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Preface

Temperature regimes of flowing water are affected by several factors including flow, shade. and channel morphology.
Stream alterations that change temperature regimes and affect fish can be difficult to evaluate. This document will aid
biologists in analyzmg wmpe-mm mpmsmdmpanngn&chmaﬂy defensible recommendations l‘orﬂs{'lpwueum
This report an exp of basic P lations plus three options for devel
recommendations. Although examples in the document pertain to spring chinook salmon, the principles apply wall !ish

species.




Guidance for Evaluating and Recommending Temperature
Regimes to Protect Fish

by

Cari L. Armour

U 8. Fish and Wildlife Service
National Ecology Research Center
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Fort Collins, Colorado 80525

Abstract. Proceduresare| d for eval gimes for fish. Although
puﬂ'lllﬂq:l"m; hinook salmon (Qncorhynch thmwmw
dationships for fish are 4 and three options arc described for

L i mmmwmmmw
wwmmmmumwmmmmmu

and 7 w0

L F

Key words: Chinook salmon, water temp

'I'ill‘l

mnulfamorsafrecungﬁxha’ry 1967 1971; Huchinson
1976). For ph gimes influence migra-
tion, cgg maturation, spuwmns.mhanonmgrwm
nmr mmmﬁcmmveﬁluy,anmm

and poll A major problem
hnﬂemgprmmﬂunﬂngafmmcﬁm is
that many environmental factors may influcnce fish simul-
taneously (Fig. 1). Furthermore, some factors function
synergistically, which consequently masks the influence of

water can duce and survive iemperatures
h:gherl]m_’al]‘ C.Hpu-uaL(l'?B‘Z)mpomdduuﬂdm'
species generauy spawn in temperamres below 12.8°C,
P in temp b 44°C and
15.6° C.and peciesabove 15.6° C. Thisinfor-
mation demonstrates a need for evaluating temperature
requirements for each species because generalities are too
imprecise.

Three for d i ']
nmﬁﬁmdum‘hadhmbudpmlymew
results, suitability of reg

forkcyufestags.udpupumwsemcsmdpmdm

individual relations. mental
When general temp quti are consid-
ered, fish can be grouped into cold I or
wmmmﬂ‘alslﬂ).ﬂohnsmmnw
d report) reported the highest mean weekly

wmmmwhmamammu
h:ghmam-agemnwddymwmfumum

22°C,29°C, and30°C.mspectw=ly Thelevdsot’suc-
cess and health of the fish were not documented, o one
cannot assume that the temperatures represent cach

7 to simulated temperatures.
Recommendations derived from these options may be
applied to streams that are or will be affected by channel
modifications, diversions, reservoir releases, or adjoining
land-use practices such as vegetation removal, all of which
may alter iemperature regimes. Although exampies pertain
1o spring chinook salmon (Oncorhynchus tshawytscka),
the principles apply to other fish species. Information
d here can be used in conjunction with temperature

category’s upper limits for success. For ple, 22° C
would be considered ive for reproduction and pro-
longed success of salmonids. Conversely, certain wanh-

suldaes described in Instream Flow Informarion Paper 13
(Bartholow 1989).
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l:y:les Fig. L. Smemﬂeso(&ﬁwsumm

ence the resp of fish to temg
wa m‘l‘hemfwmmhmodiﬁdm
Hutchinson (1976).
staoe

followi limation of a given

Te ls nml‘ di rl e r Ch-d 1
mm(ﬁg.z)uﬂmnglouﬁngk\relnﬂmhlhumw
zones (Fig. 3). Definitions of terms associated with the
polygons follow.

Acclimation temperature. Temperature in the toler-
ance zone that test fish arc experimentally exposed to for
several days before 2 tolerance test.

Upper incipient lethal temperature (UILT). The up-
per temperature that 50% mortality is observed for a
given acclimation temperature. The UILT increases
with acclimation temperatures to a point that higher

acclimation temperatures have no effect.

Lower incipient lethal t (LILT). The
lower temp that 50% ity is observed for a
given acclimation temperature.

Upper ultimate incipient lethal temperature
(!}'U'ILT). Thehlghmmpm'amuwhehm
does not i with i mp
mres. On a polygon, this P s and
parallel the acclimation temperature axis.

Tempentare of instantaneous death (TID).

ide the tol zone at which death
is mﬂmm.

Acute thermal preferendum (AF). Initial choice of

Tablel Smcmwksqfﬁshrﬁmmbegmwmm

L3 .- &t

temperature.

Lhedqnlky([.x). Line at a 45° angle to the tem-
axis representing equality of accli-

matmmdmpnnse

Final preferendum (FP). E I choice of tempera-

ture zone imespective of acclimation history.

