacier
Bay National Park, Alaska. Fisheries and Aquaculture Management. 20: 179-192.
(G, 1,9

Electronic abstract: Following the rapid recession of a neoglacial ice sheet within the last 250
years, colonization of recently deglaciated streams by salmonid fishes was investigated in
Glacier Bay National Park, south-eastern Alaska. The primary factors governing the
establishment, species diversity composition and abundance of salmonids in Glacier Bay streams
were water temperature, sediment loading and stream discharge. No salmonids were found in the
turbid meltwater streams emerging from retreating ice. Coho, Oncorhynchus kisutch (Walbaum),
and sockeye, Oncorhynchus nerka (Walbaum), salmonand Dolly Varden Salvelinus malma
(Walbaum), charr were the first salmonids to colonize the youngest clearwater stream.

93) Milner, A.M., D.M. Bishop, and L.A. Smith. 1985. The influence of water temperature
and streamflowon sockeye salmon fry emergence and migrationin Black Bear
Creek, southeastern Alaska. In: Proceedings of the Symposium on Small
Hydropower and Fisheries, 1-3 May 1985, Aurora, Colorado. F.W. Olson, R.G.
White, and R.H. Hamre, Editors. The American Fisheries Society. Pages 54-58. (G,
J)
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Author abstract: Accumulated temperature unit and discharge information collected for
sockeye salmon embryos from spawning to downstream migration over two successive
incubation periods are evaluated with reference to possible impacts of an altered thermal or flow
regime from the development of a small hydropower facility.

94) Montgomery, D.R., J.M. Buffington, R.D. Smith, K.M. Schmidt, and G. Pess. 1995.
Pool spacing in forest channels. Water Resour ces Resear ch. 31: 1097-1106. (A, D)

Electronic abstract: Field surveys of stream channels in forested mountain drainage basins in
southeast Alaska and Washington reveal that pool spacing depends on large woody debris
(LWD) loading and channel type, slope, and width. Mean pool spacing in pool-riffle, plane-bed,
and forced pool-riffle channels systematically decreases from greater than 13 channel widths per
pool to less than 1 channel width with increasing LWD loading, whereas pool spacing in
generaly steeper, step-pool channels is independent of LWD loading. Although plane-bed and
pool-riffle channels occur at similar low LWD loading, they exhibit typical pool spacings of
greater than 9 and 2-4 channels widths, respectively. Forced pool-riffle channels have high LWD
loading, typica pool spacing of <2 channel widths, and slopes that overlap the ranges of free-
formed pool-riffle and plane-bed channel types. While aforced pool-riffle morphology may
mask either of these low- LWD-loading morphologies, channel slope provides an indicator of
probable morphologic response to wood loss in forced pool-riffle reaches. At all study sites, less
than 40% of the LWD pieces force the formation of a pool. We also find that channel width
strongly influences pool spacing in forest streams with similar debris loading and that reaches
flowing through previously clear-cut forests have lower LWD loading and hence fewer pools
than reaches in pristine forests.

95) Murphy, M.L. 1985. Die-offs of pre-spawn adult pink salmon and chum salmon in
southeastern Alaska. North American Journal of Fisheries Management. 5: 302-308.

(K)

Author abstract: About 300 pre-spawn adult pink salmon(Oncorhynchus gorbuscha) and chum
salmon (Oncorhynchus keta) died in August 1981 in the intertidal reach of Porcupine Creek, a
small stream in an old- growthforest. A combination of low stream flow and neap tides triggered
the die-off, and about 1% of the pink salmonand chum salmon spawners died upon returning to
Porcupine Creek in 1981. Anoxia, rather than temperature, caused most of the deaths because the
maximum stream temperature was 19 C--well below lethal temperatures. Conditions similar to
those in 1981 recur in Porcupine Creek about once every 8 years. This type of die-off also
appears to be common in other streams in southeastern Alaska and can be predicted from the
number of salmon returning, amount of precipitation, and height of the tide.

96) Murphy, M.L., and K.V. Koski. 1989. Input and depletion of woody debrisin Alaska
streams and implications for streamside management. In: Proceedings of Water shed
‘89: A Conference on the Stewardship of Soil, Air, and Water Resour ces, 21-23
March 1989, Juneau, Alaska. E.B. Alexander, Editor. USDA Forest Service, Alaska
Region, R10-M B-77. Page 99. (D)
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Author abstract: Natural rates of input and depletion of large woody debris (LWD; fragments
>10 cm diameter and >3 m long) in southeast Alaska streams were studied to provide a basis for
managing streamside zones to maintain LWD for fish habitat after timber harvest. Large woody
debris was inventoried by size and decay classes in 32 reaches of avariety of channel typesin
undisturbed old-growthforest, and more than 250 pieces were dated from the age of trees
growing on them. Longevity of LWD in the streams was directly related to bole diameter. Small
pieces (<30 cm diameter) were al less than 100 yr old, whereas large pieces (>90 cm diameter)
were up to 226 yr old. Assuming steady-state conditions in old- growth forest, LWD depletion
rate was assumed to equal input rate which was calculated from the percentage abundance and
average age of LWD in the decay classes. Annual depletion ranged from 1.2% of large piecesin
all channel typesto 3.0% of small piecesin C2 channels (fourth-order, bedrock-controlled
streams). A model of LWD changes after logging, which accounted for LWD depletion, LWD
input from second- growth trees, and distance from the stream to LWD sources, indicated that
clearcutting without buffer strips along streams reduces LWD >60 cm diameter by 75%, and the
minimum level of LWD is reached 90-100 years after logging. Because almost all LWD in
streams comes from within 30 m of the stream bank, a 30-m buffer on both sides of the stream
should maintain LWD levels in the stream after logging.

97) Murphy, M.L., J.F. Thedinga, K.V. Koski, and G.B. Grette. 1984. A stream ecosystem
in an old-growth forest in southeast Alaska. Part V: Seasonal changesin habitat
utilization by juvenile salmonids. In: Fish and Wildlife Relationshipsin Old-Growth
Forests. Proceedings of a symposium, 12-15 April 1982, Juneau, Alaska. W.R.
Meehan, T.R. Merrdll, Jr., and T.A. Hanley, Editors. Pages 89-98. (A, D)

Author abstract: Seasonal changesin distribution and habitat selection by juvenile salmonid
fishes were studied in Porcupine Creek, a small coastal stream in an old- growth forest in
southeast Alaska. During summer, coho salmon (Oncor hynchus kisutch) were distributed in both
stream/estuary ecotone and freshwater reaches, and biomass (g per nf) was directly related to
total pool volume. Trout (Salmo gairdneri and S. clarki) and Dolly Varden char (Salvelinus
malma) were not common in the stream/estuary ecotone but were common in freshwater. Total
salmonid biomass during summer was directly related to the amount of large organic debrisin
the stream. Tagged salmonids showed little movement during summer but redistributed
themselves within the Porcupine Creek system before winter. Coho moved out of the
stream/estuary ecotone to upstream freshwater areas to overwinter. In late autumn, coho used
primarily large mainstream pools, backwater pools, and secondary-channel pools, and trout and
char used primarily debris or undercut banks on the edges of riffles. Resource managers need to
take into account seasonal changes in habitat requirements when assessing effects of logging or
other land uses on fish habitat in streams.

98) Murphy, M.L., J. Heifetz, J.F. Thedinga, SW. Johnson, and K.V. Koski. 1989. Habitat
utilization by juvenile Pacific salmon (Oncorhynchus) in the glacial Taku River,
southeast Alaska. Canadian Journal of Fisheriesand Aquatic Sciences. 46: 1677-
1685. (A)

Electronic abstract: Habitat utilizationby juvenile Pacific salmon (Oncorhynchus) was
determined in summer 1986 by sampling 54 sites of nine habitat types: main channels,
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backwaters, braids, channel edges, and sloughs in the river; and beaver ponds, terrace tributaries,
tributary mouths, and upland sloughs on the valley floor. Physical characteristics were measured
at al sites, and al habitats except main channels (current too swift for rearing salmon) were
seined to determine fishdensity. Each species of Oncorhynchus was absent from about one-
quarter of the seining sites of each habitat type. The lower Taku River provides important
summer habitat for juvenile salmon, but many suitable areas were unoccupied possibly because
of their distance from spawning areas and poor access for colonizing fish.

99) Murphy, M.L., J. Heifetz, SW. Johnson, K.V. Koski, and J.F. Thedinga. 1986. Effects
of clear-cut logging with and without buffer strips on juvenile salmonidsin
Alaskan streams. Canadian Journal of Fisheries and Aquatic Sciences. 43: 1521-
1533. (A, C, D, F, H)

Author abstract: To assess short-term effects of logging on juvenile Oncorhynchus kisutch,
Salvelinus malma, Salmo gairdneri, and Salmo clarki in southeastern Alaska, we compared fish
density and habitat in summer and winter in 18 streams in old-growth forest and in clear-cuts
with and without buffer strips. Buffered reaches did not consistently differ from old-growth
reaches; clear-cut reaches had more periphyton, lower channel stability, and less canopy, pool
volume, large woody debris, and undercut banks than old- growth reaches. In summer, if areas
had underlying limestone, clear-cut reaches and buffered reaches with open canopy had more
periphyton, benthos, and coho salmon fry (age 0) than old- growth reaches. In winter, abundance
of parr (age >0) depended on amount of debris. If debris was |€eft in clear-cut reaches, or added in
buffered reaches, coho salmon parr were abundant (10-22/100 nf). If debris had been removed
from clear-cut reaches, parr were scarce (<2/100 nt). Thus, clear-cutting may increase fry
abundance in summer in some streams by increasing primary production, but may reduce
abundance of parr in winter if debrisis removed. Use of buffer strips maintains or increases
debris, protects habitat, allows increased primary production, and can increase abundance of fry
and parr.

100) Myren, R.T., and R.J. Ellis. 1984. Evapotransgration in forest succession and long-
term effects upon fishery resources: A consideration for management of old-growth
forests. In: Fish and Wildlife Relationshipsin Old-Growth Forests. Proceedings of a
symposium, 12-15 April 1982, Juneau, Alaska. W.R. Meehan, T.R. Merréll, Jr., and
T.A. Hanley, Editors. Pages 183-186. (G)

Author abstract: Evapotranspiration of rapidly growing forests may markedly reduce the
minimum streamflows during the summer. In many streams of southeast Alaska, the minimum
summer streamflows limit spawning success of pink and chum salmon and may limit the habitat
of species such as coho salmon that rear in streams. Extrapolating from the literature leads to the
conclusion that converting significant portions of old-growth watersheds to rapidly growing
second- growth forests risks permanently reducing summer low flows of the streams and, thus,
their ability to produce salmon. It is recommended that this risk be considered in managing the
forests and that effects on streamflow of converting old-growth forests to second-growth forests
be included in studies of logging in southeast Alaska.
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101) Orlikowska, E.H. 2004. Therole of red alder in riparian forest structure along
headwater streamsin southeastern Alaska. Northwest Science. 78: 111-123. (K)

Author abstract: We assessed the influence of red alder on tree species composition, stand
density, tree size distribution, tree mortality, and potential for producing large conifers, in 38-42
yr old riparian forests along 13 headwater streams in the Maybe so and Harris watersheds on
Prince of Wales Idand, Alaska. Red ader ranged from 0 to 53% of the total live basal area of the
stands. Tree density, basal area of live and dead trees, and mean diameter of live conifers were
not significantly related to the percent of alder as a proportion of total stand live basal area
within these riparian forests. The mean diameter of the 100 largest conifers per hectare (the
largest trees) was similar among different sites and appeared unrelated to the amount of alder in
the stands. The mean diameter of dead conifers increased slightly with increasing proportion of
red alder. Most dead trees were small and died standing. Red alder was much more concentrated
immediately along stream margins (within 0-1 m distance from the stream bank vs. > 1 m). The
presence of red alder did not inhibit the production of large-diameter conifers, and both alder and
conifers provided small woody debris for fishless headwater streams in southeastern Alaska. Red
alder is an important structural component of young-growth riparian stands.

102) Paustian, S.J. 1987. M onitoring nonpoint sour ce dischar ge of sediment from timber
harvesting activitiesin two southeast Alaska watersheds. In: Water Quality in the
Great Land—Alaska’s Challenge. Proceedings: Alaska Section, American Water
Resour ces Association. R.G. Huntsinger, Technical Chairman. Water Research
Center, Institute of Northern Engineering, University of Alaska, Fairbanks. Pages:
153-168. (1)

Author abstract: Sediment discharge measurements taken on the mainstem of Indian River near
Tenakee Springs in Southeast Alaska showed no significant change in sediment delivery
following logging and road building that affected 8% of an 11 mi? watershed. More discrete
sediment sources from road building were measured below road crossings on three first and
second order tributaries to Kadashan River also located in Tenakee Inlet. Short term impacts of
road building in Kadashan resulted in increased suspended sediment yield equivaent to 2% of
the estimated annual sediment yields. Potentia increasesin total estimated sediment yield over a
two year post-road construction period ranged from 20% to 66% in the three Kadashan study
streams. The results of these monitoring studies have important implications for assessment of
water quality management goals and objectives in the forested watersheds of coastal Alaska.

103) Pentec Environmental, Inc. 1991. Factor s affecting pink salmon pre-spawning
mortality in southeast Alaska. Technical Report 91-01 written by Pentec
Environmental, Inc., Edmonds, Washington. Written for the Alaska Working
Group on Cooper ative Forestry/Fisheries Research. 81pp. (G, I, J)

Compiler abstract: In February 1990, the Working Group on Cooperative Forestry/Fisheries
Research decided to initiate a two phase study to address three questions:
1. “What environmental factors cause pre-spawner mortality?’
2. “What watershed characteristics or other causative factors or both result in lethal
conditions for migrating adult salmorf?”
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3. “What is the effect of logging on factors that cause pre-spawner mortality?’
This document reports on the first phase of the study, which addressed two objectives:

1. Identification of factors causing low dissolved oxygen(DO) in streams during the pre-
spawner migration period, and

2. Veification that low DO causes adult salmon pre-spawner mortality.

Data were collected in seven streams in the central portion of Prince of Wales Island, southeast
Alaska. Streams with varying levels of timber harvest, some with a history of fishkills, were
selected. DO concentrations were determined by taking diel measurements at the head and tail of
typical salmon holding pools, both before and during the time when adult spawning salmon were
present. Background DO concentrations were those that were measured without the presence of
spawners. The effects of spawner oxygen demand were determined by measuring DO when
spawners were present.

Conclusions of the study were:

1. Significant reductions of DO concentrations during summer low flows can result from
respiration of adult spawners;

2. Fish respiration can cause reductions in DO concentrations at water temperatures well
below lethal levels;

3. The primary factors controlling DO levels during spawner migrationwere stream
discharge and fish abundance, but fish activity level may also be important;

4. The most likely factor causing pre-spawner mortality is low DO concentration resulting
from fishrespiration in holding pools;

5. Water temperature increases will decrease potential availability of DO while increasing
DO uptake by fish—stream discharge will determine how these factors affect DO
concentrations.

The greatest potentia effect of timber harvest on pre-spawner mortality is most likely related to
logging effects on stream discharge. The magnitude of changes in stream discharge and spatial
characteristics of these changes relative to salmon holding pools needs to be investigated in
second growthbasins.

104) Pentec Environmental, Inc. 1993. Fish habitat and channel conditions of nine streams
in southeast Alaska and Afognak Island 1992 survey results. Technical Report 93-
01 written by Pentec Environmental, Inc., Edmonds, Washington.Written for the
Alaska Working Group of Cooper ative Forestry/Fisheries Research. 37pp., plus
Tables, Figures, and Appendices. (A, B, D, F)

Compiler abstract: A monitoring program was developed by Sealaska and Alaska Forest
Association to produce a database of fish habitat and conditions of channels for forested lands
that were previously harvested and for those that will be harvested in the future. The purpose was
to evaluate the overall effectiveness of new forest practices and best management practices. This
was accomplished by developing a multiyear monitoring program to collect data before and after
timber harvest in nine streams in Southeast Alaska and Afognak Island for comparative studies
between harvested and unharvested basins. Creeks included in the study were: Coon, Coco,
Frosty, East Tolstoi,Cabin, Eagle, East Eagle, Little Afognak, and East Fork Little Afognak
River. Parameters that were sampled for each creek, that are highly sensitive to and would be
affected by BMPs included: LWD size and number, distribution and number of hebitat units by
type, pool residual depth, bank stability, shade, channel width, and spawning gravel sediment.
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Parameters that were sampled for each creek that are indicative of general quality and quantity of
fish habitat included: habitat unit area, dominant and subdominant substrate composition, cover
type and area, spawning area, cobble embeddedness, riparian type and treatment, and channel
gradient. Results are presented separately for each creek.

105) Perkins, S.J. 1999. L anddlide inventory and sediment response study for monitored
Sealaska streams. Report written by Martin Environmental, Seattle, Washington.
Written for Sealaska Corporation, Juneau, Alaska. 27pp plus Appendices and

maps. (B, 1)

Author abstract (Author Introduction): This report presents the results of alanddlide
inventory and sediment-response study of twelve streams that are the subject of ongoing studies
of forest practices effectiveness by Sealaska and the Alaska Forest Association. The purpose of
thiswas to 1) estimate relative sediment supply levels to the study streams, 2) determine the
relative importance of landdides in supplying sediment to each stream, and 3) compile a history
of sediment supply changes and historic channel responses to changes in bedload. The results of
this study will provide the context for a second study phase: analysis of monitoring data to
examine the effects of sediment supply changes on channel substrate and morphology.

The scope of this study consisted of inspection of aerial photographs, topographic maps, and
supplemental information from timber harvest managers.

106) Piccolo, J.J., and M.S. Wipfli. 2002. Doesred alder (Alnusrubra) in upland riparian
forestselevate macroinvertebrate and detritus export from headwater streamsto
downstream habitatsin southeastern Alaska? Canadian Journal of Fisheriesand
Aquatic Sciences. 59: 503-513. (C)

Author abstract: We assessed the influence of riparian forest canopy type on macroinvertebrate
and detritus export from headwater streams to downstream habitats in the Tongass National
Forest, southeastern Alaska. Twenty-four fishless headwater streams were sampled monthly,
from April to August 1998, across four riparian canopy types. old growth, clearcut, young-
growth ader, and young-growth conifer. Y oung-growth alder sites exported significantly greater
count (mean = 9.4 individualsnT> water, standard error (SE) = 3.7) and biomass (mean = 3.1 mg
dry mass:n water, SE = 1.2) densities of macroinvertebrates than did young-growth conifer
sites (mean = 2.7 individualsm™ water, SE = 0.4, and mean = 1.0 mg dry mass:n1> water, SE =
0.2), enough prey to support up to four times more fishbiomass if downstream habitat is
suitable. We detected no significant differences in macroinvertebrate export between other
canopy types or in detritus export among different canopy types. Roughly 70% of the
invertebrates were aguatic; the rest were terrestrial or could not be identified. Although we do
not recommend clearcutting as a means of generating red alder, maintaining an alder component
in previously harvested stands may offset other potentially negative effects of timber harvest
(such as sedimentationand loss of coarse woody debris) on downstream, salmonid-bearing food
webs.
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107) Rickman, R.L. 1998. Effects of ice formation on hydrology and water quality in the
lower Bradley River, Alaska--Implicationsfor salmon incubation habitat. USDI
Geological Survey, Anchorage, Alaska, Water-Resour ces I nvestigations Report
98-4191. 50pp. (G, 1,J)

Electronic abstract: A minimum flow of 40 cubic feet per second is required in the lower
Bradley River, near Homer, Alaska, from November 2 to April 30 to ensure adequate salmonegg
incubation habitat. The study that determined this minimum flow did not account for the effects
of ice formation on habitat. An investigation was made during periods of ice formation.
Hydraulic properties and field water-quality data were measured in winter only from March 1993
to April 1995 at six transects in the lower Bradley River. Discharge in the lower Bradley River
ranged from 42.6 to 73.0 cubic feet per second (average 57 cubic feet per second) with ice
conditions ranging from near ice free to 100 percent ice cover. Stream water velocity and depth
were adequate for habitat protection for all ice conditions and discharges. No relation was found
between percent ice cover and mean velocity and depth for any given discharge and no trends
were found with changes in discharge for a given ice condition. Velocity distribution within each
transect varied significantly from one sampling period to the next. Mean depth and velocity at
flows of 40 cubic feet per second or less could not be predicted. No consistent relation was found
between the amount of wetted perimeter and percent ice cover. Intragravel- water temperature
was dightly warmer than surface-water temperature. Surface and intragravel-water dissolved-
oxygen levels were adequate for al flows and ice conditions. No apparent relation was found
between dissolved-oxygen levels and streamflow or ice conditions. Excellent oxygen exchange
was indicated throughout the study reach. Stranding potential of salmon fry was found to be low
throughout the study reach. The limiting factors for determining the minimal acceptable flow
limit appear to be stream-water velocity and depth, athough specific limits could not be
estimated because of the high flows that occurred during this study.

108) Roberston, A.L., and A.M. Milner. 2001. Coar se particulate organic matter: A habitat
or food resource for the meiofaunal community of a recently formed stream?
Archiv fuer Hydrobiologie. 152: 529-541. (C)

Electronic abstract: We examined the role of CPOM as food and/or habitat for lotic meiofauna
in Wolf Point Creek, a recently formed stream in Glacier Bay, south-eastern Alaska. Meiofaunal
communities in the stream substratum and those colonising mesh bags containing leaf or plastic
substrata were compared on 3 occasions during the summer of 1997. MANOVA indicated that
the communities of the stony and mesh bag substrata were significantly different but there were
no significant differences between the communities occupying the plastic or leaf substrata.
Measures of FPOM and biofilm were significantly higher on the leaf than on the plastic
substrata. The responses of meiofaunal densities to date and substratum type were taxon specific.
CPOM availability in this recently formed stream has had a marked impact on the meiofaunal
community; densities increased significantly with CPOM enhancement and its main role
appeared to be as habitat. This finding differs from those of similar studies on lotic
macroinvertebrate communities. Future increases in allochthonous inputs and stream retention in
Wolf Point Creek (following vegetation succession) will lead to an increase in meiofaunal
densities. It islikely that the establishment of the riparian zone adjacent to new streams formed
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following press disturbances will be a significant influence in the succession of resident
meiofaunal communities.

109) Robison, E.G., and R.L. Beschta. 1990. Characteristics of coar se woody debris for
sever al coastal streams of southeast Alaska, USA. Canadian Journal of Fisheries
and Aquatic Sciences. 47: 1684-1693. (A, D)

Electronic abstract: Coarse woody debris (> 0.2 m in diameter and 1.5 m long) was measured
along five undisturbed low-gradient stream reaches; volume, decay class, and horizontal
orientation in relation to channel flow of first-, second-, third-, and fourth-order coastal streams
were determined. Debris was also classified into four influence zones based on stream hydraulics
and fish habitat. Average debris length, diameter, and volume per piece increased with stream
size. Eighty percent of debris volume of the first-order and the smaller second-order streams was
suspended above or lying outside the bankfull channel, while less than 40% was similarly
positioned in the fourth-order stream.

110) Robison, E.G., and R.L. Beschta. 1990. Coar se woody debris and channel mor phology
interactions for undisturbed streamsin southeast Alaska, U.S.A. Earth Surface
Processes and L andforms. 15: 149-156. (A, D)

Author abstract: Coarse woody debris and channel morphology were evaluated for five low-
gradient streams that ranged from first to fourth order (0-7 to 55 knf watershed area). Debris
volumes were directly related to variations in bankfull width. Woody debris was associated with
65 to 75 per cent of all pools and the relative proportion of types of pools (i.e. plunge, lateral
scour, etc.) varied with stream size. High variability in channel depths and widths was common.
The results provide benchmark values of woody debris loadings and channels morphology for
undisturbed coastal Alaska stream systems.

111) Savard, C.S,, and D.R. Scully. 1984. Surface-water quantity and quality in the lower
Kenai Peninsula, Alaska. USDI Geological Survey, Water Resour ces Division,
Anchorage, Alaska, Water Resour ces I nvestigations Report 84-4161. 62 pp. (G, I,
J)

Electronic abstract: New information on stream discharge and quality were collected over a 2-
year period in the lower Kena Peninsula. This new information improved understanding of the
area’ s surface-water hydrology. Average annual runoff ranges from 11 inches in the lowland
portions of the peninsulato 100 inches in the Seldovia area. For drainage basins in the Kenai
Lowland, maximum flood runoff rates range from about 10 to 82 cubic feet per second per
sgquare mile. In the Seldovia area maximum peak dischargesrange from about 65 to 280 cubic
feet per second per square mile. Low-flow discharges are higher in the Seldovia area than on the
lower peninsula. Calcium and bicarbonate ions dominate the water in streams draining the study
area; the water is soft and has a low dissolved-solids content. Measured stream water
temperatures range from 0 to 23 degrees Celsius in the Kenai Lowland and from O to 11.5
degrees Celsius in the Seldovia area.



112) Schmiege, D.C, A.E. Helmers, and D.M. Bishop. 1974. The forest ecosystem of
southeast Alaska. 8. Water. USDA Forest Service, Pacific Northwest Forest and
Range Experiment Station, General Technical Report PNW-28. 26pp. (G, I, J)

Author abstract: One of the most striking characteristics of southeast Alaska is the abundance
of water. Large glaciers, icefields, and thousands of streams result from heavy precipitation
throughout the year.

Published and unpublished data on water regimen, temperature, sedimentation, and chemistry
are combined. These serve as a basis for understanding how this valuable resource may be used
and protected so that high quality water may always be abundant and available. A brief section
on needed research is included

113) Schult, D.T., and D.J. McGreer. 2001. Effects of forest harvest and roads on water
quality and application to water sheds of southeast Alaska. Report written by
Western Watershed Analysts, L ewiston, Idaho. Written for Sealaska Cor poration,
Juneau, Alaska. 12pp. (E, F, I, J)

Compiler abstract: Timber harvest and related road construction can have important effects on
water quality in forest streams by affecting sediment, nutrients, dissolved oxygen and water
temperature. This paper presents areview of scientific studies of the potential effects of timber
harvest and roads on water quality in cool, wet forests—mostly from the western slopes of the
Pacific Northwest—similar to those typically found in southeast Alaska. The authors apply their
conclusions to management of Alaska' s coastal forests with application of the Alaska Forest
Resources and Practices Act.

114) Sedéll, J.R. and W.S. Duval. 1985. Influence of forest and rangeland management on
anadromous fish habitat in western North America: Water transportation and
storage of logs. USDA Forest Service, Pacific Northwest Resear ch Station, General
Technical Report PNW-GTR-186. 68pp. (C, I)

Electronic abstract: Environmental effects of water transportation of logs in western North
Americainclude the historical driving of logsin rivers and streams, and the present dumping,
rafting, and storage of logsin rivers and estuaries in British Columbia and southeastern Alaska.
The historical perspective focuses on habitat |osses and volumes of logs transported by water,
both freshwater and marine. The environmental impacts of log handling on the physical habitat,
water quality, plant communities, benthic and intertidal invertebrates, and fishare reviewed.
Information gaps and research recommendations age given. In general, the environmental
impacts of log handling are localized.

115) Seitz, H.R. 1989. The U.S. Geological Survey data base: Streamflow and water quality
in southeast Alaska. In: Proceedings of Watershed ‘89: A Conference on the
Stewar dship of Sail, Air, and Water Resour ces, 21-23 March 1989, Juneau,
Alaska. E.B. Alexander, Editor. USDA Forest Service, Alaska Region, R10-M B-77.
Page 93. (G, I)
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Author abstract: Stream gauges for determination of streamflow have been operated in
Southeast Alaska — Y akutat south to the Canadian border — since 1909. Records range in length
from 1 to 70 years at 132 gauging sites. The oldest operating stream gauge is Fish Creek near
Ketchikan, beginning in 1915. The present gauging network consists of 22 gauge sites.
Continuous stream temperature records, less than 5 years in length, have been collected at 43
sites. Chemical analysis of the waters of Southeast Alaska has been sparse and limited to
determination of common ions. Streamflow sediment determinations have been limited in areal
coverage and range of river stage. Sediment loads carried by streams at peak flows greater than
mean annual peaks have not been determined.

116) Sheridan, W.L. 1961. Temperaturerelationshipsin a pink salmon stream in Alaska.
Ecology. 42: 91-98. (J)

Author abstract (Author Conclusions and Summary): The temperature regimen in 2 pink
salmon spawning riffles in Cabin creek, southeast Alaska were studied for a period of 14 months
in 1949-50. These studies were undertaken because little was known of the temperature regimens
of streams in the area and because survival of both adult and young pink salmonin freshwater
depends in part upon suitable water temperatures.

Temperatures of the air, stream water, intragravel water, and bank groundwater were
measured. A multiple thermocouple system was installed in each of 2 spawning rifflesto
measure temperatures in the gravel and in the banks.

Analyses of temperature data showed the following:

1. Although the extent of relationship between temperatures of the various media varied with the
season, air temperatures were found to dominate and govern all water temperatures during a
large part of the climatic year. During the summer and fall months, the closest relationship
existed between temperatures of stream water and intragravel water (r = 0.99); the least between
air and groundwater temperatures (r = 0.63). because of close agreement between air and stream
and intragravel water temperatures, abnormal air temperatures can affect pink salmonadult
spawners as well as eggs and larvae.

2. Winter stream temperatures depend to alarge extent on whether the stream is covered with ice
and snow. If the stream is clear of ice, stream temperatures are usually higher than when the
stream is covered. If the stream is covered, temperatures in the stream are less influenced by air
temperatures. The protective influence of an ice and snow layer was evident in Cabin Creek
during one of the coldest winters on record.

3. In the spring, melting snow subdues the effect of high air temperatures on water temperatures.
Variable yearly water temperatures in the spring, caused by an interaction of air temperatures
and accumulated snow, can influence the number of temperature units available to developing
pink salmon larvae, hence may cause fry to migrate to sea at unfavorable times.

4. Temperature gradation was more pronounced in groundwater of the banks than in water within
the gravel of the streambed, and was more marked in the intertidal zone than in the stream above
tidal influence. In the intertidal zone, temperature gradation was the result of ebb and flow of
warmer saltwater over the area. Temperature changes in the intertidal zone depend mainly on
tide level, temperatures of stream and saltwater, and permeability of streambed gravels.

Saltwater bathing intertidal zones may give salmoneggs and larva protection against freezing
during extremely cold winters and may accelerate developmental rate because of higher
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temperatures than in the stream above the tides. Pink salmon eggs reared in dilute saltwater also
have a higher survival than eggs reared in freshwater controls.

117) Sheridan, W.L. 1962. Relation of stream temperaturesto timing of pink salmon
escapementsin southeast Alaska. In: Symposium of Pink Salmon. H.R. Mac
Millan Lecturesin Fisheries. Symposium held at the University of British
Columbia, 13-15 October 1960, Vancouver, British Columbia. N.J. Wilimovsky,
Editor. Pages 87-101. (J)

Author abstract (Author Summary): 1. Fisheries Research Institute stream surveys (conducted
from 1949 through 1957) in Southeast Alaska clearly established that (1) pink sailmonin this
region return and spawn in different streams at different times, and (2) some spawning streams
are consistently colder than others, especially during the summer and fall spawning season. 2.
Correlation analyses of data on timing of the runs and temperatures of the streams indicate that in
most in stances cold streams are entered and spawned in earlier in the season than warmer
streams. 3. We suggest that coordination of time of spawning with following temperatures during
incubation is necessary for highest survival of the species because a: there is an optimum
sequence of temperatures during development of eggs and larvae. Deviations from the normal
temperature pattern can cause mortality. b. There is presumably on “best” period of time for the
fry to enter saltwater. For fry to migrate to sea during this “best” period eggs must be deposited
at a specific time and temperatures during incubation must follow a relatively restricted pattern.
c. the normal time of Seward migration (April and May) may be the “best” time because of (1)
food availability and (2) saltwater temperatures and salinities or other factors about which very
little is known.

118) Sheridan, W.L., M.P. Perensovich, T. Faris, and K. Koski. 1984. Sediment content of
streambed gravelsin some pink salmon spawning streamsin Alaska. In: Fish and
Wildlife Relationshipsin Old-Growth Forests. Proceedings of a symposium, 12-15
April 1982, Juneau, Alaska. W.R. Meehan, T.R. Merrell, Jr., and T.A. Hanley,
Editors. Pages 153-165. (B)

Author abstract: Composition of gravel was measured in selected pink salmonspawning riffles
in severa streams in southeast Alaska, one stream in Y akutat, and one stream in Prince William
Sound, during the period 1963-1971. Over 2,000 streambed samples were analyzed for fine
particulate matter. The point measurement, percent < 0.83 mm in diameter, was used throughout.
There was good agreement between percent < 0.83 and the “fredle index,” and between results of
analyzing gravel samples by the volumetric (wet) method and gravimetric (dry) method.

The mean percent particle size < 0.83 mm for 18 streams was 8.9. Separation of streamsin
logged watersheds from those in unlogged watershed resulted in means of 9.1 percent for
streams in logged drainages and 7.1 percent for streams in unlogged watersheds, but tests with a
nested Analysis of Variance showed no significant difference in percent fines < 0.83 between six
streams in logged watersheds and six streams in unlogged watersheds. Tests for differences
between sediment levels sampled during different seasons showed significant differencesin
some cases, and none in others.
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119) Sidle, R.C., and A.J. Campbell. 1983. Suspended sediment regime of Bambi Creek,
Chichagof 1dland, Alaska. Transactions of the American Geophysical Union. 64:
700. (F, G, 1)

Electronic abstract: Sedimentation isamajor concern to anadromous fishstreams because of
the potentia for reducing oxygen and nutrient transport within stream gravels and forming a
barrier to fry emergence. The supply of sediment to forest steamsin coastal Alaskais primarily
related to the inherent stabilities of landforms and stream channels. Suspended sediment
monitoring during the fall storm season at Bambi Creek, a small, second-order stream in the Trap
Bay watershed, began in 1980. Over the 3-yr. period from 1980 to 1982, nine storms were
sampled including al major stormsin 1982. Regression rel ationships devel oped for total
suspended sediment (TSS) versus discharge for the combined nine storms, indicate that less than
29% of the variation in TSS can be explained by selecting streamflow as the only independent
variable. Detailed analysis of sediment data for the five storms sampled in 1982 revealed
seasonal and within-storm patterns of transport.

120) Sidle, R.C., and A.J. Campbell. 1985. Patter ns of suspended sediment transport in a
coastal Alaska stream. Water Resour ces Bulletin. 21: 909-917. (1)

Electronic abstract: Suspended sediment data from a 154 ha watershed on northeast Chichagof
Isand, Alaska were collected over three fall storm seasons from 1980 to 1982. Sediment rating
curves for nine pooled storms explained less than 34% of the variation in total suspended solids
(TSS). Significantly higher concentrations of suspended sediment occurred during the rising limb
of storm hydrographs than for similar flows on the falling limb, accounting for hysteresis loops
in TSS versus streamflow plots for individual storms. These hysteresis |loops were wider during
early season storms, indicating that easily transportable fine sediment may have been flushed
from the upper portion of channel banks and from behind large organic debris during early
season peak flows. Turbidity correlated well (r=0.94) with TSS for al stormflow data combined.
Organic matter constituted an average of 35% of TSSfor all water quality samples.

121) Sidle, R.C., and A.M. Milner. 1989. Stream development in Glacier Bay National
Park, Alaska, U.S.A. Arctic and Alpine Research. 21: 350-363. (A, F, G)

Electronic abstract: Examines effects of hydraulics, sediment supply, channel condition, and
riparian vegetation on stream development over time. Field studies conducted on five streams.

122) Smith, R.D., and J.M. Buffington. 1993. Effects of large woody debris on channel unit
distribution in southeast Alaska. In: Proceedings of Watershed ‘91: A Conference
on the Stewar dship of Soil, Air, and Water Resources, 16-17 April 1991, Juneau,
Alaska. T. Brock, Editor. USDA Forest Service, Alaska Region, R10-M B-217.
Pages 43-44. (A, D)

Author abstract: The importance of large woody debris (LWD) in stream channels in forested
areas is documented by research conducted over the past severa years. As aresult, the practice
of removing LWD from streams in managed areas has generally been discarded. More

information is needed however to refine guidelines, including effective designs for buffer strips
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for management within riparian zones Information is also needed to improve guidelines for
rehabilitation of streams impacted by outdated management practices. Presumably, the riparian
zone must be relied upon to provide the stream channel with a sustained supply of debris
necessary for maintenance of channel morphologic characteristics that provide fish habitat. The
amounts, sizes, and types of debris required to provide adequate fish habitat are not well known.
We are addressing these information needs by conducting studies of the distribution of stream
channel units in both undisturbed streams and streams where loading of LWD has been reduced.
Channel units are spatial divisions of a stream channel distinguished by local hydraulicsand
channel morphology and are generally analogous to fish habitat units.

Preliminary results clearly indicate that LWD loading and characteristics are among the most
important variables controlling the distribution of channel units, in particular various types of
pools.

123) Smith, R.D., R.C. Sidle, and P.E. Porter. 1993. Effects of bedload transport of
experimental removal of woody debris from a forest gravel-bed stream. Earth
Surface Processes and Landforms. 18: 455-468. (A, D, F, 1)

Author abstract: Experimental removal of woody debris from a small, gravel-bed stream in a
forested area resulted in a four-fold increase in bedload transport at bankfull discharge. This was
caused by increased transportability of sediment previously stored upsiope of debris buttresses or
in low-energy hydraulic environments related to debris. Bank erosiondelivered additional
sediment to the channel, and transport energy was increased by an inferred increase in the
component of total boundary shear stress affecting grains on the bed. Increased transport
following debris removal in May 1987 continued throughout the entire autumn storm season
through late November 1987, indicating persistent adjustment of the stream bed and banks
despite marked response to earlier flows as large as bankfull. Stream bed adjustments included
development of a semi-regular sequence of alternate bars and pools, many of which were spaced
independently of former pool locations.

124) Starostka, V.J. 1994. Use of the geographic information system in aquatic habitat
management. Northeast Pacific Pink and Chum Salmon Workshop. Pages 171-
172. (A)

Electronic abstract: The channel type, an inventory and mapping tool for stream classification
based on stream reaches, was incorporated into the geographic information system (GIS) to
facilitate manipulation and storage of stream inventory data. The basic component of the channel
typeis the fluvia process group which describes the interrelationship between runoff, landform
relief, geology, and glacial or tidal influences on erosionand depositioral processes. Channel
type inventories provide key information on fish habitat utilization, habitat capability and
enhancement options. Most Tongass National Forest, state, and native corporation streamsin
Southeast Alaska have been mapped using the channel type method.

125) Stednick, J.D., L.N. Tripp, and R.J. McDonald. 1982. Slash burning effects on soil and
water chemistry in southeastern Alaska. Journal of Soil and Water Conservation.
37: 126-128. ()
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Electronic abstract: Timber harvest followed by slash burning in the coastal hemlock-spruce
forests of Chicagof Island in southeastern Alaska did not produce significant long-term effects
on soil or water resources. A 13 hasite, logged in 1977 and burned in June 1978, was monitored
by collecting daily stream water samples from above and below the burn during the snow-free
months of 1978 and 1979. Soil samples were also analyzed. Suspended sediment levels were
higher in the water below the burn (116.8 mg per liter) than above the burn (35.4 mg per liter).
Fourteen of the 16 water quality parameters were not significantly different when above-burn
and below-burn sample results were compared. However, total P and K levels were higher in
below-burn stream water. In soil samples slash burning produced no significant differencesin
litter depth, pH, N, P, and Ca levels. However, K and Mg concentrations in the burned soil were
about haf of the control concentrations.

126) Still, P.J. 1980. Index of streamflow and water-quality recordsto September 30, 1978,
southeast Alaska. USDI Geological Survey, Anchorage, Alaska, Open-File Report
80-698. 26pp. (G, I)

Electronic abstract: This report, which is one of a series of reports for Alaska, lists stations in
southeast Alaskaat which streamflow and water quality data have been collected by the U.S.
Geological Survey. Included are a hydrologic subregion map of southeast Alaska and atable
listing the types of data collected and periods of record.

127) Swanson, F.J., M.D. Bryant, G.W. Lienkaemper, and J.R. Sedell. 1984. Organic debris
in small streams, Prince of Wales Island, southeast Alaska. USDA Forest Service,
Pacific Northwest Forest and Range Experiment Station, General Technical
Report PNW-166. 12pp. (D)

Author abstract: Quantities of coarse and fine organic debrisin streams flowing through areas
clearcut before 1975 are 3 and 6 times greater than quantities in streams sampled in old-growth
stands in Tongass National Forest, central Prince of Wales Island, southeast Alaska. The
concentration of debrisin streams of clearcut Sitka spruce-western hemlock forests in southeast
Alaska, however, is about half that in streams of clearcut Douglas-fir-western hemlock forestsin
western Oregon. Management guidelines for maintaining natural debris conditions include
minimizing the addition of fresh material to a channel during management activities, leaving
natural accumulations of debris, and managing streamside areas for production of a continuous,
long-term supply of large debris for channels. Considerations in planning stream cleanup include
the length of time the debris has resided in the channel and the stability of debris, which isa
function of its size, orientation, and degree of burial and decay.

128) Swanston, D.N. 1969. Masswasting in coastal Alaska. USDA Forest Service, Pacific
Northwest Forest and Range Experiment Station, Resear ch Paper PNW-83. 15pp.

(K)

Author abstract: Mass wasting, a dominant form of erosionin coastal Alaska, iscommon
where slopes are oversteepened by glacial erosion, soils are newly developed and shallow, and
there is abundant rainfall. Presently, the most practical policy for the forest-land manager is
avoidance of susceptible areas during timber harvest. Old debris avalanche and flow scars are
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visible on aeria photos, but a more accurate identification of these areas can be made from a
dope-gradient map, which can be used to (1) delineate potential dlide areas, (2) determine
percentage of dlide-prone ground, and (3) establish cutting patterns causing minimum
disturbance.

129) Swanston, D.N. 1974. Theforest ecosystem of southeast Alaska. 5. Soil mass
movement. USDA Forest Service, Pacific Northwest Forest and Range Experiment
Station, General Technical Report PNW-17. 22pp. (K)

Author abstract: Research in southeast Alaska has identified soil mass movement as the
dominant erosion process, with debris avalanches and debris flows the most frequent eventson
characteristically steep, forested slopes. Periodically high soil water levels and steep slopes are
controlling factors. Bedrock structure and the rooting characteristics of trees and other vegetation
exert astrong influence on relative stability of individual sites.

