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"N"Int"roduction- |

| An 1mportant phase‘in the 11fe h1story of. Pac1ﬁc salmonids (Oncorhynchus specres) is the parr-

smolt transition when Juvemles undergo physrologrcal changes and migrate to the ocean. Several |
factors influence the timing of this critical phase including water temperature, photoperiod, fish

'31ze and growth, and river flow (Folmar and Dickhoff- 1980, Wedemeyer et al. 1980, Hoar 1988).

In unregulated TIVETS, env1ronrnental influences determine river flow and’ water temperature;

“whereas in regulated rivers, flow and temperature regimes can be highly altered because of dam

operations (Ward and Stanford 1979) In the Trinity River, a diversion project alters the

-temporal pattern of water flow as well as the total amount of water discharged to the river. In
" concert, these two conditions create a highly altered flow and thermal regime downstream of the
. dam which may negatively mﬂuence the migration of salmomd smolts. Because smolt migration "
isa sensrtrve and critical period in salmonid life history, high mortalrty rates can significantly
- influence an entire cohort as evidenced by a decline in adults retrning to a river (Raymond
1979). Repeated years of significant mortality within cohorts can severely reduce a fish
* population and compromise their sustainment through time (Bond 1979). ' The objective of this
-+ document is to provide rationale for recommendations regarding water. temperature and
associated flows during spring smolt emigration from the Trinity- River. We incorporate and
apply information from scientific studres addressing: 1) physiological processes of smoltification -

in chinook salmon (0. tshawytscha), coho salmon (O. kisutch), and steelhead (O. mykiss); 2)

- existing envrronmental conditions and fish migration patterns in. the Trinity River watershed; and
: 3) management consrderatrons for dam discharge and water temperature

Study Approach '

: _-_' The followmg approach was used to make recommendations.regarding; temperature and flow in-
- the Truuty River for the protectron of ermgratrng salmon and steelhead smolts

o 1. - We sonducted a hterature Teview on thermal tolerance ranges and
i the mﬂuence of flow on rmgratron rates for chrnook salmon, coho salmon, and
B sreelheadsmolts : ‘ -
2! o We evaluated emigration timing data and correspondmg water temperatures of the

. mainstem Trinity Rrver and New River, an unregulated tributary to the Trinity River;

3. - We used results of a water temperature model of the Tnmty River to evaluate dam
s ~ releases in the Trinity River that would result in suitable water temperatures for
= outmrgratmg salmon and steelhead smolts;

4, "We. mtegrate the first three steps to provide gurdance for water management decrslons
. inthe Trinity River Basin during the spring. -



Desci‘ipﬁon' of the Trinity River B‘asin'-l -

- The Tnmt\ Rrver located in Northwestem Cahforma is the largest tnbutary to the Klamath
- River (Figure 1).- Inthe early 1960's, construction of Trinity and Lewiston Dams resultedina - _
‘regulated river system. Lewiston Dam, located at river kilometer (RKM) 180.2, servesasare- -
regulating reservoir.for releases from Trinity Dam to the Tnmty River and a point of trans-basin

diversion to the Sacramento basin. Lew1ston Dam Tepresents the furthest upstream point of
: anadrornous fish migration. .

Prei-dam ﬂOws in the Trinity River were much different than they are today, especially near

Lewiston Dam (Figure 2A). At the time of closure of the dams (1963), the Trinity River

received approximately 10% of the average annual runoff (120,000/1,250,000 acre-feet) above

Lewiston. Today, and as a result of the Secretarial Decision in 1991, river flow has increased to
- apptroximately 28% of the average annual runoff (i.e., 340,000 acre-feet).

~ Dam closure also resulted in a loss of flow variability, especially immediately below Lewiston
- Dam (McBain and Trush 1997). The most notable hydrographic features that were lost included
* winter storm runoff and the spring/early summer snowmelt runoff, the latter of which provided a
-gradual reduction in flows during the spring and summer. (McBain and Trush 1997). Under

. present day flow cond1t1ons hydrograph wvariability occurs only in downstream reaches as a

o resu.lt of ﬂow accretlon from tnbutanes below the dam.

