


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Schmiege, D.C, 1980. Processing mills and camps. Vol. 11 in

W.R. Meehan, ed. Influence of forest and rangeland
management on anadromous fish habitat in Western North
America. Series: 1979-. USDA: Forest Service. Pacific

Northwest Forest and Range Experiment Station, Portland,
OR. Gen. Tech. Rept. PNW-113, Vol. 11. 17 pp. (ADF&G,
Habitat Library, #B2439.)

This is a general summary of the effects of effluents from pulp
and paper mills on fish and other aquatic animals in the marine
and freshwater environment. It includes sections on toxicity of
effluents, increased oxygen demand, suspended settleable
materials, and air pollution. It also includes a section on the
effects of development and use of logging camps.

The known sublethal effects of pulp and paper efflucents are
attributable to coniferous fibers, hydrogen sulfide, and
nonvolatile soluble toxic substances. The last group is of major
environmental concern. Effects displayed by fish after exposure
to 1lethal concentrations of kraft effluent include 1loss of
schooling, respiratory distress, abnormal gill movements,
reluctance to eat, loss of equilibrium, convulsive coughing,
excessive mucous production, and finally death.

Activity: human disturbance; processing lumber/kraft/pulp.

Impact: addition of substrate materials; increase in
hydrostatic pressure or noise; change in level of dissolved
oxygen, nitrogen; change in levels of other toxic compounds
- bark or log leachates; change in levels of other toxic
compounds - other.
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Schoof, R. 1980. Environmental impact of channel modification.
Water Resour. Bull. 16(4):697-701. (ADF&G, Habitat Library,
#R3844.)

The purpose of this literature review is to identify and quantify
the effects of channelization and to examine the feasibility and
acceptability of alternative methods of flood control. 1In the
past 150 yr, over 200,000 mi of stream channels have been
modified. Channelization can affect the environment by draining
wetland, cutting off oxbows and meanders, clearing floodplain
hardwoods, lowering ground water 1levels, reducing ground water
recharge from stream flow, and increasing erosion sedimentation,
channel maintenance, and downstream flooding. Channelization
reduces the size, number, and species diversity of fish in
streams, In a wet climate, the fishery requires less than 10 yr
to fully recover. However, in the drier climates, the fishery
may never fully recover. In general, channel modifications have
performed as designed for flood abatement. Diking seems to be a
viable alternative to channel dredging. Dikes minimize destruc-
tion of wetland and eliminate the need for removing vegetation
from the existing stream banks. (Author's abstract)

Activity: channelizing waterways; filling (aquatic and
wetland habitats).

Impact: change in depth or velocity of water; addition of
substrate materials; removal of substrate materials;
physical disturbance of substrate materials; alteration of
natural cover - riparian vegetation; introduction or removal
of species.
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Schultz, R.D., and R.J. Berg. 1976. Some effects of log
dumping-on estuaries. USDC: NOAA, NMFS, Environmental
Assessment Division, Juneau, AK. 65 pp. (ADF&G, Habitat
Library, #B6357.)

Biologists investigated 32 log transfer sites in Southeast Alaska
to determine persistence of bark accumulation in estuaries and
its effects on estuarine 1life. Nineteen sites had bark
accumulation, which ranged from a trace to 26 cm. Numbers of
flora and nonmotile benthic invertebrate species were signifi-
cantly lower in occurrence at log transfer sites than at control
sites. Recommendations are made for siting 1log transfer
facilities in estuaries.

Addition of bark as substrate resulted in a reduction in the
abundance of existing plant life due to direct smothering and
prevention of repopulation presumably due to the instability of
the bark substrate. Smothering of sessile animals also occurred,
whereas mobile animals apparently were able to vacate the deposit
zones. On the other hand, some sessile forms were able to
repopulate the bark deposits. For example, the anemone Metridium
senile and tunicate Corella spp. were successful colonizers, as
were king crabs (Paralithodes camtschatica), Dungeness crab
(Cancer magister), starfish, cod (Gadus spp.), and shiney sea

perch (Cymatogaster aggregata). The extent to which these
colonizing species were "benefitted" was not determined.

Activity: log storage/transport.
Impact: addition of substrate materials; change in level of

dissolved oxygen, nitrogen; change in levels of other toxic
compounds - bark or log leachates.
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Schuytema, G.S., and R.D. Shankland. 1976. Effects of 1log
handling and storage on water quality. EPA, Cincinnati, OH.
Rept. No. EPA-600/2-76-262. 75 pp. (ADF&G, Habitat Lib-
rary, #B4552.)

The biological and chemical effects of three types of log storage
on water quality were investigated. Three flow-through 1log
ponds, two wet deck operations, and five log-rafting areas were
studied. Both biological and chemical aspects of stream quality
can be adversely affected by flow-through log ponds and runoff
from wet decks. Severity of degradation varies widely with each
situation. Runoff from wet decks had pollution characteristics
equal to or greater than that of the waters from the flow-through
log ponds studied.

Esthetically, a stream can be affected by the dark color of the
water coming from a log pond or wet deck. Floating bark from a
log raft or a log pond is also aesthetically displeasing. The
most significant problem associated with log rafting is the loss
of bark that commonly occurs when the logs are dumped into the
water.

The authors conclude:

1. Dissolved oxygen in flow-through log ponds tends to become
depleted during summer months when flows are low and the
waters are warm.

2. Both biological and chemical aspects of water quality can be
adversely affected by flow-through log ponds.

3. The discharge from flow-through log ponds is esthetically
displeasing, due mainly to the dark color of the water.
This dark color persists downstream until it is diluted out.

4. The runoff from wet decks has pollutional characteristics
equal to or greater than that of waters from flow-through
log ponds.

5. Although wet deck runoff has the potential to degrade water
quality in a receiving stream, especially under 1low flow
conditions, this effect could not be directly demonstrated.

6. The effects of handling and rafting logs on water quality in
rivers and sloughs depends on the intensity of such activity
and the stream's flushing action. A significant problem
associated with water storage is the loss of bark during log
dumping. Degradation will tend to be greater when larger
amounts of logs are handled and rafted. Flushing action of
the stream may reduce degradation or even transfer the
problem to another area.

Activity: log storage/transport.
Impact: addition of substrate materials; change in level of

dissolved oxygen, nitrogen; change in levels of other toxic
compounds - bark or log leachates.

577



Schwan, M., S. Elliott, and J. Edgington. 1985. The impacts of
clearcut logging on the fisheries resources of Southeast
Alaska. Pages 59-95 in M.J. Sigman, ed., Part II, Impacts
of clearcut logging on the fish and wildlife resources of
Southeast Alaska. ADF&G, Div. Habitat, Tech. Rept. 85-3,
Juneau. (ADF&G, Habitat Library, #B6565.)

This 1s a review paper of the most recent scientific
investigations being conducted in southeast Alaska on the effects
of logging on fish. A summary of the more pertinent findings
includes the following:

Streamflow:

1) Streamflow generally increases after logging. Variations in
streamflow between watersheds after logging appears to be
due to the amount of area harvested and the amount of
roads. Potential effects of increased streamflows include

. an increase in the amount of rearing area and an
increase in the production of rearing salmonids,
° increased bank erosion and sedimentation causing lower
egg-fry survival,
° and exacerbation of sedimentation by shifting of
destabilized woody debris.
2) Second growth may cause a reduction in streamflow relative

to prelogging flow regimes. Potential effects of decreased
flows include

° a reduction in rearing salmonid carrying capacity by a
reduction in rearing area,

° warmer water temperatures, although this may be offset
by improved shading,

° and an increase in the frequency of adult "die-offs"

during mid-summer drought conditions.

Temperature:
1) Temperature increases in proportion to the amount of stream-

side canopy removal. Temperature should revert to normal
regimes when second- growth canopy develops to a height
capable of shading the stream.

2) Increased temperature can persist through the winter and
shorten the development time of incubating salmon eggs and
alevins, causing earlier emergence. Early emerging pink and
chum salmon fry may enter the estuary prior to spring blooms
of marine plankton and experience a food shortage. Early
emerging coho and other rearing species enter streams at a
time when floods are more common and may be swept downstream
and lost to the system, causing reduced rearing density.
Elevated primary productivity and a longer growing season
result in higher growth rates and larger fish. Larger fish
can have greater summer and winter survival rates, in some
streams, yielding more smolts of a larger size, which
increases the adult return. These effects are short-liveqd,
however, as second growth should reduce temperatures to
prelogging levels 15-20 yr after cutting.
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3)

The timing of pink salmon runs is correlated with stream
temperature. Changes in watershed temperature could inhibit
upstream migration of adult pink, chum, and coho salmon.

Sedimentation:

1)

2)

Sedimentation can increase over natural levels as a result
of catastrophic incidences attributable to human error, poor
planning, or improper design and layout.

Streamside 1logging 1leads to gradual, but accelerating,
changes in stream morphology with increasing rates of
sedimentation and bedload movement. Chronic sedimentation
can occur as a result of increased streamflow and
accelerated erosion, bank destruction, destabilization of
mid-stream woody debris, destabilization or loss of debris
that anchors streambanks, and the death of tree roots that
support or strengthen streambanks. Potential effects of
sedimentation include the following:
Sedimentation can cause a decrease in egg-to-fry
survival of salmonids -~ intense pulses of sediment
affecting rearing salmonid behavior and decreasing
feeding and growth rate.
° A reduction of benthos diversity and abundance can
occur, causing changes in fish food supplies.
If sources of sedimentation are arrested, most fines are
flushed from the system during freshets and are usually
removed within 1 yr.

Light levels and nutrients:

1)

2)

Solar penetration increases with timber canopy removal and,
in conjunction with increased temperature and nutrients,
leads to increased primary production, elevated benthos
production, and (where nutrients are abundant) increases the
density of coho fry during the summer.

Changes in stream productivity are presumed to be, in part,
responsible for higher growth rates and earlier smolt age of
juvenile coho. 1Increased production in some studies has
been nullified by the winter carrying capacity, which is
regulated by the amount of winter habitat.

Stream habitat structures:

1)

2)

3)

In coastal forest streams, habitat is formed by the
influence of streambank conifers and the introduction and
incorporation of large woody debris. Woody debris and the
low-velocity conditions it creates are essential for optimum
rearing production.

Logging can overload streams with introduced debris. In
large streams, debris is transported downstream where it can
dislodge natural accumulations and cause channel
modification and sedimentation. Debris in 1large streams
generally does not create barriers to upstream migrants
because streams scour passages under or around large jams.
In small streams, debris remains in place. Fresh green
material can potentially cause a decrease in dissolved
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4)

5)

6)

7)

oxygen, and its leachates can create conditions toxic to
fish. Slash in small streams is dense and interlocked and
can create barriers to upstream migrating adult fish.

Dense logging debris loses most of its leachates after 1 yr
and does not constitute a water quality problem thereafter.
Dense accumulations do not inhibit rearing salmonid
production; in some cases, production may actually be
increased by providing greater amounts of cover.

Overzealous clearance of logging slash often removes natural
as well as introduced material. Removal of too much debris
deprives juveniles of cover, and salmon populations can be
seriously reduced during fall freshets. Populations will
remain unstable until stream habitat is rehabilitated.

lLoss or destabilization of mid-stream woody debris,
disturbance of debris that anchors stream banks, or death of
tree roots that support bank structures can reduce the
amount of high-quality rearing habitat. This reduces summer
and winter carrying capacity and may affect smolt yield.
Losses in smolt yield resulting from habitat degradation may
nullify increases in summer productivity or, in conjunction
with severe winters, may cause a net loss of smolt relative
to prelogging levels.

Long-term effects on habitat quality may result from stream
destabilization, as observed in Carnation Creek, British
Columbia, and from lack of recruitment of woody debris upon
removal of streamside timber. Data suggest a 30-50%
decrease in carrying capacity occurring 80 yr after initial
cutting of streamside conifers.

Recommendations:

1)

2)

3)

Stream protection and nmitigation techniques should be
applied during 1logging as the key to preserving the
productive capacity of streams over the short and 1long
term. The two most promising techniques are buffer strips
and debris management. Design criteria need to be
determined through applied research before maximum benefit
cna be gained from their use.

Further research should be conducted

a) to determine if changes in winter temperature regimes
occur in Southeast Alaska as a result of timber harvest
and how temperature changes affect salmonid stocks,

b) to determine the extent and severity of streamside
destabilization caused by 1logging and how salmonid
stocks are affected, and

c) to correlate intergravel waterflows to fry survival.

Stringent guidelines should be implemented to minimize the

addition of sediment to streams from logging-related

activities.

(Executive summary)
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Activity: clearing and tree harvest; grading/plowing.

Impact: change in water temperature; change in depth or
velocity of water; change in turbidity or suspended
sediments; addition of substrate materials; alteration of
natural cover - riparian vegetation; alteration of natural
cover - aquatic vegetation; alteration of natural cover -
overhanging bank or shoreline; addition of physical barriers
- partial obstructions; change in levels of pH, alkalinity,
or hardness; change in levels of other toxic compounds -
bark or log leachates; change in levels of nutrients.
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Scrivener, J.C., and B.C. Andersen. 1984. Logging impacts and
some mechanisms that determine the size of spring and summer
populations of coho salmon fry (Oncorhynchus kisutch) in
Carnation Creek, British Columbia. Can. J. Fish. Aquat. Sci.
41:1097-1105. (ADF&G, Habitat Library, #R3644.)

Natural patterns in emergence times, seaward movements, instream
distributions, densities, and growth of coho salmon fry between
March and September are contrasted with patterns observed during
and after 1logging in the Carnation Creek watershed. After
streamside logging in 1976-1977, fry emerged up to 6 wk earlier
and moved seaward more gquickly than prior to logging. These
observations are attributed to higher water temperatures during
the winter and to emergence during a period of more frequent
freshets. Increased fry movement from the stream could result in
habitat being underutilized. In sections affected by intense
streamside logging, the deposition of "fine" logging debris led
to increased fry densities during the summers of 1977 and 1978.
After major freshets in November 1978, which removed this fine
debris and affected channel morphology in these sections, fry
densities declined below those observed prior to logging. The
growth rate of fry was inversely correlated with density in all
stream sections. Growth rates, after correction for density,
tended to be greater in all sections after the adjacent
streamside was logged. Large fry and more variable numbers of
fry remained in the stream in September after logging than before
logging. Their increased size is attributed to the longer
growing season .afforded by earlier emergence. This complex of
interacting factors determines the number and size of fry in
autumn and it can influence the production of smolts the
following spring. (Author's abstract: modified)

Activity: clearing and tree harvest.

Impact: change in water temperature; addition of substrate
materials.
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Scrivener, J.C., and M.J. Brownlee. 1982. An analysis of the
Carnation Creek gravel-quality data 1973-1981. Pages 154~
173 in G. Hartman, ed. Proceedings of the Carnation Creek
workshop, a 10 year review. Pac. Biol. Sta., Nanaimo, B.C.
(ADF&G, Habitat Library, #R3003.)

A project to study the effects of logging on a small salmonid
nursery stream commenced in 1970 at Carnation Creek on the west
coast of Vancouver Island, British Columbia. The project is
designed for 5 yr of prelogging calibration (1970-1975), 6 yr of
logging (1975 - 1981), and five years of postlogging assessment
(1981-1986). A component study of this multidisciplinary project
is the assessment of spawning gravel quality. More than 1,200
gravel cores, intergravel-dissolved oxygen, and intergravel
permeabilities have been obtained since 1973 to assess changes in
the quality of the gravel and the corresponding changes to
survival and condition of salmon embryos. Cores were split and
analyzed as three layers. Fines less than 9.55 mm were found to
increase with depth. A seasonal trend was exhibited in the top
and middle 1layers, as particles less than 0.297 mm decrease
between early autumn and the following spring. After logging
commenced, fines less than 9.55 mm increased in the top layer
over prelogging levels. Major accumulations of particles between
9.55 mm and 0.297 mm occurred in the top layer of the lower 2 km
of stream after the first major postlogging freshet.
Concurrently, fines decreased in the bottom layer and intergravel
permeability, and dissolved oxygen declined. The addition of
data from August 1980 to September 1981 indicated that all
classes of fines were still accumulating in the streambed.
Marked reductions in chum and coho salmon egg-to-fry survival
were noted. All studies are continuing until project
completion. (Authors' abstract)

Activity: clearing and tree harvest; grading/plowing.
Impact: change in turbidity or suspended sediments; addition

of substrate materials; change in level of dissolved oxygen,
nitrogen.
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Sedlak, J.P. 1982. A comparison of the rafting and barging of
logs in southeast Alaska. USDA: Forest Service, Alaska
Region Admin. Doc. No. 118. 115 pp. (ADF&G, Habitat Lib-
rary, #Bl1082.)

This report contains a short but useful survey of recent
literature on environmental impacts of rafting and barging of
logs on the marine environment. It also includes a tabular
summary of 1log handling impacts and a brief narrative that
discusses ways of lessening such impacts. The state of Oregon's
policy for log handling is listed in an appendix to this report.

Activity: log storage/transport.
Impact: addition of substrate materials; physical
disturbance of substrate materials; change in 1level of

dissolved oxygen, nitrogen; change in levels of other toxic
compounds - bark or log leachates.
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Seelye, J.G., Hesselberg, R.J., and M.J. Mac. 1982. Accumulation
by fish of contaminants released from dredged sediments.
Environmental Science and Technology 16(8):459-464. (ADF&G,
Habitat Library, #R3809.)

Dredging and disposing of dredged materials causes a resuspension
and availability of contaminated materials to organisms. A
series of experiments were conducted to examine the potential
accumulation by fish of contaminants from suspended sediments.
Fish exposed to nonaerated sediments for 10 4 (a period which the
authors felt resonable to duplicate dredging operations)
accumulated PCBs (polychlorinated biphenyls) and Hg (mercury),
while fish exposed to aerated sediments for the same amount of
time accumulated PCBs, DDE, 2Zn (zinc), Fe (iron), Cs (cesium),
and Se (selenium).

These results demonstrate that several common environmental
contaminants can be accumulated by fish directly from resuspended
sediments.

Activity: dredging; solid waste disposal.

Impact: change in levels of heavy metals; change in levels
of other toxic compounds - other.
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Sekerah, A., and M. Foy. 1978. Acute lethal toxicity of
Corexit-9527/Prudoe Bay crude oil mixtures to selected
arctic invertebrates. Spill Technology |Newsletter
3(2):37-41. (ADF&G, Habitat Library, #R3181.)

Four arctic marine invertebrates (amphipods: Onisimus litoralis,

Boeckosimus edwardsi, Anonvx nugax, and a copepod Calanus
hyperboreus) were exposed to Prudhoe Bay crude oil and Prudhoe
Bay crude oil/Corexit 9527 dispersant mixtures (10:1, by volume).

A summary of the results of this study are provided below, taken
directly from the report. Values in the table are median lethal
concentrations (96 h LCggs). On the basis of amount of oil
added, greater mortality was observed in the Corexit-dispersed
oil-water mixtures. This was not thought to be due to the
toxicity of Corexit because no mortalities were observed in
Corexit concentrations up to the maximum used in oil/Corexit
mixtures in tests on two species. It is speculated that a
greater proportion of nontoxic hydrocarbons were dispersed in the
water column by using Corexit.

Table 1. Median Lethal Concentrations (96h LCso) Based on
Measured Hydrocarbon Concentrations

Prudhoe
Prudhoe Bay Corexit Bay Crude

Test Organism Crude 9527 Corexit 9527
sLs2
onisimus litoralis 49 (44-55)b 70 24-213
4-40

7 to 13 mm length

1l yr old
Boeckosimus edwardsi 44 (43-45) 80 64-213

40

6 to 15 mm length

1 yr old?
Anonyx nugax 38 (32-43) ——— 64-213
26 (20-32)

23 to 42 mm length
3 size classes

Calanus hyperboreus 73 (51-103) -—- 196 (161-238)

mostly copepodite
stages IV to VI (adult)

--- means no data were available.
a Sodium lauryl sulphate.
Parenthetical figures represent 95% confidence limits.
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Activity: drilling; transport of oil/gas/water - water.

Impact: change in levels of hydrocarbons.
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Servizi, J.A., and J.0.T. Jensen. 1977. Resistance of adult
sockeye salmon to acute thermal shock. Int. Pac. Salmon
Fish. Comm. Prog. Rept. No. 34. New Westminster, B.C., Can.
11 pp. (ADF&G, Habitat Library, #B6195.)

The resistance of adult sockeye salmon (Oncorhynchus nerka) to
acute thermal shock was measured under laboratory conditions
using sockeye treated to resist infection. The upper 1lethal
temperature due to acute themal shock was about 24°C for adult
sockeye. A graph of geometric mean survival time (GMST) versus
temperature was similar to that reported for juvenile sockeye but
was displaced lower by 1 to 1.5°C, indicating that adults were
less resistant to high temperatures. A discontinuity occurred at
the upper end of the curve where a second mortality curve
commenced associated with infections of Flexibacter columnaris.

Loss of equilibrium preceded death, with the difference in time
between first 1loss of equilibrium and GMST decreasing as
temperature increased. It was concluded that mortalities could
be expected for thermal exposures exceeding the temperature-time

relations for the loss-of-equilibrium curve. However, since
temperatures lower than those causing death by thermal shcok are
a factor in mortalities caused by F. columnaris, it was

recommended that these 1lower 1levels take precedence vwhen
temperatures are specified for protection of sockeye. (Author's
abstract/conclusions: partial)

Activity: clearing and tree harvest; grading/plowing; water
requlation/withdrawal/irrigation.

Impact: change in water temperature.
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Servizi, J.A., and D.W. Martens. 1974. Preliminary survey of
toxicity of chlorinated sewage to sockeye and pink salmon.
Int. Pac. Salmon Fish. Comm. Prog. Rept. No. 30. New West-
minster, B.C., cCan. 42 pp. (ADF&G, Habitat Library,
#B6186.)

In situ bioassays were conducted using sockeye salmon
(oncvorhynchus nerka) and pink salmon (O. gorbuscha) to
determine whether chlorinated sewage created toxic conditions' in
the vicinity of sewage outfalls. Chlorination increased toxicity
of sewage considerably, although effluents from primary and
aerated lagoon treatment systems were lethal to salmon in the
absence of chlorination. On the other hand, effluent from an
activated sludge plant was not lethal after cechlorination by
storage in a lagoon.

Histopathological examination indicated damage to gills was most
severe and rapid among fish exposed to chlorinated effluents,
whereas irritation was least among gills of fish exposed to
secondary effluent dechlorinated in a lagoon.

Batch tests indicated chlorine residuals persisted at 1lethal
levels for more than 2 d in sewage. In addition, comparison of
orthotolidine and amperometric methods of measureing chlorine
residual indicated the former was not sensitive enough to detect
concentrations of chlorine that would be 1lethal. (Author's
abstract)

Activity: sewage disposal.

Impact: change in levels of chlorinated compounds.
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Servizi, J.A., and D.W. Martens. 1978. Effects of selected
heavy metals on early life of sockeye and pink salmon.

Int. Pac. Salmon Fish. Comm. Prog. Rept. No. 39. New
Westminster, B.C., Can. 26 pp. (ADF&G, Habitat Library,
#B6194.)

Sockeye and pink salmon were exposed continuously to cadmium,
copper, and mercury under laboratory conditions during the egg to
fry stage. Observations of mortality, hatching, development and
growht were used to evaluate toxic effects. Acute toxicity was
quantified by measurements of median tolerance 1limit using
alevins, fry, and smolts.

Mortality, hatching, and growth of sockeye salmon during the
egg-to-fry stage were not affected by continuous exposure to 5.7
ug/l cadmium. However, the 168-h LCgq for first feeding fry was
8 ug/l cadmium.

When exposed to copper, the incipient lethal level was between 37
and 78 for sockeye but between 25 and 55 ug/l1 for pink salmon
during the egg-to-fry stage. Growth and hatching were no better
than mortality as indicators of toxic effects of copper. Copper
inhibited egg capsule softening, but asso- ciated mortalities
during hatching occurred only at concentrations also lethal to
eggs and alevins. Copper was concentrated by eggs, alevins, and
fry in proportion to exposure concentrations. Copper
concentrations of 105 and 6.8 ppm in pink salmon eyed eggs and
fry, respectively, coincided with mortalities.

Continuous exposure of eggs to 2.5 ug/l mercury caused malformed
embryos at hatching. Mortality, growth, and hatching were less

sensitive to mercury than was malformation. Mercury was
concentrated by sockeye and pink salmon in proportion to exposure
concentration during the egg to fry stage. Mercury

concentrations of 1.87 ppm in eyed eggs coincided with malformed
embryos at hatching. (Author's abstract)

Activity: dredging; grading/plowing; processing minerals.

Impact: change in levels of heavy metals.
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Servizi, J.A., D.W. Martens, and R.W. Gordon. 1970. Effects of
decaying bark on incubating salmon eggs. Int. Pac. Salmon
Fish. Comm. Prog. Rept. No. 24. New Westminister, B.C.,
Can. 28 pp. (ADF&G, Habitat Library, #B6182.)

The effect of bark contamination on salmon spawning grounds was
assessed in 1laboratory tests on sockeye salmon (Oncorhynchus
nerka) eggs and alevins. Bioassays showed that chemical toxicity
of materials leached from bark of Douglas fir, lodgepole pine,
Engelmann spruce, and Alpine fir was not a factor influencing
survival under the conditions tested. However, abundant growths
of the bacteria Sphaerotilus sp. occurred on bark during initial
stages of decay, causing severe mortalities among sockeye eggs
and alevins due to suffocation. In gravel-filled incubation
boxes, contamination of gravel with bark caused significant
reductions in survival from egg to fry at bark concentrations of
10% by volume, but 1% bark concentrations did not influence
survival. It was estimated that bark concentrations of 4% and
more were 1likely to increase egg-to-fry mortality owing to
depletion of oxygen supplies at incubation velocities around 5
cm/h, whereas bark concentrations of 1% and greater might retard
emergence timing, owing to oxygen depletion. However, calculated
oxygen levels alone are insufficient criteria for estimating the
effect of bark upon survival, because they fail to consider
uneven distribution of water flow caused by bark contamination.
Mortalities increased as bark concentraiton increased and as
water flow decreased. Mortalities were attributed to blockage of
intragravel water flow by bark particles. The oxygen demand of
decaying bark was found to be relatively constant with time
during the 683-d study. Calculations based on oxygen demand of
bark indicated the amount of oxygen that would remain for egg
incubation in natural redds at various temperatures and levels of

bark contamination. Possible effects of various oxygen
concentrations on size and emergence timing of fry were discussed
and limiting amounts of bark recommended. = (Author's

abstract/con- clusions: partial)
Activity: log storage/transport.

Impact: change in levels of other toxic compounds - bark or
log leachates.
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Servizi, J.A., D.W. Martens, and R.W. Gordon. 1978. Acute
toxicity at Annacis Island primary sewage treatment plant.

Int. Pac. Salmon Fish. Comm. Prog. Rept. No. 38. New
Westminster, B.C., Can. 12 pp. (ADF&G, Habitat Library,
#B6189.)

Continuous flow and static bioassays of dechlorinated primary
sewage were conduc;ed at Annacis Island sewage treatment plant
using fingerling dreye salmon (Oncorhynchus nerka). Sewage
consisted of a mixtykte of domestic, commercial, and industrial
waste waters, plyl ‘stormwater during wet weather. Treatment
included prech]br nation, preaeration, sedimentation,
disinfection by «Blotination and dechlorination using sulphur
dioxide. Geometric mean survival time (GMST) was determined
using undiluted effluent and survival during 96-h exposure to a
range of dilutions was measured. Acute toxicity was greater
during continuous flow than during static bioassays. In
addition, acute toxicity was greater during dry weather than
during wet weather flow conditions. Mortalities occurred at 10%
v/V.

Results were compared with acute toxicities measured at three
other primary sewage treatment plants in the Greater Vancourver
Sewerage and Drainage District, plus primary plants in San
Francisco and Seattle. Summation of toxic units attributed to
anionic surfactants, unionized ammonia, cyanide, nitrite, and
metals measured failed to account for all the acute toxicity
measured. (Author's abstract: modified)

Activity: sewage disposal.
Impact: change in levels of heavy metals; change in levels

of chlorinated compounds; change in levels of other toxic
compounds - other.
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Shaw, D.G. 1984. Environmental management of Port Valdez,

Alaska: scientific basis and practical results. Summary
report of a workshop held in Anchorage, AK., Sept. 1983.
Univ. Alaska, IMS, Fairbanks. 113 pp. (ADF&G, Habitat

Library, #B3566.)

A variety of benthic species, including barnacles, mussels, and
clams in the intertidal and subtidal areas of the Port of Valde:z
have been studied to determine the effects of tanker ballast
discharge. This workshop summarized the results of field and
laboratory studies, which have been conducted since the beginning
of tanker operations in 1977.

