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PINK SALMON (Oncorhynchus gorbuscha)

HACITAT USE INFORMATION

General

The information included in this pink saimon model is restricted to the
fresh and brackish water havitats occupied by the spawning adults, developing
embryos, and seaward migrating fry. The ocean habitat requirements of pink
salmon are not included. Pink salmon adults and seaward migrating fry spend
very little time in freshwater, and the entire juvenile stage is in seawater,

thus the HSI model concentrates on the requirements of the deve]op1rg embryos
and yolk sac fry.

The HSI model was constructed by searching the available technical liter-
ature, agency data files, and individual study progress reports for information
on the habitat requirements of pink salmon. These data are compiled and
Suitability Index (SI) graphs are constructed for each habitat variable
identified from the information base. All habitat variables that were identi-
fied are included, to enable the user to evaluate a wide variety of habitat
conditions useful in managing or improving pink salmon habitat, or in assessing
project impacts. The HSI model is flexible enough to enab]e use of one to all
of the available variables to suit the needs of the user.

The SI graphs for the HSI model are constructed by quantifying field and
Jaboratory studies information on the effect of each habitat variable such as
temperature, dissolved oxygen, spawning gravel size, and siltation on the
growth, survival, or biomass of the species by life stage. The graphs are
developed or the assumption that increments of growth, survival, or biomass
plotted on the y-axis can be directly converted into an index o0f suitability
from 0.0 to 1.0 for the species (0.0 indicating unsuitable conditions and 1.0
optimal cenditions). Measurements of each habitat variable taken at the
proper time in the field can be applied to the SI graphs to obtain an estimate
of the suitability of the variable in meeting the habitat requirements of the.
species by 1ife stage. SI values for each variable are used in the model to
assisv in the decision-making process.

Iristream Flow SI graphs (preference curves) are hased on field observa-
tions of the frequency with which certain values within a range of values for
a habitat variable such as gravel size are used by individuals of a species.
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The premise is that individuals of the spec1es will se]ec» a d occupy the best
habitat conditions available to them. Optimal conditions for a variable are
considered to- be those wunder which most individuals are | |‘ohserved. “ Range
limits for a variable are the conditions under which the fewes: are observed
The IFIM utilizes five SI graphs: flow velocity, depth, substrate composition,
temperature, and cover. Wheraver individuals of speci=s are chserved in t.e
stream, measurements are taken on the above five variables.| Each variable is
assumed to be independent of the other four, both in the model probability
theory equations and in collecting 1nformat1on for constructing the SI graphs.
It is also assumed that a full range of variable values were available for
selection by individuals of the species at each study stream and SI graph data
co]lect1on s1te Otherwise, Dias will occur in the frequency analysis method.

Information for SI graph construction gleaned from field and 1aboratory
study results have limitations. It is sometimes difficult to determine if the
full range of usable values for the variable have been included in field
studies. For example, the species may have been observed using spawning
gravel ranging from 0.3 to 10 cm in size. Studies of the effects of siltation
on embryo suryival for the species may indicate that the lower limit of 8.3 cm
appears acceptable. However, if additional or different streams had been
included in the studies, the upper gravel size limit may have exceeded 10 cm.

Laboratory tests utilized in constructing the HSI model SI graphs can
often add more certainty to upper, lower and optimal range values, especially
for variables such as temperature, dissolved oxygen, and pH. However both
laboratory and field study results must be considered in light of test»condi-
tions, - eg. acclimation conditions, handling, exposure times, control test
results for laboratory tests, and observation and data collection procedures
and conditions for field studies. For these reasons some Jjudgment is often
necessary in constructing SI graphs for both IFG and HSI models and some
variability probably exists in the shape of the SI graphs. The deta base and
SI graphs are reviewed by biologists from different agencies familiar with the
ecology of the species and documentation, suggested changes not at variance
with published study results are incorporated. However, the user is advised
to review each SI graph to see how well it represents known reg1ona1 require-
ments for: the species. Changes should be made if indicated, but the reasecns
for each change should be fully documented. The pink salmon mode1 was written
by Robert F. Raleigh. Patrick C. Nelson wrote the [FG section.

01str1but1on .and L1f9 Lycle

Pink sa]mon spawn in rivers as far south as Puget Sound and northward
through Canada and most of Alaska. Their centers of abundance are southeastern
Alaska, Prince William Sound, Cook Inlet, and Kodiak Island, but they are
common from the Fraser River in Canada to Kotzebue sound in Alaska. Stattered
populations extend northward above the Seward Peninsula into the Arctic Ocean
(Atkinson et al. 1966). Pink salmon are also common along the Kamchatka
Peninsula in Russia, and small populations occur in Korea, the Kurile Islands,
and southward to the Yurappu River at Hokkaido, Japan (Ishido 1967).
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A Ping salmon have been' introduced into the Great Lakes and inte rivers
along the north coast of Russia. Most attempts to extend thel range of pink

salmon have met with Tittle success except on the Kola Pen1nsu1a in northern
Russia (Ish1da 1067)

Pink salmon are the smallest orf the five species of Pac1f1c salmon that
inhabit rivers along the Pacific Coast of North America. They mature at two
years of age at about 34 to 63 cm fork length and about 1.4 to 3.6 kg in
weight (average 1.8 kg) (Kaganovskii 1949; Neave 1963).

A1l five species of North American Pacific salmon home uo natal streams
to spawn and, with rare exceptions, die after spawning. Pink salmon are
included in the above generalization, but are believed to be more likely to
stray during the spawning migration than coho salmon (O. kisutch), chinook
salmon (0. tshawytscha), or sockeye salmon (0. nerka). '

Pink 'salmon ‘enter the natal rivers to spawn in mid to late summer.
Changes in volume of flow and water temperatures within the normal stream
seasonal ranges do not appear to be significant factors in triggering stream
entry (Davidson et al. 1943; Sheridan 1962). The embryos overwxnter in the
gravel; yolk sac fry emerge from the gravel in early spring and migrate
1mmed1ate1y to the ocean (Divinin 1959; Sheridan 1962; Ishida 1967). On the
average, p1nk salmon spend about 6-9 months in freshwater and 15-18 months in
the ocean. Although it has been said that pink salmon are dependent on the
freshwater environment for only a short time and are completely independent of
it for food, this statement is not entirely true. Adult p]nk salmon stop
feeding when they enter freshwater to spawn bat Divinin (1959) found that
about 24% of the seaward migrating pink salmon fry that he examined began
feeding before they entered saltwater. Fry with food in their stomachs tended
to have < 1% of the yolk sac remaining. The food items included chironomid
larvae, Plecoptera, Ephemeroptera, Harpacticoida, Ostracoda, and larval fishes
(Divinin 1959). ; '

Adult p1nk salmon tend to spawn in the 1ower reaches of coastal rivers
including the brackish, intertidal, outwash gravels at the mouth (Ba11ev 1966;
McNeil 1966) but may. travel upstream for 200 to 300 miles to spawn in large,
unobstructed rivers (Neave 1963). Spawning may peak as early as mid=July
(Ishida 1966) or as late as October (Sheridan 1962). The timing of spawning
tends to be earlier in southern areas of the range (Ishida 1966). Within a
single population, spawning usually takes place within a well defined two to
three week period (Sheridan 1962). Bailey (pers. comm. 1985) and McNeil
(1968) recommend that spawning densities do not exceed one pair of adults per
square yard of suitable spawning habitat.