Timber harvesting operations have a major impact on initiation and acceleration of these
movements. The cutting of timber itself has been directly linked with accelerated mass
movements, and the accumulation of debris linked with accelerated mass movements, and the
accumulation of debrisin gullies and canyons has been identified as a magjor contributor to the
formation of large-scale debris flows or debris torrents. The limited road construction on steeper
dopes thus far has had a relatively small impact.

Effective management practices on such terrain consist of identification and avoidance of the
most unstable areas and careful control of forest harvesting operations in questionable zones.

130) Swanston, D.N., and R. Erhardt. 1993. Short-term influence of natural landdide-dams
on the structure of low-gradient channels: An extended abstract. In: Proceedings
of Watershed ‘91: A Conference on the Stewardship of Soil, Air, and Water
Resources, 16-17 April 1991. T. Brock, Editor. USDA Forest Service, Alaska
Region, R10-M B-217. Pages 34-38. (A, D, F)

Author abstract: Landslides, one of the principal processes of sediment and large woody debris
transport from uplands to anadromous fish streams in southeast Alaska, tend to enter low-
gradient channels at nearly right angles. Rapid deceleration from impact of debris with the
opposing bank, coupled with a substantial reduction in gradient, causes dewatering and
deposition of a debris wedge at and immediately downstream from the point of entry of the
landdlide. The persistence of the wedge, both as a dam and temporary base-level for the channel,
is largely determined by composition of material and the size of flows carried by the channel
during storms. Subsequent flows over and around the deposit tend to be sediment poor and
energy rich, resulting in more rapid downcutting, increases in downstream channel scour, and the
frequent shifting of the channel bed for several hundred meters downstream. In this dynamic
environment, the large woody debris piles downstream of the wedge serve as focal points for
formation and persistence of habitat elements such as pools, riffles and side channels. These
habitat elements remain viable until occurrence of additional landslides or flood flows with
power great enough to remobilize the debris.
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131) Swanston, D.N, W.R. Meehan, and J.A. McNutt. 1977. A quantitative geomor phic
approach to predicting productivity of pink and chum salmon streamsin
southeast Alaska. USDA Forest Service, Pacific Northwest Forest and Range
Experiment Station, Research Paper PNW-227. 16pp. (K)

Author abstract: Twenty-one quantitative geomorphic variables, measured from aeria
photographs and topographic and geologic maps of 78 watersheds, were tested for significance in
differentiating between good and poor producers of pink and chum salmon A discriminant
model was then constructed. Using this model, the decision maker can make a qualititative
estimate of potential pink and chum salmon production for any southeast Alaska watershed with
minimum field investigation.

132) Swanston, D.N., C.G. Shaw |11, W.P. Smith, K.R. Julin, G.A. Céellier, and F.H.
Everest. 1996. Scientific information and the Tongass L and M anagement Plan:
Key findings from the scientific liter ature, species assessments, resour ce analyses,
wor kshops, and risk assessment panels. USDA Forest Service, Pacific Northwest
Resear ch Station, General Technical Report PNW-GTR-386. (D, F, 1)

Author abstract: This document highlights key items of information obtained from the
published literature and from specific assessments, workshops, resource analyses, and various
risk assessment panels conducted as part of the Tongass land management planning process.
None of thisinformation dictates any particular decision; however, it isimportant to consider
during decision making or when the consequences of any particular decision are eval uated.

133) Thedinga, J.F., M.L. Murphy, J. Heifetz, K.V. Koski, and S.W. Johnson. 1989. Effects
of logging on size and age composition of juvenile Coho salmon (Oncorhynchus
kisutch) and density of presmoltsin southeast Alaska streams. Canadian Jour nal
of Fisheriesand Aquatic Sciences. 46: 383-391. (C)

Electronic abstract: Short-term effects of logging on age composition and size of juvenile coho
salmon (Oncor hynchus kisutch) were studied in 18 streams in Southeast Alaskain 1982 and
1983; studies were in old-growthand clear-cut reaches with or without buffer strips. The number
of fry (age 0) in summer and winter was proportionately higher in buffered and clear-cut reaches
than in old- growth reaches, and all treatments averaged a 20% decrease in fry from summer to
winter. Fry length and condition factor were greater for buffered and clear-cut reaches than for
old- growth reaches, whereas parr (age 1 and older) size did not differ anong treatments. Fry and
parr were larger in the southern than in the northern regions and their length and weight were
directly related to periphyton biomass and benthos density.

134) Thomas, R.E., J.A. Gharrett, M.G. Carls, S.D. Rice, and A. Moles. 1986. Effects of
fluctuating temperature on mortality, stress, and ener gy reserves of juvenile Coho
salmon. Transactions of the American Fisheries Society. 115: 52-59. (J)

Author abstract: The effects of fluctuating diel temperature cycles on survival, growth, plasma
cortisol and glucose concentrations, liver weight, and liver glycogen of juvenile coho salmon
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(Oncorhynchus kisutch) were determined. Temperature cycles (10-13, 9-15, 8-17, and 6.5-20 C)
were selected to simulate observed temperatures in clear-cuts of southeastern Alaska. Different
levels of feeding, including starvation, were used in each test. LT50s were 28 C for age-0 fish
(350 mg) and 26 C for age-11 fish (22-g presmolts). Cyclic temperatures for 40 d, averaging 11 C
daily, did not influence growth of age-0 fish on any food ration as compared to controls held at a
constant 11 C. Plasma cortisol and glucose concentrations were significantly greater in fish
maintained for 20 d in the 6.5-20 C cycle, but not different in fish in 10-13 and 9-15 C cyclesor
aconstant 11 C. These elevated concentrations may be indicators of long-term stress. Plasma
cortisol concentrations were lower in starved fish than in fed fish at al temperature regimes,
however, fluctuating temperature did not enhance starvation effects on cortisol levels. Diel
temperature cycles did not affect liver weights or liver glycogen concentrations. It is concluded
that temporary high temperatures above lethal limits, even if only for 1-2 h, may be more
harmful than long-term fluctuating temperatures.

135) USDA Forest Service, Alaska Region. 2002. A summary of technical considerationsto
minimize the blockage of fishat culverts on the national forests of Alaska. A
supplement to the Alaska Region’s June 2, 2002 briefing paper titled Fish Passage
on Alaska’ s National Forests. (K)

Author abstract (Author Introduction): Thisis ageneral technical review of the process
undertaken by the USDA Forest Service, Region 10 interagency fish passage task force, to
address the issue of fish blockage at road crossings. This review will answer the following
guestions:

1. Why isit important to provide fishpassage at road crossings?

2. What is a“blockage” of fishmovement at road culverts?

3. How were existing road culverts evaluated to determine if they blocked fist?

4. How are new and reinstalled culverts being designed to ensure fish passage?

5. What additional information is needed to better address fish passage issues?
Providing for fishpassage at stream and road intersections is an important consideration when
constructing or reconstructing forest roads. Improperly located, installed or maintained stream
crossing structures, primarily culverts, can restrict fish movement, thereby adversely affecting
fish populations. These structures may present a variety of obstacles to fish migration The most
common obstacles are culvert outlet vertical barriers, debris blockages, and excessive water
velocities,

136) Walter, R.A. 1984. A stream ecosystem in an old-growth forest in southeast Alaska.
Part I1: Structure and dynamics of the periphyton community. In: Fish and
Wildlife Relationshipsin Old-Growth Forests. Proceedings of a symposium, 12-15
April 1982, Juneau, Alaska. W.R. Meehan, T.R. Merrell, Jr., and T.A. Hanley,
Editors. Pages 57-69. (C, E, H)

Author abstract: Average net primary production of periphyton in a small undisturbed stream
in southeast Alaska ranged from 1 to 354 mg ashfree dry weight (AFDW).mi%.day* over a1
year period. Annual production was 13.2 gAFDW / nt for the entire creek. Third-order sections
were twice as productive as second-order sections, and the stream / estuary ecotone was more
productive than freshwater sections. Primary production was probably limited by light in
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freshwater and by nutrients or grazing in the stream / estuary ecotone. Weighted mean annual
standing crop of chlorophyll a for the entire creek was 7.2 mg/nf. Diatoms dominated volume
but not abundance of total algal cells. The filamentous chlorophyte Ulothrix dominated
production in summer. Many of the dominant species appear to be poorly known or not
described. The comparatively high net primary production and unusual species composition of
periphyton in Porcupine Creek may be due to the stream’ s relatively large salmonruns, low
gradient, and long intertidal area. If the watershed were logged, nutrients would probably replace
light as the factor limiting primary production and standing crop of filamentous chlorophytes
could be expected.

137) Wipfli, M.S. 1997. Terrestrial invertebratesas salmonid prey and nitrogensourcesin
streams: Contrasting old-growth and young-growth riparian forestsin
southeastern Alaska, U.S.A. Canadian Journal of Fisheriesand Aquatic Sciences.
54: 1259-1269. (C)

Author abstract: Terrestrial-derived invertebrate (T1) inputs into streams and predation on them
by salmonids (40.180 mm fork length) were measured in six coastal Alaska stream reaches from
April through October 1993.1994; riparian habitat of three stream reaches contained conifer-
dominated old-growth (no timber harvesting) and three were alder-dominated young-growth (31
years postclearcutting). Data from pan-traps placed on stream surfaces showed that T1 biomass
and nitrogeninputs averaged up to 66 and 6 mgxmi®xday*, respectively, with no significant
difference between habitats. Stomach contents from coho salmon (Oncor hynchuskisutch),
cutthroat trout (O. clarki), and Dolly Varden (Salvelinus malma) revealed that Tl and aquatic-
derived invertebrates (Al) were equally important prey. Additionally, salmonids from young-
growth systems ingested a greater T1 proportion than those from old-growth systems. There were
trends but no significant differences between habitats of T1 and Al biomass ingested; however,
statistical power was <0.30. These results showed that TI were important juvenile salmonid prey
and that ariparian overstory with more alder and denser shrub understory may increase their
abundance. Riparian vegetation management will likely have important consequences on trophic
levels supporting predators, including but not limited to fishes.

138) Wipfli, M.S., and D.P. Gregovich. 2002. Export of invertebrates and detritus from
fishless headwater streamsin southeastern Alaska: Implicationsfor downstream
salmonid production. Freshwater Biology. 47: 957-969. (C)

Author abstract: 1. We examined the export of invertebrates (aguatic and terrestrial) and coarse
organic detritus from forested headwatersto aquatic habitats downstream in the coastal
mountains of southeast Alaska, U.S.A. Fifty-two small streams (mean discharge range: 1.2-3.6 L
S-1), representing a geographic range throughout southeast Alaska, were sampled with 250-nm
nets either seasonally (April, July, September) or every 2 weeks throughout the year. Samples
were used to assess the potential subsidy of energy from fishless headwaters to downstream
systems containing fish

2. Invertebrates of aquatic and terrestrial origin were both captured, with aquatic taxa making up
65-92% of the total. Baetidae, Chironomidae and Ostracoda were most numerous of the aquatic
taxa (34, 16 and 8%, respectively), although Coleoptera (mostly Amphizoidae) contributed the



greatest biomass (30%). Mites (Acarina) were the most numerous terrestrial taxon, while
terrestrial Coleoptera accounted for most of the terrestrial invertebrate biomass.

3. Invertebrates and detritus were exported from headwaters throughout the year, averaging 163
mg invertebrate dry mass streami* day* and 10.4 g detritus stream* day ™, respectively. The
amount of export was highly variable among streams and seasons (5-6000 individuals stream*
day ! and <1-22 individuals m* water; <1-286 g detritus stream* day* and <0.1-1.7 g detritus mi
3 water). Delivery of invertebrates from headwaters to habitats with fishwas estimated at 0.44 g
dry mass mi? year'l. We estimate that every kilometre of salmonid-bearing stream could receive
enough energy (prey and detritus) from fishless headwaters to support 100-2000 young-of-the-
year (YOY) salmonids. These results illustrate that headwaters are source areas of aquatic and
terrestrial invertebrates and detritus, linking upland ecosystems with habitats lower in the
catchment.

139) Wipfli, M.S,, and J. Musslewhite. 2004. Density of red alder (Alnusrubra)in
headwaters influencesinvertebrate and detritus subsidies to downstream fish
habitatsin Alaska. Hydrobiologia. 520: 153-163. (C)

Author abstract: We investigated the influence of red alder (Alnus rubra) stand density in
upland, riparian forest on invertebrate and detritus transport from fishless headwater streams to
downstream, salmonid habitats in southeastern Alaska. Red alder commonly regenerates after
soil disturbance (such as from natural landgliding or timber harvesting), and is common along
streams in varying densities, but its effect on food delivery from headwater channelsto
downstream salmonid habitats is not clear. Fluvia transport of invertebrates and detritus was
measured at 13 sites in spring, summer, and fall during two years (2000-2001). The 13 streams
encompassed ariparian red alder density gradient (1-82% canopy cover or 0-53% basal areq)
growing amongst young-growth conifer (45-yr-old stands that regenerated after forest
clearcutting). Sites with more riparian red alder exported significantly more invertebrates than
did sites with little alder (mean range across 1-82% alder gradient was about 1-4 invertebrates
m> water and 0.1-1 mg invertebrates m™ water, respectively). Three-quarters of the invertebrates
were of aguatic origin: the remainder was of terrestrial origin. Aquatic taxa were positively
related to the alder density gradient, while streams with less alder (mean range across 1-82%
alders gradient was 0.01-0.06g detritus m> water). Based on these data, we predict that
headwater streams with more riparian alder will provide more invertebrates and support more
downstream fish biomass than those basins with little or no riparian ader, provided these
downstream food webs utilize this resource subsidy.

140) Wipfli, M.S., J. Hudson, and J. Caouette. 1998. I nfluence of salmon car casses on
stream productivity: Response of biofilm and benthic macroinvertebratesin
southeastern Alaska, U.S.A. Canadian Journal of Fisheriesand Aquatic Sciences.
55: 1503-1511. (C, E)

Author abstract: This study was conducted to determine if salmon carcasses (from spawning
adults) increased stream biofilm ash free dry mass (AFDM) and benthic macroinvertebrate
abundance in southeastern Alaska, U.S.A. Thirty-six once-through artificial streamswere
situated along, and received water and drifting invertebrates from, a natura stream. Two
treatments (salmon carcass, control) were sampled six times during a 3-month period in a
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randomized incomplete block design with a2 x 6 factorial treatment structure. Additionally, two
natural stream sites were sampled once for biofilm and macroinvertebrates, one site receiving 75
000 adult salmon migrants during 1996 and the other upstream of spawning salmon. While
biofilm AFDM was 15 times higher in carcass-enriched reaches of Margaret Creek, there were
no detectable treatment differences in the artificial streams. Total macroinvertebrate densities
were up to eight and 25 times higher in carcass-enriched areas of artificial and natural streams,
respectively; Chironomidae midges, Bagtis and Cinygmula mayflies, and Zapada stoneflies were
the most abundant taxa. The increased biofilm in Margaret Creek and macroinvertebrate
abundance in both systems suggests that salmon carcasses elevated freshwater productivity. This
marine-based positive feedback mechanism may be crucial for sustaining aquatic-riparian
ecosystem productivity and long-term salmonid population levels.

141) Wipfli, M.S,, J.P. Hudson, D.T. Chaloner, and J.P. Caouette. 1999. I nfluence of
salmon spawner densities on stream productivity in southeast Alaska. Canadian
Journal of Fisheriesand Aquatic Sciences. 56: 1600-1611. (C, E)

Author abstract: We conducted this study to determine the relationship between salmon
spawner abundance and stream biofilm and benthic macroinvertebrate abundance in Southeast
Alaska. Experiments took place in outdoor artificial and natural streams. Six pink salmon
(Oncorhynchus gorbuscha) carcass treatments (0.00, 1.45, 2.90, 4.35, 5.80, and 7.25 kg wet
mass) placed in artificial channels were subsampled repeatedly for biofilm ash free dry mass
(AFDM), chlorophyll a, and macroinvertebrates. In a small (nonanadromous) forest stream, we
sampled benthos throughout a 66-m reach 17 days after distributing 60 carcasses along the lower
half of that reach. All response variables significantly increased in response to carcass additions
in both artificial and natural streams. Chlorophyll a continued to increase across all loading rates,
while AFDM and total macroinvertebrate densities showed no further response to loading
beyond the first treatment (1.45 kg) in artificial streams. In the natural stream, AFDM and
chironomid densities continued increasing across loading levels. These results indicated that
increased spawner densities increased lower trophic level abundance until a trophic capacity was
reached. Salmon escapement goals should consider food web effects, especially on trophic levels
that support juvenile salmonids, that ultimately affect freshwater salmon production.

142) Wipfli, M.S., R.L. Deal, P.E. Hennon, A.C. Johnson, T.L. De Santo, T.A. Hanley, M .E.
Schultz, M.D. Bryant, R.T. Edwards, E.H. Orlikowska, and T. Gomi. 2002.
Managing young upland forests in southeast Alaska for wood products, wildlife,
aquatic resour ces, and fishes: Problem analysis and study plan. USDA Forest
Service, Pacific Northwest Resear ch Station, General Technical Report PNW-
GTR-558. 64pp. (C, E)

Author abstract: Red alder (Alnus rubra Bong.) appears to influence the productivity of young-
growth conifer forest and affect the major resources (timber, wildlife, and fisheries) of forested
ecosystems in southeast Alaska. We propose an integrated approach to understanding how alder
influences trophic links and processes in young- growth ecosystems. The presence of red ader is
expected to increase understory biomass, and aguatic, riparian, and terrestrial invertebrate
abundance, providing more food for herbivores, fish and birds. We predict that most red alder
trees will die standing, and woody debris will be small and mobile in streams. Nitrogen fixation
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by red ader in mixed stands may result in larger, more commercialy valuable conifers. Inclusion
of red ader in the regenerating stand may therefore mitigate some negative impacts of
clearcutting, and may increase total wood production form the landscape.

143) Wood-Smith, R.D., and J.M. Buffington. 1996. Multivariate geomor phic analysis of
forest streams. Implications for assessment of land use impacts on channel
condition. Earth Surface Processes and Landforms. 21: 377-393. (A, D)

Author abstract: Multivariate statistical analyses of geomorphic variables from 23 forest stream
reaches in southeast Alaska result in successful discrimination between pristine streams and
those disturbed by land management, specifically timber harvesting and associated road building.
Results of discriminant function analysis indicate that a three- variable model discriminates 10
disturbed from 13 undisturbed reaches with 90 per cent and 92 per cent correct classification
respectively. These variables are the total number of pools per reach, the ratio of mean residual
pool depth to mean bankfull depth, and the ratio of critical shear stress of the median surface
grain size to bankfull shear stress. The last variable can be dropped without a decrease in rate of
correct classification; however, the resulting two-variable model may be less robust. Analysis of
the distribution of channel units, including pool types, can aso be used to discriminate disturbed
from undisturbed reaches and is particularly useful for assessment of aquatic habitat condition.
However, channel unit classification and inventory can be subject to considerable error and
observer bias. Abundance of pool-related large woody debrisis highly correlated with pool
frequency and is an important factor determining channel morphology. Results of this study yield
a much needed, objective, geomorphic discrimination of pristine and disturbed channel
conditions, providing a reference standard for channel assessment and restoration efforts.

144) Ziemer, R.R., and D.N. Swanston. 1977. Root strength changes after logging in
southeast Alaska. USDA Forest Service, Pacific Northwest Forest and Range
Experiment Station, Resear ch Note PNW-306. 10pp. (K)

Author abstract: A crucial factor in the stability of steep forested dopes is the role of plant
roots in maintaining the shear strength of soil mantles. Roots add strength to the soil by vertically
anchoring through the soil mass into failures in the bedrock and by laterally tying the slope
together across zones of weakness or instability. Once the covering vegetation is removed, these
roots deteriorate and much of the soil strength is lost.

Measurements of change in strength of roots remaining in the soil after logging at Staney
Creek on Prince of Wales Idland, southeast Alaska, indicate that |oss of strength in smaller roots
occurs rapidly for all speciesthe first 2 years. Western hemlock (Tsuga heterophylla (Raf.)
Sarg.) roots are more resistant to loss of strength than are Sitka spruce (Picea sitchensis (Bong.)
Carr.) roots. By 10 years, even the largest roots have lost appreciable strength.
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Alaska—FRPA Region |1
(Interior Spruce/Hardwood Forest, South of the Alaska Range)

145) Ashton, W.S. 1983. Deter mination of fish passage discharge for design of hydraulic
structureson Little Tonsina River, Alaska. M.S. Thesis, University of Alaska,
Fairbanks. 51pp. (G)

Author abstract: The flow regime of the Little Tonsina River, Alaska, was analyzed to
determine the peak and low flows during periods of fish migration Seven methods of predicting
the Critical Migration Discharge for use in designing hydraulic structures for fish passage were
evaluated. These methods were evaluated to determine which method provided the most accurate
prediction of streamflow during periods of fish migration. Three periods of analysis were
considered: spring, April 1 to June 30; summer, July 1 to August 31; and fall, September 1 to
October 31. For the Little Tonsina River the spring period 12-hour duration discharge with a 2-
year return period and the fall period 7-day, 5-year return period low-flow were considered
critical for the design of culverts for fish passage. The Critical Migration Discharge determined
using floods predicted by regional regression equations overestimated the spring and fall design
dischargesby 51% and 8%, respectively.

146) Feulner, A.J. 1971. Water-resour ces reconnaissance of a part of the Matanuska-
Susitna Borough, Alaska. USDI Geological Survey Hydrologic I nvestigations Atlas
HA-364. (G, 1)

Electronic abstract: This one-sheet hydrologic atlas consisting of maps, graphs, tables of data,
and a descriptive text summarizes the groundwater and surface water resources of the
Matanuska- Susitna borough, Alaska Average cumulative discharge of all measured streamsin
the study area was about 28,000 cfs. The greatest yields of groundwater (more than 100 gpm)
comes from wells in the flood plains and lowland areas adjacent to streams and rivers. These
areas are underlain by glacial and aluvial deposits of sand and gravel. Groundwater in the study
area has a greater chemical-quality variation than the surface water. It generally is harder than
surface water, except in areas adjacent to streams where the water quality of both is similar.
Much of the groundwater obtained from shallow wells drilled in the aluvium contains
objectionable concentrations of iron, most of which could be easily removed by aeration and
filtration of the water prior to storage or use. Groundwater ranges from about 50 to more than
200 mg/liter in hardness and is of the calcium bicarbonate type.

147) Freeman, M.W., and J. Durst (Editors). 2004. Region |1 forest resources & practices
riparian management annotated bibliography. Report by the Alaska Department
of Natural Resour ces Division of Forestry, and Alaska Department of Natural
Resour ces Office of Habitat Management & Permitting. Report to the Alaska
Board of Forestry. 136pp. plus an alphabeticad list of references(A, B, C, D, E, F,
G,H,1,J)

Compiler abstract: This annotated bibliography is a compilation of published research relevant
to riparian management issues in the spruce/hardwood forests of southcentral Alaska (i.e. Region
I1). The bibliography is separated into eleven topics. 1) overwintering and spawning ecology of
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fishesin cold climates; 2) adult anadromous fish use in the Susitna River; 3) fluvial processes
with specia emphasis on glacia river; 4) forestry slope and stability; 5) temperature effectsin
brownwater streams; 6) effects of beetle epidemics and harvesting on stream flow; 7) the use of
winter roadsin forest practices, and the relationship with ATV use; 8) riparian areas, logging
roads, and invasive species; 9) riparian area function and management in headwaters and small
streams; 10) riparian area function and management in lakes and 11) revegetation in Alaska
using native plants, and soilsin riparian areas/wetlands and interpretations for use. A brief
summary of the referenced literature for each topic is provided at the beginning of each section
of the bibliography.

148) Knott, J.M ., SW. Lipscomb, and T.W. Lewis. 1986. Sediment transport
characteristics of selected streamsin the Susitna River Basin, Alaska, October
1983 to September 1984. USDI Geological Survey Open-File Report 86-424W.
73pp. (G, 1)

Author abstract: The upper reaches of the Susitna River have been considered for development
of alarge power generation system for south-central Alaska. This report presents a summary and
discussion of sediment and hydraulic data obtained from October 1983 to September 1984 at ten
sites on the Susitna, Chulitna, Talkeetna, and Y entna Rivers. Sediment data include
measurements of suspended sediment and bedload discharge and analyses of particle size
distribution of suspended sediment, bed-load, and bed material; hydraulic datainclude
measurements of width, average depth and velocity, and water surface slope. Relations between
water and sediment discharge are developed for selected sites. Sediment loads for the 1984 water
year were estimated for the Y entna, Chulitna, and Talkeetna Rivers and for four sites on the
Susitna River. About 25 million tons of sediment was transported by the Susitna River at Susitna
Station during the 1984 water year. The Y entna and Chulitna Rivers contributed more than 20
million tons of sediment to the Susitna River. About 90% of suspended materia (silt, clay, and
sand) transported past upstream sites reached Susitna Station during the same period.

149) Knott, J.M., SW. Lipscomb, and T.W. Lewis. 1987. Sediment transport
characteristics of selected streamsin the Susitna River Basin, Alaska: Data for
water year 1985 and trends in bedload discharge, 1981-85. USDI Geological
Survey Open-File Report 87-229. 51pp. (G, 1)

Author abstract: The upper reaches of the Susitna River have been considered for development
of alarge power generation system for south-central Alaska. Sediment and hydraulic data
obtained from October 1984 to September 1985 (water year 1985) at selected sites on the
Susitna, Chulitna, Talkeetna and Y entna Rivers are summarized. Sediment data include
measurements of suspended sediment and bedload discharge, and analyses of particle size
distribution of suspended sediment, bedload, and bed material; hydraulic data include
measurements of channel width, average depth and velocity of water, and water surface slope.
Relations between water and sediment discharge are devel oped for each site. Sediment loads for
water year 1985 were estimated for the Yentna, Chulitna, and Talkectna Rivers and for three
sites on the Susitna River. About 31 million tons of sediment were transported to the Susitna
River at Susitna Station during the year. The Y entna and Chulitna Rivers contributed about 21
million tons of sediment to the Susitna River.
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150) Kyle, R.E., and T.B. Brabets. 2001. Water temperature of streamsin the Cook Inlet
Basin, Alaska, and implications of climate change. USDI Geological Survey
W ater-Resour ces | nvestigations Report 01-4109. Anchor age, Alaska. 24pp. (J)

Author abstract: Water-temperature data from 32 sitesin the Cook Inlet Basin, south-central
Alaska, indicate various trends that depend on watershed characteristics. Basins with 25 percent
or more of their area consisting of glaciers have the coldest water temperatures during the opent
water season, mid-May to mid-October. Streams and rivers that drain lowlands have the warmest
water temperatures. A model that uses air temperature as input to predict water temperature as
output was utilized to simulate future trends in water temperature based on increased air
temperatures due to climate warming. Based on the Nash Sutcliffe coefficient, the model
produces acceptable results for 27 sites. For basins with more than 25 percent glacial coverage,
the model was not as accurate. Results indicate that 15 sites had a predicted water-temperature
change of 3 degrees Celsius or more, a magnitude of change that is considered significant for the
incidence of disease in fishpopulatiors.

151) Martin, D.C. 1988. Aquatic habitat of the Tiekel River, southcentral Alaska, and its
utilization by resident Dolly Varden (Salvelinus malma). M.S. Thesis, University of
Alaska, Fairbanks. 179pp. (C, J)

Author abstract: The Tiekel River isathird order stream in southcentral Alaska and contains
stream-resident Dolly Varden (Salvelinus malma) that are small in size. The purpose of this
project was to compile baseline aquatic habitat data, determine which hebitats were the most
important to the Dolly Varden and should be protected from future development, and develop
management recommendations. Habitat data suggested that the Tiekel River drainage contained
awide variety of habitats that could fulfill the life requirements for a number of fish species.
Habitat suitability index graphs were constructed for the important habitat variables and should
be used in the planning of future habitat alterations to assure that habitat quality does not suffer.
The beaver ponds were found to have a greater probability of producing large fish than the
stream habitats. Fish size was positively correlated with August water temperatures and
chlorophyll a concentrations.

152) Martin, D.J. 1996. Spawning gravel quality in selected streams of the Ninilchik Area,
Kenai Peninsula, Alaska. Project No. 51-004 revised draft data report written by
Pentec Environmental, Inc., Edmonds, Washington. Written for the Alaska
Department of Natural Resour ces and Klukwan Forest Products. 20pp. plus
Appendices. (B)

Compiler abstract: This report describes sample locations, sample methods, and 1995 sample
results for a monitoring program to measure spawning gravel quality in areas of the Ninilchik
area of the Kenai Peninsula where future timber harvest was planned. The monitoring program
was initiated to establish baseline (i.e. pre-harvest) conditions which would later be compared
againgt conditions after timber harvest was conducted.

Spawning gravel samples were collected from 13 locations of the North Fork Ninilchik
River, Clam Creek, and Stariski Creek. Sample locations were located downstream from forest
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stands scheduled for timber harvest. Stream channels were characterized by measuring bankfull
channel width, average channel depth, and gradient at three consecutive riffles at each gravel
sample location. For each gravel sample, spawning gravels were characterized by determining
particle size composition by volume and dry weight. The percentage of fines was used as an
indicator of habitat quality.

The mean percentage of fines was highly variable among streams, and significant differences
in mean levels if fines occurred among the stations within each stream. The 1995 data indicated
that pre- harvest levels of fines were relatively high at all stream locations, primarily because
Ninilchik area streams are located in old glacial outwash channels and drain an area with low
topographic relief composed of sand and small gravels.

153) Mauger, S. 2004. A preliminary water quality assessment of lower Kenai Peninsula
salmon bearing streams: August 1998 — June 2004. Homer Soil and Water
Conservation District and Cook Inlet Keeper, Homer, Alaska. 71pp. (G, E, I, J)

Compiler abstract: This report presents a preliminary water quality assessment of four salmon
bearing creeks on the lower Kenai Peninsula—Ninilchik River, Deep Creek, Stariski Creek, and
Anchor River. Water quality data were collected from August 1998 through June 2004, and
consisted of the following variables: streamflow, water temperature, dissolved oxygen pH, tota
dissolved solids, conductivity, nutrients (nitrogen, phosphorus), turbidity, suspended solids,
settleable solids, and color.

154) Schulz, B.K. 1993. Movement of M etasystox-R2 in an Alaskan landscape soil. M..S.
Thesis, University of Alaska, Fairbanks. 79pp. (1)

Author abstract: Metasystox-R2 is a systemic insecticide that is injected into the soil to control
aphids on ornamental birch trees. Its active ingredient is oxydemeton methyl (ODM), a highly
water soluble organophosphate. Soils in south-central Alaska are frozen for up to six months a
year. When not frozen, soils are cold and permesable to water movement. Concerns have been
expressed by home owners and pesticide applicators over the potential of Metasystox-R2 to
contaminate groundwater under local soil and climatic conditions. An application of Metasystox-
R2 was made to five individua birch trees in a landscape setting. Soil samples were collected to
adepth of 61 centimeters over a 78-day period following application. Residues of the active
ingredient and its toxic sulfone metabolite were recovered at the maximum depth sampled.
Results suggest that downward transport of ODM and its toxic sulfone metabolite can be
minimized by limiting depth of soil saturation during post-application irrigation.

155) Scott, K.M. 1982. Erosion and sedimentationin the Kenai River, Alaska. US
Geological Survey Professional Paper 1235. United States Gover nment Printing
Office, Washington, D.C. 35pp. (A, F, G)

Author abstract: The Kenai River is the most important freshwater fishery in Alaska. The flow
regime is characterized by high summer flow of glacial melt water and periodic flooding caused
by sudden releases of glacier-dammed lakes in the headwaters. Throughout most of its 50- mi

course across the Kenai Peninsula Lowlands to Cook Inlet, the river meanders within coarse bed
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material with a median diameter typically in the range 40-60 mm. Every nontidal section of the
stream is a known or potential salmon-spawning site.

The stream is underfit, a condition attributed to regional glacia recession and hypothesized
drainage changes, and locally is entrenched in response to geologically recent changes in base
level. The coarseness of the bed material is explained by these characteristics, combined with the
reservoir like effects of two large morainally impounded lakes, Kenai and Skilak Lakes, that
formed as lowland glaciers receded. Throughout the central section of the river the channel is
effectively armored, a condition that may have important long-term implications for the ability of
this section of channel to support the spawning and rearing of salmon

The 3.8-river-mile channel below Skilak Lake contains submersed, crescentic gravel dunes
with lengths of more than 500 ft and heights of more than 15 ft. Such bed forms are highly
unusual in streams with coarse bed materia. The dunes were entirely stable from 1950 to at least
1977, so much so that small details of shape were unmodified by a major glacial-outburst flood
in 1974. The features are the product of aflood greatly in excess of any recorded discharge.

The entrenched section of the channel has been stable since 1950-51 or earlier; only
negligible amounts of bank erosionare indicated by sequential aerial photographs. Bank erosion
is active both upstream and downstream from the entrenched channel, however, and erosion rates
in those reaches are locally comparable to rates in other streams of similar size. Although erosion
rates have been generaly constant since 1950-51, evidence suggests a possible recent decreasein
bank stability and an increase in erosion that could be related to changesin river use.

The high sustained flow of summer encourages a variety of recreationrelated modification to
the bank and flood plain—canals, groins, boat ramps, dips, embankments, as well as commerciad
developments. As population and recreational use increase, development can pose a hazard to the
productivity of the stream through increased suspended- sediment concentration resulting directly
from construction and, with greater potentia for long-term impact, indirectly from bank erosion
A short-term hazard to both stream and developments is the cutoff of meander loops, the risk of
which isincreased by canals and boat dips cut in the surface layer of cohesive, erosionresistant
sediment on the flood plain within nonentrenched meander loops. A significant long-term hazard
isan increase in bank erosion rates resulting from the loss of stabilizing vegetation on the high
(as high as 70 ft) cutbanks of entrenched and partly entrenched sections of channel. Potential
causes of erosion and consequent vegetation |oss are river-use practices, meander cutoffs, and
groin construction.

156) Shelby, B., B.P. Van Haveren, W.L. Jackson, D. Whittaker, and D. Prichard. 1990.
Resour ce values and instream flow recommendations: Gulkana National Wild
River, Alaska. USDI Bureau of Land Management, Denver, Colorado, Technical
Paper. 191pp. (G)

Electronic abstract: The Gulkana River, a clear-water tributary to the Copper River in south
central Alaska, was designated a National Wild River by Congress on December 2, 1980.
Inclusion into the Wild and Scenic Rivers System was based partially on its location in a
wilderness environment with a variety of wildlife, excellent water quality, excellent habitat for
resident and anadromous fish, and outstanding opportunities for recreational boating. The goal of
the project was to identify the amount of water necessary to preserve and protect the natural
values of the Gulkana National Wild River and its immediate corridor environs and to
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recommend a legal mechanism through which those recommended flow regimes can be
recognized and protected.

157) Tydingco, T.A. 1999. The effects of timber harvest practices on fish habitat in Kenai
Peninsula streams. M.S. Thesis, University of Alaska, Fairbanks. 53pp. (B, D, J)

Electronic abstract: The effects of logging on fish habitat in streams of the lower Kenai
Peninsula, Alaska during the summers of 1997 and 1998 were evaluated. Large woody debris,
riffle particle composition, and temperature were chosen as variables that would reflect fish
related changes in habitat that might result from logging. Only temperature was significantly
different (higher) in treatment areas. The logging operations that were investigated provided
greater habitat protection than required by the Alaska Forest Resources and Practices Act.

158) Wilson, W.J., M.D. Kédlly, and P.R. Meyer. 1987. Instream temperature modeling and
fishimpact assessment for a proposed large scale Alaska hydroelectric project. In:
Regulated Streams: Advancesin Ecology. J.F. Craig and J.B. Kemper, Editors.
Plenum Press, New York. Pages 183-206. (J)

Electronic abstract: The State of Alaskais proposing to construct a two dam, 1620 megawaitt
hydroelectric project (U.S. Federal Energy Regulatory Commission N. 7114) on the Susitna
River approximately 190 km NNE of Anchorage. A study is underway to determine the effects
this project may have on the indigenous aquatic resources of the Susitna drainage. Reported on
here are the studies of the expected alteration of the instream temperature regime of the Susitna
River. Twenty species of fishare known to inhabit the Susitna basin. This study focuses on the
most numerous and economically valuable Pacific salmon species, approximately two million of
which annually enter this river to spawn. Analysis of expected effects on salmon from altered
water temperatures due to operation of the Susitna Hydroelectric Project is based on a
comparison of available predictions from the Stream Network Temperature Simulation Model
(SNTEMP) model with fish thermal tolerance criteria. Based on the SNTEMP model results,
salmon thermal tolerance criteria, Susitna stock life history information, and professional
judgment, the authors conclude that no direct mortality is anticipated to occur from withproject
temperatures, although unquantifiable, indirect mortality to some species may occur.
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Alaska—FRPA Region 11
(Interior Spruce Hardwood Forest, North and West of the Alaska Range)

159) Aldrich, J.W., and C.W. Slaughter. 1983. Soil er osion on subar ctic forest slopes.
Journal of Soil and Water Conservation. 38: 115-118. (K)

Author abstract: Investigations of sheet-rill erosionin a permafrost-free subarctic setting
indicated that stripping all vegetation from the soil surface increased rainfall erosion 16 times
over that produced from an undisturbed forest, from a rate of 0.008 ton per acre per year to 0.13
ton per acre per year. Removing the trees from a forested area, with only minor disturbance of
ground cover, did not increase erosion. Very low erosion, 0.03 ton per acre per year, was
measured from a vehicle trail on permafrost terrain. Comparison of measured erosion with
erosion predicted by the universal soil loss equation indicated that the equation overestimated
annual rainfall erosion by an average of 21 percent and overestimated individual storm erosion
by an average of 174 percent.

160) Aldrich, J.W., and R.A. Johnson. 1979. Surface er osion and sedimentation associated
with forest land usein interior Alaska: Completion report. I nstitute of Water
Resour ces, University of Alaska, Fairbanks, Report No. IRW-99. 87pp. (K)

Author abstract: The magnitude of sheet-rill erosion associated with various landscape
manipulations is presented. The Universal Soil Loss Equation's usefulness for predicting annual
sheet-rill erosion within interior Alaskais confirmed. Investigations of sheet-rill erosion indicate
that removing trees from forested areas with only minor ground cover disturbance did not
increase erosion. Removing the ground cover, however, increased erosion 18 times above that on
forested areas. Erosion is substantially reduced when disturbed areas are covered with straw
mulch and fertilizer. Comparison of the actual erosion and the quantity of erosion predicted with
Universal Soil Loss Equation indicates that the equation overestimates annual erosion by an
average of 21 percent. It overestimates individual storm erosion by an average of 174 percent.
Data are also presented concerning sheet-rill erosion in a permafrost trail, distribution of the
rainfall erosion index, and suggested cover and management factor values.

161) Anderson, G.S. 1970. Hydrologic reconnaissance of the Tanana Basin, central Alaska.
USDI Geological Survey Hydrologic I nvestigations Atlas HA-319. 4 sheets. (G)

Electronic abstract: The Tanana basin in interior Alaskacovers approximately 44,500 square
miles with 576 sguare miles of its headwaters in Canada. This report isintended to definein
broad terms the hydrology of the Tanana basin. Although basic data are limited, sufficient
information is available to formulate a framework for further collection of basic data,
preliminary development planning, and identification of problems. The Tanana basin is entirely
within the discontinuous permafrost zone of Alaska. Groundwater in the Tanana basin occurs
under unconfined and artesian conditions. Unconfined groundwater generally is found in
unconsolidated alluvium in the valleys and in fractured bedrock beneath high slopes and ridges.
Artesian conditions generally occur in the lower slopes where permeable beds are confined by
permafrost or by impermeable sedimentary beds. Along the lower hillslopes, flowing artesian
wells are common. The thermal effects of water exert adominant control on the permafrost
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regimen. Deeper lakesand rivers and the circulation of groundwater cause the degradation of
permafrost and limit its distribution both vertically and aerially. The average streamflow of the
Tanana River near its mouth is estimated as 37,000 cfs. Approximately 85% of this discharge
originates in the AlaskaRange; approximately 50% of the discharge is contributed by 4
tributaries from the south side, the Kantishna, Nenana, Nabesna, and Delta Rivers.

162) Ashton, W.S,, and S.R. Bredthauer. 1986. Riverbank erosion processes on the Yukon
River at Galena, Alaska. In: Proceedings of the Cold Regions Hydr ology
Symposium, University of Alaska, July 1986, Fairbanks. D.L. Kane, Editor.
American Water Resour ces Association Technical Publication Series TPS-86-1.
American Water Resour ces Association, Bethesda, Maryland. Pages 415-423. (A,
F)

Author abstract: Periodic measurements of riverbank recession on the Yukon River at Galena,
Alaska have been made since 1946. Intensive studies of channel shape and riverbank erosion
were conducted in 1959, 1984 and 1985. Erosion rates varied from 0.3 m/yr (1.0 ft/yr) at banks
with developed vegetative protection (peat or bank debris) to 10.8 m/yr (35.5 ft/yr) at steep
banks with active thermoerosional niching. Comparison of channel profile measurements from
June 1984 and June 1985 indicate that the thalweg did not significantly change location or
elevation during a 10-year recurrence interval flood.

163) Brabets, T.P., B. Wang, and R.H. Meade. 2000. Environmental and hydrologic
overview of the Yukon River Basin, Alaska and Canada. USDI Geological Survey,
Anchorage, Alaska, Water-Resour ces | nvestigations Report 99-4204. 106pp. (G, I)

Author abstract: The Yukon River, located in northwestern Canada and central Alaska, drains
an area of more than 330,000 square miles, making it the fourth largest drainage basin in North
America. Approximately 126,000 people live in this basin and 10 percent of these people
maintain a subsistence lifestyle, depending on the basin's fishand game resources. Twenty
ecoregions compose the Y ukon River Basin, which indicates the large diversity of natural
features of the watershed, such a climate, soils, permafrost, and geology.