Six kinds of environmental alterations have been documented near
the oil terminal since operations began and may be associated
with petroleum discharge: hydrocarbon concentrations have
increased in sediments and in tissues of mussels, benthic infauna
community structure has changed, mussel recruitment has been
abnormal, numbers of hydrocarbon degrading bacteria have
increased, several changes have occurred in the barnacle Balanus
balanoides, and population density of the clam Macoma balthica
has declined. The workshop participants agreed that the
available data do not indicate that the current 1levels and
duration of petroleum discharge into Port Valdez have led to
widespread environmental alterations.

Activity: transport of oil/gas/water - water.

Impact: change in levels of hydrocarbons.
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Shaw, P.A., and J.A. Maga. 1943. The effect of mining silt on
yield of fry from salmon spawning beds. Calif. Fish Game
29(1):29-41. (ADF&G, Habitat Library, #R2721.)

Data presented in this paper show that mine silt deposited on
gravel spawning beds during either the early or later stages of
incubation results in negligible yields of fry. This damage
would occur when mining silt enters a stream at times other than
storm periods, when the water velocity is insuffigient to carry
the sediment in suspension.

Activity: dredging; grading/plowing.

Impact: addition of substrate materials:; physical
disturbance of substrate materials.
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Shaw, D.G., L.E. Clement, D.J. McIntosh, and M.S. Stekoll. 1981.
Some effects of petroleum on nearshore Alaskan marine
organisms. Corvallis ERL, Office of Research and Develop-
ment, U.S. Environmental Protection Agency, Corvallis, OR.
EPA 600/3-81-018. 83 pp. (ADF&G, Habitat Library, #B6151.)

The objective of this project was to study the effects of
chronic, low-level o0il pollution from Prudhoe Bay crude oil on
nearshore Alaskan marine organisms. The organism studied was the
intertidal bivalve mollusk, Macoma balthica. An oil-in-seawater
concentration of 3.0 mg/l caused severe dysfunction in clanms
including decreased burial rate, increased respiration rate, and
inhibition of growth, leading to very high mortalities. The
lowest concentration of oil tested, 0.03 mg/l, inhibited growth
and caused abnormalities in gonad morphology. One group of
adverse o0il effects that was related to sluggishness and
disorientation appeared after 7 d oiling; other effects related
to negative energy balance were not observed until 60 d. The
authors concluded that chronic exposure to oil-in-seawater
concentrations as 1low as 0.03 mg/l will in time 1lead to
population decreases.

Activity: drilling; transport of oil/gas/water - water.

Impact: change in levels of hydrocarbons.
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Sheeter, G.R., and E.W. Claire. 1981. Use of juniper trees to
stabilize eroding streambanks on the South Fork John Day
River. USDI:BIM. T/N: OR-1; Filing Code G763, Portland,
OR. (ADF&G, Habitat Library, #R5123.)

Cut juniper trees anchored along eroded banks proved beneficial
in stabilizing them, often during the first year. This study
indicates that juniper revetment is a successful substitute for
costly rock structures on straight or slightly curved banks.
Failure occurred on only 4% of the banks treated between 1974 and
1979. Failures were associated with improper anchoring and
placement of trees on outside curves. (Authors' summary)

Activity: channelizing waterways; filling (aquatic and
wetland habitats).

Impact: change in depth or velocity of water; addition of
substrate materials; alteration of natural cover - riparian
vegetation.
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Sheridan, W.L., and W.J. McNeil. 1968. Some effects of logging
on two salmon streams in Alaska. J. For.:
Feb. 1968:128-133. (ADF&G, Habitat Library, #R2669.)

Sedimentation of spawning beds and density of pink salmon were
observed before and after logging in two streams in southeastern
Alaska. The study lasted 7 yr, from 1958 to 1964. Although the
amount of fine particles in spawning beds increased temporarily,
the amount in 1964 (5 yr after logging) was not significantly
greater than in 1959. Densities of salmon spawners and fry
increased in the sampling areas, probably due to the abolition of
salmon traps in 1959. (Author's abstract: modified)

Activity: clearing and tree harvest.
Impact: change in turbidity or suspended sediments; addition

of substrate materials; alteration of natural cover -
aquatic vegetation.
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Sherk, J.A., J.M. O'Connor, and D.A. Neumann. 1976. Effects of
suspended solids on selected estaurine plankton. U.S. Army,
Corps of Engineers, Coastal Engineering Research Center.
Misc. Rept. No. 76-1. 50 pp. (ADF&G, Habitat Library,
#B2188.)

This report presents the effects of suspended particles on carbon
assimilation of four common phytoplankton species and on the
feeding rates of two common copepods. The experimental
concentrations of particles used were typical of those found in
estuarine systems during flooding, storm agitation, dredging, and
dredged-material disposal. Sediment suspensions reduced the
feeding rates of the two copepods tested. The suspensions also
reduced the carbon assimilation of the phytoplankton by 50 to
90%, probably by light loss.

These experiments were designed to measure the feeding rate of
the copepods, rather than stress. The authors caution that a
dense sediment suspension could result in reduced consumption of
food particles by the copepods, which over time could cause
population depletion and a break in the food chain.

Activity: dredging; solid waste disposal.

Impact: change in turbidity or suspended sediments; addition
of substrate materials; removal of substrate materials.
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Shields, F.D. 1982. Environmental features for flood-control
channels. Prepared for Office, Chief of Engineers, U.S.
Army, Tech. Rept. No. E-82-7. Washington, D.C., 107 pp. +
appendix. (ADF&G, Habitat Library, #B1891.)

This report presents and documents preliminary findings of an
information review performed to develop environmental guidance
for flood-control projects that involve modification of natural
stream channels by clearing and snagging, alignment, enlargement,
and lining. The response of the fluvial system to modification
sometimes results in unintentional or unforeseen environmental
impacts.

In general, channel modification results in a shorter, smoother,
more uniform channel with larger cross-sectional area and less
natural vegetation. Overbank flooding is eliminated or reduced,
and depths and velovities are changed at all flows. Because
extreme channel instability has adverse effects on ecological and
aesthetic resources, channel straightening should be minimized.
The channel cross section should be designed for low as well as
high flows; the existing velocity-versus-discharge relationship
should be preserved as much as possible at low and intermediate
flows to maintain the sediment transport characteristics of the
existing channel. Environmental features have been found to have
limited effectiveness unless the modified channel is reasonably
stable, the project area is protected against further
modification, and construction and maintenance work is closely
supervised and inspected.

The adverse environmental impacts of channel enlargement can be
reduced by following the existing channel alignment and
excavating from one side only. Floodways may be used to preserve
portions of the existing channel and its associated aquatic
habitat. Low=-flow channels may be constructed inside a larger
channel, or the existing channel may be preserved as a low-flow
channel. Pools and riffles may be constructed. Water-control
structures may be placed in the channel to maintain water levels
for aquatic habitat and aesthetics and to prevent invasion and
blockage. Meander loops may be maintained as small ponds or
wetlands.

Many of the adverse impacts of channel work can be avoided by
preservation of existing valuable vegetation and by prompt
revegetation with appropriate species. Aquatic habitat diversity
may be restored to a modified channel by placing simple habitat
structures in the channel to create vertical relief, nonuniform
flow patterns, and stable substrate; these devices should be used
with care because they increase hydraulic roughness and tend to
offset flood control measures. Biological recovery of some
modified streams may be improved by armoring the new channel with
biologically desirable coarse bed material. Adverse impacts of
channel 1lining or paving may be addressed by incorporating
natural materials, such as boulders, in the lining, by ponding
water in the 1lined channel, and by constructing low-flow
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channels, fishways, pools, and spawning channels. (Author's
abstract)

Activity: channelizing waterways.

Impact: change in water temperature; change in depth or
velocity of water; change in turbidity or suspended
sediments; physical disturbance of substrate materials;
alteration of natural cover - riparian vegetation; change in
levels of nutrients.
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Shields, F.D., and M.R. Palermo. 1982. Assessment of environ-
mental considerations in the design and construction of
waterway projects. U.S. Army Engineer Waterways Experiment
Station, Environmental Laboratory, Tech. Rept. No. E-82-8,
Vicksburg, MS. 210 pp. + appendix. (ADF&G, Habitat
Library, #B1884.)

This report identifies factors and constraints in design and
construction of waterway projects affecting environmental
quality. Waterway projects covered in this report include
channel modifications for both flood control and navigation,
dikes, stream bank protection, and levees. Locks and dams and
flood-control dams are not addressed. Flood=-control channel
modifications include clearing and snagging; channel enlargement,
alignment, and relocation; and channel stabilization using grade-
control structures or streambank protection.

The information presented in this report was collected from
literature reviews, personal interviews, and visits to Corps of
Engineers (CE) field offices and waterway projects. Design and
construction practices for each major project type are
summarized, and environmental impacts are identified. Recent
developments in design and construction practices to reduce
adverse impacts and ongoing relevant research are reviewed.

Adverse environmental impacts of flood-control channel
modification include 1loss of valuable habitats and habitat
diversity, channel instability, reduction of aesthetic value,
water quality degradation, and undesirable hydrologic changes.
The severity and nature of environmental impact varies
considerably from project to project. Methods to reduce adverse
impacts included stream restoration, artificial in-stream
structures, modified channel cross sections, and management of
cutoff meanders.

Immediate and eventual losses of backwater habitat are a major
impact of navigation channel modification projects.

The major environmental impact associated with dikes is the
reduction in water surface area and loss of habitat diversity due
to sediment accretion in the dike field. 1In some situations, the
rate of sediment accretion may be reduced by constructlng notches
or gaps in the dikes.

Major adverse effects of stream bank protection include loss of
riparian vegetation and reduction in the rate of channel
migration. Innovative stream bank protection designs that reduce
adverse impacts feature vegetation and combinations of structure
and vegetation.

The major environmental impact of levees is related to their
purpose: the creation of drier conditions on the land side of
the levee is frequently associated with land use changes. Recent
efforts to incorporate environmental considerations in levee
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projects include management of vegetation on and around levees
for wildlfie and aesthetics and recreational features.

Activity: channelizing waterways.

Impact: change in water temperature; change in depth or
velocity of water; change in <turbidity or suspended
sediments; addition of substrate materials; physical
disturbance of substrate materials; alteration of natural
cover - riparian vegetation; alteration of natural cover -
aquatic vegetation; alteration of natural cover -
overhanging bank or shoreline.
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Shumway, D.L., C.E. Warren, and P. Doudoroff. 1964. Influence of
oxygen concentration and water movement on the growth of
steelhead trout and coho salmon embryos. Tran. Am. Fish.
Soc. 93(4):342-350. (ADF&G, Habitat Library, #R3641.)

Embryos of coho salmon and steelhead trout were reared from
fertilization of the eggs to hatching, at about 10°C, at
different concentrations of dissolved oxygen ranging from about
2.5 to 11.5 mg/l and at different water velocities ranging from
about 3 to 750 cm/h. Some of the embryos rested on porous
plates, while others were buried in glass beads so as to simulate
natural conditions more closely. Fry from embryos reared at low
and intermediate oxygen concentrations hatched 1later and were
smaller in size at hatching than fry from embryos reared at
concentrations near the air-saturation 1level. At all oxygen
concentrations tested, reduced water velocities resulted in
reduced size of hatching fry. This effect of velocity was nearly
as pronounced at high oxygen concentrations as at 1low
concentrations. The effect of the difference of water velocities
tested was 1less than the effect of the difference of oxygen
concentrations tested. When some embryos were buried in glass
beads while others were not and the discharge rates of water
through cylinders containing the embryos were the same, the fry
that hatched in the cylinders containing beads were larger in
size than those in cylinders without beads. This effect is
ascribed to the increase of water velocities around the embryos
buried in beads. It was usually most pronounced when a mixture
of large and small beads was used. (Author's ahstract: modified)

Activity: clearing and tree harvest; dredging;
grading/plowing; sewage disposal.

Impact: change in level of dissolved oxygen, nitrogen.
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Sibert, J.R., and V.J. Harpham. 1979. Effects of intertidal log
storage on the merofauna and interstitial environment of the
Nanaimo River delta. Fisheries and Marine Services Tech.
Rept. 883. Dept. Fisheries and Oceans, Nanaimo, B.C. 27
pp. (ADF&G, Habitat Library, #B4363.)

Merofauna and interstitial habitat under intertidal log storage
rafts were studied in the spring of 1978 on the Nanaimo River
delta. Total abundance of major merofauna taxa at several field
sites could not be related to the presence of log booms. Species
composition of harpacticoid copepod populations showed that
interstitial species were small in size and that epibenthic
species usually predominated under booms. There are three
distinct habitat types associated with booming: alley, under
boom, and near dolphin. These three habitat types should be
ampled in further studies.

Greatest indications of habitat disruption were physical.
Sediments were compressed, and the anoxic zone was closer to the
sediment surface. Other features suggested that the ability of
currents to transport suspended material was decreased by the
presence of booms. These conclusions are compared to other
studies of intertidal log storage in Alaska and Washington.

Activity: log storage/transport.
Impact: physical disturbance of substrate materials:;

addition of physical barriers - partial obstructions: change
in level of dissolved oxygen, nitrogen.
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Sigler, J.W., T.C. Bjornn, and F.H. Everest. 1984. Effects of
chronic turbidity on density and growth of steelheads and
coho salmon. Trans. Am. Fish. Soc. 113:142-150. (ADF&G,
Habitat Library, #R3855.)

Laboratory tests were conducted in three facilities over a 2-yr
period to determine the effect of chronic turbidity on feeding,
growth, and social interactions of steelhead trout (Salmo
gairdneri Richardson) and coho salmon (Oncorhynchus kisutch
Walbaum). Differences in feeding capability and growth between
fish reared in clear water (zero turbidity) were indirectly
assessed by measuring differences in the size-related variables
of condition factor, ending weight and length, and mean daily
weight and length increases.

Fish fry 30-65 mm in length were subjected to varying degrees of
turbidity in artificial streams. Fish tended to emigrate,
especially smaller ones (less than 40 mm), from turbid to less
turbid stream sections. Growth rates of fish subject to
continuous turbidity of 25 NTU or more were lower than those of
fish in clearwater stream sections. Gill damage was not observed
for any fish examined until after 3 to 5 d of testing. Exposure
to chronic turbidity of varying levels reduces growth in coho
salmon and steelhead trout fry. Consistently, fish reared in
clear water were larger than fish in turbid water.

Exposure to chronic turbidity tended to reduce population
densities in artificial stream environments. Rearing in turbid
water altered behavior patterns of both species and reduced
competitive capability as evidenced by the increased percentages
of turbid water emigrants from competition tests. (Authors
abstract: modified)

Activity: channelizing waterways; clearing and tree harvest;
dredging; grading/plowing; processing minerals.

Impact: change in turbidity or suspended sediments.
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Sigman, M. 1985. Review of potential impacts of installation of
marine pilings. treated with creosote on marine organisms.
Unpubl. rept., ADF&G, Div. Habitat. 13 pp. (ADF&G, Habitat
Library, #R3423.)

This paper reviews the potential toxic effects of chemical
leachates from creosote-treated wooden pilings on marine
organisms in the context of Alaska State Water Quality Standards.
The paper summarizes the literature concerning toxicity testing
of creosote and its phenol and cresols constituents for salmonids
and other marine and intertidal species. Creosote, phenols, and
cresols result in physiological damage and rapid mortality (based
on LCgso mortality rates) for a variety of marine and freshwater
organfsms at low-to-moderate concentrations ranging from .001 to
11.6 ppmn. :

Information concerning actual leaching rates of toxic compounds
is scanty. Factors that may potentially mitigate impacts to
marine organisms are the possibility that 1leaching rates are
insignificant, the effects of tidal mixing, rapid biodegradation
of compounds under some conditions, and the physiological
capabilities of organisms to rid themselves of compounds when
they move to clean waters.

A monitoring program to determine concentrations of toxic
compounds around newly installed and older wooden pilings is
recommended to measure toxic compound concentrations which may
exceed Alaska State Water Quality Standards, as a basis for
determing whether timing restrictions during installation of
pilings are adviseable or whether alternatives to use of
creosote~treated pilings should be considered during project
design to avoid impacts. (Author's abstract)

Activity: filling (aquatic and wetland habitats).

Impact: change in levels of other toxic compounds =~ other;
change in levels of hydrocarbons.
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Silsbee, D.G., and G.L. Larson. 1983. A comparison of streams in
logged and unlogged areas of Great Smoky Mountains National
Park. Hydrobiologia 102(2):99-111. (ADF&G, Habitat
Library, #R3828.)

Water quality, benthic macroinvertebrate communities, and
physical stream channel characteristics of streams in areas of
virgin forest 1in the Great Smoky Mountains National Park
(Tennessee and North Carolina) were compared with those of
streams draining areas which had been logged before the estab-
lishment of the park in the 1930's. Stream channel
characteristics and invertebrate communities were investigated on
four formerly logged and four unlogged streams. Water quality
sampling, together with more detailed invertebrate sampling, was
conducted on two of these eight streams.

Water from the unlogged stream was generally higher in
conductivity, nitrate, sulfate, phosphate, calcium, magnesium,
sodium, and dissolved organic carbon than water from the logged
stream. Water from the logged stream was generally higher in
temperature, pH, alkalinity, turbidity, potassium, silica, total
and volatile suspended solids, and fecal coliform, faecal
streptococcus, and total coliform bacteria.

Substrate of the 1logged and unlogged streams was similar in
composition, but the logged streams had more of a 3-10 cm size
class of rocks than the unlogged streams. The unlogged streams
had over 4 times the volume of woody debris and 10 times the
volume of debris dams of the logged streams. Debris in the
logged streams tended to be smaller in size and fresher in
condition than those in the unlogged streams.

Macroinvertebrate samples from the same streams showed a pattern
of greater numbers of organisms in the streams draining logged
areas. The more detailed sampling showed a similar difference in
the total number of organisms, as well as greater biomass and
more taxa in the logged stream. Differences in the relative
importance of five functional groups were also observed.
Seasonal peaks in biomass of the five functional groups
corresponded approximately to peaks in the availability of the
primary food sources of the groups. (Author's summary)

Activity: clearing and tree harvest; grading/plowing.

Impact: change in water temperature; change in turbidity or
suspended sediments; addition of substrate materials;
physical disturbance of substrate materials; alteration of
natural cover - aquatic vegetation; change in levels of pH,
alkalinity, or hardness; change in levels of nutrients.
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Simenstad, C.A., W.J. Kinney, S.S. Parker, E.O. Salo,
J.R. Cordell, and H. Buechner. 1980. Prey community
structure and trophic ecology of outmigrating juvenile chum
and pink salmon in Hood Canal, Washington: a synthesis of
three years' studies, 1977-1979. Univ. Wash., Fish. Res.
Instit., FRI-UW-8206, Seattle, WA. 113 pp. (ADF&G, Habitat
Library, #B6248.)

Results from detailed studies of the prey organisms and prey
community structure of juvenile chum (Oncorhynchus keta) and pink
salmon (O. gorbuscha) in Hood Canal during the 1977-1979
out-migrations suggested that the migration rate of and habitat
selection by the juvenile salmon related directly to availability
of preferred prey organisms. Both epibenthic (harpacticoid
copepods, gammarid amphipods) and neritic (calanoid copepods,
hyperiid amphipods, larvaceans) zooplankton were important prey
taxa, depending upon the size of the fish and the stage in the
out-migration. Juvenile chum salmon entering Hood Canal early in
the out-migration (February-March), especially naturally spawned
chums less than 40 mm FL, encountered relatively meager prey
resources in shallow sublittoral and neritic habitats. Rapid
migration rates during this period suggested a behavioral
response to low prey availability might have included immediate
migration into habitats or regions with higher densities of
preferred prey. In spring, as prey resources increased,
migration rates decreased as the juvenile salmon spent more time
foraging in nearshore habitats. During spring, small fish (less
than approximately 50 mm) initially fed wupon epibenthic
zooplankton; upon growing to 45-55 mm FL (or being released at or
larger than that size from hatcheries) they moved into neritic
habitats and fed upon pelagic and nektonic zooplankton. Both
depletion of epibenthic zooplankton and growth of the fish to the
point that they could feed upon larger neritic prey and avoid
predators may have been responsible for this habitat transition.

Selectivity for large prey was quite apparent in both epibenthic
and neritic feeding modes and could be attributed to a number of
mechanisms, including 1) visual perception and active selection,
2) differential prey escape abilities, 3) functional morphology
of the juvenile salmon, and 4) optimization of bioenergetic cost
of foraging with nutritional value or prey. Comparison of
biweekly estimates of surplus carrying capacity of Hood Canal for
juvenile chum salmon and the abundance of almost 16 x 10

juvenile chums entering the canal in 1978 indicate that the
existing densities of fish depleted the resources of utilizable
epibenthic prey until early May, when the size of fish and
increases in neritic zooplankton enabled the out-migrating chums
to move into neritic habitats to feed. A number of
recommendations were proferred relative to further research and
development of hatchery release strategies based upon the
estimated surplus carrying capacity of such estuarine and
nearshore rearing habitats. (Authors' Abstract)
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Activity: filling (aquatic and wetland habitats).

Impact: addition of ©physical  Dbarriers - partial
obstructions.

609



Simmons, R.C. 1984. Effects of placer mining sedimentation on
arctic grayling of interior Alaska. M.S. Thesis, Univ.
Alaska, Fairbanks. 75 pp. (ADF&G, Habitat Library, #B0938.)

The effects of suspended sediment (in quantities greater than 500
mg/l) produced by placer mining activity, on arctic grayling
(Thymallus arcticus) was studied during the summers of 1982 and
1983 in the headwaters of Birch Creek and the Chatanika River
drainages, northeast of Fairbanks, Alaska. Data were collected
on each drainage near confluences of streams where one was
undisturbed and the other undergoing mining activity. Many age 0
and adult grayling were found in unmined streams; however, no
grayling were found in mined streams, except during periods of
migration. Grayling consistently chose clearwater areas for
summer residence. Caged fish studies demonstrated that grayling
suffered various direct, chronic effects from suspended sediment,
including gill damage, dietary deficiencies, and slowed
maturation. Indirect impacts of suspended sediment were loss of
summer habitat for feeding and reproduction. (Author's abstract:
modified)

Activity: dredging; processing minerals.

Impact: change in turbidity or suspended sediments.
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Simpson, P.W., J.R. Newman, M.A. Keirn, R.M. Matter, and

P.A. Guythrie. 1982. Manual of stream channelization
impacts on fish and wildlife. USFWS - Office of Biological
Services, Washington, DC. Publ. No. FWS/0BS-82-24. 155

pp. (ADF&G, Habitat Library, #B0737.)

This manual contains a synthesis of literature dealing with the
effects of stream channelization on fish and wildlife resources.
Information is summarized to provide an overview and general
understanding of key studies in channelizing. Channelization
includes clearing and snagging, riprapping, widening, deepening,
realigning, and lining a stream.

Physical impacts on streams include a change in form and
substrate. Depth and width, surface area, length, configuration
and bedform, substrate, cover, gradient, flow, and velocity are
other physical features that can be impacted by channelization.
The water column is characterized by physical attributes that can
be affected, such as solids and sediments, light, and
temperature. Chemical characteristics that have been impacted
include dissolved oxygen and other gases, dissolved solids,
oxygen demand, nutrients, and toxic substances.

Stream systems are highly variable, and channelization activities
can affect a combination of physical and chemical
characteristics. The net result could be a stream environment
that directly or indirectly affects the biological components.
Direct effects include mortality or injury to organisms and loss
of habitat. Indirect effects result from habitat alterations
that create 1less favorable conditions for aquatic organisms.
Shifts in species composition, dominance, diversity, and biomass
can favor organisms more tolerant to the resulting changes.

For aquatic organisms, major impacts of channelization occur from
loss of substrate; removal of snags, detritus, and debris; loss
of instream vegetation; loss of streamside vegetation; disruption
of the run-riffle-pool sequence; loss of stream length; increased
gradient and velocity; dewatering of adjacent areas; alteration
of the physiochemical regime; and reduction of allochthonous
input

Direct impacts of terrestrial and riparian habitats are clearing
of vegetation, dredging, and soil deposition. Indirect effects
on vegetation occur from the draining and dewatering effect that
the channel creates. Associated with this drying, 1land use
changes occur that may further alter vegetation communities.
Loss of woody species, decreased diversity, successional changes,
loss of productivity, and physiological changes can impact
vegetation. Impacts on the aquatic and vegetation systems
ultimately affect wildlife groups.
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Activity: channelizing waterways.

Impact: change in water temperature; change in depth or
velocity of water; change in turbidity or suspended
sediments; addition of substrate materials; removal of
substrate materials; physical disturbance of substrate
materials; alteration of natural cover -  riparian
vegetation; alteration of natural cover - overhanging bank
or shoreline.
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Singleton, G.A., O.A. Steen, K. Weagle, and D. Weir. 1981. Fish
and wildlife habitat recovery in placer mined areas of the
Yukon. Final rept. to the Department of Indian Affairs and
Northern Development. 130 pp. (ADF&G, Habitat Library,
#B2257.)

Fish habitats in several placer-mined drainages were assessed for
physical characteristics, water quality, and benthic community
parameters. Physical parameters such as velocity, substrate, and
channel characteristics were found to be the greatest limitation
to grayling habitat recovery. Placer-mining operations were
classified as wide valleys, narrow valleys, or other operations.
Wide valleys allowed tailing disposal within the valley without
encroachment on the valley walls; tailing disposal in narrow
valleys could be accommodated only on valley walls.

From 29 to 72 yr were found to be required to restore the
physical habitat of placer-mined wide valleys to control levels,
and, in narrow valleys, no trends of physical habitat recovery
were observed.

Water quality in wide valleys was found to return to control
levels in approximately 20 yr, whereas no predictable trend to
recovery was observed in water quality data from narrow valleys.
Too few other types of operations, high bench and hydraulic, were
examined to make conclusions on recovery.

Benthic community densities in wide and narrow valley streams
recovered in approximately 5 yr following mining. However, the
narrow valley streams did not return to control diversities and
became dominated with sediment-tolerant organisms.

The authors conclude that a lack of channel stability and 1low
flow are the most limiting factors to fish habitat recovery.
Activity: processing minerals.
Impact: change in depth or velocity of water; addition of
substrate materials; removal of substrate materials;

physical disturbance of substrate materials; alteration of
natural cover - overhanging bank or shoreline.
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smith, D.G. 1976. Effect of vegetation on lateral migration of

anastomosed channels of a glacier meltwater river. Geol.
Soc. Am. Bull. 87:857-860. (ADF&G, Habitat Library,
#R5109.)

A series of experiments were performed on bank materials of
anastomosed channels in floodplain silt deposits in the Alexandra
Valley in Banff Park, Alberta, to determine the effect of
vegetation roots on bank erodibility and lateral migration of
channels. Underground roots from the dense growth of meadow
grass and scrub willow provide the reinforcement of bank sediment
and a riprap-like protection of channel banks from river erosion.
Experimental results suggested that in cool environments with
aggrading river conditions where overbank deposition of silt,
clay, and fine sand dominate the valley fill, vegetation roots
are able to rapidly accumulate and decay very slowly, thus
affording protection to banks from erosion in deeper parts of the
channels. Experimental results, using a specially designed
erosion box, indicated that bank sediment with 16 to 18% of
roots, by volume, had 20,000 times more resistance to erosion
than comparable bank sediment without vegeetation. (Annotation
from Stern and Stern 1980b)

Activity: channelizing waterways; clearing and tree harvest;
grading/plowing.

Impact: alteration of natural cover - riparian vegetation.
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Smith, D.W. 1978. Tolerance of juvenile chum salmon (Oncorhynchus

keta) to suspended sediments. M.S. Thesis, Univ.
Washington, Seattle. 124 pp. (ADF&G, Habitat Library,
#B5946.)

Static biocassays were used to determine the tolerance of sea-
water-adapted chum salmon to the direct effects of suspended
sediments. Sublethal bioassays were also conducted, using blood
plasma glucose concentration as an indicator of stress. The
study was conducted on a floating laboratory situated close to
dredging activity at Bangor, Washington (Hood Canal).

Suspended sediment values that induced 50% population mortality
over a 96-h period ranged between 15.8 and 54.9 g/1 and are
considered the best estimates of median lethal thresholds.

Silt accumulation in opercular cavities and gill coating were
observed, but no cellular damage was evident. Low tolerance to
sediments was associated with high concentrations of dissolved
heavy metals. An effect of water temperature on tolerance was
not observed.

Several fish exposed to suspended overburden (large particles)
for 10-20 d exhibited tail rot.

Fish placed in high concentrations of suspended sediments

demonstrated symptoms of depressed available oxygen (hypoxia).
Activity: clearing and . tree harvest; dredging;
grading/plowing; processing minerals.

Impact: addition of substrate materials:; physical
disturbance of substrate materials.
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Smith, E.J., and J.L. Sykora. 1976. Early developmental effects
of lime~-neutralized iron hydroxide suspensions on brook
trout and coho salmon. Trans. Am. Fish. Soc. 2:308-312.
(ADF&G, Habitat Library, #R3018.)