Option 1: Experimental Temperature
Tolerance Results

Experi 1 sults for aspecies (Table 2)
canheusedmﬁlsmuhed(pwdlcui)wmpﬂmwsfor:
ncwmpmewcvalumpmﬂblecﬂ'mlfﬂusnpmnls
ion is necessary because ex-
penmmlmmsmbe:ﬁamdbyodmtmmmim-
ing fish size, season, day length, sex, and water chemistry
(Coutant 1970), or by disease, genetic variation, and the
life cycle stage (Fig. 1). For some species temperature
requirements of juveniles and adults vary considerably.
This variation often causes the age groups 1o select differ-
ent habitat types.

Three additional definitions from terms in Tabile 2 will
establish the basis for equations that are used in Option 1.
Growth optimum (GO). Temperature underexperimen-

tal conditions at which growth rates, expressed as weight

gain per unit of time, arc maximal for the life stage.

. OF war categories.
Zero net growth (ZNG). Temperatures under experi-
Coldwater G mental conditions at which instantaneous growth and
monality rates for populations are cqual. Growth rates
Brook trout Northern pike Bluegill are considered 10 be an overall indicator of environmen-
Brown trout Sauger Browm bullhead tal quality and seemingly are the most seasitive of
Chinook salmon Walleye Channel catfish various performance functions, particularly if expressed
Cobo salmon Yellowperch  Flathead catfish as zeronet growth when food is not limiting (Brungs and
Mountain whitefish Gizzard shad
ik e Largemouth bass Jones 1977).
2 e Soalhoiarh hask Pbyudnpcalopumumﬂ'(]).v Tanpamureundu'ev
'5““" :1‘:: ihain conditions app ting that for
;m-*‘- ina, heart performance, and olhcr func-
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TID

Temperature

TEMPERATURE
\
\
A
\

ACCLIMATION TEMPERATURE

tions. When PO is considered, stipulation must be made
mﬁuilis[orgemnlmdiﬁml_spu:iﬁcanmﬁm

(spawrmg) oran nse(;uvenlle]

3 (1) (Hok and Biesingy
uupuhhstmi report) can be used to estimate the value if the
FP and GO temperatures are known:

po=COLFF. m

Accordingly, if any two variables are known, the third

uuLT

Fig. 2. Temy ! P fora
hypothetical fish, The dotted area represents
the zone of thermal tolerance (Brett 1960;
Coutant 1970; Jobling 1981). AP = acute
thermal preferendum, LE = line of equality,
LILT = lower incipscnt lethal temperature,
FPzﬁ.nllpwfumdeUllwanlh-
male 2 TID=tem-

i death, LZTR =lower
zon¢ of thermal resistance, and UZTR = up-
per zone of thenmal resistance. The responses

of genetic differences, environmental influ-
ences, and other factors, including the life
stage. The area bounded by the 50% mostality
line is the zone of thermal tolerance.

Loading level
Inhibiting level
Fig.3. T dygon for 1
ﬁsk mﬂr lmdin; Imncl and mlubung Zones.
iting level zone compared 1 normal growth

within the loading level zone {Brett 1960).

can be cstimated by rearranging the equation:

GO=2P0-FP.
she followi - sons (Jobling 1981)
mbensodmmmvalmtwmm(l)vmmlr
i P i aiailaht

.

FP =(1.05) (GO) - 0.53, 2)
UUILT =0.76 (GO) + 13.8l,and  (3)
UUILT = 0.66 (FP) + 16.43. 4)




4 Biowocicar Rerort 90 (22)

Table 2. Experimental temp s for i il e
Juvenile chinook salmon. tares (Fig. 2).
Temperature for 50% If OT is unk the midpoi ofa
Acclimaty P lity (° CF* range can be used as an approxi For !
ccr Upper Lower Wilson et al. (lmliorCmﬂnmdpmm
of the ded range for growth of juvenile chinook
50 = 215 salmon. By substituting 10.8 for OT in equation (5) and
s ns it ing UUIL Tt correspond tothe highest lethal thresh-
1p 23 250 0ld (25.1° C: Table 2) a conservative MWAT is calculated
200 45 25.1 a5 Tollows:
Growth optimum (° C) 14.8 (Brett c1 al. 1982) .
Zero et growth (° C) 19.1 Upper (Hokanson MWAT=10.8+25"1;—1M,
and Biesinger,
unpublished report)® =108+48=156°C.
4.5 Lower (Hokanson
and Biesinger, Brett et al. (1982) reportod an optimal midpoiat of
unpublished report)* ded £ 14.8° C underexp
Fioal prefeseadom (* C) 11.7 (Hokanson and tious, With this value, MWAT = 18.2. This excesds 16° C
A that Reiser and Bjornn (1979) reported as the upper range
Physiological Onpti co 136 pptl -\d’m" limit for Alaska fish that possibly require lower tempera-
e drpony  Theinterpretation of MWAT is fhat a calculated value