& ‘-Thermal regimes below Lewiston Dam correspondingly changed with. construc’ﬂon and operation ‘
* - of the Trinity and Lewiston dams (Figure 2B). Whereas water temperatures were very warm
L durmg the summer months at Lewiston prior to dam construction, water drawn from the
- hypohmmon has resulted in cold water releases throughout the spring, summer, and fall under
current dam operations. Today, water temperatures at Lewiston are less variable and generally
range from 7 to 12 °C throughout the year. Additionally, the water temperatures of the lower
: Tnmty River have increased due to the lack of snowmelt runoff (large volumes of cold water)
: that typlcally occurred. dunng the Spnng/summer period (U SBR: 1979)(F1gure 3).

. Smoltification Defined '

. _'_The parr—smolt transformat1on, or smoltification process, mvolves changes in behavior and
- physiology of juvenile anadromous salmonids that prepare them for survival in salt water
(Folmar and Dickhoff 1980; and Wedemeyer et al. 1980). Summarized from Wedemeyer et al.

- (1980), some of the physiological and behavioral chianges that occur during or at the onset of
-outmigration include: 1) body silvering and fin margin darkening; 2) reduced body condition
_ _(decreased weight per unit length), with a past trend of fast growth; 3) increased capacity to

- osmoregulate in saltwater; and 4) increased migratory behavior. Smoltification can also be
evaluated chemlcally by measuring levels of gill Na*-K* ATPase (Zaugg and McClain 1970 and
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. F1gure 3. Average monthly water temperatures at several locauons of the Tnmty River before
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- 1972, Zau._0 and Wagner 1973 Boeuf 1982) l_ncreased levels of Na -K+ ATPase indicate greater ‘.
: ab111ty to h\poosrnoreoulate and increases in Na'™-K* ATPase begm n advance of smolting and peak

dunng the migratory phase and- entry to. seawater (Hoar 1988).'In the absence of appropriate

B ' environmental cues, smoltification may not eccur; resulting in smolts revert:lng back to. parr
(desmolnﬁcanon) and remammg 1n freshwater for another year (Hoar 1988)

L Envrronmental cues. such as mcreasmg photopenod (daylength)- and water temperature (warming:
S trend) elevate levels of Na'-K' ATPase (Zaugg and Wagner 1973, Zaugg and McClain 1976, Ewing et .
. 1979, Zaugg 1981, Muir et al. 1994). - While photoperiod and water temperature are primarily
. respon51ble for i 1n1t1atmg smoltification of juvenile coho salmon and steelhead, water temperature alone.
. - appears to be the most important migration and smoltification cue for chinook salmon (Folmar and
" Dickhoff 1980; Wedemeyer et al. 1980; Hoar 1988). Water temperature has also been unphcated asa -
o modr.ﬁer to. photoperiod responses dunng the smoltification process; when water temperature is slow to°
. ‘warm in the spring, the Na*-K* ATPase achvrty is extended and smolts migrate over a longer titne
~ period. Conversely; if water temperatures warm-quickly in the spring, Na™K* ATPase activity is

shortened and the time frame for emigration is shortened (Wagner 1974, Hoar 1988,). Additionally,

- when smolts emigrate in high temperatures, the ability to hypoosmoregulate and grow in sea water can
- be compromised, resulting in decreased survival of smolts (Adams et al 1975, Wedemeyer et al. 1980,
T Hoar 1988) ,

o ‘Many stud1es document that parr must obtain a minimum length before smoluﬁcauon can occur..
'_ . -_-Increased body size is also shown to increase gill Na*-K* ATPase levels which, in tum, results in a
S stronger migratory surnulus (Zaugg 1981) ‘and increased survival in seawater (Johnsson and Clarke

1988, Wagner 1974). Steclhead parr spend 1-3 years in freshwater and are the. largest smolis ranging

. from 160-to 200 mm in length (Zaugg 1981). Coho and chinook salmon smolts have

- hyoosmoregulatory abilities at smaller sizes of 90 mm or larger (Conte etal. 1966 'Ewing and B].rks
o 1982) | : : : :

- Although ﬁsh size has been correlated with the smoltification process some studies indicate that-
e §_ra1e of growth is also an important factor influencing survival of smolts in seawater (Hoar 1988).
- ‘Wagner et al. (1969): noted that fall «chinook salmon exhibiting. h1gh growth rates showed better:

" ‘seawater tolerance. than larger, slower-growing fish. In a review by Wedemeyer et al. (1980) coho and :
S steelhead were also found to have increased hypoosmotic regulatory ability with increased growth until _
o smoltmg oceurs. However, if they are not allowed to enter sea water during smoltification, their ability
. ..'to hypoosmoregulate decreases. In a study conducted by Varnavsky et al. (1 992), coho salmon smolts