Although the annual mean discharge of the Y ukon River near its mouth is more than 200,000
cubic feet per second, most of the flow occurs in the summer months from snowmelt, rainfall,
and glacia melt. Eight major rivers flow into the Y ukon River. Two of these rivers, the Tanana
River and the White River, are glacier-fed rivers and together account for 29 percent of the total
water flow of the Y ukon. Two others, the Porcupine River and the Koyukuk River, are underlain
by continuous permafrost and drain larger areas than the Tanana and the White, but together
contribute only 22 percent of the total water flow in the Y ukon.

At its mouth, the Y ukon River transports about 60 million tons of suspended sediment
annually into the Bering Sea. However, an estimated 20 million tons annually is deposited on
flood plains and in braided reaches of the river. The waters of the main stem of the Y ukon River
and its tributaries are predominantly calcium magnesium bicarbonate waters with specific
conductances generally less than 400 microsiemens per centimeter. Water quality of the Yukon
River Basin varies temporally between summer and winter. Water quality also varies spatially
among ecoregions.
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164) Burrows, R.L. 1980. Cross-section, velocity, and bedload data at two erosionsites on
the Tanana River near Fairbanks, Alaska, 1979. USDI Geological Survey,
Anchorage, Alaska, Open-File Report 80-699. 32pp. (F, G, 1)

Author abstract: In an effort to relate river processes to vertical and lateral erosionat two sites
on the Tanana River in the vicinity of Fairbanks, measurements of depth, velocity, and bedload-
transport rates were made at several sections at each site.

To facilitate comparison of the river processes and ongoing erosion, compilation and graphic
presentation of the velocity distributions and bedload-transport rates are presented in conjunction
with cross-section configuration immediately adjacent to the area of erosion.

Dry sieve analyses of the bedload samples give particle-size distribution. Approximately 85-
95 percent of the material in transport at both sites was in the sand range (>0.062 millimeter <2.0
millimeters).

165) Burrows, R.L., and P.E. Harrold. 1983. Sediment transport in the Tanana River near
Fairbanks, Alaska, 1980-81. USDI Geological Survey, Anchorage, Alaska, Water
Resour ces | nvestigations Report 83-4064. 116pp. (G, I)

Author abstract: Suspended-sediment and bedload-transport rates for the Tanana River near
Fairbanks, Alaska can be related to water discharge, and annual sediment |oads can be computed
using these relations. For a site at Fairbanks, the annual loads in 1980 were 22.0 million metric
tons of suspended sediment and 272,000 metric tons of bedload; in 1981, 27.3 million metric
tons of suspended sediment and 333,000 metric tons of bedload passed the Fairbanks site. Data
collected at five other locations within a 40-kilometer reach of the river indicate very similar
suspended- sediment-transport relations, but bedload-transport relations varied from site to site
and between 1980 and 1981. For all sites bedload is usually 1 to 1.5 percent of suspended-
sediment load.

Particle-size distribution for suspended sediment is similar at all six sites. Median particle
sizeis generdly in the silt range; only occasiondly isit in the very fine sand range.

Median particle size of bedload varied from the gravel range to the medium sand range for
five of the six sampling sites in both years. At the sixth site, the farthest downstream location,
median particle size of bedload was in the sand range.

Bed material particles were somewhat coarser at the upstream sites than at the downstream
sites. Coarser particles dominated the deeper portions of the channels and finer material was
predominant on the bars and overflow parts of the channels. Median particle size of bed material
was generally in the coarse gravel range, but was in the medium sand range at the farthest
downstream site.

Water-surface profiles show that at all discharges the water-surface slope was steeper at the
upstream sites than at the downstream sites.

166) Burrows, R.L., B. Park, and W.W. Emmett. 1979. Sediment transport in the Tanana
River in thevicinity of Fairbanks, Alaska, 1977-78. USDI Geological Survey,
Water Resour ces Division, Anchor age, Alaska, Open-File Report 79-1539. 37pp.
G,
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Electronic abstract: Measurements of the sediment load of the Tanana River in the vicinity of
Fairbanks, Alaska, show that suspended-sediment transport rate in tons per day, relates to water
discharge, in cubic feet per second, as: Suspended-sediment transport rate (tons/day) = 5.717 x
10 to the minus 8th power x water discharge (cubic feet/second) to the 2.713 power, (where the
correlation coefficient squared = 0.967). The bedload-transport rate is approximately 1 to 2
percent of the suspended-sediment transport rate. Data collected at Fairbanks and upstream from
Fairbanks near North Pole, Alaska, show little difference in size distribution of suspended
sediment between the two locations. The median particle size distribution of suspended sediment
is generdly in the silt range, but at some low-water discharges, the median particle sizeisin the
very fine sand range. The median particle size is in the very fine sand range. The median particle
size of bedload near North Pole is generally in the gravel range, but at some low transport rates,
the median particle size is in the medium sand range. At Fairbanks, data collected in 1977
indicate median particle sizes of bedload comparable to those of the upstream location, whereas
data collected in 1978 indicate a marked decrease in median particle size of bedload between the
two locations. For both locations and at al water discharges and sediment transport rates,
particles constituting the suspended load are significantly smaller than particles constituting the
bedl oad.

167) Burrows, R.L., W.W. Emmett, and B. Parks. 1981. Sediment transport in the Tanana
River near Fairbanks, Alaska, 1977-79. USDI Geological Survey, Anchorage,
Alaska, Water-Resour ces | nvestigations Report 81-20. 56pp. (G, I)

Author abstract: Suspended-sediment- and bedload-transport rates for the Tanana River near
Fairbanks, Alaska, can be related to water discharge, and annual sediment loads can be computed
using these relations. For a site near Fairbanks, the average annual (1974-79) load is 24 million
metric tons of suspended sediment and 321,000 metric tons of bedload. Upstream, near North
Pole, the average annual load is 20.7 million metric tons of suspended sediment and 298,000
metric tons of bedload. For both sites bedload is usualy 1 to 1.5 percent of suspended- sediment
load. Particle-size distribution for suspended sediment is similar at Fairbanks and North Pole.
Median particle size is generally in the silt range, but at some lowwater discharges, it isin the
very fine sand range. Median particle size of bedload near North Pole is generaly in the gravel
range, but at some low transport rates, it isin the medium sand range. In 1977 median bedload
particle size was comparable at the two sites, but in 1978 the median size was markedly smaller
at Fairbanks. In 1979 generally coarser material was transported at both sites, but the difference
in bedload particle size was even greater between the sites. At both locations and all water
discharges and sediment-transport rates, suspended-load particles are significantly smaller than
bedload particles. At North Pole in 1979, median bed- materia particle size was in the coarse
gravel range; at Fairbanks it was in the medium gravel range in the main channel but in the fine
sand range in the overflow part of the channel.

168) Chikita, K.A., R. Kemnitz, and R. Kumai. 2002. Characteristics of sediment discharge
in the subarctic Yukon River, Alaska. Catena. 48: 235-253. (G, I, J)

Electronic abstract: The characteristics of sediment discharge in the Y ukon River, Alaska were
investigated by monitoring water discharge, water turbidity and water temperature. The river-
transported sediment, 90 wt.% or more, consists of silt and clay (grain size =62.5 um), which
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probably originated in the glacier-covered mountains mostly in the Alaska Range. For early June
to late August 1999, we continuously measured water turbidity and temperature near the estuary
and in the middle of Y ukon River by using self-recording turbidimeters and temperature data
loggers. The water turbidity (ppm) was converted to suspended sediment concentration (SSC;
mg/l) of river water, using a relation between simultaneous turbidity and SSC at each of the two
sites, and then, the suspended sediment discharge, approximately equal to water discharge times
SSC, was numerically obtained every 1 or 2 h. It should be noted that the sediment discharge in
the Y ukon River is controlled by SSC rather than water discharge. As aresult, a peak sediment
discharge occurred in mid or late August by local sediment runoffs due to glacier-melt (or
glacier-melt plus rainfall), while a peak water discharge was produced by snowmelt in late June
or early July. Application of the “extended Shields diagram” indicates that almost all the river-
transported sediments are under compl ete suspension.

169) Clark, R.A. 1992. Influence of stream flows and stock size on recruitment of Arctic
grayling (Thymallus arcticus) in the Chena River, Alaska. Canadian Jour nal of
Fisheriesand Aquatic Sciences. 49: 1027-1034. (G)

Author abstract: The hypothesis that recruitment of Arctic grayling (Thymallus arcticus) in the
Chena River isinfluenced by streamflow and stock size was tested using population data
collected from 1976 through 1990. Recruitment may be influenced by streamflow during the
initial weeks of life of Arctic grayling, namely during spawning, emergence, and the larva stage.
Using correlation and regression analyses, streamflow during the time-frame was found to be a
significant descriptor of variability in recruitment (r = -0.751, p = 0.005). Although streamflow
was implicated in recruitment variation, creation of an environment-dependent, stock-
recruitment model was not possible because estimates of measurement error were lacking. This
was because of bias due to the relation between residuals and subsequent stock size, and because
of the presumed autocorrelation of stock size. An aternative analysis was conducted to
investigate the influence of stock size on recruitment when streamflow was thought to minimally
affect recruitment. Using an estimate of natural mortality rate, and assuming no fishing mortality,
the theoretical contribution of recruits to the spawning stock exceeded the maximum observed
stock size. It was concluded that the maximum observed stock size failed to negatively influence
recruitment, and the level of stock size that might influence recruitment is greater than the
maximum observed stock size.

170) Clay, J.R. 1973. The drift of benthic invertebratesin Goldstream Creek, Alaska. M..S.
Thesis, University of Alaska, Fairbanks. 83pp. (C, G, H, J)

Electronic abstract: The objectives were to determine if there was any diurna variation in the
amount of drift; what organisms were present in the drift; and to evaluate severa physical
parameters, including light intensity, water temperature and stream discharge with respect to
their influence on the drift of macro-invertebrates in Goldstream Creek. Ephemeroptera
(mayflies) and Diptera (two-winged flies) were the only orders represented consistently within
the drift. Ephemeroptera exhibited a definite diurnal periodicity during the second, third and
fourth (of four) sampling periods, while Diptera exhibited a similar periodicity during the third
and fourth sampling days. Both orders peaked in abundance, as caught with a drift net, after
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sunset. The greatest numbers of both orders captured during the study were collected on the
sampling day during which the highest water temperature was measured.

171) Coallins, C.M. 1990. M or phometric analyses of recent channel changes on the Tanana
River in thevicinity of Fairbanks, Alaska. US Army Corps of Engineers, Cold
Regions Resear ch and Engineering Laboratory, CRREL Report 90-4. 54pp. (A, F)

Author abstract: Long-term bank erosionrates and channel changesin 1 14-km stretch of the
Tanana River centered on Goose Island were documented using historical aerial photography
from 1938 through 1982. The construction effects of a causeway partially blocking the river and
the time required to return to equilibrium after construction were studied. Erosion, averaged over
the entire study reach, was not significantly different following causeway construction compared
to that prior to construction. Significant short-term increases in localized erosion rates during
post- vs pre-construction time periods were documented in south channels and islands
downstream of the causeway. Deposition upstream of the river constriction formed by the
causeway was dramatic. The Tanana River returned to near equilibrium by 1980, five years after
the construction of the causeway, with some effects continuing in 1982. Due to additional in-
river construction downstream of the study areain 1981, the separate effects from the causeway
could not be monitored beyond 1982.

172) Cowan, C.A. 1983. Phenology of benthic detritusinput, storage and processing in an
Alaskan subarctic stream. M.S. Thesis, University of Alaska, Fairbanks. 98pp. (C)

Author abstract: Allochthonous leaf litter input, storage of benthic detritus, processing rates of
leaf litter, and macroinvertebrate standing crop were measured in Monument Creek, a second-
order stream in interior Alaska. Litter input and storage of benthic detritus was very low in
comparison to temperate streams. Processing rates of 5 g experimental leaf packs of birch ad
willow were moderate, while alder was processed very rapidly. Insect densities on leaf packs
were relatively high, and approached domination by shredders (consumers of whole leaf tissue)
as processing progressed. Associations between size classes of benthic detritus and standing crop
of invertebrate feeding groups were generally positive but very weak, despite high shredder
densities and low detritus storage. Productive capacities of high latitude streams may be
fundamentally limited by low allochthonous input.

173) Cowan, C.A., and M.W. Oswood. 1983. Input and storage of benthicdetritusin an
Alaskan subarctic stream. Polar Biology. 2: 35-40. (C)

Electronic abstract: Allochthonous leaf litter input and storage of benthic detritus were
measured in Monument Creek, a second-order interior Alaskan stream. Litter input was very
low, totaling 62.5 g ash-free dry weight (AFDW) xmi? xy? in 1980. Peak input coincided with
autumnal leaf fall. Benthic detritus storage was similarly low. CPOM (coarse particulate organic
matter, > 1 mm) ranged from 2.8 to 28.9 g AFDW xm?, peaking in mid-September, MPOM
(medium particul ate organic matter, 250 mm - 1 mm) ranged from 3.7 to 10.9 g AFDW xm?,
peaking in May. SPOM (small particul ate organic matter, 80 - 250 nm) ranged from 2.0t09.0 g
AFDW xm? and also peaked in May. Compared to streams in temperate regions, Monument
Creek is receiving and storing less energy from the surrounding forest.
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174) Cowan, C.A., and M.W. Oswood. 1984. Spatial and seasonal associations of benthic
macroinvertebrates and detritusin an Alaskan subarctic stream. Polar Biology. 3:
211-215. (C)

Electronic abstract: Seasonal and spatial patterns of benthic invertebrate abundance were
examined in relation to benthic detritus in Monument Creek, an Alaskan subarctic stream. The
total macroinvertebrate fauna showed a mid-summer low in abundance, increasing to seasond
highs in winter/early spring (November/May). Shredders were a small portion of the benthic
fauna or leaf pack faunain summer but increased rapidly (in biovolume) following autumnal |eaf
fall to dominate the fauna by early winter (October/November). Abundance was strongly
correlated with quantity of detritus in the sample. Each unit of benthic detritus in Monument
Creek is associated with arelatively large number of small (low individual biomass) shredders
compared to streams in temperate regions. Detrital resources in this subarctic stream were
meager, compared to temperate streams, and appeared to strongly influence the spatial and
temporal patterns of detritivores.

175) Dingman, S.L. 1971. Hydrology of the Glenn Creek water shed, Tanana River Basin,
central Alaska. US Army Corps of Engineers, Cold Regions Resear ch and
Engineering Lab, Hanover, New Hampshire, Resear ch Report 297. 112pp. (G)

Author abstract: The results of a four-summer (1964-1967) hydrologic study of the watershed
of Glenn creek, about 8 miles north of Fairbanks, Alaska, in the Y ukon Tanana uplands
physiographic province, are presented. This work was initiated to provide initial base line
hydrologic data for a small subarctic watershed. The stream is second-order, and drains an area
of 0.70 square mile. Basin elevations are from 842 to 1,618 ft. about half of the 12.3-in. normal
annual precipitation is runoff. The remainder is the actual evapotranspiration, which equals only
about 30% of estimated potential evapotranspiration. For individual storms, runoff-rainfall
proportions were from 0.03 to 0.42, and were positively correlated with antecedent discharge of
the stream. Peak discharges for individual storms were estimated by an equation including
antecedent discharge, total precipitation and storm duration, and average recession constant.
These results represent the first detailed hydrologic data from the discontinuous permafrost zone
of the North American taiga and should be of significance to the international hydrological
decade and international biological program.

176) Emmett, W.W., R.L. Burrows, and B. Parks. 1978. Sediment transport in the Tanana
River in thevicinity of Fairbanks, Alaska, 1977. USDI Geological Survey,
Anchorage, Alaska, Open-File Report 78-290. 28pp. (G, I)

Author abstract: Measurements of suspended- and bedload- sediment transport for the Tanana
River in the vicinity of Fairbanks, Alaska, show that suspended-sediment load, Gsin tons per
day, relates to water discharge, Q, in cubic feet per second as.

Gs=1.66 x 108 Q?%
The bedload transport rate is approximately one percent of the suspended- sediment transport
rate.
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The median particle size of suspended sediment is generally silt (<0.062 mm), but at some
low-water discharges, the median particle size is very fine sand. The median particle size of
bedload is generaly gravel (>2.0 mm, and often in the range of 10 to 20 mm), but at some low
transport rates, the median particle size is medium sand. At all water discharges and sediment-
transport rates, the particles constituting the suspended load are significantly smaller than the
particles constituting the bedload.

177) Fox, J.D., Jr. 1989. Simulating vegetation-water yield relationsin interior Alaska. In:
Proceedings of Watershed ‘89: A Conference on the Stewardship of Soil, Air, and
Water Resour ces, 21-23 March 1989, Juneau, Alaska. E.B. Alexander, Editor.
USDA Forest Service, Alaska Region, R10-M B-77. Pages 179-189. (G)

Author abstract: Spring runoff in cold climates is affected by the complex interaction of
snowmelt rate and soil infiltration capacity. The former is affected by all factors influencing the
snowpack energy balance, while the latter is affected by soil texture and the combination of
autumn soil moisture, snowpack depth and air temperature that determines soil freezing and
thawing. These complex relationships are also influenced by vegetative cover. Accordingly, a
hypothesis has been made that runoff will increase after timber harvest, not only due to increased
snowmelt rates and decreased transpiration, but also due to increased fall soil moisture and
subsequent formation of concrete frost. Since no vegetationwater yield field experiments have
been done in interior Alaska, a watershed model designed to study vegetation-water yield
relations was modified to include a soil freeze-thaw algorithm (Stefan St. Paul equations) and
used to simulate the interaction of forest cover, soil moisture, soil frost, infiltration, and spring
runoff. Simulation results support the hypothesis outlined above but also indicate the conditional
nature of the vegetationwater yield connection. Simulations aso indicate that the drier the initial
soil conditions, the longer may be the delay in runoff response to harvest. The model does appear
to redlisticaly simulate the great variability in spring runoff patterns observed in interior Alaska
and provides direction for further research. These results, as well as the general approach, should
be useful to watershed managers in explaining the variability of spring runoff eventsand in
estimating potential impacts of vegetation changes on water yield.

178) Freeman, M.W. (Editor). 2000. Region |11 forest resources & practicesriparian
management annotated bibliography. Report by the Alaska Department of
Natural Resources Division of Forestry, and the Alaska Department of Fish and
Game Habitat & Restoration Division. Report written for the Alaska Board of
Forestry. 152pp. (A, D, F, I)

Compiler abstract: This annotated bibliography is a compilation of published research relevant
to riparian management issues in interior Alaska. The bibliography is separated into seven topics:
1) buffer function and design; 2) factors affecting stream bank and river bank stability, with an
emphasis on vegetation influences; 3) large woody debris; 4) permafrost and silty soils; 5) winter
fishuse of glacia streams; 6) fish use of upwellings; and 7) icethickness and ice bridges. A brief
summary of the referenced literature for each topic is provided at the beginning of each section
of the bibliography.
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179) Frey, P.J., EW. Mudller, and E.C. Berry. 1970. The Chena River, the study of a
subarctic stream. Federal Water Quality Administration, Alaska Water Lab,
Fairbanks, Alaska. Reference FWQA project no 1610--10/70. 96pp. (C, 1)

Electronic abstract: The Chena River is a subarctic stream flowing westerly from the low
mountains of eastern Alaska to the Tanana River near Fairbanks. It is typical of many interior
Alaska rivers with the exception that its lower reaches are highly polluted by domestic and
industrial wastes from the Fairbanks area. The purpose of this 3-year study of the river was to
understand the physical, chemical, and biological limnology of the river system and what effect
man's influence--past, present and future--has on the river. Dissolved oxygen was one of the
most critical parameters determined. In the summer it is close to saturation. During winter, in the
lower river, the concentration approaches 1 mg/1. The biological community was studied
through both quantitative and qualitative plant and animal collections. The upper reaches of the
river are much richer in number of kinds of organisms than the lower reaches. Coliform bacteria
counts range from very low in the upper river to over 500,000 per 100/m1 below Fairbanks. A
flood control dam is planned for the river above the city of Fairbanks. Significant modification of
the water quality and biota of the river can be expected following the construction of the dam.
Proper management of the flow from the impoundment can reduce the objectionable effects of
this dam on the river system.

180) Gatto, L.W. 1984. Tanana River monitoring and research program: Relationships
among bank recession, vegetation, soils, sediments and per mafrost on the Tanana
River near Fairbanks, Alaska. US Army Cor ps of Engineers, Cold Regions
Research & Engineering Laboratory, Special Report 84-21. 53pp. (A, F)

Author abstract: The objective of this analysis was to determine if available data are useful in
identifying the characteristics that contribute to erodibility of the banks along two reaches of the
Tanana River. Existing data on bank vegetation, soils, sediments and permafrost were used.
Because these data were general and not collected for the purpose of site-specific analysis, my
analytical approach was simple and did not include any statistical tests. The data were visually
compared to the locations and estimated amounts of historical recession to evaluate if any
relationships were obvious. The results of this analysis showed no useful relationships.
Vegetation was similar in eroded and uneroded areas and its distribution did not show any
obvious relationship to the locations of bank recession. Surface sediments and soils in the eroded
areas had little, if any, effect on bank erodibility because the river erodes the bank over its entire
depth, which iswell below this surface zone. The subsurface sediment from eroded and uneroded
well and aong transects with high and low measured recession was similar. Permafrost
occurrences are about equal in eroded and uneroded sites, athough it appears that recession can
be higher where permafrost is common than where it is absent. In most cases the existing data
are either too general or not properly located to be useful in anticipating future locations of bank
erosion In order to predict future erosion, afield project should be initiated to evaluate the
influence of bank characteristics and hydraulic forces on bank erosion rates.

181) Harrold, P.E., and R.L. Burrows. 1983. Sediment transport in the Tanana River near
Fairbanks, Alaska, 1982. USDI Geological Survey, Anchorage, Alaska, Water-
Resour ces I nvestigations Report 83-4213. 53pp. (G, 1)



82

Author abstract: Suspended-sediment and bedload-transport rates for the Tanana River near
Fairbanks can be related to water discharge and annual sediment loads can be computed using
these relations. For a site at Fairbanks the annual loads in 1982 were 26.1 million metric tons of
suspended sediment and 227,000 metric tons of bedload. Data collected at five other sites within
a40-kilometer reach of the river indicate very similar suspended-sediment-transport relations but
bedl oad-transport relations varied from site to site. For all sites bedload is on the order of 1
percent of suspended-sediment load.

Particle-size distribution for suspended sediment issimilar at all six sites. Median particle
sizeis generaly in the silt range; only occasionally isit in the very fine sand range.

Median particle size of bedload varied from the gravel range to the medium sand range at
four of the six sampling sites. At the farthest downstream location, Byers Island, and the farthest
upstream location, above Chena River Floodway, median particle size of bedload was awaysin
the sand range.

Water-surface profiles show that at all discharges, the water surface dope was steeper at the
upstream sites than at the downstreamsites.

182) Hemming, C.R., and W.A. Morris. 1999. Fish habitat investigationsin the Tanana
River watershed, 1997. Alaska Department of Fish and Game, Habitat and
Restoration Division, Juneau, Alaska, Technical Report No. 99-1. 83pp. (1)

Author abstract (Author Executive Summary): This report contains the results from 1997, the
second year of atwo-year field investigation undertaken in 1996 of juvenile fishand juvenile
fish habitat in the Tanana River system. The goa of this study was to identify habitats used by
juvenile fish and to describe the physical and water quality characteristics of these areas. We
expanded the study in 1997 to include a sample area near Delta Junction, and continued sampling
the Tanana River near Fairbanks (Ott et al. 1998). We captured fish in minnow traps and beach
seines, and collected water samples at selected locations with each sample area. Water samples
were analyzed for turbidity and total suspended solids.

Minnow traps were set at various locations within each sample area and left to fishovernight
for about 24 hour intervals; sampling occurred monthly from May through August 1997.
Minnow traps were set at up to 20 sites in the Fairbanks area, during the four sample periods,
yielding 79 trap days of effort. Minnow traps were set at up to 15 locations during the four
sample periods, for 58 trap days of effort in the Delta area. We captured 51 fish that included 7
species in the Fairbanks sample reach, and 179 fish included 5 species in the Delta area. We
organized the minnow trap fish capture data into five water classes based on visua
characteristics of the water. We tested the five water classes using turbidity and total suspended
solids measurements and found a significant difference in water quality measurements between
each of the five classes. We evaluated minnow trap fish capture results by water class and found
the greatest number of species and the largest catches in groundwater and tannic-stained runoff
habitats.

Beach seining was conducted at various sites in both sample areas. All seine sites occurred in
turbid-water areas with similar velocities, depths, and water quality characteristics. Seining in the
Fairbanks area yielded 1,642 fishincluding 12 species. Delta-area sampling captured 930 fish of
9 species. Beach seine results identified temporal ard spatia patterns of fish use in each sample
area. Fish speciesfound in each area were similar, but catch numbers varied between the two
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areas. Juvenile salmonwere captured during the May and June sampling periods in both the
Fairbanks and Delta areas; however, chum salmon (Oncorhynchus keta) fry were more
frequently captured in the Delta sample area. Groundwater upwelling areas produced the largest
catches of chum salmon fry in the Delta area. Inthe Fairbanks sample area we found a similar
pattern to that found in 1996, with lake chubs (Couesius plumbeus) and longnose suckers
(Catostomus catostomus) captured most frequently. Slimy sculpin (Cottus cognatus) and
Chinook salmon (Oncorhynchus tschawytscha) were most often captured in association with
gravel substrate areas.

183) Hughes, N.F. 1991. The behavioral ecology of Arctic grayling distribution in interior
Alaskan streams. Ph.D. Thesis, University of Alaska, Fairbanks. 124pp. (K)

Author abstract: During the summer months Arctic grayling in interior Alaskan streams get
bigger as you travel from downstream reaches to the headwaters. On a smaller scale, within
individual pools, the largest fishholds position in the middle of the current, near the deepest part
of the pool, and smaller fish hold positions progressively further downstream or to the side of the
pool. The results of this study support the hypothesis that a single process — competition for
profitable feeding positions — produces both the whole-stream and within-pool distribution
pattern.

Field experiments showed that competition for desirable positions is responsible for the
distribution patterns adopted by groups of fishsharing a pool, and for the size-gradient of fish
over the length of the stream. In both cases large fish excluded smaller ones from the most
desirable positions. Modeling work suggested that Arctic grayling locate and rank positions on
the basis of profitability. Within pools this conclusion was supported by a close fit between the
positions predicted by aforaging model and the positions actually selected by Arctic grayling.
Over the length of the whole stream this conclusion was supported by the model’ s prediction that
feeding positions become more profitable as you go upstream.

184) Irons, J.G., I11, and M.W. Oswood. 1992. Seasonal temperature patternsin an arctic
and two subar ctic Alaskan (USA) headwater streams. Hydrobiologia. 237: 147-
157. (J, H)

Electronic abstract: Monument Creek (MC) and Little Poker Creek (LPC) are subarctic streams
ininterior Alaska; LPC isin a permafrost-dominated valley. Imnavait Creek (IC) isan arctic
tundra beaded stream in the northern foothills of the Brooks Range. Water temperatures were
recorded with automated dataloggers hourly. Water temperature rose in the spring about twice as
fastin MC asin LPC, and again about twice asfast in IC asin MC. A similar pattern was
observed during the autumnal decline in water temperature. Maximum daily amplitude followed
asimilar pattern. Although it is about 450 km north of the other streams, the tundra stream (IC)
accumulated more degree-days, had higher maximum and mean temperatures, greater daily
tenmperature amplitude, and steeper slopes of vernal temperature rise and autumnal temperature
decline than the subarctic streams (LPC and MC). The absence of a canopy of riparianplants,
channel morphology, and continuous sunlight during the arctic mid-summer accounted for these
higher temperatures. Beaded tundra streams provide a highly seasonal (< 120 d ice-free) and
gpatially and temporally complex thermal environment.



185) Irons, J.G., 11, and M.W. Oswood. 1997. Organic matter dynamicsin 3 subarctic
streamsof interior Alaska, USA. Journal of the North American Benthological
Society. 16: 23-28. (G, |)

Electronic abstract: The predominant biome in interior Alaska is known asthe taiga, or
northern boreal forest. In these high latitude forests (about 60 degree N-67 degree N in Alaska),
the angle of solar radiationwith respect to the land surface is a magjor factor controlling
ecological processes, including those relevant to organic matter dynamics in streams. Sun angle
determines mean annual air temperature, which in interior Alaskais about -3.3 degree C.
Temperature extremes in this continental climate can range from -50 to +35 degree C. One result
of this harsh thermal regime is the presence of permafrost in the colder microclimates. Indeed,
much of interior Alaskais in the zone of discontinuous permafrost, in which southfacing slopes
are generally permafrost-free, and cold north facing slopes and poorly drained valley bottoms are
generally underlain by permafrost. Soil carbon densities reflect the balance between input
(organic matter production) and decomposition. In the cold and often water-saturated soils
common at high latitudes, decomposition is reduced and soil carbon may accumulate as peat
over very long time periods. Thus there is often a positive relationship between the amount of
soil organic matter and the amount of permafrost in a watershed. Permafrost affects the
hydrological regimes of subarctic streams. Streams dominated by permafrost are more "flashy"
than those that are relatively permafrost-free. Snowmelt runoff is later and greater in a
permafrost-dominated basin than snowmelt runoff from a permafrost- free basin. Likewise, peak
stormflow discharge from a permafrost-dominated basin is much higher than in a nonpermafrost
stream; but during rain-free periods and in winter, flow is much lower. This pattern is a result of
the flow-paths of precipitation as it travels to the stream. On permafrost-dominated north-facing
dopes, precipitation enters the thick organic layer and flows above the permafrost to the stream.
On permafrost-free south-facing slopes, precipitation enters the groundwater and is released
much more slowly to the stream. Differences in discharge result in different patterns of carbon
and sediment flux from basins with differing amounts of permafrost.

186) Irons, J.G., J.P. Bryant, and M.W. Oswood. 1991. Effects of moose browsing on
decomposition rates of birch leaf litter in a subarctic stream. Canadian Jour nal of
Fisheries and Aquatic Sciences. 48: 442-444. (C, E)

Electronic abstract: The effects of moose browsing on decomposition rates of paper birch
leaves was examined in Monument Creek, a subarctic headwater stream near Fairbanks, Alaska
Leaves from birch trees previously browsed by moose differed from leaves from unbrowsed
trees in food quality for stream detrivoresin an Alaskan subarctic stream. Leaves from
previously browsed plants decomposed faster. Effects of browsing were tested by collecting
leaves from previously browsed and unbrowsed trees and measuring loss of mass over timein an
Alaskan subarctic stream. The browsing history of birch trees was associated with increased
leaching rate of tannin, foliar nitrogenconcentration , and rate of mass loss. All three factors
were higher for leaves from trees previously browsed than for unbrowsed ones. Faster 10ss of
tannin through leaching and higher foliar nitrogen concentration apparently caused birch detritus
to be processed more rapidly by stream biota, potentially increasing secondary production of
stream consumers. Hence, moose browsing was associated with important changes in the food
quality of birch leef litter, linking terrestrial herbivory and aquatic food webs.
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187) Irons, J.G., SR. Ray, L .K. Miller, and M.W. Oswood. 1989. Spatial and seasonal
patterns of streambed water temperaturesin an Alaskan subarctic stream. In:
Proceedings of the Symposium on Headwaters Hydrology. W.W. Woessner and
D.F. Potts, Editors. American Water Resour ces Association, Bethesda, Maryland.
Pages 381-390. (J)

Author abstract: Streambed temperature profiles were determined for two years (October 1986
to October 1988) in Monument Creek, a second order subarctic stream. Hourly temperature
recordings were made at two vertical profiles (near-bank and mid-channel). Air temperatures
ranged from -41.6 C to +22.5 C, (mean = 3.8 C). Streambed surface temperatures (as measured
in mid-channel) ranged between -0.1 and 13.0 C (year one), and -12.8to 12.7 C (year two). In
the first winter, the near-bank streambed repeatedly froze and thawed during the winter, while
the mid-channel streambed never froze. In spite of very cold air temperatures, the coldest
temperature reached in frozen stream sediments was -2.5 C. However, in the second winter, both
profiles remained frozen (minimum -12.8 C) for most of the winter, although stream flow was
still present. Spatial and temporal patterns in water temperature were complex and indicated that
streambed water was derived from both streamwater and groundwater. Amount of rain
(especidly in late fall) was correlated with the hydrology and temperature dynamics of the
streambed. In years with late autumn rains, stream sediments may remain unfrozen through the
winter as groundwater slowly discharges to the stream; in drier years, sediments may freeze
deeply, with profound effects on the availability of unfrozen 'refugia for overwintering stream
invertebrates and immature fishes.

188) Jackson, W.L ., and B.P. Van Haveren. 1987. Predicting channel responses to changing
flow regimes: Beaver Creek, Alaska. In: Erosion and Sedimentation in the Pacific
Rim. International Association of Hydrological Sciences, Washington, DC, IAHS
Publication No. 165. Pages 393-3%4. (A, G)

Electronic abstract: Beaver Creek is a north-flowing tributary to the Y ukon River in centra
Alaska. Theriver is characterized by a gravel and cobble bed, numerous large meanders,
oxbows, sloughs, bars, and multiple channels on certain low-sinuosity reaches. In 1986, a project
was initiated (1) to determine the minimum quantity of water necessary to protect the
outstanding recreation, aesthetic , and fishery values that made Beaver Creek a conponent of the
Wild Rivers System, and (2) to recommend alegal strategy to protect the recommended instream
flow regime. Beaver Creek streamflowswere synthesized using regiona techniques, indirect
methods, and direct stream gaging. Hydraulic geometry relationships and indirect discharge
rating curves were developed at 17 cross-sections. Relationships between bankfull discharge and
bankfull width, depth, velocity, and wetted perimeter were also developed. Beaver Creek Wild
River channel slopes range from 0.30 to 0.03 percent and occur in four distinct slope classes.
Based upon the bankfull hydraulic geometry relationships and descriptions of channel
morphology, uniform 10, 20 and 30% reductions in Beaver Creek's flood- frequency relationship
will result in corresponding reductions of 5, 9, and 14% in bankfull width, depth and wetted
perimeter.
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189) Kane, D.L., and C.W. Slaughter. 1973. Seasonal regimes and hydrological significance
of stream icingsin central Alaska. In: The Role of Snow and Icein Hydrology.
Proceeding of the Banff Symposium, September 1972. International Association of
Hydrological Sciences, Publication 107, Volume 1. Pages 528-540. (G)

Electronic abstract: Many streams in arctic and subarctic regions have accumulations of icein
the channel and nearby flood plain during the winter months. Field data on the rates of growth of
these icings and on various climatic factors were collected at a small research watershed near
Fairbanks, Alaska The volume of icing growths was estimated from aerial photographs.
Hydrologic implications were derived by comparing the volume of these icings with other
elements of the hydrologic cycle. Water involved in icing formation is diverted from winter
streamflow; this same water is released from storage by melt inlate spring, augmenting
streamflow after peak snowmelt runoff. Water yielded by melt of icing is largely available for
streamflow, and does not contribute moisture to the soil mantle away from stream channels as
does snowpack meltwater. Stream icing in the subarctic, upland research watershed constituted
4% of yearly runoff volume, but amounted to nearly 40% of winter streamflow. Melt occurred
over a4-week period, largely following ablation of the seasonal snowpack.

190) Kane, D.L, and P.M. Weéllen. 1985. A hydraulic evaluation of fishpassage through
roadway culverts in Alaska. Report No. FHWA-AK-RD-85-24. Final report
written by the Institute of Water Resour ces, Engineering Experiment Station,
University of Alaska, Fairbanks. Written for the Alaska Department of
Transportation and Public Facilities, Division of Planning and Programming,
Resear ch Section, Fairbanks, Alaska. 54pp. (K)

Author abstract: Culverts are a very simple hydraulic structure. However, because the engineer
must design for peak flows passing through the culvert while fish are trying to move upstream
serious problems arise. Almost al culvert instalations in interior and northern Alaska were
casually examined, with approximately 100 examined in detail where hydraulic problems existed
that may retard fish passage. Data from the field program are included in an appendix to this
report. The two major hydraulic problems in regard to fish passage were high velocities and
perching; inlet drops caused by deposited sediment, aufeis, alignment of culvert with stream, and
nontuniform culvert slopes are some of the other fish passage deterrents that were observed.
Also, all known baffled structures were evaluated. Numerous recommendations were made that
should improve the hydraulic conditions that exist at a culvert relative to fish passage. Also, it is
recommended that further studies be carried out to evaluate the swimming performance of the
native fish. Present design criteria are based on very limited studies. Lastly, it is recommended
that the concept of the velocity in the occupied zone (areain culvert where fish swim) be
considered as the culvert design velocity for fish passage in place of the presently used average
cross-sectional velocity.

191) LaPerriere, J.D. 1980. Variation in invertebrate drift in subarctic Alaskan streams.
Institute of Water Resour ces, Univer sity of Alaska, Fairbanks. 27pp. (C, E, I)

Electronic abstract: Data from thirteen streams in interior, subarctic Alaskaare anayzed to find
predictive equations that explain the amount of invertebrate fish-food drifting in the water
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column. The akalinity of the water and the stream'’s average velocity are found to be the factors
that influence the amount of drift expressed as concentration or export rate. The alkalinity is
shown to be related to the invertebrates food supply. Average velocity is speculated to be an
indication of the shear force at the sediment-water interface where benthic invertebrates forage
for their food. These shear forces are seen to operate on benthic invertebrates in an analogous
way to that in which they operate in sediment transport. The algae of boreal streamsin this
region are shown to be somewhat reliant on alkalinity, but a highly significant relationship is
shown between total phosphorus and algae when both muskeg (brownwater) and boreal
(clearwater) streams are considered together. Brownwater streams of this region tend to have a
higher total phosphorus concentration than clearwater streams, but to have a depressed pH that is
characterigtic of standing waters in muskeg.

192) LaPerriere, J.D. 1983. Alkalinity, dischar ge, average velocity, and invertebrate drift
concentration in subar ctic Alaskan streams. Journal of Freshwater Ecology. 2:
141-151. (C, G, I)

Electronic abstract: This study measured the associations of alkalinity, current and invertebrate
drift among 13 streams in subarctic Alaska. A significant positive correlation was found between
alkalinity and drift concentration expressed as numbers per unit volume. Significant inverse
relations were found between stream discharge and drift concentration expressed as either
numbers or weight. This "dilution” was to be expected since stream wetted perimeter, the source
of invertebrates to drift, increases as approximately the square root of the discharge. Multiple
regression analysis also showed a positive relation between stream average velocity and drift
concentrations. Invertebrate drift was seen, therefore, to be somewhat analogous to sediment
transport in streams.

193) LaPerriere, J.D. 1994. Benthic ecology of a spring-fed river of interior Alaska.
Freshwater Biology. 32: 349-357. (C, E, I, J)

Electronic abstract: A massive aquifer between the Gerstle, Tanana and Deltariversin interior
Alaska receives water from them and from smaller streams that flow from the Granite Mountains
in the Alaska Range. Groundwater from the aquifer intersects the surface in a mid-sized (20 nt'/s
+ 10%) spring-fed stream, Clearwater Creek. Mean annual air temperature is about -2.6°C.
However, even in winter when air temperature often reaches -40°C, the stream does not form a
complete ice cover. Water temperature ranges from 0 to 7.8°C. Specific conductance and the
concentrations of magjor ions vary little throughout the year, and summed ionic salinity exceeds
250 mg/l. Benthic algal standing crop (as chlorophyll a) was at least an order of magnitude
higher than that in a nearby surface-water stream, the upper Chena River. Standing crop peaked
in spring and autumn (about 20 mg/nt) and averaged about half this value, although biomass of
an early spring bloom of Hydrurus foetidus was underestimated. Algal standing crop was
inversely related to the concentrations of inorganic nitrogenand orthophosphate-phosphorusin
the water column. The ratio of total nitrogen to total phosphorus (as mass concentrations) was
always about 30. Measurements of primary production made in Clearwater Creek were among
the highest reported for streams in subarctic Alaska. Macroinvertebrate diversity in Clearwater
Creek was low. Numbers of "morpho-species’ in monthly Surber samples (0.09 nf) averaged
nine, and ranged from three to fourteen. However, benthos and drift densities were similar to
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those reported from other Alaskan streams. In early spring and autumn, drifting
macroinvertebrates were primarily Ephemeroptera, Plecoptera and Trichoptera, but in summer,
Diptera dominated the drift. The low diversity of macroinvertebrates is hypothesized to be a
conseguence of the small annual range in water temperature and the relatively constant discharge
of Clearwater Creek.

194) LaPerriere, J.D., E.E. Van Nieuwenhuyse, and P.R. Ander son. 1989. Benthic algal
biomass and productivity in high subarctic streams, Alaska. High Latitude
Limnology. Reprinted in Hydrobiologia. 172: 63-75. (C, E, 1)

Electronic abstract: Y ear-round measurements of the standing crop of epilithic algae (as
chlorophyll a concentration) in two streams - one second and one fourth order (map scale 1:63
360) - ininterior Alaska (64 degree -65 degree N) were only about one tenth that reported from
streams of temperate North America. Cell densities in these streams, however, were similar to
those in comparable temperate streams. Y ear-round domination of the benthic flora by very tiny
diatoms (Achnanthes spp.) may explain the apparent disparity between low chlorophyll a content
and nearly average cell densities. Chlorophyll a standing crop in a more alkaline groundwater-
fed stream, however, was higher and within the range of similarly sized temperate streams.
Maximum chlorophyll a standing crop varied positively with alkalinityin 5 clear-water streams
where standing crop was measured on natural or artificial substrates. Seasonal mean
concentrations of sestonic chlorophyll a (used as estimates of benthic algal chlorophyll a
standing crop) varied directly and significantly with alkalinity among ten clear-water streams;
and, with total phosphorus among 8 of 10 clear-water and 5 brown-water streams studied. During
the summer, when there is little darkness, gross primary productivity (as estimated by the diurnal
dissolved-oxygen method) was similar to that of northern temperate streams. Gross primary
productivity was also seen to vary directly with akalinity in 5 clear-water streams of this region.