Fecundity of pink salmon ranges from about 800 to 2300 eggs per female
depending on size  (Semko 1939; Neave 1966). In uncompacted gravel, the
demersal eggs :are deposited about 15 to 25 cm deep (range 7.0 to 45 cm) in two
to four: pockets composing a redd excavated in the gravel by the female
(Divinin 1959). After deposition, thc eggs are covered with gravel displaced
upstream. Because of the invarfabie two year life cycle of pink salmon, odd
and even year spawning populations are effectively isolated from each other
genet1ca11y (Neave 1952, 1953; Ricker 1962).
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 peak Tlow of two to five times the magnitude of an excellen

§p**ific'Hébitéi-Réquirements Sdurces and As>umE;.ons 2 f

The annua1 Tlow regime and the qua11ty of salmonid r1§er1ne babltat are
close]y re]ated The critical period for pink salmon is thE time betWeen egyq
deragition in late summer and fall and fry emergence in thel following spring.
Although Tlows must be adequate to meet the needs of the. ﬂeve]cp.ng embryos

~and yolk sac fry .in the gravel, abnormally low or high flows appear to be

destructive, Significant mortalities to pink sa1mon'°mbry¢ and yol% . sac fry 7

.- have been reported due to freezing of redds caused by 1nbnff1c1ent flow in

winter, and from redd destruction caused by gravel movement‘durlng abnormally
high flows during freshets (Sheridan and McNeil 1960; Andrew and Geen 1960).

An annual base flow > 50% of the average annual da11y flow is considnred
~excallent for salmonid production, a base flow of 25 t5 50% s considered fair

ta good and one of < 25% is considered 'poor (adapted from Tennent 1976; Binns
and Eiserman 1979; Wesche 1980). Nehring and Andersor (1982, 1983) consider a

i;base flow, or < 2
times the average annual daily flow (Lister and Walker 1966) to be acceptable
for good salmonid production, but peak flows above thase ]1m§ts are considered
progressively more. destruct1ve Peak and base flow volumes that are conirolled

~ in salmon and trout habitats in dam tailwaters can enhance production of

juvenile chum, coho, and chinook salmon (Lister and Wd1kér 1966) ahd trout
(Nerr1ng and Anderson 1982, 1983), or give a competitive gdge to spring or

- fall spawn1ng stocks, depend1ng on timing and amplitude of f]oy releases

The potent1a? of the river to produce f1<h food doe< npt appear to be a
significant habitat requirement factor for pink saimon for several reasons:
the fish typically do not feed as spawning adulus after en;er1ng xreshwater

.tend to spawn near the ocean; migrate to the ocean ac yolx sac fry 1mmed1ate1y
- after emergence; reach the ocean within a short time period; and nave from

5-10% of the yolk sac remaining at time of migration. A]Sp pink salmon do

not appear to be signitficantly dependent on fresh water as a rearing habitat,
~ thus it would appear that the more high quality spawning area per un1t of
river, the h1gher the freshwater production potential shou]d be :

Spawning. pink sa]mon appear to have a wide to! erance | for variasinns in
temperature, disso1ved oxygen, and salinity. Spawning adulis at mader te to
light densities do not appear to select spawning sites wzth ve ues  for
variables outside the tolerance ranges of the embryos; at high population
densities, they have been observed spawning at temperatu?es réngirg from

- 5 to 19°C (Semko 1939; Divinin 1952), at dissolved oxygen concentravivis of
40 to120% saturation (Divinin 1952), and at salinities raqg\ng from | fresh=

water to 28 ppt (Bailey 1966; McNeil 1966). However, the tolsrances of
~developing embryos for these variables appear to be  more restricted.

Consequently, results of studies on adults are used here to establish range
1imits for variables, but more reliance is placed on resu.is of studies oY
embryos and yo1k sac fry to establish optima values for SI graph const\UCtion



The: major function of the gravel cover over sa]mon1d embryos is to proteut
them from predation, mechanical injury, and ultraviolet 11ght§- Neave ("143€)
found that. spawning areas intensively used by pink salmon tended to "ave
relatively low gradient combined with beds of relatively small’ grave] Semko
. (1939) observed' that pink salmon spawned on "medium $ized gr*:e1' Andrew and

" Geen (19b0) reported that about 80% of the gravel obtained pn sampTes from

' areas: of heavy spawning by >orkeye and pink salmon in severai major salmon

streams in Canada ranged from 0.3 to 10 cm in diameter, Qhambers (1955),
after studying the characteristics of spawning redds of several species of
Pacific salmon, stated that gravel must be of a cize that can be moved by the
fish and-the;CU.rent when the redd is built. Therefore, the s1ze of the fish
- determines how large the spawning gravel can be. Although graYel of 1 to 5 cm
was the most common. size in ‘all salmon redds studied, sockeye salmon, the
smallest species studied by Chambers (1956) appeared to prefer gravel < 5 cm.
. The sizes of pink salmon average slightly smaller than sockeyz.  From the
above information it is concluded that pink salmon normally select spawn1ng
grave] within the range of 0.3 - 10 cm with an optimal size of 1 to < 5 cm.