- that exh1b1ted fast gmwth mJgtated through the estuary more qmckly than slower—gromng fish.

o Mtgranon to the ocean by juvenile salmon and steelhead is generally preceeded by substantial
- Increases in river flow along with rising water temperatures (Bell 1991). Migration rates can vary
: between species and oceur more quickly later in the smolt run with i increases in photoperiod and
s temperature (Fangstam 1993, Muir et al. 1994). Flow rates can also influence the rate of smolt
o _movement. Several studies show that smolts migrate more quickly with increases in discharge, -
N pa__rtlcularly chinook: _salmon (Raymond 1979, Cada et al. 1994, Achord et-al. 1996, Giorgi et al. 1997).
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Specles Speclﬁc Temperature Requlrements for Smoltmo and Mlgratlon

S 'Chmook salmon. coho salmon and stee]head en:ngrate from rivers, under shghtly dlfferent Unung
- patterns and temperature regimes. Each species has an upper therrnal limit beyond which migration
. ceases and desmoltificaton can oceur. However, smolts exposed to.cooler water after experiencing.
e -'warm water temperatures typical of reversion to parr may continue to exhibit elevated levels of gill
. Na" -K* ATPase and may subsequently smolt (Zaugg and McLain 1976) . While several laboratory
© . studies examine Jethal water temperatures on salmonids, this paper focuses on studies that
x '.documented declmes in physmloglcal tendenc1es for the process of smoluﬁcatlorL

: g;hinook Salmon 1

IR Chmook salmon smolts encounter and smolt in the hlghest temperatures observed for the three
_salmonid species of interest. While the Trinity River supports fall-run-chinook salmon, there
- :may be some apphcabrllty from the information on spring ch.lnook salmon. Zaugg and McClain -
(1972 ) observed that- Spring chinook salmon raised in freshwater as cool as 6-7°C experienced.
. increases in Na* -K" ATPase and in hatchery experiments, warming trends to water temperatures

- .of11-12°C have been shown to support smoltification (Muir et al. 1994).- For fall-run chinook
- salmon; studies conducted by Clarke et 4l. (1981), indicated that the best hypoosmoregulatory
Y performance was observed and maintained in chinook salmon reared in temperatures of 10°C

~© “wersus 15°C and a dramatic decline'in hypoosmoregulatory performance was observed in

. underyearling chinook salmon held at 15°C for 6 weeks. Similarly, Clarke and Shelbourn

. _‘_'--'(1985) also found that chmook salmon reared in freshwater between: 10 °Cand 17.5°C

.. experienced the best ab111ty to hypoosmogregulate ‘More recently, Clarke (1992) recommended
L ,"_ternperatures from lO to 16°C for best survival in seawater less than 15 °C '

o 1Baker et al. (1995) used extensive mforrnatron (7—years- 15 releases of hatchery fall-run ch1nook a
-~ -salmon smolt data) to' model smolt mortality under natural cond1t10ns as they migrated from the
f_ :.Sacramento-San Joaquin Delta. The results of this analysis corresponded well with laboratory
-~ ~-studies-used to determine the upper incipient lethal level for chinook salmon. Approximately
- ;"-..50% mortahty was observed for smolts emigrating in water temperatures of 23.01 + 1.08°C,

- whereas smolts nngr_atmg in water less than 20 °C, exp_enence_d survival rates of 90%.

S ‘Conc'lusions :

3 -_-.-.:{Based on the ev1dence obtained from hatchcry, laboratory, and natural experimental settings,
© -water temperatures that support smoltification for fall-run chinook salmon ranges from 10 to

0 20°C. Within this range, the colder water temperatures represent more optimal conditions (10 to
17 °C) whereas the warmer conditions (17 to 20 °C) represent rnargmal conditions. While .

successful migration may occur at temperatures as high as 20 °C (Baker et al. 1995), laboratory

E evrdcnce suggests that survival and smoltification become compromlsed at water temperatures
S above 17 C. '




o Coho Salrnon

. Coho salmon smolts also eXhlblt a greater ab11rty to hypoosmogregulate when reared in colder
" water temperatures One study suggests-that coho salmon smolts; may ‘be the least dependent of

the three species on spring water temperatures for timing of emigration (Holtby et al. 1989);

~ however, upper temperature limits have been observed with desmoltification in coho salmon
~ smolts-and decreases in hypoosmoregulatory ability (Donaldson and Brannon 1976, Clark and
- Shelbourn 1977). ‘ _