Acid drainage from coal-mining operations often contains high
levels of dissolved ferrous iron (Fe?t), which converts to
insoluble ferric (Fe3%) species, including particulate ferric
hydroxide (Fe[OH]3), as pH is elevated and oxygenation takes
place. The neutralization of acidic coal mine effluents by the
addition of lime (Ca[OH];) slurry, a commonly practiced method of
acid mine drainage abatement, will also result in the production
of ferric hydroxide, which is normally removed by sedimentation.
This study dealt with brook trout and coho salmon egg and alevin
responses to experimental exposures to lime-neutralized iron
hydroxide suspensions.

Effects were interpreted from data on hatchability, survival, and
growth in five test concentrations and control. Growth of
90-d-o0ld coho salmon alevins was reduced in water containing 1.27
mg Fe/l of lime-neutralized suspended iron, whereas hatchability
was unaffected in the highest concentration tested, 10.5 mg
Fe/l. However, 10.5 mg Fe/l water had no measurable effect on
hatchability, survival, and growth of brook trout alevins. The
safe vupper 1limit of 1lime-neutralized suspended iron for
hatchability, survival, and growth of coho salmon alevins may lie
between 0.97 and 1.27 mg Fe/l. (Author's abstract: partial)

Activity: processing minerals.

Impact: change in turbidity or suspended sediments; change
in levels of other toxic compounds - other.
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Soroka, I.K., and G. Mackenzie-Grieve. 1983. A biological and
water quality assessment at a placer mine on Little Gold
Creek, Yukon Territory. Environment Canada, Environmental
Protection Service, Pacific Region, Regional Program Rept.
No. 83-06. 105 pp. (ADF&G, Habitat Library, #B2532.)

An assessment of water quality and biological conditions at a
placer gold mine site on Little Gold Creek was carried out during
the period June to September 1982. The water quality, sediment,
and bottom fauna characteristics were documented at five sample
stations.

Water quality parameters were seen to be dramatically influenced
by activity at the placer mine. During periods of sluicing
activity, elevated values of suspended sediments, settleable
solids, filterable residue, turbidity, and the extractable heavy
metals were observed at downstream locations. Dissolved oxygen
levels and pH values were lower at downstream locations during
sluicing.

Sediment composition of the stream bottom increased in the
percentage of fine sands and silts at downstream locations during

sluicing. These fine sediments were seen to have lower
extractable heavy metal values than the more coarse sediments of
the control station. This was attributed to the larger and

heavier metal-bearing particles being deposited in the
settling-pond system. Stream bottom composition was observed to
return to a composition more typical of the control station after
extended periods of no sluicing activity.

The abundance and diversity of bottom fauna were determined.
Diversity indices indicate that stations subjected to the
influence of the placer mine activity had lower diversity and
fewer organisms than the control. The composition of benthic
invertebrates changed from a community dominated by members of
the Ephemeroptera and Plecoptera at the control station to a
community dominated by members of the Diptera at stations subject
to the placer mining. (Author's abstract)

Activity: processing minerals.
Impact: addition of substrate materials; physical

disturbance of substrate materials; change in levels of
heavy metals.
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Sprague, J.B., J.H. Vandermeulen, and P.G. Wells. 1982. 0il and
dispersants in Canadian seas - research appraisal and
recommendations. Environment Canada. Environmental
Protection Service, Econ. and Techn. Rev. Rept. EPS 3-EC-82-
2. Ottawa, Ontario, Can. KIAIC8. 185 PP. (ADF&G, Habitat
Library, #B5374.)

This report evaluates knowledge of the fate and effects of oil
spilled at sea and the implications of using dispersants, with
special reference to Canadian marine environments. Almost 600
references from the scientific literature are utilized. Twelve
chapters by individual scientists give perspectives on the
Canadian o0il industry; fate and behaviour of oil in the sea;
microorganisms and degradation of oil; analytical chemistry; and
effects of o0il, dispersants, and chemically-dispersed oil on
phytoplankton, macrophytes, zooplankton, fish, benthic and
intertidal organisms, birds, marine mammals, and communities and
ecosystems. Recommendations are given for further research that
is required and strategies for minimizing effects of spills,
again with emphasis on Canadian waters. (Author's abstract)

Activity: drilling; transport of oil/gas/water - water.

Impact: change in levels of hydrocarbons.
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Starr, s.J., M.N. Kuwada, and L.L. Trasky. 1981.
Recommendations for minimizing the impacts of hydrocarbon
development on the fish, wildlife, and aquatic plant
resources of the northern Bering Sea and Norton Sound.
ADF&G, Div. Habitat, Anchorage. 525 pp. + 17 maps. (ADF&G,
Habitat Library, #B1511.)

This document describes oil and gas activities 1leading to
environmental disturbances and discusses the sources of impacts
to fish and wildlife resources. Activities associated with oil
and gas development include 1) geophysical surveying, 2)
exploratory drilling, 3) production drilling and platform
installation, and 4) laying submarine pipelines when development
is offshore. Onshore development mainly involves the
construction of 1) service bases, 2) platform fabrication yards,
3) treatment facilities, 4) o0il or marine terminals, 5) oil
refineries, 6) petrochemical plants, and 7) liquified natural gas
plants. Sources of impacts to fish and wildlife resources
resulting from these activities include o0il pollution, drilling
muds and cuttings, noise and disturbance, dredging and filling,
gravel mining, gravel islands, shoreline alteration, formation
wvaters, cooling waters and water withdrawal, secondary
development, harvest interference, and air pollution.

The biological effects of impact-causing activities on fish,
wildlife, aquatic plants and their habitats are presented in
annotated bibliographies that cover drilling and cutting; oil
pollution, dredging and £illing, gravel islands; shoreline
alteration; formation waters and formation water components; and
cooling waters and water withdrawals. Included is a glossary
that defines many of the terms used by the o0il and gas industry.

Activity: blasting; dredging; drilling; filling (aquatic and
wetland habitats); processing oil/gas; transport of oil/gas/
water - water; water reqgulation/withdrawal/irrigation.

Impact: change in depth or velocity of water; change in
turbidity or suspended sediments; addition of substrate
materials; removal of substrate materials; alteration of
natural cover - overhanging bank or shoreline; addition of
physical barriers -~ ©partial obstructions; increase in
hydrostatic pressure or noise; impingement or entrainment or
entanglement; change in levels of hydrocarbons.

619



Stednick, J.D., Tripp, L.N., and R.J. McDonald. 1982. Slash
burning effects on soil and water chemistry in southeastern
Alaska. J. Soil Water Conserv. 37(2):126-128. (ADF&G,
Habitat Library, #R3851.)

Stream water samples and soil samples were analyzed to determine
the effects of slash burning on soil and water resources in the
coastal hemlock-spruce, and sitka spruce forests of southeastern
Alaska. A comparison of water samples from above and below the
burned area showed that slash burning after timber harvest
increased total phosphorus and potassium concentrations in stream
flow. Suspended sediment concentrations and optical turbidity
exhibited variable relationships. Suspended sediment
concentrations were significantly greater below the burned area,
but no sample exceeded Alaska's water quality standard of 5.0
NTUs. A comparison of soil samples from an adjacent logged but
unburned area with samples from the burned area showed no
reduction in the depth of the soil organic horizon as a result of
burning. Neither did the nitrogen content in the organic horizon
change after Dburning, but burning after <timber harvest
significantly reduced the potassium and magnesium contents of the
horizon. What changes in soil and water resources did occur as a
result of timber harvest and slash burning will not reduce site
productivity or result in 1long-term degradation of these
resources. (Author's abstract)

Activity: burning.

Impact: change in turbidity or suspended sediments; change
in levels of nutrients.
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Stern, D.H., and M.S. Stern. l980a. Effects of bank
stabilization on the physical and chemical characteristics
of streams and small rivers: a synthesis. USFWS - Office of
Biological Services, Washington, D.C. Publ. No.
FWS/OBS-80/11. 43 pp. (ADF&G, Habitat Library, #B2049.)

This report presents information on the impacts of bank
stabilization on streams and small rivers (defined as those that
can be waded or used only by small pleasure boats). Strategies
for dealing with some bank stabilization problems are also
discussed briefly.

Bank stabilization is generally carried out as one of four widely
used techniques for channel modification or "improvement," the
other ones being 1) widening, deepening, and straightening; 2)
clearing and snagging; and 3) diking. Bank stabilization
efforts are directed at reducing or preventing bank erosion
problems. A number of physical-chemical factors can be affected
by bank stabilization measures or other water development
activities. Ten such factors were selected as being sensitive to
such activities and are examined individually in the text. The
factors include 1) depth and stage; 2) water surface area of
channel and floodplain; 3) channel configuration; 4) water
current velocity; 5) water temperature; 6) suspended solids; 7)
bed materials, including bedload; 8) dissolved substances; 9)
light transmissivity; and 10) flow variability.

In conclusion, the authors cite studies that state, "Flowing
waters with stabilized banks are dynamic systems that are
frequently unstable morphologically and biologically, and are
unpleasing aesthetically. Stabilized channels respond to any
alterations in bank or channel geometry and flow regime, such as
depth, and state, or sediment transport. When one variable
changes, one or more additional variables, in turn, respond to
that change and are themselves altered."

When a streambank is modified locally, banks above and below the
modified reach exhibit responses observable over long distances.
Energy that is no longer dissipated in eroding a newly riprapped
bank will be transferred to an unprotected reach elsewhere.
Piecemeal application of riprap may provide a short-run solution
to an obvious problem but may intensify long-run problemns.

Activity: channelizing waterways.

Impact: change in water temperature; change in depth or
velocity of water; change in turbidity or suspended
sediments; addition of substrate materials; removal of
substrate materials; physical disturbance of substrate
materials; change in level of dissolved oxygen, nitrogen.
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Stern, D.S., and M.S. Stern. 1980b. Effects of bank
stabilization on the physical and chemical characteristics
of streams and small rivers: an annotated bibliography.
USFWS - Office of Biological Services, Washington, D.C.
Publ. No. FWS/OBS-80/12. 78 pp. (ADF&G, Habitat Library,
#B6162.)

This annotated bibliography provides a reference source of
information on the impacts of bank stabilization on the physical
and chemical characteristics of small streams and rivers (defined
as those that can be waded or used only by small pleasure boats).
The bibliography has 213 references and is indexed by 26 key
subject headings. Papers range from technical documents to
general discussions addressing the physical and chemical changes
that result from various types of bank stabilization activities.
Many of the annotations provide a thorough summary of pertinent
information in the respective references.

The indexed subjects include the following:

Bed material (including sedimentation)
Bibliography

Channel configuration
Channelization impacts

Coastal

Construction

Depth and stage (including flooding)
Design and planning (guidelines)
Dissolved substances

Ecology

Erosion, bank

Erosion, bed

Erosion, other

Fauna, benthos

Fauna, fish

Fauna, other

Flow variability

Surface area

o L] o o L] o L] o L] o o L] L] L] o o o o (-] o

Surveys
Suspended solids (including turbidity and 1light
transmissivity)

Techniques: bank/bed protection
Techniques: soil stabilization
Temperature

Vegetation, establishment/planning of
Vegetation, natural

Velocity

[} [ L] o o o

Activity: channelizing waterways.
Impact: change in water temperature; change in depth or

velocity of water; change in turbidity or suspended
sediments; addition of substrate materials; removal of
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substrate materials; physical disturbance of substrate
materials; change in level of dissolved oxygen, nitrogen.
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Stern, E.M., and W.B. Stickle. 1978. Effects of turbidity and
suspended material in aquatic environments: 1literature
review. U.S. Army Engineers Waterways Experiment Station,
Vicksburg, Miss. Tech. Rept. D-78-21. 117 pp. (ADF&G,
Habitat Library, #B1889.)

Stern and Stickle present evidence to show that turbidity and
suspended material can play both a beneficial and detrimental
role in aquatic environments. Suspended material can remove
contaminants from the water column and stimulate photosynthesis
by introducing inorganic nutrients. However, the nutrients can
stimulate excessive growth, and turbidity can interfere with
photosynthesis by reducing light penetration.

Turbidity and suspended material have adverse effects on the
filter-feeding invertebrates. Most studies indicate that, with
exposure to temporary increases in turbidity and suspended
material similar to that encountered where dredging or disposal
has occurred, no permanent effects were exhibited. As a group,
fish are more sensitive to suspended solids than are most
invertebrates.

Direct effects of turbidity and suspended solids to fish include
lethal agents and factors that influence reproduction, growth,
and development or that produce abrasive wear on tissues.
Several laboratory studies indicated that fish eggs incubated in
suspensions of varying concentrations showed a delay of several
hours in hatching. Within a given species, the Jjuveniles
generally were more sensitive to concentrations of suspended
solids than adults.

The results of these studies have indicated that fish as well as
invertebrates are affected by a complex interaction between

suspended solids, temperature, and dissolved oxygen. A
correlation exists between normal habitat and sensitivity to
suspended solids. The most tolerant species are the bottom

dwellers, and the filter feeders are the most sensitive. High
suspended solids concentrations would be less harmful in winter
than in summer.

Activity: dredging; grading/plowing; solid waste disposal.
Impact: change in turbidity or suspended sediments; change

in levels of heavy metals; change in levels of biocides;
change in levels of nutrients.
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Stewart, R.K., and D.R. Tangerone. 1977. Water quality
investigation related to seafood processing waste water
discharges at Dutch Harbor, Alaska. Working Paper No.
EPA-910-8-77-100. Environmental Protection Agency,
Surveillance and Analysis Division. Seattle, WA. 77 pp.
(ADF&G, Habitat Library, #B2184.)

At the time of this study, approximately 48 million pounds (22
million kg) of seafood wastes were being ground and discharged
into waters of the Dutch Harbor area every year. In the study,
water quality measurements were taken in areas near waste
outfalls and compared with measurements taken in non-affected
areas. Low dissolved oxygen concentrations (at some stations
below 6 mg/l) near the bottom, increased ammonia and total
phosphorus concentrations within bays, and decomposing sludge
deposits of seafood wastes were encountered in surveys conducted
in both 1975 and 1976. Water current movement in Dutch Harbor
was found from diving and current drouge observations to be
negligible. Thus, waste solids discharged into Dutch Harbor do
not readily disperse. Decomposition of the accumulated wastes
apparently results in the observed poor water quality.

Activity: solid waste disposal.

Impact: addition of substrate materials; change in level of
dissolved oxygen, nitrogen; change in levels of nutrients.
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Stickle, W.B., T.D. Sabourin, S.D. Rice. 1982. Sensitivity and
osmoregulation of coho salmon, Oncorhynchus kisutch exposed
to toluene and naphthalene at different salinities. ©Pages
331-348 in W.B. Vernberg, A. Calabrese, F.P. Thruberg, and
J.F. Vernberg, eds., Physiological mechanisms of marine
pollutant toxicity. New York: Academic Press. (ADF&G,
Habitat Library, #R4272.)

Coho salmon (Oncorhynchus kisutch) smolts were more sensitive to
toluene and naphthalene in seawater <than in freshwater.
Tolerance dropped linearly from 0 through 10, 20, and 30 ppt
salinity. Smolt tolerances at 30 ppt salinity were 54 and 63% of
the 48-h TLm in fresh water for toluene and naphthalene,

respectively. Smolt tolerances to toluene and naphthalene were
the same after 12, 22, and 42 d of acclimation to sea water as
they were after only 1 4 of acclimation. The increase in

sensitivity was not transient nor did it appear related to
acclimation-gstress because the smolts gained 30% in weight 42 4.

Toluene and naphthalene affected serum osmolality and ions but
only at the lethal concentrations of 100 and 130% of the 48-h
TLm. At those exposure concentrations, osmolality, Nat, and cl
drifted with the diffusion gradient, decreased in fresh water
smolts and increased in sea water smolts. At the same
concentration, K' concentrations in the serum increased, even in
fresh water smolts, indicating cellular damage. Exposures of 70%
of the 48-h TILm had no effect on serum osmolality or ions.
Consequently, we conclude that the increase in sensitivity of
smolts in sea water is not related to a failure in ion-regulating
ability but rather the loss of ion-regulating ability at 1lethal
exposures is symptomatic of toxic actions elsewhere. The cause
of increased sensitivity of smolts in sea water is not transient
and remains unknown. (Author's abstract)

Activity: drilling; transport of oil/gas/water - water.

Impact: change in level of salinity; change in 1levels of
hydrocarbons.
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stickle, W.B., Jr., S.D. Rice, and D.A. Moles. 1984.
Bioenergetics and survival of the marine snail, Thais lima
during 1long-term o0il exposure. Mar. Biol. (Berl.)
80:281-289. (ADF&G, Habitat Library, #R3701.).

The carnivorous snail Thais lima was fed Mytilusul edulis during
a 28-d exposure to the water soluble fraction (WSF) of Cook Inlet
crude oil. The ILCgy of T. lima declined from greater than 3,000
ppb aromatic hydrocarbons on Day 7 to 818 + 118 ppb aromatic
hydrocarbons on day 28. The LCgqg of M. edulis declined from
3,000 ppb aromatic hydrocarbons on day 7 to 1,686 + 42 ppb on day
28, Predation rate declined linearly with increasing aromatic
hydrocarbon concentration up to 302 ppb; 1little predation
occurred at 538 ppb and none at 1,160 or 1,761 ppb. Snail
absorption efficiency averaged 93.5% and did not vary as a
function of WSF dose. Total energy expenditure (R + U) increased
at 44 ppb aromatics and declined at lethal WSF exposures. At
sublethal WSF exposures, percentages of total energy expenditure
were: respiration (87%), ammonia excretion (9%), and primary
amine loss (4%). These percentages did not vary as a function
of WSF dose or time. Oxygen:nitrogen ratios were not affected by
WSF concentration or time and indicated that T. lima derived most
of its energy from protein catabolism. The uptake of aromatic
hydrocarbons into the soft tissues of snails and mussels was
directly related to the WSF concentration. Naphthalenes
accounted for 67 to 78% of the aromatic hydrocarbons in T. lima
and 56 to 71% in M. edulis. The scope for growth was negative
above 150 ppb WSF aromatic hydrocarbons and above 1,204 ppb
soft-body aromatic hydrocarbons. These snails were
physiologically stressed at an aromatic hydrocarbon concentration
which was 19% of the 28-d WSF LC50 (818 + 118 ppb) and/or 48% of
the 28-d ILCgy of soft tissue aromatics (2,502 ppb). (Author's
abstract)

Activity: drilling; transport of oil/gas/water - water.

Impact: change in levels of hydrocarbons.
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Stober, Q.T., P.A. Dinnel, E.F. Hurlburt, and D.H. DiJulio.

1980. Acute toxicity and behavioral responses of coho
salmon (Oncorhynchus kisutch) and shiner perch (Cymatogaster

aggregata) to chlorine in heated sea-water. Water Research
14: 347-354. (ADF&G, Habitat Library, #R3896.)

Laboratory tests were used to assess the behavioral responses of
fish to plumes of chlorinated water because chlorine is commonly
used to control fouling organisms in power plants. Coho salmon
consistently showed a significant avoidance response to all test
concentrations of chlorine in ambient sea water and to heated sea
water. Shiner perch did not show a statistically significant
avoidance or preference response to chlorine in ambient sea
water. Shiner perch were attracted to heated water and to heated
water with low levels of chlorine.

Short exposures of sea water heated to 20°C from 12°C ambient
temperature significantly increased the toxicity of chlorinated
sea water to both coho salmon and shiner perch. Coho salmon were
affected by as 1little as a 3°C increase in temperature, and
similar results for juvenile pink and chinook salmon were noted
in another study. The effects of short exposures may be greater
than those of longer exposures where the fish can acclimate.

Activity: sewage disposal.

Impact: change in water temperature; change in levels of
chlorinated compounds.
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Stoeckeler, J.H., and G.J. Voskuil. 1959. Water temperature
reduction in shortened spring channels of soutwestern
Wisconsin trout streams. Trans. Am. Fish. Soc.,
88(4):286-288. (ADF&G, Habitat Library, #R5110.)

Late afternoon summer water temperatures at the mouth of a spring
channel on a trout stream near La Crosse 1in southwestern

Wisconsin were reduced by 10 to 11°F by shortening the channel by

67% and routing the water through a willow-shaded location.
(Author's abstract)

Activity: channelizing waterways.

Impact: change in water temperature.
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Striffler, W.D. 1960. Streambank stabilization in Michigan - a
survey. USDI: Forest Service Res. Pap. 84. Lake States
Forest Exp. Station, Lansing, Michigan. 14 pp. (ADF&G,
Habitat Library, #B1771.)

A survey of streambank stabilization in northern Lower Michigan
was made during the summer of 1958. Data were collected and
analyzed from 113 untreated and 115 treated banks on three
treated watersheds and one untreated watershed, with the
following results:

1) Bank stabilization is highly effective in stabilizing
waterlines, reducing bank erosion, and increasing the
density of the vegetative cover. Serious erosion on treated
banks averaged 7%, compared with 47% on untreated banks.
Waterlines of treated banks were 93% stabilized, compared
with 28% on untreated banks. The density of the vegetative
cover on treated banks averaged 50%, compared with 26% on
untreated banks.

2) Of the physical bank features examined, only the texture of
the soil bore any consistent relationship to the stability
of the bank. Clay banks generally had more serious erosion,
less stabilized waterlines, and 1less ground vegetation.
Sand and clay banks both responded to treatment to the same
degree.

3) After the banks were well stabilized by planting, volunteer
vegetation usually took over from planted vegetation.

4) The success of stabilization was adversely affected by
cattle grazing or trampling or the recreational use of the
bank. Fencing the bank to exclude cattle is of utmost
importance. (Author's summary)

Activity: channelizing waterways; filling (aquatic and
wetland habitats); grazing; human disturbance.

Impact: change in depth or velocity of water; addition of
substrate materials; physical disturbance of substrate
materials; alteration of natural cover -~ riparian
vegetation; physical trampling or crushing.
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Sumner, F.H., and O.R. Smith. 1940. Hydraulic mining and debris
dams in relation to fish life in the American and Yuba
rivers of California. cCalif. Fish Game 26(1):1-22. (ADF&G,
Habitat Library, #R2841.)

This article describes impacts of dams designed to contain and
settle out sediment from gold-mining effluent waters on spawning
populations of salmonids. The technique of building debris dams
described in this article is no longer practical. Earthen dams
have replaced concrete; however, the impact of sediments and the
physical impedance created by these dams are the same.

Early mining and later construction of dams greatly reduced the
salmon runs in the American and Yuba rivers by blocking anadro-
mous runs of steelhead and salmon.

Observations are described that indicate muddy water reduces
salmonid spawning activity. Preliminary sampling demonstrates
that clean substrates produce more fish-food organisms than do
substrates silted from mining activity. (Author's summary:
partial)

Activity: processing minerals.
Impact: change in turbidity or suspended sediments; addition

of substrate materials; removal of substrate materials;
physical disturbance of substrate materials.
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Suter, G.W. 1978. Effects of geothermal energy development on
fish and wildlife. USDI: USFWS - Office of Biological
Services, Washington D.C., Publ. No. FWS/OBS-76/20.6. 20
pp. (ADF&G, Habitat Library, #Bl1922.)

This document discusses the nature of geothermal resources,
technologies for exploration, extraction, and use; effects
(primary impacts) of these activities on fish and wildlife; and
the potential for habitat enhancement. Emphasis is placed on the
range of possible activities and effluents, including comparisons
with other energy technologies.

Three types of geothermal resources are being utilized or may be
utilized as energy sources: hydrothermal, geopressured, and hot
dry rock. Hydrothermal resources consist of stream or water
heated by volcanic material that has intruded into the earth's
mantel. Geopressured geothermal resources consist of hot water
isolated in poorly consolidated sandstones by subsidence (a
decline in elevation of a portion of the earth) along growth
faults (resulting from the slumping of rapidly deposited
sediments) in deep young sediments. Hot dry rock resources
consist of areas with higher than normal heat flow gradients but
no suitable aquifer.

Primary impacts are presented in text, and the reader must deduce
how these will affect a particular species. Impacts mentioned
include loss of habitat through road development, well drilling,
transmission-line corridors, pipeline construction, dredging and
filling wetlands, noise, human presence, physiological stress,
erosion, sedimentation and dust. An increased demand for water
for drilling and condenser cooling for electrical generation can
be expected.

Common chemical constituents of gases and liquids from geothermal
and hydrothermal wells and processing plants are discussed.
Noncondensible gases in geothermal fluids vary widely. Gas
fraction of steam at operating geothermal developments have been
found to contain CO5, HyS, CHy4, NH3, Ny, Hy, CyHg, He, Ar, Ne,
Hg, Rn. The emissions of cooling systems for geothermal plants
are higher per megawatt of electricity than those of coal or
nuclear plants. Drift deposition of contaminants in these
emissions is a potential problem. Other potential problems may
arise from improper methods of disposal of geothermal plant
liquids. These liquids may contain contaminants which are toxic
to some aquatic organisms. Many of these would still exceed
toxic levels after a thousandfold dilution. The toxicity problem
is complicated by synergistic interactions among toxicants and
between toxicants and temperature. Geothermal fluids have
temperatures greater than 100°C; upper lethal temperature levels
for a variety of freshwater fish range from 23.5-28.6°C. The low
thermal efficiency of geothermal plants results in relatively
high environmental heat loads. Once-through cooling of a
geothermal plant would have large effects per megawatt of
electricity due to heat, entrainment (passage through the system
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of smaller organisms), and impingement (capture on screening
device of cooling water intakes of larger organisms).

Activity: drilling; processing geothermal energy.

Impact: change in water temperature; change in turbidity or
suspended sediments; impingement or entrainment or
entanglement; change in levels of other toxic compounds -

sulfurous compounds; change in 1levels of other toxic
compounds - other.
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Sutterlin, A., M. Sutterlin, and S. Rand. 1971. The influence
of synthetic surfactants on the functional properties of the

olfactory epithelium of Atlantic Salmon. Fish. Res. Bd.
Can. Tech. Rept. No. 287. 14 pp. (ADF&G, Habitat Library,
#B0830.)

Over 150 synthetic surfactants were tested for stimulatory
effectiveness and possible blocking effects on the sensory
discharge evoked by amino acids in the olfactory epithelium of
Atlantic salmon parr. Few surfactants were stimulatory at 1 and
10 ppm and no trends were apparent relating stimulator
effectiveness to certain classes of these compounds. Blocking
effects at 1 ppm and lower were observed for several
alkyl-benzenesulfonates, quaternary ammonium and imidazolinium
salts and diamines. Most blocking effects were reversible
following rinsing with clean water. Nonionic surfactants
exhibited no blocking effects. (Author's abstract)

Activity: sewage disposal.

Impact: change in levels of other toxic compounds - other.
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Swales, S. 1982. Environmental effects of river channel works
used in 1land drainage improvement. J. Environ. Manage.
14:103-126. (ADF&G, Habitat Library, #R3853.)

The effects which river channel works such as dredging, widening
and straightening, used in land drainage improvement, may have on
physico-chemical environmental characteristics and the nature of
the aquatic community are discussed, with particular emphasis
being placed on fish habitat and ecology.

It has been shown that channel works can be completed with the
mimimum of environmental disturbance. Channel modifications can
be carried out without extensive bank vegetation removal or
serious damage to the river ecosystem. It has also been demon-
strated that it is possible to mitigate the adverse effects of
river channel works using instream habitat improvement devices to
recreate natural river characteristics. Structures such as
current deflectors, low dams, and artificial cover structures
have been employed successfully to rehabilitate areas of river
affected by channelization and to restore fish population to
pre~channelization 1levels. (Author's abstract and summary:
partial)

Activity: channelizing waterways.
Impact: change in water temperature; change in depth or
velocity of water; addition of substrate materials; removal

of substrate materials; physical disturbance of substrate
materials; alteration of natural cover - aquatic vegetation.
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Swales, S., and K. O'Hara. 1980. Instream habitat improvement
devices and their use in freshwater fisheries management.
J. Environ. Manage. 10:167-179. (ADF&G, Habitat Library,
#R5132.)

Fish distribution and abundance in rivers are largely determined
by physico-chemical characteristics of the environment. The
importance of physical factors associated with both longitudinal
river zonation and 1local habitat variability are discussed in
relation to their effects on fish populations.

Human disturbances to the river ecosytems may modify natural
river channel morphology, producing conditions unfavourable to
the survival of river fauna. However, instream structures may be
used to mitigate the adverse effects of river channel works and
to recreate natural river characteristics. Habitat improvement
is largely achieved by using devices to impound or modify river
flow, provide shelter, or improve spawning areas. (Authors'
abstract)

Activity: channelizing waterways; filling (aquatic and
wetland habitats).

Impact: change in depth or velocity of water; alteration of
natural cover - riparian vegetation; alteration of natural

cover - aquatic vegetation; alteration of natural cover -
overhanging bank or shoreline; addition of physical barriers
- impoundments.