*From therma! tables in Coutant (1972)
*The authors did not indicse race, but the values presumably would be

r values for equations (2), (3), and (4) are
0.937, 0.866, and 0.880 (Jobling 1981). These relatively
high values indicate that a good linear relation exists
. between variables in the equations.
Examples of temperature regime evaluations that could
be made, based on those reported by Coutant (1972) and
Brungs and Jones (1977), are described as follows.

Maximum Weekly Average Temperature
(MWAT) That Should not be Exceeded

Experimental temperature information is a prerequisite
for an MWAT evaluation, and the information must be
available for a specific life stage (e.g., juvenile rearing;
Table 2).

The equation for an MWAT calculation is:

MWAT =0T + “_““-1‘ ot o))
where
— R R,
Ilfemgeorfmmand

based on cxperimental data is the upper temperature rec-
ommended for a specific life stage. The MWAT criterion
can be used to evaluate the acceptability of temp

for different site conditions (e.g., aliernative flow regimes).
For a hypothetical example, mean weekly maximum tem-
peratures could be simulated for alternative stream flows
(Table 3). Then, a check could be made to predict if the
MWAT of 15.6°C for spring juvenile chinook salmon
would be exceeded; MWAT would be exceeded for the
950 cfs flow.

Short-term Maximum (STM)
Survival Temperature

Short-term maximum (STM) is the maximum tempera-
fure, based on experimental data, that 50% of the fish could
survive for a short time (i.e., 24 hor less); it is the same as
the incipient Jethal temperature. The value can be esti-
mated by using the equation (Brungs and Jones 1977):

STM =log of time —a (6)
5 z
Table 3. Use of the MWAT criterion to evaluate tempera-
tures for spring juvenile chinook salmon.
Alternative fows (cfs)
1500 1200 950
Simulated mean weekly
maximum temperature (° C) 142 149 197
1s MWAT exceeded? No No Yes

UULLT = the upper temp that tok does not

m———
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T'nlcaslnmmm:samiamd b are regression equation
1 studies (Table 4).

Smoeoquaum (6) expresses 50% survival for a given
acclimation temperature, a 2° C safety margin, as sug-
gested by Coutant (1972), can be subtracted from the STM
temperature o derive the predicted value for 100% sur-
vival (Table 4).

STM =

log time —a _ log time of 1,440 min —9.3155
b

Estimation of Lethality of an Exposure Time

Equation (6) can be rearranged (Coutant 1972) to esti-
matc if 2 given short-time exposure would be lethal:

(O]

= time
soda + b (iemperature © C +2° C)]
If the calculated valve is equal to or less than 1, the

-0.3107 exposure would not be lethal. As an exampile of using
_3.1584-9.3155 equation (7). a and b values (Table 4) for the 15°C
-0.3107 mmwmlﬁuﬁm —0.5364, respec-
=19.8°C. tively. A hinook salmon would be
e:pmedfnrsh(awm}mawofn“c.ﬂt

One application of the STM could be to eval lation would be:

ate the acceptability of simulated mpﬂmesfwalmm

tive flow regimes. Fora hypott
mmmwhwmhmm
is about 10° C and the theoretical STM for [00% survival
is 21.9° C (Table 4). Based on simulated 24-h maximum
temperatures for altemative flows (Table 5), the predicted
survival would be less than 100% for 950 cfs because the
STM would be exceeded.

Table 4. Temperature data for spring juvenile chinook
salmon.

Calculated  Short-term

short-term

Acclimation maximum for 100%
temperature exposure survival
cor a b wemperamre (°CP  (°CF

5 923155 -0.3107 19.3 17.8

10 164595 -05575 39 219

15 164454 -035364 243 28

20 229065 -0.7611 260 240
24 189940 -05992 64 . 244

*Information from thermal tables in Coutant (1972).

¥Mizs be calculaed, that is, the STM value for 5° C is showm below.

<Mius be calcnizted, for example, value for 198°C= 198~ 2=
178 C

Table 5. Use of the STM criterion to evaluale lemperalure

Jor spring juvenile chinook salmon.
Altemasive flows (¢fs)
1.500
Simulated 24-h
maximim temperature (° C) 165 169 236
1s STM exceeded? No Ne  Yes

360 360
..IW+(—U.5364}(2’?+2)=”16.4454- 15.55 56

Becanse 46.3983 is greater than unity, this exposure
would probably be lethal. This conclusion is supported by
the experimental results of Bretx (1952), who found that the
UUILT was 25.1° C (Table 2).

