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STREAM LISTING

Stream Name

Anvil Mountain Creek
Cowboy Creek

. Nichols Passage Creek II
Nichols Passage Creek I
Japan Creek II

Japan Creek I

Hidden Creek

Japan Creek III

North Fork Hemlock Creek
10. Hemlock Creek

11. Tain Creek

12. Lower Trout Lake Creek
13. North Upper Trout Lake Creek
14. Scuth Upper Trout Lake Crek
15. Melansin Creek

16. Chester Creek

17. No Name Creek

18. Davis Creek

19. Sawmill Creek

20. Graveyard Creek

21. Far North Smugglers Creek
22. North Smugglers Creek
23. Yellow Hill Lake Creek
24. Smugglers Creek III

25. Smugglers Creek II

26. Smugglers Creek 1

27. Weather Bureau Creek

28. Gillnet Creek

29. Canoe Cove Creek I

30. Canoe Cove Creek II

31. Canoe Cove Creek TII

32. Hidden Cove Creek

33. Tokyo Creek

34. Annette Inn Creek

35. Moss Cove Creek

36. Moss Point Creek

37. Deer Creek

38. Alder Creek

39. Coast Guard Creek

40. Colby Creek

41. Hospital Creek

42, Powerhouse Creek 1

43. Powerhouse Tailwaters Creek
44, Powerhouse Creek II

45. Trail Creek
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iv

Watershed Statistical

Individual
Stream
Survey

Number Number Page Number
112-01 101-28-001 27
112-02 101-28-002 31
111-01 101-28-003 35
111-02 101-28-004 41
109-01 101-28-005 45
108-01 101-28-006 49
107-03 101-28-007 53
107-04 101-28-008 55
107-01 -- 57
107-02 101-28-009 59
105-04 101-28-010 63
105-01 101-28-011 67
105-02 101-28-012 71
105-03 101-28-013 77
104-01 101-28-014 83
104-01 - 87
102-01 101-28-015 88
102-02 101-28-016 89
102-03 101-28-017 93
101-01 101-28-018 97
101-02 101-28-020 101
101-03 101-28-021 103
104-04 101-28-022 107
101-05 101-28-024 111
101-06 101-28-025 113
101-07 101-28-026 115
101-08 101-28-027 119
101-09 101-28-028 123
101-10 101-28-029 127
101-11 101-28-030 131
101-12 101-28-031 135
101-13 101-28-032 137
405-01 101-26-002 141
405-02 101-26-001 145
405-03 101-26-003A 149
405-04 101-26-003 151
405-05 101-26-004 155
405-06 101-26-005 159
405-07 101-26-006 le1l
405-08 101-26-007 165
405-09 101-26-008 169
404-01 101-26-015 173
404-02 101-26-016 177
404-03 101-26-017 181
403-01 101-26-018 183



STREAM LISTING Continued

Stream Name

46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.

Tent Creek

Lower Tamgas Creek

Upper Tamgas Creek

Lea Creek

Unsurveyed Creek
Unsurveyed Creek

West Campbell Creek

East Campbell Creek
Annette Point Creek

Lesser Indian Rock Creeks
Indian Rock Creeks
Unsurveyed (Crater Lake Creek)
Beaver Creek

Kwain Creek

South Crab Bay Creek

North Crab Bay Creek

South Blunt Mountain Creek
North Blunt Mountain Creek
Camp Cove Creek (Ham Island)
Mink Creek

Cascade Creek II

Cascade Creek I

Hassler Harbor Creek I
Hassler Harbor Creek III
Hassler Harbor Creek IV
Triangle Lake Creek