636



Swanson, F.J., and C.T. Dyrness. 1975. Impact of clear-cutting
and road construction on soil erosion by landslides in the
western Cascade Range, Oregon. Geo. July 1975,
393-396. (ADF&G, Habitat Library, #R3588.)

The H.J. Andrews Experimental Forest was divided into two zones
of approximately equal area, each with strikingly different
susceptibilities to erosion by rapid soil movements. A stable
zone occurs at elevations above 900 to 1,000 m in terrain
underlain by lava-flow bed rock. Since logging and road cutting
began in 1950, only two small road-related slides have taken
place in the stable 2zone. In contrast, the unstable =zone,
located at elevations below 1,000 m and underlain by altered
volcaniclastic rock, has been the site of 139 slides during the
same period.

Slide erosion from clear-cut areas in the unstable zone has
totaled 6,030 m3/km2, or 2.8 times the level of activity in
forested areas of the unstable zone. Along road rights-of-way,
slide erosion was 30 times greater than on forested sites in the
unstable zone; however, only about 8% of a typical area of
deforested land in the unstable zone is in road right-of-way. At
comparable levels of development (8% roads, 92% clear-cut), road
right-of-way and clear-cut areas contribute about equally to the
total impact of management activity on erosion by landslides in
the unstable zone. The combined management impacts in the
unstable zone (assuming 8% road right-of-way and 92% clear-cut)
appear to have increased slide activity on road and clear-cut
sites by about five times relative to forested areas over a 20 yr
period. (Author's abstract: modified)

Activity: clearing and tree harvest; grading/plowing.

Impact: physical disturbance of substrate materials;
alteration of natural cover - aquatic vegetation.
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Swanson, F.J., and G.W. Lienkaemper. N.d. Physical consequences
of large organic debris in northwest streams. Unpubl.
rept., Oregon State Univ., Corvallis, OR. 14 pp. (ADF&G,
Habitat Library, #R2322.)

This paper discusses the mechanisms by which large organic debris
enters into and moves in streams, the consequences of debris
movement on channel morphology and sediment routing, the habitat
characteristics of debris in streams, and the impact of
management activities on stream debris. A case study of an
Oregon coastal stream is presented.

The authors summary includes the following:

Large organic debris is a principal factor determining the
biological and physical character of small and intermediate-sized
streams in forested landscapes of the Pacific Northwest. Debris
enters streams by blowdown, undercutting of streambeds, and mass
movement processes on adjacent hill slopes. Debris is moved
through channels by flotation at high water, in torrents, and as
dissolved and fine particulate matter following the breakdown of
wood-processing organisms.

Water and sediment routing in channels is controlled by 1large
debris, which may create a stepped along-stream profile. Stream
energy is thereby dissipated at the relatively short, steep
sections of channel so that much of the stream area may have a
gradient less than the overall gradient of the valley bottom.

Debris in streams creates habitat for aquatic organisms both by
serving directly as a substrate and by modifying streamflow to
form depositional areas. Activity of consumer organisms tends to
be concentrated in areas of wood and wood-created habitat. In
undisturbed first-order streams, this area may exceed 50% of the
total stream area, and in third-order streams it may exceed 25%.

Large pieces of debris reside in streams for decades and even
longer than a century. This long residence time results in a
rather uniform level of debris concentration in streams during
the 100+ yr of stand recovery following wildfire.

Management activities directly alter debris loading by addition
or removal of material and indirectly by increasing the
probability of debris torrents. The importance of debris
avalanches in triggering debris torrents suggests that torrent
prevention is best practiced by minimizing hillslope failures
rather managing stream debris. Natural debris torrents occur in
forested areas; however, clear-cutting and road construction may
increase the frequency of debris torrents by 20 to 40 times.
Repeated logging along headwater streams without buffer strips
will prevent small streams from recovering large organic debris
loads typical of undisturbed streams.

A program to maximize future options for good stream management
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would involve 1) leaving the natural debris in channels and
introducing a minimum of additional debris; 2) leaving a buffer
strip to help minimize alteration of the stream area and to serve
as a source of large debris for the stream in the future; 3)
minimizing debris avalanche potential, hence debris torrent
potential, by improved unit and road 1layout, development and
maintenance.

Activity: clearing and tree harvest; grading/plowing.-

Impact: change in turbidity or suspended sediments; addition
of substrate materials; alteration of natural cover -

riparian vegetation; alteration of natural cover - aquatic
vegetation; addition of physical barriers - partial
obstructions.
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Swanston, D.N. 1969. Mass wasting in coastal Alaska. USDA:
Forest Service Res. Pap. PNW-83. Pacific Northwest Forest
and Range Experiment Station. Juneau, AK. (ADF&G, Habitat
Library, #B3840.)

Mass wastage is the dominant process of natural erosion and slope
reduction in geologically youthful southeast Alaska. Steep
slopes and excessive soil-water content are the principal causes
of slide occurrence; destruction of natural slope equilibrium and
stabilizing root systems are secondary factors.

Slope gradient alone characterizes the region as primed for mass
movements of all types. Sections of almost every timbered slope
exceed the natural angle of stability of the soil on them. Man's
activities will aggravate such naturally unstable slope
conditions. Therefore, the practical problem faced by land
managers is the decision to accept the consequences of logging
oversteepened slopes or to control the effects of these
activities in order to minimize the occurrence of mass movements.
Control may be done by application of direct methods of slope
stabilization or avoidance of areas of known or expected
instability.

Probably the most practical and direct management policy at
present is avoidance of areas of maximum slide susceptibility.
The lower limit of internal friction angles for soils commonly
found on these slopes is known (about 34°). Slopes with
gradients equal to or greater than this angle are highly
susceptible to sliding particularly if they are severely
disturbed. (Author's conclusions: modified)

Activity: clearing and tree harvest.

Impact: addition of substrate materials; removal of
substrate materials; physical disturbance of substrate
materials.
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Swanston, D.N. 1970. Mechanics of debris avalanching in shallow
till soils of southeast Alaska. USDA: Forest Service Res.
Pap. PNW-103. Pacific Northwest Forest and Range Experiment
Station. Juneau, AK. (ADF&G, Habitat Library, #B3841.)

Studies in the Maybeso valley show that the majority of debris
avalanches and flows develop on slopes greater than 34° and are

especially frequent around a critical angle of 37°. On an
isosinal contour map of Maybeso valley, this angle is represented
by the critical contour 0.6, the sine of 37°. Above this

critical contour, sliding is imminent with the destruction or
disruption of any cohesive forces acting to hold the soil in
place. Below the critical contour is a zone of decreasing
instability. The zone of instability thus defined is 1located
principally in the deeper stream notches and in a narrow band
near the 1,200-ft contour. The narrow band in the vicinity of
maximum slide activity corresponds to the steep face of a till
shoulder marking the upper limit of younger till.

By construction of an isosine map, or more simply mapping of
slope angles, areas of general slope instability within a
watershed can be 1located and the feasibility of applying
preventive or control measures determined. If the area of
instability is a bedrock cliff, no additional consideration need
be given. If the area 1lies within some of the best timber
stands, serious thought should be given to harvesting techniques
and road construction in the critical area. (Author's
conclusions)

Activity: clearing and tree harvest; grading/plowing.

Impact: physical disturbance of substrate materials.
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Swanston, D.N. 1971. Principal mass movement processes
influenced by 1logging, road building, and fire. Pages

29-39, in Forest land uses and stream environment. Pro-
ceedings of a Symposium, 19-21 October 1970, Oregon State
Univ. USDA: Forest Service, Pac. NW For. and Range

Exper. Stat., Juneau, AK. (ADF&G, Habitat Library, #R3852.)

Dominant natural soil mass movement processes ~active on
watersheds of the western United States include 1) debris
avalanches, debris flows, and debris torrents; 2) slumps and
earth flows; 3) deep-seated soil creep; and 4) dry creep and
sliding. A dominant characteristic of each is steep slope occur-
rence, frequently in excess of the angle of stability of the
soil. All but dry creep and sliding occur under high soil
moisture conditions and usually develop or are accelerated during
periods of abnormally high rainfall. Further, all are encouraged
or accelerated by destruction of natural mechanical support on
the slopes. Logging, road building, and fire play an important
part in initiation and acceleration of these soil mass
movements. Road building stands out at the present time as the
most damaging activity, with soil failures resulting largely from
slope 1loading, back-slope cutting, and inadequate slope
drainage. Logging and fire affect stability primarily through
destruction of natural mechanical support for the soils, removal
of surface cover, and obstruction of main drainage channels by
debris. (Author's abstract)

Activity: burning; clearing and tree harvest; grading/plow-
ing.

Impact: physical disturbance of substrate materials.
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Swift, D.J. 1978. Some effects of exposing rainbow trout (Salmo
gaidneri Richardson) to phenol solutions. J. Fish Biol.
13:7~-17. (ADF&G, Habitat Library, #R3880.)

This paper describes experiments to investigate responses, such
as urine flow rate (UFR), haematocrit, and uptake by the loss of
phenol (CgHs0H) from different tissues and organs of rainbow
trout to obtain more information on the physiological action of
this poison under sublethal conditions.

Phenol at nonlethal concentrations in hard water had no effect on
the urine flow rate or haematocrit of rainbow trout for exposure
times of 24 h. Phenol was detected in the wurine in a
nonconjugated form, and unchanged phenol was also extracted from
muscle, blood, and brain. Uptake of phenol into tissue was found
to be rapid with an equilibrium concentration being reached in 3
h. Loss of phenol after exposure was as rapid. The equilibrium
concentration for muscle was similar to the phenol concentration
to which the fish were exposed. Blood and brain contained
smaller amounts. Close to or above the 1lethal threshold
concentration (48 h LCgg 9 mg/l; 15C) the fish had higher than
ambient concentrations in their tissues, most notably in the
brain. Above the lethal threshold there is evidence of a large
uptake of phenol by erythrocytes. (Author's abstract: modified)

Activity: filling (aquatic and wetland habitats); processing
oil/gas; sewage disposal; transport of oil/gas/water -
water.

Impact: change in levels of hydrocarbons.
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Swindel, B.F., C.J. Lassiter, and H. Riekerk. 1983. Effects of
different harvesting and site preparation operations on the
peak flows of streams in Pinus elliottii flatwoods
forests. For. Ecol. Manage. 5:77-86. (ADF&G, Habitat
Library, #R3839.)

Stream flows on three poorly drained and contiguous pine
flatwoods catchments were monitored for 3.5 yr. One was left
untouched. Pine timber from another was manually harvested at the
end of the first year, residues were chopped, terrain was bedded,
and pine seedlings planted - a minimum series of forest
operations. The third was subjected to a maximum series of
forest operations - harvesting of tree-length logs with heavy
equipment, lightwood stump removal, burning, windrowing, discing,
bedding, and planting.

Unlike the minimum series, the maximum series of forest
operations significantly increased the peak outflows,
particularly following windrowing. The increase was estimated to
exceed sixfold immediately following windrowing and to decrease
slowly and linearly with time thereafter. (Author's abstract)

Activity: burning; clearing and tree harvest:;
grading/plowing.
Impact: change in depth or velocity of water; addition of

substrate materials; physical disturbance of substrate
materials.
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Sykes, J.E., and J.R. Hall. 1970. Comparative distribution of
mollusks in dredged and undredged portions of an estuary,
with a systematic 1list of species. Fish. Bull.
68(2):299-303. (ADF&G, Habitat Library, #R3814.)

A survey of benthic mollusks in Boca Clega Bay, Florida, showed a
much smaller number and variety of species in the soft sediments
in dredged canals than in the predominantly sand and shell
sediments in undredged areas. Samples contained an average of
60.5 live mollusks and 3.8 species in undredged areas and 1.1
individuals and 0.6 species in dredged canals. A 1list of
mollusks collected in this survey and in past studies is
appended. (Author's abstract)

Activity: dredging.

Impact: removal of substrate materials; physical disturbance
of substrate materials; introduction or removal of species.
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Tarplee, W.H., D.E. Louder, and A.J. Weber. 1971. Evaluation of
the effects of channelization on fish populations in North
Carolina's costal plain streams. North Carolina Wildlife
Resources Commission, Raleigh, NC. 22 pp. (ADF&G, Habitat
Library, #B1880.)

This research study was designed to determine the degree of
damage, 1if any, to fish populations resulting ‘from channel-
ization, and to determine the rate of recovery, if the damage
was significant.

The conclusions from this study were as follows:

1) The removal of forest canopy and stream cover by
channelization can warm Coastal Plain streams having white,
shifting sand bottoms to a temperature higher than that
permitted by North Carolina State law.

2) Most channelized streams are extremely shallow, have a flat
bottom, and contain few deep pools, whereas undisturbed
natural streams are deeper and contain numerous deep pools.

3) The greatest single factor affecting a fish population
appears to be the amount of stream cover.

4) Data indicate that natural streams have an average carrying
capacity per surface acre in excess of three times that
found in streams that have been channelized.

5) The average poundage of game fish per surface acre was over
400% greater in the natural streams than in the channelized
streams.

6) Channelization appears to adversely affect game fish more
than nongame fish.

7) The number of harvestable game fish (> 6 in 1long) was
reduced by more than 75% by channelization.

8) Natural streams produce larger fish than do channelized
streams.

9) Invertebrate macrobenthos were reduced by 78.8% in volume
following channelization.

10) The overall quality of streams, as based on species
diversity, was reduced by 27.5% following channelization.

11) Species diversity increased with corresponding increases in
cover and time since channelization.

12) Forty-six percent of the natural streams yielded fish

populations greater than 100 lb/surface acre, whereas only
15% of the channelized streams had more than 100 lb/surface
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13)

14)

15)

acre. :

Forty-six percent of the natural streams revealed gamefish
carrying capacities greater than 50 lb/surface acre, whereas
only 6.6% of the channelized streams had a gamefish carrying
capacity in excess of 50 lb/surface acre.

There was a considerable increase in the diversity index
between cover classes 2 and 3, indicating that stream
quality increases proportionately to the amount of cover.

Fish populations, as represented by species diversity, in a
channelized stream may recover to natural levels in
approximately 15 yr, provided no further alterations of the
stream bed, bank, forest canopy, or agquatic vegetation
occur. (Author's conclusions)

Activity: channelizing waterways.

Impact: change in water temperature; change in depth or
velocity of water; change in turbidity or suspended
sediments; addition of substrate materials; alteration of
natural cover - riparian vegetation; alteration of natural
cover - aquatic vegetation; alteration of natural cover -
overhanging bank or shoreline.
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Taylor, T.L., and J.F. Karinen. 1977. Response of the clam,
Macoma balthica (Linnaeus 1758), exposed to Prudhoe Bay
crude o0il as unmixed o0il, water-soluble fraction, and
oil-contaminated sediment in the laboratory. Pages 229-237
in D.A. Wolfe, ed. Fate and effects of petroleum hydro-
carbons in marine organisms and ecosystems. Proceedings of
asymposium, 10-12 Nov. 1976, Seattle, Wash. New York:
Pergamon Press. (ADF&G, Habitat Library, #R3700.)

The small clam, Macoma balthica (Linnaeus 1758), will likely be
subjected to o0il slicks layered on the mud and to water-soluble
fractions (WSFs) of crude oil or oil-contaminated sediment.
Groups of adult clams in or on their natural sediment were
exposed in flow-through aquaria at 7-12C to various
concentrations of Prudhoe Bay crude oil layered on the mud
surface, the WSF of the crude oil, and oil-treated sediment
(OTS) .

Gentle settling of crude oil over clam beds had negligible
effects on clams observed for 2 mo. The WSF and OTS of Prudhoe
Bay crude oil inhibits burrowing and caused clams to move to the
sediment surface. Responses were directly proportional to
concentrations of WSF or amount of OTS. The 1-h and 72-h
effective median concentrations of the WSF for the responses of
burrowing by unburied clams and surfacing by buried clams were
0.234 and 0.367 ppm naphthalene equivalents, respectively. The
interpolated amount of OTS needed for a 50% surfacing response
within 24 h was 0.67 g OTS/cm2.

Although short-term exposures of clams to the WSF of crude oil
and OTS caused few deaths, behavioral responses of clams to oil
may be of great importance to their survival in the natural

environment. In these 1laboratory tests, many of the clams
recovered, but in nature, clams that come to the sediment surface
may be eaten by predators or die from exposure. (Author's
abstract)

Activity: drilling; transport of oil/gas/water - water.

Impact: change in levels of hydrocarbons.
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Thackston, E.L., and R.B. Sneed. 1982. Review of enviromental
consequences of waterway design and construciton practices
as of 1979. Prepared for Office, Chief of Engineers, U.S.
Army, Tech. Rept. No. E-82-4. Washington, D.C. 92 pp.
(ADF&G, Habitat Library, #B1885.)

A summary of this report is not possible because many different
subjects are discussed and because each comment stands by itself
and is not necessarily related to other comments in a logically
progressive fashion. However, some conclusions are presented.
Each of these conclusions has been stated earlier in this report,
and most have been discussed in some detail. Therefore, they
will simply be restated and highlighted without repeating the
explanations or justifications.

Corps of Engineers waterway projects involve a number of
environmental effects, and these are primarily the 1loss of
aquatic and terrestrial fish and wildlife habitats caused by
disruption or change of the natural environment, and the
increases in turbidity and sediment load.

Channel modification causes many environmental effects, including
elimination or reduction of bottom and edge habitat for aquatic
life; drainage of wetlands and modification of terrestrial
wildlife habitat; induced clearing of bottomland hardwood forests
and other major land-use changes; increased in-stream temperature
and turbidity; runoff, isolation, and silting in of oxbows and
meanders; lowering of water tables; increase in flash-flooding
downstream from the modified stream reach; and more rapid
transfer of nutrients downstream for assimilation in lower stream
reaches. Some of these affects can be reduced by good
engineering design, such as excavating from one side only,
careful placement of dredged material, placement of drainage and
level-control structures at the lower end of cutoff meanders, and
routing the channel around sensitive or highly productive areas.

Alternatives to channel modification have received more attention
in recent years, but many of the suggested alternatives would not
be effective or economical in achieving the locally desired goals
of reducing damage to current development. The greatest promise
seems to be for the use of modified design (as mentioned above)
and construction methods, such as more use of hand labor, which
may be suitable and effective in some areas. Additional work is
needed to develop and document design criteria for these modified
designs.

Few, if any, major studies have been done systematically and
scientifically to compare the environmental effects resulting
from alternate designs or methods of construction for the same
type of project.

Additional systematic research should be conducted to determine

the relative magnitude of various environmental effects resulting
from either various engineering design decisions or various
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construction methods. (Author's conclusions: partial)

Activity: channelizing waterways.

Impact: change in water temperature; change in depth or
vélécity of water; change in turbidity ' or suspended
sediments; addition of substrate materials; physical
disturbance of substrate materials; change in levels of
nutrients.
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Thomas, V.G. 1985. Experimentally determined impacts of a
small, suction gold dredge on a Montana stream. N. Am. J.
Fish. Mgt. 5:480-488. (ADF&G, Habitat Library, #R4276.)

A small suction dredge was operated experimentally on Gold Creek
in Missoula County, Montana to determine the effects of dreding
on aquatic insects and the bottom habitat. A 10-m section was
dredged from bank to bank. Sampling was conducted before dreding
and at upstream and downstream stations for control. The
experiments were replicated at an upstream site. Significant
changes (P < 0.0l1) in aquatic insect abundance were restricted to
the area dredged; downstream areas were not affected (P > 0.05).
Recolonization was substantially complete 1 mo after dredging.
Intergravel permeability was not significantly changed by
dredging (P > 0.05). Suspended sediment concentrations during
dredging were highly variable. Suspended sediment discharge
averaged a maximum of 340 mg/liter at the outflow and returned to
background levels within 11 m. Impacts of suction dredging on
the bottom fauna appeared to be highly localized. No immediate
downstream impacts were recorded other than fine sediment
depostion and movement of unstable gravel beds downstream during
the next year's peak flows, filling a downstream pool. (Author's
abstract)

Activity: grading/plowing.
Impact: change in turbidity or suspended sediments; addition

of substrate materials; removal of substrate materials:;
physical disturbance of substrate materials.
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Thomas, R.E., and S.D. Rice. 1975. Increased opercular rates of
pink salmon (Oncorhynchus gorbushcha) fry after exposure to
the water-soluble fraction of Prudhoe Bay crude oil. J.
Fish. Res. Bd. Can. 32:2221-2224. (ADF&G, Habitat Library,
#R3698.)

The opercular rates of pink salmon (Oncorhynchus gorbuscha) fry
were measured during 24-h exposure to sublethal concentrations of
the water-soluble fraction (WSF) of Prudhoe Bay crude oil.
Opercular rates increased significantly for as long as 9 and 12 h
after exposure to WSFs prepared from oil-water solutions of 2.83
and 3.46 ppn. The increases in rates were proportional to
increases in doses. Recording changes in opercular rates appears
to be a suitable method for detecting sublethal physiological
effects of hydrocarbon stress because the observed changes
occurred at approximately 20% of the 96-h LCgg. (Author's
abstract)

Activity: drilling; transport of oil/gas/water - water.

Impact: change in levels of hydrocarbons.
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Thomas, R.E., and S.D. Rice 1979. The effect of exposure
temperatures on oxygen consumption and opercular breathing
rates of pink salmon fry exposed to toluene, naphthalene,
and water-soluble fractions of Cook Inlet crude oil and No.
2 fuel oil. Pages 39-52 in W.B. Vernberg, A. Calabrese,
F.P. Thurberg, and F.J. Vernberg, eds. Marine pollution:
functional responses. New York: Academic Press. (ADF&G,
Habitat Library, #R3697.)

Oxygen consumption and breathing rates of fry exposed to toluene
and naphthalene began to increase immediately upon exposure and
declined in later hours during exposure. Breathing rate reached
maximum responses values at 2 or 4 h, whereas the oxygen
consumption rates were greatest at 6 or 8 h of exposure.

All three concentrations of naphthalene (107, 70, and 45% of the
24-h median tolerance limit) resulted in significant increases in
the opercular breathing rate of pink salmon fry (P < 0.01);
whereas, of the four toluene concentrations (94, 69, 45, and 30%
of the 24-h TIm), only the two highest resulted in a significant
increase in the breathing rate. Breathing rate response was
linear with does.

Although relatively few fish were used in the studies of oxygen
consumption, the pattern of increased oxygen consumption along
with increased breathing rates in each of the exposures indicates
that increased breathing rate of pink salmon fry reflects
increased energy demands. Oxygen consumption was greatest at
about 6 h of exposure, about 4 h after the occurrence of maximum
breathing rates. Apparently, as the fry became physiologically
acclimated to the stress of the toxicant, they increased the
efficiency of oxygen extraction, thus decreasing the need to move
water across the gills and subsequent expenditure of energy.

The increase in breathing rates of naphthalene-exposed fry over
control fry was much greater at the low temperature of 4° than
12°C. Control fry at 4°C had lower metabolic rates. However,
the breaching rate response to hydrocarbons, as a percentage of
controls, was much larger at 4° than at 12°C, indicating that
hydrocarbon exposures at 4°C are more stressful than equivalent
exposures at 12°C. (From Rice et al. 1984).

Activity: drilling; transport of oil/gas/water - water.

Impact: change in levels of hydrocarbons.
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Thomas, R.E., and S.D. Rice. 1981. Excretion of aromatic
hydrocarbons and their metabolities by freshwater and
seawater Dolly Varden char. Pages 425-448 in J. Vernberg,
A. Calabrese, F.P. Thurberg, and W.B. Vernberg, eds.
Biological monitoring of marine pollutants. New York:
Academic Press. (ADF&G, Habitat Library, #R3699.)

The gills were_ the most important pathway for excretion of
carbon-14 from l4c-labeled naphthalene. Most of the carbon-41
excreted by the gills was still attached to the parent compound.
About 10% of the excreted carbon-14 appeared in the cloacal
chamber, mostly as metabolites. Less than 1% of the total
carbon-14 was &excreted in the |urine, predominantly as
metabolites.

Tissues retained a significant amount of carbon-14 at 24 h.
Muscle contained large amounts of carbon-14, but because of its
mass, the gall bladder had the highest specific activity. The
brain also retained significant quantities of carbon-14.

Although more l4c-1abeled toluene was excreted and metabolized
than l4c-labeled naphthalene, more l4c-1abeled naphthalene was
retained in the tissues. A lower percentage of the carbon-1l4 was
recovered in l4c-labeled naphthalene metabolites than in
l4c-1abeled toluene metabolites.

Seawater and freshwater Dolly Varden char excreted similar
amounts of carbon-14; however, the percentage of metabolites in
the excretions and tissues of seawater fish was lower than the
percentage of metabolites in excretions and tissues of freshwater
fish. Fox example, we recovered greater amounts of carbon-14
with a lower percentage of metabolites from the brain-spinal cord
of seawater fish than from the brain-spinal cord of freshwater
fish--possibly explaining why seawater Dolly Varden char are more
sensitive to aromatic hydrocarbons and the water-soluble fraction
of oil than freshwater Dolly Varden. (From Rice et al. 1984)

Activity: drilling; transport of oil/gas/water - water.

Impact: change in levels of hydrocarbons.
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Thomas, R.E., and S.D. Rice. 1982. Metabolism and clearance of
phenolic and mono-, di-, and polynuclear aromatic
hydrocarbons by Dolly Varden char. Pages 161-175 in
W.B. Vernberg, A. Calabrese, F.P. Thruberg, and J.F.
Vernberg, eds. Physiological mechanisms of marine pollutant
toxicity. New York: Academic Press. (ADF&G, Habitat
Library, #R3684.)

The objectives of this study were to determine and compare the
effects of molecular weight and polarity on the clearance of
several phenolic and aromatic hydrocarbons from gills and other
excretory pathways of Dolly Varden char (Salvelinus malma) in sea
water. The authors also examined the distribution of parent
hydrocarbons and metabolites in tissues after 24 h of exposure.
The hydrocarbons examined covered a range of structures,
molecular weights, and partition coefficients. Two phenolic
compounds, phenol and cresol, were examined. Toluene and
naphthalene were chosen to represent common mono- and dinuclear
aromatic hydrocarbons in water-soluble fractions of crude oil.
Anthracene and benzo(a)pyrene were chosen to represent the
larger, polynuclear aromatic hydrocarbons.

Results of the study showed that once hydrocarbons were absorbed
from capsules placed in the gut of Dolly Varden char, size and
polarity of the hydrocarbons influenced the elimination,
metabolism, and tissue distribution. Size of the hydrocarbon
appeared to be the most critical factor in excretion of hydro-
carbons by the gills. Fish were found to easily excrete
phenolicand mononuclear aromatic compounds through the gills.
Some naphthalene was excreted from the gills, but none of the
polynuclear aromatic hydrocarbons were excreted from the gills.
Anthracene and benzo(a)pyrene excretion was minimal within 24 h.
These compounds were slowly absorbed from the gut, had limited
mobility between tissues, and were probably metabolized before
excretion. Metabolism in the liver and secretion into the bile
is probably the most important pathway for excretion of large
molecular weight hydrocarbons; however, this is a relatively slow
process that takes much longer than 24 h. (Authors!' summary:
modified)

Activity: drilling; filling (aquatic and wetland habitats);
transport of oil/gas/water - water.

Impact: change in levels of hydrocarbons.

655



Thomas, R.E., and S.D. Rice. 1In press. Effect of pretreatment
exposure to toluene and naphthalene on the subsequent
metabolism of dietary toluene and naphthalene by Dolly
Varden, Salvelinus malma. In W.B. Vernberg, A. Calabrese,
F.P. Thurberg, and F.G. Vernberg, eds. Pollution and
physiology of marine organisms. Univ. South Caroline Press.
(ADF&G, Habitat Library, #R3705.)

Pretreatment exposure of Dolly Varden to naphthalene in sea water
resulted in increased metabolism of orally administered

4c-naphthalene, but pretreatment exposure to toluene did not
alter the rate of metabolism of orally administered l4c-toluene.
Naphthalene is 1less polar than toluene and thus requires
significant bioconversion before it is excreted by fish. Toluene
is more polar and is readily excreted by fish, and inducement of
increased bioconversion of toluene in the fish is, therefore, not
needed.

Several pretreatment factors influenced the rate of naphthalene
bioconversion, including 1) length of pretreatment exposure, 2)
concentration of pretreatment exposure, and 3) duration of
depuration after pretreatment exposure.

Pretreatment exposure of fish to naphthalene (75% of the 96-h
LCgg) for 48 h doubled or tripled the percentage of naphthalene
metabolites in brain, liver, and muscle tissue, and decreased the
amount of carbon-14 recovered in those tissues. Pretreatment
exposure for only 24 h caused some increases in tissue
metabolites, but no significant differences in percent
metabolites or tissue burden were measured between the
pretreatment fish and controls, which were not pretreated.

