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L).uw uvd
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EGG3 ““JRIVED SALAN ICGS AUD FRY SUIYPED

WENATCEZE HATCIFRITS

EGGS AUD FRY SHIPPED
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¢ 1 e > AR ' 7|
£915 |44)17 550,000 | |

w
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n i i T

(“>°no'uno In*vhory
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In 1915 a new hatchery ves built ab Peteros on the nain Hethow

This ch,r~e nes mede in order to obtaln better opereting conditlons
1dea that lsrge quantities of ecrly spring chinook eges could

S NO% 7 el naicat lver salmon
A g
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IGGS TAXED AND FIY PLANTED

MET[IOW HATCLERIES

EQGS TAKE FRY PLARTED

:

Silver

Steelhead Steelhead[

Chinook Chum Hatchory Locatlion
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1,495,000
1,517,000

130,500/

{
5,000}

2,962,000

1,841,000

3,760,000
2,599,000
658,000

400,000
593,000 |

250,000 |

760,800 |
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EGGS RECEIVED  AUGD  BGGS AND FRY SiIPPLED

Table O : METHOW BATCHEILES

EGCS RECEIVED i . GTEILUEAD EGGS AND FRY SHIPPED .

|
Year% Chinook | ) : ; ; Eggo ; Pry

1916 . § 830,000 | ! & 815,000
1917 5 , : I 600,000 1,060,000 | ' i
1018 ~ R B6000 £ Pond Oreille Co.
% § 150,000 f Leavenworih Hatchery
| N 575,000 |
1619 { 540,200 & Stovens Co.
| 500,000 3 Spokzne Co.
52,000 | Dumpka Lake
500,000
200,000 ! Chelan Co.
200,000 ' Stevons Co.
50,000 ‘ Connocticut
50,000 3 Dumpke. Lake
1921 : v { _ (1)Okanogan Cos
1926 400,000 ; i
1228 700,000 Quilcene llatcLery :
1029 500,000 f
19351 500,000 Littlo Whito latchory ji

T TS

e

(1) 82,000 shipped = not lioted as eggs or fry
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954, 1935, and 1936 counts of blueback entering Osoyoos Lak

yers made by the Fish and Fildlife Service (thea the Buresu of ‘Fisb&rlés),
med by the Departzent of F‘i;ebﬁries,
ecured from the U. S. B_n;cu of Reclsaation.
ehich was consitucted at a nill den
loezted just outside the towa of Oroville, Tashington, a short distance
outlet ch::-:J;’\:»C')s Lexe. counters on this welr observed a

ok salmon which spawced in the Okanogan River below ths weir

ast week In Segteshbere 7This agrees fairly well with the

-

ed froa the residents end mskes it sppecr probeble




~ The Sim! szen Flver enters the Okenogen River a% the tovn of

Oroville, There is a chort portfcn of this stresm, e¢bout 6 miles in

.

length, extending froa its confluence with ths Okenogen River to an

inpassedle power dem,in shich chinook salzoa spavued when the runs
cere perzitted 4o pess Rock Islend Den. These fish vere chserved -ecch

wck by the mea counting bluebacks &b Oroville during 1934, 1985, and

1926, In 1954, 40 chinooks were observed in thet ereay 20 wvero secn in

13353 £nd ia 1836 the run was considerebly larger, 50 belrng counted

$n ona noole Thesa salmon mads their zppezrance In the Sizilkesmcen
& &

agast, the Sth Lo the 17th being the earliest dates of occurrencea
figh errived doring Septembder end nost of ths

begon during the latter pert of thet months Im

first pre-spewning ectivities wers moled on Seplesber 27th,

a ohservetions indfleats that this portica of the criginel
2

popalations going vp the Okenogen River belong to the cunzer or

lete port of the Rock Ieland run.




oaplete counts of the blueback run in tha Oksnogan

-~ L

ecured in 1935, vhea 264 fich passed the Oroville rafr.

Tho s,»p/:;*atl:ﬁ* Lx =813 Nnod & B in cocuring o count tecnruss

the welr tercept the

rers counted and a
In each year tho firast
of July and the gres

pnezed through ths v erd into the leke by Scotenber

the original runs of blusbacks on the

for half of July




SPC{ARY AND CONCLUSIONS
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tteapts were also neds to esteblish runs of both fell and

4

At v

sun chinooks in the Hethow Rivers Ko success was had ther

r

ecure chinook salumon eggs for artificlsal propaga~

I
v0 BecCu

= end leter vere ab ong time comaon in the

heve becen observed in tho main stea of ths Hethow end in

tbutaries which wers definitely of the cerly spring run

definite evidence of late run chinooks entoring the
silver sclnon were

vera not provided wit ‘A &d

and its tributavy, th
n3 of chinook salmon which appesr to have belo

or lete run group, . The bluedacks ascending thatl

eseat there curing July end fugust,
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April 1, 1942
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tter of MNarch
w11l say th
2rs of that distr
rmation obt
ly eccurate to the best of my knowledge,

b ]
T
lctifor

X
on runs in the Ckenogan River were never largs in my experiencs
ms did not spewn to any great
irto beth

f my ro

he exception of small tributary strea
the State of ¥ashington but y;oceeced on
n water shed in Cenada. To the
arted to c:‘11 18 befors the constr
the fact that the spawning urqut
drain for ir igat fon purpose

04

The co*str ction of the Washingt

L
DEeSu

.hich
Jh
£n f**n;ulv Gl through ‘Uhe #allis BTLeb
und in the Ox:“ogan River proper durin
ll went up the Ckenogan River thAcﬂp
)a streams above that body of water
Vary '1u.in the c-ute of W& hinvton.

spring,

Ehile there was a run in the early s
szall in comparison to the runs of f

2 ghove r;:ollcctipns ar

£35 Aon o3 o v IS
L8 sireens newsd ang f

eined by you from Mr, ¥ichel, the sheriff
Will say that the various

voic

ralative to salmon run in the Okancgan River is
have besn more or less femiliar with fish runs
he last twenty odd years and that the

oto

kenogen, 18-

and

7“3 Cxenogan




-~

during the period mentioned, but are not to be considerad és.scien~
tifically correct data.

.~

Hopirng thet this information will be of assistance to you, I em

|

8 very truly,

TEPARTIENT OF GANE .

/s/ M. M. Fruit
Supervisor of Plantings




as ‘-,.,.\ 1_.»

inCClU“Q‘& Bncin rofcct.,.$ Sl

3

; 1. Tre Fieh & ¥ildlife Service has indicetod its wille
ircnees, under deate of July 9, to allow us to cbtain affidavils
frca ecversl men who wers at or near Leavenworth 25 %o 40 years
£i0, end vho cen testify that a sunzer and fall run of salron
C:i>nfi in th ncra+c 1co0 Ris oA beforse becoming extern 5azbﬁ3 by

>iable

nen are

Les Eart
Bil1Yl Saith

Thelr cemnosite testimony as taken froa the Wildlife report reads
as followsy "S fore construction of the Leavenworth nill-dam in
1004 c 505 the £ell run of ealmon was quh l;rcer then the spring
iR ln £21l run was composed of beth silvers and chinocks) a
LLQ ;pll run of stcolhead eleo occurred at vbcuf the sanme tiro.
Tl.ey believe u*c°o fi“h camo pbout September.l, This fall run
c<;t‘Hch until ebeut 1614-15, efter which it rapldly declirzed
a) LC&V‘:T’“{h den was built the Indiens' fishing

¥aeon C

cof t*is CMd L ey firhcd bb’o# that structur:

fore th

2. Jt is cuggested that affidavits be prepared exbodying

ortinent stetezents contained in the ebove quotetion &nd that

t‘a I<
It V“”ld be

tr.cee gentlezen be contacted for signetures thercto.
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UNITEDSTATES
i BUREAU oF pee
FPARTMENT OF THE INTERIOR Coulee Dapy
BUREAU OF RECLAMATION

""J L* §4 z»:\-f 1'\? r‘)/‘\.‘
Ephrata, W
April 23

Sur

Affidavits to salmon run in the W
w,thcw and Ckenogen Rivers.

The ~e 1s enclosed herewith sib;e klfiqavits
bi/fGG fOllOniug rarties:
(el

Nrs. Henry L. Staples
Eenry L. Steples
Guy A, Gilmour
John Jchnson
Arthur S.
J.

2o [ian tenclosing

from Mr. M, M. Fruit, Super
State Department of Cﬁze.

very definite, is interesting
ance since it follows closely th
attached certificates.