Survival Time for an Exposure Temperature

The expected survival time-at 27° C with 50% mortality
for fish acclimated at a given temperature can be estimated
by the following equation (Coutant 1972; Brungs and
Jones 1977)

log (time) = @ + b (temperature) (]

where g and b are mean regression constants (Table 4). For
fish acciimated at 15° C, using this equation would result
in:

logitime) = 16,4454 + (- 0.5364) (27),
= 16.4454 - 14.4828,
= 1.9626,
time = antilog 1.9626,
= 91.7 min before reaching 50%
predicted mostality.

If Coutant’s (1972) margin of safety of 2° C is used o
estimate the time that fish could tolerate the exposure
without mortality, the value with modification of equation
(8) would be:

log (time) = 16.4454 + (- 0.5364) (27 +2),
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= 164454 — 15.5556.
= 0.8898,
time = antilog (0.8898) = 7.8 min.

Option 2: Suitability of a Simulated

Temperature Regime for
Key Life Stages
for imp this option are avail-

mwawmmfmww
‘f-'apm

P F

Toaid &

Ture requirement m’mﬁemdahb(m-aphy
prepared from the U.S. Fish and Wildlife Service. Sporr
Ffmqm.awwmmm«
temperature (Brown 1974), and U.S. Environmental Pro-
tection Agency documents (Hokanson and Biesinger, un-
published report; Bnmgs and Jones 1977) is recommended.
A considerable amount of the material in Brungs and Jones
(1977) was originally reported by Coutant (1972).

The U.S. Fish and Wildlife Service Habitat Suitability
Index (HSI) modd.s Ild sunbillt)r index curves can be
other valuable i For ple. the HSI
model by Raleigh et al. (1986) contains temperature infor-
mation for chinook salmon.

After compiling lempmmrt :equ:remem m[onmnon
(Table6), asimu
wdmmummmpmhhlywuhmpsaﬂwleamfa

Table 6. Evamples of temperature information that can be
compiled for key spring chinook salmon life siages.

Range

Recommended®
Tolerance®

Temperature

i313°c
20-160°C

Stage
Adult migration

Recommended®
Tolerance®

56-139°C
50-140°C

Spawning

Recommended™
Tolerance®

50-144°C
00-160°C

Incubation

79-138°C
20-160°C

Juvenile rearing

Other

gravel
= Juvenile fish cannot tolerate
remperamres excecding 25.1° C fora
1-week period (Brett 1952)
Muhqnwwngmwmum

ZIFCWMW 1967

g b 2ok

Tlnmmcumpmnd(mhihm zone) is the most
mmw.mmnsaﬂmﬁmnmpemmstmm

tcyhfemgﬁ(ﬁg,%)humubly P
'“lld

*Reiser and Bjomn (1979).
“Wilson etal. (1987). )
apid River Haschery, Riggi

“Thomasl
m;ummm ;
45128 C ion fo iod>2 weeks

be a prime concern (Fig. 3). Chinook
amd:mgeufmmesdmagmupenud, which
indicates a possible genetic adaptation. Olson and Foster
(I‘JSS)mbmieggsofﬁllchmoksnhmmﬁve
temperature regimes. The regime comesponding 1o the
mmn!mm!uuﬂwxsﬂemd.&nmgmum-
aged 2.2° Cbelow the control, and the other th

12°C, u‘q:dﬂﬁ“ChghummemwuLForﬂw

mﬂsmmmwwmmn
“Reported for sockeye salmon but assumed to 2pply.

ing from mid-May to mid-October. This information leads
mmmmmmmmummh

first three test groups and the control, the highest egg
mwm&m:uﬂmuﬁtywﬂnﬁnguﬁngﬂagc
averaged 11.1%. At the highest temperature, 4.6° C higher
than the coatrol, egg mortality was 10.8%, and total mor-
tality to the fingerling stage was 79.0%. These results

ggestedmOlmandFm{l%S]mmdwhw

Foranapplmmnofthemwcm
could be simulated for al gimes. Then,
oompumvemfummmm!dhelabu!ﬂndfwdum
ing an acceptable flow. For a hypothetical example, tem-
peratures for 950 ¢fs would be unsuitable for all life stages
d to 1,200 cfs being unsuitable for incubation

o e i Y

mnmhty.
As an example of interpreting information, the simu-

(T able .
[rexpmmmal wlum data (¢.g.. dmfbrﬂwms

lated regime (Fig. 4) would exceed ded upper
temperatures and iolerances during the entire adult migra-

evﬂunomofmnﬂcdfmm}dbeuudebym&u
d for Option 1. For example, suppose

tion period. Also, tolerance values would be ded
from spawning to the initial incubation period until about
mid-October, compared to adverse temperatures for rear-

mmmmm.namwd
20.0° C would occur for a 24-h period, but the weekly
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AUG SEP ocT MOV DEC

TEMPERATURE *C

TEMPERATURE °F

WEEKS

hinook salmon stream.