_ _-In early laboratory studles on. coho smolts Zaugg and McClam (1972) found that smolts reared
" in 6°C freshwater and transferred to 10°C freshwater, expenenced a subsequent increase in Na* -
- .K!ATPase. In further expenmental studies, Zaugg and Mclain (1976) found: 1) elevated
o ‘freshwater temperatures (15 and 20 °C) resulted in a shortened penod of elevated Na* K*-ATPase
- ‘actmty when compared to fish reared in 6 and 10 °C freshwater; 2) coho salmon reared ina
* constant 6°C environment experienced increases in Na* K*-ATPase [evels which remained
- -elevated through July; and 3) coho salmon reared at 6°C and exposed to water temperatures of
. 10°C, 15°C and 20°C experienced an initial increase in ATPase levels which then declined
. gradually at' 10°C, more quickly at 15° , and rapidly in 20°C water. -Conversely, fish reared in
. 15°C ‘water and then exposed to lower: water temperatures expenenced extended periods of

elevated Na* K*-ATPase. Clarke et al. (1 081) found that the ability to hypoosmoregulate was
greatest for coho salmon reared in freshwater at 10°C versus 15°C and more recently, Clarke
(1992) recommended rearing coho salmon at temperatures between 10 and 15°C and that water

_ 'temperatures below ~ 17 °C are requlred for survival in seawater. In a study using snorkeling
* observations of mtgratmg smolts, McMahon and Holtby (1992) recorded coho smolts in a British
© ,_(,l'_o_‘l__umbra creek emigrating in May and June in water temperatures ranging from 6.5 to 8.5 °C.

- Conclusions

. Based on the varied responses and temperature ranges used in the experiments with coho salmon
. and direct observatlon, evidence suggests that water temperatures that range from 6 to 10°C

_ ""would prov1de optl.rnal smolting conditions and temperatures approaching 15°C can be tolerated
*_fora short period of time before the smolts revert to parr. Smoltification at temperatures greater

_ ”;than 15- 17°C would lrkely be brief with unknown hypoosmoregulatory success, and water

- temperatures greater than about 17 °C would probably result in complete reversion to parr.

| :Ste‘e- ead

- Steelhead smolts are the most sensitive of the three species to elevated water temperatures

- (Wedemeyer et al. 1980). Under constant rearing conditions, Adams et al. (1973) observed that
" water temperatures greater than 15 °C did not stimulate Na*-K* ATPase activity or reduce body
‘condition normally associated with smoltification and inhibition of smoltification occurred

between 10 and 15 °C Furthermore, Adams et al. (1975) found a water temperature of 11.3 °C




a Co’nclusions

to be the upper temperature for extended hlgh Na*-K* ATPase act1v1ty Snmlaxly, Zaugg and

Wagner (1973) concluded that water temperatures greater than 13.° C may interfere with -

* steelhead parr-smolt transformation and in- further studies, Zaugg (1981) also observed a

reduction in migratory tendencies after steelhead were exposed to water temperatures of 13 °C

- for 20 days versus those exposed to 6 © C-under natural phiotoperiod condition. In a laboratory

study that examined the effects of water temperature and hypoosmoregulatory function, salinity

. tolérance was found to be the highest at 11 °C, lowest at 17°C, and intermediate at 5°C (Johnson
" and Clarke 1988). In a study conducted by Kerstetter and Keeler (1976), they speculated that

..~ water temperatures: near 17 °C were responsible for the sharp decline in the number of wild

. _migrating steelhead smolts captured during the spring in the lower Trinity River at Weitchpec.

. However, they also Speculated that water temperatures greater than 15 °C were responsible for

t_he_ low ATPase values in yearling hatchery steelhead reared in, Trinity River Hatchery. -

-

B Based on the hterature m.fonnatlon steelhead smolts exh.lblted the most limited tolerance for
-‘ temperature during: smoltlﬁcatlon ‘Water temperatures less than 13 °C represent optimal
conditions, whereas water temperatures to 15.°C are marginal. Water temperanures greater than.

15.°C, for any penod of time dunng migration, would result n decreased smolting tendencies for

. ;steelhead smolts..

