





























































































































































































































SMOLT REPLACEMENT

PROPOSAL FOR
CHANNEL MAINTENANCE

POSSIBILITY TO
AUGMENT WINTER FLOW
CONDITIONS

PRINCIPAL
CONSEQUENCES OF
NECHAKO DIVERSION

WATER QUALITY
PROBLEMS MUST
EMPLOY MITIGATION

ave suitable. Only in the latter case might it be considered a reasonable
long term option. With the prospect of diminished flows, fry planting
might well compound a habitat shortage problem unless it were undertaken to
optimize any habitat development activities.

Smolt replacement is a viable but costly alternative to natural smolt pro-
duction since chinook as well as coho production would involve rearing for
12-14 month periods.

Alcan has proposed a temporary dam structure at the outlet of Morice Lake
as means for providing an artificial flood surge to maintain the existing
channel configuration. This approach is of uncertain merit. It may be
more appropriate to consider more direct means of channel maintenance.

There is, however, merit in considering a control of the outflow from
Morice Lake to augment the low winter flows which the consultants have
shown is affecting chinook, coho and trout survival. It is possible that a
few feet of storage could be developed on Morice Lake that would
appreciably increase the low winter flows in Morice River.

Nechako River

Alcan proposes to divert 80% of the mean annual flow now remaining in the
Nechako River through the Kemano Reservoir and into new powerhouse
facilities at Kemano. This diversion has four principal consequences which
must be addressed to protect the existing and potential chinook and sockeye
salmon stocks of the Nechako system. These are the maintenance of:

1) Satisfactory water quality regimes, such as temperature and total
dissolved gases, in the Nechako River between the Nautley River
and Prince George to ensure safe migratory conditions for adult
sockeye salmon on their way to their respective spawning grounds
and to provide suitable conditions for rearing chinook,
particularly in the Upper Nechako;

2) Adequate spawning capacity for chinook salmon utilizing the upper
Nechako River;

3) The maintenance of adequate rearing capacity for juvenile chinook
salmon native to the upper Nechako River; and

4) Assessment and amelioration of potential impediments to migration
at points of difficult passage downstream of Prince George.

Alcan proposes to mitigate rather than compensate for the first three

problems through controlled flow releases affecting both volume and water
quality. It has not addressed the fourth.
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WATER QUALITY
PROBLEMS MUST
EMPLOY MITIGATION

FLOW REGIME FOR
3,000 CHINOOK

DEPARTMENT'S VIEW
OF ADEQUACY OF FLOW
PROPOSALS

HATCHERY MUST BE
REQUIRED TO SUSTAIN
CHINOOK POTENTIAL

SCOPE OF KEMANO
COMPLETION PROJECT

The resolution of the water quality problems is dependent upon mitigative
and not compensative approaches. While approaches have been discussed pre-
viously, solutions remain to be found.

With reference to the chinook populations, Alcan has proposed a flow regime
they believe will sustain an escapement of 3,000 fish which is considerably
short of the Department's target.

As has previously been discussed, the proposed flow regime fer the
September spawning period would probably accommodate 5,000 spawners.
However, the Department holds the view that the overwintering flows pro-
posed would place incubating eggs at great risk, because there 1is no margin
of safety for severe winter conditions or ice-generated localized fluctua-
tions in water levels. These flows also serve to provide rearing for over-
wintering chinook in the Upper Nechako River.

There has been no study done on overwintering chinook to establish their
abundance, significance or rearing requirements. The summer rearing
requirements for chinook cannot be established for the progeny of 5,000
potential spawners because all the information necessary to make such an
assessment has not been obtained or is in dispute. The problem of estab-
lishing summer rearing flows is compounded by the possibility that the need
to control and depress temperatures in the Upper Nechako River for sockeye
cooling purposes may preclude the optimization of chinook rearing there.
If the project is to be completed, and on the assumption that long-term
monitoring would reveal that rearing conditions are limiting chinook pro-
duction, it would be necessary to identify approaches to compensation for
those losses. As has been stated, the preference would be to use a semi-
natural approach to resolve the problem. It may be difficult to obtain
acceptable mitigation by using the remaining river channel in view of the
94% reduction from the original natural peak flow regime. Given

this reality, a solution for offsetting the impacts of the Nechako River
Diversion may be the mitigation of the sockeye requirements by regulating
the temperature of their migration route and the maintenance of chinook
production by full artificial hatchery enhancement. To date, this possi-
bility has not been considered by Alcan and its consultants because they
have held to the conviction that the chinook salmon potential would not be
diminished by the proposed reductions in flow.