Fig. 4. Simulated mean maximum and mean

[ Spring Recommended
temperamures (rectangles) for key stage periods are shown, w&tum'q and this type of information should
be assembled for a specific stream or geographic anca through consultation with experts.

mean lemperature would be 14.5° C. This mean would not
exceed the MWAT value for rearing (15.6° C) calculated
with equation (5). Furthermore, 100% survival would be
expected during the 24 h when the temperature would be
20.0°Ct lhecrmca.l p as predicted by
using eg (6)and adj -Mﬂnz“Csafuyfacmr
is 22.8° C for acclimation at 15° C. Because the upper
wlerance imit of 16°C for rearing (Fig. 4) would be
ded fora 24-hperied,
delayed effects.
Besides using this option as a basis for evaluating
altered temperatures, some effects can be quantified. The
following are some examples of quantification.

Table 7. Tabulations for comparing the acceptability of
temperatures for three flow regimes for juvenile spring
chinook salmon.

Alrernative Bows (cfs)

Life stage 1,500 1,200 950
Adult migration s s o
Spawning -1 5 U

Incubation s u u

Rearing 8 s u

*5 = suitable -

Iemperatures.
U = ensuitable emperanres.

Estimation of Effects of a
Spawning Migration Blockage

Assume a spawning migration blockage is predicted
(temperature would exceed 21° C; Table 6) in a zone
downstream of a spawning and rearing area, and through
consultations with experts, mformation pertaining to re-
productive success was assembled (Table 8). With use of
the information and equation (9), effects of the biock on the
future run size (FRS) could be estimated:

FRS = (RSYBSRYSYNFYFHES)SRA). (9

Table B. Hypothetical assumptions for reproductive suc-
cess of spring chinook salmon. The assumptions are for
illustration purposes because values vary on a siream-

= Returmning adults to the spawning ground that spawn
successfully = 80%

+ 50:50 sex ratio

+ Miean fecundity of 3,900 eggs per female

= 75% of eggs survive to fry stage

= 15% of fry survive to smolt stage

+ Overall survival from egg 1o smolt stage is 10%

= Assume that 1% of smohts retum as adults
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where

FRS = future run size,
RS = run size to stream vicinity,
BSR = survival rate from effects of the run blockage,
S = percent of survivors that spawn,
NF = percent of run that is female,
F = mean female fecundity,
ES = cgg to smolt survival rate, and
SRA = smolt to returning adult survival rate.

Assume experts agree that the spawning-run block
would cause 20% mortality from disease and predation to
the 250 adults (RS} that migrated to the area. This informa-
tion would be used with equation (9) to estimate FRS as
follows:

FRS = (250)(0.8X0.8)0.5)3,900X(0.1)0.01) = 312 adults.
Estimation of Emergence Time

Afier hatching, young chinook sal; e from the
gravel to rear, and the time of hatching i d by the
mmpm:m regime. Development from fertilization to

ires 850 daily temp units (DTU's).
andanadﬂuma!?ﬂﬂmmmmredfmnhmhmgm
beginning of emergence (Table 6). One DTU equals 1°
above freczing (32° F) fora 24-h period (Piperet al. 1982).
For example; if during a 24-h period the temperature is
37°F (2.8° C), this would equate to 37-32 or 5 DTU’s.
This type of information can be used to determine if
initiation of fry emergence would occur before or during
spring flooding (e.g.. peak runoff is estimated to occur in
Late April for a hypothetical stream) that could result in the
flushing and loss of young fish. Because the beginning of

emergence is estimated at 1,550 DTU's, regime B (Table
9) would be in danger of losing fry. This would be atrib-
uted to exceeding 1,550 DTU’s before late April. Further-
more, the date for initiation of emergence is 19 April. The
rationale for reaching this date is that April has 210 DTU's
or 7 DTU’s per day. Because 130 DTU’s are required
beyond the end of March, 19 days would be required:

'30, 18.6 or 19 days.

Estimation of Juvenile Fish Growth
and Size at a Critical Period

Growth of juvenile chinook salmon, based on monthly
dsermlumts(MTUs).euﬂdbemmmd.CheMrUm
dh mean 32° onthe
Fahmnlnlsmk-(l’:peretal_. 1982).