- Migration Timing df Naturally Produced Main'stem‘ Trlmty River Smolts

o Local stud1es conducted in recent years have provided 1n51ght to nngratmn timing and trends in
+ . the Trinity River Basin. Rotary screw traps operated in the. Tnmty River near Willow Creek

from 1989 to 1995 during the spring, summer and fall have provided valuable information on

: -tl.mmg, peak migration, and duration-of the salmonid parr/smolt migration (Lang et al. 1997).
‘Using expansion for the volume of water not sampled, Lang et al. (1997) developed abundance

mdlces that standardlzed the screw trap data for between year compansons In addition, water

& -.temperature data was collected near the trapping locations. The screw trap data presented below
" pertains to ‘naturally, produced steelhead and chinook salmon smolts and both hatchery and
naturally produced coho salmon smolts.

- Chinook Salmon

| _ '_ " Rotary screw trap data, fr(.)m'l989 to 1995 near Willow Creek on the Trinity River (RKM 34),

revealed that chinook salmon parr/smolt migration occurred between early March, peaked during

- June, and .cdntinuedj.i_nto or through the summer (Figure 4). Trapping data for 1992 indicated
o that an experimental high flow release of 170 cubic meters/sec (cms) (6,000 cfs) in mid-June,
- resulted in few captured fish. After the high flow, however, migration rates increased. Although

speculative, the reason for the decline may have been related to the cold water associated with

.- the high release. Durmg this event, average weekly water temperatures decreased from

9
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' ) apprommately '71°C to 14°C (See F1gure 4) From 1991 to 1995 decreased ‘capture rates often
_ comc1ded with water temperatures of 18- 22 °C. , ‘

Trlmty RlVBI‘ water temperature appeared to influence the t1m1ng of ouu:mgratlon of chinook .
- salmon smolts. Cumulative indices for the Willow Creek trap indicate that the onset of _
- _‘_;rmgratlon occurred earlier in 1992 and 1994 (Figure 5, both ‘'of which would be classified as dry
and critically dry years, respectively), when water temperatures were warmer than 1993 and 1995
s (Frgures 5 or 6, both of which would be classified as wet and extrernely wet years). In late
. April, May and early June of 1992, approximately 50% of fish trapped for the season occurred
" before June 1. In the years that had coolér temperature regimes, indices indicate that nearly 50%
* of season totals were trapped 2 to 3 weeks later and migration at least in 1993, migration
o occurred throughout the summer months. Before construction of the Trinity and Lewiston Dams,
_-Moffett and Smith (1950) reported that peak migration of Trinity River ¢hinook salmon occurred
o durmg May and June at Lewiston, decreased in July, and nearly ceased in August. They
- -speculated that mlgratlon stopped because average daily water temperatures increased to over 21
_'°C. Inthe Klamath River estuary, recent studies conducted by Wallace (1994) found Trinity

" ch1nook salmon smolt abundance to peak in mid-June and continne through September in the
. _estuary In this same study, he assumed that peak estuary abundance indicated peak emigration
- from the basin. Wallace (1994) also calculated travel rates from coded wire tag smolts stocked in
the Trinity and found that fish captured in the estuary during the peak abundance period started
- emigrating : from the Trinity River from late March to late May. ‘This time-frame is earlier than
" .the peak recorded i in the screw traps and may indicate that there is better survival for smolts
_ rmgratmg in cooler water temperatures earher in the spring: -

~ Coho Salmon

Trapping dataat Willow Creek on the Trinity River indicated that the time .of emigrati-on of coho

 salmon smolts begins by late March or early April, peaks in May; and subsides by mid-June
' (Flgure 7). Unlike the chinook salmon smolts, which. appear to respond to differing temperature
o regimes, cumulatrve indices for coho (Figure 5) did not show a consistent relation of warmer
~water and onset of migration. . For example, in 1994 (a cntrcally dry year) the time of 90%
- capture occurred by mid-May, but in 1992, which was a dry year’, the time of 90% capture did
~ . -not.occur unttl June 15: Trapping data for 1992 through 1995 mdrcated that- nearly 50% of

: captured fish occurted in early May, when water temperatures were less than 17 °C. Further

downstream, studies conducted by Wallace (1994) mdlcate that peak abundance of coho smolts

-occurs in Apnl and May in the Klamath River estuary.