195) Lilly, M.R., J. Mendez, R. McCaffrey, D.M. Nyman, and S. Swenson. 2001. Ground-
water and surface-water interactionsin Whitestone, North and Providence
Creeks: Final Report. Written by GW Scientific and Alaska Boreal Forest
Council, Fairbanks, Alaska and Restoration Science and Engineering, Anchorage,
Alaska. Written for the Alaska Department of Environmental Conservation,
Juneau, Alaska. 21pp. plus Appendix and a CD with project website content and
data. (G, 1,J)

Author abstract: Upwelling areas in Alaskan rivers and streams are identified to be a crucial
link in anadromous fish spawning and rearing. Future development in watersheds where
spawning is common relies on a better understanding of the dynamics of these areas. A study to
characterize three clear-water tributary streams of the Tarena River was implemented in the fall
of 2001, near the confluence of the Tanana and Delta Rivers. The streams monitored were
Whitestone, North, and Providence Creek. Using measurements of specific conductance,
dissolved oxygen temperature, flow and visual observations, we mapped the streams for
upwelling occurrences. One of the three streams, Whitestone Creek, was also continuously
monitored to gain a better understanding of temporal variatiors in the groundwater and stream
interactions throughout the year.
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Results of the study indicate spatial and temporal variations in the occurrence of upwellings.
Data indicates the lower section of Whitestone Creek experienced upwelling in the late-fall but
became a loosing reach (recharged the groundwater) as local ground-water levels declined
through the winter period. In early spring, the stream again became influenced by upwelling, or
the discharge of groundwater. Visible ground water upwelling in the form of bubbling vents and
springs were observed at different locations all the way from the headwatersto the mouth of
Whitestone Creek, indicating a very heterogeneous spatial distribution. This visible upwelling
evidence was a so present in North and Providence Creek, with a high density of vents seen at
the headwaters but also further downstream. Non-visible upwelling occurrence was also
evidenced in these streams by an increase in discharge along reaches with no tributary
contribution. Conclusions from the study indicate that a combination of warmer upwelling water,
high flow velocities and stream depth could all contribute in different degrees to keeping reaches
ice-free in these streams during winter. Winter aerial photography showing ice-free stream
reaches, in combination with ground-based hydrology measurements and observations, may
become a very useful tool for locating areas of groundwater upwelling and thus habitat favorable
for winter spawning.

196) L oftus, W.F. 1976. Food habits of two species of juvenile salmon, Oncorhynchus
tshawytscha (Walbaum) and Oncorhynchus keta (Walbaum), from the Salcha and
Jim River drainages, Alaska. M.S. Thesis, Central Michigan University, Mt.
Pleasant. 77pp. (C)

Author abstract: Between 16 May and 8 June 1973, 454 chinook salmonsmolts and 121 chum
salmon smolts were trapped in the Salcha River, Alaska. Smaller samples of Chinook fry were
taken from two Salchatributaries, Flat and Ninety-Eight Creeks, on 18 August 1973, and from
the Jim River tributary, Prospect Creek on 25 September 1972. Stomach contentswere
examined, and food items classed to the lowest possible taxon. The results of the numerical,
frequency of occurrence, and volumetric analyses were combined to yield an importance value
for each taxon. The importance value is applied for the first time in a salmon food habits study,
and its widespread use will enable results to be easily compared.

Immature aguatic insects of the orders Diptera, Plecoptera, and Ephemeroptera predominated
in the diet of both salmon species. All other food items were relatively insignificant.
Chironomidae was the most important family of food organisms. Chinook smolts, being larger
fish, preyed more heavily upon Plecopterans than did chum smolts. Both species appear to feed
primarily upon benthos and invertebrate drift. Competition for food between the two speciesis
indicated by the data.

197) Lotspeich, F.B., and A.E. Helmers. 1974. Environmental guidelines for development
roads in the subarctic. Ecological Research Series, EPA-660/3-74-009. US
Environmental Protection Agency, Office of Research and Development, National
Environmental Research Center, Corvallis, Oregon, and Arctic Environmental
Research Laboratory, College, Alaska. Project 21ARX, Program Element
1BA021. 63pp. (K)

Author abstract: This set of guidelinesis based on Federal and State regulations that set
standards to protect the total environment. Although major highway construction is under
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stringent regulation, pioneer type access roads such as are needed by loggers, miners, land
developers, etc. have been neglected. These smaller roads frequently pose serious erosion
hazards because planning, design and construction of them is not thorough, as it is for major
roads; this results in erosion, fire and insect traps, and generally unattractive roadways.

Suggestions and recommendations contained in these guidelines are for the use of operators
with limited engineering and planning staffs. Although all examples of poor practice are from the
vicinity of Fairbanks, all suggested treatments are taken from the literature from the
conterminous United States, with some modifications for subarctic conditions. Most of these
recommendations are simple in concept, and if properly applied, do prevent erosionand result in
superior access roads which are esthetically pleasing.

198) Lubinski, B.R. 1995. Winter habitat of Arctic grayling in an interior Alaska stream.
M.S. Thesis, University of Alaska, Fairbanks. 143pp. (A, G)

Author abstract: Placer mining and the lack of information on winter ecology of Arctic
grayling Thymallus arcticus, has raised concern for this popular sportfish. A study was designed
to validate aerial radio telemetry data and to locate and describe overwinter areas (OWA) of
Arctic grayling in Beaver Creek, Alaska. Reliance on aerial data aone resulted in overestimation
of survival and misidentification of 14 of 26 designated OWAs. Twenty-one Arctic grayling
were tracked downstream 12-58 km to 12 OWA s spanning a 31-km section of Beaver Creek.
Radio-tagged and untagged Arctic grayling occupied areas with ice thickness of 0.4-1.4 m
overlying 0.06-0.52 m of water, flowing at 0.03-0.56 m/s. During winter, discharge, cross-
sectional area, velocities, and water width in four OWAS decreased until late March; then, cross-
sectional area increased due to an increase in discharge that pushed the ice upward. Adult Arctic
grayling overwintered downstream of habitat disturbances, and occupied much shallower winter
habitats than expected.

199) MacL ean, R. 1997. The effect of per mafrost on the biogeochemistry of two subarctic
streams. M.S. Thesis, University of Alaska, Fairbanks. 69pp. (1)

Author abstract: Discontinuous permafrost has a profound effect on the hydrology of subarctic
streams. Permafrost distribution is very sensitive to wildfire, changes in climate, and changesin
land use. An understanding of the interactions between permafrost dominated soils and stream
chemistry isimportant in predicting the effects of changing permafrost distribution on stream
ecosystems and nutrient budgets in watersheds. Chemica measurements of groundwater, soil
water and stream water were made in two watersheds in Interior Alaska. One watershed had
extensive permafrost and the other had limited permafrost. Soil water collected within the
rooting zone (0.3 — 0.5 m) in both watersheds was high in dissolved organic carbon (DOC),
dissolved organic nitrogen (DON) and dissolved inorganic nitrogen (DIN) but low in dissolved
minerals (dominantly Ca, Mg and Na) and conductivity. The presence of permafrost appeared to
result in higher fluxes of DOC into stream water from upland soils.

200) Maclean, S.H. 2003. Influence of hydrological processes on the spatial and temporal
variation in spawning habitat quality for two chum salmon stocksin interior
Alaska. M.S. Thesis, University of Alaska, Fairbanks. 93pp. (B, G, I, J)
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Author abstract: | investigated the hydrological mechanisms that influence spatial and temporal
variability in incubation habitat quality for summer- and fal-run chum salmon The intragravel
habitat was characterized by measuring water velocity, temperature, and dissolved oxygen (DO).
Habitat quality was characterized by determining the survival of eggs in gravel filled baskets.
Summer-run egg survival was greatest in a zone of upwelling produced by hydraulic gradients
between the main Chena River and a slough. Water took approximately one month to make this
trip and microbial activity likely reduced the concentration of DO considerably. Asa
consequence of these processes, there was considerable spatial and temporal variability in
upwelling velocity, DO, and temperature. Most variability in egg-to-fry survival was explained
by DO, and, to alesser extent, by water velocity. Fall-run fish used an area of groundwater
upwelling on the south side of the Tanana River. Here physical habitat characteristics were
gpatially and temporally uniform compared to the summer-run site, a consequence of the larger
gpatial scale of processes generating the upwelling. Egg-to- fry survival was low despite high DO
and favorable temperature. This was probably the consequence of glacial silt invading egg
baskets and reducing intragravel flow related to falling groundwater tables.

201) Maurer, M.A. 1987. Compilation of stream macroinvertebrate data for the Birch
Creek, Beaver Creek, Fortymile River, and Minto Flats drainages. Alaska
Division of Geological and Geophysical Surveys, Alaska Public-Data File 87-30.
56pp. (C, 1)

Author abstract (Author introduction): This report summarizes an investigation made by the
State of Alaska, Department of Natural Resources, Division of Geological and Geophysical
surveys (DGGS) in cooperation with the U.S. Bureau of Land Management (BLM) from August
to November 1987. The objective of the investigation isto: (1) inventory the benthic invertebrate
community in the Fortymile River drainage, (2) compile available benthic invertebrate data on
the Fortymile River, Birch Creek, Beaver Creek, and Minto Flats drainages, and (3) determine
whether cumulative placer mining impacts on the benthic invertebrate community in these four
drainages have been documented.

202) M cCaffrey, R. 2001. Aerial survey of ground-water upwelling in the Tanana River
floodplain near Big Delta, Alaska. Written by the Alaska Boreal Forest Council,
Fairbanks, Alaska. Written for the Alaska Department of Environmental
Conservation, Juneau, Alaska. Work supported by Grant NP-01-16. 6pp. plus
Appendices and 4 data CDs with geor efer enced photo images and overlays. (G, J)

Compiler abstract: Upwellings in Alaskan rivers and streams are believed to be important
spawning and rearing habitat for anadromous fish The objective of this project was to map
evidence of ground-water upwelling in the Tamana River floodplain near Big Delta, Alaska
between its confluence with the Delta River and its confluence with Little Delta Creek. The
typicaly warmer water from upwellings was hypothesized to result in retarded ice cover
formation in the Fall, and in advanced ice breakup in the Spring. Therefore, evidence of
upwellings was mapped by taking aerial photographs during Spring and Fall of 1999, Spring
2000, and Spring 2001, when the typically warmer water from upwellings would result in areas
of open water in the otherwise frozen Tanana River. Georeferenced images and evidence of
upwellings are provided on compact computer disks (i.e. CDs).
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203) McFadden, T., and M. Stallion. 1976. Debris of the Chena River. U.S. Army Cor ps of
Engineers, Cold Regions Resear ch and Engineering L aboratory, Fairbanks,
Alaska. Available from the National Technical Information Service, Springfield
VA 22161 as ADA-029 357. 18pp. (D)

Electronic abstract: Debris over a44-mile stretch of the Chena River was studied. The study
area extended from the first bridge on the Chena Hot Springs Road to the Chena River Flood
Control damsite. The purpose of the study was to assess the potential danger to the Chena River
Flood Control Dam outlet structure. Debris was cataloged, log jams were measured, and sources
of debris were studied. The average size of logs was determined, as well as the number of logs
present on the river. It was concluded that a serious debris problem existed and would remain
serious for the foreseeable future. Recommendations for debris handling were made.

204) Miller, M.C., and J.R. Stout. 1989. Variability of macroinvertebrate community
composition in an Arctic and Subar ctic stream. High Latitude Limnology. 172:
111-127. (C)

Electronic abstract: The macroinvertebrate community composition was compared in two
Alaskan streams (USA) for numeric and species constancy during the ice-free period from 1981
to 1983. Imnavait Creek isafirst order Arctic stream (60 degree 39' N, 149 degree 21' W)
draining upland tundra in the foothills of the Brooks Range. Caribou-Poker Creek is a 4th order
Subarctic stream (65 degree 08' N, 147 degree 28' W) draining the taiga forest north of
Fairbanks, Alaska The aguatic insect larvae and other macroinvertebrates were sampled with
drift nets and Hess bottom samplers for four periods, each 1 week long in the ice free season of
three years. We found 112 species in the Arctic stream and 138 species in the subarctic stream in
a chironomid-dominated community. In any sample period the communities contained 51-60
species in the Arctic and 49-92 species in the subarctic. Between the four sample periods on
average 39% and 50% of the species were present in two sequential samples in the Arctic and
Subarctic stream, respectively. New immigrants, never before found in the system, averaged
37% and 31% of the community, respectively. These systems are exposed to several intermediate
disturbances: prolonged and variable freeze-up, extreme variation in discharge, wide diel ad
seasonal changes in temperature, and erosion by frazil and anchor ice. The dipterans that
compose the most numerous and variable taxa must have variable digpause, ability to grow in
cold waters, and good dispersal powers, even migrating across drainages in the Arctic. Much of
the seasonal dominance pattern appears therefore to be stochastic.

205) Neill, C.R., J.S. Buska, E.F. Chacho, C.M. Collins, and L.W. Gatto. 1984. Overview of
Tanana River monitoring and research studies near Fairbanks, Alaska. US Army
Corpsof Engineers, Cold Regions Resear ch and Engineering L aboratory, Special
Report 84-37. 360pp. (A, F, G, I)

Author abstract: The Tanana Rive changes character in the vicinity of Fairbanks, from the
braided pattern upstream of North Pole to the anastomosing or irregular meander patter upstream
of the Chena River confluence. This transition in planform is accompanied by a marked decrease
in gradient and a change in dominant bed material from gravel to sand. Within the past 50 years
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the river has been affected by a variety of human activities, including flood control works, access
causeways and gravel extractions. The river’s cross-section shows large variation in width and
depth from one location to another, but total cross sectional area and mean velocity are relatively
constant at a discharge of about 60,000 cfs, close to the mean annual flood. Annual flow
hydrographs are quite similar from one year to another. Sediment transport in the river average
about 360,000 tons per year of bed load, approximately equally divided between sand and gravel
sizes and about 28,000,000 tons per year of suspended load, of which about 35% is sand and the
rest silt and clay. Natural channel processes are dominated by within-bank shifts in channel and
bar patterns and cross-sectional shapes, erosionof the main floodplain and island banks being
fairly localized and generally proceeding at modest rates. No relationships have been discerned
between rates of bank erosion and soil, permafrost or vegetation factors. Response to human
intrusions is generally difficult to distinguish from natural processes beyond the immediate
vicinity of the intrusions and more than a short time after cessation of activity. Details are
discussed regarding observation of inferred response to groin construction and gravel extraction
Generally structura intrusions and gravel extractions activities that have not constituted a major
disturbance to the river system have achieved their desired result with no apparent adverse
effects of any significance. Blockage of the north channel at Goose Iland by causeways,
reoccupation of gravel extraction areas from permanent bars and islands, and secondary channel
closures are believed to have considerable effects on flow and erosional pattern for some
distance downstream. The Phase 111 in-river levee and groin construction constituted a strong
local disturbance of the river system where local river slope was steepened and large quantities
of bed material were put into transport from pilot channel enlargement as the river adjusted to the
new alignment. As of the end of 1982, the full and fina effects of the disturbance were not clear.
Recommendations are given regarding impacts from human activities, aleviation of impacts,
levee protection, further interpretive analysis and future monitoring of river behavior.

206) Olsen, J.B., W.J. Spearman, G.K. Sage, S.J. Miller, B.G. Flannery, and J.K. Wenburg.
2004. Variation in the population structure of Yukon River chum and coho
salmon: Evaluating the potential impact of localized habitat degradation.
Transactions of the American Fisheries Society. 133: 476-483. (K)

Author abstract: We used microsatellite and mitochondrial DNA—restriction fragment length
polymorphism (mtDNA—-RFLP) analyses to test the hypothesis that chum salmon Oncor hynchus
keta and coho salmon O. kisutch in the Y ukon River, Alaska, exhibit population structure at
differing spatial scales. If the hypothesisis true, then the risk of losing genetic diversity because
of habitat degradation from a gold mine near a Y ukon River tributary could differ between the
two species. For each species, collections were made from two tributaries in both the Innoko and
Tananarivers, which are tributaries to the lower and middle Y ukon River. The results revealed a
large difference in the degree and spatial distribution of population structure between the two
species. For chum salmon, the microsatellite loci (F-statistic [Fsr] = 0.021) and mtDNA (Fsr =
-0.008) revealed alow degree of interpopulation genetic diversity on arelatively large
geographic scale. This large-scale population structure should minimize, although not eliminate,
the risk of genetic diversity loss due to localized habitat degradation. For coho salmon, the
microsatellites (Fsr = 0.091) and mtDNA (Fsr = 0.586) revealed a high degree of interpopulation
genetic diversity on arelatively small geographic scale. This small-scale population structure
suggests that coho salmon are at arelatively high risk of losing genetic diversity due to localized
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habitat degradation. Our study underscores the importance of a multispecies approach for
evaluating the potential impact of land-use activities on the genetic diversity of Pacific salmon.

207) Oswood, M.W. 1989. Community structure of benthic invertebratesin interior
Alaskan (USA) streams and rivers. Hydrobiologia. 72: 97-110. (C)

Electronic abstract: Taxonomic composition of benthic invertebrates in interior Alaskan
streams and rivers is summarized from published and unpublished data. Diptera dominate the
Alaskan stream fauna and constitute a larger proportion of the benthos in Alaskan streams than
in greams of temperate North America. Plecoptera and Ephemeroptera are the next most
abundant in Alaskan streams with Trichoptera generally very scarce. Severa orders that occur
regularly in streams of temperate North America are absent (or in very low abundance) in
interior Alaskan streams. Hemiptera, Odonata, Megal optera, Coleoptera. Netspinning
caddisflies, burrowing mayflies, and several families of stoneflies (Pteronarcyidae, Peltoperlidae
and Perlidae) are conspicuous by their absence or extreme scarcity. Taxonomic composition
varies significantly among hydrologic regions (major watersheds) and among stream types
(springs, headwater streams, small rivers, and large rivers). Only two taxa (Chironomidae and
Nemouridae) significantly increase in proportiona contribution from south to north while many
taxa decrease.

208) Ott, A.G., J.F. Winters, and A.H. Townsend. 1998. Juvenile fish use of selected
habitatsin the Tanana River near Fairbanks (Preliminary report). Alaska
Department of Fish and Game, Habitat and Restoration Division, Juneau, Alaska,
Technical Report No. 97-1. 133pp. (K)

Author abstract (Author Executive Summary): During the summer of 1996, we conducted the
first year of atwo year study of juvenile fishabundance in various habitats of the Tanana River.
Limited sampling in 1994 provided guidance on techniques and locations. Fish were collected
using seines, minnow traps, and electrofishing. Tanana River habitat types sampled included
rocky bluffs, gravel bars, silt bars, root wads, cutbanks, backwaters, Clearwater tributaries,
connected wetlands, and tannin-colored sloughs. Predominate fish species found were longnose
sucker (Catostomus catostomus) and lake chub (Couesius plumbeus). These species were
captured in most of the habitat types sampled. Y oung-of-the- year longnose suckers were most
abundant in tannin-colored sloughs and the interconnected wetland complex. Backwater habitats
within the active floodplain of the Tanana River were used preferentialy by longnose suckers
and lake chub. Coho salmon (Oncorhynchus kisutch) juveniles were abundant in late May/early
June 1996 and catches were highest in the main channel of the river. Chinook salmon
(Oncorhynchus tshawytscha) outmigrants were not found and a few chum salmon
(Oncorhynchus keta) fry were caught in 1996. Arctic grayling (Thymallus arcticus), round white
fish (Prosopium cylindraceum), least cisco (Coregonus sardinella), burbot (Lota lota), and
northern pike (Esox lucius) were occasionally caught in the Tanana River or in the lower parts of
tributaries and sloughs.
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209) Ott, R.A. 1998. The impact of winter logging roads on vegetation, ground cover,
per mafrost, and water movement on the Tanana River floodplain in interior
Alaska. Cooperative Agreement AK -DF-A97-RN0006, 10-97-052 report written by
the Tanana Chiefs Conference, Inc., Forestry Program, Fairbanks, Alaska.
Written for the Alaska Department of Natural Resour ces, Division of Forestry,
Fairbanks, Alaska. 31pp. (K)

Author abstract: Winter logging roads are used in interior Alaska to cross floodplain wetlands
underlain by permafrost in order to access productive forest stands. Although construction of
winter roads is restricted to times when the active layer is frozen and/or when the presence of a
snow layer helps protect the ground surface, winter roads still may impact floodplain areas.
Potential effects of winter roads in these areas include: changes of water movement, increased
active layer depth, development of thermokarst topography, removal of soil, and delayed re-
vegetation of roadbeds.

During September 1997, | quantified active layer depths, and vegetation and ground cover
patterns, on 2 winter roads and adjacent undisturbed areas in 8 plant communities (4 forest, 4
shrub) underlain by permafrost. The study was conducted on the Tanana River floodplain near
the village of Nenanain central Alaska. Within each plant community 4 to 5 sample lines,
oriented perpendicular to the roadbed and centered over it, were spaced at 30 ft. intervals. Data
that were collected at 2 ft. intervals along each sample line were: active layer depth, erect
vegetation occurrence by life-form for 3 height strata (>6 ft., 3 to 6 ft., and <3 feet), occurrence
of mat-forming (ground layer) vegetation by life-form, ground cover occurrence, and ground
surface height.

In general, roadbeds were dominated by graminoids. Short shrubs generally were the second
most frequent erect life-form on roadbeds. Exposed soil was present in small amounts (1.2 to
14.6% occurrence) on the roadbeds, but was greater than in nonroadbed areasin 5 of the
communities. Continued use of the winter roads keeps them in early seral stages of plant
succession. It is expected that perennial graminoids will dominate winter roadbeds as long as
they continue to be frequently used.

Surface permafrost has receded in the roadbeds of 6 sampled plant communities. During
construction, standing vegetation and some or al of the organic mat was removed in the
roadbeds. The ground was not shaded by tall vegetation initially after road construction.
Although roadbeds are now covered with graminoids, shading effects are probably |ess than
those produced by the severa layers of vegetation that were present before road construction.
The removal of the organic mat resulted in the reduction or elimination of the insulating
properties of that layer. Increased active layer thickness of winter roadbeds was greatest in the 2
black spruce communities. Both spruce communities were located on the Cosna Road; the loss of
the entire organic mat on that roadbed probably accounts for these sites being the most
influenced of the 6 communities where roadbed permafrost has receded. In contrast, the other 4
plant communities where permafrost has receded in the roadbeds are located along Soldier
Slough Road, which retained an insulating layer of organic material on the ground.

The 2 communities—shrub birch- leatherleaf-L abrador tea community and the |eatherl eaf
community—where mean active layer depths indicated that permafrost actually aggraded in the
roadbeds aso were located on the Cosna Road. Taliks (thawed zones) were common under athin
layer of permafrost off the roadbeds in these 2 communities. These taliks are probably a result of
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the winter of 1995-96. Cold temperatures with little snowfall during that winter probably resulted
in the development of athin permafrost layer that is now in the process of thawing. For reasons
that are unknown at this time, the thin permafrost layer under the roadbeds of the shrub birch
leatherleaf- Labrador tea community and the leatherleaf community is not thawing as fast asin
the non-roadbed aress.

Saturated substrates were only recorded in the roadbeds of the 2 communities that had
tussocks—tamarack woodland community and cottongrass tussock community—and open water
was present only in the roadbed of the cottongrass tussock community. Lowering of the ground
surface through removal of tussocks in the roadbeds may have brought the water table closer to
the surface. Water flow was not observed to be channeled along winter roadbeds. Erosion due to
thawing of ice-rich soil was not observed.

210) Ott, R.A., and W.E. Putman. 1999. Monitoring riparian buffers along glacial riversin
interior Alaska: Procedures for data collection and processing. Cooper ative
Agreement AK-DF-A97-RN0006, 10-97-052 report written by the Tanana Chiefs
Conference, Inc., Forestry Program, Fairbanks, Alaska. Written for the Alaska
Department of Natural Resour ces, Division of Forestry, Fairbanks, Alaska. 14pp.

(K)

Compiler abstract: Tanana Chiefs Conference Forestry Program (TCC Forestry) installed two
monitoring sites in mature white spruce riparian buffers along the Tanana River and Tok River.
The study was designed to increase understanding of (1) the persistence of riparian buffersin the
absence of erosion, with an emphasis on the tree component; and (2) large woody debris (LWD)
recruitment rates into rivers. TCC Forestry provided the Alaska Division of Forestry with an
ArcView project (buffer_monitoring.apr) containing all data collected during monitoring site
installations (summer 1997) as well as tree mortality data collected the following year (fall

1998). This document is a supplement to the ArcView project. It contains study site locations,
data collection methods, procedures used to process and display the spatial data, and descriptions
of variable names contained in the ArcView project.

211) Ott, R.A., M.A. Lee, W.E. Putman, O.K. Mason, G.T. Worum, and D.N. Burns. 2001.
Bank erosion and large woody debris recruitment along the Tanana River,
interior Alaska. Project NP-01-R9 report written by the Alaska Department of
Natural Resour ces, Division of Forestry and the Tanana Chiefs Conference, Inc.,
Forestry Program, Fairbanks, Alaska. Written for the Alaska Department of
Environmental Conservation, Division of Air and Water Quality, Juneau, Alaska.
34pp. (D, F, G)

Author abstract: The management intent of the Alaska Forest Resources and Practices Act
(FRPA) for riparian areas is to protect fish habitat and water quality from significant adverse
effects of timber harvest. Among other things, FRPA requires maintaining short- and long-term
supplies of LWD, stream bank stability, and channel morphology. In interior Alaska, concerns
have focused on forest harvest impacts on river bank erosionand large woody debris (LWD)
recruitment along the 824 km:long Tanana River.

This project was initiated to quantify baseline conditions of the amount and spatial
distribution of bank erosion, and the associated LWD recruitment along the entire length of the
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Tanana River, which currently has been little impacted by contemporary forest harvest. River
bank erosion and LWD recruitment were quantified for the 1978-80 to 1998-99 time period
using change analysis within a Geographic Information System, and existing forest inventory
data. Data were summarized by 10 km reaches.

For the entire river, 5,104 ha of river bank eroded, with 3,888 ha contributing LWD. The
distribution of land area eroded was highly variable, and ranged from 0.3 hato 309 ha/10 km of
river. Based on erosion patterns, five distinct regions of the river were identified. The amount of
land area eroded along the Tanana River was related to slope patterns and the distribution of silt-
laden tributaries of glacia origin. Among vegetation size classes, eroded land area was
distributed fairly evenly among stands of sapling-sized trees and dwarf forests (28.3%); stands of
pole-sized trees (27.8%); and shrublands, wetlands, and other non-forested land cover (22.9%).
Among vegetation types, erosion occurred most frequently in tall shrublands (21.0%), followed
by stands of balsam poplar saplings (15.7%). A total of 4,266 individual erosion patches were
identified along the entire Tanana River. Erosion patches varied in size from 0.01 to 58.84 ha,
but the majority (78.0%) were 0.01 to 1.00 hain size. Almost all (94.5%) of the erosion patches
were £ 5.0 hain size. The greatest cumulative amount of erosion (16.1%) occurred within
patches that were 0.01 to 1.00 ha in size. Land area contained within erosion patches £ 5 hawas
47.2% of the total. Maximum erosion distance within an erosion patch varied from <2 m to 401
m, but was most commonly (26.6%) 10 to 19 m.

The volume of LWD recruited into the Tarana River totaled 448,070 nt. The distribution of
LWD was highly variable and ranged from 8.2 n to 50,867 nt/10 km of river. Spatial patterns
of LWD recruitment were similar to land erosion patterns. Among vegetation size classes, the
largest LWD volumes (47.6%) originated from sawlog sized stands of trees. Among vegetation
types, LWD volume was greatest (24.7%) from stands of white spruce sawlogs. Erosion patches
0.01 to 1.00 hain size contributed the most LWD (10.6%). The majority of LWD (53.6%) was
recruited from erosion patches £ 9 hain sze.

Information obtained from this project will allow resource managers to better understand
natural processes of river bank erosionand LWD recruitment, and to highlight future research
needs that can be used to assess the implications of management actions.

212) Perry, R.W., M J. Bradford, and J.A. Grout. 2003. Effects of disturbance on
contribution of energry sourcesto growth of juvenile Chinook salmon
(Oncorhynchus tshawytsha) in boreal streams. Canadian Journal of Fisheriesand
Aquatic Sciences. 60: 390-400. (C, E)

Author abstract: We used stable isotopes of carbon in a growthdependent tissue-turnover
model to quantify the relative contribution of autochthonous and terrestrial energy sources to
juvenile Chinook salmon(Oncorhynchus tshawytscha) in five small borel streams tributary to the
upper Yukon River. We used a tissue-turnover model because fishdid not grow enough to come
into isotopic equilibrium with their diet. In two streams, autochthonous energy sources
contributed 23 and 41% to the growth of juvenile salmon. In the other three, fish growth was
largely due to terrestrial (i.e., allochthonous) energy sources. This low contribution of
autochthonous energy appeared to be related to stream specific disturbances: a recent forest fire
impacted two of the streams and the third was affected by a large midsummer spate during the
study. These disturbances reduced the relative abundance of herbivorous macroinvertebrates, the
contribution of autochthonous material to other invertebrates, and ultimately, the energy flow
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between stream algae and fish. Our findings suggest that disturbances to streams can be an
important mechanism affecting transfer of primary energy sources to higher trophic levels.

213) Peterson, L.A. 1973. An investigation of selected physical and chemical characteristics
of two subarctic streams. M.S. Thesis, University of Alaska, Fairbanks. 185pp. (G,
)

Electronic abstract: The objectives were to delineate baseline physical and chemical
characteristics of the Chatanika River and Goldstream Creek, ascertain the source of nutrientsin
the streams from breakup to freezeup, delineate any significant local variation within each stream
and compare the physical and chemical characteristics between the streams. The concentrations
of the selected physical and chemical parameters were generally low in both streams, remaining
within expected levels of unpolluted fresh water streams in the Chatanika River. Five parameters
exceeded expected levels of unpolluted fresh water streams at two or more sample sites on
Goldstream Creek. The concentrations of nutrients in both streams were generally quite low from
breakup to freezeup; there were no important single point sources of nutrients in the Chatanika
River or Goldstream Creek. The Chatanika River did not exhibit any significant local variation in
water quality in the study area. Two tributaries of Goldstream Creek and one area within
Goldstream Creek exhibited significant local variation in water quality, which was caused by
groundwater inflow of different quality at the three locations. the mgjor differencesin water
guality between the Chatanika River and Goldstream Creek are due to topography and soil types,
which cause suface and groundwater movement through Goldstream valley to be ower than
through the Chatanika River valley, resulting in different quality surface and groundwaters
entering these streams. The quality of the water in the Chatanika River is such that it would be an
acceptable source for domestic and most industrial waters, and would be able to assimilate some
waste without undue degradation of the water quality. Goldstream Creek should not be
considered as a source for water or for waste assimilation due to low flow and poor water quality
during winter.

214) Popovics, L.M. 1999. The effect of soil and stream water quality on primary and
secondary productivity of Rock Creek, Denali National Park and Preserve,
Alaska. M.S. Thesis, University of Alaska, Fairbanks. 98pp. (A, C, E, G, 1)

Author abstract: Aquatic productivity may be affected by physical and chemical properties of
soil water and streamwater. This study related primary and secondary productivity to parameters
in relation to four soil mapping units within Rock Creek watershed. Physical and chemical
properties of soil were measured on these four sites. Stream characteristics were determined
using measurements on hydrology, stream water chemistry, organic matter retention, limiting
nutrients, primary production and secondary production.

Geochemicals dominated the streamwater chemistry with concentrations typically greater
than in soil water. Periphyton biomass and invertebrate densities were low in Rock Creek
compared to other subarctic streams. Nutrient diffusing substrate studies indicated primary
productivity increased in response to phosphorus- and some nitrogenand-phosphorus treatments.
This response is consistent with undetected streamwater levels of phosphorus. Physical factors
affecting retention, stream discharge, and channel morphology were significant in limiting the
primary and secondary productivity of Rock Creek.
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215) Ray, S.R. 1988. Physical and chemical characteristics of headwater streams at
Caribou-Poker Creeks Research Watershed, Alaska. M.S. Thesis, University of Alaska,
Fairbanks. 172pp. (G, I)

Author abstract: The mgor-element hydrogeochemistry of four streams in the Caribou
Poker Creeks Research Watershed was studied during low-flow conditions. The flow of the
streams was measured and samples analyzed for mgjor ions at two-week intervals from
November, 1985 through April, 1987. Samples were analyzed for Ca, Mg, Na, K, Al, Fe,
Mn, Si, Cl, NO3, SO4, and HCOs.

The streams are dilute calcium-bicarbonate waters with arange of 37 to 108 mg/l for
TDS and 6.54 to 7.58 for pH. The variability in calcium concentration in the different
streams depends on the amount and distribution of permafrost in the basin.

The ratio of baseflow to total runoff for each stream was constant, suggesting
geomorphic control.

The effect of permafrost on the stream chemistry and baseflow was the major finding of
this study.

216) Rickard, W.E., and C.W. Slaughter. 1973. Thaw and erosionon vehicular trailsin
per mafrost landscapes. Journal of Soil and Water Conservation. 28: 263-266. (K)

Author abstract: Two types of off-road access trails constructed on permafrost terrain in central
Alaska were monitored to determine the environmental consequences of off-road vehicular travel
for both recreational and business pursuits on such terrain. Tractor-cleared trails showed severe
permafrost thaw and soil movement the first season after use. A hand-cleared controlled-access
traill was markedly more stable, showing lower levels of soil movement even after three seasons
of frequent travel.

217) Schallock, E.W., and F.B. Lotspeich. 1974. Winter dissolved oxygenin some Alaskan
rivers. Environmental Protection Agency, Arctic Environmental Research Lab,
University of Alaska, Fairbanks, Ecological Research Series Report EPA -660/3-
74-008. 33pp. (G, 1)

Electronic abstract: Water samples collected during the years 1969 through 1972, from 36
selected Alaskan rivers were analyzed for dissolved oxygen pH, conductivity and alkalinity.
Dissolved oxygen (d.o.) ranged from 0.0 to 15.3 ml/I (106 percent saturation); pH from 6.2 to
8.4; conductivity varied from 105 to 3000 (umho/cm); and alkalinity from 28 to 410 (mg/l).
Severe d.o. depletion during winter was found in many river systems large and small, and located
in arange of latitudes (70 deg n to 61 deg n). Sufficient data were collected on the Chena,
Chatanika, and Salcha rivers to reveal annual d.o. trends: near saturation during spring 'breakup’
and fall ‘freezeup’ when water temperatures are near 0 deg c; somewhat lower d.o. concentrations
during warm water summer periods; and yearly minimum concentrations during the winter
(January-March) interval. Data indicate that d.o. depression begins in October and continues into
February. d.o. from stations near the mouth of a river were generally depressed more than at
upper stations. The latter trend was observed in the Y ukon River which contained 10.5 mg/l (73
percent saturation) at the Canadian border but only 1.9 mg/l (13 percent) near the mouth. pH
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gradually decreased in some rivers although alkalinity and conductivity increased. The depressed
winter d.o. concentrations and low winter discharge in many Alaskan rivers are more severe and
widespread than present literature indicates. Winter conditions may aready limit aquatic
organisms in some systems.

218) Slaughter, C.W. 1971. Caribou-Poker Creeks Research Watershed, interior Alaska,
background and current status. US Army Corps of Engineers, Cold Regions
Research and Engineering Laboratory, Special Report 157. 11pp. (G, I, J)

Electronic abstract: The Caribou-Poker Creeks Research Watershed was established in 1969 as
a site for cooperative, inter-agency investigation of hydrologic and related aspects of a subarctic
environment. The relatively undisturbed 40-square- mile drainage basin includes both permafrost-
dominated and nonpermafrost watersheds, and has a variety of vegetation communities.

Research is directed to hydrologic behavior of north-facing (permafrost) and south-facing (non
permafrost) basins in this upland setting. Air temperature and precipitation are monitored at three
elevations (mouth, 1600 ft and 2100 ft); water temperature is measured at two locations, and
streamflow is measured at periodic intervals. Related work is underway dealing with soil
moisture relations, nutrient cycling in a black spruce environment, and surface water chemistry.

219) Smidt, S. 1997. Spatial variation in the community structure of stream
macr oinvertebrates within a subar ctic Alaskan watershed. M.S. Thesis, University
of Alaska, Fairbanks. 53pp. (C)

Author abstract: We investigated spatial variability in the community structure of stream
macroinvertebratesat six reaches within Caribou-Poker Creeks Research Watershed differing in
river continuum position (stream orders 1-4) and influence of permafrost. Leaf litter input,
measured between July and October 1995, was similar among most reaches. However, observed
differences in the phenology of input may be very important. We sampled benthic organic
material and macroinvertebrates six times during the ice-free season between June 1995 and June
1996. Mean invertebrate abundance (range: 1160 — 14494 indiv./nT) and biomass (range: 0.21 —
0.84 g ash free dry weight/nT) were significantly different among sites, the lowest vaues
occurring in the stream draining a high permafrost basin. Taxonomic and functiona feeding
group differences among sites appeared to be related to the amount of the drainage basin
underlain by permafrost and position along a truncated river continuum. This research highlights
the importance of permafrost for stream communities.

220) Smidt, S., and M. Oswood. 2002. L andscape patterns and stream reachesin the
Alaskan taiga forest: Potential roles of permafrost in differentiating
macr oinver tebrate communities. Hydrobiologia. 468: 95-105. (C)

Electronic abstract We investigated spatial variability in the community structure of stream
macroinvertebratesat six reaches within Caribou-Poker Creeks Research Watershed in the
Alaskan taiga forest. Stream reaches differed most notably in river continuum position (stream
orders 1-4) and influence of permafrost. Permafrost may underly much of an entire watershed or
may be only locally present in valley bottoms. Permafrost distribution influences hydrology,
water temperature, and riparian vegetation We sampled benthic macroinvertebrates six times
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during the ice-free season between June 1995 and June 1996. Mean invertebrate abundance
(range: 1160-14494 individuals \ m?) was significantly different among sites, the lower values
occurring in stream reaches affected by the local presence of permafrost and the highest value in
a headwater stream unaffected by permafrost. Taxonomic composition of the macroinvertebrate
community also differed among reaches, with the quantity of watershed-level permafrost and
stream size providing the strongest influences. This research highlights the importance of
permafrost at two spatial scales (watershed and reach) for macroinvertebrate communities of
headwater streams at high latitudes.

221) Wellen, P.M ., and D.L. Kane. 1985. Appendix to a hydraulic evaluation of fish passage
through roadway culverts in Alaska: Data report. Final Report No. FHWA-AK -
RD-85-24A written by the Ingtitute of Water Resour cesEngineering Experiment
Station, University of Alaska, Fairbanks. Written for the Alaska Department of
Transportation and Public Facilities, Division of Planning, Resear ch Section,
Fairbanks, Alaska. 240pp. (K)

Author abstract: Culverts are a very simple hydraulic structure. However, because the engineer
must design for peak flows passing through the culvert while fishare trying to move upstream
serious problems arise. Almost al culvert installations in interior and northern Alaska were
casually examined, with approximately 100 examined in detail where hydraulic problems existed
that may retard fish passage. Data fromthe field program are included in an appendix to this
report. The two major hydraulic problems in regard to fish passage were high velocities and
perching; inlet drops caused by deposited sediment, aufeis, alignment of culvert with stream and
nontuniform culvert slopes are some of the other fish passage deterrents that were observed.
Also, all known baffled structures were evaluated. Numerous recommendations were made that
should improve the hydraulic conditions that exist at a culvert relative to fish passage. Also, it is
recommended that further studies be carried out to evaluate the swimming performance of the
native fish. Present design criteria are based on very limited studies. Lastly, it is recommended
that the concept of the velocity in the occupied zone (area in culvert where fish swim) be
considered as the culvert design velocity for fish passage in place of the presently used average
cross-sectional velocity.

222) Worum, G.T., D.N. Burns, W.E. Putman, R.A. Ott, and M.A. Lee. 2001. | mages of
bank erosion and large woody debris recruitment along the Tanana River, interior
Alaska: Results of a change analysis. Volume |l: Upper Tanana River, Volumell:
Middle Tanana River, Volumelll: Lower Tanana River. Project NP-00-N9 report
written by the Alaska Department of Natural Resour ces, Division of Forestry and
the Tanana Chiefs Conference, Inc., Forestry Program, Fairbanks, Alaska.
Written for the Alaska Department of Environmental Conservation, Division of
Air and Water Quality, Juneau, Alaska. (A, D, F)

Compiler abstract: In interior Alaska, concerns have been raised regarding the impact of forest
management activities on fish habitat and water quality along the 824 km-long Tanana River. It
has been suggested that the harvest of riparian timber along the Tanana River can increase
riverbank erosion rates with the result that productive spawning or rearing areas could be
degraded through sedimentation processes or changes in channel morphology. It has also been
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suggested that timber harvest near along the river will decrease the supply of LWD that is
recruited into the river through natural erosion processes.

This project was conducted to quantify baseline conditions (1978-80 through 1998-1999) of
the amount of bank erosion, and the associated LWD recruitment along the entire length of the
Tanana River, which currently has been little impacted by contemporary forest harvest. Bank
erosion and LWD recruitment were quantified by conducting a change analysis within a
Geographic Information System (GIS).

This very over-sized three volume report contains the images used to conduct the change
analysis, plus images showing the results of the change analysis, for the entire Tanana River.
Each page contains three orthorectified images for one 10 km section of the river (except for the
first reach at the source of the river, which was 4 km in length). The three images on each page
are: 1) alate 1970s or early 1980s digital color infrared aerial photograph with the vegetation
types delineated along the 10 km length of the river, 2) alate 1990s satellite image with the
vegetation types delineated along the same section of river, and 3) the satellite image with
colored polygons showing where bank erosion had occurred during the time period of study. In
addition, each page contains a tabular summary of the results of the change analysis for the 10
km reach shown in the three images. The interpretation of the results of this project, and a more
detailed description of the methods used, can be found in Ott et al. (2001).