=
V. W. Russell




AFFIDAVIT AS _TO_ SALMON

OF WASHINGTON )

OUNTY OF CHELAN

duly sworn,

nI, R, J. SMITH, do hereby ce rtify that in the years
previous to the building of the Lunber Compeny dam at
Leavenworth, which was built in 1904 end 1905, the .
Silver, Chinook, and Steelhead Salmon all came up the
River in large numbers, so many that the
-ould be covered with them. This 1un began
ber and con*~1\:d onuntiiilabenbalilt e ke
ng but it was not conside:
were found in the Icicle
an esp Qbiﬂ]ly attractive ;
all the smaller creeks
¥hile some of the
avenvorth Dem and

Sﬁ’ﬂﬂﬂ rn hega‘ to ﬁeCIGcm‘

’42{_{:1.:‘,7{<4A~_

ribed &nd sworn to before me, thisw_filzi’ﬁ_day of

G /]J 9 e e e

“Yotary Public in and fé;fiﬁ
State of iashingten, si

t Residing
att= “‘»J/(Jl( G~ the ein




AFFIDAVIT AS TO SALMON

,:“VM;;lwvw-,*,~: being first duly sworn,

on ocath,

nT, GEO, SIVERLY, do hereby certify that Steelheads:
end big Chinook Salmon, and scme Silver Salmon used to

cone up the Wenatchee ?ivar in large quantities. In

1859 there were large num ers of Salmon. The gravel

the lower end of L Wenatchee Just below the

p“*'enu fwsh ”’lr was a f“"orite qcanning

road cross i ! The

i mL,ﬂ

Geon
scad

,,/3{ ,ﬁ-‘-g,ﬂo zﬂ;,f//,ﬁ’

)

eubscribed end sworn to before me this

Aprid 1062,

PG /3 ot

ic An _nd A
'L'L(\P",

{5,97,.,%




AFFIDAVIT AS TO_SATLMON KUN

TE OF WASHINGTON

)
. 83,
)

COUNTY OF CEELAN

é?vffz»ﬁy /flv/ —mz_bxf Ui 5 being first duly sworn,

on cath, deposes and says:

"I, CHAS, BURBANK, do he reby certify that in the years
pxevious to uho bu*lding of the Lumber Company Dam at
in 1904 and 1005, the

the Wenatchee RiVQr in ver

,, Chinook, and Steelhead al

time, the run {ﬂning th

and ending in the late fall.

dians caught -their fish for dryl;

bhoi DB

stiorn to before me this ¥ 7

0 s

~

Notary rublvc in and for the
Sbc;p of Was 11urtcg, Eesidin
v *2ey .
at(‘/—‘,{_ ‘ap‘w—‘—/ whereing
e s SR e




FIDAVIT AS TO SALMON EUN

being first cduly swomn,

nI, GEO, SCHVITTEN, o hereby certify that in the yee
rw.vious to the buil ding of the Lumber Company dem at
T savenworth in 1904 and 1905 and the power dams at Dry
den and Tumwater Canyon in 1908, the Chinook, Ste elhpdd
a,nd sc»..e Sllwers came up the ncndtc..ce River, beginning
in
September an

t was curing thlb run

and dried their salmon for winter consu

Subscribed and sworn to before me this

of Lpril, 1942.

Ou—,ry “ur-lc in and for tne




AFFIDAVIT AS TO SALKON_RUN

STATE OF WASHINGTO

COUNTY OF CHELAN

being first duly sworn,

-1

‘((.:7/ o é. 5 kot Aiy

on oath, deposes and says:

"I, FAY LARKIN, do hereby certify that in the years
previous to the building of the power dams in the Wenatchee
River that salmon ceme up the River in large quantities;
Silvers, Chinock, and Steelheads all came up abocut the

seme time the run

tinuing into late ¢

Subscribed and sworn to before me this

April, 1942,

o ot AL T A= ST gl S ek
Notary Public in end for the
Sta%; of Washington, Residing
at | ce JF<  e~~—therein,

-




_, being first duly sworn,

on oath deposes and

nI, J, B. ADAMS, do hereby certify that in the years
previous to the building of the Lum bsr Co' ny Dam at _
Teeaver eOl'Lh wnich was built in lQOA 3 n "
salmon came up the Wenatchee River *n ve rge nunbers,
Silvers, Chinocks, and Steelhead all came u “uout the
sene @:..e, beginning about the first of tember and -
continuing on into November bzfore they were all gone.
A11 the creeks had their runs of Silvers and Steel Theads,
Neson Creek was especially attractive to Silvers and
Steelhead, Very few salmon, however, were found in the
cicle Creek. As scon &s the cavenvworth Dam

the sazlmon runs began to 1

Dryden Dam was put into

of any importan
spring but
and caught
the winter

nd sworn to before

W

Notary Publiic in snd for the
of Tiashington, —ncw’{qg

: tL"*‘“— Lo Lrron




AFFIDAVIT AS_TO_SALMON FUN

//<il///;x;f;iggﬁg( be 5ng first duly sworn,

PRI, WSS A ~<_,

SN

previous to the building of ths Lumber Conmpany Dam at
Leavenworth, which was built in 1904 and 1905, the
salmon cane up the Wenatchee River in very large num-
bers. Silvers, Chinooks, and Steelhead all came up about
the sare time, beginning about the first of September
and continuing on into November before they were all
gone. All the creeks had their runs of Silvers and
Steelheads. Nason Creek was especially attractive to
Silvers znd Steelhead, Very few 5671on, however, were
found in the Icicle Creek, As scon as the Leavenworth
Dam was bvjlt tbe salﬁon runs *D”an to ueaxen apd by
“he

the runs were pract cclly at an end The \prlng run
was not considered of any importance and the Indians
never ceme up in the spring but about September 1lst
they came in large numbers and caught and dried all the
salmop they needed for the winter supply.®

7 Z /é/é//&

Subscribed and sworn/ 'S thia L=

of April, 1942.

Notary Public in and for

the State of Vashington,
Residing atkgglzb~4§2(45t-°

E: sl Dol
therein,




AFFIDAVIT ON }IGRATORY FISH

IH THE OKANOGAN RIVER

State of Washington)
)SS
County of Douglas )

C. C. Beery, being first duly sworn, on oath deposes

and says:
Some thirty years ago about 1910-11, there were beavy
runs of large "King" Salron in the Ckanogan near Oroville,
and many Indians camped near the rapids below Lake
Osoyoos during the last of August and early September
to capture salmon, They speared a great many and fished
at night with flashlights,

I recall catching a 50# "King" on August 26 about thirty
years ago., The largest one I ever caught in that vicinity
vweighed 55#, but there were large quantities caught weigh-

! 14
ing 357 or 40i.

211 borrowing an Indian's spearing rig at one tine
astening the cord attached to the spear around

my waist, as was the Indian custom, and spearing a big

"King®, who rushed off with such power that I was pulled

tackward into the river and nearly drowned.

On Salmon Creek great numbers of "King" Salmen crowded
this small stream and I have seen big fellows fivs
miles zbove its mouth in pools too shallow to cover
the fish and wondered how they managed to work thsir
vway so far up stream over the many ledges and falls,

The "¥ing" run on the Okznogan was followed by a run
of "Dog" or Chum Szlmon—a white meated veriety—-not

considsred very desirable,
WA

Subscribed and sworn to before me this
doy of Aeeid 00 1002

Vs
7 C e S0k

llotary Public in and for the
State of Mashinscton, residin

P g
at Coulee Dem




AFFIDAVIT AS TO SALMON RUN

STATE COF WASHINGTON )
{ Ss.

COUNTY OF CHELAN )

: 7?ZL4 {é/%ﬁz%7»}f:{é%é%féé%?mh,FV«J being first duly sworn,

on oath, deposes and says:

nI, MRS, HENRY L., STAPLES, do hereby certify that the spring-
run of salmon at Oroville was a small variety but do not
know the name. The fall run was mostly the big Chinook; a
few Silvers and Steelheads., These fish came up in August
and Septembsr and some in October. The Indians camped at
the forks of the rivers and caught and cured their fish
during August and September. They used the regular Indien
willow traps across the Okanogan River and caught all the
salmen they needed. I found at one time a few Chinogk
Salmon in the sloughs at the lower end of Palmer Lake, but
do not believe any number ever went beyond the falls of
the Similkameen River. Salmon spawned in the bed of both

rivers.n y4
A2/

Subscribed and sworn to before me this

April, 1942,

Gy csmmity oo L
“Notary Public in and for the

Stzte of Washington, Residing
ateru _5§§tw¢1:~ww;}herein.