Steelhead '

: DaIa from rotary screw traps in the mamstem Trinity River at Wﬂlow Creek (1989, 1991- 1995)
. show that steelhead smolt migration begins by at least late February, increases during March and

Apnl peaks in May, and decreases sharply in early June (F 1gure ). Cumulatlve abundance indices

11
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-~ indicated that proportions ¢ of catches were relatively constant betw e'er.'i ‘;vea.rs. for respective time
‘ penods Nearly 80 1090 % of steelhead smolts were captured w1thm a two-week period before
- May 25 in all vears (Figure 5), when' ‘average weekly water temperatures were always below 18

°C (Figure 8). Similar to what is reported in the hterature (Folmar and Dickhoff 1980;
Wedemeyer et al. 1980; Hoar 1988), these consistent timing trends through varied water

_temperature regimes indicate that photoperiod is probably-the dominant variable affecting the -

. timing of emigrating of natural steelhead smolts in the Trinity River. Average weekly water
- temperatures at the time of increased abundance generally ranged from 14-16 °C. Similar to the '~
~..coho salmon, steelhiead smolts were most abundant in the K.lamath River estuary in April or May .
: ‘(Wallace 1994) | ‘

Mlgratlon Tlmmg of Naturally Produced Smolts from New
‘ River, a Major Trlbutary of the: Trmny Rwer '

: Out-nugrant trappmg in New Rrver wh.rch enters the Tnmty River at RKM 70.2, has shown

migration trends of an unregulated stream within the Trinity River Basin. Trapping results reveal
that migration patterns are similarin timing to that of the mainstem with a' more abrupt cessation

' to emigration. The Willow Creek: trap also-captures smolts emrgratmg from upstream tributaries
“‘and so this correlation in patterns is not unexpected. Migration of juvenile chinook salmon
L generally begins in’ early April, steadily increasing untll June When it pea.ks and decreases -
L sharply in early to mid July at which time the average weekly water temperature is .

- ‘approximately 18 - 19°C (Figure 9). Trapping data for steelhead smolts in the same years
- indicated that rmgratron began in February to March, peaked in late April and May, and sharply
" declined in early .Tune (Figure 10).- Too few coho salmon were captured in this tributary to. make
S meamngful companson ‘

In New Rrver water temperatures expenenced by chinook salrnon and steelhead smolts were

- relatrvely consistent between ‘years. During 1989 and 1991 through 1994; 90% of chinook
. - _salmon were captured when average weekly water temperatures were below 17°C with one
- exception; during 1992, water temperature reached 20 °C during the peak of the smolt run ‘which
‘then ended within the week. In all years, steelhead smolts generally migrated earlier than,
chmook salmon and when water temperatures were between 10 and 15 °C.

FloW and'Transpor:t‘ _

- An.obvious effect of increased dam releases is reduced time-of-travel of water particles. Ina
. study conducted by Limerinos (1967), dye concentrations were used to assess water travel time
- in'the Trinity River at flows of 5.7 cms (200 cfs) to 8.5 ¢mis' (300 cfs). Results of this study
~ Indicated that approximately. 8 days were required for peak dye concentrations to travel from

Lewiston to Weitchpec. While evaluations of higher releases have not been completed using this
methodology, pulse flows from Lewiston dam have. prov1ded m51ght into this relationship. In
odd numbered years a pulse flow of 34 cms (1,200 cfs) are released from Lewiston Dam on the

16
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Figure 10.- Weekly abundance indices (bars) of emigrating stcclhead smolts in New River, Tributary
to the Trinity River, 1989, 1990- 1995, and average weekly water temperatures ( lme) Data collected
- by the- U S. Flsh and Wildlife Service, Arcata, CA.
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K thlrd week of August to provrde water for ceremomal purposes of the Hoopa Valley Reservatlon \

near the conﬂuence of the Klamath Rrver (approx 180 km). Pulse flowsare released -

o approxrmately 1.5 days pnor to, the time at which the htgher ﬂows are- needed

Severa.l researchers have found evrdence that 1ncreased ﬂows result in reduced travel t1me of

i smolts ‘For e)tarnple in the Snake River, peak migrations of wild spring chinook salmon
o corn01ded with periods of peak river flow.(Achord et al. 1996)-and in the Columbia River, flow
' »was found to be significantly correlated in determining the rate of chinook salmon smolt
o joutmrgratlon (Raymond 1979, Brege et al. 1996, Giorgi et al. 1997). Achord et al. (1996) also
L suggested that based on their studies, it may be beneficial to outmigrating chinook smolts to
. ‘releéase more water after mid-May to increase the migration rates of smolts in the Snake River.
o Bell (1991) also reports that mrgratlon rates are positively correlated with river ﬂow Cadaetal.
- (1994) ina fa:lrly extensive review of the literature concluded that in the Columbia basin, a
- . positive relationship between increased flows and smolt survival was a reasonable conclusion
. _ based on the scientific evidence and furthermore, studies outside of the basin also supported this
B relatlonshrp ‘While'there are no known studies 1nvestrgat1ng the effect of flows levels on the '
- travel rates of natiral outmigrating smolts in the Trinity River, 1t 1s likely. that smolts in the
L '-Tnmty Rrver would respond srmrlarly to increased ﬂows R