-Water velocity and minimal depths appear to 1nf1uence tbe.se1ect1on of
spawning site and survival of embryos. Velocity appears to be the major
factor and minimal depth a secondary factor Spawning of p1nk salmon in
productive streams occurs at depths of < 0.2mto 27 m: (Divinin 1952;
- Chambers 1956). Sockeye salmon have been reported spawning in| 1akes at depths
> 21 m (Canadian Department of Fisheries 1959). Andrew and Geen (196() report
that a three year study on the Chilko River 1nd1coted that beyond a minimal
. figure, depth did not appear to exert a major influence on the selection of
‘spawning sites, but velocity did. Gravel beds that are dewatgred and exposed
to freezing in winter were never heavily populated, nor were they the first
choice of spawning salmon. Divinin (1952) observed that when the distribution
of pink salmon spawners ovar the spawning grounds was opt1mum there was. no
spawning in waters shallower than 0.2 m. However, W. J. McNeil (personal
communication 1985) reported successful spawning at shallower depths.  When
densities of spawners are high, however, pink salmon have been reported to
spawn on sand .and isilt substrates (Semko 1939) - and at depths of £0.1m
(Divinin 1952). It seems likely that embryo mortalities wouid be excessive
under these axtreme conditions. It is further concluded that spawn1ng of pink
salmon can successfully occur over a wide range of depths and that depth
alone, greater than the minimum required to protect the embryos from. drying or
freezing, does not significantly affect the select1on of spawning sites or the -
survival of embryos.

An acceotable minimal spawning depth depends on the amount . bf flow fluctu-
ation, but in rivers with relatively stable flows durInq the incubation period
(base flow = 50% of the average annual daily flows, and high flows s 2 times
that average), the minimal cafe spawning depth for pink salmon coaid be
expected to: be 2 15 cm,

- Krokhin and Krogius (1937) listed spawning velocities of 30 to 60 cm/sec
for pink salmen (as reported in Ishida 1966). Divinin (1952) reported typical
spawning velocities of 40 to 80 cm/sec for pink salmon. Andrew and ueen
(1960) reported average velocities of 33 to 85 cm/sec, but the greatest
dens1t1es of spawners occurred near the upper range of velogities in areas
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with' an awerage velocity of 67 cm/sec Mu1t1p1e regressxom ana!ys1< of Chilko -
river data dndicated that the greatest spawner density .was significantly

~ correlated with velocities of 42.7 cm/sec when measured @t 10 cm above the

bottom (Andrew and Geen 1960). In light of these data,ra ‘usable spawning

“velocity range for pink salmon of 30 to 90 cm/sec was selected with an optimal
: range of 40, to 70 cm/sec :

. ;. v
The pH in rivers typically occupied by p1nk salmon is 6. 8 to 8 0 (Ish1da.

1966); the tolerance range of the species is assumed to be s1m11ar to that of
other salmon1ds 5! 5 tc 9.0 (Behnke and Zarn 1976).

Spawn1ng has been observed at temperatures of 5 to 149C (Semko 1939) and

7 to 19°C (Divinin 1952). Average spawn1ng temperatures reported ranged from

9.2 to 13.7°C (Kuznetsov 1928; Semko 1939).

Embryos and Yolk Sac Fry (the Intergravel Hab'tat)

The eggs. usua]]y remain in substrate grave]s of the stream through late
summer and winter months. Hatching from the egg can begin as early as late
September in some ‘streams and as late as mid-January in others dependent upon

‘time of spawning and average stream temperatures. The egg stage averages

63 to 110 days from time of fertilization. The intergravel yolk sac fry stage
from hatching until emergence averages an additional 80 to 120 days (Kuznetsov -

1928). At energence, the yo]k sac fry must move upward through the gravel to
the stream. :

Wickett (1962) and McNeil (1966) found that h1gh surv1va1 of pink salmon

- fry was correlated with high gravel permeability. Beds- of slightly 1arger'

gravel and redds with < 5% fines had the best permeability and survival rates
for embrycs and emergent fry. Survival of embryos and 1ntergrave1 yolk sac -

fry was low as fines approached and exceeded 15%. These data are compat1b1e

with the gravel size range and optimal values shown above for spawning pink

-salmon adults. It seems safe to conclude that optimal habi tat conditions in

the redd occur with < 5% fines and become 1ncreas1ng]y marginal as. that
percentage approaches or exceeds 15%

" Pink salmon may spawn in s11ght1y faster currents than preferred by other'
a]monids, and the eggs may require more dissolved oxygen, because pink salmon
embryos contain less carotinoid pigment (Nikolskii and Soin 1954; Ishida 1966)
McNeil (1966) found intergravel oxygen levels in pink sa: I mon redds to be at -
64% of saturation (7 mg/1) or higher in Sashin Creek, Alaixi. No studies of
the effects of lowidissolved oxygen on pink salmon embryos and fry have been
reported. It is assumed that the effects would be similar to those found in -
studies of other salmonid species, e.g. that low 0, 1eve1s (s 3 mg/\) result

in. developmental 'deformities, decreased growth, and increased mortality

]_ (Doudoroff and Shumway 1970). It is further conc1uded ﬁhat an optimal O,

1eve1 is'2 8 mg/1 at stream temperatures of 10°C.

Sheridan (1962) stzted that unusually high or low incubation. temperatures
could cause hatching and emergent times inappropriate to. the best survival of
pink salmon. Petrenko (1964) found that pink salmon yolk sac fry had wide

. temperature tolerance and could withstand wide f1uctuationt in timpirlture if

6



the_embryos were incubated at 2 5°C during the ear1y'deve13pmenta] stages
However, embryos incubated early at > 10.5°C suffered a h1gher¥rage of mortal-
ity and deformities, and grew more slowly. Bailey (J. E. Bailey, Natural
~Marine Fisheries Serv1ce Juneau, Alaska; letter dated May 11, 1985) reported
< 2% surv1va1 of pink sa]mon embryos 1nrubated at < 5°C and 1@0 mortality at
‘temperatures.> 16°C. during the first three weeks after fertilization. McNeil
(1968) suggests that pink salmon eggs that begin incubation at temperatures
> 8°C survive better than those that begin incubation at < 8PC temperatures.
Bell (1973) and Bailey and Evans (1971) list normal spawning temperatures in
the range of 7.2 to 12.8“C. Spawning has been observed at temperatures
canging  from 5 to 19°C {Semko 1939; Divinin 1952). Based on this data, an

overall early embryo development range of 5 to 16°C with an optimal range of
8 to 10.5°C was se]«cted _ ' |

Pink sa]mon ‘spawn in the intertidal zone of spawning streams. These
1ntert1da1 areas tend to have greater and more rap1d temperatura fluctuations,
> 5°C/hr (Helle et al}. 1964); gravel of a smaller average size; more fines;
'higher salinities; and progressively longer exposure times to sa11n1ty in a
-gradient downstrcam toward the sea. All of these factors. tend to increase
embryo mortality in downstream areas. As tidewater moves upﬁtream the 1less
- dense freshwater tends to flow above the sea surface. Helle et al. (1964)
found that saline water penetrated the gravel at redd depth and that salinity
was 9.3 ppt at the 11 ft tide level during a 14.5 ft tide. Thus, twice daily
the intertidal zone eggs and yolk sac fry are alternately bathed in fresh and
saline water of various salinities and for various. exposure times. Helle
et al. (1964) reported, however, that densities of 1live eggs and overwinter
“survival were progress1ve1y greater from lower to h1gher tide levels. Survival