The concentration of the pretreatment exposure is directly
related to the increase in bioconversion rate of naphthalene.
Exposure to 25 and 50% of the 96-h ILCgg did not result in
increased metabolism of naphthalene or in lower tissue burdens of
the hydrocarbons. Exposure at 75% of the ICgg resulted in
significant increases in tissue metabolites and decreases in
total tissue hydrocarbon burden.

Periods of depuration following pretreatment exposure resulted in
a decrease in the induced rate of metabolism of naphthalene.
Depuration for as little as 24 h resulted in the return of the
naphthalene bioconversion rate to that of control fish, which
were not pretreated.

Pretreatment exposures of fish can induce increased metabolism of
aromatic hydrocarbons, such as naphthalene, and may increase the
survival of fish in subsequent exposures. Dinuclear and
polynuclear aromatic hydrocarbons are quite lipophilic and must
be metabolized before they can be readily excreted. Inducement
of increased metabolism of these compounds resulting from a
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previous exposure increases excretion and, therefore, reduces
hydrocarbon accumulation in the tissues of £fish. (Author's
summary)

Activity: drilling; transport of oil/gas/water - water.

Impact: change in levels of hydrocarbons.
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Thompson, A.J., and D.W. Paton. 1976. Exposure of chum salmon,
Ooncorhynchus keta, to copper in a controlled ecosystem
experiment (CEPEX). Fish Mar. Serv. Res. Dev. Tech. Rept.
660. 28 pp. (ADF&G, Habitat Library, #B6264.)

Chum salmon fry, Oncorhynchus keta, were exposed to nominal
copper concentrations of 2.5-5.0 mg/l over a period of 42 d in a
controlled ecosystem. Samples were obtained at 2-wk intervals
during the experiment. Gills and dorsal muscle from each fish
were analysed for total copper content by atom reservoir spectro-
photometry (graphite furnace). Statistical analysis of the data
indicated that fish exposed to elevated copper concentrations
accumulated significantly greater amounts of the metal in the
gills when compared with controls. Copper data for the muscle
samples exhibited only random fluctuations over the experimental
period. The results suggest that copper concentrations of this
magnitude, i.e., 10-20 times greater than ambient 1levels, are
below threshold values required to promote biocaccumulation in the
species tested. (Author's abstract)

Activity: dredging; grading/plowing; processing minerals.

Impact: change in levels of heavy metals.
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Thurston, R.V., R.C. Russo, R.J. Luedke, C.E Smith, E.L. Meyn, C.
Chakoumakos, K. Wang, and C.J.D. Brown. 1984. Chronic
toxicity of ammonia to rainbow trout. Trans. Am. Fish. Soc.
113:56-73. (ADF&G, Habitat Library, #R3898.)

Results of a 5-yr ammonia toxicity laboratory study conducted at
Montana State University during the period 1974-1979 are
discussed in this paper. Parental rainbow trout (Salmo
gairdneri) were exposed for 11 mo, the first filial generation
for 4 yr, and the second filial generation for 5 mo to an
environment of un-ionized ammonia concentrations that ranged
between 0.01 and 0.07 mg/1l. No significant correlation was found
between ammonia concentrations and egg production, egg viability,
or growth of progeny in any generation tested. Some individuals
did develop 1lesions. Histopathological examination of the test
fish showed adverse sublethal effects such as alterations in
kidney and gill tissue. These abnormalities could lead to renal
failure or impaired performance of the fish under conditions of
reduced ambient dissolved oxygen.

Activity: processing oil/gas; sewage disposal.

Impact: change in levels of other toxic compounds - other.

659



Tiedemann, A.R., C.E. Conrad, J.H. Dieterich, J.W. Hornbeck, W.F.
Megahan, L.A. Viereck, and D.D. Wade. 1979. Effects of
fire on water: a state-of knowledge review. USDA: Forest
Service Gen. Tech. Rept. WO-10. (ADF&G, Habitat Library,
#B1167.)

In this report, the authors review and summarize the effects of
fire on physical hydrology and hydrologic processes, both onsite
and downstream from the fire-affected area. At the conclusion of
the report research needs and priorities are identified and
briefly discussed. A summary of the major points extracted from
the literature are as follows.

1. Sedimentation, increased turbidity levels, and mass erosion
appear to be the most serious threats to water resources
following fire (especially wildfire). Elimination of

protective streambank cover has been shown to cause
temperature increases that might pose a threat to aquatic
life. -

2. Erosion responses to burning are a function of several
factors, including degree of elimination of protective
cover, steepness of slopes, degree of soil nonwettability,
climatic characteristics, and rapidity of vegetation
recovery.

3. Fire exerts pronounced effects on basic hydrologic
processes, leading to increased sensitivity of the landscape
to eroding forces and to reduced land stability. This is
manifested primarily as increased overland flow, and greater
peak and total discharge. These provide the transport force
for sediment from the landscape.

4. Fire causes rapid mineralization and mobilization of
nutrient elements that are manifested in increased levels of
nutrients in overland flow and in soil solution. Watershed
studies, however, indicate that these additional nutrients
do not significantly impair the quality of surface waters
for municipal purposes. Effects of nutrient 1losses via
sediment and solution have not been related directly to site
productivity but in general do not appear to represent a
significant proportion of total site nutrient capitals.

5. Fire-caused water dquality changes were not shown to
adversely affect composition or productivity of benthic
macroinvertebrates but this is a poorly documented research
area.

6. Despite the 1lack of documentation of fire size and
intensity, large fires of high intensity appear to have the
greatest potential for causing damage to water resources.
(Author's summary: modified)

Activity: burning.
Impact: change in water temperature; change in turbidity or

suspended sediments; alteration of natural cover - riparian
vegetation; change in levels of nutrients.
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Timbol, A.S., and J.A. Maciolek. 1978. Stream channel
modification in Hawaii. Part A. Statewide inventory of
streams, habitat factors and associated biota. USDI: USFWS.
FWS/OBS-78/16. 157 pp. (ADF&G, Habitat Library, #Bl221.)

There are at least 366 perennial streams in the five largest
islands of Hawaii. Fifteen percent of these streams have been
altered. Six types of channel alteration have been identified:
lined channel, channel realignment and riparian clearance,
elevated culvert, revetment, filled-in channel, and extended
culvert. A total length of 151 km of these modifications has
6been identified. The comparative "abundances" of these are as
follows: 1lined channel, 40%; realigned/cleared, 28%; revetment,
24%; filled-in channel, 5%; elevated culvert, 3%; and extended
culvert, less than 1%. Eighty-nine percent of the total length
of lined channel is located on Oahu.

In terms of other human disturbances, only 14% of Hawaiian
streams may be physically pristine, and none of these physically
pristine streams is on Oahu, the most populous island in the
state. There are apparently no longer any biologically pristine
streams, because at least one exotic species was found in all
streams sampled. only 27% are of high-ecological-quality
(pristine-preservation use), and none of these high ecological
gquality streams is on Oahu. Water is exported from 53% of all
perennial Hawaiian streams.

Twenty-five species of fish and decapod crustaceans were
collected statewide. Only eight of the species are native to the
state. Both in numbers and biomass, native species are dominant
in most unaltered streams, whereas exotic species are dominant in
altered streams.

This report was submitted in fulfillment of Contract
No. 14-16-0008-1199 by the Hawaii Cooperative Fishery Research
Unit under the sponsorship of the Office of Biological Services,
U.S. Fish and Wildlife Service. Work was completed February 18,
1978. (Authors' summary)

Activity: channelizing waterways; stream crossing -
structures.

Impact: addition of substrate materials; alteration of

natural cover - riparian vegetation; addition of physical
barriers - partial obstructions; introduction or removal of
species.
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Toews, D.A.A., and M.J. Brownlee. 1981. A handbook for fish
habitat protection on forest 1lands in British Columbia.
Dept. Fish. and Oceans, Field Services Branch, Habitat
Protection Division, Land Use Unit, Vancouver, B.C. 166 pp.
(ADF&G, Habitat Library, #Bl1334.)

This publication provides an excellent review of pertinent
literature related to the impacts of timber harvest practices on
the aquatic environment and fish. Activities discussed include
falling and yarding, forest roads, silviculture (including
insecticide, herbicide, and fungicide use, slashburning, and
fertilizer application), and 1log handling/transportation.
Several case histories are related that show the effects of
logging on streams. In addition, specific measures are provided
for use in the planning process that should assist biologists in
protecting aquatic ecosystems. Bibliographies at the end of each
chapter serve as a good source of more detailed information
concerning specific impacts. This publication is outstanding in
its clear and concise presentation of such a large subject area.

Activity: chemical application; clearing and tree harvest;
grading/plowing; log storage/transport.

Impact: change in water temperature; change in depth or
velocity of water; change in turbidity or suspended
sediments; addition of substrate materials; physical
disturbance of substrate materials; alteration of natural
cover - riparian vegetation; addition of physical barriers -
partial obstructions; change in levels of biocides; change
in levels of other toxic compounds - bark or log leachates;
change in levels of nutrients.
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Toews, D.A., and M.K. Moore. 1982. The effects of streamside
logging on large organic debris in Carnation Creek.
Dept. of Fisheries and Oceans, Habitat Protection Division,
Vancouver, B.C. 29 pp. (ADF&G, Habitat Library, #B5103.)

The stability and volume characteristics of large organic debris
in undisturbed and logged reaches of Carnation Creek were studied
by comparing large-scale maps prepared annually for 4 yr before
logging and 2 yr following logging. Three reaches that were
logged were compared to two that remained unlogged throughout the
study. The results showed that the debris is less stable, the
debris volumes are similar or lower, the number of pieces is
greater, and the average size 1is smaller following logging.
These changes are the result of the removal and breaking up of
stable in-stream debris and the addition of unstable debris
during logging. The report presents preliminary data that
indicate that coho fry populations initially increase as a result
of the fine debris added immediately following 1logging but
decrease with time as a consequence of channel alterations that
resulted from the removal of stable debris. Streamside logging
recommendations are presented that are directed towards
maintaining the prelogging distribution and stability of organic
debris. (Authors' abstract)

Activity: clearing and tree harvest.
Impact: change in turbidity or suspended sediments;
alteration of natural <cover -~ riparian vegetation;

alteration of natural cover - aquatic vegetation; addition
of physical barriers - partial obstructions.
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Topinka J.A., and L.R. Tucker. 1981. Long term oil
contamination of fucoid macroalgae following the Amoco Cadiz
oil spill. In Amoco Cadiz, Fates and effects of the oil
spill. Proceedings, international symposium, Centre
Oceanologique de Bretagne, Brest, France, 1979. (ADF&G,
Habitat Library, #R4326.)

Growth, biomass, tissue hydrocarbons and tissue nitrogen were
examined in intertidal fucoid algae at nine sites along the coast
of Brittany after the Amoco Cadiz oil spill. Gas chromatographic
analysis of macroalgal tissue collected 14 mo after the initial
spill disclosed that Fucus vesiculosus, F. spiralis, F. serratus,
and A. nodosum from Aber Benoit and Aber Wrac'h remained the most
heavily contaminated with oil. Higher levels of continuing oil
exposure were associated with the biogenic production of
pentadecane, the dominant resolved aliphatic component in
fucoids. Total aliphatic material for all fucoids examined was
5-10-fold greater in Aber Benoit and Aber Wrac'h than in all the
other areas and apparently contained considerable quantities of
weathered oil. Growth rates of tagged F. vesiculosus 14-16 mo
after the spill fell within the expected ranges. Relatively high
growth rates in abers appeared to be associated with greater
nitrogen availability. Although considerable damage to fucoid
populations occured, in heavily oiled and subsequently cleaned
areas, such as Ile Grande, populations are beginning to recover.
Residual oil does not appear to be severely repressing fucoid
reproduction or the survival of young plants.

Activity: transport of oil/gas/water - water.

Impact: change in levels of hydrocarbons.
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Tornberg, L.D., E.D. Thielk, R.E. Nakatani, R.C. Miller, and S.O.
Hillman. 1980. Toxicity of drilling fluids to marine
organisms in the Beaufort sea, Alaska. Pages 997-1016 in
Research on environmental fate and effects of drilling
fluids and cuttings. Symposium Proceedings: Vol. 2, 1980
January 21-24, Lake Buena Vista, Florida. 1,122 pp.
(ADF&G, Habitat Library, #B4660.)

Acute toxicity experiments were conducted in the field on arctic
marine species, using various types of freshwater drilling fluids
obtained from drilling rigs in the vicinity of Prudhoe Bay,
Alaska. Organisms tested included amphipods, isopods,
polychaetes, snails, mysids, fourhorn sculpins, broad whitefish,
arctic cod, saffron cod, and arctic cisco. Test organisms varied
widely in their responses to exposure to drilling effluents. For
invertebrates, 96-h LCgqg values ranged from greater than 60% for
isopods, snails, and polychaetes to 22.1 to 38.1% for amphipods
and 7.3 to 21.5% for mysids. Ninety-six-hour ILCggy for all fish
tested (fourhorn sculpin, broad whitefish, arctic cod, saffron
cod, and arctic cisco) ranged between 4.0 and 40.0% (or greater).
The resistant species are primarily sedentary, whereas more
sensitive species generally have the capability of migrating into

and away from a disposal site. Variations in drilling fluid
characteristics appeared to produce variations in toxicities
approaching those between different species. Amphipods

demonstrated increases in total metals concentrations when
exposed to various drilling fluid concentrations. The authors
note that concentrations of drilling fluids 1likely to be
encountered in Prudhoe Bay are 25% or less of the lowest values
found in their experiments. They conclude that the mortality
values calculated in their experiments are conservative. The
authors state that acute effects to organisms exposed to drilling
fluids are not expected in the arctic environment.

Activity: drilling.

Impact: change in turbidity or suspended sediments; change
in levels of heavy metals; change in levels of hydrocarbons.
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Trasky, L.L. 1976. Environmental impact of seismic exploration
and blasting in the aquatic environment. ADF&G, unpubl.
rept. 18 pp. (ADF&G, Habitat Library, #R2065.)

Trasky summarized information about buried seismic charges and
their effects on fish. The most sensitive organ to an underwater
explosion is the swim bladder. Fish with a swim bladder open to
the alimentary canal (physos-tomatous) are not as sensitive as
those with a <closed one (physoclistous) because they may
partially compensate for the pressure change. The fish usually
sinks to the bottom when the air bladder bursts, so few dead fish
are seen on the surface after an explosion. The shock wave that
travels through the bottom may have a detrimental impact on fish
eggs. Eggs are extremely sensitive to shock from the second day
after fertilization until the pigment is formed in the eye. Any
movement during this period can be fatal to the eggs.

Little information is available for shrimp, crab, lobsters, and
oysters. These invertebrates seem fairly resistant to high
pressures and most of the damage occurs from the very high
pressures, cavitation, and intense shock wave close to the blast.

Trasky noted that except for salmon there are no references to

pressure tests performed on different life stages of the same

organism. One life stage may be more sensitive to pressure

changes than another. Also, the magnitude and type of shock wave

causing mortality to fish eggs has never been quantified.
Activity: blasting.

Impact: increase in hydrostatic pressure or noise.
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Trautman, M.B., and D.K. Gartman. 1974. Re-evaluation of the
effects of man-made modifications on Gordon Creek between
1887 and 1973 and especially as regards its fish fauna.
Ohio. J. Sci. 74:162-173. (ADF&G, Habitat Library,
#R5127.)

Gordon Creek, a tributary of the Maumee River in northwestern
Ohio, was investigated by Meek in 1887, by Trautman in 1929-1938,
by the personnel of the Ohio Division of Wildlife between 1954
and 1973, and by Trautman and Gartman in 1973. Dredging and
ditching in this area were begun about 1850, continuing until the
present, with major channelization occurring in 1935. Channeliz-
ation, together with the effects of dams and pollution, has had a
major effect on the fish species present in this stream.

The central mudminow (Umbra 1limi), grass pickerel (Esox
americanus vermiculatus), golden shiner (Notemigonus
crysoleucas), hornyhead chub (Nocomis bigullatus), mimie shiner
(Notropis volucellus), tadpole madtom (Noturus gyrinus), and
pirate perch (Aphredoderus sayanus) all require clean static or
flowing water, rooted aquatic vegetation, sand and gravel
substrates, and/or well-defined riffles and pools. These species
have been largely reduced in population abundance or have been
extirpated in part or entirely by the destruction of their
habitats by channelization. In contrast, the creek chub
(Semotilus atromaculatus), common shiner (Notropis cornulus), and
spotfin shiner (Notropis spilopterus) are tolerant of a more or
less uniform current flow, such as produced by channelization,
and are therefore rather generally distributed and remain

numerous. The siverjaw minnow (Ericymba buccata) and Johnny
darter (Ethcostoma nigrum) were recorded in greatest numbers over
gravel-sand substrates. The carp (Cyprinus carpio), fathead

minnow (Pimephales promelas), bluntnose minnow (Pimephales
notatus), common sucker (Catostomus commersoni), yellow bullhead

(Ictalurus natalis), and green sunfish (Lepomis cyanellus)
occurred most numerously in undredged pools or in pools largely
recovered from former ditching: these pools were with or without
currents, undercut banks, fallen timbers, and brush heaps, and
had various types of substrates.

The largemouth blackbass (Micropterus salmoides), bluegill
(Lepomis macrochrius), suckermouth minnow (Phenacobius
mirabilis), and orange-spotted sunfish (Lepomis humilis), absent
in 1887, have been inadvertently introduced or have invaded the
area. In some sections, riffles and pools have become partially
reestablished since the 1last channelization, resulting in
isolated small populations of such species as the orange-throat
darter (Etheostoma spectabile). (Authors! abstract)
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Activity: channelizing waterways; draining; water
regulation/withdrawal/irrigation.

Impact: change in depth or velocity of water; change in

turbidity or suspended sediments; addition of substrate
materials; introduction or removal of species.
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Trent, L., E.J. Pullen, and R. Proctor. 1976. Abundance of
macrocrustaceans in a natural marsh and a marsh altered by
dredging, bulkheading, and filling. Fish. Bull.
74(1):195-200. (ADF&G, Habitat Library, #R3819.)

Indices of abundance of macrocrustaceans during March-October
1969 in West Bay, Texas, were determined for day and night and
statistically compared between 1) a natural marsh area, 2) upland
and bayward canal areas of a housing development, and 3) an open
bay area. Significance levels of 5% or 1% were used in the
statistical comparisons. Catches of brown shrimp, Penaeus
aztecus; white shrimp, P. setiferus; blue crab, cCallinectes
sapidus; and pink shrimp, P. duorarum, were significantly greater
at night than during the day at one or more stations in the
marsh. More grass shrimp, Palaemonetes sp., were caught at night
than during the day, but the differences were not statistically
significant. Individuals of each species appeared to migrate
into the more shallow areas of the marsh at night. At night,
brown shrimp and blue crabs were significantly more abundant in
the marsh and bayward canal areas than in the upland canal and
bay areas, white shrimp were significantly more abundant in the
marsh area than in the other three areas, and pink shrimp were
significantly more abundant in the marsh than in the upland and
bayward canal areas. During the day, brown shrimp were signifi-
cantly more abundant in the bayward canal area than in the upland
canal and bay areas, while pink shrimp were significantly more
abundant in the marsh area than in the upland canal area. The
generally lower catches of each species in the open bay and
upland canal areas when compared with the marsh and bayward canal
areas were attributed to 1) permanent 1loss of intertidal
vegetation in the housing development; 2) 1low abundance of
detrital material and benthic macroinvertebrates in the open bay
and upland canal areas; and 3) eutrophic conditions in the upland
canal area. (Author's abstract)

Activity: dredging; filling (aquatic and wetland habitats).
Impact: physical disturbance of substrate materials;
alteration of natural cover - aquatic vegetation; addition

of physical barriers - partial obstructions; change in
levels of nutrients.
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Tsai, C. 1970. Changes in fish populations and migration in
relation to increased sewage pollution in Little Patuxent
River, MD. Chesapeake Science 11(1l):34-41. (ADF&G, Habitat
Library, #R3894.)

This study was made to determine the changes in fish populations
and their migration as a result of increased sewage pollution in
the Little Patuxent River from 1958 to 1967. The upstrean
migration of white catfish, white perch, white sucker, and
northern redhorse was apparently adversely affected by the
increased sewage pollution. The downstream ranges and abundance
of resident smallmouth bass and northern hog sucker decreased as
did the upstream ranges and abundance of black crappie. Brown
bullhead, golden-shiner, redbreast sunfish, and bluegill showed
different degrees of changes in abundance without reduction in
their distribution ranges.

Number of species and fish abundance decreased drastically in the
area immediately below the chlorinated sewage effluents. The
study strongly suggests that chlorinated sewage effluent caused
the 1lowered fish populations below the sewage outfall and
blocking of the upstream migration, rather than reduction in
dissolved oxygen (DO) and pH (as a result of organic decomposit-
ion) or physical changes in the stream. The chlorinated sewage
effluent consists of various compounds toxic to fish, such as
ammonia, detergent, chlorine, chloramine, and perhaps others.

Farther downstream from the outfall, there were species and
population rearrangements in each community without change in
number of species. Those species sensitive to organic enrichment
and low DO decreased in abundance or simply disappeared. They
were replaced by other species tolerant to organic enrichment and
low DO and able to increase in abundance.

Activity: sewage disposal.

Impact: change in water temperature; addition of physical
barriers - other; change in level of dissolved oxygen,
nitrogen; change in levels of pH, alkalinity, or hardness;
change in levels of chlorinated compounds; change in levels
of other toxic compounds - other.

670



Tsai, C. 1973. Water quality and fish 1life below sewage
outfalls. Trans. Am. Fish. Soc. 102(s):281-292. (ADF&G,
Habitat Library, #R3915.)

Comparative studies of water quality and fish species diversity
in stream locations immediately above and below the outfalls of
149 secondary sewage treatment plants were made in Virginia,
Maryland, and Pennsylvania. Water quality determinants included
sampling for pH, water temperature, conductivity, turbidity,
detergents, dissolved oxygen, total chlorine, ammonia, nitrogen,
alkalinity, acidity, tota. phosphates, chloride, hardness, copper
and zinc ions, nitrate and nitrates.

Sewage chlorine and turbidity increment resulting from sludge
were found to be major causative factors for fish species
diversity reduction below sewage effluent outfalls. Three types
of sewage treatment plants and four types of outfalls were
included in the study.

Activity: sewage disposal.
Impact: change in turbidity or suspended sediments; change

in levels of chlorinated compounds; introduction or removal
of species.
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Tsai, C. 1975. Effects of sewage treatment plant effluent on

fish: a review of the literature. Chesapeake Research
Consortium Publ. No. 36. 229 pp. (ADF&G, Habitat Library,
#B1171.)

The primary objective of this extensive review was to prepare a
digest of the known effects of sewage treatmenet plant effluents
on estuarine fish. However, since most studies (at the time of
this review) have been devoted to freshwater habitats the author
chose to include this literature as a background of essential
literature to properly understand comparable effects of effluents
in estuaries. The author reviewed numerous papers on sewage
treatment effects on estuarine and marine fishes in the following
categories: 1) sewage effluents - fisheries, reproduction and
growth, behavior, diseases, pollution indicator; 2) residual
chlorine - field and laboratory studies; 3) ammonia; 4) synthetic
detergents; 5) hydrogen sulfide; 6) sewage sludges; 7) dissolved

oxygen - lethal effects and destruction of fisheries, behavior,
growth and reproduction, threshold concentrations; 8) toxic
flagellates; and 9) fish culture. Interested readers should

obtain this report for details on the specific effects of
effluents on fish in each of the above subject areas. -

Activity: sewage disposal.
Impact: change in 1level of dissolved oxygen, nitrogen:;
change in levels of chlorinated compounds; change in levels

of other toxic compounds - sulfurous compounds; change in
levels of other toxic compounds ~ other.
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Tschaplinski, P. J., and G.F. Hartman. 1983, Winter
distribution of juvenile coho salmon (Oncorhynchus kisutch)
before and after 1logging in Carnation Creek, British
Columbia, and some implications for overwinter survival.
Can. J. Fish. Aquat. Sci. 40: 452-461. (ADF&G, Habitat
Library, #R3177.)

Numbers of juvenile coho salmon (Oncorhynchus kisutch) in streams
are reduced substantially in winter compared to those that occur
in summer. Most of this reduction occurs early in autumn with
the onset of the first seasonal freshets. Stream sections
containing adequate winter habitat in the form of deep pools, log
jams, and undercut banks with tree roots and debris lost fewer
fish during freshets and maintained higher numbers of coho in
winter than sections without these habitat characteristics.
These features provide shelter and reduce stream velocities.
Microhabitats occupied by coho juveniles in winter after logging
were unchanged from those described before 1logging - all
microhabitats were characterized by low water velocities (less
than or equal to 0.3 m/s). Up to 48% of the coho population
inhabiting stream sections with adequate shelter remained there
by midwinter (3 January). This percentage was typical of stream
sections where at least some trees remained after logging.
Streamside trees stabilized the banks and prevented their
collapse. In contrast, two of three study sections that had been
clear-cut logged had unstable banks that collapsed during winter
freshets. Almost no coho remained in these sections in winter.
Many coho emigrate from the main stream to seek the shelter of
low-velocity tributaries and valley sloughs concurrent with the
decline of coho populations in Carnation Creek during autumn and
early winter. This seasonal shift in distribution reverses in
the spring when large numbers of coho reenter the main stream.
Fish overwintering in these sites have a high apparent survival
rate. Before logging a 4-yr mean of 169 * 44 coho entered one
tributary (a slough called 750-m site) in autumn. Of these
numbers entering, 72.2% came out in spring. During and after
logging, an annual mean of 288 coho entered the same site. The
apparent survival rate during and after 1logging was 67.4%,
essentially unchanged from the prelogging value. Logging has
neither reduced the numbers of coho juveniles that enter such
sites in autumn to overwinter, nor reduced the numbers leaving
these sites to reenter Carnation Creek in spring. (Authors'
abstract)

Activity: clearing and tree harvest.
Impact: change in depth or velocity of water; alteration of

natural cover - riparian vegetation; alteration of natural
cover - aquatic vegetation.

673



Tyler, R.W., and D.R. Gibbons. 1973. Observations of the
effects of logging on salmon-producing tributaries of the
Staney Creek watershed and the Thorne River watershed and of
logging in the Sitka District. Univ. Washington, Fisheries
Research Institute, final rept., Part 1, FRI-UW-7307.
Seattle, WA. 58 pp. (ADF&G, Habitat Library, #R2855.)

Preliminary data were gathered towards determining the effect of
clear-cut logging on small, coho-producing streams of Southeast
Alaska. The parameters measured during July on 1logged and
unlogged tributaries in the Staney Creek Thorne River watersheds
include water temperatures, abundance of juvenile coho salmon,
insect abundance, concentrations of organic leachates, and gravel
composition.

Preliminary findings were as follows:

1. Maximum stream temperatures occurred about 4:30 PM, 2.5
h after the peak of solar radiation.
2. Stream temperatures increased much more rapidly in

logged than in unlogged study areas.

3. Juvenile coho and Dolly Varden char apparently were
unharmed by temperature peaks that reached as high as
24.2°C (75.5°F), but that were of short duration.

4. As the result of a 6-d drought during which stream
flows decreased by 50% and current velocities decreased
by 75%, the exposure to solar radiation of stream
waters flowing through unforested areas increased
fourfold.

5. The removal of logging debris from rearing habitats, as
is presently required, is important in maintaining
adequate current velocity through clear-cut areas,
thereby minimizing exposure to solar radiation.

6. The abundance of salmonids apparently declined by about
half in both the logged and unlogged streams during the
period July 16 through August 12.

7. Mayflies (Ephemeroptera) were the most abundant aquatic
insects found in all study streams. The production of
mayflies, caddisflies (Trichoptera), and miscellaneous
flies (Diptera) was greatest in the logged streams.

8. The potential hazard to salmon spawning beds of 1log
bridges not removed after logging was obvious on two
streams into which road bridges had fallen, causing
erosion and diversion of flow.

9. Root balls cause substantial erosion in streams that
have been logged along the stream banks. Because the
balls decompose very slowly in the stream, move readily
with high water, and often ground on spawning bars,
they affect the stability and productivity for decades
after logging. (Author's abstract: partial)

Activity: clearing and tree harvest.

Impact: change in water temperature.
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U.S. Army Coastal Engineering Research Center. 1977. Shore
protection manual. U.S. Army Coastal Engineering Research
Center. Fort Belvoir, VA. Vols. I, 1II, III. (ADF&G,
Habitat Library, #B2078.)

This Shore Protection Manual incorporates knowledge of the
sclentific and engineering aspects of coastal processes and
coastal and offshore structures. The manual is based on studies
conducted on a continuous basis on shore processes and methods of
shore protection by the U.S. Army Corps of Engineers since 1930.
The manual is in three volumes covering guidelines and techniques
for functional and structural design for shore protection works.
Volume I describes the physical environment in the coastal zone;
volume II translates the interaction of the physical environment
and coastal structures into design parameters for use in the
solution of coastal engineering problems; volume III contains a
glossary of coastal engineering terms, a list of symbols, tables
and plates, and a subject index.