: Water Temperature Con'trol

R In addrtlon to faster water velocrtres large volume releases ﬁ-om Lewiston Dam also result in

i -‘_decrcased water temperatures down the entire length of the Trinity River. Empirical evidence -

e '._from an expenmental 170 cms (6 000 cfs). release in June of 1992 (Figures 4, 7, and 8) indicated
" _that the average weekly water temperatures decreased from ~21 to 14 °C at Weitchpec. Water
- _ternperature modelmg of the annty River has provided insight into flow and temperature

" relations (Zedonis 1997). Using’ hypothetrcal years represented by hot-dry (approx. 90% _

. " probability of flow exceedance), median (50%), and cold-wet (10%) environmental conditions,

- '.Zedonrs (1997) demonstrated that dam releases influence sprtng and summer water temperatures
o m the lower Trtmty Rlver near Wertchpec (Fi 1gure 11). '

o Temperature modelmg 1ndtcated that the larger the water. release the greater the coollng effect of
. flow on water temperatures near Weitchpec. For exarnple as ‘compared to.a 8.5 cms (300 cfs) .
- release, a 57 cms (2,000 cfs) release 1 may result in water temperatures that are nearly 5 °C colder
"= (17.5 °C) on a hot-dry July 1, 4 °C colder (17 °C) for a median July 1,and 2 °C colder (16 °C) for -
T a cold-wet July 1. Regardless of meteorological condrtrons dam releases (170 cms or 6 000 cfs)
 on July 1 results in water temperatures that approach 14°C.

Relatlon of Flow and Specres Specific Water Temperature Targets.

L _Utrlrzmg the 1nformat10n presented in the previous sections of this paper guidelines were

formulated that could be used for future flow recommendations. (Table:1). Guidelines were
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Figure 11 . Stream Network Water Temperature Model (SNTEMP) temperature predictions (7-day average)
 for the Trinity River (Rkm 1.1) with Lewiston Dam releases between 4.2 cms (150 cfs) and 170 cms (6,000 cfs)
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' developed in the context of meetmg target temperatures (both opt1ma1 and marginal) for median
- year conditions for: the time in which-80to 90% of naturally produced smolts have passed the

Willow.Creek trap. site. Use of the median year modeling conditions were chosen to represent

- reasonable conditions to base recommendaﬁons, because median conditions, both hydrologic and

meteorologlc are most likely to occur. over a wider range of hydrologic years than the other two

' _"year types (i.e., hot-dry and cold-wet). Steelhead, which leave the lower Trinity River the earliest
of the three species. (May 22), would require a flow near 170.cms (6,000 cfs) or 34:cms (1,200
©cfs)to meet the targets of 13 °C for optimal conditions or 15 °C for marginal conditions,
_ _respecnvely In the case of the coho salmon, which have a more protracted migration period
- than steelhead (80 to 90% depart by June 4), flows of 74 cms (2,600 cfs) and 8.5 cms (300 cfs)
o would maintain near optimal (<15 °C) or marginal (<17 °C) temperature conditions, respectively.
For Chinook smolts, which have the most variable of migration patterns among the species
*  examined and leave the lower Trinity River the latest, it would require dam releases near 54 cms
- (1,900 cfs) until July 9 to maintain near optimal water temperature condmons (<17 °C) or a flow
o of 20 cms (700 cfs) to maintain margtnal temperature conditions (< 20 °C).

‘ :Table 1. Apprommate Dam releases at Lewiston reqmred to meet potentlal temperature
- targets for smolt emigration in the Trinity River. o

: thimal Tem_perature Conditions : Marginal Temperature Conditions

: . o ' Approximate s Approximate
I ~ Approximate |- Water Dam release magnitude Water " Dam release magnitude
| -Species | Date of80t090. |- Temp. | ‘(cms (cfs)) tomeetthe | Temp.. {cms (cfs)) to meet the
‘. |- %Emigration |.Targets target under Median Year | Targets | target under Median Year
- (°Cy " conditions : (°C)y conditions
| steethead | May2z | <13 | . 170(6000¢k) | <15 34 (1,200 cfs)
o '.Coho; : ] : o o : : .
| Salmon June 4. <15 S ‘:74_ (2,600 cfs) - <17 8.5 (300 cfs).
;‘ - ¢hixlook _ .- ‘_.‘ ‘ o B - .‘_-‘_" ‘
| salmon Tuly 9 <17 | . 54(1,90ck) | <20 20 (700 cfs)
Conclusions ‘

o I—Ilgher flows during the spring outmigration would result in more suitable water temperature and
- flow conditions throughout the Trinity River for naturally produced salmon and steelhead smolts.