223) Wuttig, K.G. 1997. Successional changesin the hydrology, water quality, primary
production, and growth of juvenile Arctic grayling of blocked Tanana River
sloughs, Alaska. M.S. Thesis, University of Alaska, Fairbanks. 105pp. (C, E, G, I,
J)

Author abstract: A comparative stream study was conducted to assess the influence of
development and blockage on the hydrology, water quality, primary production, and Arctic
grayling of Badger Slough, Alaska. Data collected showed that Badger Slough exhibited stable,
clear flows throughout the summer, and higher total and total dissolved phosphorus,
orthophosphate, alkalinity, pH, conductivity, and average temperatures, and lower winter
dissolved oxygen concentrations than both Piledriver and 23-Mile Sloughs. Mean algal biomass
(3.3 mg mi®) and primary production (6.9 g O, m? d'!) are greater than that recorded for any
other interior Alaska streams and percent fines in riffle substrates have increased. However,
growth of age-0 grayling remains high. Badger Slough has eutrophied due to increased nutrients
and stable flows, and the quality of rearing habitat for age-0 fish remains good. However, an
annual flushing flow of 8.0 nt s is recommended for controlling accumulations of fines and
maintenance of grayling habitat.
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Alaska—General

(State-Wide Refer ences and Referencesin Which the Location of the Study Area Was Not
I dentified)

224) Arians, A. (Compiler). 2003. Summary of monitoring studies of the effectiveness of
practices under the Alaska Forest Resour ces and Practices Act: 1990-2002. Grant
NA170Z1113 report written by the Alaska Depart ment of Natural Resour ces,
Division of Forestry, Anchorage, Alaska. Written for the Alaska Coastal
Management Program, Office of the Governor. 29op. (A,B,C,D,E,F,G,H, I, J)

Compiler abstract: This document provides summaries of effectiveness monitoring studies
conducted with respect to activities performed under the current Alaska Forest Resources and
Practices Act (FRPA). The document is divided into two broad categories—fish habitat and
water quality. Within each of those two categories, project summaries are organized by FRPA
Regions |, 11, and I11. A total of 28 projects are described; sixteen projects address fish habitat
issues, and 12 projects address water quality issues. Eighteen of the projects were conducted
within FRPA Region | (coastal Sitka spruce/hemlock forest), three projects were conducted
within FRPA Region Il (interior spruce/hardwood forest, south of the Alaska Range), and seven
projects were conducted within FRPA Region 111 (interior spruce hardwood forest, north and
west of the Alaska Range). Topics addressed by the summarized projects include all ten of the
fish habitat and water quality variables protected by FRPA—channel morphology, clean
spawning gravels, food sources, large woody debris, nutrient cycling, stream bank stability,
stream flow, sunlight, water quality, and water temperature.

225) Ashton, W.S., and R.F. Carlson. 1984. Deter mination of seasonal, frequency and
durational aspects of streamflow with regard to fish passage through roadway
drainage structures. Final Report No. AK-RD-85-06 written by the I nstitute of
Water Resour ces, University of Alaska, Fairbanks. Written for the Alaska
Department of Transportation and Public Facilities, Division of Planning and
Programming, Resear ch Section, Fairbanks, Alaska. 51pp. (G)

Author abstract: Optimal design of culverts for fishpassage for each stream crossing requires
the magnitude, duration, frequency and seasona relationship of the flow and the timing of fish
movement. Although previous studies have measured fish swimming abilities and culvert water
velocity profiles, there are limited studies in northern regions of the hydrologic relationship
among magnitude, duration, frequency and season of discharge for the design of culvertsfor fish
passage. We analyzed streamflow records from 33 gaging stations in southcentral, western,
interior, and arctic Alaska (from watersheds with a drainage area |ess than 100 mi? each) to
determine the highest consecutive mean discharge with one-, three-, seven and fifteenday
durations, and the lowest consecutive mean discharge with three-, seven, fourteen and thirty-
day durations. Streamflow during three seasons were analyzed: spring, April 1 to June 30;
summer, July 1 to August 31; and fall, September 1 to November 30. The lognormal distribution,
using the Blom plotting position formula, was used to estimate flows at recurrence intervals of
1.25, 2, 5, 10 and 20 years. Multiple linear regression equations were developed to predict flows
from ungaged watersheds. Significant basin and climatic characteristics for high flows were
drainage area, mean annual precipitation and percent of the drainage basin with forest cover.
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Significant characteristics at low flows were drainage area, mean minimum January temperature,
mean annual precipitation and percent of drainage basin covered by forests. This report provides
the culvert designer with equations to predict flows, other than the instantaneous peak flows, for
use in designing culverts for fish passage. Two example problems are given to show the
application of these equations.

226) Balding, G.O. 1976. Water availability, quality, and usein Alaska. USDI Geological
Survey Anchorage, Alaska, Open-File Report 76-513. 236pp. (G, I)

Electronic abstract: The Alaska Water Assessment, sponsored by the Water Resources Council,
is a specific problem analysis for Alaskaof the National Assessment of Water and Related Land
Resources. The Alaska region has been divided into six hydrologic subregions and eighteen
subareas. For each subarea, estimated mean annual runoff per square mile, suspended-sediment
concentrations that can be expected during 'normal’ summer runoff, flood magnitudes and
frequencies, and ground-water yields are illustrated on maps. Tables show water quality of both
ground water and surface water from selected wells and streams. Water use according to the type
of useis discussed, and estimates are given for the amounts used. Water- use categories include
domestic, irrigation, livestock, seafood processing, oil and gas development, petrochemical
processing, pulp mills, hydroelectric, coal processing, steam electric, mineral processing, sand
and gravel mining, and fish-hatchery operations.

227) Bauer, SB., and S.C. Ralph. 1999. Aquatic habitat indicators and their application to
water quality objectives within the Clean Water Act. US Environmental
Protection Agency, Region 10, Seattle, Washington, EPA-910-R-99-014. (A, B, F,
G,J)

Electronic abstract: The objective of this paper isto evaluate the application of aquatic habitat
variables to water quality objectives under authority of the Clean Water Act (CWA). The project
is limited to freshwater, lotic aquatic habitats in the Pacific Northwest and Alaskawith an
emphasis on salmonid habitat. Habitat variables were placed into one of the following
categories-flow regime, habitat space, channel structure, substrate quality, streambank condition,
riparian condition, temperature regime, and habitat access. Candidate habitat variables were
evauated for their relevance to the biotic community, responsiveness to human impacts,
applications to target landscapes, and measurement reliability. The most critical obstacles for use
of habitat variables at the regional level (state specific water quality criteriafor Region 10 EPA)
are the quantification of biological effect and the unreliability of the unreliability of the
measurement system.

228) Behlke, C.E., D.L. Kane, R.F. McLean, and M.D. Travis. 1991. Fundamentals of
culvert design for passage of weak-swimming fish. Final Report No. FHWA-AK -
RD-90-10 written by the Water Research Center, Institute of Northern
Engineering, University of Alaska; the Alaska Department of Fish and Game,
Habitat Division; and the Alaska Department of Transportation and Public
Facilities, Statewide Resear ch, Fairbanks, Alaska. Written for the Alaska
Department of Transportation and Public Facilities, Statewide Resear ch,
Fairbanks, Alaska. 177pp. (K)
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Author abstract: Properly designed culverts do not produce water velocities that exceed fish
swimming abilities. Fish have two different musculature systems for swimming. A white muscle
system that generates power for short, vigorous swimming. A red muscle system that furnished
power for long, sustained swimming. The culvert design must account for both swimming
modes. Therefore, the engineer must know the hydraulic conditions where the fish swims. These
conditions change throughout the culvert. The engineer determines acceptable hydraulic
conditions by matching known fish swimming power and energy capabilities.

Subcritical flow is necessary to pass week-swimming, upstream migrating fish Therefore,
this requirement precludes the use of inlet control. The engineer may use artificial roughness to
create areas of sower water velocities within culverts Examples of these are depressed inverts,
weir baffles, and deep culvert corrugations.

This manual presents design procedures to pass upstream migrating, weak-swimming fish
The manual also displays criteria for retrofitting existing culverts. This paper does not present
cost-effective design criteria for strong-swimming fish.

229) Benson S.L., D.L. Hess, D.F. Meyer, K.A. Peck, and W.C. Swanner. 1997. Water
resour ces data for Alaska, water year 1997. USDI Geological Survey, Water
Resour ces Division, Juneau, Alaska, USGS'WRD/AK -97/1. (G, I)

Electronic abstract: This volume contains records for water discharge at 81 gauging stations;
stage or contents only at 8 gauging stations; water quality at 21 gauging stations; and water
levels for 60 observation wells. Also included are data for 51 crest-stage partial-record stations
and 1 lake. Additional water data were collected at various sites not involved in the systematic
data- collection program and is published as miscellaneous measurements and analyses.

230) Bigelow, B.B., R.D. Lamke, P.J. Still, J.L. Van Mannen, and J.E. Vaill. 1985. Water
resour ces data for Alaska, water year 1984. USDI Geological Survey, Water
Resour ces Division, Anchorage, Alaska, Water-Data Report AK-84-1 (WRD/HD-
85/264). 347pp. (G, 1)

Electronic abstract: Water resources data for the 1984 water year for Alaska consist of records
of stage, discharge, and water quality of streams; stage and water quality of lakes and water
levels and water quality in wells. This report contains discharge records for 112 gaging stations,
water quality for 43 stations; and water levels for 31 observation wells. Also included are 64
crest-stage, and 59 water quality partial-record stations. Additional water data were collected at
various sites, not part of the systematic data collection program, and are published as
miscellaneous measurements of discharge, lake stage, or water quality. These data represent that
part of the National Water Data System operated by the U.S. Geological Survey and cooperating
State and Federal agenciesin Alaska.

231) Bigelow, B.B., R.D. Lamke, P.J Still, J.L. Van Mannen, and J.E. Vaill. 1986. Water
resour ces data for Alaska, water year 1985. USDI Geological Survey, Water
Resour ces Division, Anchorage, Alaska, Water-Data Report AK-85-1 (WRD/HD-
86/252). 328pp. (G, 1)
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Electronic abstract: Water resources data for the 1985 water year for Alaska consist of records
of stage, discharge, and water quality of streams; stage and water quality of lakes and water
levels and water quality in wells. This report contains discharge records for 108 gauging stations;
water quality for 40 stations; and water levels for 31 observation wells. Also included are 66
crest-stage, 15 low-flow, and 19 water-quality partial-record stations. Additional water data were
collected at various sites, not part of the systematic data collection program, and are published as
miscellaneous measurements of discharge, lake stage, or water quality. These data represent that
part of the National Water Data System operated by the U.S. Geological Survey and cooperating
State and Federal agenciesin Alaska.

232) Bigelow, B.B., R.D. Lamke, P.J. Still, J.L. Van Mannen, and R.L. Burrows. 1989.
Water resourcesdata for Alaska, water year 1988. USDI Geological Survey,
Water Resour ces Division, Anchorage, Alaska, Water-Data Report AK-88-1
(WRD/HD-89/231). 196pp. (G, I)

Electronic abstract: Water resources data for the 1988 water year for Alaska consist of records
of stage, discharge, and water quality of streams; stage of lakes and water levels and water
quality of groundwater wells. This volume contains records for water discharge at 85 gaging
stations; water quality at 24 gaging stations, and water levels for 26 observation wells. Also
included are data for 66 crest-stage partial-record stations and 13 lakes. Additional water data
were collected at various sites, not involved in the systematic data collection program, and is
published as miscellaneous measurements and analyses. These data represent that part of the
National Water Data System operated by the U.S. Geological Survey and cooperating State and
Federal agenciesin Alaska.

233) Blevins, V., and R.F. Carlson. 1988. Retr ofit design of drainage structuresfor
improved fish passage: Literature review. Report No. AK-RD-89-02 written by the
Water Research Center, Institute of Northern Engineering, University of Alaska,
Fairbanks. Written for the Alaska Department of Transportation and Public
Facilities, Research Section, Fairbanks, Alaska. 38pp. (K)

Author abstract: This report reviews existing literature on issues relevant to retrofitting culverts
to mitigate fishpassage barriers. The analysis of this information will set the stage for future
laboratory experimentation on various retrofitting techniques. The topics in this report include a
review of fish swimming capabilities, hydrologic factors involved in choosing a design flow, fish
passage problems resulting from conventional culvert design, and potential retrofit solutions to
these problems.

234) Brabets, T.P. 1996. Evaluation of the streamflow-gaging network of Alaskain
providing regional streamflow information. USDI Geological Survey, Water
Resour ces Division, Anchor age, Alaska, Water-Resour ces I nvestigations Report
96-4001. 73pp. (G)

Electronic abstract: In 1906, the U.S. Geological Survey (USGS) began operating a network of
streamflow-gaging stationsin Alaska. The primary purpose of the streamflow-gaging network
has been to provide peak flow, average flow, and low-flow characteristics to a variety of users.
In 1993, the USGS began a study to evaluate the current network of 78 stations. The objectives
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of this study were to determine the adequacy of the existing network in predicting selected
regional flow characteristics and to determine if providing additiona streamflow-gaging stations
could improve the network'’s ability to predict these characteristics. Alaskawas divided into six
distinct hydrologic regions: Arctic, Northwest, Southcentral, Southeast, Southwest, and Y ukon.
For each region, historical and current streamflow data were compiled. In Arctic, Northwest, and
Southwest Alaska, insufficient data were available to develop regional regression equations. In
these areas, proposed locations of streamflow-gaging stations were selected by using clustering
techniques to define similar areas within a region and by spatial visual analysis using the
precipitation, physiographic, and hydrologic unit maps of Alaska Sufficient data existed in
Southcentral and Southeast Alaskato use generalized least squares (GLS) procedures to develop
regional regression equations to estimate the 50-year peak flow, annua average flow, and a low-
flow statistic. GLS procedures were also used for Yukon Alaska but the results should be used
with caution because the data do not have an adequate spatial distribution. Network analysis
procedures were used for the Southcentral, Southeast, and Y ukon regions. Network analysis
indicates the reduction in the sampling error of the regional regression equation that can be
obtained given different scenarios. For Alaska, a 10-year planning period was used. One scenario
showed the results of continuing the current network with no additional gaging stations and
another scenario showed the results of adding gaging stations to the network. With the exception
of the annual average discharge equation for Southeast Alaska, by adding gaging stationsin al
three regions, the sampling error was reduced to a greater extent than by not adding gaging
stations. The proposed streamflow-gaging network for Alaska consists of 308 gaging stations, of
which 32 are designated as index stations. If the proposed network can not be implemented in
it's entirely, then a lesser cost aternative would be to establish the index stations and to
implement the network for a particular region.

235) Childers, J.M. 1975. Channel erosion surveys along southern segment of the TAPS
route, Alaska, 1972 and 1973. USDI Geological Survey, Anchorage, Alaska, Open
File Report. 57pp. (A, F)

Author abstract: This report presents descriptions of preconstruction conditions at selected
streamchannel sites along the southern segment of the Trans-Alaska Pipeline System from
Flood Creek to Vadez. The information presented can be used in studies of severe channel
erosion, streambed scour, bank erosion, or rechannelization. The report also presents a plan for
detecting and measuring significant erosion and the important factors causing erosion, such as
flood discharge, icing development, and construction activities.

236) Childers, J.M., JW. Nauman, D.R. Kernodle, and P.F. Doyle. 1977. Water resour ces
along the Taps Route, Alaska, 1970-74. USDI Geological Survey, Water Resour ces
Division, Anchorage, Alaska, Open-File Report 78-137. 136pp. (G, 1)

Electronic abstract: The U.S. Geologica Survey installed 10 streamgaging and water-quality
stations along the trans-Alaska pipeline route (TAPS) starting in 1970. These stations, mostly
north of Fairbanks, add to the historical network of gaging stations and provide records of
hydrologic conditions along the TAPS route. Selected data from 23 gaging stations along the
TAPS route for the period 1970-74 (prior to construction of the pipeline) are compiled in graphic
form. The data include annua hydrographs of daily mean or instantaneous values of a standard
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set of parameters which are indicative of physical, chemical and biological conditions of the
streams. The hydrographs facilitate comparisons of data, both in time and between stream sites.
Thus, they are atool for evaluating streamflow characteristics along the TAPS route during the
preconstruction period.

237) Dingman, S.L. 1973. The water balance in arctic and subar ctic r egions--annotated
bibliography and preliminary assessment. US Army Cor ps of Engineers, Cold
Regions Resear ch and Engineering Laboratory, Special Report 187. 131pp. (G)

Electronic abstract: Definitions and boundaries of the arctic and subarctic are reviewed; amap
showing these boundaries and annotations of a number of publications dealing with this problem
are also presented. A bibliography includes severa hundred reports that directly discuss elements
of the water balance in arctic and subarctic regions. These annotations are grouped by
geographic area: the northern hemisphere, Europe, the U.S.S.R., Alaska, Canada, and Greenland
and Iceland. For each area, annotations are presented according to water-balance elements:
precipitation, evapotranspiration, runoff, streamflow, groundwater contributions to runoff, and
changesin glacial storage. A subsequent section gives annotations of articles on the water
balance of the Arctic Ocean. Thisis followed by a brief assessment of the state of knowledge on
the water-balance elements in each geographic region. This bibliography is intended to be
complete for the period 1950-1971 (some earlier articles are included), especially for articles
published in English. A large number of items from the Russian and European literature are
included, but the bibliography is probably Iess complete for these. A total of 688 annotations are
included; many articles are annotated in more than one section, as they include information on
more than one water-balance element or more than one geographic area.

238) Dion, C.A. 2002. Growth, foraging behavior and distribution of age-0 Arctic grayling
in an Alaskan stream. M.S. Thesis, University of Alaska, Fairbanks. 81pp. (C, J)

Author abstract: | evaluated the ability of three models to relate habitat characteristics to
habitat quality for age-0 Arctic grayling Thymallus arcticus in an Alaskan stream. A
temperature-based growth model made accurate predictions, showing it can reliably assess
thermal habitat quality. Deviations between predicted and observed growth were useful because
they identified the timing of possible critical periods, when competition for food or space may
cause density-dependent mortality and emigration. A foraging model consistently overestimated
the mean prey size of fish, showing that such models need further work before they can
accurately assess food availability from invertebrate drift. A habitat selection model accurately
predicted small fish would occupy the stream margins and the ontogenetic shift into faster,
deeper water, but its detailed predictions for larger fish were not very precise. These models
were useful tools for assessing habitat quality and gave insight into possible interactions between
habitat characteristics and population dynamics.

239) Doyle, P.F., and J.M. Childers. 1975. Channel erosion surveys along TAPS route,
Alaska, 1975. USDI Geological Survey, Anchorage, Alaska, Open-File Report.
95pp. (A, F)
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Author abstract: Channel surveys at 27 sites along TAPS route during 1975 documented
significant channel changes and identified possible causative factors. Some of the important
findings of the year's surveillance include: 8 feet (2.4 metres) of flood scour measured at the
Salcha River crossing site, 180 feet (55 metres) of lateral bank erosionmeasured over 3 years on
the Middle Fork Koyukuk River near Coldfoot, and rapid shifting of anabranches on braided
stream crossings during high water.

Aeria photogrammetric surveys were used for the first time during 1975. Preliminary results
show this method is especially suited for surveillance of large braided river channels.

240) Doyle, P.F., and J.M. Childers. 1976. Channel erosion surveysalong TAPS route,
Alaska, 1976. USDI Geological Survey, Anchorage, Alaska, Open-File Report.
9Opp. (A, F)

Author abstract: Channel surveys were made along TAPS route during 1976 at the same 27
sites that were surveyed in 1975. One additional site was put under surveillance in 1976. Except
for construction changes wrought by installation of the pipeline, most of the sites surveyed
showed very little change since the 1975 surveys. Some of the significant events of 1976 at the
monitored crossing sites include: glacier-dammed lake break-out floods on the Tazlina and Tsina
Rivers, severe icings on the Gulkana River which resulted in a spring flood 3-4 feet (1 meter)
over banktop, and virtual completion of all the buried crossings and al but one overhead
crossing before the 1976 channel erosion resurveys were made.

Aerial photogrammetric surveys were used again in 1976 on the same seven sites asin 1975.
Comparison of the photogrammetric surveys with each other and with onthe- ground surveys
indicate that the method is generally applicable for channel erosion studies. However, it requires
engineering judgment and persona knowledge of the site to avoid reaching inaccurate
conclusions about channel change in some instances.

241) Edmundson, J.A. 1997. Growth patterns of juvenile sockeye salmonin different
thermal environments of Alaskan lakes. M.S. Thesis, University of Alaska,
Fairbanks. 79pp. (J)

Author abstract: Rearing conditions imposed on juvenile salmonids in lakes are important
determinants of freshwater growth patterns. In Alaska, sockeye salmon (Oncorhynchus nerka)
nursery lakes exhibit a wide range in thermal characteristics. Compared to clear |akes, stained
lakes are warmer and have longer growing seasons, whereas glacia |akes are colder and have
shorter growing seasons. In stained lakes, a shallow thermocline restricts most of the heat to the
surface layers. Deep mixing in glacial lakes, concomitant with meltwater intrusion, keep much of
the water column near 4 °C. Mean depth accounts for 77% of the among-lake variation in the
seasonal average water temperature (TS). Length of growing season is dependent on latitude and
atitude; however, water temperatureis not. Taken together, the factors TS, zooplankton biomass,
and sockeye fry density accounted for 70% of the variation in age-1 sockeye smolt size. This
limnological information can be included in stock-recruit models of sockeye salmon to improve
assessments for management.
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242) Elliot, ST., and D.J. Hubartt. 1984. A study of land use activities and their
relationship to the sport fishresourcesin Alaska. Annual performancereport for:
Establishment of guidelinesfor protection of the sport fish resourcesduring land
use activities. Federal Aid in Fish Restoration and Anadromous Fish Studies,
Volume 25, Study No. D-I, Job No. D-I-A& B. Alaska Department of Fish and
Game, Sport Fish Division, Juneau, Alaska. 17pp. (K)

Author abstract: The winter survival of rearing salmonids is considered by managers to be the
most important aspect of the influence of timber harvest on salmonid production. The Alaska
Working Group on Cooperative Fishery-Forestry Research, of which this project is a member,
initiated a study to compare winter survival and movement of rearing fishin clear-cut and
forested sections of streams and clear-cut and buffer zone sections of streams. The study also
examined the value of ponds and sloughs as “refuge habitat” during the winter months and will
attempt to determine the rate of smoltification of juveniles from these areas.

Movement of juveniles occurred mostly between August and November with most of the
movement being local, e.g., immediately upstream or downstream. However, juvenile coho
(Oncorhynchus kisutch) living in the estuarine zone move upstream and disperse throughout the
watershed. Rates of survival were highest (73% - 100%) for fishliving in old growthforested
stream sections and for fish wintering in sloughs and ponds. The survival rate of fish wintering in
clear-cuts was the poorest (29% - 70%) and intermediate in buffer zones (40% - 86%).

The issue concerning the fate of coho fry in logged streams (Elliott, 1983) cannot be
addressed until smolt work is completed in June 1984. Those results will be included in future
reports.

* This report is numbered for the sake of consistency, however, this project received no federd
dollars this year.

The results of this study are preliminary, pending further analysis.

243) Emmett, W.W. 1972. The hydraulic geometry of some Alaskan streams south of the
Yukon River. USDI Geological Survey, Water Resour ces Division, Alaska District,
Open-File Report. 102pp. (A, G)

Author abstract: Channel geometry surveys were conducted to determine bankfull stage,
discharge, and other hydraulic parameters at 22 locations along the proposed route of the trans-
Alaska pipeline corridor south of the Y ukon river. Combined with the records from gaging
stations located at some of the sites, the data are sufficient to describe some of the channel and
flow characteristics typical of each of two major hydrologic areas, the Y ukon river Region and
the South+ Central region. Although each region follows general hydrologic trends, least squares
relations indicate each exhibits its own particular deviations.

Average values of the hydraulic and geometric properties of rivers were used to illustrate
their application to practical engineering problems, namely the computation of depth of channel
scour and of bedload discharge. For design purposes, caution is recommended when making
computations based on average values. In the absence of other data, however, the average data
become useful predictive tools.
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244) Everest, F.H., and R.D. Harr. 1982. Silvicultural treatments. In: Influence of Forest
and Rangeland Management on Anadromous Fish Habitat in Western North
America. W.R. Meehan, Editor. USDA Forest Service, Pacific Northwest Forest
and Range Experiment Station, General Technical Report PNW-134. Pages 1-18.

(1.J)

Electronic abstract: Distribution of anadromous salmonids and coniferous forest coincides
along much of the Pacific Slope; consequently, the habitat of anadromous fishis subject to a
wide variety of silvicultural treatments required to establish and nurture young forests. The
silvicultural activities include: cutting prescriptions to improve natural regeneration; preparing
sites for planting; removing slash to reduce fire hazard; seeding and planting; reducing
competition to enhance growth of young trees. Anadromous salmonids have exacting habitat
regquirements and most production in forested watersheds occurs in small (first-order to third
order) streams. Some silvicultural treatments, such as broadcast burning and machine
scarification and piling, can degrade water quality and fish habitat in small streams, but seldom
do so because of the low spatial and temporal intensity of the activities. The highest risk of
habitat damage from silvicultural activities occurs in areas with erosive soils and high annual
precipitation, or high summer solar radiationand low streamflow. Maximum risk from solar
heating occurs in western and northeast Oregon, western and central Washington, northwest
California, and central Idaho. High-risk areas for decreased water temperatures are located in
northern and central Idaho, northeastern Oregon, southeastern Washington, northern British
Columbia, and Alaska. Areas of central Idaho; northwest California; western Oregon,
Washington, and British Columbia; and southeast Alaska are vulnerable to surface erosionand
mass wasting.

245) Everest, F.H., and W.R. Meehan. 1981. Forest management and anadromous fish
habitat productivity. In: Transactions of the Forty-Sixth North American Wildlife
and Natural Resources Conference. K. Sabol, Editor. Wildlife M anagement
Institute, Washington, D.C. Pages 521-530. (A, D, F, I)

Electronic abstract: The anadromous fishery resources of western North America are produced
largely within forested watersheds. Forest and rangeland management activities that can
influence the quality of anadromous fish habitat include timber harvest, road construction, and
livestock grazing. Organic debris from forested watersheds of the Pacific Northwest and Alaska
enters streams through direct litterfall, landslides, debris torrents, timber felling, and streambank
erosion plus blowdown of trees and branches. Large woody debris can create habitat for rearing
salmonids, but may cause sedimentationin spawning areas. Large, naturally occurring debris can
promote streambank stability and reduce streambed scour. Large accumulations of fine organic
debris can adversely affect habitat by reducing dissolved oxygenand producing toxic leachates.
Total removal of debris can result in a completely open channel, promoting streambed sour,
streambank instability, and loss of fish habitat productivity. Debris torrents, a common mass
erosion event in the Pacific Northwest, have a negative impact on habitat and production of
anadromous salmonids in small streams immediately downstream from the torrent egress.
Studies within a 1- mile reach of Knowles Creek, however, indicate that the total effect of debris
torrents in that sediment-poor watershed tends to be positive. Preliminary results of a livestock
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grazing study do not show profound effects on fish populations among various grazing systems
or between one to three years of seasonlong grazing and ungrazed controls.

246) Helfield, J.M. 2002. I nteractions of salmon, bear and riparian vegetation in Alaska.
Dissertation abstracts International Part B: Science and Engineering 62: 5493. (C,
D,E,I)

Electronic abstract. Anadromous Pacific salmon (Oncorhynchus spp.) spend most of their lives
feeding and growing at sea before returning to freshwater to spawn and die in their natal streams.
Returning salmon provide a seasonal food source for numerous mammal and bird species, and
nutrients from decaying salmon carcasses are incorporated into freshwater biota at various
trophic levels. Consequently, annual spawning migrations provide a mechanism for transporting
marine-derived nutrients from the fertile northern Pacific Ocean to freshwater and terrestrial
ecosystems. Ripariantrees and shrubs near spawning streams derive approximately 22-26% of
their foliar nitrogen(N) from spawning salmon, and growth rates of Sitka spruce (Picea
sitchensis) and white spruce (P. glauca) are significantly increased as a consequence of this
nutrient subsidy. Marine-derived nitrogen (MDN) is less important to riparian ecosystems where
symbiotic N-fixation by alder (Alnus crispa) is prevaent, although salmon carcasses may be an
important source of other marine nutrients affecting productivity in these forests. Since riparian
forests affect the quality of instream habitat through shading, sediment and nutrient filtration and
production of large woody debris, this fertilization process serves not only to enhance riparian
production, but may also act as a positive feedback mechanism by which salmonborne nutrients
improve spawning and rearing habitat for subsequent salmon generations. Brown bear (Ursus
arctos) are an important vector for transferring marine nutrients to riparianforests, through
dissemination of partialy- eaten salmon carcasses and salmon-enriched wastes. To the extent
that this process affects productivity and species composition in riparianforests, interactions of
salmon and bear may be characterized as keystone interactions controlling the long-term
structure and dynamics of riparian communities. It should be recognized that marine nutrients
may also be transferred to riparian systems via other terrestrial piscivores and abiotic processes,
and that the relative importance of these different pathways varies spatially and temporally
within and among salmon bearing watersheds. Accordingly, it may be more meaningful to
consider the interactions and processes that structure riparian communities rather than their
specific component parts. These findings illustrate the complexity of interactions surrounding
riparian ecosystems, the importance of linkages across ecosystem boundaries, and the
interdependence of salmon populations, terrestrial wildlife and riparian vegetation

247) Jordan, M.C., and R.F. Carlson. 1987. Design of depressed invert culverts. Final
Report No. FHWA-AK-RD-87-23 written by the Water Research Center, Institute
of Northern Engineering, University of Alaska, Fairbanks. Written for the Alaska
Department of Transportation and Public Facilities, Research Section, Fairbanks,
Alaska. 64pp. (K)

Author abstract: The hydraulic characteristics of a depressed invert culvert were studied. Also,
a design procedure for depressed invert culvertsis outlined. The hydraulic characteristics were
studied by reviewing pertinent literature and by the use of a hydraulic model. The design
procedure is similar to that already used by state hydrologists.
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Formulas for determining the geometric properties of a depressed invert culvert are
presented. The hydraulic model was used to determine the discharge coefficients for a depressed
invert culvert flowing under inlet control and set flush to a vertical headwall. A literature review
was performed which examined velocity profiles, flow over permeable beds, and flow resistance
in culverts and over rough beds.

The design procedure is applicable to depressed invert culverts flowing under nonsubmerged
conditions and set flush to a vertical headwall. The design procedure can be used as an outline
for the development of a comprehensive design manual for depressed invert culverts.

248) Kemnitz, R.T., K.M. Novcaski, R.L. Rickman, W.C. Swanner, and K.R. Linn. 1993.
Water resources data: Alaska water year 1992. USDI Geological Survey, Water
Resour ces Division, Anchorage, Alaska, Water-Data Report AK-92-1. 444pp. (G,

)

Author abstract: Water resources data for the 1992 water year for Alaska consists of records of
stage, discharge, and water quality of streams; stages of |akes; and water levels and water quality
of ground-water wells. This volume contains records for water discharge at 104 gaging stations;
water quality at 24 gaging stations; water levels for 73 observation wells; and water quality
analyses for 7 wells. Also included are data for 67 crest-stage partial-record stations and 14
lakes. Additional water data were collected at various sites not involved in the systematic data-
collection program and are published as miscellaneous measurements and analyses. These data
represent that part of the National Water Data system operated by the U.S. Geological Survey
and cooperating State and Federal agenciesin Alaska.

249) Lamke, R.D., J.L. Van Maanen, B.B. Bigelow, P.J. Still, and R.T. Kemnitz. 1990.
W ater resour ces data for Alaska, water year 1989. USDI Geological Survey,
Water Resour ces Division, Anchorage, Alaska, Water-Data Report AK-89-1. (G,

)

Electronic abstract: Water resources data for the 1989 water year for Alaska consist of records
of stage, discharge, and water quality of streams, stage of lakes, and water levels and water
quality of ground water wells. This volume contains records for water discharge of 85 gaging
stations, water quality at 26 gaging stations, and water levels for 27 observation wells. Also
included are data for 73 crest-stage partial record stations and 19 lakes. Additional water data
were collected at various sites not involved in the systematic data-collection program and are
published as miscellaneous measurements and analyses. These data represent that part of the
National Water Data System operated by the U.S. Geological Survey and cooperating State and
Federal agenciesin Alaska.

250) Lamke, R.D., P.J. Still, B.B. Bigelow, H.R. Seitz, and J.E. Vaill. 1983. Water resour ces
datafor Alaska, water year 1982. USDI Geological Survey, Water Resour ces
Division, Anchorage, Alaska, Water-Data Report AK-82-1. 363pp. (G, I)

Electronic abstract: Water resources data for the 1982 water year for Alaska consists of records
of stage, discharge, and water quality of streams; stage and water quality of lakes and water
levels and water quality in wells and springs. This report contains discharge records for 108
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gaging stations; stage only record for 1 gaging station; water quality for 49 stations; and water
levels for 28 observation wells. Also included are 43 low-flow, 67 crest-stage , and 48 water-
quality partial-record stations. Additional water data were collected at various sites, not part of
the systematic data collection program, and are published as miscellaneous measurements of
discharge, lake stage, or water quality.

251) Lamke, R.D., R.T. Kemnitz, M.R. Carr, D.S. Thomas, and K.M. Novcaski. 1992.
Water resourcesdata for Alaska, water year 1991. USDI Geological Survey,
Water Resour ces Division, Anchor age, Alaska, Water-Data Report AK-91-1. (G,

)

Electronic abstract: Water resources data for the 1991 water year for Alaska consists of records
of stage, discharge, and water quality of streams; stages, of lakes; and water levels and water
quality of groundwater wells. This volume contains records for water discharge at 82 gaging
stations; water quality at 24 gaging stations; water levels for 75 observation wells; and water
quality analyses for 93 wells. Also included are data for 65 crest-stage partial-record stations and
13 lakes. Additional water data were collected at various sites not involved in the systematic data
collection program and are published as miscellaneous measurements and analyses. These data
represent that part of the National Water Data System operated by the U.S. Geological Survey
and cooperating State and Federal agenciesin Alaska.

252) Lloyd, D.S. 1987. Turbidity as a water quality standard for salmonid habitatsin
Alaska. North American Journal of Fisheries. 7: 34-45. (1)

Electronic abstract: Evidence both of trophic level changes induced by reduction in light
penetration and of more direct effects of sediment and turbidity on aguatic life indicates that
turbidity constitutes a valid and useful water quality standard that can be used to protect aguatic
habitats from sediment pollution A review of studies conducted in Alaska and elsewhere
indicated that water quality standards allowing increases of 25 or 5 nephelometric turbidity units
above ambient turbidity in clear coldwater habitats provide moderate and relatively high
protection, respectively, for salmonid fishresourcesin Alaska. Even gtricter limits may be
warranted to protect extremely clear waters, but such stringent limits apparently are not
necessary to protect naturally turbid systems.

253) Lloyd, D.S., J.P. Koenings, and J.D. LaPerriere. 1987. Effects of turbidity in fresh
watersof Alaska. North American Journal of Fisheries Management. 7: 18-33. (C,

)

Electronic abstract: Euphotic volume in lakes correlated strongly with production of juvenile
sockeye sal mon (Oncor hynchus nerka). The authors observed reduced abundance of
zooplankton macroinvertebrates, and Arctic grayling (Thymallus arcticus) in naturally and
artificialy turbid aguatic systems. Turbidity measurements correlated less consistently with
measures of suspended sediment concentration (total nonfilterable residue), but provided an
adeguate estimator for use as a water quality standard to protect aquatic habitats.
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254) L oeffler, R.M ., and J.M. Childers. 1977. Channel erosion surveys along the TAPS
route, Alaska, 1977. USDI Geological Survey, Anchorage, Alaska, Open-File
Report 78-611. 90pp. (A, F)

Author abstract: Channel surveys were made along the TAPS route during 1977 at the same 28
sites that were studied in 1976. In addition, a new site at pipeline mile 22 near Deadhorse
(alignment No. 134) along the Sagavanirktok River was put under surveillance. Except for
changes wrought by the completion of construction, most of the sites showed very little change.
Significant events include: virtual completion of al construction activities along the pipeline, the
pipeline start-up, and the breakup flood along the Sagavanirktok River which breached many
river-training structures. In general, 1977 saw heavy flooding on the streams draining the north
and south slopes of the Brooks Range and moderate flooding on streams further south.

Aeria photogrammetric surveys were used again in 1977 on the same seven sites asin 1976.
Results document the applicability of the method for channel erosion studies, especially those on
large braided rivers. However, it requires engineering judgment and personal knowledge of the
particular site to avoid being occasionally led to inaccurate conclusions.

255) MacDonald, L.H., A.W. Smart, and R.C. Wissmar. 1991. Monitoring guidelinesto
evaluate effects of forestry activities on streamsin the Pacific Northwest and
Alaska. Sponsored by the Environmental Protection Agency, Seattle, Washington,
Region X EPA/910/9-91/001. 180pp. (A, G, I)

Electronic abstract: The publication provides guidance for designing water quality monitoring
projects and selecting monitoring parameters. Although the focus is on forest management and
streams in the Pacific Northwest and Alaska, a broader perspective is taken and much of the
information is more widely applicable. Part | reviews the regulatory mechanisms for nonpoint
source pollutionand defines seven types of monitoring. A step-by-step process for developing
monitoring projects is presented. Because monitoring is a sample procedure, study design and
statistical analysis are explicitly addressed. Part 11 is atechnical review of the parameters, and
these are grouped into seven categories: physical and chemical constituents, flow, sediment,
channel characteristics, riparian, and aquatic organisms.

256) Milner, A.M ., and G.E. Petts. 1994. Glacial rivers: Physical habitat and ecology.
Freshwater Biology. 32: 295-307. (C, G, I, J)

Electronic abstract: This review examines the physical habitat and ecology of glacial rivers.
Typica glacial rivers have summer temperatures below 10 degree C, asingle seasonal peak in
discharge, which in the Northern Hemisphere typically occursin July, adi€l fluctuation in flow
which usually pesksin late afternoon, and turbidity levels in summer that exceed 30 NTU.
Where maximum temperatures are less than or equal to 2 degree C benthic invertebrate
communities are dominated by Diamesa (Chironomidae). Downstream, temperatures increase,
channels become more stable and valley floors become older. Orthocladiinae (Chironomidae),
Simuliidae, Baetidae, Nemouridae and Chloroperlidae become characteristic members of the
invertebrate community.
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257) Murphy, M.L. 1995. Forestry impacts on freshwater habitat of anadromous salmonids
in the Pacific Northwest and Alaska—requirementsfor protection and
restoration. US Department of Commer ce, National Oceanic and Atmospheric
Administration, Coastal Ocean Office, Decision Analsysis Series No.7. (K)

Electronic abstract: The document presents a science overview of the major forest management
issues involved in the recovery of anadromous salmonids affected by timber harvest in the
Pacific Northwest and Alaska. The synthesis reviews salmonid habitat requirements and
potential effects of logging, describes the technical foundation of forest practices and restoration,
analyzes current federal and non federal forest practices, and recommends required elements of
comprehensive watershed management for recovery of anadromous salmonids. abstract obtained
from http://www.cop.noaa.gov/pubs/das/das7.html. Accessed October 27, 2004.

258) Murphy, M.L., and A.M. Milner. 1997. Alaska timber harvest and fish habitat.
Freshwaters of Alaska. Ecological Syntheses, Springer, New York. Ecological
Studies 119: 229-263. (K)

Electronic abstract: Fishing and timber harvest are mgor industriesin Alaska. If not carefully
planned and conducted, timber harvest and associated road construction may adversely affect
anadromous fish habitat, which has sometimes brought these industries into conflict. This
chapter reviews forestry-fisheries interactions in Alaska, from the early research on the effects of
timber harvest to the consensus and compromise of today. The review is organized around two
main parts of salmon freshwater life history: spawning and rearing. Spawning is primarily
affected by physical habitat variables; rearing is affected by both physical and trophic variables,
requiring a broader understanding of the stream ecosystem.

259) O’'Brien, W.J., and J.J. Showalter. 1993. Effects of current velocity and suspended
debrison thedrift feeding of Arctic grayling. Transactions of the American
Fisheries Society. 122: 609-615. (C, G, 1)

Electronic abstract: The authors videotaped Arctic grayling Thymallus arcticus feeding on
large Daphnia middendorffiana drifting at different water velocities in an experimental stream
with and without stream debris. The angle and distance at which fishfirst located each prey was
determined from the videotapes. Both measures were affected by streamvelocity and added
debris. Location distance was unchanged at the lower velocities (11.6 and 32.3 cm/s) but
declined at higher velocities. However, prey encounter rate increased up to water velocities of
45.8 cm/s, and thus water velocity compensated for reduced search area. Added debris always
shortened location distance and decreased location angle. These findings have implications for
position choice in streams and search strategies.

260) Oswood, M.W., A.M. Milner, and J.G. Irons11. 1991. Climate change and Alaskan
riversand streams. In: Global Climate Change and Freshwater Ecosystems. P.
Firth and S.G. Fischer, Editors. Springer-Verlag, New York. Pages 192-210. (K)

Author abstract (Author Conclusion): Globa climate warming in response to increased
atmospheric carbon dioxide and other greenhouse gasses is likely to have major impacts on
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subarctic and arctic streams. Sediment and flow regimes are likely to changes as a result of
changing mass balance of glaciers. Thermal regimes of streams aso likely to change, resulting in
biogeographic changes in freshwater organisms. Release of carbon (as carbon dioxide or as
dissolved organic carbon in hydrologic transport) may be a major effect of warming carbon rich
soils, potentially exacerbating climate warming. Quality food for stream invertebrates is likely to
changes as aresult of complex interactions of many climatic and biotic variables. Some of these
changes may be synergistic (increasing the impact) or antagonistic (ameliorating the impact);
however, given the current state of the climate models, prediction is uncertain at best.

261) Parks, B., and R.J. Madison. 1985. Estimation of the flow and water-quality
characteristics of Alaskan streams. USDI Geological Survey, Water-Resour ces
Investigations Report 84-4247. 64pp. (G, I)

Electronic abstract: Although hydrologic data are either sparse or nonexistent for large areas of
Alaska, the drainage area, area of lakes glacier and forest cover, and average precipitation in a
hydrologic basin of interest can be measured or estimated from existing maps. Application of
multiple linear regression techniques indicates that statistically significant correlations exist
between properties of basins determined from maps and measured streamflow characteristics.
This suggests that corresponding characteristics of ungaged basins canbe estimated. Streamflow
frequency characteristics can be estimated from regional equations developed for southeast,
southcentral and Y ukon regions. Statewide or modified regional equations must be used,
however, for the southwest, northwest, and Arctic Slope regions where there is a paucity of data.
Equations developed from basin characteristics are given to estimate suspended-sediment values
for glacial streams and, with less reliability, for nonglacia streams. Equations developed from
available specific conductance data are given to estimate concentrations of major dissolved
inorganic constituents. Suggestions are made for expanding the existing data base and thus
improving the ability to estimate hydrologic characteristics for Alaskanstreams.