AFFIDAVIT AS_TO_SALMON_RUN

STATE OF WASHINGTON )
; s% oag
COUNTY OF CHELAN )

Z‘jé‘:ﬁfj ‘{i pf{éé/‘_’/_éfeww__nm, being first duly sworn,

on cath, deposes and says:

nI, HENRY L. STAPLES, do hereby certify that the spring
run of salmon at Oroville was a small variety but do not
¥now the name. The fall run was mostly the big Chinook;
A few Silvers and Steelheads. These fish came up in
fugust and September and some in October, The Indiens
campzd at the forks of the rivers and caught and cured
their fish during August and September. They used the
regular Indien willew traps across the Okanogan River
and caught all the salmon they needed. I found at one
time a few Chinook Salmon in the Sloughs at the lower
end of Palmer Lake, but do not believe any number ever
went beyond the falls of the Similkameen River., Sal-
mon spawned in the bed of both givers.®

S :
H St Pes,

S

Subscribed and sworn to before me this_ujzj{fgﬂz' __day of

hpril, 1942,

Notary Public in and for the
Stiéf of Yashington, Residing

at o Aweer  therein,




AFFTDAVIT AS TO SALYON RUN

STATE OF WASHINGTON )
s S8e

COUNTY OF CHELAN )

,mgzlfu/ //i;/ié7 \,q,/nnngn 5 buing first duly sworn,

on cath, deposes and says:

#T, Guy A. Gilmour, do hereby certify that large numbers
of Chinook Salmon care up the Ckanogan and Similkamee

Fvers in Auvgust and September; some Steelhead and a few

Silvers also came up. Since 1936 very few Chinock have —
come up, after the Chinoock stopped coming a smaller

variety came up for a few years, these were believed to

be Blueback. As far as I know these salmen did not go
above the falls of the Similkameen where Lhe power dam

is now located., The bed of the Similkameen River was

used by the salmon for spawning beds.”

L= 1&;{

PA“

Subscribed and sworn to befo

i o

Notary ﬁLbl‘C Ln ‘and for
the State of Washington,
Residing at;éza«445£( S
ther Gin. 8




AFFIDAVIT AS TO SALMON FUN

IG%L;/> 777 :ﬁé;fVDZ; ---- ,- being first du1§ sworn, .

on oath, deposes and says:

nI, MIKE ¥AHONEY, do hereby certify that big Chinook
Salmon came up the Oxo,ogdn River in August and Septem-~
soma Silvers and Steelhead came with this run,
vas a spring run of a smaller variety, Qﬂ)ofcs
The beds of both the Similkemeen and th
n Rivers were excellent spawming beds, The
n did not go-above the falls of the Similkameen."

- 7 /
_m&,‘/:ii_‘/ﬂ«‘c._ 9[4[2..“:.{13[._’-1\_,‘:;':5 =

—

g ! -~
Subscribed znd sworn to before me this __31:1“__

1942,

)
Notary “Public in and for the
State of Y asninston, Residing

at,.@?:i‘.fi:&:?;"::‘:’_“. __therein,




\FFIDAVIT_AS TO SALUON RUN

duly sworn,

"I, GEORGE WHISTLER, do hereby certify that in August
and September the salmon came up the Okanogan River in
large quantities mostly Chinook. There was a spring
run of salmon of unknown na&e, but of very high quan-
tity. In 1887 and 1888, I know salmon went up to Con-

conully during the high water, Salmon did not go above
the falls of the Similkameen,

;jﬁiiE’/A'é' TZ%7 (?/57

Subscribed and sworn

April, 1942.

Z fS*,l,b“xA«;//

Notary Public in and for the
Qt?{i of Washington, Residing
c_t l/pucff/gx«/ therein




AFFIDAVIT AS TO SALYON F

STATE OF WASHINGTON

COUNTY OF CHELAN

Q’ _Zﬁ§?7kL*’7b , being first duly sworn,

on cath, deposes and says:

"I, ED J, BO#N, do hersby certify that before the dam

was put in Salmon Creek Just above the towmn of Okanogan, -
the Salmon came up to Conconully in considerable nurbers -
in the latter part of May and June and I am sure these
Salmon were the small Chinook.n

Subscribed and sworn to before me this :254;;&?:__ day of

1942.

Ut the
washington, EResiding
;//Cb—z;ffr<,1therein.




AFFIDAVIT AS TO_SALMON KUN

STATE OF WASHINGTON )
SS.

COUNTY OF CHELAN )

, being first duly sworn,

on oath d»ouses and says'

nI, WILLIAM WENTWORTH, do hereby certify that before
the dam was built across the Salmon Creek gbove the
torm of Okanogan that I used to catch Salmon at
Conconully in latter part of May and June which was
during the high water period.n

Subscribed and sworn to before m

, 1942,

Notary ‘ubJWC in znd for the
State of Washington, Residing at

@J}‘({‘,‘ 'ES\:'-::/'M" '____the I‘ein.
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AFFIDAVIT AS TO SALMON RUN

TE CF WASHINGTON
53,

COUNTY OF CHELAN

: /,f/ /}_“ u(‘j /ﬂ being first duly sworn,

(AL P e ol ..

M,/
on oath, deposes and says:

nI, ARTHUR S, MICHEL, Sheriff of Okanogan County, do hereby
ify that I have been familiar with the salmon runs in the Oka-
gan River since 1909, and that Silvers and Chinook ceme up ths
O;ano 'n River in large numbers, mostly Chinook. Thesa runs began
tc di isn with the building of the Rock Island Dam. The spring
TN We smaller fish and probably were Steelhead. The salmon
did spawn to some extent in the lcwer twenly miles of the Okanogan
River. The Methow River was an important salmon stream and I have
seen the salmen thick below the cld dam at tha old hatchery site
about 2% nmiles up the Methow River from Pateros and I have seen
the salmon at the falls 22 miles up the North Fork of the Methow
River above Winthrop.®

(Ttt e/

w.._...,_-.'_

Subscribed and sworn to before me this_':g'fi‘_*__«day of

April, 1942,

/ﬂi7 25{44_44,(c//

Notahy Public in and for the
State of Washington, Residing
at_Q_«;*,QJ q-‘:’vt"-—v/_— ___th erein,

-




UNITED STATES
DEPARTENT OF THE INTERIOR
FISH and WILDLIFE -SERVICE
WASHINGTON
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Transnitted herewith is a reporfentitled 1Time of Appear-

ance of the Runs of Salmon and Steelhead Trout Native to the

Tenatchee, Entiet, Methow, and Okanogan Riveralls by Je AsUralg

and A, J. Suomszla, This report has been prepared specifically
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SHOULD WE AGREE THAT SOME STANDARDIZED MINiMUM St OF
STREAM HABITAT COMPONENTS SHOULD BE MEASURED BY EVERYONE,
REGARDLESS OF THE HABITAT EVALUATION METHODS UTILIZED?

by
James W. Mullan
U.S. Fish and Wildlife Service

Leavenworth, Washington

Abstract: The answer to the panel question is apparently no, at least
for the time being, but there would appear to be many areas of common
agreement concerning such measurements.

INTRODUCTION

Throughout the history of Timnology and fisheries there has been much
concern with lake and stream classification. Most categories that have been
proposed do not apply on a worldwide basis, in contrast to geologic, soil
and vegetation classifications, and are vitiated by regional factors (Cole
1977, Pennak 1977, Bailey 1982).

Lake classifications have been based on at least: geologic origin,
edaphic factors, geographic and hydrologic features, trophic status, water
chemistry, annual circulation patterns, the morphoedaphic index, and complex
taxonomic schemes involving chemical, geographic, morphologic and biotic
elements (Cole 1977). Cole (op cit) suggest that classification of lakes
should be founded on assay at the regional level, but with comparative
reference to relevant categories elsewhere; a truism equally applicable to
streams considering geomorphics (i.e., Platts 1979, Harding 1981, Parsons
et al. 1981).

Although Take classification systems leave much to be desired, Pennak
(1977) notes that we nevertheless find common agreement on certain principles
which have been generally adopted and refined during the past 50 years
(i.e., the oligotrophic-mesotrophic-eutrophic series), whereas lotic classi-
fication systems are hiahly unsatisfactory. In contrast to the physical-
chemical-biological unity and the persistent and pervasive identity of a
lake ecosystem, most streams consist of a longitudinal series of different
alternating but intergrading communities and habitats o cit )

The end result of this dilemma is that we have great difficulty in
integrating Totic ecosystems with terrestrial ecosystems in land and water
use planning (Platts 1980, Lotspeich and Platts 1981, Bailey 1982). It may
be assumed that some standardized minimum set of habitat components measured
by everyone, regardless of the habitat evaluation methods utilized, is the
first step in resolving the problem.




CONCEPTS

Pennak (1977) recognized seven distinctive lotic habitats that are
remarkably similar from one part of the country to another: spring brooks,
tundra brooks, mountain trout streams, sandy streams and rivers of the Great
Plains, medium to large silted rivers, sewage pollution stretches, and jrri-
gation ditches. The majority of the manv other kinds of lotic habitats he
grouped together as indistinctive and recommended that such waters be charact-
erized by means of a larger cluster of physical and chemical measurements:
width, flow, current speed, substrate, summer temperatures, winter temperatures,
turbidity, total dissolved organic matter, total dissolved inorganic matter,
water hardness, dissolved oxygen, rooted aquatics, and streamside vegetation.
EarTier Pennak (1971) had demonstrated that any two lotic stretches of
habitat that were similar with reference to these features would have parallel
groups of genera and species in their biotic communities, even though the
relative densities may differ areatly in the two localities.