Step 1. Calculate monthly MTU values. Suppose that
for February the mean temperature is 39° F; MTU's =
39— 32 or 7 units.

Step 2. Calculate MTU's per centimeter of growth per
month. Suppose that for the stream or through use of
hatchery growth records it is known that the fish grew
0.71 cm in February. The MTU"s per centimeter = MTU''s
per month + centimeter of gain = 7/0.71 =9.9 MTU’s. If
growth information (MTU"s per centimeter of gain) is
unavailable for a stream and haichery data are used, cau-
tion must be exercised because growth for 2 given tempera-
ture regime also depends on food availability and other
factors. Therefore, MTU’s per centimeter of growth might
be lower in a hatchery than in a stream because more food
could be available. Also, a larger percentage of the total

Table 9. Tawwmm: data for two flow regimes for a hypothetical spring chinook salmon stream. It was assumed

that spawning occurred on 15 August.
X daily
temperature (* F) T units for reg

for regimes Daysin A B
Month A B month Mondly O 1 G
August 45 47 16 208 208 240 240
September 38 40 30 180 388 240 480
October 37 39 3 155 543 217 697
November 36 38 0 120 663 180 877
December 34 36 3l 62 725 124 1,001
Jarwary 33 35 31 31 756 93 1.094
February 35 37 28 84 840 140 1,234
March 35 38 n 124 954 186 1420
April 37 39 30 150 L4 210 1.630
15 May 43 44 15 165 1279 180 1810
TUS = (X daily temperamure — 32} (days).

= (45~ 32)(16) = 208,
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energy that is consumed might be available for growth.
Accordingly. if haichery data are used, relative instead of
absolute values should be reported for comparisons of
temperature regimes.

Step 3. Calculae size (Table 10). For example, at the
end of April the estimated size of regime A fish would be  range
a?dmmpuwdwhs.ﬂmfurmgm:B Mmug
that growth was based on hatch
values should be reported (ie., pednedgrowﬂnmlmgﬂl
mldhenbou%%hlghufwmma\)

Lengthi

fish are produced, is about 25 kg and 13 kg, respectively.
This represents about 92% more biomass for regime A.
Note that this cxample is based on regimes within the
temperature range recommended by Reiser and Bpnm

(1979) for juveniles. If temp d the
wuwmue.gwm:ammldbegmwdm\lmsh
Brett et al. (1982) reported that this temperature would be
14.8° C for spring chinocok salmoa (Fig. 5). At about
18.5° C there was sublethal growth stress, defined as
Mmmwmmfumm
dingly, to prevent sublethal growth stress the recom-

dmmgﬁﬁbymmglmgth—wﬁﬂhhles(ﬁpuual

I982} Fotuanple.fmm tabhnlmfor:hmmkaurm
thet under regimes A and B, ng that 10.000

mndaduppethmu:slﬂ’C,Themmismm
growth stress occurs, fish are more susceptible to disease
and other probl resulting in i d mortality rates.

Table 10. Umq‘mbbm:mwlmumwmmk:mﬁwmﬂwnwx One centimeter of growth
wuwd”ﬂﬂ!'s!ord”mhs and it was assumed the fish averaged 3 cmon | February.

Mean Monthly End
monthly water thermal of month
Monthfregime temperatune units Growth* size (cm)*
February
A 39 7 89=071 mn
B 3 1 19.9=010 310
March
A 46 14 1499=141 5.12
B 42 14 10/99=1.01 411
April .
A 438 16 16/59=1.62 674
B 45 13 1389=131 542
“Growth = MTU's per mosth + MTU"s per contimeter of growth.
Size 2t beginning of mosth plus monthiy growth.
TEMPERATURE (°F)
4 ‘sn !3'.6 5?_1 80.8 61.4 58.0 ?t_.ﬂ 75.2 788
E‘ Zone of sublethal |
- 204 growth stress
= ®
= / H
2 s 2 Fig. 5. Relations b and
w § growth rase mmmmms
= Optimn : (0% of
€ j0- = tevel) thought 10 correspond to food avail-
.‘.E £ sbility in the Nechako River, British Colum-
= - bia (Breit et al. 1982).
g os
: |

TEMPERATURE ("C)
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Option 3: Population Statistics
and Predicted Responses to

can be very important (¢.g.. the only one in a geographic
area) and a top priority for profection.