262) Prowse, T.D. 1994. Environmental significance of ice to streamflowin cold regions.
Freshwater Biology. 32: 241-259. (G)

Electronic abstract: The five mgor hydrologic regimes of cold regions are typically classified
as proglacial, wetland, spring-fed, arctic nival and subarctic nival. The hydrologic response of
streams in cold regions is influenced significantly by the source and pathways of moisture from
the landscape to the stream channel. Snow and ice masses, such as snow cover, permafrost and
icings, play principal and unique roles as major moisture sources, and in affecting runoff
pathways. Once flow has been routed from the landscape into a channel system, the effects of
floating ice begin to control the flow system. Notably, many of the most significant hydrologic
eventsin cold regions, such as floods and low flows, are more the result of in-channel ice effects
than of landscape runoff processes.

263) Robison, E.G. 1998. Reach scale sampling metrics and longitudinal pattern
adjustment of small streams. P.h.D. Dissertation, Oregon State University,
Corvallis. 254pp. (A)
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Electronic abstract: Several types of channel morphology measurement parameters used to
characterize fish habitat of small streams are refined, developed and evaluated in terms of their
accuracy, precision, and sensitivity to disturbance. Datafor 74 stream reaches in Oregon and
Alaska are used in analysis. Over half the reaches are from a pre-pilot study funded by EPA's
Environmental Monitoring and Assessment Program (EMAP). A new methodology for
determining residual poolsis developed (termed the Longitudinal Streambed Simulation
Method). This new method and an older method are compared with a more rigorous time
consuming method for determining residual pools. Results indicate a generally close
correspondence. For instance, the absolute percent departure of longitudinal residual pool area
was typically within 10% and always less than 25% for streams with wetted widths greater than
3.5 meters. Precision is evaluated for three data sets containing replicated stream reach
measurements. Directly measured parameters like standard deviation depth are demonstrated as
precise and repeatable. in contrast, visual scoring systems and visual determinations of riffles
versus pools have low precision. Adeguate reach length for determining various channel
characterigtics is evaluated by using classic sample size statistics, time series, and short versus
long reach comparisons.

264) Scannell, P.K.W. 1992. Influence of temperature on freshwater fishes: A literature
review with emphasis on speciesin Alaska. Alaska Department of Fish and Game,
Division of Habitat, Juneau, Alaska, Technical Report No. 91-1. 47pp. (J)

Author abstract: Small (1-5°C) changes in water temperature may have consequential effects
on fish depending upon the time of year the changes occur, the magnitude and duration of the
changes, and the fish species and life stages of the fish affected. Changesin water temperature
affect survival at all life stages, rates of egg development and growth, timing of smolting, and
mortality rates during overwintering. Increases or decreases in water temperature may influence
reproduction by changing the timing of the spawning run; influencing fish to seek other
spawning areas, increasing egg mortality and the occurrence of deformed alevins, changing the
time for egg development; or causing fish to avoid certain streams or stream reaches. Changesin
temperature have been shown to affect the number of eggs that are successfully fertilized when
fish are delayed in migrating to spawning areas.

In Alaska, elevations in temperature may be particularly harmful to fishes that are adapted to
coldwater conditions and rarely experience significant summer warming. Many of the studies
that relate changes in temperature to effects on fish examine higher ranges than are usually
experienced by fish in Alaska. Therefore, acceptable upper and lower temperature ranges from
published literature are often not applicable to fish naturally occurring at higher latitudes. This
report examines much of the published literature on coldwater species of fish that inhabit
freshwater. Summaries are given of the effects of changes on temperature on different life stages.
The final section of this report presents recommendations for optimal temperatures for various
fish life stages.

265) Slaughter, C.W., and J.W. Aldrich. 1989. Annotated bibliography on soil erosionand
erosion control in subarctic and high-latitude regions of North America. USDA
Forest Service, Pacific Northwest Resear ch Station, General Technical Report
PNW-GTR-253. 234pp. (K)
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Author abstract: This annotated bibliography emphasizes the physical processes of upland soil
erosion prediction of soil erosion and sediment yield, and erosion control. The bibliography is
divided into two sections: (1) references specific to Alaska, the Arctic and subarctic, and similar
high-latitude settings; and (2) references relevant to understanding erosion, sediment production,
and erosion control. Most of the cited works were published prior to 1981. Annotations gererally
consist of the author’ s abstract or summary.

266) Still, P.J., and J.M. Crosby. 1989. Alaska Index: Streamflow, lake levels, and water
quality recordsto September 30, 1988. USDI Geological Survey, Water Resour ces
Division, Anchorage, Alaska, Open-File Report 89-269. 189pp. (G, 1)

Electronic abstract: Streamflow, lake levels, and water quality data are compiled for stationsin
the southeast, south-central, southwest, Y ukon basin, northwest, and Arctic Slope subregions of
Alaska. The report includes a map of each hydrologic subregion and tables listing types of data

collected and periods of records.

267) USDI Geological Survey. 1971. Index of surface-water recordsto September 30, 1970--
Part 15. Alaska. USDI Geological Survey Circular 665, Washington, D.C. 21pp.
(G)

Electronic abstract: The streamflow stationsin Alaska (approximately 600) for which records
have been or are to be published in reports of the geologica survey for periods through
September 30, 1970 are listed. In addition to the continuous-record gaging stations, this index
includes crest-stage partial-record stations. A continuous-record station is a gaging station on a
stream or reservoir for which the discharge, stage, or contentsis published on a daily, weekly, or
monthly basis for a continuous period of time. A crest-stage partial-record station is a streamflow
station for which only the annual maximum discharge is published over a period of years for use
in floodflow analyses.

268) USDI Geological Survey. 1976. Water resour ces data for Alaska, water year 1975.
USDI Geological Survey, Water Resour ces Division, Anchorage, Alaska, W ater-
Data Report AK-75-1. 410pp. (G, 1)

Electronic abstract: Water resources data for the 1975 water year for Alaska consist of records
of stage, discharge, and water quality of streams; stage and water quality of lakes and water
levels and water quality in wells and springs. This report contains discharge records for 107
gaging stations; stage only records for 2 gaging stations; water quality for 31 stations; and water
levels for 19 observation wells. Also included are 85 crest-stage partial-record stations.
Additional water data were collected at various sites, not part of the systematic data collection
program, and are published as miscellaneous measurements of discharge, |ake stage, or water
quality. These data represent that part of the National Water Data System operated by the U.S.
Geologica Survey and cooperating State and Federal agenciesin Alaska

269) USDI Geological Survey. 1977. Water resour ces data for Alaska, water year 1976.
USDI Geological Survey, Water Resour ces Division, Anchorage, Alaska, Water-
Data Report AK-76-1. 401pp. (G, I)
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Electronic abstract: Water resources data for the 1976 water year for Alaska consist of records
of stage, discharge, and water quality of streams; stage and water quality of lakes and water
levels and water quality in wells and springs. This report contains discharge records for 102
gaging stations, stage only records for 2 gaging stations, water quality for 71 stations, and water
levels for 24 observation wells. Also included are 91 crest-stage partial-record stations and 28
water-quality partial-record stations. Additional water data were collected at various sites, not
part of the systematic data-collection program, and are published as miscellaneous measurements
of discharge, lake stage, or water quality. These data represent that part of National Water Data
System operated by the U.S. Geological Survey and cooperating State and Federal agenciesin
Alaska

270) USDI Geological Survey. 1978. Water resour ces data for Alaska, water year 1977.
USDI Geological Survey, Water Resour ces Division, Anchorage, Alaska, W ater-
Data Report AK-77-1. 439%p. (G, 1)

Electronic abstract: Water resources data for the 1977 water year for Alaska consist of records
of stage, discharge, and water quality of streams; stage and water quality of lakes and water
levels and water quality in wells and springs. This report contains discharge records for 112
gaging stations, stage only records for 4 gaging stations, water quality for 60 stations, and water
levels for 25 observation wells. Also included are 18 low-flow, 91 crest-stage, and 19 water-
quality partial-record stations. Additional water data were collected at various sites, not part of
the systematic data-collection program, and are published as miscellaneous measurements of
discharge, lake stage, or water quality. These data represent that part of the National Water Data
System operated by the U.S. Geologica Survey and cooperating State and Federal agenciesin
Alaska.

271) USDI Geological Survey. 1979. Water resour ces data for Alaska, water year 1978.
USDI Geological Survey, Water Resour ces Division, Anchorage, Alaska, Water-
Data Report AK-78-1. 425pp. (G, I)

Electronic abstract: Water resources data for the 1978 water year for Alaska consist of records
of stage, discharge, and water quality of streams; stage and water quality of lakes and water
levels and water quality in wells and springs. This report contains discharge records for 117
gaging stations, stage only records for 2 gaging stations, water quality for 64 stations, and water
levels for 28 observation wells. Also included are 79 low-flow, 87 crest-stage, and 24 water-
quality partial-record stations. Additional water data were collected at various sites, not part of
the systematic data-collection program, and are published as miscellaneous measurements of
discharge, lake stage, or water quality. These data represent that part of the National Water Data
System operated by the U.S. Geological Survey and cooperating State and Federal agenciesin
Alaska

272) USDI Geological Survey. 1980. Water resour ces data for Alaska, water year 1979.
USDI Geological Survey, Water Resour ces Division, Anchorage, Alaska, Water-
Data Report AK-79-1. 365pp. (G, 1)
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Electronic abstract: Water resources data for the 1979 water year for Alaska consist of records
of stage, discharge, and water quality of streams; stage and water quality of lakes and water
levels and water quality in wells and springs. This report contains discharge records for 111
gaging stations, stage only records for 2 gaging stations, water quality for 58 stations, and water
levels for 30 observation wells. Also included are 62 low-flow, 89 crest-stage, and 24 water-
quality partial-record stations. Additional water data were collected at various sites, not part of
the systematic data-collection program, and are published as miscellaneous measurements of
discharge, lake stage, or water quality. These data represent that part of the National Water Data
System operated by the U.S. Geological Survey and cooperating State and Federal agenciesin
Alaska

273) USDI Geological Survey. 1981. Water resour ces data for Alaska, water year 1980.
USDI Geological Survey, Water Resour ces Division, Anchorage, Alaska, W ater-
Data Report AK-80-1. 373pp. (G, I)

Electronic abstract: Water resources data for the 1980 water year for Alaska consist of records
of stage, discharge, and water quality of streams; stage and water quality of lakes and water
levels and water quality in wells and springs. This report contains discharge records for 114
gaging stations, stage only record for 1 gaging station, water quality for 55 stations, and water
levels for 33 observation wells. Also included are 56 low-flow, 8 crest-stage, and 2 water-quality
partial- record stations. Additional water data were collected at various sites, not part of the
systematic data-collection program, and are published as miscellaneous measurements of
discharge, lake stage, or water quality. These data represent that part of the National Water Data
System operated by the U.S. Geological Survey and cooperating State and Federal agenciesin
Alaska

274) USDI Geological Survey. 1982. Water resour ces data, Alaska water year 1981. USDI
Geological Survey, Water Resour ces Division, Anchorage, Alaska, Water-Data
Report AK-81-1. (G, I)

Electronic abstract: Water-resources data for the 1981 water year for Alaskaconsist of records
of stage, discharge, and water quality of streams; stage and water quality of lakes and water
levels and water quality in wells and springs. This report contains discharge records for 121
gaging stations; stage only record for 1 gaging station; water quality for 63 stations; and water
levels for 30 observation wells. Also included are 50 low-flow, 71 crest-stage, and 20 water-
quality partial-record stations. Additional water data were collected at various sites, not part of
the systematic data-collection program, and are published as miscellaneous measurements of
discharge, lake stage, or water quality. These data represent that part of the National Water Data
System operated by the U.S. Geological Survey and cooperating State and Federal agenciesin
Alaska

275) Vaill, J.E., PJ. Still, R.D. Lamke, B.B. Bigelow, and J.L. Van Maanen. 1988. W ater
resourcesdatafor Alaska, water year 1987. USDI Geological Survey, Water-Data
Report AK-87-1 (WRD/HD-89/209). 284pp. (G, 1)
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Electronic abstract: Water resources data for the 1987 water year for Alaska consist of records
of stage, discharge, and water quality of streams; stage and water quality of lakes and water
levels and water quality of groundwater wells. This volume contains records for water discharge
at 83 gaging stations; water quality at 27 gaging stations; and water levels for 29 observation
wells. Also included are data for 16 low-flow, 86 crest-stage, and 14 water-quality partial-record
stations and 20 lakes. Additional water data were collected at various sites, not involved in the
systematic data collection program, and are published as miscellaneous measurements and
analyses. These data represent that part of the National Water Data System operated by the U.S.
Geological Survey and cooperating State and Federal agenciesin Alaska.

276) VanMaanen, J.L., R.D. Lamke, P.J. Still, J.E. Vaill, and B.B. Bigelow. 1988. Water
resour cesdatafor Alaska, water year 1986. USDI Geological Survey, Water-Data
Report AK-86-1 (WRD/HD-88/214). 330pp. (G, 1)

Electronic abstract: Water resources data for the 1986 water year for Alaska consist of records
of stage, discharge, and water quality of streams; stage and water quality of lakes and water
levels and water quality of groundwater wells. This volume contains records for water discharge
at 103 gaging stations; water quality at 42 gaging stations; and water levels for 30 observation
wells. Also included are data for 18 lowflow, 68 crest-stage, and 18 water-quality partial-record
stations and 40 lakes. Additional water data were collected at various sites, not involved in the
systematic data collection program, and are published as miscellaneous measurements and
analyses. These data represent that part of the National Water Data System operated by the U.S.
Geological Survey and cooperating State and Federal agenciesin Alaska.
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NON-ALASKA REFERENCES

Canada

277) Beaudry, P.G. 1989. Hydrology of the Skeena River floodplains|: Implicationsto
herbicide use. In: Proceedings of Watershed ‘89: A Conference on the
Stewar dship of Soil, Air, and Water Resour ces, 21-23 Mar ch 1989, Juneau,
Alaska. E.B. Alexander, Editor. USDA Forest Service, Alaska Region, R10-M B-77.
Pages 165-171. (1)

Author abstract: This study was initiated to provide information to silviculturists and concerned
members of the public about the environmental characteristics of the Skeena River floodplains
that affect the fate of forestry herbicides. This paper describes 1) the annual groundwater regime
and its driving forces, 2) the stratigraphy of the deposits, 3) the physical characteristics of the
soil, and 4) the climatic regime of both air and soil. Based on these data and the chemical and
physical properties of certain herbicides, inferences are made about their probable fate in coastal
aluvia environments. The period late July to early September isidentified as the safest for the
application of herbicides as the water table is low and consequently the chances of flooding are
low. The surface deposits of fine silts and the rapid incorporation of organic matter into the soil
should ensure low mobility of most herbicides.

278) Beaudry, P.G., and A. Gottesfeld. 2001. Effects of for est-har vest rates on stream-
channel changesin the central interior of British Columbia. In: Water shed
Assessment in the Southern Interior of British Columbia. Workshop proceedings, 9-
10 March 2000, Penticton, British Columbia, Canada. D.A.A. Toewsand S.
Chatwin, Editors. British Columbia Ministry of Forests, Research Program,
Victoria, Working Paper 57. Pages 151-173. (A)

Author abstract: The study investigates the relatiorship between the level of forest harvesting
within 12 medium-sized watersheds and the change in stream-channel width over time. Stream
channel widths and sediment sources were measured from a chrorosequence of rectified aerial
photographs, dating back to the early 1960s. During the period between the mid 1960s and 1984
most of the study reaches evolved towards narrower channels. During the period between 1984
and the mid 1990s most of the watersheds experienced an increase in average channel width. No
statistical relationship could be established between the level of forest harvest and the increase in
channel width. Decadal variations in climate appeared to best explain the variability in the
observed increases in stream-channel width during the late period.

279) Berube, P. and F. Levesque. 1998. Effects of forestry clear-cutting on numbersand
sizes of brook trout, Salvelinus fontinalis(Mitchill), in lakes of the M astigouche
Wildlife Reserve, Quebec. Canada Fisheries Management & Ecology. 5: 123-137.

(K)

Electronic abstract: Brook trout, Salvelinus fontinalis (Mitchill), angling data, collected
between 1971 and 1991, were analysed before, during, and after logging operations for 20 lakes
located within 200 m of a clear-cutting area and 16 reference lakes undisturbed by logging. The
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mean weight of catches by anglers remained unchanged over the three periods, while catches per
unit of effort (CPUE) and biomass per unit of effort (BPUE) decreased, respectively, by 18% and
22% after clear-cutting. These changes reflected a significant modification in population
dynamics probably caused by logging operations. Results indicated that the negative impacts on
aguatic fauna were felt more strongly on water bodies located in watersheds where deforestation
was more severe; CPUE was inversely correlated with a cumulative cutting index (Cl) developed
from physiographic parameters. An increasing interannual trend of the spring-flood discharge in
the order of 8% was noted. It was hypothesized that this increase might damage spawning and
nursery habitats, hence affecting recruitment and offering a possible part of the explanation for
the variations in fishing success. The cause-to-effect links and the mechanisms associated with
changes affecting fish populations following deforestation remain to be clarified.

280) Bird, S.A. 2001. Streamside logging and riparian hazard assessment in step-pool
streams. In: Water shed Assessment in the Southern Interior of British Columbia.
Workshop proceedings, 9-10 March 2000, Penticton, British Columbia, Canada.
D.A.A. Toewsand S. Chatwin, Editors. British Columbia Ministry of Forests,
Resear ch Program, Victoria, Working Paper 57. Pages 134-142. (A, D, F)

Author abstract: A riparian assessment is usually completed as part of the Interior Watershed
Assessment Procedure (IWAP). The riparian assessment focuses on the role of riparian
vegetation and woody debris in maintaining channel stability and channel structure, and on how
this role has been affected by logging. This paper evaluates the effectiveness of riparian
assessment procedures in identifying channel disturbance in step-pool streams.

The procedure relies on the identification of indirect channel impacts from riparian logging.
Indirect impacts include the loss of bank cohesion following decay of the riparian tree-root
network, and the lack of large riparian trees available to the channel from overbank sources. The
effects of indirect impacts may not be fully apparent in the channelfor several decades and not
observed until the riparian area has partially recovered, and this may confound the assessment.
Overview assessment procedures designed to identify channel impacts from streamside logging
should focus on direct channel impacts. These tend to occur from operating machinery in or
across the stream channel, operating machinery on top of banks, salvaging logs out of the active
channel, and delivering logging debris to the channel from surrounding hillslopes or valley
bottoms.

281) Bovis, M .J., and M. Jakaob. 1999. Therole of debris supply conditionsin predicting
debrisflowactivity. Earth Surface Processes and L andforms. 24: 1039-1054. (K)

Author abstract: Debris flow frequency and magnitude were determined for 33 basins in
southwest British Columbia. Basins were first classified as either weathering-limited or
transport- limited using a discriminant function based on debris-contributing area, an area-
weighted terrain stability number, and drainage density. Multiple regression was used to predict
magnitude, peak discharge, frequency and activity (frequency times magnitude) within each
group of basins. Model performance was improved by stratifying the total sample of debris flow
basins into weathering-and transport- limited groups. Explained variance increased by an average
of 15 per cent in the transport-limited sample, indicating that sediment supply conditions in the
more active basins are fundamental in predicting debris flow activity. An independent test of the
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regression models with 11 basins yielded generally good results for debris flow magnitude and
peak discharge. Prediction of debris flow frequency proved problematical in weathering-limited
basins. The methods developed here provide estimates of debris flow attributes in basins for
which few data on past events are available.

282) Brardinoni, F., M.A. Hassan, and H.O. Slaymaker. 2002. Complex mass wasting
response of drainage basinsto forest management in coastal British Columbia.
Geomor phology. 49: 109-124. (K)

Author abstract: The impacts of logging activities on mass wasting were examined in five
watersheds in the coastal mountains of British Columbia. Historical aerial photos were used to
document mass wasting events, and their occurrence was related to logging activities in the study
basins. Logged and forested areas were compared in terms of mass wasting magnitude and
frequency, with reference to site characteristics. The recovery time of the landscape after logging
was assessed. Bedrock type and basin physiography had no identifiable effect on mass wasting
frequency and magnitude. Mass wasting failure was primarily controlled by slope gradient. Basin
vulnerability increased, following clearcutting relative to forested areas, in that mass wasting was
initiated on gentler slopes. The volume of sediment produced from logged slopes is of the same
order as that from forested areas, which are steeper by as much as 10°. In both logged and
forested areas, the size distribution of mass wasting events follows an exponential distribution.
However, the variability in mass wasting size in forested areas is much higher than that obtained
for logged areas. The recovery time after forest harvesting is over 20 years, which confirms
published estimates based on vegetation reestablishment. Continuous disturbance of the basin,
however, may extend the recovery time for the whole basin well beyond 20 years.

283) Buttle, J.M ., |.F. Creed, and R.D. Moore. 2003. Advancesin Canadian forest
hydrology, 1999 — 2003. In: Quadrennial Report to the International Union of
Geodesy and Geophysics and I nternational Association of Hydrological Sciences.
J.W. Pomeroy, Compiler. Canadian National Committee for the International
Association of Hydrological Sciences (CNC-IAHYS). Pages 5-19. (E, G, I)

Author abstract: Understanding the hydrological processes and properties of Canada' s varied
forest typesis critical to sustaining their ecological, economic, social and cultura roles. This
review examines recent progress in studying the hydrology of Canada s forest landscapes. Work
in some areas, such as snow interception, accumulation and melt under forest cover, has led to
modelling tools that can be readily applied for operational purposes. Our understanding in other
areas, such as the link between runoff- generating processes in different forest landscapes and
hydrochemical fluxes to receiving waters, is much more tentative. The 1999—2003 period saw
considerable research activity examining the hydrological and biogeochemical response to
natural and anthropogenic disturbance of forest landscapes, spurred by maor funding initiatives
at the provincial and federal levels. This work has provided valuable insight; however,
application of the findings beyond the experimental site is often restricted by such issues as a
limited consideration of the background variability of hydrologica systems, incomplete
appreciation of hydrological aspects at the experiment planning stage, and experimental design
problems that often bedevil studies of basin response to disturbance. Overcoming these
constraints will require, among other things, continued support for long-term hydroecological
monitoring programs, the embedding of process measurement and modelling studies within these
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programs, and greater responsiveness to the vagaries of policy directions related to Canada's
forest resources. Progress in these and related areas will contribute greatly to the development of
hydrological indicators of sustainable forest management in Canada

284) Carignan, R., P. D'Arcy, and S. Lamontagne. 2000. Compar ative impacts of fire and
forest harvesting on water quality in Boreal Shield lakes. Canadian Journal of
Fisheriesand Aquatic Sciences. 57: 105-117. (H, I)

Electronic abstract: Water quality was monitored in Borea Shield lakes for 3 years following
their smultaneous impact by clearcut logging or wildfire. Seventeen similar undisturbed |akes
served as references. Dissolved organic carbon (DOC) and the light attenuation coefficient (epar)
were up to threefold higher in cut lakes than in reference and burnt lakes. Compared with median
values for reference lakes, cut and burnt lakes had higher concentrations of total phosphorus (TP)
(two- to three-fold), total organic nitrogen (TON) (twofold), and K*, CI', and Ca* (up to
sixfold). NOs™ and SO,** concentrations were up to 60- and 6-fold higher, respectively, in burnt
lakes than in reference and cut lakes. In most cases, impacts were directly proportional to the
area harvested or burnt divided by the lake's volume or area. These simple models correctly
predicted the changes observed in three lakes harvested during the study. Some of the ob served
effects occur on different time scales. Mobile ions released by fire (K™, CI, SO, NOs) or
harvesting (K™, CI', some DOC) are rapidly flushed out of the watershed (50% decreasein 3
years). Other constituents or properties (TP, TON, DOC, epar, Ca2*, Mg?*) show little change or
are still increasing after 3 years and will take alonger time to reach normal levels.

285) Carver, M. 2001. Using indicatorsto assess hydrologic risk. In: Watershed Assessment
in the Southern Interior of British Columbia. Workshop proceedings, 9-10 March
2000, Penticton, British Columbia, Canada. D.A.A. Toews and S. Chatwin,
Editors. British Columbia Ministry of Forests, Resear ch Program, Victoria,
Working Paper 57. Pages 26-43. (K)

Author abstract: In British Columbia, forest managers employ indicators for evaluating
hydrologic constraints. Although the Watershed Assessment Procedures provide the most visible
example of this, broader administrative levels such as Land and Resource Management Plans and
Timber Supply Reviews also make use of hydrologic indicators to support decisions.
Unfortunately, the way indicators are used often does not take full advantage of current
knowledge, nor does it always support transparent decision making with scientific information
clearly separated from socia values. This paper reviews British Columbia’s use of hydrologic
indicators and provides practical options for improving the quality of hydrologic information
provided to decisionmakers.

In assessing forest- management options, decision makers require clear expression of possible
hydrologic outcomes. How these outcomes are best presented for consideration in decision
making is influenced by the spatial scale under consideration, data availability at this scale, data
quality, analytic capabilities, and the current level of scientific knowledge. The literature
demonstrates the prevalence of indicator and process models. The present version of the
Watershed Assessment Procedure has moved away from areliance on indicators to a greater
focus on professional opinion based on limited field work. This shift may be suitable at the scale
of specific watersheds, but it does not address broader management planning scales. The use of
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Equivalent Clearcut Area as asingle indicator of hydrologic impact continues to be evident in
British Columbia at all management levels despite knowledge that Equivalent Clearcut Area can
be only weakly linked to hydrologic impact.

A host of challenges is preventing the effective use of indicators in hydrologic assessment in
British Columbia. The uncertainty and complexity associated with hydrologic linkage
mechanisms present real challenges to the applied scientist when attempting to articulate
potential hydrologic outcomes to decision-makers. Data availability/quality and computational
power continue to be significant modeling issues. Evaluation of results and of the procedure
itself have been lacking in British Columbia and yet form a cornerstone of effective adaptive
management.

It is suggested that a preferred approach for supporting broad management decisionsis arisk-
assessment framework that provides a clear separation between scientific interpretation and
value-based choices. A systematic evaluation of indicators linked to applied research would be
required, along with standardized measures of hydrologic impact. It is concluded that until
reliable process models can be developed and detailed data are available on a broad basis,
indicators will continue to be an essential basis for making forest- management decisions.

286) Cheng, J.D. 1989. Streamflow changes after clear-cut logging of a pine beetle-infested
watershed in southern British Columbia, Canada. Water Resour ces Resear ch. 25:
449-456. (G)

Electronic abstract: The paired watershed technique was used to assess the streamflow changes
of Camp Creek in interior British Columbia after clear-cut logging occurred over 30% of its
8400 ac. watershed. Existing hydrometric data for Camp Creek (beetle infested) and those of an
adjacent control, Great Creek (not beetle infested), were analyzed for both the 1971-1976
prelogging and 1978-1983 postlogging periods. Postlogging Camp Creek streamflow changes
are characterized by increases in annual and monthly water yields and annual peak flows, as well
as earlier annual peak flow and half flow volume occurrence dates. The direction and magnitude
of these postlogging streamflow increases are clear and consistent. The results are in good
agreement with the findings of most previous studies conducted on watersheds that generally
have been smaller than 2.5 knf. This study provides strong evidence that changes in streamflow
from large forested watersheds can be significant if a sizeable portion of its drainage is clear-cut.

287) Chew, L.C., and P.E. Ashmore. 2001. Channel adjustment and a test of rational
regime theory in a proglacial braided stream. Geomor phology. 37: 43-63. (A)

Author abstract: The upstream reach of the Sunwapta River, Alberta, provides a useful quas-
experimental field case of channel adjustment in a proglacia stream. Historically, the formation
of aproglacia lake deprived the river of its coarse sediment supply for several decades and lead
to adramatic decrease in braiding intensity close to the lake while braiding intensity increased
further downstream. This response to the reduction of gravel input is consistent with previous
experimental results. Subsequent construction activity and channelization close to the lake have
contributed to the continuation of these temporal and spatial trends in channel pattern. The
current state of adjustment of the river morphology can be explained, in the context of these
historical changes, using rationa regime equations. The study reach has no tributaries and bed
material size decreases twofold along the reach while width and braiding intensity increase, yet
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channel slope decreases by only 10%. The absence of any significant change in discharge
downstream along the reach allows testing of regime equations under conditions in which
discharge is held constant. The current downstream trends in slope and fluctuations in width are
predicted reliably from rational regime equations, but not by the existing empirical hydraulic
geometry relations. The rational equations incorporate the effect of grain size and slope on
channel width and the effect of width and grain size on channel slope. The regime equations are
successful even though they were devised for single channel gravel streams. The small (10%)
decrease in dope aong the reach, despite a halving of median grain size, is attributed to the
counteracting (positive) effect on slope of the downstream increase in braiding intensity and
width. The downstream increase in braiding intensity must be largely the result of decreasing
grain size. This confirms the influence of grain size on channel pattern thresholds and
demonstrates, using spatial transitions in channel pattern, that channel pattern predictions based
on stream power aone are inadequate.

288) Church, M., and J.M. Ryder. 2001. Water shed processesin the southern interior of
British Columbia: Background to land management. In: Water shed Assessment in
the Southern Interior of British Columbia. Workshop proceedings, 9-10 Mar ch
2000, Penticton, British Columbia, Canada. D.A.A. Toews and S. Chatwin,
Editors. British Columbia Ministry of Forests, Research Program, Victoria,
Working Paper 57. Pages 1-16. (A, D, F, G, 1)

Author abstract: The factors that govern morphology and processes along stream channels are
the amount and timing of water delivery to the channel, the amount and calibre of sediment
delivered, the gradient over which the channel flows, and conditions of bank vegetation and
wood supply to the channel. A fundamental distinction must be recognized between low-order,
headward drainage basins and larger, higher-order ones. Headward basins are the source of
channeled streamflow and much of the sediment that moves through the drainage system. Trunk
streams combine drainage from many headward channels. Headward channels are coupled to
slopes that deliver sediment inputs directly; trunk streams are buffered from adjacent slopes by a
valley flat. Headward channels are subject to episodic major disturbance, usualy in the form of
landsliding. Trunk channels experience the attenuated effect of disturbances at many placesin
the headwaters Sediment delivery and onward transfer occur frequently in such channels.
Exceptions occur. Headward channels sometimes are flat, and may drain extensive wetlands.
Conversely, many valley streams are incised into and at least partialy confined by high banks
composed of Pleistocene sediments. Diagnosis of land surface conditions and actions to ensure
soil and landscape stability should be focused upon hillside stability in headward drainage
basins. Along valleys, the focus of attention must be the stream channel ard riparian zone.
Consequently, hydrological watershed assessment is an appropriate management tool in
relatively small, upland drainage basins, but in larger drainage systems major management tool
for uncoupled channels should be stream channel stability assessment.

289) Clague, J.J., RJ.W. Turner, and A.V. Reyes. 2003. Record of recent river channel
instability, Cheakamus Valley, British Columbia. Geomor phology. 53: 317-332.
(A, F)
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Author abstract: Rivers flowing from glacier-clad Quaternary volcanoes in southwestern
British Columbia have high sediment loads and anabranching and braided planforms. Their
floodplains aggrade in response to recurrent large landslides on the volcanoes and to advance of
glaciers during periods of climate cooling. In this paper, we document channel instability and
aggradation during the last 200 years in lower Cheakamus River valley. Cheakamus River
derives much of its flow and nearly all of its sediment from the Mount Garibaldi massif, which
includes a number of volcanic centres dominated by Mount Garibaldi volcano. Stratigraphic
analysis and radiocarbon and dendrochronological dating of recent floodplain sediments at North
Vancouver Outdoor School in Cheakamus Valley show that Cheakamus River aggraded its
floodplain about 1-2 m and buried a valley-floor forest in the early or mid 1800s. The
aggradation was probably caused by alarge (ca. 15-25x10° n?) landslide from the flank of
Mount Garibaldi, 15 km north of our study site, in 1855 or 1856. Examination of historical aerial
photographs dating back to 1947 indicates that channel instability triggered by this event
persisted until the river was dyked in the late 1950s. Our observations are consistent with data
from many other mountain areas that suggest rivers with large, but highly variable sediment
loads may rapidly aggrade their floodplains following a large spike in sadiment supply. Channel
instability may persist for decades to centuries after the triggering event.

290) Collins, B.D., D.R. Montgomery, and A.D. Haas. 2002. Historical changesin the

distribution and functions of large wood in Puget Lowland rivers. Canadian
Journal of Fisheriesand Aquatic Sciences. 59: 66-76. (A, D)

Author abstract: We examined changes in wood abundance and functions in Puget Lowland
rivers from the last ~150 years of land use by comparing field data from an 11-km-long protected
reach of the Nisgually River with field data from the Snohomish and Stillaguamish rivers and
with archival data from several Puget Lowland rivers. Current wood abundance is one to two
orders of magnitude less than before European settlement in the Snohomish and Stillaguamish
basins. Most importantly, wood jams are now rare because of alack of very large wood that can
function as key pieces and low rates of wood recruitment. These changes in wood abundance and
size appear to have fundamentally changed the morphology, dynamics, and habitat abundance
and characteristics of lowland rivers across scales from channel unit to valley bottom. Based on
our field studies, rivers had substantially more and deeper pools historically. Archival data and
field studies indicate that wood jams were integral to creating and maintaining a dynamic,
anastomosing river pattern with numerous floodplain channels and abundant edge habitat and
routed floodwaters and sediment onto floodplains. Establishing the condition of the riverine
landscape before European settlement sets a reference against which to evaluate contemporary
conditions and develop restoration objectives.

291) Commandeur, P.R., B.T. Guy, and H. Hamilton. 1996. The effects of woody debrison
sediment fluxesin small coastal stream channels. Pacific Forestry Centre,
Canadian Forest Service, Victoria, British Columbia, Information Report BC-X-
367. 27pp. (B, D, 1)

Author abstract: Two first-order streams located on the south coast of British Columbia were
studied to determine the role of woody debris in controlling the routing and storage of sediment
within high gradient channels in logged areas. The removal of logging slash from one of the two
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channels resulted in a reduction in the trapping and storage of sediment compared to the control
channel over aone-year period following logging. For the control, the steps created by the
woody debris provided storage locations and reduced the transport of sediment, especially the
larger sizes. About 37% of the sediment inputs were stored in the treated channel, whereas 66%
of the sediment inputs were stored in the control channel. The remainder of the sediment inputs
went through each channel. The sediment storage potential within the channels was limited, and
in this study, the debris storage sites were filled in the first year following logging. Bedload
(including some sediment transported in suspension but deposited within the weir/box)
represented 30-35% of the total outputs for each channel. Over 90% of the bedload was finer
than 2 mm for the control channel, whereas less than 40% consisted of particles finer than 2 mm
for the treated channel. The role of woody debris in reducing stream sedimentationis briefly
discussed.

292) Danylchuk, A.J., and W.M. Tonn. 2003. Natural disturbances on fish: Local and
regional influences on winterkill of fathead minnows in boreal lakes. Transactions
of the American Fisheries Society. 132: 289-298. (1)

Author abstract: We investigated the popul ation dynamics of fathead minnow Pimephales
promelas and the environmental factors of four small lakes in the boreal forest of Alberta,
Canada, for 5 years to determine the influence of local and regional factors on the devel opment
of hypoxia and the occurrence of fish winterkill. Fathead minnow densities varied considerably
among lakes and years, with dramatic (47-94%) year-to-year declines occurring when dissolved
oxygen levels were extremely low in the intervening winter. Large declines (presumed
winterkills) occurred after 25% of the “lake-winters,” affecting three of four study lakes and 2 of
5 years. A fifth population in the same region, monitored for 15 years, displayed both a
comparable frequency and temporal synchrony of large density decreases, suggesting that
winterkill is a pervasive natural disturbancein small lakes of the Boreal Plains. In contrast to
patterns displayed by larger fish species, smaller individuals in the fathead minnow populations
were more strongly affected than larger individuals. Oxygen levels in a given lake and winter
were related to (1) the collective interactions of productivity and depth of the lake, (2) the local
and regional hydrogeology, and (3) the current and antecedent climate. As a result, the relative
effects of these local and regiona factors strongly influence the natural dynamics of fathead
minnow populations in these lakes. Given that humans can alter many of the important factors,
the natural incidence of winterkill could be augmented if human activities are poorly managed.

293) deBoer, D.H., M. Hassan, B. McVicar, and M. Stone. 2003. Recent (1999-2002)
Canadian research on contemporary processes of river erosion and sedimentation,
and river mechanics. In: Quadrennial Report to the International Union of
Geodesy and Geophysics and International Association of Hydrological Sciences.
J.W. Pomeroy, Compiler. Canadian National Committee for the International
Association of Hydrological Sciences (CNC-IAHS). Pages 50-60. (A, F, )

Author abstract: Thisreview is part of the Canadian quadrennial report to the International
Association of Hydrological Sciences (IAHS), and focuses on the science and management
aspects of sediment dynamicsin rivers and drainage basins published between 1999 and 2002.
The themes of this review were selected to be of interest to the hydrological sciences in generd,
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and were chosen to represent a broad overview of the nature and directions of Canadian research
in fluvial geomorphology, both in academia and in government and management. Thereis a
large body of Canadian research that is aimed at elucidating the historical process record, for
example through the use of lake sediments that reflect the erosional history of the contributing
basin. This review, however, primarily concerns contemporary processes. The maor themes of
this review paper include sediment budgets and sediment yield; cohesive sediment transport;
turbulent flow structure, sediment transport and bedforms; and bedload transport and channel
morphology. These themes were selected because they have been the focus of substantial
research in Canada.

Fluvial systems in Canada have a number of specific characteristics. First of all, Canadaisa
high latitude country, which means that, in most basins, the spring snowmelt is a dominant
feature of the discharge and sediment transport regimes. Furthermore, in the northern part of the
country, the presence of permafrost directly affects hydrological processes and is an important
part of understanding fluvial processes and landforms. The northern location of Canadais also
important from a historical perspective, since much of Canada was covered by ice during the
Quaternary glaciations. As a result, the landscape in most of Canada is relatively young, and
rivers are still actively adjusting to deglaciation, which only occurred during the late Pleistocene.
The high latitude of the country also places it in that part of the world where CGMs generally
indicate that the impact of globa warming will be greatest in terms of temperature increase.
Even though Canada is generally viewed as arelatively pristine country, its rivers are rarely
unaffected by human activity. A multitude of dams has resulted in modifications of the annual
discharge regime, and has led to changes in sediment storage and channel characteristics to a
degree that is unknown, but likely substantial. Furthermore, in parts of Canada, human activity
has led to a significant degradation of water and sediment quality—typically associated with
urban, industrial and, sometimes, agricultural areas—and mobilization of large quantities of
sediment within the drainage basin—typically caused by forestry and, sometimes, agriculture.
Sediment quality and quantity in a stream directly affect the fish populations and, consequently,
studies of the effect of human activity on fish habitat and behaviour form an important, practical
part of fluvial geomorphology research in Canada.

Some of the characteristics of Canadian fluvial systems are reflected in the directions of
research. Canadian research in fluvial geomorphology during the period of this review (1999-
2002) continues in the same direction as earlier work summarized by Ashmore et al. (2000).
There is a penchant for, and as aresult, substantial progress has been made in, investigating the
details of fluvial processes at relatively small scales. Examples of this emphasis are the
investigations of floc structure, turbulence characteristics and bedload transport, which continue
to form central themes in fluvial research in Canada. Trandating the knowledge of small-scale,
process-related research to an understanding of the behaviour of large-scale fluvial systems,
however, continues to be aformidable challenge. Models play a prominent role in elucidating the
link between small-scale processes and large-scale fluvial geomorphology, as they do in other
fields such as climatology and oceanography. Canadian fluvial geomorphol ogists have
recognized this role of models and, as a result, a number of papers describing models and
modelling results have been published during the review period. It isto be expected that, in the
future, the combination of detailed process measurements and models will gain importance in
fluvial geomorphology in Canada, which will lead to an increased understanding of large-scale
fluvia systems and strengthen the links between fundamental and applied research.
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294) DeLong, S.C., SA. Fall, and G.D. Sutherland. 2004. Estimating the impacts of harvest
distribution on road-building and snag abundance. Canadian Journal of Forest
Research. 34: 323-331. (K)

Author abstract: Various patterns of harvest in forests influence the length of road and number
of stream crossings required. Snags are removed directly by harvesting, but they are also
removed along road and opening edges to ensure worker safety. To assess the potential impacts
of rate of harvest and pattern of harvest in an old- forest-dominated montane landscape, we
developed a spatially explicit landscape dynamics model, whichincludes submodels for snag
removal, harvesting activities, and access management. The model assesses the amount of new
road construction and number of streams crossed by new roads, as well as changes in snag
density and configuration acrossthe landscape over atime horizon of several decades, in
response to various harvesting patterns. We estimated that a dispersed 40-ha cutblock harvest
pattern required about one-third more kilometres of new road over a 50-year period and removal
of up to 70% more snags per hectare of harvest for safety purposes, compared with a harvest
pattern based on natural-patch size distribution. Each 20% increase in stand- level retention
resulted in a roughly equivalent increase in new road required. Up to eight times as many snags
were removed per hectare of harvest for safety purposes at a stand-level retention of 70% than at
adtand- level retention of 10%. The model appears to be an effective tool for determining the
future impact of various harvest-pattern options on a number of important indicators of
ecological impact.