~ was nil at the 4 ft tide level, 20% at the 7 to 9 ft level, and 54% at the

10 to 11 ft 1eve1 Bailey (1966) reported that exposure of ferti11zed eggs to
28 ppt salinity for 4 hours twice daily had no apparent adVerse effects, but
when exposed to 6.7 hours twice daily mortality averaged 50%, and at 9.3 hours
twice daily morta11ty was 100%. According to Hanavan and Skud | 1954) ‘however,
‘survival of embryos in the 4 to 11.5 ft tidal area was equal to or greater
than survival in the upstream freshwater area Smith (1966) reported an
average freshwater survival rate of 13. for Lakelse R1ver pink salmon.
Likewise, McNeil and Bailey (1975) state that pink salmon eggs can survive
tidal inundation of 15 to 30 ppt salinity if there is periodic flushing with
freshwater. BaiIey (1966) reported from laboratory tests -that pink: salmon
eggs. ferti]ized and water hardened, in 3.74 ppt sea water had a high
incidence of deformed embryos; Helle et al. (1964) observed that Spawning
activity of pink salmon ceased when tidewater covered the _spawning areas.
Hence, salt water fertilization and hardening of pink salmon egPs may not be a
serious problem. The above information yields the conclusion that the
salinities acceptable to pink salmon embryos range from fresﬁwater to about
28 pptL, when the twice-daily exposure times do not exceed 4 hours

Pink salmon yolk sac fry are capable of surviving eaposure to full
vstrength sea water at time of hatching (Ishida 1966).
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-Emgrgenf‘Fry‘Stagee(Seaward-Migrant)

“ Pink sa?mon fry emerge from the gravel ma1n1y in Aor11~June, but emergence .
and downstream migration begin as early as February and e é as late as July
(Divinin 1959; Sheridan 1962; Ishida 1967) The period of emergence and

~ seaward mwgrat1on usually c01nc1des with the period of 1gh stream: runoff

(Divinin 1959). Emergence from the gravel and downstrea . migration occur

--almost entirely at night, although some daylight m1grat1oq may occur daring

- the peak of the m1grat1on or in turbid waters (Divinin 1952; Nedve 1963)..

Norma]]y p1nk salmon fry enter salt water w1th1n a fe& hours after they
~ emérge from spawning redds within a short distance of the ocean Migrants not
completing the seaward migration during the first night typ}ca1lj hide in the
" rocky substrate during daylight hours and continue the m1grat1on the following -
n1ght (Sheridan 1962; Neave 1966). Seaward migrants travel alone rather than
in schools; they do not school until they reach the estuary (Neave 1966).

" Seaward mﬂgration has been observed at temperatures of 2 to 17°C and
migration peaks at 6 to 12°C; however, Brett (1952) reported an upper lethal

temperature for pink salmon fry of about 23°C and a pveferred range of 10 to
16°C.

The typically short migration t1me enab1es one to conclude that a rocky -
- substrate for daytime cover, freshet conditions, and a freshwater food supply
may be helpful, but are not s1gn1f1cant survival factors for pink salmon fry.
However, temperature can be a significant factor in determining the freshwater
survxval and geographic distribution of the species. The atceptab\e tempera~ -
ture range selected here is 0 to 23°C and the optimum range is 2 to 16°C for
seaward migrating p1nk salmon fry. 4

HAB:ITAT SUI-TAB*I LITY INDEX (HSI) MODELS

. Figure 1 illustrates the assumed relatxonsh1ps among model variables,
_ components and the HSI for pink salmon.

}HSI Mode] Applieab1jjjx

Geographic area. The following models are applicab]e over the entire =

freshwater range of the pink salmon.

Season The model rates the freshwater habitat of pink salmon. by . season

of occupation for each model component; spawning adult; dpve1oping intergravel

' embryo and yolk sac fry, and emergent seaward migrating fry

Cover types. The model {s applicable to fresh and brackish water.

Minimum habjtat area. Minimum habitat area is the minimum area of
contiguous habitat that 1is required by a species to live and reproduce.
Because pink salmon migrate to the sea immediately after eﬁergence from the
gravel, no maxima) or minimal freshwater spawning area has been estah\ished

except that spawning densities probably should not exceed one pair per square
yard of accoptablc spawning habitat.

AraY FOnnd KTEan AL



e _'(CA) developinguembryos (CE), and seaward migrating fry (CF)

Habitat variab]es'éhd : : Model

‘suitability graphs : Component ; i}
Annual max-min pH ——n0u—V, — i ASTE
Ave. max-min temp. | _ i}
(migrat./spawn) ~————V, £
Ave. substrate size‘———;———— V,—-W ¥
Percent fines — S Ve —
Ave. Water veJociiy,.. ' Vs Embryo g - HS1
Min. disso?Ved”Oz-—-—f—é———— Ve —
Ave. max-min temp.
(embryo) - . ’ V, —
'_Maxﬁ salinity - o Vg —

Avg. base flow

(spawn/1ncubat1on)——— Ve —
Peak flow (1ncubat1on) VI,-J'

‘Max. temp.u(m1grat1on) Via Fry

Figune 1. Diagram illustrating the relationship among model
variables, components, and HSI.

, Verification level. An acceptable performance for this p\n salmon mode\
is the production of an index between 0 ‘and 1 that the prim ry author and
other biologists. fam111ar with pink salmon ecology believe. s positiwe1y-j'

~correlated with the 1ong term freshwater production of pink sal on fry. Model
verification consisted of testing the model outputs from sam le data sets

developed by the authors and reviews by authorities on pink sa]mon

%

Model Descript1on

This pink sa]mon HSI model consists of three components: §ann1ng adults
ach compohent

contains variab]es specifically related to that component.