During the last decade, the instream flow field has been in a constant
state of evolution and there has been a bewildering proliferation of method-
ologies (Orsborn and Dean 1976, Orsborn and Allman 1976, Stalnaker and
Arnette 1976, Wesche and Rechard 1980, Armantrout 1981) addressing stream
habitat evaluation. In larae nart this effort has been directed towards
Pennak's mountain trout stream category, or variations, using his recommended
physical attributes that lend themselves to quantitative measurement and
mathematical treatment. Where criteria are available (i.e., migration and
spawning flows. for salmonids) good relationships between potential instream
resource quality and flow level can be developed. The point of flow
recommendation and establishment is where the analysis fails to provide the
type of information needed. One or two flow levels, or even a range of
flow Tevels, without some sort of a production function is of limited value
for evaluating alternative management ootions (Orsborn and Deane 1976) or
biological consequences (Wesche and Rechard 1980).

Attempting to understand stream phenomena by detailed study of smaller
and smaller components and then synthesizina the parts into a functional whole
involves large-scale complexity at each hierarchial Tevel. Fairly obviously
we currently are in the midst of such process in melding the many known
qualitative relationships between bioloaical and physical requirements of
fish and interactions between factors that make up the stream environment in
quantitative terms. It is also evident that the environmental movement of
recent years has generated a strong demand for various indexes to habitat
quality at the ecosystem level of organization using indicator species or
factors. Dynamic functional modelTing and "red flag" assaying are approaches
that have traditionally complemented each other in science (Ryder et al. 1974).
Accordingly, much of the disarray signified by the proliferation in method-
ologies, employing a disparity of parameters, may be more illusory then real.

Overwhelming complexity can be countered with overriding simplicity
(Odum 1977) and I conceptualize four clusters of deterministic components
in a salmonid stream: (1) size, (2) structure, (3) temperature-chemical
climate, and (4) community inhabitants, based on the dependent variables
discussed by Hynes (1972) White (1973, 1977), and Wesche and Rechard (1980).
In addition, I have attempted to build on the lentic experience where the
principle involved in an interaction between variables would seem to equally
apply to lotic habitat:




Stream size: Stream length, width, depth, area and flow are all
surrogates for the size of the world fish can live in. Presumably, the more
water vailable and the larger the fishes' world, the greater the abundance,
all other factors being equal. But, other factors do not remain equal as
the size of the fishes' world increases or decreases (Wesche and Rechard
1980); still it is axiomatic that some threshold amount of water is required.
This may amount to one cfs in a small brook or 500 cfs in a large river.

There is no upper extinction Tevel to the size of the lotic world a fish can
inhabit, but there may be an ootimum range by species, beyond which production
declines (Mullan 1960, Binns 1979). Reaardless of the variables involved,

it would seem that we have already agreed that size of the stream should be
measured because this attribute is a common denominator of all methodologies.
There also is common agreement that assessment should include maximum flows
regulating channel morphology, as well as survival of eggs, juvenile fishes
and benthos in record floods, and minimum flows, either in summer or winter,
affecting the plant and animal community (Binns 1982, Hall and Knight 1981).

Habitat structure: Habitat structure relates to that portion of the
stream channel and water volume that fish or bottom fauna can effectively use.
Salmonids are strongly territorial in behavior and primarily occupy a limited
area referred to as microhabitat, territory, or home area during some or all
of their stream life. Permanence of station is determined by availability of
food and cover and the aggression of other salmonids or interacting species.
Cover may consist of water deoth, surface turbulence, substrate, undercut
banks, aquatic and terrestrial vegetation--in fact, almost anything that
allows salmonids to avoid impact of the elements (i.e., current, sun, ice, etc.)
or predators (Chapman 1966, Chapman and Bjornn 1969, Allen 1969, Binns 1982).

Efficiency of occupancy, particularly as it applies to food gathering and
energy expenditure, depends on the spatial demensions of the channel in relation
to where food and cover come together as edge creating micorhabitat (Clemens
1958, McFadden 1969). Salmonids generally are fish of low mobility and complex
needs requiring diversity of microhabitat (i.e., resting, feeding, spawning)
in acheiving optimum population density (Allen 1951, 1969a). "Edae" diversity
provided by shoreline in relation to water area decreases with increases in
stream width and undoubtedly relates to any optimum range in size of habitat.
Such a relationship could be analogous to the fact that small lakes generally
are more productive then large (and deeper) lakes due to small (and shallower)
lakes having a large proportion of the substrate in the productive littoral
zone (Ryder et al. 1974).

Despite the recognized importance of cover, measurement of cover per se
has not received the attention warranted in current methodologies although
there have been notable exceptions (i.e., Banks et al. 1974, Binns and
Eiserman 1979, Wesche 1973, Fraley and Graham 1981). One of the reasons for
this is that physical dimensions of a stream can be much more rigorously
quantified then cover (Binns. 1982). Also, physical attributes of substrate,
depth, or both are measures of cover, if for no other reason then the fact
that water velocities are lowest at the substrate interface (Gosse and Helm
1981). However, the gravel, rubble, rock, boulder substrate of most salmonid
streams does constitute cover, depending on the size of the fish. For example,
it was recently demonstrated that the reduction in sand bedload in a Michigan
stream greatly enhanced the survival of small trout, apparently as a result of
uncovering gravel, cobble, sticks, and other obstacles which provided more
microhabitat for small fish (Alexander and Hansen 1982).




Temperature-chemical climate: For practical purposes, basic requirements
of all salmonids may be considered to be similar. A1l species are cold water
fish requiring cool, generally less than 70°F degrees, well oxygenated water
(25ppm). Unpolluted salmonid streams are remarkably similar in that dissolved
oxygen is almost always adequate (near 100 percent saturation) due to gradient,
but differ from each other most often in temperature regime. Differences
range from spring creeks with constant year-round temperatures at the preferred
45-559F to streams with fluctuations from freezing (329F) to beyond the upper
lTethal temperature (779F) for short periods, with a vast disparity in inter-
grades. While no one can fault temperature as a primary ecological requlator
in streams, the value of one or a few random readings as an indicator of
temperature conditions prevailing during the life history of the organisms
comprising the community can be questioned. Inasmuch as it is extremes of
temperature that Timit certain groups of organisms, particularly salmonids,

[ don't think anyone will disagree that temperature measurements should
encompass at least one annual cycle and preferably a longer period of climatic
variability (Binns 1982).

Readily-measured keys to understanding chemical nutrient supply of
streams are yet to be perfected, although long sought by biologists, with
fair success in ponded waters (Ryder 1965, Jenkins 1967, Ryder et al. 1974,
Dillon and Rigler 1974, 1975, McConnell et al. 1977, Carlson 1977, Jenkins
1982). It would seem of more then passing interest that all of the more viable
trophic indexes developed for lakes can be related to total dissolved solids
(TDS). Ryder et al. (1974) points out that TDS (or any of its correlates
such as conductivity, which is easily and accurately measured) represents an
average edaphic condition for any watershed, as chemically it proportions the
effects of various soil and geological conditions as reflected by both alloch-
thonous and autochthonous dissolved minerals. Further, TDS may well be
proportionate to one or more of its vital or limiting component parts such as
carbon, phosphorus or nitrogen (Ryder et al. op cit.).

If we are also to benefit from the lentic experience, we should note
that consistency of stream typology is a goal, and that it is not likely that
acid-mine waste streams, marl streams, hot spring effluents and other atypical
situations will fit simple indicators or categories, at least at the regional
level. Most salmonid streams are not highly mineralized depending upon
distance from source, time of year, volume of flow and local geochemistry.
Furthermore, the more highly mineralized streams, other factors not being
Timiting, have been found to support the highest benthos and fish populations,
and it is the relative differentiation of this narrow range of values on the
bottom of the trophic scale that is of most pragmatic concern.

Community inhabitants: If only one species of fish existed in a stream,
it would occupy a relatively wide range of microhabitats, an expression of the
potential niche. With coexistence of two or more species, available and
suitable microhabitats are partitioned between the species, an expression
of the realized niche. The contraction of the potential niche into the
realized niche is an adaptive evolutionary strategy to avoid direct competition
between species. It forces a change from generalist to specialist in regard
to habitat selection and feeding preferences (Behnke in press, Bisson et al 1981).

An important outcome of niche theory is that the sum of two or more
realized niches is greater than the sum of one potential niche, although
realization of the latter provides more biomass of an individual species
(Behnke is press). For example, it has been demonstrated that numbers and
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biomass of either rainbow or brown trout were consistently depressed ponds
where other fishes were removed, but containing abundant young-of-the-year
planktivorous alewives introduced as forage (McCaig 1980).