12. DISCUSSION

The scope of the Kemano Completion Project is enormous. Its overall cost
has been estimated to be $2.2 billion. A glance at Figure 1 shows that a
chain of lakes 200 km. (124 miles) long has already been impounded to form
the Nechako Reservoir. Just less than half of the reservoir's capacity is
now being used to power the Kitimat smelter which has a production capacity
of 240,000 tonnes per year. Alcan now proposes to divert even more water
from the Nechako Reservoir (a 88% reduction of the pre-Kemano I flow
regime) and in addition would like to divert 62% of the mean annual flow of
the Nanika River in order to generate the power that would be needed for
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ALCAN CAUSES
HABITAT PROBLEM NOW
IN NECHAKO

DEPARTMENT HAS A
POLICY OF "NO NET
LOSS"

NATURAL HABITAT
HARD TO REPLACE

RETAIN AS MUCH
NATURAL HABITAT AS
POSSIBLE

THREE SCENARIOS FOR
PUBLIC DISCUSSION

two new smelters. To achieve this goal would require the diversion to
Kemano of 86% of the combined mean annual flows of the Nechako and Nanika
watersheds.

The Nechako in its diminished state has already presented the Department
with salmon habitat maintenance problems. One, for example, has been to
maintain sufficiently cool water temperatures in the Nechako River to pre-
vent large runs of migrating sockeye from being destroyed. Now the Depart-
ment is faced with a proposal that would impact upon the habitat of salmon
(and steelhead and resident trout) in two hitherto pristine rivers; the
Nanika and the Morice.

In all cases, the Department does not insist that the waters of all salmon
rivers be reserved for the sole purpose of producing salmon, but it does
adhere firmly to the more reasonable position of "no net loss". In other
words, potential users of salmon waters must plan to avoid as many losses
to salmon production as reasonably possible, and "after the fact" they must
stand ready to fully compensate for all damage. For the Department to
require less would be to abandon its mandate which is to protect and pre-
serve the fisheries resources of Canada.

There is no perfect substitution for natural salmon habitat. If habitat is
lost, the loss is likely to be irretrievable. One can partially compensate
by producing salmon by alternative methods, but the substitution can only
be regarded as second best: for one thing, in the case of hatchery pro-
duction, the fish may not have the genetic characteristics of the wild
stocks, and for another they are costly to produce. Moreover, it is a cost
that must be borne in perpetuity.

When other water uses are seen to be important to the public interest, the
Department strives first to reduce the severity of impacts; i.e., mitigate
as much as possible. If that is insufficient, the Department accepts com-
pensation (in fish production, not monies). Moreover, and most important-
ly, the compensation is sought firstly as natural production, secondly, as
some form of semi-natural production, lastly as artificial production.
This distinction arises from the recognition that wild fish are the essen-
tial base of all our fisheries. We are, therefore, committed to the main-
tenance of natural habitat which has the capacity to yield salmon at no
cost (except that of its safekeeping) for many years to come.

To provide a focus for public discussion of issues embodied in the Kemano
Completion proposal three possible decision options or scenarios are pre-
sented, together with a summary of the key fish production and habitat
impacts anticipated with each scenario. The present situation (status quo)
is discussed first. In the second scenario it is assumed that the Nanika
River would not be diverted, and in the third which incorporates Alcan's
proposal, it is assumed that the Nanika River would be diverted.

Scenario 1 The Present Situation

In this scenario it is assumed, based on the period 1978-1982, that the
existing mean annual flow that is now being used to generate power for
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LARGE FLOWS
PRESENTLY REQUIRED
FOR SOCKEYE COOLING
CAUSE HARMFUL
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TEMPERATURE REGIME

MAINTENANCE OF
ALCAN'S FLOW AND
TEMPERATURE REGIME

aluminum production would continue to be used for that purpose, but that
the remainder of the reservoir's mean annual flow, augmented by the mean
annual flow of the Cheslatta River, would be used for fisheries purposes.