Information used to draw this conclusion are: 1) the current state of knowledge of factors (e.g.,
water temperature, flow, photoperiod, etc.) that influence the process of smoltification suggest
that water temperature and flow, are certamly influential, 1f not critical, and 2) water
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temperatures in the, lower Trmlty Rrver can be controlled by operatlons of the Tnmty RIVCI'

I D1v1sron durmg the tnne of spnng smolt outrmgratlon

o Through the ehmmatlon of the h1gh-volume snowmelt rurioff that cons1stently occurred during
- 'the spring, water temperatures can be inferred, through the SNTEMP. model results, to have been
colder dunng the spring in the lower Tnmty River prior to constructlon of the dams. This is
: espec1ally true for the months of April and May, which, on‘average, were colder or similar to
- contemporary thermal Tegimes at Levwston yet had much larger magnitudes of flow (average ~
o <108 cms (3, 800 cfs))(refer back to Flgure 2A and 2B). These larger flows would have resulted in
.. athermal regimen in the lower Trinity River that was as much as'a 2,1 °C colder (e.g. for the
o ~week of May 27 under median conditions) than contemporary flow conditions (8.5 cms (300
L cfs)) ‘These results are consistent with a study conducted by the U.S.Bureau of Reclamation
R (U SBR 1979), and are illustrated in Figure 3. Therefore, hlgher flows during the spring/early
" summer snowmelt penod would not only restore an important feature of the hydrograph, but it
3 -_would also help restore the water temperature regimen that is critical to smolt survival. Of
S course snowmelt runoff also. vaned between years and thus so.did thermal regimes.

. '-._1 The 1n1t1at1on and tunmg of spnng high ﬂows should also be con51dered by those who make

- " decisions on flow management in the Trinity River. Because the spring smolt emigration is

o usually preceded by high spring flows and warming water températures (Bell 1991, Lang et al.

S 1997) flows should peak before water temperatures begin to warm significantly in the lower

.. -Tiver(early May, but this may vary. ‘with year type). After the peak flow, flows should be

0 maintained or slowly decreased to provide for suitable temperature regimes for outmigrating

s ::_‘,steelhead coho and chinook salmon smolts throughout the length of the Trinity River (suchas
- those provided in Table 1). Mamtatmng a high flow (e.g., 56.6 cms (2,000 cfs)) or slow

- +reduction in d1scharge from a hlgher flow (e.g. 170 cms (6,000 cfs) would provide for a

e meteorologlcal warming trend (a cue to leave), while mamtammg cooler water temperatures and -

o moderatmg the extremes that accompany low flows. :

. Cons1derat10n should also be g1ven to allowmg for vanable ﬂow pattems with year types, since

. the literature and migration studies on the Trinity River indicate that water temperature isa: . -
- 'jdommant variable influencing the migration timing of chinook sa]mon smolts and thermal - _

" regimes vary depending on snowpack (i.c., year type). Because of this association, flow patterns -
- that follow. the peak should slowly. decrease in a fashion which allows for temperature benefits: -

.~ (such asa natural rescmdmg limb of the snow-melt hydrograph) whrle mamtammg vanablhty

o that is assocmted w1th hydrologic year type. :

. "-The guldehnes presented in Table 1 should be considered as a startmg point to obtain idealized

water temperature conditions for smolts. While these are not to be regarded as the panacea for

‘the Trinity River, they do represent a culmination of the best available scientific information for
- protection of smolts in the Trinity River. If management actions are taken to improve the
smolting conditions. for steclhead, coho salmon and chinook salmon monitoring programs

should be mst1tuted to evaluate the influence of flow and water temperature on survival of

22




. smolts. Although smolt momtonng programs may prov1de 1ns1ght to the success or failure of
- - maintaining cooler water temperatures, final judgment of success or failure of flow

- manipulations may | be the numbers of returning naturally, produced adults salmonids to. the

. Tnmty River, and perhaps the Klamath Rlver, systems. ‘
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