Severity of interaction between species would seem to be largely a matter
of how well a habitat favors a species, because each species is genetically
programmed to perform within certain limits of heat and cold, water content
of salts and gasses, habitat structure as well as being influenced by competition
for food and space and the effects of predators (White 1977). Li and Schreck
(1982) observed that mathematical approaches to measure habitat quality tend
to ignore competition for food and space. Current emphasis in modelling of
habitat quality for fishes is through the application of species habitat
_criteria (i.e., depth-velocity-substrate criteria for a given life history stage
of a species) as typified in suitability curves. Li and Schreck (op cit)
found that a new and different suitability curve had to be drawn to describe the
relationship between cutthroat trout abundance and any particular variable when
competitors were present. When biological competition was included as an
assumption of the model, predictive errors dropped substantially. Without
the correction, overestimates of cutthroat trout density were generated,
which is not unexpected in light of the foregoing discussion.

Using bottom fauna as an index to habitat quality is also fraught with
similar variability. A low value of benthos may not in itself indicate a
Tow productivity, but a high productivity due to efficient predation by the
fish population.

A faunal complex or indicator species can provide important insight
between abiotic and biotic interrelationships, regardless of the problems in
interpretation. This is because species have evolved specialized adaptive
features in behavior and physiology so as to maximize efficiency of energy
conversion and utilization of environmental resources (Behnke in press).

With critical or total changes in habitat (i.e., drastic pollution of lakes
and streams), we have little trouble in understanding the reasons for the
changes in species that inevitably occur. Less obvious is the meaning to
be drawn from changes in species, abiotic impacts, or both when the habitat
retains its essential structure and function (Hall and Knight. 1981).

Miller and Brannon (1981) recently conceptualized the evolution of the
intricate web of interactive life history patterns that constitute the Pacific
salmonid ecosytems, and, in turn, made possible the remarkably fine-tune fit
between biological attributes of the populations. According to these theorists,
the lower reaches of the high gradient, infertile North Pacific streams with
then frequent floods would have been highly unpredictable and relatively
inhospitable habitats for resident salmonids, whereas spring and fall freshets
provide a relatively predictable vehicle for emergence and outmigration of
young and spawning migration of adult anadromous salmonids. While these
authors' augments for such a differentiation primarily focuses on temporal
and spatial temperature regime as effecting fry emergence for the genus
Oncorhynchus, one can only wonder about a commensurate intergrader of food
and cover, especially in decerning between possible trade-offs in resident
vs. anadromous salmonid management.

Newly hatched salmonids can only tolerate nearly-still water. As the
young fish grow, they are associated with velocities and depths in proportion
to body size, shifting to faster, deeper waters and larger territories as
they become larger. It is not unreasonable to speculate that in the high
gradient, infertile streams of the Pacific Northwest that the energy expenditure
used to capture food organisms in successive early life phases, increasingly
leaves little energy available for growth, thus favoring anadromous salmonid




species that primarily escape from such limitations by rearing in the food
rich ocean. Sedell and Luchessa (1981) infer a similar parrel for the
dominance of cover in ameliorating the effects of excessive velocities.

Using the historical record, these authors demonstrate the strong correlation
between the decline of wild anadromous fish stocks and channelization and

the cleanup of streams that has accompanied settlement. Side channels and
sToughs and accumulations of large woody debris (i.e., fallen trees) once
were characteristic of streams in coastal rain forests and provided an
abundance and diversity of rearing habitat for small anadromous salmonids.

WHAT CAN WE AGREE ON?

Of the four general classes of components listed, the question arises
as to which are the most important? The answer to the question is an unequiv-
ocal, "they all are" with each habitat constituent or surrogate directly
influencing the type and quantity of salmonid population that is able to
exist under a given set of conditions (Wesche and Rechard 1980). An important
point not to be overlooked, however, is how one factor may outweigh another,
depending on the mix and interaction of factors, and the essentiality of
identifying the factor primarily limiting the resource.

Binns (1979) points out how in reality, any investigation of the 1imiting
factors acting on a salmonid stream is controlled more by man's ability to
measure than by theoretical considerations as to the true dominant limiting
factors. Single-criterion measurements obviously are out, accordingly, there
is much to be said for zeroing in on few carefully selected components that
monitor the performance of the whole, -either by stream types or problem
perturbations (i.e., Oswood and Barber 1982, Helm et al. 1981, Graham et al.
1981), while at the same time not overlooking the obvious. For example, it
is clear that habitat requirements for migration, spawning and incubation of
anadromous salmonids all too frequently have been judged most critical,
perhaps because spawners or redds can be counted, gravel enumerated and egg
to fry survival estimated comparatively easily, with 1ittle or no consideration
given to constraints on rearing habitat (Sedell and Luchessa 1981, Behnke in
press). Nature has only one measure of success---survival---and very rarely,
if ever, is ultimate survival determined by some ultimate largess of egg
deposition and hatching.

Lastly, I think we can all agree with Platts (1980, 1981) that lotic
habitat classification and evaluation is not going to get simpler, but more
complex, although perhaps more manageable, and that garbage in is still
going to equal garbage out.
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Leavenworth Hatchery Complex spring chinook salmon
.escapement, ‘1985, and ‘related information.

Johh Miller; Area 1 Supervisor

RO, Portland e :
Leavenworth NFH: About 8,000 spring chinook salmon returned to the

Leavenworth Hatchery in 1985: e

3,295 wused in propagation
3,340 given to Yakima Indians (mid-June to early July)
1,000 harvested in Icicle Cr. sport harvest (appendix 1)
365 remaining in Icicle Cr. (appendix 2)
Total 8,000

Jacks made up 3%, 4-yr olds 65%, and 5-yr. olds (or older) 32% of the
escapement (based on the length frequency distribution of 2,251 fish
measured at time of spawning). Typically, females (55%) outnumbered males
(45%). The year 1985 essentially completed returns for the 1980 brood year
(1.88 mi1lion smolts released in 1982) for a total hatchery escapement of
0.28% (vs. 0.08% and 0.16% for brood years 1979 and 1978). The return of
5,220 4-yr olds in 1985, from the 1981 brood year release represents a
hatchery survival of 0.27%, which bodes well for having ample fish return®
in 1986 for both broodstock and a sport fisheries.

Entiat NFH: A total of 793 spring chinook were used in propagation;
however, this is by no means the total hatchery escapement. Entiat NFH

is located on the Entiat River six miles above the confluence with the
Columbia River and the hatchery holding pond was filled to capacity and
closed to subsequent returning brood stock in early June. The Entiat River
is not racked. -

Inter-dam counts indicated a total wild and hatchery escapement of
spring chinook to the Entiat River in 1985 of 3,671 fish. Leavenworth
Hatchery spring chinook constituted 45% of the total inter-dam escapement
to the Wenatchee River, and Winthrop Hatchery escapement constituted 23%
of the spring chinook passing Wells Dam. Accordingly, one may peg the total
hatchery escapement to the Entiat River as between 844 (23%) and 1,652 (45%)
spring chinook. Based on an actual in-hand count of 793 spring chinook
recovered early in ‘the run, the actual hatchery component of the total
escapement to the Entiat River perhaps had the magnitude of that of the
Wenatchee River (45%) rather then that of the Methow River (23%). :

Age composition of Entiat Hatchery spring chinook varied some what from
those recorded at Leavenworth Hatchery: 81% consisted of 4-yr olds and
19% 5-yr olds; there were no jacks (based on the length frequency distribution
of 469. fish measured at time of spawning). The sex ratio was also slightly
different: 41% males, 59% females. However, these differences could merely
be artifacts resulting from selective measurement of only a portion of the
run. Jacks are excluded in the trapping and antibiotic treatment that occurs
in the fish ladder before the fish are released into the holding pond.

OPTIONAL FORM NO. 10
(REV. 1-80)

GSA FPMR (41 CFR) 101-11.6
5010-314
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Assuming that 1980 brood year survival was similar between Entiat and
Leavenworth hatcheries (0.13% for 5-yr olds resulting from 658,098 smolts
released in 1982 and 0.27% for 4-yr olds resulting from 623,373 smolts
released in 1983), minus the additional turbine mortality (13%) of outmigrating
smolts associated with Rocky Reach Dam, Entiat Hatchery escapement could have
amounted to 2,200 spring chinook or 60% of the total Entiat River escapement.

_.-A blatant,-illegal sport fisheries occurred on the Entiat River during
May and June 1985. . In no way was this sport fisheries surreptitious; the
crowds and campers-were as obvious as those of the Icicle Creek spring chinook
sport fisheries. Best guess, using the 12.5% harvest rate for Icicle Creek,
is that the illegal harvest amounted to 459 fish. Rumors (e.g., individuals
catching 100 to 200 fish) suggest that such a harvest may be Tow.