Upper Triangle Lake Creek
Pelican Creek

Upper Tood Creek SE

Upper Todd Creek SW

Todd Stream

Lower Todd Creek

Nadzaheen Creek

Annette Bay Creek

Annette Bay Halfway Creek
Unsurveyed

Unsurveyed

Individual

Stream
Watershed Statistical Survey
Number Number Page Number
403-02 101-26-019 187
402-01 101-26-025 189
402-03 101-26-027 193
402-02 101-26-026 199
401-01 -—
311-01 --
311-02 101-24-030 201
310-01 101-24-032 205
309-01 101-24-079 209
309-02 101-24-0381 213
308-01 101-24-083 217
307-01 -—
306-01 101-24-086 221
306-02 101-24-087 225
305-01 101-24-094 229
305-02 101-24-095 235
304-01 101-24-096 239
304-02 101-24-097 243
300~-01 101-24-098 245
303-01 101-24~-099 249
301-01 101-42-056 250
301-02 101-42-057 251
202-01 101-42-058 255
202-02 101-42-059 259
202-03 101-42-060 261
202-04 101-42-061 265
202-05 101-42-063 269
201-03 101-42-064 273
201-04 101-42-070 275
201-05 101-42-062 276
201-02 101-42-065 277
201-06 101-42-066 281
201-01 101-42-067 285
115-01 101-42-068 289
115-02 101-42-069 293
114-01 --
113-01 -
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The Metlakatla Indian Community (MIC), because of its unique right
to manage the Annette Island resources, compiles a Salmon Manage-
ment Plan every vear. In the course of salmon fisheries management,
since salmon have a freshwater life-cycle phase and since much

of what happens in the streams (escapement, spawning, incubation .
of eggs, rearing of fry, smoltification and outmigration) determines
the future magnitude of salmon stocks originating in those streams,
there arises the need for a freshwater habitat evaluation. This
evaluation provides baseline data for monitoring and manipulating
potential and current salmon production from streams. This study
was devised and compiled to provide MIC resource planners with
baseline data to aid in wise management and potential enhancement
of Annette Islands' valuable salmon resource.

This inventory was compiled from several previous and recent studies
conducted on Annette Island. In 1971-1976, the U.S. Fish and
Wildlife Service conducted stream and lake surveys on Annette
Island; however, no formal report was ever published revealing

these findings. In 1979, a watersheds study was completed examining
water quality, water flow characteristics of some streams, lakes,
and estuaries surrounding the Annette Islands (Pacific Rim Planners,
Inc., 19797). Data from both of these studies was combined with
data collected in streams during 1980 and 1981 and evaluated in
terms of how various physical and biological parameters affect
salmon production in the streams and recommendations regarding
management and enhancement of the streams were made. 1In addition,
stream conditions and salmon production realized on the Annette
Islands were related to conditions and production found in other
Pacific Northwest locations through a literature review.

There are approximately 82 streams that drain the Annette Islands
(a few other small creeks exist, but were not counted). More
detailed descriptions of the major watersheds and their sub-~
basins is available in the Annette Island Watershed Study and
Annette Islands Coastal Management Program (Pacific Rim Planners,
Inc., 1979A and 1979B). The streams range in size considerably,
but are of three general types:

1. those streams draining muskeg ponds, lakes or originating
from muskeg run-off (e.g. Canoe Cove Creeks, Graveyard
Creek), characterized by lower pH and high Tannic Acid
concentration

2. those streams draining higher elevation lakes (eg. Tain
Creek, Tamgas Creek) characterized by high temperatures
in the summer and less variable streamflow.

3. and those streams originating from mountain run-off (e.g.
Annette Point Creek, Anvil Mountain Creek) characterized
by low year round temperatures and flashiness (variable
flows)



Specific characteristics of each of the creek types affect salmon
production as well as physical and biological factors that occur
in all three creek types. The various factors that affect salmon
production in streams, including factors characteristic of the
stream types, fall into two general categories:

I. Physical Factors (12)
A. Hydrogeographic

1. stream bed gradient

2. bottom composition and gravel types

3. meander (sinuosity)

4. origin

5. poocl:riffle ratios and pool siz

6. water velocity :

7. water flow (can be related to rainfall, 32,36)
8. stream depth and width

9. stream bank composition and stability
10. presence or absence of barriers to migration

B. Chemical

1. PH and cause of acidity or basicity
2, water temperature
3. clarity/turbidity
4. dissolved oxygen
5. dissolved carbon dioxide
6. total alkalinity
7. total hardness
8. dissolved and suspended solids (related to B.3)
9. conductivity

0. pollutants or toxins

C. Other

1. large organic debris presence

2. small organic matter presence

3. presence of beaver dams or other physical obstructions
(including man-made ones)

II. Biological Factors

A. Extrapensatory (independent of population density -
all physical factors are considered extrapensatory)

1. stream primary productivity

2. stream invertebrate abundance

3. terrestrial insect abundance (as a potential salmonid
food source)

4. aquatic and terrestrial vegetation present



B. Compensatory (freshwater survival is generally related
inversely with factor, usually over a threshold number)

1. escapement magnitude

2. density of eggs and alevins in gravel and of fry
and fingerlings in the stream