I diffe are predicted for a new regime, jud,
Simulated Temperatures must be exercised 1o evaluate possible effects. One option
1smoompuelbeexmdwdlffamand
This option requires compiling b of the time th fall

similar 1o those reported by Hok and Biesing rmmwudadmgemﬂmluﬂmmgevdmﬂﬁkﬁl
(unpnbhslwdrqnﬁ).mmwdﬂuemﬂsmm Although some of these values can be exceeded under
Pings lopes withuse of dataobtained  existing conditions, changes outside the reported tolerance

h h geographic range of 2 sp they are  range could have serious effects and should be avoided.
dcvehpedfotupm.ﬁcm(ﬁg.ﬁ). Form:pﬂe. suppose a stream produces large spring
i th 0 is that pop hinook salmon smolts, although the existing temperature -
swi.s.i.a bd not ch if simulated mmyhmwymwmunym

hiuuiu!ouﬂimmwferwmm
measurcments of success and well-being, and special sta-
tus. The first category includes adult size, growth rate,
yield, populstion number, or net production (Ricker 1968).
The second category refers to rarity in a geographic area,
and rare and endangered.

In some streams, temperatures (¢.g., those for spawn-
ing, incubation, rearing) might be ideal, producing highly
smsfnlpuptdmlnoﬂmmhuwm,m
Lati still be
successful. Thsmmmmaybem’buwdwmfm
dmmﬁuhmdmw

ly low p

perm.dzmmybetmknfnmsmﬁc

ions as a g factor. If simulated tem-
pumfwammgam mhgherﬂ:‘ig.?} problems
may occer. For example, from late June to late August
(Flg.?)mﬂerﬂnsmtﬂawdwwﬂowm temperanies
E e

i mﬂm'l‘h;smbegmundsh
mmﬁmswmﬂﬁmﬂwm
‘This approach resembies the one used by Wilson et al.
(1987) to evaluate effects of proposed dams on Alaska’s
Susitna River. However, they used weekly means (histori-
mlandstmnhhed}mﬁdot’emelupcs They staled that
for spawning would be exceeded

¥

ing
water quality, h:ghfnod d orpussibly,,
ﬁmmhmmhwmmm

fotlweakmmemngume,bmlmgmmadw
effects were not predicted. Conversely, the predicted new
regime would exceed lower tolerances for

success. Another possibility is that temp
marginal and impair success, but the stamot’apmlmm

ﬂmﬂe;mwﬁ&mngmofmeymr Using growth

see

182

148

6 E

136

Fig. ! The
dmml‘wU.S GeoiogulSwmge
station number 13293800 for the Upper

nr

-pdd 52

Salmon River near Red Fish Lake in Idaho.

10.8

TEMPERATURE °C

Zero net growth and other experimental re-
sponse data (Table 2) for juveniles are
included. The upper MWAT of 18.2° C cal-
culated with Brett's (1982) experimental op-

TEMPERATURE °F

45

Gmum emperature value for juvenile spring
chinook saimon is exceeded.
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Fig.7. pering 2
represeats the period when the range of mean weekly
it

tables developed by Brett (1974) led to the conclusion that
growth would be adversely affected (Wilson et al. 1987).
‘This option could be used to ¢ effects of al i
actions under consideration. For example, if aliered lows
mmsmﬁ.muwmmhmammuum
Isted. Th 4 1d be developed
nmtdﬂnpmﬁcn‘vdﬂmw asmdetmmuedmﬂ:c

example for option 2 (Table 7).

Concluding Guidance

Mmdwdmwhwwmmfuwms
istics of the three
opunnsﬂnuldbsmwedﬂ:bhll).lewﬂlﬁsofdn
option selected, acquisition and assembly of necessary
information can be a formidable task if literature sources
are unknown or other data do not exist. To aid in coping
muwdmmmmwmmm
history requi 2 for the spe-

h for .

mdérfwammmpim.m:muh-
tion conceming an acceptabie temperature regime could be
nudea&rwdmdnmsmfwm

be_clwtmlowmmmomhumﬁ
prime exampie of effects from low temperatures can be in
zones below dams from which cooler water is released. In
these zones, some species can be replaced, and success of
others can be impaired. Therefore, if a proposed project is
predicied to lower temperarures, this is not justification for
assuming that adverse effects will not occur. Instead,
species of concern should be specified, and an impact
analysis should be performed.