Activity: filling (aquatic and wetland habitats).

Impact: addition of substrate materials; removal of
substrate materials; physical disturbance of substrate
materials; alteration of natural cover - overhanging bank or
shoreline; change in level of salinity.
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U.S. Army Corps of Engineers. 1981. Low cost shore protection.
Dept. of Army, Corps of Eng., Contract No. DACW 61-81-D0012.
Washington, D.C. 36 pp. (ADF&G, Habitat Library, #B1409.)

This report was prepared as a public service to demonstrate low
cost erosion control measures in tidal-affected areas. Following
a brief description of the natural processes affecting
shorelines, the report describes several methods to protect the
shoreline from erosion, and provides information on cost-

effective planning and implementation of methods. The report
contains several valuable pictures and diagrams that show how to
implement various shore protection measures. The methods

described apply to all protected and inland shores in the United
States where wave height does not usually exceed 6 ft and severe
storms or hurricanes are not annual events.

Activity: filling (aquatic and wetland habitats).

Impact: alteration of natural cover - overhanging bank or
shoreline; addition of ©physical barriers - ©partial
obstructions.
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U.S. Army Corps of Engineers. 1985. Final environmental impact
statement: Auke Bay breakwater and related marina
developments. Dept. of Army, Corps of Eng., Alaska
District. Vols. I (FEIS), II (Appendices). (ADF&G, Habitat
Library, #B6411.)

This document is a review of the Auke Bay 90 permit issued on
November 6, 1981, under the authority of Section 10 of the Rivers
and Harbors Act of 1899, to the Alaska Department of
Transportation and Public Facilities. 1Included are reviews of
interrelated permit applications for an expansion of a major
private marina, for the construction of a small marina project,
and for construction of a marina with an associated f£fill and
dredge work, under the authority of Section 10 of the Rivers and
Harbors Act of 1899 and also Section 404 of the Clean Water Act.
The primary action is the decision to permit a proposed
breakwater and transient moorage facility by the State of Alaska,
and to permit the proposed expansion of private marinas in Auke
Bay, near Juneau, Alaska. The purpose of the proposed projects
is to relieve Juneau's unique demand for transient moorage and
provide additional permanent or private moorage. Effects of the
proposed projects on the natural environment relate to coastal
wetlands, water quality, water «circulation, invertebrates,
fishes, marine mammals, and other biota in Auke Bay. Effects on
the human environment are related to harbor management, traffic
and parking, moorage capacities, freshwater supplies, research
and education facilities, and visual/esthetic qualities for
shoreside residents. (Authors' abstract)

Activity: filling (aquatic and wetland habitats).
Impact: change in depth or velocity of water; addition of

physical barriers - partial obstructions; change in level of
salinity.
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U.S. Dept. of Transportation. 1979. Restoration of fish habitat
in relocated streams. U.S. Dept. of Trans., Fed. Highway
Admin., U.S. Govt. Printing Office, Washington, D.C. 63 pp.
(ADF&G, Habitat Library, #B3982.)

This manual provides guidelines for the design and construction
of relocated channels and describes measures that will lead to
rapid recovery of new channels by natural processes. Good
design, and implementation of these measures can greatly reduce
the adverse effects of stream relocation.

The literature on stream relocation and restoration is widely
scattered in special reports and periodicallys of 1limited
circulation. In 1976, under a contract with the Federal Highway
Administration, Dr. James R. Barton, of Brigham Young University,
examined the 1literature and made extensive field studies of
channel relocations in 12 States. This manual has been developed
by Dr. Barton from these researches. Mr. Frederick W. Cron, of
Lakewood, Colorado, assisted in the preparation of the text.
(Author's preface: partial)

Activity: channelizing waterways; filling (aquatic and
wetland habitats).

Impact: change in depth or velocity of water; physical
disturbance of substrate materials; alteration of natural
cover - riparian vegetation; alteration of natural cover -
overhanging bank or shoreline.
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U.S. Environmental Protection Agency. 1973. Methods and
practices for controlling water pollution from agricultural
nonpoint sources. U.S. Envir. Prot. Ag., EPA-430/9-73-015,
Washington, D.C. 83 pp. (ADF&G, Habitat Library, #B5237.)

Water and wind erosion, use of plant nutrients and pesticides,
livestock management, cultivation practices, and 1leaching are
important factors to consider in controlling water pollution.
Because of the wide variations in topography, climate, types of
soil, and patterns of crop and 1livestock production, no one
method or practice is universally applicable. A combination of
practices must be designed and selected to meet the situation for
any particular farm or region.

Water Erosion: Soils are protected naturally by vegetation and
vegetative residue. If moisture or fertility is too 1low, the
land is subject to periodic erosion. Tilling the soil,
overgrazing, crop harvesting, and burning of vegetation remove or
bury portions of the protective organic material and may bring
about more erodible conditions. this is particularly serious in
areas of high rainfall.

Proper land use and agricultural management practices will keep
soil, plant nutrients, and organic matter on the land, rather
than allow them to become part of the water-borne pollutant
load. Erosion may be reduced by means of conservation tillage,
terraces, diversions, strip-cropping, contouring, grassed
waterways, and crop rotations, and by more efficient range,
pasture, and woodlot management.

Wind Erosion: Wind erosion is a relatively minor problem from
the standpoint of water pollution, accounting for only a small
fraction of the sediment 1loads in waterways. Major factors
affecting wind erosion are soil cloddiness, surface roughness,
soil moisture, vegetative cover, wind velocity, and field length
along the prevailing wind direction.

Successful wind erosion control involves a combination of the
following practices: l) stubble mulch or conservation tillage
practices to prepare land for crop production; 2) cover crops; 3)
appropriate crop rotations; 4) controlled grazing; 5) wind
barriers and shelterbelts; 6) artificial barriers; 7) hauled-in
mulches; 8) emergency tillage; 9) deep plowing and 10) 1land
forming and benching. These practices also conserve moisture and
control water erosion.

Plant Nutrients: Agricultural operations have been identified as
a potential contributor of nutrients to water resources. It is
extremely difficult to identify the extent to which natural and
applied plant nutrients may contribute to water pollution.

Factors influencing nutrient losses are precipitation and other

sources of water, temperature, kind of soil, kind of crop,
nutrient mineralization, and denitrification. Reducing nutrient
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losses from agricultural operations can be accomplished by three
general approaches: 1) determining the proper amount, time, and
method of plant nutrient applications to ensure efficient use by
plants, 2) adopting approved cultural practices, including
tillage and crop rotations, that minimize nutrient losses, and 3)
reducing soil and water runoff by conservation measures such as
contours and terraces.

Pesticides: The potential movement of chemical pesticides into
water is of environmental concern. Most pesticides fall into
three major categories: insecticides, herbicides, and
fungicides. There are several approaches to reduce the quantity
of pesticides entering surface and ground water. These include:
controlling erosion and minimizing wind drift; reducing the
quantity of pesticides used by applying minimum amounts needed,
and/or substituting nonchemical methods of pest control; and
using biodegradable rather than persistent pesticides, to the
extent possible.

Animal Wastes: Disposal of animal wastes on land is a potential
nonpoint source of water pollution. Animal wastes applied to
land come from 1) wastes removed from feeding facilities, 2)
contained runoff from feeding areas, and 3) excretion from
animals on pasture and rangeland. Proper application of animals
wastes provides nutrients for crop production and also reduces
surface runoff. Appropriate animal and land management practices
should be followed. These include: l) spreading acceptable
rates of manure uniformly on land; 2) applying feedlot runoff
effluent on land as recommended for specific site conditions:; 3)
maintaining an adequate land-to-livestock ration on pastures; and
4) locating feeders and waterers a reasonable distance from
streams and water courses. (Author's summary: partial)

Activity: grading/plowing.
Impact: change in turbidity or suspended sediments; addition
of substrate materials; physical disturbance of substrate

materials; change in levels of biocides; change in levels of
nutrients.
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U.S. Environmental Protection Agency. 1974. Evaluation of waste
disposal practices of Alaska seafood processors. EPA-330/2-
75-001. 335 pp. (ADF&G, Habitat Library, #B210l.)

This paper includes a description of waste disposal conditions at
26 Alaska canneries from June to August 1973. The results of the
investigation indicated that scouring and dispersion by tides was
the determining factor in the degree of treatment required.
Dispersion was adequate to prevent deposits of discharged solids
and associated water quality problems where 1) outfalls were
situated in fast-moving tidal areas, 2) outfalls are submerged
below lower 1low water, and 3) the wastes are ground before
discharge. Bottom deposits and resultant water quality problems
were observed where wastes were discharged (ground or unground)
in quiescent or shallow waters or on beaches. These conclusions
are followed by a 1list of proposed requirements for waste
disposal by seafood processors in Alaska.

Activity: clearing and tree harvest; grading/plowing.

Impact: change in turbidity or suspended sediments; physical
disturbance of substrate materials.
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U.S. Environmental Protection Agency. 1975a. Forest harvest-
regeneration activities and protection of water quality.
Draft manuscript. USEPA, Region X, Seattle, WA. 340 pp.
(ADF&G, Habitat Library, #B3969.)

This is a review document of logging residue management and
reforestation activities. The study geographically covers Idaho,
Oregon, Washington, and Alaska. Review is based on subregions of
these states that comprise similar forest zones, hydrologic and
meteorologic characteristics, land systems, and institutional
constraints. The report discusses 1) harvest methods and forest
management practices as they relate to water quality; 2) logging
and transportation equipment systems and methods; 3) residue
management practices; and 4) water quality protection as related
to sedimentation and thermal and chemical pollution. A
comprehensive bibliography follows the text.

Activity: log storage/transport.
Impact: physical disturbance of substrate materials; change

in level of dissolved oxygen, nitrogen; change in levels of
other toxic compounds - bark or log leachates.
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U.S. Environmental Protection Agency. 1975b. Logging roads and
protection of water quality. E.P.A. Region X, Water
Division, Seattle, Washington. EPA 910/9-75-007. 313 pp.
(ADF&G, Habitat Library, #B3868.)

The value of a thorough planning and reconnaissance program for a
proposed road is emphasized by many authorities. No amount of
design or construction expertise can recover from an approach

based upon inadequate reconnaissance information. Field
reconnaissance evaluations must. include attention to the
potential for mass movements as well as surface erosion. In

steep terrain, it is 1likely that the engineering investment to
insure a stable road will be much more exhaustive than on gentle
terrain.

Many mass failures are drainage associated. Drainage design
often appears to have lacked attention to one or more of the
following features:

Determination of the design flood

Evaluation of the potential for debris blockage

Choice of stream crossing method

Attention to installation requirements at both the design
and construction levels to insure structural integrity

Minimizing surface erosion and sediment transport begins with the
appropriate treatment design of slope protection and continues
with the necessary attention to ditch size, 1lining, culvert
intakes, culvert integrity and culvert outlets. Under most
conditions vegetative or other forms of permanent cover are
essential to prevent excessive surface erosion from cut and fill
slopes. Vegetation establishment should be initiated as soon
after soils disturbance as possible. Various grass and legume
seed mixtures are suitable for establishment of vegetation in
Alaska depending on climatic and other environmental conditions.
Seeding should be accompanied by fertilization and refertiliza-
tion as necessary and by watering to maintain vegetative vigor.-
Mulches, chemical soil stabilizers, or mechanical measures are
necessary to prevent high initial rates of soil 1loss during
vegetation establishment and in some cases to aid in vegetation
establishment.

It is important to sequence the construction in a manner that
affords the least exposure to storm damage during construction.
Contractual relationships between owner and road builder should
be such that a quick response can be made by all parties to
changed circumstances during construction. Failure to respond
promptly can greatly enhance the potential for sediment creation
and transport. When construction 1is accomplished in accordance
with adequate plans and specifications in a workmanlike manner
under strict supervision, the minimization of sediment creation
and transport may be coincident. (Author's abstract: partial)
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Activity: clearing and tree harvest; grading/plowing.

Impact: change in turbidity or suspended sediments; physical
disturbance of substrate materials.
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U.S. Forest Service, ADF&G, and ADNR. 1976. Logging and fish
habitat. Informational Pamphlet, GPO 699-882. 21 Dpp.
(ADF&G, Habitat Library, #B3473.)

This pamphlet was produced jointly by the Forest Service, and the
Alaska State Departments of Fish and Game and Natural Resources.
The pamphlet outlines guidelines for the protection of fish
habitat. The following is a summary of practices that will help
protect the fish habitat during and after logging:

1. Fall and yard timber away from streams when 1logging to
stream banks.

2. Leave a fringe of windfirm timber along streams when
necessary for stream protection.

3. Keep debris out of streams. If some does get into streams,
remove it immediately.

4. Avoid skidding logs in or across stream beds.

5. Do not run equipment in the streams.

6. Use proper stream crossing bridges for equipment. Orient
road-stream crossings at right angles to minimize erosion
possibilities.

7. Do not yard across or out of V-notches if logs cannot be
fully suspended above ground.

8. Properly engineer road grades, alignment, cutslopes, waste
areas, and culvert and cross ditch locations. Install and
maintain culverts properly.

9. Restore the original level of the streambed when removing
temporary culverts.

10. Revegetate disturbed soil.

(Author's summary: modified)

Activity: clearing and tree harvest; grading/plowing; stream
crossing - structures.

Impact: change in turbidity or suspended sediments; physical
disturbance of substrate materials; alteration of natural
cover - riparian vegetation; alteration of natural cover -
overhanging bank or shoreline; addition of physical barriers
- partial obstructions.
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USACRREL. (U.S. Army Cold Regions Research and Engineering Lab-
oratory). 1980. Environmental engineering and ecological
baseline investigations along the Yukon River-Prudhoe Bay
haul road. [J. Brown and R.L. Berg, eds.] U.S. Dept.
Trans., Fed. Hwy. Admin., Wash. D.C. 203 pp. (ADF&G,
Habitat Library, #B4468.)

A 3-yr study was conducted to evaluate the performance of the
Yukon River-Prudhoe Bay haul road and to assess changes in the
adjacent environment associated with the road. Four major
objectives were 1) to determine the rate and magnitude of thaw
penetration and subsidence under and adjacent to the Haul Road;
2) to document existing flora, vegetation and soil types and
determine the rate of change in plant communities, soil fauna,
and soils due to natural and man-made surface disturbances; 3) to
determine methods of enhancement restoration with native plant
species; and 4) to characterize the annual air temperature and
precipitation regimes along the Haul Road in order to provide the
database required to substantiate environmental and engineering
road designs. This report presents the results of road thaw
subsidence and dust investigations, and summaries of
revegetation, fuel gas line, vegetation distribution, soil, and
weed studies.

Objectives of the roadbed investigations were to determine the
magnitude of thaw under and adjacent to representative portions
of the road and to determine the amount of roadway settlement at
these same 1locations. Also, a survey of drainage problems
associated with the Haul Road and performance of side slopes was
conducted. The road traverses major portions of both the discon-
tinuous and continuous permafrost zones. Results concerning
roadbed, drainage, and side slopes associated with permafrost are
as follows:

1) Seasonal thaw penetration probably exceeds the roadway
embankment thickness in most 1locations. However, it
probably does not penetrate the 1.7- or 1l.8-m-thick
embankment on the extreme northern end of the road and at
other locations where the fill is in excess of 5 to 7 m
thick. Seasonal thaw penetration into subgrade soils
beneath the roadway embankment probably also exceeds the
thickness of the active 1layer in adjacent undisturbed
areas. This was the situation at all sites where subsurface
temperatures were measured.

2) The roadway has subsided to some degree over nearly all of
its length. Some of the "apparent subsidence" may be due to
regrading of the road during maintenance operations, but at
11 of our 27 observation sites, the subsidence has been in
excess of 10 cm and at 5 of these sites subsidence exceeded
20 cm. No strong relationship between subsidence,
embankment thickness, and soil strength was apparent.

3) Ice-rich side slopes tend to stabilize from erosion after a
few years, but thaw degradation and resulting subsidence
continue beneath the ditches and roadway embankment. This
was also the case along the trans-Alaska pipeline road.
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4) The most frequent problem related to cross drainage was
observed to be "maintenance clogging”" of culverts. The
problem occurred when short culverts were partially or
entirely blocked by gravel pushed downslope from frequent
grading, thereby preventing water movement through one or
both ends of the culvert.

5) Thermal and hydraulic erosion downslope from the roadway was
also associated with cross-drainage. This occurred on
alluvial slopes along the Koyukuk River where gully erosion
was induced by concentrating flow through culverts and onto
ice-rich soils where nonconcentrated flow previously
occurred.

6) Ponds of various sizes and depths formed due to the
interception of lateral drainage by access roads that did
not initially have culverts or low water crossings.

7) The major roadway surface drainage problem was the creation
of small longitudinal dikes on one or both sides of the road
due to regrading. These dikes inhibit lateral runoff except
at locations where dikes are breached. Severe side-slope
erosion can result where the breaches occur.

A summary of existing and proposed environmental guidelines
applicable to road construction in arctic and subarctic regions
is presented under the following categories: 1) minimization of
impact during construction, 2) consideration of fish and
wildlife, 3) criteria for drainage and erosion control, 4) the
effect of road cuts in ice-rich soils, 5) stabilization of
roadway embankments, and 6) criteria for revegetation and
restoration.

Activity: clearing and tree harvest: draining;
grading/plowing; stream crossing - structures.
Impact: change in water temperature; change in turbidity or

suspended sediments; alteration of natural cover - riparian
vegetation.
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USFWS (Eastern Energy and Land Use Team). 1980. Summaries of
riparian and stream alteration studies completed by the
Eastern Energy and Land Use Team. USFWS, National Water
Resources Analysis Group, Kearneysville, WV. 38 pp.
(ADF&G, Habitat Library, #B3877.)

This document provides 36 abstracts of reports dealing with
riparian and stream alterations. Most of these reports, however,
are also summarized in this volume.

Activity: channelizing waterways.
Impact: change in depth or velocity of water; physical
disturbance of substrate materials; alteration of natural

cover - riparian vegetation; alteration of natural cover -
overhanging bank or shoreline.
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USFWS. 1982. Handbook for protection of fish and wildlife from

construction of farm and forest roads. Biological Services
Program, FWS/0OBS-82-18. 153 pp. (ADF&G, Habitat Library,
#B1336.)

This document is intended to 1) provide a resource document that
will assist state permitting authorities who are planning to
assume Clean Water Act (P.L. 95-217) Section 404 permitting
responsibilities with the identification of best management
practices for construction and maintenance of farm or forest
roads, which ensure that flow and circulation patterns as well as
chemical and biological characteristics of the navigable waters
are not impaired; 2) assist state and federal permitting
authorities and resource, information, and education agencies in
providing landowners and farm or forest road developers with
support in planning and implementing best management practices
that facilitate the protection and propagation of fish and
wildlife resources during road construction and maintenance; 3)
guide the planning, construction, and maintenance of farm and
forest roads to comply with the permit exemption requirements of
section 404 (f) (1) (E) of the Clean Water Act of 1977; and 4)
assist the U.S. Army Corps of Engineers and resource agencies
during the review of permit applications and other resource
development proposals in making practicable recommendations for
the proper design of farm and forest roads.

This handbook describes 54 best management practices for
planning, construction, and maintenance of farm and forest roads.
Best management practices (BMPs) for planning road and facility
layout and design, erosion control, construction and maintenance
operations, and restoration to natural conditions, identified
through existing state water quality management plans and
management practices of federal agencies, were evaluated as to
their environmental, institutional, technical, and economic
effectiveness. Based on the results of the evaluation, BMPs were
modified or augmented with other practices to enhance their
overall effectiveness and to provide for ©protection and
propagation of fish and wildlife resources. A discussion of
purpose, description, performance, and limitations is provided
for each BMP, and an approach is developed that guides handbook
users in the selection of BMPs applicable to site-specific
situations. (Author's preface and summary: modified)

Activity: grading/plowing; stream crossing - structures.
Impact: change in water temperature; change in depth or
velocity of water; change in turbidity or suspended

sediments; addition of substrate materials; alteration of
natural cover - riparian vegetation.
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Uthe, J.F., D.W. Mcleese, G.R. Sirota, and L.E. Burridge. 1984.
Accumulation of polycyclic aromatic hydrocarbons by lobsters
(Homaurs americanus) held in a tidal pound. Can. Tech.
Rept. Fish. and Aquat. Sci., No. 1059. iii + 10 pp.
(ADF&G, Habitat Library, #B0435.)

This study followed changes in levels of polycyclic aromatic
hydrocarbons (PAH) in lobsters held under typical summer and
winter storage conditions in a commercial tidal pound. The tidal
pound was constructed of creosote-treated timbers, which provided
the source of hydrocarbon contamination. Results indicated that
the levels of PAH in lobsters increased during 3-mo storage in
the tidal pound. PAH concentrations in hepatopancreas and in
tail muscle increased during impoundment, with more PAH
accumulating when the lobsters were at higher (summer) than at
lower (winter) temperatures. Summer-to-winter ratios of the PAH
levels after 3-mo storage ranged from 2:1 to 19:1 for
hepatopancreas and from 1l:1 to 33:1 for tail muscle. Losses of
PAH concentrations occurred when lobsters were transferred to
clean water. Losses during 5 wk in winter ranged from 31 to 77%
(mean 53%) in hepatopancreas and from 0-81% (mean 44%) in tail
muscle. In summer, the results for depuration of PAH were
variable.

Elevated PAH levels were measured in sediments within the tidal
pound, and the authors related this to the creosoted lumber used
to construct the structure. The authors provide no evidence that
creosote structures that have been exposed to sea water for
extended periods of time will still pose a threat to the aquatic
environment. Creosote leaching is heaviest during the first year
of exposure to sea water. However, contaminated sediment may be
a continuing major source of PAH, but the extent and distribution
(area and depth) of PAH-contaminated sediments in and around
tidal pounds will require assessment before sediment removal can
be proposed.

Activity: filling (aquatic and wetland habitats).

Impact: change in levels of other toxic compounds - other:;
change in levels of hydrocarbons.
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VanHassel, J.H. 1979. Contamination of a salt-water stream
ecosystem in southwest Virginia by highway-generated
metals. M.S. Thesis, Virginia Polytechnic Institute and
State University, Blacksburg. 25 pp. (ADF&G, Habitat
Library, #Bl1972.)

Study of two sections of a stream associated with highways of
different traffic densities near Roanoke, Virginia, and a third
section used as a reference area demonstrated that concentrations
of lead, nickel, cadmium, and =zinc in sediments, benthic
macroinvertebrates, and fish were highly correlated to the amount
of traffic associated with the respective sampling site. Samples
were collected in April, July, and November of 1978 and in
February of 1979.

Highest sediment concentrations of 1lead, nickel, and zinc
occurred in spring, most 1likely due to accumulation and
subsequent runoff in snow. Accumulation of these metals in in-
vertebrates and fish is probably a more time-dependent process.
Concentrations in these organisms were related to physiological
and ecological factors as well as to the relative availability of
each metal at each study site.

The major physiological factor influencing accumulation of heavy
metals in stream organisms seemed to be the relative amount of
tissue with a high affinity for these metals in each organism.
The major ecological factor influencing accumulation of heavy
metals seemed to be the relative amount of sediment association
characteristic of each species. Invertebrates contained the
highest levels of each metal, followed by bottom-oriented fish
with a small proportion of muscle, whereas species of fish with a
large percentage of muscle inhabiting the upper water column
contained the lowest concentrations.

Biomagnification of these four metals was not demonstrated.
Significant bioaccumulation of lead, nickel, and cadmium in bone
and cadmium in the kidneys of fish was found to occur. Major
biological uptake of lead, nickel, cadmium, and zinc in these
organisms was via water and/or sediment-water interaction.
(Author's abstract)

Activity: transport personnel/equipment/material - land.

Impact: change in levels of heavy metals.
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Varanasi, U., D.J. Gmur, and W.L. Reichert. 1981. Effect of
environmental temperature on naphthalene metabolism by
juvenile starry flounder (Platichthys stellatus). Archives
of Environmental Contamination and Toxicology 10:203-214.
(ADF&G, Habitat Library, #R3902.)

In this study, juvenile starry flounder maintained at 4 and 12°C
were force-fed naphthalene. It was found that the lowering of
the water temperature resulted 1in increases in both
concentrations and residence times of naphthalene in starry
flounder. Increases in concentrations at the lower temperature
were much greater for naphthalene than for its metabolites.
Lowering the temperature also altered relative proportions of the

individual classes of metabolites accumulated in flounder
tissues.

Activity: drilling; transport of oil/gas/water - water.

Impact: change in water temperature; change in levels of
hydrocarbons.

692



Viereck, L.A. 1983, The effects of fire in black spruce
ecosystems of Alaska and northern Canada. Pages 201-220 in
R.W. Wein, D.A. Maclean, eds. The role of fire in northern
circumpolar ecosystems. John Wiley and Sons Ltd. (ADF&G,
Habitat Library, #R5142.) ‘

This paper does not directly relate to the effects of fire on the
aquatic ecosystem. However, it discusses the effects on forest
canopy alterations and their effects on soil characteristics that
are linked indirectly to aquatic biota. Fire in the black spruce
ecosystem of northern Canada and Alaska is characterized by large
and frequent fires that usually kill the overstorey trees and

most, if not all, of the vegetation aboveground. Most species
within the black spruce ecosystem show adaptions to fire, and
black spruce stands are usually perpetuated by fire. Depending

on the site, revegetation follows one of two primary patterns,
although under some conditions there may be intervening stages of

birch, aspen, or lodgepole pine. In general, the succession on
dry sites develops as open 1lichen woodland with a nearly
continuous cover of fruticose 1lichens. On most sites, the

development is that of a closed forest with a forest floor
dominated by dense feathermosses and with a buildup of an organic
mat. The final or climax vegetation that develops depends on
site and climate and may vary from treeless bogs through
feathermoss types to open lichen woodlands. In some areas,
balsam fir replaces the black spruce. Fire reduces the organic
layer on the forest floor and causes higher soil temperatures, an
increase in available nutrients, and an increase in productivity
for a period following the fire.

Activity: burning.

Impact: alteration of natural cover - riparian vegetationb
change in levels of nutrients.
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Viereck, L.A., and C.T. Dyrness. 1979. Ecological effects of
the Wickersham Dome fire near Fairbanks, Alaska. USDA:
Forest Service Gen. Tech. Rept. PNW-90. 71 p. (ADF&G,
Habitat Library, #B6401.)

This report summarizes the abiotic and biotic ecological factors
that were affected by a forest fire in interior Alaska. The
evaluation of abiotic factors includes such topics as the effects
of fire on forest floor characteristics, soil temperatures,
permafrost, snow depths, overlying air temperature patterns, and
stream water quality. Biotic factors include the effects on
vegetation type, biomass, litter <quantity, quality and
decomposition rates, as well as effects in the distribution and
abundance of arthropods, microtine rodents and snowshoe hares.
The following paragraphs are portions of the authors' summary
that pertain to the effects of fire on the aquatic ecosysten.

Unfortunately, little work has been done in interior Alaska on
the effects of wildfire and fire suppression on quality of stream
water. There are speculations that increases in erosion and
runoff caused by fire are at a minimum in northern areas, but
data to back this up are lacking. To obtain an indication of the
effects of the Wickersham Dome fire on streams, sampling on
Washington Creek was conducted both above and below the fire on
the day the fire was controlled, 1 wk after control, and 2 wk
after. The day the fire was controlled, suspended sediment
content of the stream was about 300-500 mg/l. After the Bureau
of Land Management constructed water bars on the firelines, the
sediment content dropped to a maximum value of 19 mg/liter 1 wk
after control. A small increase in concentration of phosphate in
the stream water was measured after applications of retardants;
however, concentrations of nitrogen were the same above and below
the burned area.

In interior Alaska, one of the most important consequences of
increases in soil temperature caused by fire 1is stepped up
permafrost melting. Such thawing substantially increases the
amount of available soil nutrients and soil water. on the
Wickersham Dome fire site, change in the rate of thawing was
particularly dramatic; 1 yr after the fire, the active layer was
62 cm thick in the burned area and only 42 cm in the unburned
control. By the third year, the active layer had increased to 84
cm in the burned area and 47 cm in the unburned control. On
firelines, where virtually all surface insulation had been
removed, the rate of permafrost drop was almost doubled; 3 yr
after the fire, the active layer in the firelines was 132 cm
thick.

Despite substantial changes in the microclimate caused by fire,
especially in and around the forest floor, studies of aboveground
macroclimatic parameters did not disclose measurable differences
between burned and unburned areas. For example, patterns of snow
accumulation and snowmelt were not substantially different in a
burned area than in an unburned area. Likewise, standard
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measurements of air temperature did not disclose a difference
between burned and unburned areas. (Authors' summary: partial)

Activity: burning.