Because water that is now released from the reservoir via the Skins Lake
spillway is subjected to considerable warming during its passage through
the Cheslatta and Murray Lake system, it has been necessary to release very
large flows from Skins Lake for sockeye cooling purposes. Despite large
flow releases, it has not always been possible to depress temperatures suf-
ficiently. The very large flows have eroded the banks of the Cheslatta
River and have caused siltation of the Cheslatta and Nechako rivers.

The present method of providing sockeye cooling flows is considered to be a
continuing threat to the chinook stocks of the Nechako River. The threat
could be mitioated by providing a deep intake at Kerney Dam which wonld
enable cold water to be mixed with warm water from the Cheslatta River so
that such large flows would not be required. (This was recommended by the
Department in 1950 when Alcan originally applied for the water licence.)
Assuming that all water surplus to the needs of the Kitimat smelter would
be used for fisheries purposes, a flow of 113.6 cms (4010 cfs) would be
available for maintenanée of fish habitat. Sufficient flow could be
provided for cooling during sockeye migration and for chinook spawning,
incubation, rearing and overwintering in the Upper Nechako River.

Scenario 2 No diversion of the Nanika River

In this scenario it is assumed that a deep intake at the Kenney Dam would
provide a source of very cold water that would permit a constant tempera-
ture of 50°F to be maintained just below Cheslatta in the Upper Nechako
River.

Scenario 2a. It is assumed that a base (Injunction) flow of 56.6 cms (2000

cfs) would be maintained in the Upper Nechako River to provide rearing area
for chinook from April 1 to August 31. Flows would have to be raised by
varying amounts (depending upon weather conditions) to provide for cooling
during sockeye migration in July and August.

To target for maintenance of the IPSFC's long term average temperature dur-
ing sockeye migration with maintenance of the Injunction Flow regime would
require the provision of 43.8 cms (1546 cfs) or 21% of the water available
from the reservoir and the Cheslatta River for fisheries purposes. The
remaining 79% or 166.18 cms (5868 cfs) would be available for generation of
power.

Scenario 2b. Under Alcan's proposed regime a base flow of 31.15 cms (1100

cfs) would be maintained in the Upper Nechako from April 1 to August 31.
Flow adjustments in July and August would be required during sockeye migra-
tion.

To target for maintenance of Alcan's long term average temperature and
their proposed flow regime for fish and other uses would result in 26.14
cms (923 cfs) being provided for fish. The percentage of water allocated
to fish would be 12%; for power, 88%.
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IMPACTS OF
INJUNCTION FLOW
REGIME AND ALCAN'S
COMPARED

OTHER WATER QUALITY
FACTORS REQUIRE
EVALUATION

MANY ADDED IMPACTS
ANTICIPATED WITH
NANIKA DIVERSION

SPECIFIC IMPACTS
UPON NANIKA RIVER

Water for maintenance of chinook would originate from the Cheslatta system
and would reflect the influence of meteorological conditions upon that sys-
tem (except during July and August). The temperature regime would not be
the same in the Nechako River as it was prior to Kemano I. The effects
upon chinook habitat that would result from the changed regime have not
been fully addressed.

The impacts of Alcan's proposed flow regimé have been discussed at length
in Section 6.3. To summarize, negative effects upon incubating eggs and
alevins could take place due to freezing during cold winters under Alcan's
proposed flow regime. A loss of rearing area or at least a change in con-
ditions of chinook rearing has probably occurred as a result of Kemano I.
Reductions from the Injunction flow of 56.6 cms (2000 cfs) to 31.15 cms
(1100 cfs) would probably result in further reductions in quality as well
as quantity of rearing area. Further reductions in the quantity of avail-
able food could take place under the Alcan regime. Pre-Kemano flushing
flows in the order of 509.8 cms (18000 cfs) used to take place in the
spring. These flows would be eliminated with provision of either the
Injunction Flow regime or Alcan's proposed flow regime.

With cool spring water temperatures, the solubility of gases increases, and
may cause serious supersaturation problems to occur at a time of maximum
susceptibility of chinook fry.

Increased concentrations of nutrients could cause algae and aquatic weeds

to proliferate in the Nechako River, and the effects of increased concen-
trations of heavy metals cannot be predicted at this time.