C. Depensatory (freshwater mortality due to factor generally
related inversely with population density)

1. predation (although this can be compensatory also)

Many of these factors are interdependent and a complex model involving
all of them has never been compiled, even though many stream models
have been drawn up. Since many of these factors were examined

in the Annette Islands streams, a production model could be constructed
if only for each of the three stream types. However, for the

purposes of estimated potential salmon production, a very simple

model was drawn up utilizing survival rates realized in streams
similar to those on Annette, optimal escapements based on available
spawning bed magnitude and historical escapement, and relating
survival and salmon migration (of both adults and smolts) to individual
stream conditions. It is recommended that for future estimates

of actual stream production projections, a more precise model

be constructed based on weather conditions (and relating those

to stream flow, changes in available rearing and spawning habitat,
stream temperature, other water gquality factors and miscellaneous
other physical and biological factors), actual escapements, fry
counts, hatchery releases, and salmon catch (commercial); in addition,
changes made affecting creeks, such as logging practices, road
construction, and pollution, should be taken into account prior

to stream production modelling. At this point in time, there

is sufficient baseline data present or currently being collected,

to compose a rudimentary model similar to that suggested.



Literature Review



A thorough review of current literature is valuable in relating
stream conditions and habitat characteristics found on Annette
Island to similar streams and factors affecting production

in the Pacific Northwest that have been well documented. Produc-
tion statistics found in these other streams may provide a
clearer picture of what could be expected in terms of potential
production out of Annette Island streams. Factors affecting
production and production statistics will be examined in each
phase of salmon life history, beginning with the migration

of the adults to their home streams (only factors and species
that could or do occur on Annette will be covered in detail).

Adult Return Migration

Many of the migration patterns and timing of salmon are genetical-
ly determined (4); however, physical factors do affect and
change run timing and success. First of all, a stream must

be physically large enough to accommodate salmon. Table 1
summarizes preferred and/or acceptable habitat conditions and
includes acceptable stream depths that will allow salmon passage.
Temperature can also affect salmon migration, but generally,
detrimental affects occur only above a certain tolerable level
(see Table 1 for ranges). Burgner (4) found that earlier warmer
water temperatures induced earlier sockeye migrations. Adequate
dissolved oxygen levels are required for sustained swimming

of salmon (high temperature during the fall can lead to decreased
oxygen levels), and it has been determined that levels should
not fall below 5 mg/l oxygen during migration (28). Turbidity
should not exceed 400 mg/l as it abrades salmon gills and

acts as a thermal barrier (28). Barriers that impede migration
should be identified, whether they are falls, debris jams,

or excessive water velocities, removable or stationary. Table

1 lists acceptable velocities for salmon migration. Bryant

(l4) states that large organic debris (LOD) does not, in most
cases, . block fish passage. In fact, LOD can actually aid

in migration by providing "stepped falls" in places that would
normally be a velocity barrier (32). Adequate streamflow

are critical to migration by providing acceptable depths and
oxygen levels for passage. Thompson (9) stated that stream

flow required for passage was found to be generally 67% of

that required for spawning. Delayed stream flows increases

over the summer was shown to delay the timing of the upstream
migration of pink and chum salmon (12).

Spawning

The most obvious factor affecting spawning is the amount of suit-
able area available. Creek size, the percentage of suitable
gravels present, and stream flow generally determine the amount

of area that will be available. Table 1 summarizes preferred

or acceptable water depths, velocities and temperatures. for

the different species of salmon. Successful spawning has occurred
in temperatures ranging from 2.2 to 20C; however, a sudden

drop in temperature can cause all spawning to cease (28). .Gravel
size is important as each species has a particular range of

sizes it can use. Table 1 summarizes gravel sizes acceptable

4
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to each species. One researcher stated that, in general, optimal
gravel composition for salmon is 80% 1.3-3.8cm gravels with

the balance being material up to 10.2cm.(28). Cover ability (produced
by overhanging vegetation LOD submerged and above water, under-
cut banks, and pools) can be essential to fish waiting to spawn
and nearness of cover may be a factor in spawning site selection
(28) . Stream flow is important during spawning as salmon not

only prefer and choose water depths and velocities that are
physically suited for redd building activity and that are affected
by stream flow (28), but also because stream flow strongly
influences the magnitude of the spawning area available. There

is an optimum flow range for each creek maximizing spawning

area (14). For major creeks, this stream flow - spawning area
relationship can be established by measuring usable widths
(remembering acceptable velocities) as a function of stream

flow (34). Thompson (34) found that, in general, the optimum

flow for spawning was 1.67 times that of the minimum flow,

in creeks with gravel bars and uniform sections of spawning

area (minimum flows were established for each creek based on
presence of minimum depth and size of the gravel bars). Gallagher
(8) found that 90 % of the variation in the even-year return

of chum salmon and 10% of the variation in the pink salmon

run was explained by variations in stream flows from September 15 -
November 14 in the Puget Sound region of Washington.