Impact: change in turbidity or suspended sediments.
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Viereck, L.A., and L.A. Schandelmeir. 1980. Effects of fire in
Alaska and adjacent Canada - a literature review. USDI:
BLM, Anchorage, AK. Tech. Rept. 6. 124 pp. (ADF&G,
Habitat Library, #B2476.)

Alaskan land and resource managers are moving from a policy of
fire control to one of fire management. To use fire as a tool to
reach resource management objectives, managers need information
on fire effects and the role of fire in effects in Alaska and
adjacent Canada, in both the northern forest (taiga) and the
tundra. They report and interpret this literature, discussing
fire effects information sources, fire history and fire regimes,
and the effects of fire on soils, watersheds, vegetation, and
animal life. They also point out information gaps that need to
be filled.

Activity: burning.
Impact: change in depth or velocity of water; change in

turbidity or suspended sediments; alteration of natural
cover - riparian vegetation; change in levels of nutrients.
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Vilks, G., C.T. Schafer, and D.A. Walker. 1975. The influence
of a causeway on oceanography and foraminifera in the Strait
of Canso, Nova Scotia. Can. J. Earth Sci. 12(12):2086-2102.
(ADF&G, Habitat Library, #R3815.)

In 1955, a causeway was built across the Strait of Canso, Nova
Scotia, Canada, preventing a free interaction between Gulf of St.
Lawrence and Atlantic Ocean waters within the strait. The
distribution of foraminifera in sediments was investigated in
this study, to evaluate a possible impact of this barrier on the
marine environment.

Data were collected from early May to late August 1973. During
this period, the water on the Gulf of St. Lawrence side of the
causeway was colder in early spring, but warmer and less saline
during the summer as compared to the Atlantic side.

At the causeway, the surface 1-3 cm of the bottom sediments
consists of very soft and black to dark brown mud on both sides.
Oon the Atlantic side, these fine sediments cover bedrock; but on
the Gulf of St. Lawrence side, they cover sands and gravels.

The 76 species of foraminifera collected in surface samples were
subjected to cluster analysis which defined two distinct groups
of stations separating the fauna on the two sides of the
causeway. The characteristic species of the Gulf of St. Lawrence
side is Ammonia beccarii.

In the subsurface layers the dominance of this species decreases
with a zone extending 4 km to the north of the causeway. On this
evidence it was concluded that prior to the causeway, the
Atlantic waters extended at least 4 km further to the north.
(Authors' abstract: modified)

Activity: filling (aquatic and wetland habitats).
Impact: change in water temperature; addition of physical

barriers - partial obstructions; change in 1level of
salinity.
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Wagemann, R., B. Graham, and W.L. Lockhart. 1974. Studies on
chemical degradation and fish toxicity of a synthetic
tri-aryl-phosphate lubrication oil, IMOL S-140. Fish. and
Mar. Ser. Tech. Rept. No. 486. 30 pp. (ADF&G, Habitat
Library, #B6198.)

The toxicity of a commercial, synthetic tri-aryl phosphate
lubricating o0il, IMOL S-140, to rainbow trout, and the rate of
hydrolysis of this substance were investigated. An approximate
hydrolysis rate constant of 9 x 10-3/d and a half-life of 96 d
for IMOL in fresh water were obtained. The contribution of
phosphate to a natural water body from hydrolysis of IMOL is
compared with the natural phosphate input from a watershed.

IMOL in water was not acutely toxic to rainbow trout, but
prolonged exposure at concentrations of 0.3-9 mg/l of IMOL in
water had an adverse effect on fish. In a 4-mo exposure period
normal feeding was progressively impaired to the extent that
towards the end of this period fish began to die. Enlarged
livers, hardened fatty tissue, and a bluish discoloration of
fatty tissue were observed in necropsied fish exposed to IMOL.
The enzymes lactate dehydrogenase and glutamic oxalacetic
transaminase were significantly higher in blood serum of fish
exposed to IMOL compared with 1levels in unexposed fish.
(Author's abstract)

Activity: transport personnel/equipment/material - land.

Impact: change in levels of hydrocarbons.
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Wagener, S.M. 1984. Effects of placer gold mining on stream
macroinvertebrates of interior Alaska. M.S. Thesis, Univ.
Alaska, Fairbanks. 99 pp. (ADF&G, Habitat Library, #B6410.)

To determine the effect of ©placer mining on Dbenthic
macroinvertebrates, water quality characteristics and benthic
invertebrates were sampled from nine hydrologically similar and
proximally located streams that ranged from unmined control
streams to heavily mined streams. Placer mining caused increases
in turbidity, settleable solids, percentage of substrate
embeddedness, nonfilter-able residue, and total recoverable

arsenic, 1lead, zinc, and copper. Placer mining decreased
invertebrate density and biomass and affected the community
structure. Invertebrate communities in mined streams usually

contained higher proportions of collector-gatherers and 1lower
proportions of crawlers, shredders, filter-feeders, predators,
and oligochaetes compared to unmined streams.

Activity: dredging; grading/plowing; processing minerals.
Impact: change in turbidity or suspended sediments; addition
of substrate materials; removal of substrate materials;

physical disturbance of substrate materials; change in
levels of heavy metals.
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Washington Department of Fisheries. 1971. Criteria governing
the design of bulkheads, landfills, and marinas in Puget
Sound, Hood Canal, and Strait of Juan de Fuca for protection
of fish and shellfish resources. W.D.F., Olympia, WA. 12
pp. + supplement. (ADF&G, Habitat Library, #B3370.)

This document states the guidelines presently used by Washington
Department of Fisheries in design and construction of shoreline
facilities, particularly bulkheads, landfills, and marinas.
These criteria are based on sound biological data and act to
supplement other requirements specified by 1local, state, or
federal agencies in their review of these applications.

Activity: filling (aquatic and wetland habitats).
Impact: change in depth or velocity of water; change in

turbidity or suspended sediments; change in 1level of
salinity; introduction or removal of species.
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Washington Department of Fisheries. 1974. Bulkhead criteria for
surf smelt (Hypomesus pretiosus) spawning beaches in Puget
Sound, Hood Canal, Strait of Juan de Fuca, San Juan Islands,
and the Strait of Georgia. State of Washington, Dept. of
Fisheries, Olympia, WA. 8 pp. (ADF&G, Habitat Library,
#B3371.)

This document is a supplement to Washington Department of
Fisheries (WDF). 1971. Criteria governing the design of bulk-
heads, land fills, and marinas in Puget Sound, Hood Canal, and
Strait of Juan de Fuca for protection of fish and shellfish
resources. The WDF is responsible for the management and protec-
tion of the surf smelt as a food fish. The original (1971)
document did not include the particular needs of the surf smelt
and hence was considered inadequate for the preservation of surf
smelt spawning beach areas.

Surf smelt is a widely distributed and important resource in
Puget Sound. It provides sport and commercial fishing, as well
as providing an important forage for salmon and other fishes.
Surf smelt deposit their eggs on the surface material in the
upper intertidal zone of certain gravel beaches. This character-
istic has made the species extremely vulnerable to encroachment
onto beaches by development activities.

This document provides supplementary criteria that have been

implemented as policy by the WDF in review of applications to

construct bulkheading facilities. (Author's forward: modified)
Activity: filling (aquatic and wetland habitats).

Impact: addition of physical barriers - partial
obstructions.
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Watts, F.J. 1974. Design of culvert fishways. Univ. Idaho,
Water Resources Research Institute, Moscow. 62 pp. (ADF&G,
Habitat Library, #B5015.)

Types of fish migration and typical £fish blockage problems
associated with culverts are reviewed. Swimming capability of
fish as a function of species (tables included), fish length, and
water temperature are discussed. The hydrologic characteristics
of streams and the importance of considering the timing of fish
runs and peak discharge is reviewed.

A procedure for analyzing corrugated metal pipe and pipe arches
for recommended swimming velocities is presented.

Slot orifice fishways for box culverts (slot orifice placed
perpendicular to the flow and skewed wing-wall slot orifice) are
discussed. Design aids developed for hydraulic analysis are
presented. Instream construction in or near prime fish habitat
is discussed.

Activity: stream crossing - structures.

Impact: change in depth or velocity of water; addition of
physical barriers - partial obstructions.
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Weber, P., and R. Post. 1985. Aquatic habitat assessments in
mined and unmined portions of the Birch Creek watershed.
ADF&G, Div. Habitat, Tech. Rept. 85-2, Juneau, AK. 65 pp.
(ADF&G, Habitat Library, #B5966.)

The tri-agency placer-mining study tean, comprised of
representatives from the Alaska Departments of Environmental
Conservation (ADEC), Natural Resources (ADNR), and Fish and Game
(ADF&G), was formed in Fiscal Year 1985 to assess the effects of
placer mining on aquatic resources and to provide management
alternatives to protect those resources. This report presents
the ADF&G component of the study: to assess the affects of mining
on aquatic habitats.

Mined and unmined portions of streams in the Birch Creek
watershed were inventoried to collect data on fish presence,
habitat quality, and the densities and community structure of
benthic invertebrates. The Birch Creek watershed includes both
the Crooked Creek and Birch Creek drainages and is located in the
Circle Mining District.

Placer mining in the Birch Creek watershed resulted in 1)
elimination of the riparian vegetation, 2) increased particle
embeddedness and a higher proportion of silt and sand deposited
on the stream bottom below mining, 3) elimination of fish
habitat, 4) depressed aquatic invertebrate populations, and 5)
elimination of all fish from mined streams and from streams above
active mining.

On the average, 45% of stream banks next to previously mined
sites and 2.8% of stream banks next to unmined sites were devoid
of vegetation. Stream bottom substrates were generally more
embedded in fine silt and sand in sites below active mining than
in sites above mining or unmined sites. Substrates in sites
below active mining were an average of 41% embedded and
substrates in control sites an average of 20% embedded. Study
sites located below active placer mining areas contained one-
tenth as many benthic invertebrates as sites either above mining
or in unmined sites. An average of 7.5 invertebrates per 0.1
meter square (0.1/m2) were found below active mining and an
average of 71.2 invertebrates /0.1 m? in sites above mining and
in unmined sites above mining. In contrst, an average of 27 fish
were caught per 100-m reach in the unmined streams. Except for
one round whitefish (Coregonus nasus), fish collected in the
unmined streams were arctic grayling (Thymallus arcticus) and
slimy sculpin (Cottus cognatus).

Activity: processing minerals.

Impact: change in turbidity or suspended sediments; addition
of substrate materials; physical disturbance of substrate
materials; alteration of natural <cover - riparian
vegetation.
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Welch, H.E., P.E.K. Symons, and D.W. Narver. 1977. Some effects
of potato farming and forest clear-cutting on small New
Brunswick streams. Fish. Mar. Serv. Tech. Rept. 745, 13
pp. (ADF&G, Habitat Library, #B6109.)

A survey of 33 small streams (about 90 ha watersheds) in western
New Brunswick was made in late summer 1974 to determine the
effect of intensive agriculture and clear-cut logging upon fish,
benthos, and physical characteristics of the streams.

Streams in clear-cut watersheds had 17% fewer trout, over 200%
more sculpins, and 26% less benthos than control streams. Damage
was attributed mainly to sedimentation, channelization, and to a
lesser extent lack of riparian leave strips. Follow-up work
indicated the importance of logging road crossings as sources of
fine sediment and as areas where fish populations were altered.

Streams in farmed watersheds had 52% fewer trout, 92% fewer
sculpins, and 64% 1less benthos compared with controls. Low
numbers of fish and benthos were associated with chemical
contamination, sedimentation being a contributing factor in all
farmed watersheds. Additional work on a small river whose lower
reaches drained farm land indicated young salmon were fewer and
coarse fish more numerous in downstream reaches compared with
those upstream; in the benthos, mayflies and stoneflies were
fewer and chironomids more numerous in the region of agricultural
runoff.

Damage from clear-cutting could be controlled with little effort,
as could misuse of chemicals near streams. Sedimentation due to
tilled 1land erosion would be more difficult to control.
(Author's abstract)

Activity: clearing and tree harvest; grading/plowing.

Impact: change in turbidity or suspended sediments; addition
of substrate materials; physical disturbance of substrate
materials; alteration of natural cover - riparian
vegetation; alteration of natural cover - overhanging bank
or shoreline.
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Wesche, T.A. 1985. Stream channel modifications and reclamation
structures to enhance fish habitat. Pages 103-163 in J.A.
Gore, ed. The restoration of rivers and streams: theories
and experience. Stoneham, MA: Butterworth Publ. (ADF&G,
Habitat Library, #R5151.)

The underlying tenent of the river restoration approach is that
by thorough planning done before modification activity begins, a
design simulating that of nature as closely as possible can be
developed that not only alleviates the problem causing the needed
modification but also preserves many of the other valued reach
characteristics. Too often in the past, the preservation of fish
habitat, for example, was given little or no consideration until
after the modification was completed. Later, when population
levels were found to be declining due to the loss of habitat,
attempts were made to artifically increase the carrying capacity
of the reach by the addition of a variety of improvement
structures. This is not to say that there is no place for
structures such as wing deflectors or bank covers in habitat
management. Rather, the point is that if proper planning had
occurred during the design process, the need for these structures
may not have been so great.

From a fisheries standpoint, a most simplistic view of the
channelization ©process and associated impacts could be
illustrated by the following flow diagram:

Land and/or__ A Channel _ Hydraulics __ AHabitat __ aAPopulation
sttream Use Morpholog)>(ZS >\ >Zk

where N\ = change in
-> = Jeads to

The key to the river restoration approach is for the habitat
biologist to have input into the process prior to a change in
channel morphology brought about by modification, rather than
after the habitat and population changes have already occurred.
The four fundamental components of salmonid habitat are
acceptable water quality, food-producing areas, spawn-egg
incubation areas, and cover. The extent to which each of these
components is present in a given stream is dependent upon the
stream's physical, chemical, and hydraulic characteristics. To
provide a complete habitat, no matter how large or small the
stream, requires the proper rate of flows through a suitable
channel configuration, preferably one the stream itself has
formed. It is in this regard that channelization activities have
the potential to devastate a stream habitat, unless adequate
planning and reclamation are carried out. (Author's
introduction: partial)
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Activity: channelizing waterways.

Impact: change in depth or velocity of water; physical
disturbance of substrate materials; alteration of natural

cover - riparian vegetation; alteration of natural cover -
overhanging bank or shoreline.
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Wesche, T.A., C.M. Goertler, and C.B. Frye. 1985. Importance
and evaluation of instream and riparian cover in smaller
trout streams. Pages 325-328 in R. Johnson, C. Ziebell, D.
Patton, P. Ffolliott, and R. Hamre, eds. Riparian eco-
systems and their management: reconciling conflicting uses.
USDA: Forest Service Gen. Tech. Rept. RM=120. (ADF&G,
Habitat Library, #R5147.) :

Cover is an important trout habitat component resulting from the
geomorphological characteristics of a stream channel, the stream
bank interface with the riparian community, and the stream flow.
This paper quantitatively describes the significance of the
riparian contribution to overall stream cover as related to brown
trout population size.

Activity: channelizing waterways.
Impact: alteration of natural cover - riparian vegetation;

alteration of natural cover - aquatic vegetation; alteration
of natural cover - overhanging bank or shoreline.
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Whitaker, G.A., R.H. McCuen, and J. Brush. 1979. Channel
modification and macroinvertebrate community diversity in
small streams. Water Res. Bull. 15:874-879. (ADF&G,
Habitat Library, #R5111.)

The principal objective of this study was to investigate the
long-term, temporal effect of channel modification in the
diversity of macroinvertebrates. The study concludes that
aquatic macroinvertebrate communities stabilize shortly after
channel modification. This conclusion is based on correlation
analyses, including five widely accepted diversity indices for
stream reaches that have undergone channel work from less than 1
yr to more than 30 yr prior to the study. (Authors' abstract)

Activity: channelizing waterways.
Impact: change in turbidity or suspended sediments; physical

disturbance of substrate materials; introduction or removal
of species.
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White, R.J. 1973. Stream channel suitability for coldwater
fish. Pages 61-79 in Plants and animals and man.
Proceedings of the 28th annual meeting, Soil Conservation
Society of American, Sept. 30-Oct. 3, 1973. Hot Springs,
Arkansas. (ADF&G, Habitat Library, #R5133.)

The author provides concise reviews for selected 1literature
pertaining to the general habitat requirements of the various
life-stages of salmonids as well as the effects of channelization
and channel improvements on coldwater game fish. The section
reviewing the importance of "cover" for fish and the section on
channel improvements are particularly helpful. The author also
includes a very helpful tabular summary of the literature on the
quantative effects of channelization on salmonid populations.

Activity: channelizing waterways.

Impact: change in water temperature; change in depth or
velocity of water; change in turbidity or suspended
sediments; addition of substrate materials; physical
disturbance of substrate materials; alteration of natural
cover - riparian vegetation; alteration of natural cover -
aquatic vegetation; alteration of natural cover -
overhanging bank or shoreline.
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White, R.J., and O.M. Brynildson. 1967. Guidelines for manage-
ment of trout stream habitat in Wisconsin. Department of
Natural Resources, Division of Conservation. Tech. Bull.
No. 39. 65 pp. (ADF&G, Habitat Library, #B1895.)

This is a very good review of practical techniques for stream
management to protect pristine habitat and improve damaged
salmonid habitat. A review is provided of general management
principals specific for trout stream habitat. These principals
form the foundation for the practical guidelines that follow.
The report has many helpful diagrams, illustrations, and
photographs that are particularly helpful in visualizing the
application of the proposed management guidelines. However, the
report does not consistently provide documentation to support
each guideline, and therefore it must be used with caution.

Activity: channelizing waterways.

Impact: change in water temperature; change in depth or
velocity of water; addition of substrate materials;
alteration of natural <cover - riparian vegetation;
alteration of natural cover - aquatic vegetation; alteration
of natural cover - overhanging bank or shoreline.
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White, R.G., A.E. Bingham, R.A. Ruediger, and T.S. Vogel. 1980.
Response of fish and fish-food organisms to reduction in
stream discharge. Pages 480-493 in Western association of
fish and wildlife agencies. 1980, western proceedings,
60th annual conference, Kalispell, Montana. 649 pp.
(ADF&G, Habitat Library, #R3891.)

Experiments under controlled conditions were conducted in Idaho
to examine the response of fish and aquatic insects to reductions
in stream discharge. As discharge rates were reduced, an
immediate increase in insect drift density and rate was observed
as habitat conditions changed. Within 1 or 2 wk, drift densities
in the reduced flow area returned to control levels, but drift
rates were depressed in that area. No significant differences in
total insect abundance was documented following reduced flow
tests even though the drift indicated that insects were
evacuating the area. The authors conclude that it appears that a
major impact of reduced discharge is to reduce the availability
of fish food (insects) in the drift.

Using steelhead/rainbow trout from both wild and hatchery
populations, the authors examined the response of juvenile fish
to reduced flow conditions by comparing emigration of stocked
fish from the control (constant flow) and test (reduced
discharge) areas. They conclude that it appears that even if a
stream is not at carrying capacity, the trout population will
respond negatively to reductions in discharge (i.e., emigrate
from the systems).

Activity: water regulation/withdrawal/irrigation.

Impact: change in depth or velocity of water.
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Whitney, A.N., and J.E. Bailey. 1959, Detrimental effects of
highway construction on a Montana stream. J. Environ.
Manage. 14:72-73. (ADF&G, Habitat Library, #R5112.)

In a small tributary stream (average flow of approximately 15
cfs) of the Columbia River drainage, a bulldozer was used to
remove brush and straighten approximately 350 ft of stream for
the purpose of highway construction. Based on data collected
before and after the project (i.e., within the same year) it was
shown that there was a 94% reduction on both numbers and weight
of game fish (mostly salmonids) greater than or equal to 6 in
long and 85 and 76% reductions in numbers and weight of game fish
less than 6 in long.

Activity: channelizing waterways; grading/plowing.

Impact: alteration of natural cover - riparian vegetation.
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Wilber, W.G. 1978. The influence of urbanization on the aqueous
transport and distribution of heavy metals in the Saddle
River. Ph.D. Thesis, Rutgus Univ., New Brunswick, New
Jersey. 268 pp. (ADF&G, Habitat Library, #R4366.)

A study was conducted on the Saddle River near Lodi, New Jersey,
to determine the sources and fates of heavy metals from street
surface contaminants, crankcase o0il, rainfall, and stormwater
runoff. Lead and zinc was found in streetsweeping samples,
especially in industrial areas. The concentration of heavy
metals in the samples increased with decreasing particle size.
Lead and zinc comprised over 99% of the metals in used crankcase
0oil. The main heavy metal components of stormwater runoff were
lead, zinc, and copper. An average of 66% of the suspended
solids in storm runoff settled out in 4 h. Lead and zinc were
found in the solids fractions, whereas copper was mainly in the
soluble fraction. Concentrations of heavy metals in the
sediments of the river were quite variable. Less than 1% of the
total metals in sediments, streetsweepings, and stormwater solids
were soluble in river water. (Author's abstract: modified)

Activity: transport personnel/equipment/material - land.

Impact: change in levels of heavy metals.
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Wildish, D.J., N.J. Poole, and D.D. Kristmanson. 1979. Pulp
mill pollution in L'Etang estuary, a case history and
clean-up alternatives. Fish. and Mar. Serv. Tech. Rept. No.
884, St. Andrews, N.B. 6 pp. (ADF&G, Habitat Library,
#B0273.)

¥

This study provides a chronology of events that has contributed
to an accelerated reduction in water quality in L'Etang estuary.
In 1967 a causeway was constructed that separated the upper and
lower portions of L'Etang estuary. In 1971, a pulp mill became
operational in upper L'Etang and began to discharge effluent
wastes into the estuary. The causeway restricted tidal
circulation in the upper L'Etang to such a degree that pulp waste
degradation resulted in hypoxic conditions during 1971, and by
the end of the summer of 1972, the water entirely lacked oxygen.
During the summer of 1972, 1local residents and tourists
complained about the smell of hydrogen sulfide gas in the area of
the causeway. In 1973, the shellfish fishery was closed in both
the upper and 1lower L'Etang because of high fecal coliform
counts, apparently due to sewage produced at the pulp mill. This
closure resulted in an estimated loss of 63% of the annual
yield. In 1974, low catches of herring were reported in the
lower L'Etang, but causes for the decline were not determined.
From the point of view of aquatic resource management, the
results emphasize the need for careful consideration of siting
point source effluents, the further development of numerical
simulation techniques for predictive purposes, and long-term
planning for water resources.

Activity: processing lumber/kraft/pulp.

Impact: change in level of dissolved oxygen, nitrogen.
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Wiley, R., and D. Dufek. 1976. Stream alteration and trout
production. Wyoming Wildlife 41:30-31. (ADF&G, Habitat
Library, #R5113.)

The Smiths Fork River in Wyoming is a moderate-size stream
(average flow of 53 cfs) that drains an area of approximately 192
mi¢ and supports an important rainbow trout fishery. A portion
of this river underwent channel straightening, instream cover
removal, and bank clearing. A comparison between a natural reach
and the channelized reach showed that the standing crop of trout
was more than six times less in the channelized reach and that
the average size of trout was also less in the channelized reach
(6.7 and 7.4 in, respectively).

Activity: channelizing waterways.
Impact: alteration of natural cover - riparian vegetation;

alteration of natural cover - aquatic vegetation; alteration
of natural cover - overhanging bank or shoreline.
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Wiley, M.L., and J.S. Wilson. 1975. Environmental effects of
explosive testing. Appendix B In Experimental
investigations of effects of underwater explosions on
swimbladder fish, 1I: 1973 Chesapeake Bay tests. J.B.

Gaspin. Naval Surface Weapons Center, Maryland.
NSWC/SOL/TR 75-58. 40 pp. (ADF&G, Habitat Library,
#B1243.)

Experiments were conducted in Chesapeake Bay using crabs
(Callinectes sapidus), oysters (Crassostrea virginica), white
perch (Morone americana), spot fish (Leiostomus xanthurus), and
hogchoker (Trinectes maculatus). White perch and spot are fish
with swimbladders, and the hogchoker has no swimbladder. The
fish showed different susceptibilities to injury, which the
authors ascribed to structural differences among the species.
The species without a swimbladder sustained the 1least damage.
Other structural differences that gave fish more protection were
larger, thicker scales, heavier ribs and other skeletal features,
firmer muscles and thicker walls in the gas bladder. Fish that
survived the tests were sometimes able to recuperate, but the
authors speculated that their injuries greatly increased their

chances of being selectively eaten by larger fish. The authors
were able to draw few conclusions from the tests with oysters and
crabs. Some oysters and crabs were killed at the stations

nearest the explosions but many survived.

Activity: blasting.

Impact: increase in hydrostatic pressure or noise.
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Wilson, J. 1960. The effects of erosion, silt and other inert
materials on aquatic life. Pages 269-271 in C.M. Tarzwell,
ed. Biological problems in water pollution, transaction of
the 1959 seminar. USDHEW, Robert A. Taft Sanitary
Engineering Center, Cincinnati, OH. (ADF&G, Habitat
Library, #R2907.)

This review paper discusses impacts resulting from the
introduction to water-sheds of suspended sediments from eroding
watersheds, gravel washing, road building operations, placer
mining, deforestation, overgrazing, unwise irrigation, and other
agricultural practices.

Increases in turbidity and siltation in an Oklahoma reservoir
decreased the photosynthetic activity of algae and smothered most
benthic organisms. Adult fish lived by feeding on smaller fish,
but young of all species had little food until they were large
enough to feed on other fish.

One study is cited that stressed the importance of maintaining a
free flow of water through spawning gravels as a means of
maintaining high dissolved oxygen content. Deposition of silt
from an upstream source of land-wash or gravel-washing from
mining operation, earth slides, road building, or deforest-
ation destroys the eggs in spawning gravel by reducing the flow
of water and thereby the necessary oxygen. Fine silt was found
to interfere with gaseous interchange by coating the surface of
eggs.

Activity: clearing and tree harvest:; dredging:;
grading/plowing.

Impact: change in turbidity or suspended sediments; addition

of substrate materials; physical disturbance of substrate
materials; change in level of dissolved oxygen, nitrogen.
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Wilson, K.W. 1974. The ability of herring and plaice larvae to
avoid concentrations of oil dispersants. Pages 589-602 in
J.H.S. Blaxter, ed. The early life history of fish. New
York: Springer-Verlag. 765 pp. (ADF&G, Habitat Library,
#R3890.)

The responses of herring and plaice 1larvae to horizontal
gradients of an oil dispersant (BP 1002) in sea water was studied
in the laboratory. Direct avoidance responses were not observed.
However, free swimming plaice larvae showed an almost
instantaneous increase in swimming activity when exposed to the
dispersant. Because of the increased activity, plaice larvae
tended to move by random movements away from the area.
Free-swimming herring larvae did not show any avoidance of
vertical gradients, remaining in the dispersant layer until they
became narcotized. The narcotized larvae sank into clean water
but swam upward again when they recovered. Newly hatched plaice
larvae did not sink, thus remaining in the dispersant layer. The
author concludes that larvae would not avoid areas of dispersants
at sea but because of the effects of dispersants would sink or
swim away from lethal concentrations.

Activity: drilling; transport of oil/gas/water - water.

Impact: change in levels of hydrocarbons.
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Wilson, K.W. 1976. Effects of oil dispersants on the developing
embryos of marine fish. Mar. Biol. 36:259-268. (ADF&G,
Habitat Library, #R2438.)

The effects of oil dispersants BP1002, Finasol ESK and Corexit
7664 on the development of herring, (Clupea harengus L.), plaice,
(Pleuronectes platessa L.), and sole, (Solea solea L.) were
studied. Treatment of developing embryos for 100 h with BP1002
and Finasol ESK gave rise to abnormalities in cell division and
differentiation, to reductions in heart rate, eye pigmentation,
growth rate, and hatching success above concentrations of 10
ppm. Larvae with abnormal flexures of the spine, which prevented
them from feeding successfully, resulted from exposure to 5 ppm.
Treatment of the embryos with dispersants throughout the period
from fertilization to hatching (15 to 20 d) produced similar
abnormalities at slightly lower concentrations. Corexit did not
produce any demonstrable deleterious effects on embryos exposed
to concentrations up to 5,000 ppm, the highest tested.

Activity: drilling; transport of oil/gas/water - water.

Impact: change in levels of hydrocarbons.
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Wilson, K.W. 1977. Acute toxicity of oil dispersants to marine
fish larvae. Mar. Biol. 40(1):65-74. (ADF&G, Habitat
Library, #R2439.)