Scenario 3 (With diversion of the Nanika River)

The negative impacts, risks and uncertainties that can be anticipated in
the Nechako River under both Alcan's proposed regime and the Injunction
flow regime were presented in Scenario 2. They would remain the same under
this scenario, but there would be additional impacts upon the Nanika,
Morice and Bulkley rivers.

Scenario 3a. In this scenario, it is assumed that the Nanika River would

be diverted as proposed by Alcan. In the Nechako River, the injunction
flows for chinook salmon and the IPSFC recommended temperature regime for
sockeye would be maintained.

Scenario 3b. Scenario 3b is Alcan's proposed Kemano Completion project

which includes the Nanika diversion and Alcan's Nechako River flows for
fish and other uses and their recommended temperature regime for sockeye
migration.

Nanika River Impacts

The implications of diversion of 62% of the mean annual flow of the Nanika
River have been discussed at length in Section 4.3. Briefly, nutrient in-
put into Morice Lake would be greatly reduced and would probably result in
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SPECIFIC IMPACTS ON
MORICE RIVER

BULKLEY IMPACT

SCENARIO 3 PRESENTS
HOST RISKS

the production of fewer and less viable sockeye smolts, unless the lake
were artificially fertilized. Radical reductions in chinook and coho rear-
ing area would occur. Unless chinook and coho fry were able to find
sufficient opportunities for rearing in Morice Lake or the Morice River,
the Nanika River chinook and coho populations would decline. Excessively
high temperatures could occur in the Nanika River as a result of major
reductions in flow during June, July and early August. Sockeye and chinook
migration from Morice Lake to the Nanika River spawning grounds could be
delayed. Greatly reduced spring flows could expose sockeye fry migrating
to Morice Lake to increased predation. Reduced flushing flows could lead
to a gradual deterioration of substrate quality that could affect spawning
success and food production.

Maintenance of generally higher than average winter flows could have bene-
ficial effects upon sockeye, chinook and coho during their incubation
period.

Morice River

A full discussion of the impacts upon the Morice River that would result
from diversion of the Nanika River has been presented in Section 5.3.

Losses of chinook and coho rearing habitat are expected during spring and
summer in the Morice River. Major losses of habitat could reduce chinook
and coho production. Major losses of presently utilized pink salmon
spawning area could occur. Reduced November flows are expected to reduce
coho spawning area, and access to some tributaries utilized by spawning
coho may be impeded.

Maintenance of generally increased winter flows is expected to benefit the
survival of all species during incubation. Overwintering losses of chinook
and coho juveniles may be substantially reduced also by increased winter
flows.

Bulkley River

Reductions in flow of up to 20% are expected in August during the upstream
migration period of all species. Alteration of the fishways at Moricetown
may be required.

One can see that diversion of two thirds of the mean annual flow of the
Nanika River will cause impacts not only upon the Nanika River but also
upon the salmon (steelhead and resident trout) habitats of the Morice and
Bulkley rivers. It is impossible to predict with accuracy what changes in
river morphology would occur as a result of the altered flow regimes and
how the salmon populations would respond to the altered habitats that would
be presented to them.

Because the Nanika, Morice and Bulkley rivers as well as the Nechako River
would be impacted, Scenario 3 carries with it the greatest risks and

highest levels of uncertainty of all three scenarios.

In order to give the reader a sense of perspective relative to the amounts
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of water that would be allocated under each scenario for generation of
power for aluminum production as opposed to production of fish, Table 2 is
presented.

Scenario Percent | Percent
Flow Flow
for for
Fish Power

1. Present Situation 54 46

(Kitimat only)
(No power sales)

2a. No Nanika
Diversion, Nechako 21 79
Injunction Flows,
IPSFC Recommended
Temperature Regime.

2b. No Nanika
Diversion, Alcan's 12 88
Proposed Flow and

Temperature Regime.,

3a. Nanika Diversion
Nechako Injunction 23 77
Flows, IPSFC
Recommended
Temperature Regime.

3b. ALCAN'S PROPOSAL
Nanika Diversion,

Alcan's Proposed 16 84
Flow and Temperature
Regimes.