Different salmon species utilize different sections of the
creek, with pinks generally using lower creek stretches and
chum and coho using upper reaches (12). Only pink and chum
utilize intertidal spawning areas. Many salmonids prefer spawning
in pool-riffle interchanges as a downwelling current is created
there that penetrates gravel (good for incubation) and that

may assist the fish in maintaining its position with a minimum
of effort (28). Average redd areas (size of area salmon need
to cover eggs laid) and area recommended for each spawning

pair by species have been defined by various individuals (see
Table 1).

Among the biological factors occuring during spawning that

affect production is fecundity. Table 1 lists fecundity ranges
found with the various species as well as fecundities observed

in 1981 in returning Annette Island salmon (1981 Tamgas Creek
Hatchery Egg Take Statistics). Sex ratios found were generally
50:50 and seemed to have a minor affect on production (12,37,20,28).
Unsuitable stream conditions, such as low flow, can not only

cause stress and increasing mortality in returning adults,

but can also increase predation if fish are easier to catch.

It is an obvious fact that production is directly related to

the number of spawners, however, in addition, many researchers

have noted the affect of spawner density on production (compensatory
factor). Wickett (37) states excessive density of spawners

can cause redds from early spawners to be dug up by preceeding
spawners. Miller (14) found that survival rates of resulting

eggs was constant up to a "threshold" spawner density, above

which survival began to drop off. Ricker (30) has also defined

a compensatory, logarithmic, relationship between number of
spawners and recuits, in which recruit production begins to

fall off and even decrease with the number of spawners.
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Merrell (13) also observed a spawner density - fry survival
relationship along with an affect on ocean survival by the

run timing in a S.E. Alaskan creek. Survival of pink and chum
fry was greatest in upper reaches of the stream, which may

have been partially related to increased stream gradient and
spawning area quality, and where spawner densities were lowest;
during years of low spawner densities, the fish tended to use
lower reaches of the creek, where the gradient was lower and
possibly where the spawning area was of a poorer quality (13).
Gallagher (8) also observed a wider distribution of spawners
over the grounds with increasing run densities {with sufficent
flows, redd super-imposition actually decreased even with the
large runs). In addition, offspring from odd-year run spawners
showed higher survival rates than those from even-year runs
that generally spawned later; the odd-year offspring may be
getting a "head-start" on growth with the warmer spring temperatures
(13) . Taylor (33) also observed a run timing effect; early
pink spawners (peaking in late July to August) were smaller

and offspring resulting had lower survival rates than late
spawners (peaking in September). Neave (20) mentions that

not only the size and timing of the run affect survival

spring, but also the "compactness" of the run, there being
negative effects occurring if the salmon all return instantaneous-
ly versus a staggered return. To establish optimal spawner
density, without relating it to changes in spawning area and
quality due to physical factors, one must keep track of fry

and spawner densities over a number of years and try to maintain
the spawner number that results in the highest fry densities;
in many Canadian streams, the actual escapements rarely reached
the optimum spawner number (37). Wickett (37) found a large
variation between creeks in optimal spawner densities which
ranged from .35 up to 1.4 spawner pair/yard2 in three creeks.

Species interaction has been observed to affect production,
Gallagher (8) finding that the magnitude of chum spawners had
a negative effect on the pink runs resulting two years later.
He suggests that odd-even year run phenomona may have resulted
from pink-chum interactions, with an equilibrium between pink
and chum runs having been reached. Pink and chum may have
evolved distinct life history strategies permitting their co-
existence.