Two mode1s are presented. In model 1, the limiting fa tor model,
~ simple 11m1t1ng factor theory 1s used. The model assumption is th t al!
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varxebles can have a significant effect on pink salmon survival and productuon
and that high SI scores of one or more varnablec cannot compe §ate for low SI
scores of other nmodel variables. : %

In model 2, the compensatory limiting factor model, a partial_compensatory
]1m1t1ng factor theory is wused. In this method, 1t is assumed that some
compensation can occur among dependent variables. i

Adult component. Adult pink salmon have a wide toler@nce range for
temperature, dissolved oxygen, und salinity. In unpolluted streams the vari-
ables of d1sso1ved oxygen and salinity are not normally limiting factors to
stream entry or spawning by adults. However, variables Vﬁ (pH) and V,

(temperature) are inciuded in the adult component of the model because extremes

ol either variable can delay or prevent stream entry and spawn1ng by pink
sa]mon .

Embryo component.  Variables V, (average size . of éubsirate) and V,

(percent fines) arc included because the substrate part1c1es must be small
-enough to be moved by the female and the current in order\to construct a
hydraulically sound redd. Also, the substrate particle size: must be  large
enough to allow adequate 1ntergrave1 water flow and to allow yo1k sac fry to
emerge. Average water velocity (Vg) is included because adequat\ water flow

is needed to carry dissolved oxygen (Vs) to the embryos and to remove metabolic

wastes from the redd. Various studies have shown that too hmgh or low water
‘temperature (V,) and salinities (Vy) can cause embryo morta11ty Average

annual base flow (Vs) is included because flows that are too 1ow expose redds
to dehydration and freezing cf embryos. Also, flows that are too high (V,,)

cause substrate movement that can result in mechanical injury or exposure of
embryos. i

Seaward migrating fry. Due to the typically short freshWater occupation
and m1grat1on time of emergent fry, only one variable {(V,,) max1mum tempera-

ture, was inc]uded High temperatures often cause high mortal1ty Yolk sac .
~ fry are cdpable of making the transition to seawater at time of hatching. The
_cover regiirement for the typ1ca11y short migration time and d1stance should

be adequately met by the spawning substrate thus, cover was not considered to
- be a significant varfable. :

Suitabil¥ty Index £§I)‘Craphs for Model Variables

~ This -section contains SI graphs for 11 pink salmon riverine bhabitat
variables. Instructions on where and when to take the habitat measurements to
‘obtain valid SI scores are included with each SI graph, The habitat measure=
ments and SI graph construction are based on the premise that extreme rather
than average values of a variable most often 1imit the productivity of a
habitat. Thus, extreme conditions, such as maximum temperaturis and minimum
dissolved oxygen concentrations, are often used in the graphs to derive Si
values for the model. Other premises used to construct the S1 graphs are
discussed in the fntroduction. Instructions for obtaining an HSI ~score for
pfnk salmon habitat from SI scores are 1?§1uded :
: 1



“Variab]e

Vi

A

- Annual maximal or minimal

pH. 'Méasuﬁe during summer
to . fall. Use the measure-

“ment with the lowest SI

value.

Maximal o~ minimal water
‘temperature during the

adult upstream migration
and spawning period.
Measure in.downstream

- areas during stream

entry and migration
period and on the
spawning grounds during
the spawning period.

Use the measurement with

~ the lowest SI score.

Average size of substrate
particles (cm). Measure
in gravel bottom areas of
! used by spawning

pink salmon during the

spawning season and only

where the water depth is

2 15 cm.
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Vs

Percent f1nes (< 0.3 cm).
Measure at the same time
and sites as V,.

‘Average water column velo-

cities for spawning and
embryo incubation. Measure
at the same time and sites
as V,

M1nfma1 d1sso1ved 0, level

:during the egg incubation

and p eqmengent yolk sac

; Ehighest temperatures
dur1ng the 1ncubation period.
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- Variable

the el

Max1ma] or m1n1ma1 water
temperatures during the
ear]y emb *y.0 development
period. 'Measure on the
spawning area within the

| - first 10 days after
_spawnlng commences. Use

the measurement with the

lowest SI score.

Maximal sa]1n1ty during

the Parly embryo develop-

~ment per1od Measure

intergravel at egg depth
at or near the four hour
tide exposure level.

Average base flow during
bryo 1ncubation

s a percentage

. average daily flow
g pawning Measure

~during peak spawning and
at 1ncubation Tow flow

per1ods
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CTable s

Spec1fit-habitat requirements,

sources,

Variable and sources

Assumptions E

Vi

‘Vé

. \l“.

Vs

Ve

Behnke and Zarn 1976
Ishida 1966 -

Divinin 1952; Kuznetsov

1928: Semko 1939

Andrew- and Geen 1960;

Chambers 1956;
1965;:

Meave
and Semko 1939.

~McNeil and Ahnell 1964

W1ckett 1962

Andrew and Geen 1960;

Divinin 1952; Ishida 1966.

Doudoroff and Shumway

1970; Ishida 1966; McNeil

1966 Nikolskid and Soin
1954,

Bailey and Evans 1971

Bell 1973; Divinin 19572
Petrenko 1964 ‘Sheridun
1962; Semko 1939 M:Neil

' ‘1968 Ba11ey 1985

Bai1ey 1966; Hanovan and

- 'Skud 1954; He11e et al,

1964; Ish1da 19663 McNetl

.and Bailey 1975

Ranges of pH selected by most tnaut and salmen
were considered applicable to pink salmon, and
the pH concentrations corre]ated ‘with abundant
pink salmon populations. were consldered to be
the optimal range. :

Water temperature extremes can yrevent stream
entry and spawning. Temperatures associated
with normal stream entry and spaynlng were
const dered optimal. ki

: y
The substrate sizes selected by ada}t spawners
were considered to constitute the size range
of gravel used. The gravel s1zas correlated
with high embryo survival and fry emergence
was considered optimal.
The percent fines assoc1ated w1nb the h1ghest”
survival of embryos -and emergent fry was
considered optimal. Those associated with
high mortality were considered subopt1ma1

Average water velocities most oﬁien‘selected
by adults and those associated with high
embryo survival were considered: gpt1ma1

Dissolved oxygen concentrations assoc1ated
with normal development and h\ghasurV1va1 of
embryos were considered optimal. | Those Lo
associated with development abnonma11t1es and'
high mortality .of salmonid embryds were '
considered suboptimal.