TABLE 2

In general terms Alcan have indicated the amount of water required to
generate power for two additional smelters. Further to this they have
indicated that the minimum economic size for a new smelter would be 171,000
tonnes per year and that an optimum size is 200,000 tonnes per year. They
have also indicated that the overall project is not economically viable
unless two smelters are built.
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ALCAN'S PROPOSAL
LEAVES NO
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FULL IMPACTS
UNKNOWN UNTIL AFTER
KEMANO COMPLETION

Scenario 1 (the status quo) is an undesirable one from the Department's
viewpoint, because it causes serious problems now. At the other extreme is
Alcan's proposal (Scenario 3b) which would allow two smelters to be built,
but two pristine rivers, the Nanika and Morice River would be severely
impacted, and there would be no additional water left to maintain fish if
it were required. The Department does not know whether the public would
wish to support the status quo or Alcan's proposal, but it is obvious that
the intervening scenarios (or variants of them) would allow a single large
smelter to be built and at the same time provide flexibility, i.e., a
surplus of water that could be used to maintain fish or to generate power.

As the reader will have perceived, it is one thing to identify and describe
a possible impact upon salmon habitat, but a very different matter to pre-
determine its effects with accuracy. Regardless of which scenario, or
variant thereof, is finally chosen, its impacts cannot be fully understood
until after Kemano Completion. It is abundantly clear to the Department
that, in the face of so much uncertainty and risk to the fisheries
resources of Canada, the proponent will be expected to engage in consider-
able post-project assessment and monitoring. The need to retain the flexi-
bility to adequately reépond to the inevitable impacts, be they positive or
negative, is essential.
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13. GLOSSARY OF

| >

Alevin: stage of development of
the salmonid embryo from hatch-
ing to absorption of the yolk
sac. The yolk sac is generally
the sole source of energy at
this stage.

Algae: a grouping of primarily
aquatic plants that lack true
leaves, roots or stems.

Anadramous: going up river from
sea to spawn.

Aquatic: pertaining to water; of
the water (freshwwater, estuari-
ne or marine).

Bedload: particulates which are
transported along the channel
bottom in the lower layers of
streamflow by rolling and
bouncing.

Benthic: living in direct relation
with the bottom.

Benthos: organisms, both plant and
animal, living in direct assoc-
iation with the substrate of a
water body (freshwater, estuari-
ne and marine).

Biomass: the total particulate
organic matter present beneath a
unit surface area in a body of
water.

Biota: the plant and animal life
of an area or region.
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TECHNICAL TERMS

B (Cont'd)

Brood year(s): the calender vyear
or years from which a particular
adult salmon population origina-
ted.

£

Catch: that part of the total
population which is harvested by
fishermen.

cfs: cubic foot per second.

Channel :
ble extent which continuously or
periodically contains moving
water, and has a defined bed and
banks.

a water way of discerna-

cms: cubic meter per second.

1 cms = 35.31 cfs.

Compensation for loss: the repla-
cement of natural habitat or the
maintenance of fish production
by artificial means in circums-
tances dictated by socio-econo-
mic factors and where mitigation
techniques are not adequate to
maintain fish production.

Cover: an area of shelter in a
stream that provides
organisms with protection from
predators and/or a place to rest
and conserve energy (instream
cover). Overhead cover is pro-
vided by banks,
trees and shrubs and may provide
a food source.

aquatic

overhanging

Cycle: the time interval required
to complete all life stages from
fertilization to death.



D

Debris (Organic): logs, trees,
limbs, branches, bark, and other
woody material that accumulates
in streams or other water bod-
ies. May be naturally occuring
or the result of man's activity.

debris from

Detritus: organic

decomposing plants and animals.

Diminished river: a river whose
hydrology has been
changed by a major permanent

radical ly
flow reduction.
Discharge: the rate of water
movement past a given location
in a stream; usually expressed
metres per

(formerly cubic feet per
second).

as cubic second

Disjunct Distribution: found in
one location and not another.

Dominant discharge: the cycle of
rising and falling flows in the
vicinity of bank-full
sustained over a significant

flows,

period so that it reconditions a
natural channel by dislodging,
transporting and
bed materials.

distributing

Drainage area: see Watershed.

Drift:
dislodgement of aquatic insects

voluntary or accidental
from the stream or river bottom
into the water column where they
become more available as food
items for fish.