295) Dhakal, A.S., and R.C. Sidle. 2003. Long-term modelling of landslides for different
forest management practices. Earth Surface Processes and Landforms. 28: 853-
868. (K)

Author abstract: Long-term effects of different forest management practices on landslide
initiation and volume were analyzed using a physically based slope stability model. The
watershed-based model calculates the effects of multiple harvesting entries on slope stability by
accounting for the cumulative impacts of a prior vegetation removal on a more recent removal
related to vegetation root strength and tree surcharge. Four sequential clearcuts and partial cuts
with variable rotation lengths were simulated with or without leave areas and with or without
understorey vegetation in a subwatershed of Carnation Creek, Vancouver Island, British
Columbia. The combined infinite slope and distributed hydrologic models used to calculate
safety factor revealed that most of the simulated landslides were clustered within a5 to 17 year
period after initial harvesting in cases where sufficient time (c. 50 years) lapsed prior to the next
harvesting cycle. Partia cutting produced fewer landslides and reduced landslide volume by 1.4-
to 1.6-fold compared to clearcutting. Approximately the same total landdlide volume was
produced when 100 per cent of the site was initially clearcut compared to harvesting 20 per cent
of the area in successive 10 year intervals; a smilar finding was obtained for partia cutting.
Vegetation leave areas were effective in reducing landdliding by 2- to 3-fold. Retaining vigorous
understorey vegetation also reduced landslide volume by 3.8- to 4.8-fold. The combined
management strategies of partial cutting, increasing rotation length, provision of leave areas, and
retention of viable understorey vegetation offer the best alternative for minimizing landslide
occurrence in managed forests.
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296) France, R. 1997. Land water linkages: Influences of riparian deforestation on lake
thermocline depth and possible consequences for cold stenotherms. Canadian
Journal of Fisheriesand Aquatic Sciences. 54: 1299-1305. (J)

Author abstract: The purpose of the present study was to determine if riparian deforestation
would expose lake surfaces to stronger winds and therefore bring about deepening of
thermoclines and resulting habitat losses for cold stenotherms such as lake trout (Salvelinus
namaycush). Removal of protective riparian trees through wind blowdown and two wildfires was
found to triple the overwater windspeeds and produce thermocline deepening in two lakes at the
Experimental Lakes Area. A survey of thermal stratification patterns in 63 northwestern Ontario
lakes showed that |akes around which riparian trees had been removed a decade before through
either clearcutting or by awildfire were found to have thermocline depths over 2 m deeper per
unit fetch length compared with lakes surrounded by mature forests. Riparian tree removal will
therefore exacerbate hypolimnion habitat losses for cold stenotherms that have already been
documented to be occurring as a result of lake acidification, eutrophication, and climate
warming.

297) France, R.L. 1997. M acroinvertebrate colonization of woody debrisin Canadian
Shield lakes following riparian clearcutting. Conservation Biology. 11: 513-521.
(C, D)

Electronic abstract: Deployment of litterfall traps revealed that clearcut logging of boreal
riparian forests in northwestern Ontario, Canada resulted in a dramatic shift from once dominant
conifers to regrowth composed largely of deciduous trees and reduced the allochthonous inputs
of small woody debris to lake littoral zones by over 90%. Due to the rarity of macrophytesin
these oligotrophic lakes, littoral macroinvertebrates were found to actively colonize woody
debris placed within mesh litter bags. The recalcitrant nature of small woody debrisin these
lakes (average median persistence time of about 5 years estimated from mass loss data) indicates,
however, that this important habitat resource will probably never completely disappear in
relation to its projected rate of resupply during post-disturbance forest regeneration. Colonization
rates of twigs and bark contained within the litter bags were not found to differ between
coniferous and deciduous species. This indicates that macroinvertebrates in these boreal lakes are
merely opportunistic colonizers of woody debris, probably for its use as either a biofilm substrate
or apredation refuge. As aresult, shiftsin tree species composition following riparian
clearcutting should not detrimentally affect the taxa richness or organism abundance of agquatic
macroinvertebrates in these lakes.

298) Fuchs, SA., S.G. Hinch, and E. Médlina. 2003. Effects of streamside logging on stream
macr oinvertebrate communities and habitat in the sub-boreal forests of British
Columbia, Canada. Canadian Journal of Forest Research. 33: 1408-1415. (A, B, C,
D)

Author abstract: Much of the future timber supply in the Northern Hemisphere will come from
boreal and sub-boreal forests, yet there has been little investigation of how aquatic communities
in these regions would be affected by logging. We conducted an empirical, comparative study to
investigate the effects of streamside clear-cut logging on benthic macroinvertebrates, algal
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standing stock, and in-stream physical and chemical habitats in the sub-boreal central interior
region of British Columbia. We found that streams that flowed through old-growthforests (sites
termed "not logged") did not differ from streams flowing through older logged forests (where the
riparian zones were harvested 20-25 years before our sampling; sites termed "older logged")
with respect to macroinvertebrate total density or biomass, feeding guild density or biomass, and
chlorophyll a biomass. However, streams flowing through newly logged forests (where the
riparian zones were harvested within 5 years of our sampling; sites termed "recently logged")
had nearly twice the macroinvertebrate biomass as those in not logged or older logged sites and
higher chlorophyll a biomass. There were no differences among the three stream categoriesin
regard to structural aspects of the physical habitat (e.g., substrate composition, large organic
debris density, dimensions of pools and riffles). Streamside logging in sub-boreal forests appears
to enhance primary and secondary production, but this phenomenon may only be evident for the
first two decades following logging.

299) Gluns, D.R. 2001. Snowline pattern during the melt season: Evaluation of the H60
concept. In: Watershed Assessment in the Southern Interior of British Columbia.
Workshop proceedings, 9-10 March 2000, Penticton, British Columbia, Canada.
D.A.A. Toewsand S. Chatwin, Editors. British Columbia Ministry of Forests,
Resear ch Program, Victoria, Working Paper 57. Pages 68-80. (G)

Author abstract: The H60 concept refers to the elevation of snowline when the upper 60% of a
watershed is covered in snow. Timber harvesting in this "snow zone" is thought to have a greater
influence on pesk flows due to changes in snow accumulation and snowmelt when the forest
canopy is removed. To account for this influence, the Interior Watershed Assessment Procedure
provides a weighting mechanism for harvesting proposed in this zone. To test this principle, a 5-
year study to look at snowlines and streamflow was undertaken. At the time of peak flow, on
average, it was found that approximately 65% of a watershed was covered in snow. The H60
concept is valid for watersheds in the southern interior of British Columbia as atool for
evaluating forest-harvesting proposals.

300) Guthrie, R.H. 2002. The effects of logging on frequency and distribution of landslides
in three water sheds on Vancouver Idand, British Columbia. Geomor phology. 43:
273-292. (K)

Author abstract: Three hundred and sixty three landdides in three watersheds that totaled 382
kn? were identified from air photographs, beginning at a date that preceded logging to the
present. The three watersheds al lie on Vancouver Idand; however, they have different
precipitation regimes, topography, and amounts logged. Landslide areas in the watersheds varied
in size from 200 nf to more than 1 ha. Nearly 80% of the landslides were debris slides; 15%
were debris flows, and the remainder primarily rock falls. Following logging, the number of
landdlides increased substantially in all watersheds although the amount of increase was variable:
approximately 11, 3, and 16 times in Macktush Creek, Artlish River, and Nahwitti River,
respectively. Other analyses of changes in landslide density also produced highly variable
results, with the number of landdlides increasing between 2.4 and 24 times. Further, 2—-12 times
more landdlides reached streams following logging activities. Densities for landslides impacting
streams increased for the period of record from 1.5 to 10 times following logging activities. The
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densities were substantially greater where only landslides that reached streams since
development began in a watershed were considered. Roads had the greatest spatial impact in the
watersheds (compared to their total area), with frequencies determined to have increased by 27,
12, and 94 times for Macktush, Artlish, and Nahwitti, respectively. The results highlight the
relative impact of roadsand their role in slope stability.

301) Guyette, R.P., and W.G. Cole. 1999. Age characteristics of coarse woody debris (Pinus
strobus) in alake littoral zone. Canadian Journal of Fisheriesand Aquatic
Sciences. 56: 496-505. (D)

Author abstract: Littoral coarse woody debris (CWD) is a persistent class of aquatic habitat that
accumulates over many centuries and provides habitat for diverse floral and faunal communities.
We used dendrochronological methods to analyze residence times and age-related characteristics
of eastern white pine (Pinus strobus) CWD in the littoral zone of Swan Lake in Algonquin
Provincial Park, Ontario. The mean calendar date of al the annual ringsin CWD samples was
1551. Annual rings dated from calendar year 1893 to 982. The mean time from carbon
assimilation in alive tree to carbon loss from littoral woody debris was 443 years. Outside ring
dates of the woody debris were significantly correlated with the bole's maximum and minimum
diameter ratio, mass, specific gravity, length, and submergence. Negative exponential functions
described the temporal structure of the CWD mass and abundance. Accelerated inputs of woody
debris resulted from late nineteenth century logging and a disturbance circa 1500. No mature
eastern white pine have falen into the lake over the last 100 years.

302) Hartman, G.F., J.C. Scrivener, and M .J. Miles. 1996. | mpacts of logging in Carnation
Creek, a high-ener gy coastal stream in British Columbia, and their implication for
restoring fish habitat. Canadian Journal of Fisheries and Aquatic Sciences. 53
(Suppl. 1): 237-251. (A, B, F)

Author abstract: The land form, surficia geology, and hydrometeorology of the west coast of
British Columbia cause streams in the region to be highly variable in flow and vulnerable to
land-use disturbance. Carnation Creek, a small drainage in this region, was studied intensively
for > 20 yr to examine the impacts of forest harvesting. Landslides and debris torrents modified
steep slope tributaries and the mainstem of the creek. Bank erosionalso altered the stream
channel on the alluvia flood plain. These effects were additive in the system and reduced the
quality of spawning and rearing habitat for juvenile salmonids. In streams like Carnation Creek,
it is necessary to restore some stability to the hill slopes and gullies before attempting fish habitat
improvements in the main channel. Salmonid production was limited by combinations of
processes and conditions that were different for each species and life-history stage. Knowledge
of the processes that limit fish production must be applied in habitat improvement work or the
projects risk failure. Programs intended to restore natural function to systems or to improve
habitat for fish must be planned, evaluated, and reported methodically if they are to succeed and
provide information of use to future programs.

303) Hartman, G.F., J.C. Scrivener, and T.E. McMahon. 1987. Saying that logging iseither
‘good’ or ‘bad’ for fishdoesn't tell you how to manage the system. The Forestry
Chronicle. (June): 159-164. (D, J)
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Author abstract: A 16-year multi-disciplinary watershed study at Carnation Creek, British
Columbia, revealed that different activitiesin a forest harvest program had different impacts on
the physical and biologica components of the system. Changes in stream temperature, as a result
of logging and a climatic warming trend, and changes in the distribution and volume of woody
debris in the channel caused complex sequences of processes to influence salmonid production in
both a positive and negative manner. The influence depended on the type of physical change, the
fish species and its life history stage, and the elapsed time after the logging activity. Some direct
implications of the research to the problems of managing in the face of complexity are discussed.

304) Hartman, G.F., L.B. Holtby, and J.C. Scrivener. 1984. Some effects of natural and
logging-related winter stream temperature changeson the early life history of
coho salmon (Oncorhynchus kisutch) in Carnation Creek, British Columbia. In:
Fish and Wildlife Relationshipsin Old-Growth Forests. Proceedings of a
symposium, 12-15 April 1982, Juneau, Alaska. W.R. Meehan, T.R. Merrdll, Jr.,
and T.A. Hanley, Editors. Pages 141-149. (J)

Author abstract: Carnation Creek isasmall rain-forest stream located on Barkley Sound,
Vancouver Islard, British Columbia. It is the site of a 15-year watershed study concerned with
the impact of logging on anadromous and resident salmonids. This paper deals with some of the
effects of natural and logging-induced stream temperature changes in winter on juvenile coho
salmon Extensive logging began in the winter of 1976-77 and continued until 1980-81, by which
time 41% of the watershed had been clearcut. Stream temperaturesin early winter from 1976-77
through 1980-81 were higher than they had been prior to logging. Temperature increases resulted
from climatic amelioration, which began in 1976, and from the effects of logging. As aresult of
higher temperatures, coho salmon fry emerged earlier in the spring than they had prior to
logging. Early emergent fishthat did not move downstream during spring freshets began
growing sooner. In 1981, the year of highest winter temperatures, fry emerged 47 days earlier
than in the prelogging years and this, coupled with faster growth in late spring, led to the fish
entering thelr first winter at a larger size. Consequently, survival through the winter was greater,
leading to increased numbers and size of 1-year smolts and an increased proportion of 1-year
versus 2-year smolts. Brief speculation is offered about processes that may have affected stream
temperatures during winter.

305) Henderson, G.S., and D.A.A. Toews. 2001. Using sediment budgetsto test the
water shed assessment procedur e in southeastern British Columbia. In: Water shed
Assessment in the Southern Interior of British Columbia. Workshop proceedings,
9-10 March 2000, Penticton, British Columbia, Canada. D.A.A. Toewsand S.
Chatwin, Editors. British Columbia Ministry of Forests, Research Program,
Victoria, Working Paper 57. Pages 189-208. (G, I)

Author abstract: In 1997 and 1998, the British Columbia Ministry of Forests tested the
appropriateness of using the sediment-source technique described in the province's 1999 Interior
Watershed Assessment Procedure (IWAP) to assess the input and output of sediment in 11 sub-
watersheds in the Nelson Forest Region in southeastern British Columbia. Sediment input was
estimated using the Rapid Road Erosion Technique Survey (RREST), a survey technique that
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estimates quantities of sediment that erode from forestry roads and are transported into the
stream system. Sediment output was calculated for the same sub-watersheds by measuring
suspended sediment, turbidity, and streamflow, and these measurements were used to calculate
sediment yield in nine of the 11 basins. Results show that, in these watersheds, forestry roads are
arelatively small part of the annual sediment budget, and that natural sediment sources dominate
the sediment regime. It is unlikely that rehabilitation of forestry roads would result in significant
reductions in sediment yield when measured at the outlet of the basin.

306) Hogan, D. 2001. Stream channel assessment in theinterior of British Columbia. In:
Water shed Assessment in the Southern Interior of British Columbia. Workshop
proceedings, 9-10 March 2000, Penticton, British Columbia, Canada. D.A.A.
Toewsand S. Chatwin, Editors. British Columbia Ministry of Forests, Research
Program, Victoria, Working Paper 57. Pages 112-133. (A)

Author abstract: The Channel Assessment Procedure referred to in the Watershed Assessment
Procedure was developed to provide an objective, repeatable method to assess stream-channel
disturbance. It is based on field indicators of disturbance that were developed with an
understanding of the naturally high variability of stream channels. The indicators relate to
channel aggradation and degradation that can be linked to the primary hydrologic and
geomorphic processes operating in a watershed. The channelassessment of Norns Creek is
described to provide an illustration of the utility of the channel assessment as a component
analysis within a watershed assessment. The channel assessment provides a detailed description
of the channel reaches, including morphology, hillslope/channel coupling, and sediment
trangport and deposition sites. With the accompanying geo-referenced inventory of disturbance
indicators, the experienced geomorphologist can then link watershed processes and channel
conditions. This information is relevant to fish habitats and can form the basis for determining
appropriate watershed restoration prescriptions.

307) Hogan, D.L. 1989. Channel response to mass wasting in the Queen Charlotte | slands,
British Columbia: Temporal and spatial changesin stream morphology. In:
Proceedings of Watershed ‘89: A Conference on the Stewardship of Soil, Air, and
Water Resour ces, 21-23 March 1989, Juneau, Alaska. E.B. Alexander, Editor.
USDA Forest Service, Alaska Region, R10-M B-77. Pages 125-142. (A)

Author abstract: A paired watershed study is being used to compare stream channels with
various ages of mass wasting disturbance with similar channel types in undisturbed basins. In
year 1 of a4 year program (1988), approximately 27 km of stream channel were inventoried,
including awide range of stream sizes and debris torrent ages from 1 to 150 years.
Morphological parameters of relevance to fish habitats were the focus of the field surveys. A
case study is presented here.

A fundamental consequence of debris torrent inputs to stream channels is the establishment
of sediment wedges associated with debris jams. Specific sedimentological, morphological and
hydraulic changes occur upstream and downstream of the jams. The sediment wedges are of two
basic types, vertical and lateral. The location, size and function of each type of jamcontrols
morphology and their distribution aong the water course influences the spatia adjustment of the
channel. The integrity and longevity of the debris jams control the temporal response of the
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channel. Initia results indicate that severe morphological alterations persist during the first
decade following debris torrenting, but the channel begins to develop more normal
characteristics during second and third decades. The morphological nature of stream channels 30
years after disturbance begins to resemble undisturbed channels.

308) Hogan, D.L ., and D.J. Wilford. 1989. A sediment transfer hazard classification system:
Linking erosion to fish habitat. In: Proceedings of Watershed ‘89: A Conference
on the Stewar dship of Soil, Air, and Water Resour ces, 21-23 March 1989, Juneau,
Alaska. E.B. Alexander, Editor. USDA Forest Service, Alaska Region, R10-M B-77.
Pages 143-155. (1)

Author abstract: A problem in watershed management is linking upslope erosionassociated
with forestry practices to downstream sedimentation of fish habitats. To overcome this problem,
a sediment transfer hazard classification system was developed and applied to a northwestern
British Columbia watershed. The system is based on geomorphic factors that influence sediment
production, transport, and deposition. Data to describe these factors are obtained from air
photographs, topographic maps, fish habitat inventories and interpretive terrain maps. The final
product of the system is a sediment transfer hazard map that indicates where in a watershed
sediment production and movement is a potential problem. Thisis an important tool for
watershed and integrated resource managers because not all unstable or erodible sites pose a
sedimentation hazard to fish. Knowing the hazards, managers can decide in an informed way
where to restrict forest harvesting or focus limited dollars on special road construction and
harvesting techniques. This paper describes the Sediment Transfer Hazard Classification System.

309) Johnston, N.T., E.A. Maclsaac, P.J. Tschaplinski, and K.J. Hall. 2004. Effects of the
abundance of spawning sockeye salmon (Oncorhynchus nerka) on nutrients and
algal biomassin forested streams. Canadian Journal of Fisheries and Aquatic
Sciences. 61: 384-403. (C, D, E)

Author abstract: We used natural variation in sockeye salmon (Oncorhynchus nerka) spawner
biomass among sites and years in three undisturbed, forested watersheds in interior British
Columbiato test the hypotheses that salmon were a major source of particulate organic matter
inputs to the streams and that carcass biomass determined stream-water nutrient concentrations
and epilithic algal production. Sockeye carcasses were retained at the spawning sites, primarily
(75-80%) by large woody debris (LWD) or pools formed by LWD. The abundance and
distribution of sockeye salmon determined stream- water nutrient concentrations and epilithic
chlorophyll a concentrations during late summer and early fall when most primary production
occurred in the oligotrophic streams. Periphyton accrual rates were elevated at sites with high
salmon biomass. Peak chlorophyll a concentration increased with increasing carcass biomass per
unit discharge above a threshold value to reach maxima 10-fold greater than ambient levels.
Epilithic algae were dominated by afew common, large diatom taxa. Salmon carcasses were the
dominant source of particulate organic carbon in low gradient stream reaches. Nutrient budget
modeling indicated that most of the salmon-origin nutrients were exported from the spawning
streams or removed to the terrestrial ecosystem; diffuse impacts may extend over a much larger
area than simply the sites used for spawning.
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310) Jordan, P. 2001. Regional incidence of landdlides. In: Watershed Assessment in the
Southern Interior of British Columbia. Workshop proceedings, 9-10 M ar ch 2000,
Penticton, British Columbia, Canada. D.A.A. Toews and S. Chatwin, Editors.
British Columbia Ministry of Forests, Research Program, Victoria, Working
Paper 57. Pages 237-247. (K)

Author abstract: A regiona study was made of landslides in portions of the Arrow Forest
District and the Kootenay Lake Forest District, which permits some preliminary conclusions to
be mede about the areal frequency of landslides, their causes, and their importance as sediment
sources to streams. The study covered all or parts of 100 map sheets, totaling about one million
hectares. Approximately 1700 landslides were inventoried by air-photo interpretation. A subset
of about one-quarter of this study area, centered on the Slocan Valley, is discussed in this paper.

The data show that landdlide frequencies are typically increased by roughly 10 times by
forest development (depending on how one defines the land base for calculation of areal
frequencies). The landdlide frequency on private land is higher than on Crown land. About 95%
of development-related landdlides are due to roads or skid trails. On older roads, road-fill failures
are apparently the most common cause. However, on newer roads, that most common cause is
drainage concentration and diversion by roads. An important category of landslides occurs some
distance below roads, below a culvert or a point of accidental drainage discharge. In many of
these cases, the road itself is on gently sloping, low-hazard terrain, and the landslide occurs on
steeper terrain below. This is known as the "gentle-over-steep” situation. The Forest Practices
Code does little to reduce landslide hazard in this situation, because the need for professional
engineering involvement in road design is triggered by the hazard at the road location, not below
the road.

The terrain type most frequently involved in landslides on an areal basis, is deep
glaciofluvial or other stratified glacial deposits in valley bottoms. Otherwise, there are few
generalizations that can be made about terrain factors contributing to landslide hazard, or about
contributions of landdide sediment to streams. Landdlides, like other geomorphic and hydrologic
processes, tend to follow magnitude-frequency relations. Small landslides are most frequent, and
often do not reach a stream. Large landslides are much less frequent, but often enter streams. In
most watersheds, landdlides are not a major component of the sediment budget, but in the rare
cases where alarge landdlide occurs, it can dominate the sediment regime for 1 or severa years.

311) Jordan, P. 2001. Sediment budgetsin the Nelson Forest region. In: Water shed
Assessment in the Southern Interior of British Columbia. Workshop proceedings,
9-10 March 2000, Penticton, British Columbia, Canada. D.A.A. Toewsand S.
Chatwin, Editors. British Columbia Ministry of Forests, Research Program,
Victoria, Working Paper 57. Pages 174-188. (I)

Author abstract: We have ongoing sediment-budget studies in two parts of the Kootenays. at
Redfish-Laird creeks in the West Arm Demonstration Forest, and at Gold Creek, one of the
community watersheds of the City of Cranbrook. In addition, a number of watersheds have had
monitoring programs that provide some sediment-budget information for 1 or more years.

The Redfish-Laird study began in 1993. Results show that April-September sediment yields
for each year in Redfish Creek, which is developed with roads and logging, ranged from 25%
greater than to double the yields for Laird Creek, the control. Most of the difference is probably
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attributable to erosion from roads, and to a lesser extent, to road-related landslides that occurred
before the study began. Road- maintenance activities can contribute significantly to sediment
production. Contributions of sediment from cutblocks were insignificant.

The study in Gold Creek, which began in 1998, has so far shown much lower development-
related sediment inputs to the creeks than in Redfish Creek. This is apparently due to a
fundamental difference between the two areas in runoff generation mechanism. At Gold Creek,
most of the snowmelt runoff from upland areas appears to enter fractured bedrock, and reach the
creek through groundwater flow. This resultsin alow connectivity between sources of eroded
sediment and the creek. In contrast, the hydrograph of Redfish Creek is dominated by surface
runoff, and the sediment deliverability from roadsto the creek is higher.

In 1997, we monitored suspended sediment production on 11 creeks used for community and
domestic water supply. Watersheds underlain by granitic rocks tended to have the lowest average
sediment yield; otherwise, there was little apparent relation between sediment yield and bedrock
geology or extent of development. In general, sediment yield from most creeks used for water
supply was quite low compared to typical yields elsewhere in British Columbia.

A sampling strategy of daily manual sampling during the spring freshet, and less frequent
sampling for the rest of the year, has been found effective both for measuring total sediment
yield and for monitoring water quality. Recording turbidity meters provide additional useful
information.

312) Kdly, D.J., M.L. Bothwell, and D.W. Schindler. 2003. Effects of solar ultraviolet
radiation on stream benthic communities: An intersite comparison. Ecology. 84:
2724-2740. (C, H)

Author abstract: The effects of solar ultraviolet radiation (UVR), both mid-ultraviolet (UVB,;
280-320 nm) and near-ultraviolet (UVA; 320400 nm), on benthic algal and invertebrate
communities were compared in three reaches of a British Columbia coastal stream that differed
in the degree of shading by riparian canopy (afull canopy, a partial canopy, and no canopy). At
each of the three sites benthic communities were exposed to three different radiation treatments:
photosynthetically active radiation alone (PAR; 400—700 nm), PAR+UVA, and
PAR+UVA+UVB. Rdative to the site with no canopy, UVR was 88% and 66% lower, and PAR
was 83% and 49% lower at sites with full and partial canopy, respectively. Late summer
increases in UVR to the streambed caused by declines in water level and dissolved organic
carbon (DOC) were also lower at sites with high canopy.

Siteswith less canopy shading had greater algal accrual, decreased biomass of total
invertebrates mayflies, and stoneflies, and reduced invertebrate community diversity compared
to the heavily shaded reach of the stream. UV R produced taxon specific community responses
that varied across sites and increased with increasing UVR as summer progressed. At the full
canopy site UVR had no impact, and the fina (day 91) biomass and diversity of invertebrates
was highest, and algal biomass lowest. Higher UV A radiation under reduced canopies inhibited
algal accrual but had little effect on algal community composition. The biomass of several
invertebrate taxa (e.g., Dicosmoecus spp., Limnephilidae) and community diversity were reduced
by both UVA and UVB. Less sensitive taxa (e.g., Paraleptophlebia spp., Paraleptophl ebidae)
were inhibited only by the highest UVB levels in late summer when water transparency to UVR
was greatest. Inhibition of grazers by UVR appeared to indirectly increase algal accrua,
particularly at the partial canopy site.
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Our results indicate that riparian shading may moderate UVR effects on benthic
communities, mainly through impacts on invertebrates with indirect effects on algae. By
reducing UVR exposure of streambeds, riparian canopies may be important for ameliorating
UVR effects on shallow lotic systems, especialy during late-summer, low-flow periods when
DOC concentrations are reduced.

313) Kreutzweiser, D.P., and S.S. Capell. 2001. Fine sediment deposition in streams after
selective forest harvesting without riparian buffers. Canadian Journal of Forest
Research. 31: 2134-2142. (1)

Author abstract: Fine sediment accumulation was measured in streams in low-order forest
watersheds across a gradient of selective harvesting with no protective riparian buffers.
Comparisons were made among sites in selection-cut (40% canopy removal), shelterwood-cut
(50% canopy removal), diameter limit cut (about 85% canopy removal), and undisturbed tol erant
hardwood catchments. These were further compared with a headwater stream catchment not
harvested but affected by logging road activities. The greatest increases in fine inorganic
sediment occurred at the road- improvement site with mean bedload estimates more than 4000
times higher than pre-manipulation values. Sediment bedload was still significantly elevated 2
years after the road-improvement activities. Significant increases (up to 1900 times the
preharvest average) in inorganic sediment also occurred at the highly disturbed diameter- limit
site as a result of heavy ground disturbance and channeled flowpaths from skidder activity in
riparian areas. Similar increases were detected at the selection-cut site but were attributable to
secondary road construction in the runoff area. In the shelterwood harvest area, where logging
roads were not a factor, no measurable increases in sediment deposition were detected. There
was little indication that harvesting activities at any Site affected the organic fraction or the
particle size distribution of fine sediments. The results of this study suggest that riparian buffer
zones may not be necessary for selective harvesting in hardwood forests at up to 50% removal, at
least in terms of reducing sediment inputs.

314) Larkin, G.A., P.A. Slaney, P. Warburton, and A.S. Wilson. 1998. Suspended sediment
and fish habitat sedimentationin central interior water sheds of British Columbia.
Province of British Columbia, Ministry of Environment, L ands and Parks, and
Ministry of Forests, Water shed Restoration Management Report No. 7. 31pp. (B,

)

Author abstract: Many watersheds in the central interior of British Columbia are designated for
rehabilitation under the Watershed Restoration Program, which includes measures to control
surface erosion A study of suspended sediment and fish habitat sedimentationin severa
watersheds of the central interior, precursory to restoration activity, is described in this report.
Suspended sediment concentrations measured during the spring snowmelt period indicated that
sediment delivery to the nine streams surveyed was highly variable. Concentration profilesin
some streams were indicative of chronic sources of sediment, but profilesin other streams were
indicative of episodic sources of sediment. Severity-of-ill-effect values determined from the
suspended sediment data were sufficiently high to indicate lethal and paralethal effects on the
resident and migratory fish populations present in streams during the study period. Particularly
severe impacts were predicted for eggs and developing larvae. High flow conditions in the spring
of 1997 created considerable interference with the calibration and evaluation of sediment traps as
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monitors for hillslope and/or stream bank restoration projects. Despite the problems, a positive
relationship between sediment accumulation in the traps and suspended sediment loading was
evident. The sediment traps are a robust technique and are recommended for selected use under
moderate flow conditions, and where bedload movement is not dominant. The traps should
become an integral part of monitoring the effectiveness of restoration projects involving erosion
control, and will complement other evaluations of project success.

315) Macdonald, E., C.J. Burgess, G.J. Scrimgeour, S. Boutin, S. Reedy, and B. K otak.
2004. Should riparian buffers be part of forest management based on emulation of
natural disturbance? Forest Ecology and M anagement. 187: 185-196. (K)

Author abstract: Riparian communities (those near open water) have often been shown to
display high structural and compositional diversity and they have been identified as potentially
serving a keystone role in the landscape. Thus, they are the focus of specific management
guidelines that attempt to protect terrestrial and aquatic ecosystems. We used a digital forest
inventory database for a portion of the boreal mixed-wood forest in Alberta, Canada, to examine
whether proximity to alake affects forest composition, age, or configuration. Two analyses were
employed: (1) forest composition (dominant canopy species, proportional composition of
different species) and age (decade-of-origin) in bands of 50 m width and varying distance from
small lakeswere compared to forest in asimilar spatial configuration but away from open water
and (2) forest composition, dominant canopy species, age, and stand shape metrics were
examined along transects emanating out from lakes in two regions, which varied in topography
and dominant forest cover. We found no effect of distance from lake on forest age. The
proportion of the landscape covered by forest of the predominant canopy species increased with
distance from lake, but this was largely due to a corresponding decline in cover of non-forest
vegetation rather than a change in forest canopy composition. At the spatial resolution of forest
management planning, riparian forests in this region are of similar age and composition as those
away from lakes. Since there is no natural analogue for riparian buffer strips around lakes, they
may not be justified in the context of ecosystem management following the natural disturbance
paradigm. Management of riparian forests should focus on meeting defined management and
conservation objectives through, for example, protection of finer scale features of riparian zones
and landscape-level planning for allocation of uncut forest.

316) Macdonald, J.S., E.A. Maclsaac, and H.E. Herunter. 2003. The effect of variable-
retention riparian buffer zones on water temperaturesin small headwater streams
in sub-boreal ecosystems of British Columbia. Canadian Journal of Forest
Resear ch. 33: 1371-1382. (J)

Author abstract: Stream temperature impacts resulting from forest harvesting in riparian areas
have been documented in a number of locations in North America. As part of the Stuart—Takla
Fisheries—Forestry Interaction Project, we have investigated the influence of three variable-
retention riparian harvesting prescriptions on temperatures in first-order streams in the interior
sub-boreal forests of northern British Columbia. Prescriptions were designed to represent a range
of possible harvesting options outlined by the Forest Practices Code of B.C., or associated best
management practice guidelines. Five years after the completion of harvesting treatments,
temperatures remained four to six degrees warmer, and diurnal temperature variation remained
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higher than in the control streams regardless of treatment. Initially, the high-retention treatment
acted to mitigate the temperature effects of the harvesting, but 3 successive years of windthrow
was antecedent to reduced canopy density and equivalent temperature impacts. We specul ate that
late autumn reversals in the impacts of forest harvesting al'so occur. Temperature impacts in this
study remained within the tolerance limits of local biota. However, even modest temperature
changes could ater insect production, egg incubation, fishrearing, migrationtiming, and
susceptibility to disease, and the effects of large changes to daily temperature range are not well
understood.

317) Macdonald, J.S., P.G. Beaudry, E.A. Maclsaac, and H.E. Herunter. 2003. T he effects
of forest harvesting and best management practices on streamflowand suspended
sediment concentrations during snowmelt in headwater streamsin sub-boreal
forests of British Columbia, Canada. Canadian Journal of Forest Research. 33:
1397-1407. (G, I)

Author abstract: This paper examines suspended sediment concentration and stream discharge
during freshet in three small sub-boreal forest streams (<1.5 m in width) in the centra interior of
British Columbiafor 1 year prior to (1996) and for 5 years following forest harvesting (1997—
2001). Harvesting prescriptions in a 20-m strip beside one stream required complete removal of
merchantable timber (>15 cm diameter at breast height (DBH) for pine and >20 cm for spruce),
while all stems <30 cm DBH were retained beside a second stream. A third stream remained
unharvested as a control. The two riparian treatments were prescribed to test the efficacy of
current British Columbia legidation that allows for varying amounts of riparian retention as best
management practices for the management of windthrow. Both treated watersheds were clear-cut
harvested (approximately 55% removal) in January 1997, and in the following year, temporary
access roads were deactivated, including two stream crossings in the low-retention watershed.
Anincrease in peak snowmelt and total freshet discharge was first noted in the second spring
following harvest in both treatments and remained above predicted in al subsequent years.
Suspended sediment also increased during freshet following harvest but returned to levels at or
below preharvest predictions within 3 years or less in the high-retention watershed.

318) Magnan, P., and I. St-Onge. 2000. | mpact of logging and natural fires on fish
communities of Canadian Shield lakes. Project Report 2000-36 written by the
Sustainable Forest Management Network, University of Alberta, Edmonton. 22pp.

(K)

Author abstract: The goal of this study was to determine if natural fires and logging have a
significant impact on abundance, growth, and size structure of fishpopulations in 38 lakes of the
Canadian Shield (Québec, Canada). The watersheds of 9 of these lakes underwent logging and 9
underwent natural fires while the 20 remaining lakes were used as references. No significant
differences were found among the three lake groups in the catch per unit of effort of the most
abundant species: white sucker (Catostomus commersoni), northern pike (Esox lucius), yellow
perch (Perca flavescens), lake whitefish (Coregonus clupeaformis), fallfish (Semotilus
corporalis), brook charr (Salvelinus fontinalis), walleye (Stizostedion vitreum), and burbot (Lota
lota). No significant difference was found in the back-cal culated length of yellow perch and
white sucker, for which age determinations were made, among control, burned, and logged lakes.
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However, we found that the proportion of small yellow perch and white sucker were
significantly lower in populations of impacted lakes (burned and logged lakes pooled). The
influence of logging and fires remained significant when a series of biotic and abiotic variables
on watershed and lake characteristics were accounted for in multiple regression analyses. The
lower proportion of small fish in impacted lakes could be due either to an increase in post-
emergence mortality and (or) a shift of individuals to the pelagic zone.

319) Marcogliese, D.J., M. Ball, and M.W. Lankester. 2001. Potential impacts of
clear cutting on parasites of minnowsin small boreal lakes. Folia Parasitologica.
48: 269-274. (K)

Author abstract: Clearcutting and deforestation lead to increase erosion, increased water
temperature, altered water chemistry, and modified watershed hydrology in aguatic systems.
Effects on biological organisms have been documented for phytoplankton zooplankton, benthos,
and fish In this study, parasites of the northern redbelly dace, Phoxinus eos (Cope), were
examined from an experimental area consisting of headwater |akes and their watersheds in the
boreal forest of Ontario, Canada prior to and after clearcutting around the lakes. Catchments of
two lakes were heavily, and one lake partially, clearcut in 1996, and that of a fourth lakes was
untouched. In 1993, three years prior to clearcutting, five taxa of parasites, including the
monogeneans Dactylogyrus sp, and Gyrodactylus sp., metacercaria of the digenean Clinostomum
complanatum (Rudolphi, 1819), and the nematode Rhabdochona canadensis Moravec et Aral,
1971 and the myxozoan Mysobolus sp, were founding or on northern redbelly dace. In 1998, two
years after clearcutting, eight taxa werer found on northern redbelly dace, including all of the
above pluse the digeneans Allocreadium sp. and Or nithodi plostomum ptychocheilus (Faurs,
1917) and the copepod Ergasilus lizae Kr?yer, 1863. Mean infracommunity species richness and
the maximum number of species per fish were higher in the control and partially cut lakes than in
the heavily logged lakes. Uninfected fish were found in the heavily cut lakes, but not in the other
lakes. Thus, disturbance may reduce parasite infracommunity complexity. Among individual
parasite species, R. canadensis was absent from the two most heavily clearcut lakes and
abundant in the two other lakes in 1998. Clearcutting may have affected the abundance of certain
invertebrates in these lakes, in particular the mayflies that serve as intermediate hosts for R
canadensis. The parasites Allocreadium sp., O. ptychocheilus, and E. lizae have not been
previously reported in or on northern redbelly dace.

320) McEachern, G. 2003. Where land and waters meet: Under standing and protecting
riparian areasin Canada’s Forests. J.D. Gysbersand P.Lee, Editors;, M. Carver,
Contributor. Global Forest Watch Canada, Edmonton, Alberta. 39pp. (C, D, E, F,
G,H, I,J)

Author abstract (Author Executive Summary): Global Forest Watch Canada has prepared this
report in order to provide an overview of the current North Americanliterature on the role and
functions of riparian areas in Canada’s forests, the impacts of disturbance (both natural and
human-caused), and the mitigation of forestry impacts on riparian areas. The report also provides
guidance on forest management practices that would improve the protection of riparian areas.
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This report represents the most comprehensive review currently available about the state of
our knowledge on this topic. It found that:

Riparian areas can be negatively impacted by forest management activities;
Improving forest management would substantially advance the protection of riparian
areas and help to protect the ecologica values they contain.

Riparian areas, those places where water meets land, sometimes dramatically and sometimes
with great subtlety, are rich components of our forest systems. As with other transitional zones,
riparian areas contain elements of two major ecological systems—in this case, the aquatic and
the terrestrial. The combination of these ecological systemsresultsin areasrich in diversity and
ste-specific character that provide critical ecological functions in Canada' s forest ecosystems.

Riparian areas have always been affected by natural disturbances, from the changes wrought
by fire or wind to the impact of beavers felling shoreline trees. Increasingly, they are also being
affected by industrial activities, particularly logging. Industrial impacts can range from the very
direct (e.g., building aroad or bridge or logging directly within riparian zones) to the indirect
(e.g., cutting in upland forests can change water yield and nutrient export).

This review concludes that further research and literature reviews of the impact of forestryon
riparian areas need to be conducted. It also points to the need for greater sensitivity and scrutiny
of forestry operations in or near riparian areas, including greater public and industry education
about the values of riparian areas, audits of current management practices and increased
consideration of the values of riparian areas during logging operations.

We hope this report will be useful both for increasing understanding of riparian areas and for
providing specific ideas regarding the management of riparian areas.

321) Mdllina, E., R.D. Moore, S.G. Hinch, J.S. Macdonald, and G. Pear son. 2002. Stream
temperature responses to clear cut logging in British Columbia: The moderating
influences of groundwater and headwater lakes. Canadian Jour nal of Fisheries
and Aquatic Sciences. 59: 1886-1900. (J)

Author abstract: Although the future timber supply in the northern hemisphere is expected to
come from boreal and subboreal forests, little research has been conducted in these regions that
examines the temperature responses of small, lake- headed streams to streamside timber
harvesting. We examined the temperature patterns of two subboreal outlet streams in north
central British Columbiafor 1 year before and 3 years after clearcut logging and found only
modest changes (averaging 0.05-1.1°C) with respect to summer daily maximum and minimum
temperatures, diurnal fluctuations, and stream cooling. A multistream comparative survey
conducted in the same geographic region revealed that streams headed by small lakesor swamps
tended to cool as they flowed downstream, and headwater streams warmed, regardless of
whether or not timber harvesting took place. Stream cooling was attributed to a combination of
warm outlet temperatures (promoted by the presence of the lakes) and cold groundwater inflows.
A regression model revealed that summertime downstream warming or cooling in headwater and
outlet streams could be predicted by upstream maximum summer temperatures and canopy
cover. Lentic water bodies and groundwater inflows are important determinants of stream
temperature patterns in subboreal forests and may subsequently moderate their responses to
streamside harvesting.
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322) Michel, B. 1971. Winter regime of riversand lakes. U.S. Army Cor ps of Engineers,
Cold Regions Research and Engineering Laboratory, Cold Regions Science and
Engineering Monograph I11-Bla. 139pp. (K)

Author abstract: The monograph summarizes existing knowledge of river and lake ice surveys,
heart balance on open water in winter, frazil, ice cover formation, ice breakup and ice control.

323) Millar, R.G. 2001. Riparian logging and channel stability. In: Water shed Assessment
in the Southern Interior of British Columbia. Workshop proceedings, 9-10 March
2000, Penticton, British Columbia, Canada. D.A.A. Toews and S. Chatwin,
Editors. British Columbia Ministry of Forests, Research Program, Victoria,
Working Paper 57. Pages 143-150. (A, F)

Author abstract: Recently developed theory is used to derive a ssmple planform stability
diagram. The stability diagram is based on the threshold between meandering and braiding
rivers, and includes a friction angle parameter that can be used as a surrogate to quantify the
stabilizing influence of riparian vegetation The planform stability diagram can be used as a
relatively ssimple screening tool to determine the sensitivity of a particular river or stream to
riparian logging. The necessary parameters are channel slope (S), bankfull or mean annual
discharge (Q), and the median bank grain diameter (Dso). Given that direct riparian logging is
now forbidden under the Forest Practices Code, the stability diagram is probably most useful in
assessing the current channel condition, and in the case of a wide and unstable channel, to assess
whether direct riparian logging represents a significant factor in the current channel condition.

324) Moore, K. 1991. Partial cutting and helicopter yarding on environmentally sensitive
floodplainsin old-growth hemlock/spruce forests. FRDA Report 166. | ssued under
Canada-BC Forest Resour ce Development Agreement. A joint publication of
Forestry Canada and the British Columbia Ministry of Forests. Co-published by
B.C. Ministry of Forests, and Canada/BC Economic & Regional Development
Agreement. 43pp. (K)

Author abstract (Author Summary): At Naden Harbour on the Queen Charlotte Islands, B.C.,
partial cutting and yarding with a Sikorsky S 64-E Sky-Crane helicopter has been used to remove
old- growth Sitka spruce, western hemlock, and western red cedar from environmentally sensitive
floodplain sites. Between 1986 and 1989, 67 500 nT of timber was logged from 141 hain 14
partialy cut blocks.