Maximum and minimum temperatures@@Ssociated
with high embryo survival and normal time of
fry emergence were considered op@_ma1 Those
associated *ith poor survival or:&ime of
emergence were suboptimal 5

Maximum salinities of < 4 hours hfposure 5
duration associated with high embryc survival
and a low incidence of deformities were
optimal. Higher salinities with greater
exposure times were prog:essivelvtfurthtr
from optimum. .
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Table 1. (concluded)

Vériable-and.sounces _ ‘ ' AssumptiOns_
Vo Andrew and Geen 1960 Averagé base flows during embrf' 1ncubat1on
~~ Binns and Eiserman 1979 as a percentage of average daily flows

- Lister and Walker 1966; associated with high salmonid embryo _ _

- Sheridan and. McNe1] 1960 survival were considered excellent; inter-

Tennant 1976 Wesche 1980 mediate base flows were cons1d?1ed fair to
' ~ good; and base flows of < 25% Vgre considered

poor. g

V;, Andrew and Ggen 1960 Embryo incubation season peak fﬂows of two

~ Lister and Walker 1966 ~ to five times greater than the %verage base
Nehring and:.nderson 1984f “flow were .considered to be excellent, but
1983; Sher1dan and McNeil 1ncreas1ng]y higher flows were' onsidered
1960, 1968 to be progressively worse. ;-_g :

Vi1 Brett 1952; Divinin The range of maximum temperatunes were those
1952; Ishida 1967; over which seaward migrations F@d been

- Semko 1939. observed with an upper toleranc@ level and an.

optimal range of preferred temggratures fer
p1nk salmon fry as reported by rett

i2 - i



Model 1' Limitfng Factbr

.r
'E
.-w
l

The 11m1t1ng factor ‘model assumes that each variable in ﬁ e model can
significantly: affect the suitability of the: habitat to: produce ink salmon;
that high SI values in ‘some variables cannot compensate for low §I values in
other variables; and that the species HSI thus cannot exceed Lhe Towest ST
value for any var1ab1e The Limiting Factor Model method would yield a pink
sa1mon HST ' of  0:5 for the habitat represented by the SI va]ues spown ir Tabae v

\._i

R Mode] 2, Com ensatory Limiting Factor

: e
This mode1 encompasses the same assumptions,aa Model i chept for: the
following modifications. It is assumed that an SI of 1.0 for variables. Ve
(percent fines) or Vs (average water ve]oc1ty) will increase the‘SI scores of
~ variables V, (average substrate s1ze) and V, by 0.1 if the steres of these
:var1ab1es are 2 0.3 before the increase. No variable can exceed 1. 0

— If the: above mod1f1cat10n is used, this model would y1e1d a p1nk sa1mon
“HSI of 0.6 for the habitat represented by the SI scores in Table 2.

‘Intergret1ng-Mode1 Ou;puts

~ The individual var1ab1e SI scores can be used to direct efforts to manage
habitat for pink salmon. Habitat variables with low SI <cores'hay indicate
“where management. resources stould be applied to gain the grea*egt return per
dollar expended in terms of increassd pink salmon production fro the fresh-
~water environment. Compar1son cf individual variable SI scores: ?r1or to and
following construction of water based projects will provide an exggl]ent basis
for determin1ng project impacts and guiding mitigation and enhancement efforts.

The s1ng]e pink salmon HSI score for the habitat being evalfited;is:on&y
a relative indicator of habitat suitability. The above models in their present
form are not intended to predict production levels of pink. salmo” per unit of
spawning area or per unit of potential egq deposition through t the pink
salmon range. It {is not yet known how each variable should b_ ‘weighted in
~terms of its potential impact on the. other variab]es, or on the ovérall produc-
- tion potential of the habitat. Knowledge of such interactions must await
 further studies. . Perhaps some simple corre1at10ns can be made/{between HSI
_ scores and hab1tat production potential among stratified spaw ing habitat
types, but ' this possibility has not been tested. If the mode11 's correctly
structured, a high HSI score would indicate near optimal habitat conditions
for pink sa1mon production for the variables included in the model, interme-
~ diate HSI scores would 1indicate intermediate habitat conditions.dand Tow HSI
scores, poor habitat conditions. An HSI of 0.0 does not nece%sarily mean
that the species fs not present; it does mean that the habitat §s very poor
for one or more variables and that the species is 1ikely to be scirce. if not.
absent :
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Tabie é

p1nk sa]mon hab1tat variables.

Matr1x table to display su1tab1}1ty 1ndncesa 621 5)jf0r3i

Variables

Adult
{Spawner)
Data SI

Embryo :
(Intergrave]) gv'

Data

ST

V@ Max-m1n pH

 Vé Max-min temp. (adu1t)

Vs Ave, substrate size

Vi % fines

“Vs.Ave. watgrl&el.
Ve Min. dissolved 0,
V., Max-min temp?éémbryo)

Ve Max. saiiniiy 

Vo Ave. base flow
Vi Avei»peak'ffow
VllﬁMaxq tempﬁkfry)

7.2 1
12 1

12
60

4.5

15
60

O‘
~

pa-ﬁ_m:_ R SRS o ot PR W Ao e e U S 3 B 2 S i 1o, 6 P

,_”10‘“§

aThe data sets 1n th1s table are from measurements assumed by
corresponding SI va]ues are from the pink salmon SI graphs
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INSTREAM FLOW i‘NE‘hEMEN’TAL METHODOLGOY

The! Instream F1ow Incremental Methodology (IFIM) was desi ged to quant1fy
changes in the amount of habitat available to different s ecies and 1ife
 stages. of ' fish (or macroinvertebrates) under various flow| regimes (Bovee

1982). The: IFIM can be used to help formulate instream flow ;ecommendatlons
to assess the effects of altered streamflow regimes, hab1fat 1mprovemeﬂt
_projects, mitigation proposals, and fish stocking programs; and to assist in
negotiating releases from existing water storage projects. (The IFIM has a
- modular design, and consists of several autonomous models thai are combined

~and linked' as needed by the user. One major component of %e IFIM is the
Physica) Habitat Simulation System (PHABSIM) mode) (Milhous et|al. 1984). The
output from PHABSIM is a measure of physical microhabitat awawlab111ty as a
function of discharge and channel structure for each set of habltat suitability
criteria (ST curves). entered into the model. The output qan be used for

several IFIM habitat d1sp1ay and 1nterpretat1on techniques, including the
following three: ;

13 5 Hab1tat Time Series. Determination of impact ofié project on a
: species' life stage habitat by imposing project operat1on curves
over baseline flow time series conditions and 1ntegrat1ng the differ-

ence between the corresponding time series.

2. .Effect1ve Habitat Time Series. Calculation of the hab1tat require-
L ments of each life stage of a single species &t a glven time by

using habitat ratios (relative spatial requ1rements of various life
stages)

3. 0pt1m1zat1on Determination of flows (da11y, week1y, and monthly)
that minimize habitat reductions for a compTex of spec1es and: life
- stages of interest.