If impact predictions are made using equations given
here (e.g., MWAT), remember that calculated results are
not absolutes. For example, the calculated conservative
MWAT for rearing of spring juveaile chinook salmon
(refer to page 4) is 15.6° C. Some hatcherics and streams
mmmmmmm

fisl. This emphasizes relying on
infi ion applicable to local conditions,

o

cies of shwlflhe 1. A good app
idcnﬁfyi:gwhmamwwldbemmmaqu—
ics specialists jated with local universities, State fish
wmmmuu S. Fishand Wildlife Seyvice's

mdmnung for factors including matural variatioa,
compensation, and other site-specific phenomena.
Before initiating stream iemperanure evaluations, it is

¥ 10 app the ds to be used in negotia-

Fishery h Units. Additionally,
oouldbcmdewh in the National Marine Fish-
mmwum:mwm:re&nmsnm

Rmd:Cumwobtnnmf«-muon It‘ms

PR

mnswm«mmmmm“nmmm
of method biases. Also, this guid

amhdmmwmm
be ired for all speci that

to acquire and bl
aﬁewwmmﬁmmmmwmam

OpnmSBamheli.andnlsknoquhmnﬂy
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Table | 1. Comparison of options.

Options for basis of
Distinguishing features Required infe Ce
1. Enperi } temp Simulated temp For Es Iy derived Special care must be taken 10
woierance resufts specific life stapes (2.2, temperature information (6.g..  ensure thal spproprizc

rearing) periods would be used for growth, tolerance. experimental data are used. For
10 deserming permissible phiysiological optimum, and example, if the juvenile life

weekly final prefiercad: stage is the concern, wae of data
short-term cxpostcs that obtained from leranwe for that siage: s necessary.
could be tolerated, lethality sources. To apply the option,
of an exposure time for a given simulated temperatures {e.2.,
iemperaiure, and survival time 2 maximim daily tempersiore
for an exposure temperature. during the growth period) are

required.

2. Suitshility of a Heavy reliance would then be Recommended temperatures and  Key starting poings for cbuining
imlated temg justing simulated regimes. tolerance ranges for key Life life history mformation
regime for key life in terms of compliance with stages and [ pertaining
stages e “' bk migegtion, spawni = i

tolcrance ranges for key Life incub ing) be Suitsbility Index models® and

sages. sssembled from literature habitat sitability index curves:
sources. Also, simulased Brown (1974), Hokanson and
IEmperatures are requived. Beismger (mnpublished report),

Brungs and Jones Brungs and Jones (1977).

3. Populasion statistics “The option can be spplied 10 Data ing the existing  This option is similar to Option 2
and predicied responses evaluate deviations from an status of 2 population (2.3 except that emphasis is on
1o simulated iemperatures existing regime in terms of population member, size of popuiation statistics. If an.

possible effects on the known adults for wophy fishing, oet envelope is developed it would be
stanys of 3 populstion. The production, rarity) phes applicable o other species if it
festure is important becanse temperanwes for historical and s known that they are sucoessful
sinsasions might be: simulated conditions ae in streams from which data are
(1) successful in spite of required. Also, rex ded  obtained. For examp v
bstandard temyg due to P ranges and and spring chinook salmon can
some form of compensation, or inlerances for key life stapes be successful in the same stream.
(2) less successful because of must be known to cvaloate

adverss wemperatures but effects of simulmed

important {e.g. R ina temperatures from existing

geographic area) and the conditions.

obiective is to maintain or

improve their status,

ility Index models and suitsbility index curves are availabie can be obtained from the ULS.

*Information relating o specics for which Habita Suitability

Fish and Wildlife Service, National Ecology Research Center, Fort Coflins, Colorado 80525,

conditions are suitable for maintaining a fish community.
Accordingly, if temperature regimes are not altered as 2
result of a proposed action, additional information and

nalyses would be d. This would not mean that
emperature requirements for all life stages and periods for
the stages would be identical for all species. Provided a
regime does not differ markedly from historical condi-

Merely idering mean temp can p

ious problems From being ¢ . For cxample, sip-
pose that mean daily temperatures for the first week of July
in a spring chinook salmon stream were 24.0° C, 13.5°C,
14.5° C.13.8° C,13.1° C, 14.0° C,and 15.0° C. The mean
weekly temperature would be 15.41° C. This value would
not exceed the conservative MWAT value (15.6° C) for
juvenile chinook salmon growth. H ifeffects of the
highest temperature of 24.0° C for a 24-h period are con-

versely, if temp are predicted to be
historical envelope, specific information should be ob-
tained before making recommendations for stream flow
and temperature.

i by using eq (7}, lethality would be predicted
because 1.3 exceeds unity.
Finally, an analysis should account for the importance

of stream reaches. Al may not be equally

P
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important for all life stages of a species. For example.
spawning and incubation might occur in an upper reach
where temperatures are cooler than in a lower reach where
rearing occurs. Also, within a stream, a natura! gradient of
increasing ofien occurs from headwaters o
lower reaches (Hynes 1972). This consideration is impor-
tant because discrete zones with regimes suitable for dis-
tinctly different fish communities and activities can exist.
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