E

Ecosystem: an ecological system or
unit that includes living organ-
isms and nonliving substances
which interact to produce an ex-
change or cycling of materials.
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E (Cont'd)

Egg: a germ cell produced by a
female organism. A fertilized
egg is a zygote.

Emergence: the act of or period
when alevins leave the gravel
and become free-swimming fry.

Emhancement: application of bio-
engineering technology to impro-
ve the survival rates of fish
populations.

Epilimnion: the turbulent super-

ficial layer of a lake lying

above the themocline which does
not have a permanent thermal
stratification.

Escapement: that part of a fish
population that escapes the
fishery - in the case of salmon
to spawn.

Estuary: a semi-enclosed body of
water which has a free connect-
ion with the open ocean and
within which sea water is measu-
rably diluted with freshwater
derived from land drainage.

F
Fishery: act, occupation, or sea-
son of taking fish or other sea
products; fishing. A place for
catching fish or taking other
sea products. The right to take
fish at a certain place, or in
particular waters, especially by
drawing a seine or net.
Fishway: a man-made structure
installed at points of difficult
passage or blockages in a stream
to enable the fish to swim
upstream under their own effort.



F (Cont'd)

Flood plain: flat land bordering a
stream or river and subject to
flooding; wunderlying materials
consist mainly of unconsolidated
material derived from sediments
transported by the stream.

Flow: see discharge

Food chain (food web): series of
organisms interrelated in their
feeding habits, the smallest
being fed upon by a larger one,
and so on. Typically consisting
of producers (plants), and con-
sumers (animals) including herb-
ivores (plant-eaters) and carni-
vores (animal-eaters).

Freshet: a rapid rise in river
discharge and level caused by
heavy rains or melting snow.

fFry: the young stage of fishes,
particularly after the yolk sac
has been absorbed.

s

Gauging station:
river where water levels are
measured either manually or by
an automatic recorder from which
discharge can be calculated.

a point on a

Geamorphology: science dealing
with the form of the earth, the
general configuration of its
surface, the distribution of
land and water, and the changes
that take place in the evolu-
tion of land forms.

Gradient (stream): the general
slope, or rate of vertical drop
per unit of lengh, of a flowing
stream.

- 79 -

H
Habitat: generally, the place
where an organism lives.

Pertains to the conditions found
at such locations, including the

physical, chemical, and
biological featrues such as
substrate, cover, water and

food.

Historic flow: those flows record-
ed at a given gauging station
within a specified time span.

Hydraulics: the science which
deals with the laws governing
the behavior of water and other
liquids in states of rest and

Hydraulics addresses

special properties, such as ve-

mot ion.

locity, depth, density, tempera-
ture, viscosity and pressure at
specific points in a fluid.

Hydrograph: the graph of discharge
versus time, usually daily dis-
charge or monthly discharge over
a period of one year.

Hydrology: the science that deals
with the occurance, circulation,
and distribution of water on a
watershed, or larger area, and
includes the relationship to the
environment and living things.

Hypolimnion: the deep layer of a
lake lying below the thermocline
and removed from surface influ-
ences.

1
Incubation period: the life stage
of fish extending from egg fer-
tilization to hatching.
L

Limnology: the study of inland
waters.



L (Cont'd)

Littoral: of or pertaining to the
shoreward region of a body of
water.

Manageability: the
regulate the

ability to
fisheries on a
stock or groups of stocks of
fish to optimize fish production
without over-harvesting other
stocks which may occur in the
fisheries at the same time.

Mean: arithmetic mean. Ihe sum of
all values divided by the number
of values.

Mean flow: the flow obtained by
taking the arithmetic mean of
all the daily flows for the
year.

Mean monthly flow:
mean of the monthly flow for a
particular month, for a specifi-
ed historic period.

the arithmetic

Migration: deliberate movement
from one habitat to another.
Includes the downstream movement
of young salmonids from streams
to sea and upstream movement of
adult spawners to spawning

streams.

Minimum daily flow: the lowest
daily flow for a specified pe-
riod, usually a calender year.

Minimum mean monthly flow: the
lowest mean monthly flow.