Suitability IﬂdexiCdrVes as Used in IFIM

Suitabil ity Index (S1) curves used in PHABSIM descr1be the jnstreanm
suitability of the hab1tat variables most c]ose1y related to sf?eam hydrau11cs
and channel structure (e.g. velocity, depth, substrate, cover, . and
temperature) for each major act1v1ty of a given fish species (e.n., spawning,
egg incubation, larval, juvenile, and adult). The Western Energ: and Land Use
Team has designated four categories of curves and standardized khe termina1oay
pertaining to the curves (Armour et al. 1984). Category one curves are based
on literature. sources or professional opinion. Category twq (utilization)
curves, based on frequercy analyses of field data, are fit to frequency
histograms. (Category three (preference) curvas are ut1lizatﬂon curves from
which the environmental bias has been removed. Category four (conditional
preference) curves describe habitat requivements as a function! of interattion.
among ‘variables., ' The designation of a curve as belonging ﬁp a particular

‘category does not 1mp1y that the quality or accuracy of curve& differ among
the four categories :
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Ava11ab111ty of SI Curves for Use in IFIM

The SI curves ava11ab1e for IFIM analyses of . pink salm&p habitat ara
category one and two, based on combinations of judgment, infosmation derived
from the literature, and field data. Iavestigators are encourkged to review
the curves carefu]]y and verify them before they use them in IFIM ana]yses

§pawn1ng m1grat1on Migration of pink salmon to spawning areas genera11y
occurs at some time between June and September, depending on lo a]e (Scott and
Crossman 1973). 'SI .curves for migration (Fig. 2) are category‘one, based on
information 4in the literature. Minimum water depths necessany for passage
were reported to range from 0.3 to 0.6 ft. (Kreuger 1981; Wilsoﬁjet al. 1981).
Maximum velocities through which pink salmon can migrate wepe reported as
6.6 ft/s (Krueger 1981). Bell (1973) stated that migration may be delayed at
water temperatures greater than 70°F, and that upstream spaWn1ng migration
generally occurs at temperatures of 45 to 60°F. No information was found that

might indicate that substrate or cover was important for spawmng migration,
'and no curves were developed.

_ S1 curves for migration should be used for the. time per1od during which
~migration occurs in. a given study area. Critical reaches t%at may block
spawner passage due to insufficient water depth, high water veloC1t1es, or
high water temperatures should be identified in each stream of 1nterest from
the stream mouth to the furthest upstream spawning areas. |

Spawn1ng,and eqq incubation. Pink salmon generally spawn some. time
between July and October, depending on locale, egg incubation may require 63
to 110 days, depending on water temperature. Therefore, SI Curves should be

used for the period during which Spawnxng and egg 1ncubat10n occur in a g1ven
area.

There are two approaches for determining the amount . ofs spawning/eqg
incubation habitat for a stream reach. One approach treats spawn1ng and 'egg
incubation as separate life stages, each with its own set of ‘habitat su1t-
ability criteria, and assumes that weighted useable avea does na% vary by more
“than 10% during the spawn1ng and egg incubation periocds. In this case, pink
salmon spawning and egg. incubation curves are combined (Fig. 3),,assum1ng that
no significant difference in physical microhabitat requirements exists between
the two life stages (e.g., depths and velocities suitable for spawning are

- also suitable for egg incubation).

Three data sets were used to develop the category one SI curves for pink
salmon spawning velocity and depth suitability. Kurko (1977) eo11ected data
between river miles 59 and 93 on the upper Skagit River in northcentral
Washington from 24 September to 23 October 1975. He used boat surveys to
locate spawners and, where adult spawners were present, measuréd water depth

- -and velocity (at 0.5 ft above the stream bottom) at the upstreym 1ip of each

redd. No substrate data were collected. Mean annual flows of the Skagit
" River ranged from 4, 486 cfs at the upper end of the river segment to

12,500 cfs at the 1ower end; flows during spawning generally ranbed from 1,000
to 2 000 cfs.
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~ Figure 2. Category one SI curves for pink salmon adult'iﬁawniﬁg*”
~ migration velocity, depth, and temperature suitability.
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5

- Wilson et al. (1981) collected data at 14 study reaches within tne Terror
and Kizhuyak River basins of Kodiak Island, Alaska, from March ;% 0 to February.
1981. Adult spawners were located by visual s1ght1ng, and measurements were
taken at sites where females were fann1ng or digging, at sites yhere male and
female pairs exhibited territorial bznavior, or at sites where‘an individual
~adult remained over an excavated depress1on Water depth and mean velocity
were measured at each point where a fish or redd was observed (at the upstream
lip of each redd). Substrate was characterized within a 10“ift2 area, ‘and
substrate codes included the largest particle sizes, perceni embeddedness, and
the particle sizes of the smaller particles within which the langest particles
were embedded. Frequency analyses were performed on all of theadata (n-815)
Eight of the study sites are described in Tab]e 3

Nadeau (1984) co]]ected data on spawning pink salmon (n 4@7) from seven
sites on the Wilson and Blossom Rivers and Tunnel Creek, Alaska. Mean water
velocities and total depths were measured at the upstream 14} of each redd
where a pink salmon female was seen. Dominant and subdominant particle sizes
were identified and coded. Frequency analyses were performed'gn the habitat
~utilization and availability data to dei termine habitat preference Utiliza=-

t1on and, preference curves were superimposed to develop hybrid cun

Invest1gators must review the category one and category twp velocity and
depth curves (Figs. 3 and 4) and decide which ones are most a?propr1ate for
use in their study area. The category two curves from Kurko (1977) may be
applicable for larger rivers like the Skagit (1000 to 2000 cfs) curyes from
Wilson et al. (1981) may be more applicable for smaller vivers (100 to
500 cfs); and curves from Nadeau (1984) may be appropriate for intermediate-
size rivers. . The category one curves (Fig. 3) are a compos1te of ' the
site-specific category two curves (F1g 4), are much broader, and therefore
are meant to represent general spawning habitat requirements throughout the
range of p1nk salmon

The SI curves: , for spawning substrate su1tab111ty (F1g 3) were taken from
the HSI model section of this report (V3 and V4; sources and assumpt1ons in
Table 1). Substrate particle sizes selected by spawning pink sa]mon may. be a
function of seyveral factors, including size of spawners, substrate availabil-
ity, spawner density, water velocity, and upwelling. Diameters of substrate
~ particles used by spawners have been reported tc range from 0. 2 to 3.9 inches
(Krueger 1981), and from 0.1 to 9.8 inches (Wilson et al. 198£§ In certain
situations, . however, spawners may use substrate types that ame not suitable
for the survival and development of embryos and intergravel Iarvﬁe ‘Therefore,
the SI curves for spawning substrate suitability are also meaﬁt to represent
substrate requirements of eggs and fry.