A retrospective study of the development of these partial cutting operations was conducted.
Four case studies are presented to describe the type of floodplain sites on which partial cutting
has been used. Various forestry concerns about partial cutting are reviewed, including the
silvicultural implications, the damage to residual trees, blowdown following cutting, and the
protection of important fish habitats. The procedures used to select appropriate sites, mark
individual trees, and conduct falling, yarding, and postlogging clean-up are described.

The partial cutting and helicopter yarding at Naden Harbour has been successful in meeting
the objectives of (1) harvesting a previously inaccessible volume of timber and (2) protecting
environmentally sensitive fish habitats. The methods and procedures devel oped here for partia
cutting and helicopter yarding may be appropriate on avariety of other sitesin coastal British
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Columbia where objectives such as protecting wildlife habitats, retaining aesthetic values, or
maintaining the stability of steep slopes require or favour partia cutting over conventional
clearcutting and cable yarding.

Most of the silvicultural concerns for partial cutting in old-growth coastal forests have been
overcome at Naden Harbour. Most blocks are expected to be windfirm and will become fully
stocked unevenaged stands that will support another harvest before the normal rotation period.
Procedures for improving the condition of the residual stand are identified in this report. As well,
recommendations are made to ensure that the silvicultural objectives for the residual partially cut
stand are set before tree marking and cutting begin.

325) Moore, R., T. Gomi, and A. Dhakal. 2003. Headwater stream temperature response to
forest harvesting in coastal British Columbia: Influences of riparian buffer width,
channel morphology and weather. AGU 2003 Fall Meeting, 8-13 December, San
Francisco. Eos Transactions 84(46): Suppl. abstract H32D-03. (A, H, J)

Electronic abstract: Forest harvesting can influence stream temperature regimes, and the
potentially deleterious impacts of higher temperatures on salmonids and other species have
generated significant debate. One common approach to protecting streamsisto leave ariparian
buffer to provide shade. However, little information has been collected on the effectiveness of
different buffer widths. We report the results of a 6-year field experiment to evaluate the effects
of different riparian buffer widths on stream and riparian ecosystems, including stream
temperature response, in headwater streams in coastal British Columbia. The experiment
included 13 streams, with at least three being assigned to each of four treatments, including no
harvesting (80 yr-old second growth conifer riparian forest), clear-cut harvesting with 10 m and
30 m riparian buffers, and clear-cut harvesting with no buffer. Regression analysis was used to
calibrate the pre-harvest data for each trestment stream with one of the control streams, to
provide a basis for estimating post-harvest treatment effects. Autoregressive and heteroskedastic
errors were included in the regression model, because stream temperature exhibited serial
correlation and the error variance increased with stream temperature. Temperature response was
substantial in the clearcut treatments with no buffers, with maximum temperatures increasing by
up to 8 degrees C. The magnitude of temperature response amongst the no-buffer treatments
varied with channel morphology, particularly in relation to bank shading and stream depth. The
treatment effect for daily maximum water temperature increased with decreasing flow and
increasing maximum air temperature on the current day, and also exhibited significant
autocorrelation, indicating that the sequence of daily weather conditions can influence the
magnitude of temperature response.

326) Morse, B., and F. Hicks. 2003. Advancesin river ice hydrology. In: Quadrennial
Report to the International Union of Geodesy and Geophysics and I nter national
Association of Hydrological Sciences. J.W. Pomeroy, Compiler. Canadian
National Committee for the International Association of Hydrological Sciences
(CNC-1AHS). Pages 32-41. (A, F, G, I)

Author abstract: We identify three significant recent advances in the hydrology of river ice: (1)
by bringing together disparate information, excellent review articles (Shen 2003; Prowse
2001a& b; Beltaos 2000) have noticeably advanced our appreciation of river ice hydrology.
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Recently, there have also been two special journal issues on river ice (CJCE 2003 and HP 2002)
and five conferences (CRIPE 1999, 2001 and 2003 and IAHR 2000 and 2002); (2) There has
been the recognition that in order to advance, collaborate efforts are required (Prowse, 2001b)
and Shen (2003) has specifically called for a collaborative research project; and (3) perhaps the
greatest advance is the fact that there has been the birth of the discipline of the hydrology of river
ice: The case has been made that river ice is too important to ignore when studying water
quantity (Water Survey of Canada has launched a program to address this issue), water quality
(temperature, dissolved oxygen nutrients and pollutants), sediment transport and geomorphol ogy
(particularly as it relates to breakup), stream ecology (plants, food cycle, etc.) and fish habitat,
behaviour and survival. There have aso been significant advances in modelling (1-D public
domain ice jam models are now available; the first public-domain 2-D model capable of
simulating flows with an ice cover is now available and a commercial version of a complete 2-D
ice-process model is being completed). The main need for further work is to: (1) interface
geomorpological and habitat models with these river ice hydrodynamic models; (2) develop a
compl ete package (database management, remote sensing, forecasting, intervention
methodologies, etc.) to better intervene in ice jam induce flash floods (e.g. Badger Nfld,
February 2003). We would add that, given the importance of winter navigation on the St.
Lawrence River to the Canadian economy (approximately $2 billion annually), a durable and
dependable solution to prevent ice jams downstream of Montreal is still required.

327) Mossop, B., and M.J. Bradford. 2004. Importance of large woody debris for juvenile
chinook salmon habitat in small boreal forest streamsin the upper Yukon River
basin, Canada. Canadian Journal of Forest Research. 34: 1955-1966. (A, D)

Author abstract: The importance of large woody debris (LWD) in forested stream ecosystems
iswell documented. However, little is known about LWD in northern boreal forest streams. We
investigated the abundance, characteristics, and function of LWD in 13 small tributary streams of
the upper Y ukon River basin, Y ukon Territory, Canada. LWD abundance was similar to values
reported from temperate regions, whereas LWD size and total volume were well below values
for the Pacific Northwest. LWD formed 28% of the pools, which provide important habitat for
juvenile chinook salmon (Oncor hynchus tshawytscha Walbaum). The median diameter of pool-
forming pieces was 17 cm, and ring counts on fallen riparian trees indicated that pool-forming
pieces were likely 70-200 years old when downed. Juvenile chinook salmon density was
correlated with LWD abundance in our study reaches. We conclude that despite differencesin
climate and forest type, LWD in Y ukon streams and LWD in temperate regions appear to
perform a similar function in creating fish habitat. Resource managers should consider the
relatively sow tree growth and thus potentially long recovery times following human
disturbances in these watersheds.

328) Negishi, J.N., and J.S. Richardson. 2003. Responses of organic matter and
macr oinvertebratesto placements of boulder clustersin a small stream of
southwestern British Columbia, Canada. Canadian Journal of Fisheries and
Aquatic Sciences. 60: 247-258. (C)

Author abstract: Diversity and productivity of stream food webs are related to habitat
heterogeneity and efficiency of energy retention. We tested the hypothesis that experimental
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boulder placements in a second-order stream would increase diversity and abundance of
macroinvertebrates by restoring detrital retention and habitat heterogeneity. Two relatively
natural, upstream, reference reaches and a downstream treatment reach with arelatively straight
channel and less woody debris were studied for 3 months before and 1.2 years after the
placement of six boulder clustersin the treatment reach. Mean velocity and its coefficient of
variation increased in the treatment reach (140 and 115%, respectively), whereas the reference
reaches remained relatively unchanged after the placements. Enhanced particul ate organic matter
storage (550%) was accompanied by increased total macroinvertebrate abundance (280%) in the
treatment reach, converging with those of the reference reaches aimost 1 year after the treatment.
Detritivorous taxa numerically dominated the macroinvertebrate community, the total dersities
of which were best predicted by the fine fraction of organic matter biomass at microhabitat scale.
However, the effect of boulder clusters on taxonomic richness was negligible. Our findings
suggest that boulder clusters can be used at least as a short-term means to restore
macroinvertebrate productivity in detritus-based stream systems.

329) Nicholls, K.H., R.J. Steedman, and E.C. Carney. 2003. Changesin phytoplankton
communities following logging in the drainage basins of three boreal forest lakes
in northwestern Ontario (Canada), 1991-2000. Canadian Jour nal of Fisheriesand
Aquatic Sciences. 60: 43-54. (C)

Author abstract: The phytoplanktoncommunities of three small boreal forest lakes (L 26, L39,
and L42) on Ontario's Precambrian Shield (Canada) were investigated over 10 years for possible
effects of forest harvesting (logging) within their drainage basins (5 years before logging vs. 5
years after logging). During the postlogging period, higher biovolumes of several taxa were
recorded, consistent with previously reported changes in nutrients, chlorophyll, light penetration,
and mixing depth Among the most dramatic changes were increases of 100 and 266% in
Cyanophyceae in L39 and L42, respectively, 167% in Dinophyceae in L26, 51 and 130% in
Chlorophyceae in L26 and L42, respectively, 182% in Bacillariophyceae in L26, and 53 and
73% in total phytoplankton in L26 and L42, respectively. Other effects associated with logging
in the watersheds of these lakes included an increase in the numbers of taxa (in accordance with
the intermediate disturbance hypothesis) and a decrease in interannual variability in
phytoplankton community structure (in accordance with the ecosystem diversity-stability
hypothesis). The less extensive logging of the L26 drainage basin and the maintenance of an
unlogged shoreline buffer strip did not preclude apparent effects on phytoplankton comparable
with some of those found in the other two lakes, where drainage basin logging was more
extensive.

330) Outhet, D.N. 1974. Bank erosion in the southern Mackenzie River Delta, Northwest
Territories, Canada. M.S. Thesis, University of Alberta, Edmonton. 89pp. (F, G, J)

Author abstract: Analysis of 2-week time lapse photography in the field and from the air, along
with other data collected in the field, indicates that in the southern Mackenzie River Delta, the
shape of an eroding bank is positively correlated with the erosionprocess and the rate and
character of erosion. Poor correlations between bank erosion and the following factors indicate
the complexity of erosion processes: current velocity; channel orientation to the wind; ice
content of the bank sediment; vegetation; roots; water temperature; and ice during break-up.
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Prediction of bank erosion cannot be made by measuring these factors. There are five different
easily-distinguished bank shapes in the study area each with its own maximum and minimum
erosion rates and manner of erosion. This information allows the short-term prediction of eroding
bank behavior on the basis of bank shapes and the production of a map showing the erosion rate
category into which each bank fits. This map may be used in the planning of construction in the
areato avoid rapidly eroding banks such as those that may erode up to 30 m/yr.

331) Patoine A., B. Pinel-Alloul, and E.E. Prepas. 2002. Effects of catchment perturbations
by logging and wildfires on zooplankton species richness and composition in
Boreal Shield lakes. Freshwater Biology. 47: 1996-2014. (C, I)

Electronic abstract (Summary):

1. Forest logging and wildfires are important perturbations of the boreal forest, but their effects
on lake biota remain largely unknown. Here, we test whether zooplankton species richness and
species assemblages differed among three groups of lakes in Eastern Canada characterised by
different catchment conditions: logged in 1995 (n=9); burnt in 1995 (n=9); unperturbed (n=20).
Lakes were sampled in June, July and September 1 year after catchment perturbations.

2. Cumulative species richness in reference lakes averaged 46 (33—-60) of which 63% were
rotifers. Mean cumulative species richness ard mean diversity in logged and burnt lakes did not
differ from those in reference lakes.

3. Lake species assemblages were described by the density of 62 species (41 rotifers and 21
crustaceans). Among-group differences in species assemblages were not significant. Eighteen per
cent of the total variability in species assemblages could be explained by 13 environmental
factors, among which dissolved oxygen concentration and cyanobacteria biovolume were the
most important. About 5% of species assemblage variability was attributed to covariation
between environmental factors and time of sampling, while 4.1% was attributed to temporal
variation.

4. Variations in zooplankton species richness and assemblages in Boreal Shield lakes are
important, both among lakes and among sampling dates. They seem to depend on environmental
factors unrelated to catchment-based perturbations, at least on the short-term of 1 year.

332) Patoine, A., B. Pinel-Alloul, and E.E. Prepas. 2002. | nfluence of catchment
deforestation by logging and natural forest fires on crustacean community size
structure in lakes of the eastern Boreal Canadian forest. Journal of Plankton
Resear ch. 24: 601-616. (C, E)

Electronic abstract: Logging and wildfires are important perturbation factors of the Canadian
Boreal forest, but their effects on agquatic communitiesremain largely unknown. Here, we assess
the ecological effectsof logging and wildfires on aquatic communities, based on changesin
crustacean zooplankton size spectra among logged, burnt and unperturbed lakes of the Canadian
Precambrian Boreal Shield. A laboratory version of the Optical Particle Counter (OPC-1L) was
used to establish the crustacean size spectra of zooplanktonsamples collected in 38 lakes
characterized by different catchment conditions: logged in 1995 (nine ‘logged’ lakes); burnt in
1995 (nine ‘burnt’ 1akes); left unperturbed over the past 70 years (20 reference lakes). Size
spectra are characterized by crustacean biovolume in 22 size classes, from 200-300 pm
equivalent spherical diameter (ESD) to 2300-2400 um ESD. Size spectrain logged and burnt
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|akes were onaverage shifted towards larger size classes relative to reference lakes, although the
reference and burnt groups of lakes werethe only pair statistically different from one another (at
a = 5%). Asaresult, biovolume of crustacean organisms >1100 um ESD in burnt lakes was on
average higher by 366 and 388%, respectively, 1 and 2 years following catchment perturbations
relative to reference lakes. Among a set of 15 water quality variables and 14 fishspecies density
variables, potassium concentrationand white sucker density were the most important
environmental correlates of crustacean size structure.

333) Patoine, A., B. Pinel-Alloul, E.E. Prepas, and R. Carignan. 2000. Do logging and forest
fires influence zooplankton biomassin Canadian Boreal Shield lakes? Canadian
Journal of Fisheriesand Aquatic Sciences. 57: 155-164. (C)

Electronic abstract: Zooplankton biomass was assessed in 20 reference lakes, nine logged-
watershed lakes, and nine burned-watershed |akes during three summers following watershed
disturbances by logging or wildfires. Biomass of cladocerans, calanoids, cyclopoids, and rotifers
was quantified in the 38 lakes for the first year following disturbances. Limnoplarkton biomass
in four size fractions was quantified during 3 years following disturbances. One year after
disturbances, burned-watershed lakes supported 59% more biomass of the rotifer size fraction of
limnoplankton (100-200 pum) than reference lakes, while logged-watershed lakes supported 43%
less of calanoid biomass. Two years after disturbances, differences in limnoplankton biomass
between burned-watershed |akes and reference lakes were more pronounced than during the first
year, while logged-watershed |akes supported levels of limnoplankton biomass no different from
those of reference lakes. Three years after disturbances, no significant variations could be
detected among the three groups of lakes for any of the limnoplankton size fractions. The
proportion of watershed area impacted by logging activities was on average less than half the
proportion impacted by wildfires. Nonetheless, both types of disturbances seemed to have
opposite effects on the zooplankton biomass during the first year, and the effects did not extend
beyond 2 years.

334) Pinel-Alloul, B., and A. Patoine. 2000. Compar ative impact of natural firesand forest
logging on zooplankton communities of boreal lakes. Project Report 2000-23
written by the Sustainable Forest Management Network, University of Alberta,
Edmonton. 39pp. (C, E, 1)

Author abstract: The goa of the research project was to determine if natural fires and forest
logging have asignificant impact on zooplankton biomass, biodiversity, species assemblages,
and size spectrain lakes of the Canadian Boreal Shield. Wildfires and logging disturbances
occurred in 1995. The research project was carried out from 1996 to 1998 in 38 lakes of the
boreal forest in Québec: Twenty (20) lakes, undisturbed since 70 years, served as references,
nine (9) lakes had 9-72% of their watershed logged and another 9 lakes had 50-100% of their
watershed burnt. Three methodological approaches were used to determine zooplankton
attributes: a) taxonomic analysis for zooplankton biomass, species richness and assemblages, b)
analysis of size-fractionated limnoplankton ash free dry weight, and c) determination of
crustacean biovolume size spectra using an Optical Particle Counter (OPC). Our study reveas
that natural fireand logging disturbances have different impacts on zooplankton community of
boreal lakes. Natural fires increase zooplankton and limnoplankton biomass because of higher
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inputs of mineral nutrients (nitrates and phosphorus) from burnt watersheds. Burnt lakes
supported on average 53-64% more biomass of cyclopoids and rotifers (or 59% more biomass of
l[imnoplankton 100-200 pum size fraction) than reference lakes the first 2 years after fire. In
contrast, logging does not increase zooplankton biomass because of higher inputs of dissolved
organic carbon from watershed which inhibit light transmission and biological production. Cut
lakes supported on average 43% fewer biomass of calanoids than reference lakes during the first
year after logging. The biomass of cladocerans and copepodite stages did not vary significantly
among reference, cut and burnt lakes. The impacts of natural fire and logging on zooplankton
biomass were more pronounced 2 years after disturbances. Impacts of wildfire and logging on
zooplankton biodiversity and species assemblages, measured the first year following
disturbances, are minor. Crustacean biovolumes in large size classes (1200-1500 um) were
higher in perturbed lakes, especially in burnt lakes. Zooplankton biomass and size spectra, as
well as limnoplankton biomass are promising tools to monitor the effects of watershed
disturbances by natura fire and logging on zooplankton communities in boreal lakes. However
among-lake and seasonal changes in watershed and limnological characteristics are more
important sources of variability in zooplankton biomass than watershed disturbances, and should
be considered when ng the environmental impacts of watershed disturbances on
zooplankton in boreal lakes.

335) Price, K., and D. McL ennan. 2002. North Coast LRMP background report:
Hydroriparian ecosystems of the North Coast. Written for the North Coast
LRMP, British Columbia. 80pp. (C, D, F, H, 1,J)

Author abstract (Author Summary—First paragraph): This report provides background
information on riparian ecosystems for the North Coast LRMP [North Coast Land and Resource
Management Plan]. The report

describes North Coast riparian ecosystems,

reviews riparian ecological functions,

presents riparian management policies for BC and neighbouring jurisdictions,

lists potential strategic planning issues for consideration.
Literature is taken from the North Coast where possible. Where research is cited from
areas outside the North Coast, the report describes the potential relevance of studiesto
North Coast ecosystems.

336) Price, K., A. Suski, J. McGarvie, B. Beasley, and J.S. Richardson. 2003. Communities
of aquatic insects of old-growth and clear cut coastal headwater streams of varying
flow persistence. Canadian Journal of Forest Research. 33: 1416-1432. (C, G)

Author abstract: Headwater streams, varying in flow persistence from ephemera to intermittent
to perennial, provide the tightest coupling between water and land, yet they often receive the
least protection during forest management. We described communities of aquatic insectsin
perennial, intermittent, and ephemeral channels surrounded by old-growthforest and 4- to 8-
year-old clearcuts in Clayoquot Sound, British Columbia, to determine whether temporary
streams have unique aquatic communities and to examine the short-term impacts of harvesting.
We measured flow persistence, stream size, canopy cover, organic detritus, and algal biomassin
19 streams. We sampled aguatic invertebrates with a combination of emergence cages and
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kicknet samples. Temporary and old- growth streams had more organic detritus and a higher
abundance of shredders. Perennial and clearcut streams had a higher abundance of some algal
grazers, but not higher algal biomass. Insect richness was similar in intermittent and perennial
streams of each seral stage but lower in ephemeral streams. Intermittent streams contained four
taxa not found in the other stream classes; perennial and ephemera streams had none.
Communities of aquatic insects differed between streams surrounded by clearcuts and old
growth, and varied with continuity of flow.

337) Rice, S., and M. Church. 1996. Bed material texturein low order streamson the

Queen Charlotte Idands, British Columbia. Earth Surface Processes and
Landforms. 21: 1-18. (D, I)

Author abstract: Low order channels comprise a large proportion of the links of every drainage
basin, and are often at the centre of land management concerns. They exhibit hydrological and
geomorphological characteristics atypical of higher order links. This paper examines the nature
and causes of variations in the bed material texture of two streams on the Queen Charlotte
Islands, British Columbia. The extant, functional exponential model is found to be inadequate for
explaining observed changes in grain size parameters with distance downstream. Recurrent
disruption of sediment transport by large organic debris jams, and the sporadic contamination of
the fluvial sediment population by colluvia inputs, preclude the development of longitudinal
structure. Rather, grain size varies erratically over short distances. A stochastic model best
describes the observed variations, and should be adopted as an alternative to the exponential
model in low order links. Characteristic variances are controlled by the degree of hillslope-
channel coupling, and the extent and characteristics of non-alluvia storage mechanisms.

338) Rice, S.P., M.T. Greenwood, and C.B. Joyce. 2001. Tributaries, sediment sour ces, and
the longitudinal organisation of macroinvertebrate fauna along river systems.
Canadian Journal of Fisheries and Aquatic Sciences. 58: 824-840. (C, 1)

Author abstract: Tributary confluences are sites along a main channel where, because of the
introduction of water and (or) sediment, the water volume, bed sediment character, and water
quality of the mainstream can change abruptly. These shifts ensure that abiotic gradients seldom
vary smoothly or continuously for distances of more than 10°~10 km along any river system.
The ways in which tributaries and related sediment recruitment points structure longitudinal
changes in physical habitat are examined. Variables of importance to stream biota are affected
and, in turn, it is suggested that the arrangement of tributaries and related features is an important
control on the longitudinal organisation of macroinvertebrate benthos at moderate spatial scales.
A new model is presented that stresses the importance of hydrological and sedimentol ogical
networks for organising lotic fauna. The link discontinuity concept emphasises the discontinuous
nature of lotic ecosystem gradients, addresses the importance of tributaries in unregulated as well
as regulated rivers, and extends, to its logical conclusion, the limited recognition of tributary
influence in the river continuum concept. A case study from British Columbia, Canada,
illustrates the general merit of the new model.
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339) Richardson, J.S. 2000. Life beyond salmon streams: Communities of headwaters and
their role in drainage networks. In: Proceedings of a Conference on the Biology
and Management of Speciesand Habitats at Risk, 15-19 February 1999,
Kamloops, British Columbia, Volume Two. L.M. Darling, Editor. B.C. Ministry of
Environment, Lands, and Parks, Victoria, B.C. and University College of the
Cariboo, Kamloops, B.C. Pages 473-476. (C)

Author abstract: The headwaters of our watersheds are important for a number of intrinsic
reasons, as well as for their impact on maintenance of downstream environments. The emphasis
of research and management in stream ecosystems has typically been on salmonid fish, to the
neglect of other stream and riparian organisms. Headwaters are sources of alarge proportion of
the energy used to fud river food webs via organic matter that enters headwaters in the form of
leaf litter from riparian vegetation Headwaters themselves harbour a number of poorly known
species, some of which occur nowhere else. There are many species associated with these
environments, especialy invertebrates, for which we lack even the most basic of information.
Finaly, the cumulative effects of small, incremental aterations to headwater channels may have
impacts on downstream environments, but we have yet to design studies that adequately address
this issue.

340) Rosenfeld, J., M. Porter, and E. Parkinson. 2000. Habitat factors affecting the
abundance and distribution of juvenile cutthroat trout (Oncorhynchus clarki) and
coho salmon (Oncorhynchus kisutch). Canadian Journal of Fisheriesand Aquatic
Sciences. 57: 766-774. (A, D)

Author abstract: The distribution, abundance, and habitat associations of juvenile anadromous
coastal cutthroat trout (Oncor hynchus clarki) and coho salmon (Oncorhynchus kisutch ) were
evauated using survey datafrom 119 sitesin coastal British Columbia. Both cutthroat and coho
occurred at their highest densities in very small streams (<5 m channel width), and bankfull
channel width was the single best predictor of cutthroat presence (p=0.0001) and density (R
=0.55). Within a channel, densities of coho and larger (yearling and older) cutthroat parr were
highest in pools, while densities of young-of-the-year cutthroat were significantly lower in pools
and highest in shallower habitats. Abundance of larger cutthroat parr and pool habitat were
positively correlated with large woody debris (LWD) within a subset of intermediate-gradient
gravel-cobble streams, where pools appear to be limiting to larger cutthroat parr abundance.
More than 50% of pools were formed by scour associated with LWD in streams ranging from 1.2
to 11 m channel width, and pools formed by LWD scour were on average 10% deeper than pools
formed by other mechanisms. Disproportionate use of small streams by cutthroat indicates that
protection of small stream habitat is important for long-term conservation of sea-run populations.

341) Scherer, R. 2001. Effects of changesin forest cover on streamflow A literaturereview.
In: Watershed Assessment in the Southern Interior of British Columbia.
Workshop proceedings, 9-10 March 2000, Penticton, British Columbia, Canada.
D.A.A. Toewsand S. Chatwin, Editors. British Columbia Ministry of Forests,
Resear ch Program, Victoria, Working Paper 57. Pages 44-55. (G)
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Author abstract: The Interior Watershed Assessment Procedure that is used in British Columbia
relies heavily on the use of Equivalent Clearcut Area as atool to estimate potential hydrologic
impacts on forest development on peak flows. The purpose of this literature review was to
summarize the results of numerous watershed experiments that have explored the relationship of
changes in forest cover to changes in spring freshet peak flows, the timing of peak flows, water
yield, and low flows This review included only snowmelt-dominated watershedsthat are
situated within western Canada and the United States and that could be related to watersheds
located within the central and southern interior of British Columbia. The review indicated highly
variable changes in: peak flow (ranging from no change to 66% increase), peak- flow timing
(ranging from no change to 18 days advancement), water yield (ranging from no change to 111%
increase), and low flow (ranging from no change to 37% increase). Also, there was no consistent
relationship between forest-cover removal and the above hydrologic variables.

342) Smith, D.G. 1976. Effect of vegetation on lateral migration of anastomosed channels of
glaciers meltwater river. Geological Society of America Bulletin. 87: 857-860. (F)

Author abstract: A series of experiments were performed on bank materials of anastomosed
channels in flood-plain silt deposits in the Alexandra Valley in Banff Park, Alberta, to determine
the effect of vegetation roots on bank erodibility and lateral migrationof channels. Underground
roots from the dense growth of meadow grass and scrub willow provide the reinforcement of
bank sediment and ariprap- like protection of channel banks from river erosion Results from the
experiments suggest that in cool environments with aggrading river conditions where overbank
deposition of silt, clay, and fine sand dominate then valley fill, vegetation roots are able to
rapidly accumulate and decay very slowly, thus affording protection to banks from erosion
deeper party of the channels.

Experiments were performed with a specially designed erosionbox, used as a meansto
stimulate natural erosion conditions and measure the influence of vegetation roots in reducing
bank erosion. Results indicate that the bank sediments with 16 to 18 percent by volume of roots
with a5 —cm root-mat for bank protection, typical of the area, had 20,000 times more resistance
to erosion than comparable bank sediment without vegetation. Assuming five severe erosion
days per year, potential lateral channel migrationwould amount to 4.2 cm per year. Such
resistance, due to vegetation, accounts for the remarkable stability of channels during the last
2,500 yr in the Alexandra Valley.

343) Steedman, R.J. 2000. Effects of experimental clear cut logging on water quality in
three small boreal forest lake trout (Salvelinus namaycush) lakes. Canadian
Journal of Fisheriesand Aquatic Sciences. 57(S2): 92-96. (C, )

Electronic abstract: Water quality was monitored in three 30- ha stratified headwater
Precambrian Shield lakesfor 5 years before and 3 years after moderate to extensive catchment
deforestation. These lakes, which had water renewal times of about a decade, showed only minor
changes in water quality by the third year after logging. Water quality response in a lake with
moderate deforestation and intact shoreline forest was smilar to that in two lakes with extensive
upland and shoreline deforestation. By the second and third years after logging, May- September
average volume-weighted concentrations of dissolved organic carbon, chlorophyll, total nitrogen,
K™, CI', and Si had al increased, generally by about 10-40% over predisturbance levels, while
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Ca’* and Mg?* had declined by 10-25%. Dry weather the first year after logging was associated
with temporary declines of 10-20% in dissolved organic carbon and chlorophyll.

344) Steedman, R.J., and R.S. Kushneriuk. 2000. Effects of experimental clear cut logging
on thermal stratification, dissolved oxygen, and lake trout (Salvelinus namaycush)
habitat volume in three small boreal forest lakes. Canadian Journal of Fisheries
and Aquatic Sciences. 57: 82-91. (I, J)

Author abstract: Clearcut logging around three 30- to 40-ha dimictic northwestern Ontario
lakes was associated with increases of 5% or less in midlake wind speed and no measurable
changes in spring and fall circulation efficiency or duration of stratification. Water clarity,
indexed as the depth at which photosynthetically active radiation was 1% of surface intensity,
declined by 25% after 3 years. Late-summer thermoclines were about 1 m shallower in two lakes
after logging, but it was not possible to exclude weather as a factor. None of the lakes showed
significant declines in lake trout (Salvelinus namaycush ) habitat volume. A forested shoreline
buffer strip around one of the lakes prevented increases in midlake wind speed but did not
prevent declines in water clarity and thermocline depth.

345) Steedman, R.J., R.S. Kushneriuk, and R.L. France. 2001. Littoral water temperature
response to experimental shorelinelogging around small boreal forest lakes.
Canadian Journal of Fisheries and Aquatic Sciences. 58: 1638-1647. (J)

Author abstract: Shoreline logging did not significantly increase average littoral water
temperaturesin two small boreal forest lakes in northwestern Ontario, Canada. However, over
the early summer monitoring period clearcut shorelines were associated with increases of 1-2°C
in maximum littoral water temperature, and increases of 0.3-0.6°C in average diurnal
temperature range, compared with undisturbed shorelines or shorelines with 30- m shoreline
buffer strips. Comparison of simultaneous water temperatures at littoral locations with and
without shoreline forest showed that increased temperatures were caused by daytime heating.

346) St-Onge, 1., and P. Magnan. 2000. | mpact of logging and natural fires on fish
communities of Laurentian Shield lakes. Canadian Journal of Fisheriesand
Aquatic Sciences. 57(S2): 165-174. (K)

Electronic abstract: The goal of this study was to determine if natural fires and logging have a
significant impact on abundance, growth, and size structure of fishpopulations in 38 lakes of the
Laurentian Shield (Québec, Canada). The watersheds of nine of these lakes underwent logging
and nine underwent natura fires, while the 20 remaining lakes were used as references. No
significant differences were found among the three lake groups in the catch per unit of effort of
the most abundant species: white sucker (Catostomus commersoni), northern pike (Esox lucius),
yellow perch (Perca flavescens), lake whitefish (Coregonus clupeaformis), fallfish (Semotilus
corporalis), brook trout (Salvelinus fontinalis), walleye (Stizostedion vitreum), and burbot (Lota
lota). No significant difference was found among control, burned, and logged lakes in the back-
calculated length of yellow perch, for which age determinations were made. However, we found
that the proportions of small yellow perch and white sucker were significantly lower in
populations of impacted lakes (burned and logged lakes pooled). The influence of logging and
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fires remained significant when a series of biotic and abiotic variables on watershed and lake
characteristics were accounted for in multiple regression analyses. The lower proportion of small
fish in impacted lakes could be due to an increase in postemergence mortality or to a shift of
individuals to the pelagic zone.

347) Story, A., R.D. Moore, and J.S. Macdonald. 2003. Stream temper aturesin two shaded
reaches below cutblocks and logging roads: Downstream cooling linked to
subsurface hydrology. Canadian Journal of Forest Research. 33: 1383-1396. (J)

Author abstract: This study examined water temperature patterns and their physical controls for
two small, clearing- heated streams in shaded reaches downstream of all forestry activity. Field
observations were made during July—August 2000 in the central interior of British Columbia,
Canada. For both reaches, downstream cooling of up to 4°C had been observed during daytime
over distances of ~200 m. Radiative and convective exchanges of energy at heavily shaded sites
on both reaches represented a net input of heat during most afternoons and therefore could not
explain the observed cooling. In one stream, the greatest downstream cooling occurred when
streamflow at the upstream site dropped below about 5 L-s™. At those times, temperatures at the
downstream site were controlled mainly by local inflow of groundwater, because the warmer
water from upstream was lost by infiltration in the upper 150 m of the reach. Warming often
occurred in the upper subreach, where cool groundwater did not interact with the channel. At the
second stream, creek temperature patterns were comparatively stable. Energy balance estimates
from one afternoon suggested that groundwater inflow caused about 40% of the ~3°C gross
cooling effect in the daily maximum temperature, whereas bed heat conduction and hyporheic
exchange caused about 60%.

348) Tonn, W.M., P.W. Langloais, E.E. Prepas, A.J. Danylchuk, and S.M. Boss. 2004.
Winterkill cascade: Indirect effects of a natural disturbance on littoral
macr oinvertebratesin boreal lakes. Journal of the North American Benthological
Society. 23: 237-250. (C)

Author abstract: Natural disturbances can provide insights into mechanisms organizing
communities by perturbing systems at larger scales and more realistic intensities than can often
be achieved otherwise. We took advantage of 2 winterkills of fish acommon disturbance of
small lakeson the Boreal Plains of northern Alberta (Canada), to assess the effects of sudden,
large reductions in fish densities on littoral macroinvertebrate assemblages. Winterkill nearly
eliminated the native fish assemblages (dominated by northern pike, Esox lucius, and yellow
perch, Perca flavescens) in the 2 lakes, whereas 2 nearby lakes with similar fish assemblages
were unaffected and served as references. Environmental characteristics of both winterkill and
reference lakes changed little from year to year. Uni- and multivariate analyses of
macroinvertebrates reveal ed some inherent among-lake differences, however, strong and parallel
changes in the invertebrate assemblages occurred only in the 2 winterkill lakes, congruent with
the winterkills of fish. Decreases in fish biomass were generally accompanied by increases in
macroinvertebrate density, particularly among taxa (e.g., amphipods, leeches, chironomids)
commonly eaten by the native fish. As a result, analyses of matrix concordance and variance
partitioning showed variation in macroinvertebrate assemblages was related to both temporal
changes in fish density and environmental differences among lakes but that the fish and
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environmental matrices were not strongly concordant. Our serendipitous study of community-
level disturbance revealed that winterkill-induced reductions of fish densities can have strong,
cascading effects on littoral macroinvertebrates in these boreal |akes.

349) Tonn, W.M., C.A. Paszkowski, G.J. Scrimgeour, P.K.M. Aku, M. Lange, E.E. Prepas,
and K. Westcott. 2003. Effects of forest harvesting and fire on fishassemblagesin
boreal plainslakes: A reference condition approach. Transactions of the American
Fisheries Society. 132: 514-523. (K)

Author abstract: To assess the impacts of forest harvesting and fires on lentic fishassemblages
in the Boreal Plains ecoregion (Alberta, Canada), we applied a reference condition approach to
37 lakes in burned, logged, or undisturbed catchments. Fish assemblages in the reference lakes
were classified into two types: those dominated by large-bodied piscivores and those dominated
by small-bodied fishes. A discriminant function analysis with only two environmental
descriptors (Iake maximum depth and average slope of the catchment) could correctly predict
assemblage type in 84% of reference lakes. Depth likely reflects the influence that winter oxygen
concentrations have on fish assemblage type, whereas catchment slope is correlated with a
variety of landscape-level features. Although potential effects of forest harvesting and fire can
increase the susceptibility of lakes to winter hypoxia (via nutrient enrichment) and alter
connectivity to the regional drainage network (via altered hydrology), fish assemblages in 93%
of the disturbed lakes did not deviate from the discriminant function predictions, suggesting
little, if any, assemblage- level effects of the disturbances over the 1-2-year time period of our
study. Indeed, the level of disturbance in a catchment could explain less than 3% of the variation
in assemblage structure, although a dight increase in the catches of white sucker Catostomus
commersoni and a greater proportion of small individuals in white sucker populations may have
reflected a modest enrichment effect in burned lakes. Current levels of landscape disturbance on
the Boreal Plains appear to have minimal effects on lake fish assemblages but, because of the
susceptibility of these lakes to winterkill, higher levels of terrestrial disturbance could prove
detrimental.

350) Tripp, D.B., and V.A. Poulin. 1992. The effects of logging and mass wasting on
juvenile salmonid populationsin streams on the Queen Charlotte IsSands. Land
Management Report Number 80 written by Tripp Biological Consultants, Ltd.,
Nanaimo, British Columbia, and V.A. Poulin & Associates, Ltd., Vancouver,
British Columbia. Written for the Fish/Forestry Interaction Program, Research
Branch, B.C. Ministry of Forests, Victoria. 38pp. (A, B, D, F)

Author abstract (Author Summary): The effects of logging and mass wasting on juvenile
coho salmon (Oncor hynchus kisutch), steelhead trout (O. mykiss, formerly Salmo gairdneri), and
Dolly Vardenchar (Salvelinus malma) were assessed in streams on the Queen Charlotte Islands.
Fish densities and habitat characteristics of 27-33 stream reaches were measured during summer
and fall. Reaches sampled included undisturbed old- growth forest streams (unlogged), logged
streams not directly affected by recent mass wasting (logged), and logged streams directly
affected by recent debris torrents and slides (mass wasted). Overwinter survivals and smolt
yields in three mass wasted and three non- mass wasted streams (all logged) were aso estimated
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in a downstream spring fishtrapping program, after determining the number of fish present in
each stream theprevious fall.

Logged reaches had less undercut bank cover than unlogged reaches, but did not differ
significantly from unlogged areas in any other habitat variable measured. Mass wasted stream
reaches, in contrast, had even less undercut bank cover, less large organic debris (LOD), fewer
pools and glides, and more riffles. They also had shallower pools during summer, a smaller
wetted stream width relative to rooted channel width, and less overwinter cover in the form of
deep pools with undercut banks and abundant LOD.

With one exception, there was no relationship between summer and fall fishdensities and
any of the habitat parameters measured in this study. The exception was the depth of gravel
scour overwinter, which appeared to determine the early summer abundance of coho fry in mass
and non mass wasted streams (all logged). Logged reaches had significantly higher coho fry
densities than unlogged or mass wasted reaches in summer and fall. Fish in mass wasted reaches
exhibited faster growth rates and attained larger sizes, as long as fry were not trapped in isolated
pools when reaches ‘‘ dewatered’’ . In mass wasted streams, a combination of poor egg-to-fry
survivals due to excess gravel scour, and poor juvenile overwinter survivals due to overwinter
habitat loss, nullified any gains in production attributable to logging. It aso nullified the high
growth rates and large size achieved by fish in their first year in mass wasted streams. Juvenile
overwinter survivals for all species were 2.1-3.5 times higher in non-mass wasted streams than in
mass wasted streams; smolt yields were 1.5-3.3 times higher.

The overal impacts of mass wasting on juvenile fish, and coho salmonin particular, are
serious enough to jeopardize the continued existence of self-sustaining populationsin directly
affected reaches until stream conditions improve. Four out of 11 mass wasted reaches in 1982
and 2 out of 3 mass wasted reaches in 1984 had effectively no coho fry. Impacts on Dolly
Vardenand steelhead trout did not appear as serious, though they too showed declinesin
overwinter survivals and smolt yields. Impacts on other species such as chum and pink salmon
were not investigated, though presumably these species would be negatively stressed by
increased gravel scour. Fish populations in otherwise normal (logged) reaches downstream of
major mass wasting events may also be adversely affected by mass wasting upstream, but the
problem requires further study.

351) Verschuren, J.P., and M. Bristol. 1974. Runoff from small water sheds and river bank
erosion near Watson Lake, Y.T. Indian and Northern Affairs Publication No. QS-
1585-0O00-EE-A1 written by the Department of Civil Engineering, University of
Alberta. Written for the Arctic Land Use Resear ch Program, Northern Natural
Resour ces and Environment Branch, Department of Indian and Northern Affairs.
35pp. plus Appendices. (G, F)

Author abstract: This report describes the current research being conducted by the Department
of Civil Engineering of the University of Alberta as part of the Arctic Land-Use Research
Program. The objective of the program has been to conduct research into environmental
problems resulting from land- use operations associated with resource development. This study
has been conducted in the south-east Y ukon, an area of the boreal forest within the region of
discontinuous permafrost.

Hydrographs are presented for the entire period of record for eight study watersheds in the
Watson Lake areq, together with daily rainfall and mean daily temperatures. The hydrographs are
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analysed and compared with those of two study watersheds situated in the foothills area of
Alberta.

A comparison is made between the study watersheds and those of southern mountain areas
by means of basin response factors calculated as the ratio of total ‘quick’ runoff to total
precipitation measured over a monthly time period. The response factors are used to indicate
which of the Watson Lake watersheds will be most susceptible to land- use changes.

Results of the 1973 erosion study at two sites on the Liard River are presented together with
apreliminary interpretation of the data acquired to date, including an explanation of the erosion
mechanism for deep rivers and the role played by bank vegetation. An erosion index has been
formulated based on channel and flood plain characteristics to give an objective, quantitative
measure of bank erosion potential.

An approach to further gauging of small streams in the North and to river bank erosion
studies in general, is suggested.

352) Whitaker, A., Y. Alila, and D.A.A. Toews. 2001. Modelling of peak flowchange using
the DHSVM model. In: Watershed Assessment in the Southern Interior of British
Columbia. Workshop proceedings, 9-10 Mar ch 2000, Penticton, British Columbia,
Canada. D.A.A. Toews and S. Chatwin, Editors. British Columbia Ministry of
Forests, Research Program, Victoria, Working Paper 57. Pages 94-111. (G)

Author abstract: The Distributed Hydrology Soil Vegetation Model (DHSVM) is a physicaly
based model that uses a Digital Elevation Model (DEM) to stimulate the effect of topography on
hydrologic processes. The influence of the forest canopy on the accumulation and melt of
snowpack is simulated in an explicit and physically based approach. Model calibration was
possible through the use of snow course surveys and snowline air-photo surveysin addition to
stream discharge at Redfish Creek experimental watershed near Nelson, B.C., where extensive
hourly data is available. The model appears to correctly simulate the influence of forest canopy
on the snowpack, and simulated and observed hydrographs are well matched in both calibration
and verification periods. Subsequently, 10 harvest scenarios, with varying levels of cutting in
different elevation zones, were evaluated over the 5-year period of record (1992-1997). Redfish
Creek basin (26knT) is divided into four elevation zones based on the hypsometric curve. The
three lower zones (770-1880 m) contain operable forest and make up 60% of the total basin area,
while the high-elevation alpine zone (1880 - 2300 m) forms 40% of basin area. Results show that
harvesting at progressively higher elevations (especially upper forest zone a