Mitigation:
the development, design, cons-
truction and operation of works

alleviate

adverse effects on fish habitat
and fish.

actions taken during

or undertakings to
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M (Cont'd)
Monitoring: part of field
surveil lance, involving the
assessment of environmental
protect ion performance and the
measurement of environmental
impacts.

Monthly flow: the flow obtained by
taking the arithmetic mean of
all the daily flows for a parti-
cular month for a particular
year.

Morphology: study of configuration
or form.

Morphometry:
a lake or stream, including the
contour of the bottom,

the form or shape of

N
Natural flow: the flow in a natu-
ral river.

Natural river: a pristine river
undeveloped and uncontrolled.
Non-anadramous fish: see resident

fish.
Nutrient: chemical element (or
compound) essential to the grow-
th and survival of an organism.
In aquatic systems, derived from
land runoff and decomposition of
plant and animal matter within
the water body itself, and, in
marine waters, from deep water

upwelling.

L
Obstructions (blockages): any na-
tural or man-made formation,

object or formation of debris
which impedes or blocks water
flow and/or fish migration.



0 (Cont'd)

Oligotrophic:
supply of nutrients and hence a
small organic production.

waters with_a small

Overwintering period:
period for juvenile fish extending
from December through March.

the rearing

L4

Plankton:
small living
plankton) and
plankton).

aquatic, free floating,
plants (phyto-
animals  (zoo-

Pool: that portion of a stream
where the water is relatively
deep and slow moving.

Population: a group of individuals
of any species in a location or
area.

Potential production: the maximum

productive capability of a river

given that the habitat available
is fully utilized. In fisheries
management terms would take man-
ageability factors into account.

Reach: the length of river between
two defined points.

Rearing (fish): Adj. growing; usu-
ally pertaining to younger sta-
ges- fry and juveniles.

Redd(s):
bed into which eggs are deposit-
ed and subsequently buried.

the nest in the stream-

Regime: with reference to a river,
means the prevailing state of
the river during some time in-
terval or historic period.
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R (Cont'd)
Regulated river: a river in which
the flow or water level is
artificially manipulated.

Resident fish: fish which remain
in freshwater throughout their
life cycle (non-anadromous).

Riffle:
of stream where the water surfa-
ce 1s broken into waves by ob-
structions wholly or partly sub-
merged.

a shallow, rapid section

Riparian zone: the zone immediate-
ly adjacent to streams or water
bodies, with particular referen-
ce to the vegetation.

Run: a stream section of varying
depth with moderate velocity and
surface turbulence. Inter-

mediate in character between a

pool and a riffle.

s

Salmonid:
the fish family classed as Sal-
monidae, including the salmons,
trouts, chars, whitefishes and
grayling.

refers to a member of

Sedimentation: the process of sub-
sidence and deposition of sus- -
pended matter carried in water
by gravity; usually the result
of the reduction of water velo-
city below the point at which it
can transport the material in
suspended form.



S (Cont'd)
Smolt: a seaward
juvenile
silvery in color, has become
thinner in body form and is
physiologically prepared for the
transition from fresh- to
saltwater. The term 1is
normally applied to the migrants

migrating
salmonid which is

of species such as coho,
chinook, sockeye and steelhead
which rear in freshwater for a
period before migrating to sea.

Solar radiation: direct heating by
the sun's rays.

Spawning: the act of deposition,
fertilizing and burying eggs.

Spawning grounds or areas: those
sections of a streambed known to
be utilized by fish as a locat-
ion for spawning activity.

Species: the smallest unit of
plant or animal classification
commonly used. Members of a
species share certain character-
istics which differ from those
of other species, and they tend
not to interbreed with other
species.

Stock: a population of one species
of fish which inhabits a parti-
cular stream, tends to spawn at
a place or time separate from
the other stocks.

Substrate: the materials making up
the streambed; usually described
as bedrock, boulders, cobbles,
gravels, sands, and silts.

Terrestrial: Adj.
the land.

pertaining to
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T (Cont'd)

Thermocline: the layer of water in
a lake between the epilimnion and

hypolimnion in which the
temperature exhibits the greatest
difference over a vertical
direction.

W
Watershed: the total area

contributing runoff to a river as
measured above a gauging station or
other fixed point. Generally
synonomous with drainage area or
basin.
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