The SI curves showing suitable temperatures for spawning and egg incuba«
tion were taken from the HSI model section of this report (V, Qnd Vo sources

and assumptions in Table 1). Preferred spawning temperaturls may differ
locally, but the curve generally agrees with information deve!%ped by Hunter
(1959), Sheridan (1962), Bell (1973), and Krueger (1981). Thencurve for egg
1ncubat10n is meant to represent embryo survival as a function of temperaturb

24



Table B3

Iescr1pt1on of Terror and Kuzhuyak River basin: Uy e

to large
gravel

where data were collected for development of pink sa]men spafffng SI
- curves (W11son et a1 1981). i
Range of ~ Dominant _ E _ 4
average Dominant Cross Range in ~ Maximum
monthly substrate section stream width depth
Study site- flows. (cfs) types type C(fe) e (ft)
Uppér Terror  50-614 large cobble triangular 50590' 'i 4 -
: s g to boulder ' g x4
Bear Meadow  25-211 small cobble réctangu]ar 25-45 4
E: and medium i i
gravel |
Log Jam - 10-482 large gravel variable 30-100: 5
N : to small \
cobble
Terror Gége - 50-822 small cobble, parabolic 30-100 4
| gravel, sand to v :
triangular
Upper Kfzhuyak’24-370 ' large cobble, rectangular 20-60 2
' ; boulder
~ Dry Channel '10-455_ i variable, sand triangular 20-130 6
‘ to boulder
| 7'Kizhuyak Gage 30-620 mediumrgravel triangular  50-130 S
: ' : to small '
cobble
Kizhuyak Delta 40=600 sand, medium  paraboli:z  30-120 4
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g recommended when weighted usable area varies by more than
“spawning and egg incubation period, as. a result of stre

~ include suspended sediment concentrations, minimum veloci

‘vembryos Mor

No 1nforma¢1on found in the 11terature suggested that co

ment for. pnnk sa1mon spawning. It was therefore assumed
necessary :

In the second approach for determining spawnirg and egg 1ncubatlon'

habitat, effective spawning habitat is measured (Milhous 198? ;
10% during the
flow. varjation.
‘spawning and egg
effective spawning

Effective spawning habitat remains suitable throughout the
incubation period. In a given stream reach, the area of
habitat is equal to the area of suitable spawning habitat us the spawning
habitat area that was dewatered, scoured, or silted-in dur1¢§ egq incubation.
Factors to consider when determ1n1ng habxtat reduction beca&se of dewatering
include the depth of the eggs within the streambed, temperai@re and dissolved

~ oxygen requ1rements of 1ncubat1ng eggs, and. the requirements ﬁor fry emergence.

To determine habitat reduction from scouring, the cr1t1cal
(F1g 5) can be determ1ned by the following equation:.

;cour1ng veloc1ty

;
LB

d st
v (_b_f) 1/6 RUeRELT | U
V_ = 22.35\D65 (K (S, - D] (D6S),

where V.= critical velocity in ft/s

'dbf = avenage channe1 depth (ft) at bankfull dlscharge
D65

substrate part1c1e size d1ameter (ft) not exc?eded by 65%
of the particles

; KSJ= 0. 080 a constant pertaining to the- genera] mPvement of the
g4l surface particles :

Sg .spec1f1c gravity of the bed material, and raﬁﬁes frdm32;65
: to 2.80 ﬁ%; 3 SR
fé

Factors to. consxder when determ1n1ng habitat reducti%% from s11tatwon

es necessary to
prevent siltation (Fig. 5), and dissolved oxygen concentrations among - the

,'deta11ed information about the analysis of effective séawning
habitat was presented in MiThous (1982).

L
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Vmin is the minimum velocity necessary : . : :
~to prevent siltation of spawning sites; 0.0- ————
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of the two approaches for determining sgawn1ng and egg 1nf‘bat1oa hdsgtat
the secondieffective spawning habitat approach is recemmended |for pink: 5 imon .
In most streams (except spring-fed streams), weighted usable
varies by more than 10% during the long period required for completion Qf the
egg incubation and 1ntergrave1 fry stages. For a given study drea, the amount
of suitable spawning habitat can be quantified by using the5 pawning qyrves
for category one (Fig, 3) or category two (Fig. 4): the net @b1tab1e hdbitat
may then be simulated for different flow reg1mes by us1nb the effe;tave
v'spawn1ng habitat ana]yses r&

Y After hatchingy, fry may remain in the gravel for 80 to 120 days
'(Kuznetsov 1928). The habitat requirements of intergravel f y are thenefore
assumed to be the same as for incubating eggs. The effective iSpawning habitat
analysis may be used to determine how much of the su1tab1erfpawr1ng and eqg
incubation habitat rema1ned suitabls for intergravel fry, em the: onset of
spawn1ng through the end of the fry emergence period.

Upon emergence, fry 1mmed1ate1y begin downstream m1grat1én over d1stances
of 0 to 300 miles (Neave 1962; Helle et al. 1964). Fry m1gr? e at night and
hide in the substrate during "the day (Hoar 1956). Emerged5{~ %
inches 1ong and substrate particle-size diameters ranging from?Z to. 12 inches
are therefore considered suitable for daytime cover and sub.trate (F1g 6).
Water velocities: of 0.5 to 3.0 ft/s are considered su1table or combinations
of both pa551ve d1sp1acement and active migration. H1gh ' veloc1tles in

73

~ shallow water may. vresult in fry mortality from abrasion by thetsubstrate. The
minimum water! denths cons1dered suitable for passage depend on
and substrate types. Depths greater than 0.5 ft are considered su1tabﬁe in
- areas of low turbuience. The SI curve for suitability 6’7 fry m1gratlon
' temperature’ wis taken from the HSI model section of this report (Vi sources_

" and assumptions in Table 1).

: Summary. A spec1es per1od1c1ty chart should be develope for the study
area before an IFIM analysis is undertaken, to determine when a d where hdbltat_
s required for each of the life stages. All SI curves for, 'FIM, analyses of
pink sa1mon habitat shou]d be reviewed carefully before use.:
curves are be11eved not to be representative of loca) condi _ons and situa-‘
tions they wi]] require modification. Field ver1f1cat10n is re~ommended '
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