Winthrop NFH: About 1,200 spring chinook voluntarily returned to Winthrop
Hatchery in 1985. Age composition (based on the length frequency distribution
of 777 fish measured at time of spawning), sex ratio, and sizes were similar
to Leavenworth Hatchery:

Age composition
Leavenworth Entiat Winthrop
Jacks 3% 0 2%
4-yr. olds 65% 81% 66%
5+yr. olds 32% 19%. 32%

_ Sex ratio
Females 55% 59% 62%
Males 45% 41% 38%

Average (upper number) and range (in italics)
of fork length (cm) and corresponding age.
Age and sex ., &
Hatchery Feid M e M
Leavenworth - 29 79 100
(42-64) (63-83) (92-111)

Entiat -

Winthrop 0.3 47 i
(53)* (38-58) by (89-109)

* Only two fish

The 791 4-yr old spring chinook that returned to Winthrop Hatchery in 1985
from the 1981 brood year release of 966,300 smolts represented a return of
0.08%. The 383 5-yr old spring chinook that returned from the 1980 brood year
release of 1,207,000 smolts represented a return of 0.03%. While these are
dismally Tow returns it should be noted that smolts from Winthrop Hatchery must
pass nine dams enroute to the sea.

Turbine mortality per dam is about ]3%ll/br a total mortality of 71% of
smolts released. Theoretically, then, excluding turbine mortality, the 791
4-yr. old spring chinook in the Winthrop Hatchery escapement represented a

LL/'McKenzie, et al. 1983. 1982 systems mortality study. Battelle Pac.
Northwest Labs for Chelan Co. PUD. McKenzie, et al 1984. 1983 systems
mortality study. Battelle Pac. Northwest Labs for Chelan Co. PUD.
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survival of 0.28% and the 385 5-yr olds a survival of 0.10%. If we treat the
1985 Leavenworth Hatchery escapements (5,220 4-yr olds and 2,528 5-yr olds)
in a similar fashion, but allow for turbine mortality at only seven dams, it
becomes obvious that survival (0.71% for 4-yr olds and 0.35% for 5-yr olds)
is appreciably different between Leavenworth and Winthrop hatcheries.

Wrap-up: The 26,758 spring chinook counted over Rock Island Dam in 1985
represented an all time record since counting began in 1935. The next best
years. were in 1977 (19,382) and 1978 (20,406). The Leavenworth Complex
hatcheries contributed about -11,000 fish (Entiat hatchery contribution estimated
at 1,800) to the record run of 1985 or 41%. The Rock Island Dam count of wild
spring chinook was a near record (15,758) in 1985 and only exceeded in 1978
(19,481). Synchronization of relative survival rate for both hatchery and
wild spring chinook in the mid-Columbia River has long been true indicating
the incommon importance of ocean survival.

Assuming comparable mortality between wild and hatchery smolts at dams
suggest that if 3.9M hatchery smolts resulted in a return of 11,000 adults
in 1985, than the 15,758 wild adults that returned might have been represented
by 5.6 million smolts. However, it is likely that wild smolts produce 4-5
times as many returning adults as hatchery smolts, due to delaying the rigors
of natural mortality on hatchery fish until released, but such adjustment still
leaves 1.4 to 1.8 million naturally produced smolts.

Project Leader
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Appendix 1
Notes: 1985 Icicle Creek Creel Census FAO Leavenworth

_ ‘The Northwest Steelheaders. (Wenatchee and Icicle Creek Chapters) constructed
six portable creel census drop card reporting stations (e.g., sign "Report your
salmon catch here", holder for creel cards, etc.) and bore the costs ($150) of
the creel cards. Cooperation was: tremendous and my best guess is that the
reported catch was better then 90% complete. .

The writer fished the-creek on four days. Reconciled observations with
reported catches ‘were close (plus or minus 1 or 2 fish). Other checks involving.
:: daily-and two weekend days servicing the creel census stations, etc., suggest ;

excellent compliance in reporting catches, However, there was some confusion
about reporting fishing trips when no fish were taken, particularly early in the .
season. Negative reporting improved as the season progressed, and frequent and
repeated contact was made with anglers explaining the need for this information.
There were only one or two wise-guys playing cute games in filling out creel

cards. These cards were easily identified and eliminated from consideration.

The use of dummy cards on three occassions suggested that creel cards were not
maliciously altered or stolen.

Within the foregoing bounds, a reasonable estimate of the sport catch of
chinook salmon in Icicle Creek during 1985 would be about 1,000 fish; 910 were
reported and I know of about 20 other fish by shore anglers who did not use the
drop card stations due to inconvenience, but instead kept journals. Considering
that the average catch rate of 10.3 hours per chinook is biased, due to under
reporting of negative trips, particularly by shore anglers, best guess is that
the true catch rate was about 11.2 hours per fish (90 unreported fish at 20 hours/
fish resulting in 1,800 additional hours of effort based on statistics from
other years). This suggests that there was about 2,343 angler trips total for
the season (9,403 hrs reported + 1,800 hrs not reported equalling 11,203 hrs
divided by an average angler day of 4.8 e o),

First runoff of the season commenced two days (May 16) before the season
began and water levels of Icicle Creek stayed up remarkably well through to the
end of the season (June 30). The peak in the Icicle Creek run of chinook
salmon appeared to occur in the first two weeks in June after flows in the
Wenatchee River subsided from about 13,000-14,000 cfs down to about 8,000 cfs.

Other fish caught in the fisheries included a handful of suckers (largescale),
whitefish, and spawned-out steelhead trout, aside for one "bright" 10 pound

steelhead taken June 25. ,
The larger 5-yr old spring chinook ddminated the catch during the early

portion of the season. Jacks, which the sport fishery is selective for, did not
show until mid season.




Icicle Creek Sport Harvest of Spring Chinook Salmon, 1985.

i Number Number  No. Salmon Caught Catch/ _
”  Date - anglers hours Total Jacks hour Remarks
fished‘ !

water high, turbid

8" higher, turbid

down a Tlittle, turbid. .
2,500 ctfs (2)

high, turbmad . -

higher, turbid

down 1%'

500 at hatchery

5/18 51 244
5/19 - 28 e LT
5/20 40 G s Ay
5£21 .« 1489 262
5/22 i 54 229
523 sl 161
5/24 55 192
5725 45 297
5/26 30 163
8/27] 2l 243
5/28 35 ‘144
9/29 47 161
5/30 45 210
5/31 45 227
6/1 43 218
6/2 : 58 229
6/3 61 235
6/4 67 258
6/5 237
6/6 : 232
6/7 268
6/8 540
6/9 306
6/10 317
6/11 213
6/12 354
6/13 444
6/14 521

. 0f15 376
6/16
6/17
6/18
6/19
6/20

B/
6/22
6/23
6/24
6/25
6/26
6/27
6/28
6/29
6/30

Total or

average 1,967

bank full, clear

590 at hatchery ;

Wen. R. 13,000 to 8,000 cfs
bankfull, clear

1,170 at hatchery
bankfull, clear
1,467 at hatchery

1,633 at hatchery
rained, creek 1%'+
bankfull, clearing

Wen. R. high, turbid
2,142 hatchery

total 3,350
bankfull, clear

down 1%'
1st hot day

Tow & clear -
lower & clearer

o
o




Appendix 2
Spring chinook remaining in Icicle Creek

Washington Department of Fisheries personnel expressed dismay over the
large number of dead, unspawned spring chinook in the annual spawning ground
count of Icicle Creek, 8/30/85. John Easterbrooks reported only 17 redds and
43 live chinook (including two jacks), but 136 dead chinook (16 males, 49
females, and 71 unidentified as to sex) from the hatchery downstream to the
confluence with the Wenatchee Rivéer, a distance of 2.8 miles. Of the 49
females examined, 40 were unspawned. v

On 9/6/85 1 surveyed the 0.9 mile upstream area once used as holding
ponds for the Leavenworth Hatchery and referred to as the Icicle Creek
Bypass. Ten redds and 13 live fish were counted. Only one dead fish was
found, an unspawned female, but at this time the chinook kill had pretty
well run its course and the carcasses consumed by scavengers.

Fish kills as occurred in 1985 have been common from time to time in
Icicle Creek dating back to the inception of the Leavenworth Hatchery in
1940. (Fish, F.F. 1944. The retention of adult salmon with particular
reference)to the Grand Coulee Fish - Salvage Program. USFWS, Spec. Sci. Rept.
27529 p.).

Holding ponds at Leavenworth Hatchery (for retaining adult fish between
the time of their arrival in May-June and the onset of sexual maturity in
August-September) were originally formed in the 0.9 mile section of Icicle
Creek bypassed by a diversion canal. Construction of four dams created three
separate creek-holding areas. Catastrophic losses of spawners occurred in
drought years when wager temperatures of Icicle Creek rose into the high
60's FO or Tow 70"'s F~ and conditions were made favorable for the development
of columnaris disease (Flexibacter columnaris). For example, in the 1977
drought 3,000 to 4,000 adult chinook (the entire brood stock) died in early
August with Tittle warning. In 1979, an adequate cold water spawning holding
facility became operational using well water, and the problem was resolved
for the hatchery, but not Icicle Creek.