Incubation

Gravel quality strongly influences egg-alevin survival, Table

1 summarizing desirable gravel sizes. The potential of spawning
bed material to produce fry is directly related to permeability,
with increasing percentages of fines in gravels (less than
.833mm in diameter) decreasing permeability (16,37). Sediments
from .1-3.3mm were found to have the most disruptive effects

on stream communities. Generally, increasing percentages of
fines are found with decreasing stream gradients (25), however,
logging can increase the amount of fines in gravels due to
siltation (16). LOD formed by logging can also trap fine
sediments and then during periods of flooding, the sediment

can be washed down into lower reaches and the LOD movement

can scour out gravels where eggs are incubating., On the other
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hand, LOD from logging can help stabilize a channel and prevent
the scouring effect (logging LOD must be examined individually

in each creek to determine positive and negative affects, (5,32).
Fines in the gravel prevent water flow which in turn prevents
dissolved oxygen (D.0.) from reaching the eggs. Thompson (34)
states that a .8 mg/l intergravel D.O. is required before the
eggs hatch and .5 mg/l reguired after hatching to the emergence
of the fry from the gravel. However, Reiser and Bjornn (28)
list higher critical levels for chum at 1.67 mg/l during the
pre-eyed stage and 3.70 mg/l after the eyed stage. High fall
temperatures (sometimes caused indirectly by logging if no
buffer strip is left) can also cause a decrease in D.0O. levels
and low temperatures can, if stream flows are also low, cause
egg freezing in the gravel (10,36,37). Gravel bed depth and

the irregularity of the stream bed surface can also affect

water flow through gravel (28). Adequate stream flow both
carrying oxygen to the eggs and alevin and preventing eggs

from freezing during periods of low temperature, is essential

to early life survival. Many researchers have shown, however,
the detrimental scouring effect too much stream flow or flooding
can result in, causing heavy egg mortality (8,10,14,15,36,37).
Wickett (37) recorded an 8-fold variation in stock resulting
from an area due to gravel scouring and overriding all other
factors affecting run size; also a scoured creek does not regain
its former stock as quickly as a creek not affected by flooding
because some permanent habitat damange has occurred. Gallagher
(8) found that deviation from the lowest stream flows in the
Puget Sound region had a negative affect on chum returns (causing
10g of the variation during even-year runs) and high January
precipitations had a negative effect on pink returns (causing
65% of the wvariation in run size). Fringe areas that were
covered by high flows during spawning are often left to desicca-
tion and freezing during the winter low flows (12); since rain-
fall is often lower in January in southeast Alaska, loss of
fringe area is probably a common occurrence on Annette Island.
Thompson (34) found that optimum incubation stream flows were
approximately equal to minimum spawning stream flows established,
and successful incubation and fry emergence occured at 2/3

of the required flow for spawning.

Density of eggs in the gravel can profoundly affect survival.
Hunter (12) found that numbers of fry emerging gradually falls
off to a maximum with increasing numbers of pink and chum eggs
deposited and that similarly, percentage of eggs surviving

to fry decreases with increasing numbers of eggs deposited.
Wickett (37) obtained similar results stating that stream veloc1ty
and temperature 1s what limits the density of eggs that will
maximize survival. Predation of eggs in the gravel occurs,
but is not covered well in the literature; the magnitude or
extent of the predation and its resultant affect on production
is not known.
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Juvenile Rearing and the Freshwater Environment

Defining acceptable and preferred habitat and stream size for juvenile
salmon is much more complicated than for any other phase in a salmon's
life history, because not only are habitat preferences different
between species, but the habitat itself is hard to define. In general,
the lower the channel elevation, the higher the fish biomass found
(25). Pink and chum fry generally depart for the estuary soon after
emerging from the gravel, and freshwater habitat requirements for them
are not well defined; however, chum fry generally do spend a longer
period of time in freshwater and migrate out at a larger relative

size than do pinks (8,12). Canadian researchers found that pink and
chum fry outmigrations generally peak between mid-April to mid-May (12).
Because pink and chum migrate out at such an early stage in their

life, early marine environmental factors versus freshwater factors

are what affect resulting production most profoundly. Morrill (18)
stated that indeed, marine survey indices of chum fry abundance were a
much more accurate base for production prediction, than were pre-
emergent fry indices. The early marine environment will be covered
later.