‘The acute toxicities of several oil dispersants to the larvae of
haddock, herring, lemon sole, pilchard, plaice, and sole were
examined, the type and aromatic content of the solvent being the
main factors influencing the toxicity. Newer ("second
generation") dispersants had much lower toxicities. Aging of
dispersant solutions led to a decrease in toxicity, which could
be related to 1loss of aromatic compounds from solution.
Temperature and salinity had only a slight influence on toxicity.
For all dispersants, differences of susceptibility between
species were less than differences at different ages within a
species. The larvae of all species showed a similar
susceptibility when newly hatched, and susceptibility increased
throughout the yolk-sac stage. The transition period from yolk
reserves to an external food supply was most critical, for once
larvae had established feeding, resistance increased until
metamorphosis. The dispersants appeared to act largely as
physical toxins causing a reversible narcosis. The implications
of the results are discussed in relation to the use of
dispersants at sea.

Activity: drilling; transport of oil/gas/water - water.

Impact: change in levels of hydrocarbons.
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Winger, P.V. 1972. The effects of channelization and water
impoundment on the macroinvertebrates in the Weber River,
Summit County, Utah. Ph. D. Dissert., Brigham Young Univ.,
Department of Zoology. (ADF&G, Habitat Library, #B2835.)

Macroinvertebrate populations in the Weber River, Summit County,
Utah, were analyzed to determine what effects channelization
resulting from Interstate-80 construction and water impoundment
had on the standing crop, species diversity, and species
composition.

Bottom samples were collected monthly from riffle areas in
channeled and unchanneled sections and above Echo and Wanship
reservoirs. Macroinvetebrate populations in the channeled areas
were similar in standing crop, species diversity, and species
composition to those in unchanged areas within 6 mo following
channelization. The colonization of the river bed was dependent
upon the stability of the substrate, which was controlled mainly
by the amount of water flow. High turbidity of the water below
the channeled area occurred at and immediately following
channelization, but normal levels were achieved in a short time.

This information should not be used as a rationalization for
channelization; however, it does indicate that something can be
done to salvage and rehabilitate already altered areas. However,
much study needs to be conducted to determine the correct
placement of structures and which structures are the most
effective for a particular type of river condition.

Species diversities were higher (d=4.1, 3.7) above the reservoirs
than below (d=2.0). The reservoirs restricted the distribution
of several species of macroinvertebrates.

Drastic fluctuations in discharge from the reservoirs may be a
factor causing the lower species diversity below them, especially
below Echo Reservoir. The species diversity above Wanship
Reservoir was 4.1; above Echo Reservoir it was 3.7; and below
Echo Reservoir it was 2.0. These data indicate that the habitat
above Wanship was a clean, natural habitat. The populations
above Echo Reservoir are similar but showing some stress.
Populations below Echo Reservoir have a lower species diversity,
indicating some form of ecological stress. This indicates that
the invertebrate composition and diversity of the Weber River are
influenced by the presence of Echo and Wanship reservoirs.

Activity: channelizing waterways; water regulation/with-
drawal/irrigation.

Impact: change in water temperature; change in depth or
velocity of water; <change in turbidity or suspended
sediments; addition of substrate materials; physical
disturbance of substrate materials; alteration of natural
cover - riparian vegetation.

721



Witten, A.L., and R.V. Bulkley. 1975. A study of the effects of
stream channelization and bank stabilization on warmwater
sports fish in Iowa: Subproject No. 2. A study of impact
of selected bank stabilization structures on game fish and
associated organisms. FWS/0BS-76/12. USFWS, Washington,
D.C. 116 pp. (ADF&G, Habitat Library, #B6293.)

Four types of bank stabilization structures installed mainly for
highway protection -- revetments, retards, permeable jetties, and
impermeable jetties ~- were studied during the summer and fall of
1974 to determine their impact on game fish habitats in Iowa
streams. Stream width, depth, current velocity, water
temperature, and turbidity were measured. Permeable jetties and
retards deepened the channel near the structures. Maximum stream
depth at or near these structures was from 7 to 110% greater than
maximum depth in control sections of the streams. No other
significant differences in physical parameters between structured
and nonstructured sections of stream were found. Effects of bank
stabilization structures on stream morphology (width and depth)
and current velocity were difficult to assess. Most bank
stabilization structures for highway protection are placed on
concave stream banks, where the current velocity and stream depth
are expected to be the greatest. Because it was impossible to
duplicate the structure-area channel meanders in control areas,
simple comparisons of current velocity and depth in structure
areas vs. control areas did not give a totally accurate picture
of the influence of the structure on stream morphology. It is
difficult to separate the effects of the structures on stream
morphology from natural variations in current velocity and
depth. Soldier River permeable Jjetties, however, were on an
almost straight reach of the river; large differences in depth
between structure and control areas were found at these sites.
The stream near the structures was significantly deeper than was
the case in the control area. Revetments, which do not project
into the stream but protect an existing bank, have no apparent
effect on stream morphology. Neither retards or permeable
jetties affected appreciably the maximum current velocities, but
depths were greater near the structures. A long rock Jetty,
extending far enough into the stream to produce a scour hole,
would combine most of the advantages noted for the structures
studied. From the standpoint of habitat improvement, rock seems
superior to steel as a construction material, and structures that
cause the formation of scour holes are superior to those that do
not deepen the stream. (Annotation from Stearn and Stearn 1980Db)

Activity: channelizing waterways; filling (aquatic and
wetland habitats).

Impact: change in depth or velocity of water.
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Wolf, J., M. McMahon, and J. Diggins. 1972, Comparison of
benthic organisms in semi-natural and channelized portions
of the Missouri River. Proc. S.D. Acad. Sci. 51:160-167.
(ADF&G, Habitat Library, #R5114.)

Channel straightening, instream dredging, and reduction of
channel width of a section of the Missouri River decreased the
benthic habitat diversity, which resulted in lowered production
capability of Dbenthic macroinvertebrates. Compared to
seminatural channels, channelized reaches were primarily composed
of main channel habitat and had almost no sand-shore, sand-bar,
and cattail habitats, which supported nearly 4, 5, and 12 times
the density of invertebrates than did main channel habitat,
respectively.

Activity: channelizing waterways.
Impact: change in depth or velocity of water; physical

disturbance of substrate materials; introduction or removal
of species.
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Woods. L.C. 1977. The effect of stream channelization ana
mitigation on warmwater macrcinvertebrate communities.
Masters Thesis, Ohio State Univ. (ADF&G, Habitat Library,
#B1775.)

This study evaluates taxonomic diversity, numbers, and biomass of
macroinvertebrate drift and benthos in three habitat types in the
Olentangy River, Ohio. The three habitats include 1) a natural
reach, 2) a recently channelized reach (time since channelization
not given) in which five artificial riffles were placed and along
which the banks were revegetated and stabilized with riprap, and
3) an o0ld channelized reach (more than 24 yr) for which no
mitigation measures were employed. For the new and mitigated
channel, no statistical difference was detected for numbers of
families (diversity), numbers of organisms, or total biomass of
benthic macroinvertebrates. However, natural and mitigated
channels both had greater numbers of taxa, numbers of organisms,
and total biomass than the o0ld nonmitigated channel. Similar
trends were evident for macroinvertebrate drift. Although no
statistical differences were determined between natural and
mitigated channel reaches for any of the three variables
previously identified, both the natural and mitigated channels
had significantly greater numbers of organisms and total biomass
than the nonmitigated channel. Regarding numbers of families
(diversity), the natural channel was shown to have significantly
more taxa than the unmitigated channel, whereas no significant
difference was determined between mitigated and unmitigated
channels.

Activity: channelizing waterways; filling (aquatic and
wetland habitats).

Impact: change in depth or velocity of water; addition of

substrate materials; alteration of natural cover - riparian
vegetation; introduction or removal of species.

724



Woodward-Clyde Consultants. 1980. Gravel removal studies in
arctic and subarctic floodplains in Alaska. USFWS - Office
of Biological Services, Washington D.C. Tech. Rept. No.
FWS/OBS-80/08. 403 pp. (ADF&G, Habitat Library, #B4846.)

The primary purpose of this report is to prov1de information that
will assist resource managers in minimizing detrimental
environmental effects resulting from floodplain gravel mining.

Data from 25 study sites in arctic and subarctic floodplains in
Alaska were collected and analyzed by the following six
disciplines: river hydrology and hydraulics, aquatic biology,
terrestrial ecology, water quality, aesthetics, and geotechnical
engineering. Included is a general overview that discusses the
tradeoffs and comparisons between disciplines that must occur
with respect to the siting, operation, and closing of material
sites. Where possible, the similarities in approach of the
various disciplines to minimize disturbance from gravel removal
are emphasized because these conditions maximize protection of
floodplain environments.

Major variables addressed include drainage basin size, channel
width, channel configuration, channel slope, stream origin, type
of gravel removal, and location of gravel removal. In regard to
aquatic biota, gravel removal by scraping in floodplains resulted
in a number of alterations to aquatic habitats. Important
habitat alterations included 1) the creation of braided channel
areas, with associated changes in various habitat parameters; 2)
removal of bank and instream cover; 3) increased habitat
diversity; 4) creation of potential migration blockages; and 5)
creation of potential entrapment areas.

Activity: dredging; processing minerals.

Impact: change in water temperature; change in depth or
velocity of water; change in turbidity or suspended
sediments; physical disturbance of substrate materials;
alteration of natural «cover - riparian vegetation:;
alteration of natural cover - overhanging bank or shoreline;
addition of physical barriers - impoundments; addition of
physical barriers - diversions; change in level of dissolved
oxygen, nitrogen.
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Wright, T.D. 1978. Aquatic dredged material disposal impacts.
U.S. Army Engineers Waterways Experiment Station, Vicksburg,
Miss. Tech. Rept. DS-78-1. 57 pp. (ADF&G, Habitat
Library, #B4871.)

The aquatic disposal field investigations descr.bed in this study
were conducted at five representative locations at an Atlantic
estuary, the open Gulf of Mexico, the Great Lakes, a Pacific
estuary, and the open Pacific Ocean. In this review, findings
from the Pacific estuary at Duwamish, Wash., and the open Pacific
Ocean at the Columbia River will be discussed.

At the Columbia River dredging site there appeared to be no
important chemical changes in the water column; however, disposal
caused several biological changes. The number of benthic
organisms present were reduced by burial with dredged material
and the diversity increased. The reduction in numbers lasted for
at least 8 mo after disposal, and the diversity increase lasted
until the end of the study. The number of demersal fish and
their species diversity were both 1lower after the dredge
disposal, but recovery was noted several months later. The
feeding habits of fish also changed after disposal; there was a
shift from consumption of small prey items to larger ones.

At the Duwamish River disposal site, density, biomass, and
diversity of benthic invertebrates were depressed after disposal.
However, there was evidence that animals at the edges of the site
were stimulated by dredged material. Bottomfish seemed to ignore
the disposal site, whereas shrimp were attracted to the site.

Activity: dredging; solid waste disposal.

Impact: change in turbidity or suspended sediments; addition
of substrate materials; change in levels of heavy metals;
change in levels of chlorinated compounds; change in levels
of biocides; change in levels of other toxic compounds -
other; introduction or removal of species.
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Wright, H.E. (Jr.). 1981. The role of fire in 1land/water
interactions. Pages 421-444 in Proceedings of the
conference on fire regimes and ecosystem properties. Gen.
Tech. Rept. WO-26: Dec. 11-15, 1978; Honolulu, Hawaii.
(ADF&G, Habitat Library, #R3889.)

Forest fires cause a temporary increase in runoff to streams and
lakes, in part because of decreased evapotranspiration, according
to studies in Washington (Entiat Fire), Minnesota (Little Sioux
Fire), and Ontario (Experimental Lakes Area). Mass transport of
nutrients and cations also increases, but no algal blooms were
detected. Extent of fires is commonly 1limited by natural
firebreaks provided by lakes and streams. The charcoal and
pollen stratigraphy of annually laminated lake sediments provides
a record of past fire frequency. Lake-sediment studies also
document forest history over thousands of years, showing the
shift from fire-adapted forests to fire-resistant forests, or the
reverse. (Author's abstract)

Activity: burning.

Impact: change in depth or velocity of water; change in
levels of nutrients.
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Wright, D.G. 1982. A discussion paper on the effects of
explosives on fish and marine mammals in the waters of the
Northwest Territories - Canadian Tech. Rept. of Fisheries
and Aquatic Science No. 1,052. 16 pp. (ADF&G, Habitat
Library, #B4358.)

The use of explosives in the marine environment has been
demonstrated to be harmful to both fish and marine mammals.
Underwater shock waves resulting from the detonation of high
velocity chemical explosives are potentially lethal to fish in
that they can result in the rupture of the swim bladder and
rupture and hemorrhage of the kidney, liver, spleen, gonads and

sinus venosus. The high peak pressure, rapid rise times, and
rapid decay to below ambient hydrostatic pressure are the
properties of chemical explosives most damaging to fish. The

presence of ice and type of bottom can change the rise time and
peak pressure. Fish mortality increases with body weight, and
the swim bladder is the main site of injury. Survival of eggs is
greatly reduced with small charges of explosive. Larval fish are
less sensitive to the effects of shock waves than are eggs or
postlarval fish, where the swim bladder has developed. Wright
cited a study in which newly hatched salmon and herring fry
survived pressures of five bars and were apparently unaffected by
rapid pressure changes. When the same fry reached 3 to 6 mo of
age and developed a swim bladder, a pressure change of more than
two bars caused mortality within 24 h.

Activity: blasting.

Impact: increase in hydrostatic pressure or noise.
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Wu, T.H. and Swanston. 1980. Risk of landslides in shallow
soils and 1its relation to clearcutting in southeastern
Alaska. For. Sci: 26:495-510. (ADF&G, Habitat Library,
#R3600.)

A significant increase in the frequency of landslides in shallow
soils on hillside slopes of Southeastern Alaska following timber
harvest by clear-cutting has been observed. This phenomenon
relates to the 1loss of root strength and evapotranspiration
stress that follows the cutting of the trees. A method for
evaluating the landslide risk is described in this paper. A
hillside with a nearly uniform slope is represented by an
infinite slope, and the piezometric 1level required for shear
failure is computed. A one-dimensional infiltration-seepage
model is used to calculate the response of the piezometric level
to rainfall. Weather data are used to calculate the probability
of the piezometric level exceeding the value required for slope
failure. Uncertainties in soil strength and slope angle may also
be accounted for in the calculation of failure probability.
Field data obtained from a site near Hollis, Alaska, are used to
illustrate the method of risk evaluation and cost analysis.
(Author's abstract)

Activity: clearing and tree harvest.

Impact: addition of substrate materials:; physical
disturbance of substrate materials.

729



Wydoski, R.S. 1978. Response of trout populations to
alterations in aquatic environments: a review. Pages 57-92
in J.R. Murry, ed. Proceedings of the wild trout-catchable
trout symposium, 1978; Eugene, OR. (ADF&G, Habitat Library,
#R5129.)

The first half of this paper presents a series of concise reviews
of the literature dealing with the effects of various types of
developmental activities on aquatic environments in North
America. The activities specified include 1logging, grazing,
channelizing, dams, mining, dredging, and agricultural practices.
A key-word index is included for the approximately 250-300
references cited. '

The second portion of the paper is a review of the general
ecology of streams and the effect of stream conditions on trout
populations. The effects of streamflow, water quality, water
temperature, and riparian vegetation on fish are briefly
reviewed.

Activity: channelizing waterways; clearing and tree harvest;
dredging; grazing; processing minerals: water
regulation/withdrawal/irrigation.

Impact: change in depth or velocity of water; change in

turbidity or suspended sediments; physical disturbance of
substrate materials.

730



Wydoski, R.S., and W.T. Helm. 1980. Effects of alterations to
low gradient reaches of Utah streams. USDI: USFWS; FWS/OBS-
80/14. 160 pp. 160 pp. (ADF&G, Habitat Library, #B1820.)

This report is an investigation of the physical and biological

effects of stream channelization in northern Utah. Erosion and
deposition of streambed gravel were directly correlated with the
percentage of stream reach that was altered. The greatest

erosion and deposition resulted in reaches with a high proportion
of alteration, whereas reaches with a 1lower proportion of
alteration were less affected. Pools occurred less frequently in
bulldozed than in backhoe-altered areas, although this may have
been due to stream characteristics rather than the type of
alteration. Shape and integrity of stream banks differed
distinctly between the two types of alteration. Banks were left
relatively unchanged in shape during dredging, except that in
some places they were nearly covered with material removed from
the streambed. Some of the riparian vegetation survived. Stream
banks and riparian vegetation in bulldozed areas were eliminated,
as banks were either tapered back or completely covered, with no
deep water left in close proximity. In all bulldozed sites the
trout populations were not self-sustaining, either because of few
spawning adults or 1little recruitment and survival of age O
trout. No long-term differences in growth rates were observed
for trout in altered or unaltered reaches. During the study,
dredging had 1less affect than bulldozing on survival of age O
fish, but there were 1indications that dredging would reduce
spawning in the future.

High stream flows in spring appeared to be required to maintain
the depth and frequency of pools. Normal spring flows through
altered reaches removed streambed materials deposited in pools by
the alteration process, restoring them to near pre-alteration
depths. Although the location of pools may have been changed
somewhat as a result of channelization and subsequent restoration
by fluvial processes, the number of pools was essentially the
same. Low spring flows did not restore many altered pools and
left some pools in unaltered areas shallower than usual. Al-
though about equal amounts of erosion occurred during the 1low
flows of all and the high flows of spring in altered stream
reaches, most deposition occurred during the high flows in
spring.

During low stream flows, brown trout and whitefish used deep
pools. Because such pools were absent from severely channeled
areas, fish moved from these altered areas into areas that
contained pools but returned when stream flows were normal.
Although the biomass and production of brown trout were adversely
affected by stream channel alterations, these measurements failed
to show that trout from severely channeled areas depend on more
natural reaches for survival during low stream flows and for
recruitment of young.

Production of brown trout and mountain whitefish was directly
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related to the proportion of a reach in pools, being highest in
the reach with the most pools and least in the reach with the
fewest. Biomass followed this same trend.

Growth of whitefish was faster in both altered and unaltered
areas of the Blacksmith Fork and Logan rivers than has been
reported in the literature for most other locations. Production
was greater than previously found for a reach that was the lower
limit of their occurrence in the Logan River.

Trout and whitefish population estimates, biomass, and production
over a year's time fluctuated widely in both natural and altered
sites, indicating the necessity to measure these parameters
seasonally to adequately describe the ecology of the population.

Mean annual densities and standing crops of invertebrates showed
no significant differences between sites, reflecting the
heterogeneity of the stream habitat and its resultant sampling
variability, as well as seasonal changes and the relatively
short-term effects of alterations on these parameters.

Shannon diversity indices for invertebrates increased slightly
immediately following stream channel alterations but decreased as
recolonization began by the more mobile families, such as
Chironomids, Simuliids, and Baetids.

All of the stream channel perturbations had the same type of
effect on the macroinvertebrates--lowered standing crops (numbers
and weight), slightly lower Shannon diversity index, and an
adverse effect on production.

The duration of the impact by the perturbation on the benthic
community was largely dependent upon the rate of return of
substrate stability.

Irrigation diversions coupled with stream channel alterations
produced a greater detrimental effect on fish and
macroinvertebrates than occurred from either of these laterations
along. (Authors' summary/conclusions)

Activity: channelizing waterways; water regulation/with-
drawal/irrigation.

Impact: change in depth or velocity of water; addition of
substrate materials; physical disturbance of substrate
materials; alteration of  natural cover - riparian
vegetation; introduction or removal of species.
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Yearke, L.W. 1971. River erosion due to channel relocation.
Am. Soc. Civil Eng., Civil Eng. 41:39-40. (ADF&G, Habitat
Library, #R5115.)

Channel relocation work is a phase of hydraulics little known by
highway engineers. A channel change in New Hampshire's Peabody
River was studied from 1961 through 1968. The river was
shortened by approximately 850 ft, and its alignment was
straightened. Immediately postconstruction, the channel began to
seek its hydraulic gradient through erosion and scour. The major
adjustment took place in the first year, with decreasing adjust-
ments of each year thereafter. The original channel had an
average fall of 52 ft/mi, and the relocated channel was steepened
to 80 ft/mi 7 yr postconstruction and underwent aggradation.
Scour within the channelized section resulted in localized bed
adjustments of up to 18 ft, and in some places the stream width
increased three to four times its original width due to severe
erosion. The effects of these alterations on biota were not
studied.

Activity: channelizing waterways.

Impact: change in depth or velocity of water:; addition of
substrate materials. ‘
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Yee, C.S., and T.D. Roelofs. 1980. Planning forest roads to
protect salmonid habitat. U.S.D.A. Forest Service,
Gen. Tech. Rept., PNW-109, 26 pp. Report no. 4, in,
W.R. Meehan (ed.), Influence of forest and rangeland
management on anadromous fish habitat in western North
America. Pac. NW For. and Range Exper. Sta., Portland, OR.
(ADF&G, Habitat Library, #B2439.)

This report describes how elements of a forest transportation
system cause environmental changes that affect anadromous fish
habitat and provides guidelines for the design, construction, and
maintenance of these facilities to minimize adverse effects.
Major effects discussed are increased sedimentation from
transportation networks, the hindrance to fish migration of
drainage structures, and possible changes in water quality from
road stabilization additives.

Activity: grading/plowing.
Impact: change in turbidity or suspended sediments; addition
of substrate materials; physical disturbance of substrate

materials; addition of ©physical Dbarriers - partial
obstructions.
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Young, D.R., G.V. Alexander, and D. McDermott-Ehrlich. 1979.
Vessel-related contamination of southern California harbours
by copper and other metals. Mar. Pollut. Bull. 10(2):
50-56. (ADF&G, Habitat Library, #R3879.)

A number of trace contaminants (mercury, tin, chromium, lead,
zinc, cadmium, and polychlorinated biphenyls) appear to be
introduced to nearshore marine waters as a result of vessel-

related activities. The authors conducted a study of the
application of antifouling paints to boats in twelve marinas and
harbours along the southern California coast. Copper

concentrations were determined in samples of the principal brands
of paints used. To determine the degree to which the biota can
be contaminated by vessel-related activities in nearshore waters,
the authors measured the concentrations of trace metals 1in
tissues of the bay mussel Mytilus edulis. Mussel samples were
collected from intertidal areas of San Pedro, San Diego, and
Newport harbours. Comparative studies using this bioindicator
suggest that harbour-related activities can be as important a
source as coastal wastewater discharges in the contamination of
nearshore marine ecosystems.

Results indicated that about 5% of the recreational boats in
southern California marinas are painted once a year and that, on
the average, approximately one U.S. gallon (3.8 1) of paint is
used per boat. Estimated quantities of antifouling paint applied
to recreational boats in 1973 in 12 major marinas of southern
California was 295,600 1l/yr. The corresponding estimated
application rate of copper via this mode (180 metric ton/yr) is
more than one-third the annual emission rate from major municipal
wastewaters (510 metric ton/yr), and twice the estimated input
from surface runoff and dry aerial deposition (approximately 70
metric ton/yr). Results of trace element studies on M. edulis
reflected this copper input in marina and nearshore coastal
areas. Levels of copper in digestive gland, gonadal, adductor
muscle and remaining tissues were up to ten times the natural
levels. In addition, the vessel-related materials cadmium,
chromium, lead, tin, zinc, and PCB were measured at levels 2 to
20 times above background in one or more tissues of specimens
collected from <certain areas of high vessel activity.
Corresponding contaminations by these constituents (as well as
silver and nickel, but excepting zinc) occurred in coastal
specimens collected near the Los Angeles County submarine
discharge of municipal wastewater. The authors concluded that
both vessel-related activities and coastal wastewater discharges
can lead to distinct elevations of such trace pollutants in
nearshore marine organisms. (Author's summary: modified).

Activity: human disturbance; transport personnel/equip-
ment/material - water.

Impact: change in levels of heavy metals.
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Zimmer, D.W., and R.W. Bachmann. 1976. A study of the effect of
stream channelization and bark stabilization on warmwater
sport fish in Iowa: Subproject No. 4. The effects of
long-reach channelization on habitat and invertebrate drift
in some Iowa streams. Iowa Cooperative Fishery Research
Unit, Iowa State Univ. USFWS, Office of Biological
Services, FWS/0BS-76-14. (ADF&G, Habitat Library, #B0995.)

Relationships between channel morphometry, habitat diversity, and
invertebrate drift density were studied in 11 natural and
channelized stream segments of the upper Des Moines River Basin
during 1974 and 1975. Gradients of the study sites ranged from
0.17 to 2.18 m/km sinuosity index values were between 0.95 and
1.67. Sinuosity was defined as the ratio of channel 1length to
downvalley distance and index values were calculated as the ratio
of the distance measured along the stream channel to the distance
measured along the valley axis.

The most obvious effect of channelization on stream habitat was a
reduction in the diversity of water depth and current velovity.
There was a significant positive correlation between channel
sinuosity and the variability of stream depth and velocity.
Invertebrate drift density, expressed as biomass and total
counts, was also correlated with channel sinuosity. Sinuous
streams had greater concentrations of drifting organisms than did
straight channels. There was no relationship between drift
density and channel gradient. The impact of channelization on
habitat diversity and invertebrate drift density might be
minimized if channels were designed with greater sinuosity index
values. (Author's abstract: modified)

Activity: channelizing waterways.

Impact: change in depth or velocity of water; alteration of
natural cover - overhanging bank or shoreline.
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Zimmer, D.W., and R.W. Bachmann. 1978. Channelization and
invertebrate drift in some Iowa streams. Water Res. Bull.
14(4) :868-883. (ADF&G, Habitat Library, #R5116.)

Relationships between channel morphometry, habitat diversity, and
invertebrate drift density were studied in 11 natural and
channelized stream segments of the upper Des Moines River basin
during 1974 and 1975. Gradients of the study sites ranged from
0.17 to 2.18 m/km; sinuosity index values were between 0.95 and

l1.67. The most obvious effect of channelization on stream
habitat was a reduction in the diversity of water depth and
current velocity. There was a significant (P=0.05) positive

correlation between channel sinuosity and the variability of
stream depth and velocity. 1Invertebrate drift density, expressed
as biomass and total counts, was also correlated with channel
sinuosity. Sinuous steams had greater concentrations of drifting
organisms than did straight channels. There was no relationship
between drift density and channel gradient. The impact of
channelization on habitat diversity and invertebrate drift
density might be minimized if channels were designed with greater
sinuosity index values. (Annotation from USFWS 1980)

Activity: channelizing waterways.

Impact: change in depth or velocity of water; alteration of
natural cover - overhanging bank or shoreline.
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influence of vegetation on channel form of small streams.
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Data on channel width of several small streams in the Sleepers
River basin of northern Vermont have provided some measure of
the influence of vegetation on channel form. Along five
streams, for which there are complete records of variation in
channel width, width does not increase in a downstream direction
as far as points with drainage areas of 0.2 to 0.8 mi2,
presumably as a result of disturbance and encoachment by

vegetation. In one basin with an area of 0.8 mi? channel width
is clearly related to type of vegetation, as the channel is
alternately wide under forest and narrow in sod. Along one

stream, width _increases in discharge where the drainage area
exceeds 0.3 mi2, but the variability in width (expressed as the
standard deviation from mean and as a coefficient of relative
variability) also increases, reaching a maximum where the
drainage area is about 2 mi2. Relatively uniform channel widths
occur, on the other hand, where the drainage area is about 6 miZ2.
Similar relationships were found in other streams sampled. In
one stream, however, the mean channel width under forest where
the drainage area is about 1.3 mi2 exceeds by more than 5 ft the
mean width of the same stream where the drainage area is 2.8 mi?
and the vegetation along the stream is predominantly sod.

In the Sleepers River basin, there are apparently two thresholds
along streams. In a downstream direction, the first threshold
occurs at points with drainage areas of 0.2 to 0.8 mi2. Upstream
from these points, width does not increase in a downstream
direction, 1living tree roots cross the channel, and dams of
organic debris are common. The flow is commonly underground.
Points with drainage areas of 0.2-0.8 mi? have annual high flows
of 10 to 20 cfs. With drainage areas exceeding 0.2-0.8 mi?
widths increase, but channel form is highly variable, and mean
widths may vary by as much as 5 ft depending upon the type of
vegetation. Relatively uniform widths occur, regardless of
vegetation, where the drainage area exceeds 4 to 6 mi2. ©Points
with drainage areas of about 5 mi2 are apparently the second
threshold. These points have annual high flows in the range of
100 to 150 cfs. Beyond these points, the influence of vegetation
on channel form is marginal compared with that of geologic
differences and the sinuousity of the flow itself.

Vegetation influences channel form by altering the roughness and
shear strength of bed and banks. In addition, non-fluvial
processes such as the windthrow or frost-heaving of streambank
trees may locally double or triple the channel dimensions that
would occur with the same discharge regimen in the same geologic



setting. (Author's abstract)

Activity: channelizing waterways.

Impact: change in depth or velocity of water; alteration of
natural cover - riparian vegetation; alteration of natural
cover - overhanging bank or shoreline.
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