Climatically, 1985 was an unusual year. The spring was late and colder
then normal and flows in Icicle Creek remained substantial_through June.

By July the snow pack was gone, air temperatures of 90-100°F prevailed, there
was no precipitation (only one shower occurred between early June and early
September), strong winds were incessant and evaporation was as high as 0.7
inches per day, and flows in Icicle Creek dropped to 50-60 cfs, with water
temperatures commonly in the mid to high 60's F in the vacinity of the
hatchery, if not considerably higher downstream. In early August night

time air temperatures dropped noticeably, and along with augumentation of
Icicle Creek flows on August 15 with 37 cfs from cold water released from
Snow Lakes, located seven miles upstream from Leavenworth Hatchery at
elevation 4,990 feet, conditions for survival improved. Apparently, however,
it was about this time that columnaris began to exert its toll. {

On July 12 the rack that had excluded passage of adult spring chinook
into the Icicle Creek Bypass was removed to allow upstream passage. By
the next day chinook were common throughout the entire 0.9 mile length.

Many began to die by the end of the week and by the following week a
pronounced stinch of rotten fish prevaded the area. On August 22, dead,
unspawned chinook were common both in the bypass and downstream in Icicle
Creek, as well as live fish. At this time there were six black bears in the
vicinity of the hatchery feeding on salmon carcasses and it is assumed that
they were highly effective in scavenging carcasses. On August 26 I watched
two male and one female chinook spawning in a large, open riffle of the
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bypass; on September 9 I noted the completed redd but little trace of the
. carcasses of the spawners except for bear tracks. G
Within the foregoing framework I have estimated 365 (about double the
spawning ground count) chinook remaining in Icicle Creek that originated as
hatchery fish. This estimate is believed conservative. While there is no
doubt that some portion of the chinook spawning in Icicle Creek are wild
fish, their numbers would not materially alter the estimate of hatchery fish.
Bryant and Parkhurst (Bryant, F.G. and Z.E. Parkhurst. 1950. Survey
of the Columbia River and it's tributaries -- Part IV. USFWS, Spec. Sci.
Rept. 37) in their stream surveys of the Columbia River Basin described
the Tower 2 miles of Icicle Creek as having the best spawning and rearing
area for salmon. Although their survey was carried out before construction
of Leavenworth Hatchery (September 27 - October 7, 1935), these writers
provide no evidence that Icicle Creek was a major producer of wild salmon.
In fact they provide no record of spring chinook spawning in Icicle Creek
although a small number (21) of summer chinook were observed spawning near
the mouth in 1935. Local residents stated that the run of chinook in 1935
was the first that had ever spawned in Icicle Creek (Craig and Suomela
1936). Testimony of .eight old-time Wenatchee River area residents collected
by Craig and Suomela (1941. Time of appearance of the runs of salmon and
steelhead trout native to the Wenatchee, Entiat, Methow and Okanogan rivers.
Unpub. MS, USFWS) is emphatic that while most of the other tributaries of
the Wenatchee River supported an abundance of salmon at the turn of the
century, very few salmon were found in Icicle Creek. These observations
are an enigma for spring chinook until one considers the recurring restraint
imposed by columnaris disease, a limiting factor regulated by climatic
variability. James W. Wood (1979. "Diseases of Pacific salmon, their
prevention and treatment") of the Washington Department of Fisheries has
extensively documented the pre-spawning losses among adult chinook and
sockeye salmon from columnaris disease induced by water temperatures
that are too warm for these species. Augmentatian. of Icicle Creek flows
with 50 cfs of cold water from the Snow Lakes proved of no avail in
avoiding the catastrophic mortality of brood stock in the 1977 drought.
From the foregoing it can only be deduced that spring chinook runs to
Icicle Creek are largely of hatchery origin due to marginal habitat for
returning adults.

S
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This report presents results of a survey of fish populations in the
mainstem Wenatchee River conducted 26-29 August 1985. The study was
designed to evaluate fish populations, especially juvenile chinook
salmon and rainbow/steelhead trout, in large pool, run, and glide habitat
that is difficult or impossible to sample by conventional methods such
as electroshocking. Fish were counted at stations along nearly 60 km of
river by a team of observers equipped with wet suits and snorkels. In
order to enable estimation of biomass present, fish were concurrently
collected from the Wenatchee River by the U. S. Fish and Wildlife Service,

aided by personnel of the Chelan, Douglas, Grant Public Utilities Districts

and Washington Department of Game, using chemical application.

Substantial assistance in the snorkeling survey was provided by
personnel of the Chelan County Public Utilities District, coordinated by

Steve Hays.

METHODS

Snorkeling Methods

Twelve stations from Wenatchee River Mile (RM) TSI E o i S 3T a
surface elevations from 187 to 518 m were studied by snorkeling. (Table
1). Stations thus ranged from the river mouth, where water level was
influenced by the Rocky Reach dam and fluctuated frequently, to above
I

Tumwater Canyon. Stations were selected to represent typical pool, run

2
and glide habitat throughout that portion of the river.

1A run is "an area of swiftly-flowing water, without surface agitation or
waves, which approximates uniform flow and in which the slope of the water
surface is roughly parallel to the overall gradient of the stream reachii!
) glide is a "slow-moving, relatively shallow type of run" (Helm 1985)




Table 1. Wenatchee River sampling stations, August 1985.

Stream
River Mile Elevation, m. Description Sampling Type gradient,?

1) 187 under Highway 10 bridge in snorkel and
city of Wenatchee chemical 0.24

200 braided area along highway snorkel and
chemical 015 L5

202 chemical
204

212 Highway overlook (asphalt . snorkel
stockpile), irrigation diversion

at lower end

between Cashmere bridges, adjacent snorkel
to raft access parking lot

at state fishing access snorkel

below bridge above Mtn. View snorkel
Drive-In Theater

below defunct Dryden Hydroplant chemical

between two bridges at Dryden - snorkel
off Alice Rd.

braided section below Peshastin chemical

large pool immediately above snorkel
lumber mill

below island, at Leavenworth snorkel
river access




Table 1. Continued

Stream

River Mile Elevation, m. Description Sampling Type gradient,%

2655 340 braid just above Icicle Cr. chemical
road bridge, beginning of
Tumwater Canyon

site of defunct Great Northern snorkel
powerhouse

braided area immediately below chemical
Swiftwater picnic area

along Hwy. 2 above snorkel
gwiftwater picnic area

on River Rd. above snorkel
Tumwater Canyon




wenatchee River discharge was approximately 14.2 m /sec (500 cfs)
below Dryden snd 19.8-22.7'm [sec (700-800 cfs) upstream above major
irrigation diversions, and decreased about 0.7 m /sec (25 cfs) daily
during the four-day study period. Water temperatures ranged between
15.5 and 19.0 C during the period. Stream gradient averaged 0.55% for the
overall study area and ranged from 0.16% near the mouth to 1.86% (Table 1).
“Procedures described by Schill and Griffith (1984) were followed,
with a team of 7-8 observers floating.downstream through each study
section. Observers maintained a prescribed spacing from one another
while floating by holding onto connected lengths of 3 cm diameter PVC
pipe. Spacing was determined'by underwater visibility, which was measured
as the maximum distance at which an object the size of the smallest fish

to be counted could be clearly recognized underwater at the time and

place of samplidg. Weather was clear with bright sunlight throughout

the period. Water clarity ranged from 1.3 m to greater than 4 m, and
observer spa;ing varied between 1.2 and 2.7 'm (Table 2).  Observers
could easily see to the river bottom in all portions of each station
eﬁcept at RM 6.7 where a small pocket was too deep to be counted from
the surface. Skin-diving into this pocket provided a satisfactory
estimate of the few suckers that were present.

Each member of the team counted only those fish that passed underneath
in a lane between themselves and the observer to their left. The flexible
nature of the PVC pipe enabled the observers on each end of thé counting
line to position themselves about 1 m ahead of the others. This facilitated

the counting of any fish which tended to move laterally along the

counting line.




Table 2. Physical characteristics of Wenatchee River stations sampled by snorkeling, August 1985,

Water Diver Spacing, Length, Area, Maximum Predominate
Clarity, m m m n” Depth, m Substrate Character

2.0 15 85 911 1.8 cobble-sand  '"pool" - water backed
up by downstream dam

6,786 . cobble- run-glide
bedrock

6,867 : cobble- pool
boulder

2,374 G cobble- pool-glide
gravel

D210 5 cobble- riffle-glide
gravel

315974 . cobble-
boulder-
bedrock
cobble-sand glide
cobble-sand  pool-glide

gravel-cobble glide

cobble- pool-glide
boulder

cobble-gravel pool-glide

gravel- riffle-glide
bedrock




Sets of replicate counts were made within 30 minutes of each other
at two stations. Replicate counts were similar (within 15%) for all
species except suckers and chinook salmon, for which second counts were
significantly lower.