Coho, sockeye, steelhead, Dolly Varden, and cutthroat remain in the
freshwater habitat for at least one growing season and are therefore
much more affected by freshwater production factors (physical and bio-
logical). In general, coho fry prefer pools and backwater areas and
generally spend one year in freshwater, steelhead (spending two years
in freshwater) and trout prefer riffles, and Dolly Varden prefer
similar habitat to coho, but are much less aggressive (10,28);
therefore, species composition and production is strongly affected

by guantity of each habitat type. With ccho production, pool abun-
dance is extremely important and Platts (25) found that the highest
abundance of fish occurred in streams with 30-50% of the area in pools
(versus riffles). One study showed that in an artificial stream,

when cover was quadrupled and number of pools tripled, the fish
biomass tripled (10). On the other hand, it has been shown that
creeks with lower pool-riffle (p:r) ratios may be more conducive to
increase fish productivity in areas where the water is infertile (25),
probably a more important consideration where management will be

aimed at steelhead, chinook salmon, or trout.

Streamflow has a profound affect on the amount of habitat available

and can change the p:r ratio. Many researchers have found strong
correlations between streamflow and coho production in Washington and
Oregon (10,31). Unfortunately, the flow requirements are least known
for salmon in the fry-emerdgence to adult period even though during the
rearing, flow is probably the most critical factor determing survival
because of its interactive affect on many other physical and biological
factors (34). However, Thompson (34) has recommended guidelines for
optimal rearing flows: he suggests adeqguate depths over riffles, a

p:r near 50:50, with 60% of the riffle area being covered by flow,
riffle velocities of 1-1.5 fps and pool velocities of .3~-.8 fps, and
with most of the stream cover being available as a shelter for young
fish. Giger (9) recommends an optimum rearing flow at which increases
in wetted perimeter of the stream with streamflow begin to fall off and
amount of shelter available per stream mile is maximized; he stresses
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the interaction of stream flow to other factors affecting pro-
duction lists acceptable stream depths and velocities for various
species (see Table 1).

Amount of available cover can be a critical factor (sometimes a
determining factor - 21) affecting fish biomass and changes

in stream flow can change the amount of cover considerably

(28) . Cover is created by overhanging stream-side vegetation

and root wads, undercut banks, pools, LOD and other obstructions.
A lowered stream flow can "pull" water away from the banks,
decreasing the amount of stream-side cover available and uncover-
ing some of the submerged cover available(9). A decrease

in the amount of stream-side cover can also indirectly decrease
food availability if salmon are depending on food from terrestrial
sources, as many insects available "drop" into the stream

from overhanging riparian vegetation (28). Large variations

in flow causing stream flashiness can also be detrimental

to production (as with incubating eggs) by "washing out" or
destroying cover. Logging can also affect the amount of cover
available in the stream; blowdown and LOD created by logging

can initially increase the amount of cover available, but

if no buffer strip is left and the LOD washes out, a resulting
decrease in cover and increase in stream riffle area will

occur (4). A buffer strip allows a future source of LOD and
stabilizes the streambank, having a net positive affect on
available cover and rearing habitat (5,32). On the other

hand, it was found that in small second or third order Cascade
Range streams, logging that left sections of stream open,

with no buffer strip increased stream primary productivity

and insect productivity resulting in increased fish biomass;
however, this was not the case for larger, lower gradient
streams (19).

Food availability is a primary factor determining the stream
production potential and may regulate fry density and distribution
(28) . Water gquality, depth, velocity, and substrate composition
all profoundly affect food abundance. Even stream size affects
biological productivity, wider streams being less productive

per unit area than narrower ones, depending primarily on water
depth and velocity (9). Primary productivity is the base

of the food chain in swift water areas and detritus forms

the base in depositional areas, both affecting the numbers

of aquatic invertebrates present. Riffle areas were found

to be the most productive in terms of aquatic insects, which
move and become "drift" (especially at night - 9), and food

for salmonids. Therefore, stream velocities can affect the
amounts of "drift" available with low velocities reducing

drift; in general, Giger (9) states that stream velocities

under 15 fps and over 3 fps (the optimum occuring at 1-2 fps,
1.4-3.5 fps according to Reiser and Bjornn, 28) have a detri-
mental affect on drift abundance. Water depth must be adequate
for insect production, with highest productivities reported
between .15-.9m (28), the optimum range being .46-.3%1m (28).
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Substrate composition regulates benthic insect distr ibution,

the highest productivity occuring with rubble (6.6-17.8cm

in diameter) and a general decrease in the number of insects

in the progression rubble-bedrock-gravel-sand (9,28); predominately
coarse gravel (3.2-7.6cm) and rubble (7.6-30.4cm) areas generally
produce the most number of insects. Salmon utilize mayflies
(Ephemeroptera) and stoneflies (Plecoptera) more heavily than
caddis-flies (Trichoptera) (28) and if low numbers of aquatic
insects occur, salmon will switch to depending mainly on terrestrial
sources for food. Nickelson and Hafele (21) found that a

75% flow reduction decreased aquatic insect numbers and drift;
however, salmon food type simply shifted to terrestrial and

adult agquatic insects.

Water quality also influences food availability, as well as
directly influencing juvenile salmonid growth and survival.

Low pH and a lack of Calcium (associated with low water hardness)
can be a cause of low stream productivity, a neutral pH and
hardwater being desirable (10,28). Low pH and low water hardness
often occurs in Annette Island streams and may be limiting
factors in production. Water temperatures influence fry growth
rates (warmer temperatures increase metabolic rates), swimming
ability, dissolved oxygen concentrations (above 15C, D.O.
regulates the active metabolism rate of young sockeye) ability

to capture and use food (in higher temperatures, stream salmonids require
more food) and ability to withstand disease outbreaks (28).

Table 1 lists preferred temperature ranges and optimal temperatures
(maximizing growth under other optimal conditions) and lethal
temperatures; with warmer temperatures versus those on the

lower end, having the most deliterious affects on survival.
Dissolved oxygen concentration is important to growth, with

amount of food consumed, weight gain rate and food conversion
falling off below about 3.5 mg/l1D.0.with coho (age 0+) (28).

High turbidities (levels of suspended solids) can abrade and

clog fish gills, reduce feeding and cause fish to avoid some

areas (28); therefore, during flooding, streams with a high

amount of deposited silt and mud can be undesirable to juvenile
salmonids. High turbidities are generally not a problem on

Annette Island. Pollution and siltation from logging often
negatively affects juvenile salmon growth and survival.

Density dependent factors also come into play in stream fry
production potentials. Coho fry are very aggressive and ter-
ritorial and will defend a rearing “"space" or "focal point"

to which they will repeatedly return ferociously (28). 1In
contrast to pink and chum, whose production is largely determined
by available spawning area and gravel quality, coho production
is often limited by the total amount of rearing space available
in a stream. High densities often result in a decrease in

the average size of the fish migrating out, for all species,
which could be the result of competition for limited amounts

of food and having to rear in a non-preferable microhabitat
(9). Increases in flow can increase rearing space available
and indirectly cause visual isolation (important to coho)

which in turn increases the stream’'s production potential (9).
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Table 1 lists densities of salmon eggs and fry observed and
gives an idea of what a creek can produce knowing area available.
Predation can also affect fry survival, but has a more pro-

found affect on production during smolt migration and in the
estuary.

In general, good rearing habitat for anadromous salmonids
consists of a mixture of pools and riffles (riffles less than
20%) adequate cover, water temperatures averaging between 10

and 15C during the summer, dissolved oxygen at near saturation
levels, suspended solids less than 25 mg/l, and riffles with
less than 20% fine sediment (less than 6.4mm in diameter)

(28) . Many of Annette Islands streams possess most of these
characteristics. It has been shown that variation in fresh-
water conditions are the dominating factors controlling the
general population level and stock size; ocean factors impose
some additional variation but only affect production after

the general population level has been set by freshwater factors
(27) . Freshwater physical factors are much more variable

than ocean physical factors (20). 1In modelling stream production
it is recommended that a habitat rating system be devised

that utilizes multiple regressions and takes into account
factor interaction and the percentage of variable caused by
each factor (10). Gallagher (8) and Nickelson and Hafele

(21) have constructed such models.

Smolt Migration and the Early Marine Life

Several physical and biological factors that affect produc-

tion occur during the downstream migration of smolt. Temperature
not only affects creek productivity, but it also affects the
timing of smolt migration. Foerster (7) found that sockeye
smolt migration commencement coincides with a vernal rise

in lake temperature, in the spring the threshold occurring

at about 4.4C, and that migration ceases once a summer thermo-
cline has formed (at below 10C); those smolt that did not
migrate before the water stratification occurred, stayed and
migrated the next spring. Also, bright, calm days accelerated
migration and rain and overcast slowed it (7). Run timing
itself has an affect on survival. Taylor (33) found that

early migrating pink hatchery fry (departing between February
27th and March 19th) showed lowered ocean survival than hatchery
fry migrating later (april 10th-April 22nd); however, the

early fry were smaller which in itself may 