Each station except RM 1.1 encompassed from 2,000 to 11,000 m? 6f
stream surface (Table 2). The main channel habitat was counted Bicstiat
each station, followed by counts along each bank. At RM Pil— e water
surface was rising rapidly during the count, and therefore bank counts

were not conducted.

All species we observed while snorkeling except dace, sculpin and

stickleback were counted. Species present were:

chinook salmon, Oncorhynchus tshawytscha 2
rainbow/steelhead trout, Salmo gairdneri
cutthreatiitrout i5almo cllarki

bull trout, Salvelinus confluentus

mountain whitefish, Prosopium williamsoni
largescale sucker, Catostomus marcrocheilus
bridgelip sucker, Catostomus columbianus
speckled dace, Rhinichthys osculus

longnose dace, Rhinichthys cataractae

redside shiners, Richardsonius balteatus
chiselmouth, Acrocheilus alutaceus

northern squawfish, Ptychocheilus oregonensis
threespine stickeback, Gasterosteus aculeatus
sculipini N Go N SEsSD -

o Electrophoretic date. for the chinook samples collected suggest a

mixture of spring- and summer-run fish below Leavenworth with only

spring chinook occurring upstream (Appendix 1).




Large beds of mussels (Margaritana margaritifera) were observed in

some upper river stations, especially at RM 28.7.

Separate counts were made for age 0 chinook and older juvenile
chinook. For juvenile rainbow/steelhead trout, three size groups
(<100mm, 100-200mm,>» 200mm) were counted separately. Adult salmon and
steelhead were not counted. Juvenile mountain whitefish were differentiated
from adults by the presence of parr marks on the former. At three
stations (RM 10.0, 21.2, and 28.7) there were too many size/species
combinations present for observers to tally in a single pass. At these
sgations one pass was made to count salmonids and a second to count the
remaining species.

Chemical Application

Eight stations were sampled by chemical application to obtain fish
biomass data. All were riffles o associated small pools on side-
channels passing 10% or less of the Wenatchee River discharge (Lablei3) .

Bedrock-boulder habitat predominated.

RESULTS AND DISCUSSION

Snorkel Counts

Numbers of fish counted are given in Table 4. Chinook and rainbow/steelhead

were by far the predominant species in the upper three stations. Sucker

numbers were highest in the middle portion of the river (RM 12..5-21:2) ,

with most, if not all, of the suckers observed being adult largescale

suckers. Adult mountain whitefish followed a similar trend, although




Table 3. Physical characteristics of Wenatchee River stations sampled by chemical application, August 1985,

Average?
Length, Area, Flow, Veloe ity Percent® Predominate
m m?2 efis fps cover substrate Character

L4

69 751 1Ll 01,8 boulder-sand riffle-pool
55 425 20 150 boulder riffle-pool-riffle
3155011 49 0.7 bedrock-sand riffle-pool
i 2901 49 1525 boulder chute-run
2,030 23 0.6 bedrock-boulder riffle-pool
1552185 51 0.9 boulder riffle-pool
1,436 21 05 bedrock-boulder riffle-pool

1,779 30 0.6 bedrock-boulder pool-riffle

11722 S10ht

8Methodology of Binns (1982)




Table 4. Numbers of fish counted in Wenatchee River snorkel stations, August 1985,

\

Rainbow/Steelhead
<100 100- Whitefish
mm 200 mm 200mm+ juv. adult Sucker

24 10 122

9 36 1112

147 24 81

79 57,

; aToo numerous to count - more than 500




juveniles were found more consistently throughout the river. A single

bull trout was the only other salmonid observed. Northern squawfish
were found in several study sections in low numbers.

Counts made at the river mouth (RM 1.1) were made under less than
ideal conditions when the water surface elevation was changing, and as
such are less representative of actual population size than are counts
at the other stations.

Chinook Salmon

In addition to age O chinook, a few larger (130-150 mm) chinook
were observed in several study sections. These fish appeared to be
hold-over I+ individuals.

Age O chinook appeared to show several trends in spatial distritution.
In upriver stations, glides and riffles (RM 24.5 and above), fish tended
to be scattered individually throughout medium depth-medium velocity
water. In deep pools such as those at RM 6.7 and 21.2, and to a lesser
extent at 28.;, nearly all of the chinook were found in a single cluster
of several dozen individuals found near the surface in deep water at the
head of the pool, usually at the edge of a backeddy. The pool at RM
34.0 was an exception, with no cluster of fish present. Downriver from
RM 21.2, there appeared to be a considerable amount of suitable habitat
that was not occupied by age 0 chinook.

The reaction of age 0 chinook to snorklers differed in each type of
spatial distribution. Fish distritubed individually over gravel or

cobble substrate displayed little reaction, often moving a short distance

and then returning to their station almost immediately. If heavy boulder




cover was present, however, these fish would move into hiding at the

approach of the diver. Replicate counts in this habitat produced considerably
smaller counts on the second pass. Clusters of chinook showed virtually
no reaction to the observers, and follow-up counts there were similar to
the initial passes. Overall, counts of juvenile chinook are believed to

" be good indicators of actual abundance, especially in pool environments,
although counts in other habitat should be viewed as slight to moderate
underestimates.

Rainbow/steelhead Trout

Fish counted in the size group €100 mm were age 0 rainbow/steelhead.
The 100-200 mm group was probably a composite of age I pre-smolts and
resident rainbow, and the »200 mm group were probably all resident
rainbow.

Intermediate- and large-sized fish were present in areas of moderate
to high wate; velocity close to instream cover. Their distribution did
not generally overlap with that of juvenile chinook, except at the heads
of pools. The largest rainbow (400-450 mm) were consistently in areas
where accessibility by anglers was poorest.

Age 0 rainbow/steelhead were consistently found along the river
margin in shallow, low-velocity water. They were distributed individually
and were not found in clusters. Overall, 92% of all age 0 rainbow/steelhead

were counted by observers during bank counts and 8% were found in the

main channel.




Rainbow/steelhead of all sizes did not display strong avoidance
reactions to underwater observers, and in some cases would actually swim
toward the observer. Because of the shallow habitat and close association
with the substrate of the age 0 fish, however, we assumed that our
counts were underestimates of actual numbers. For intermediate—'and
large-sized fish, counts should closely reflect numbers present.

Mountain whitefish

Juvenile whitefish were observed as aggregations of fish about 100-

140 mm in length. Adults were often in loose clusters and typically

were 250-350 mm long. Whitefish, especially adults, were visibly 'nervous"

in the presence of observers, but often remained mo;ionless on the
bottom of deep pools as observers passed overhead. Counts should very
closely reflect actual abundance.
Suckers i

Largescale suckers were found in large numbers in deep pools and,
somewhat surprisingly, in higher-velocity runs and riffles. Fish were
virtually all large adults (300-400 mm) and were typically in clusters
of up to several hundred individuals. They exibited the strongest
response to observers of any fish species in the Wenatchee system,
becoming very agitated and attempting to form fright huddles. Because
of their abundance and behavior, some counts may be underestimates, and

it was impossible to obtain a satisfactory count at the RM 14.7 station.

Other species

A single bull trout, about 300 mm long, was noted at RM 28.7.




Northern squawfish were occasionally noted, usually as solitary individuals
250-300 mm in length. They were sometimes found in a cluster of suckers.
From above, the squawfish closely resembled suckers and mountain whitefish
in size, shape and color, and therefore we may have slightly underestimafed
their numbers.

Chemical Application in Riffles

A total of 14 species was collected in the eight sampling stations
(Table 5). The lengths of age 0 chinook averaged from 70 to 78 mm, with
the larger fish found in the middle stations. Lengths of age 0 rainbow/
steelhead showed more variability with location, ranging from 48 mm at tﬁe
upper station to approximately 73 mm in the middle stations.

Densities of Chinook and Rainbow/Steelhead

2
Densities (fish/100 m ) were calculated separately for juvenile chinook

and rainbow/steelhead in both pool-run-glide habitat and in riffle habitat

2
(Table 6). For chinook, densities averaged 1.2 fish/100 m  in the former

habitat and 3.5 in the latter.

For rainbow/steelhead, densities in riffle habitat were also several
times that seen in the Pool-run-glide habitat for fish <100 mm and for those
100-200 mm. Those stations that had higher densities of chinook also tended
to hold higher densities of age 0 rainbow/steelhead.

Because age 0 rainbow/steelhead in the pool-run-glide habitat appeared
to utilize near-bank areas almost exclusively, a separate density estimate
was calculated for that habitat, assuming a width of 4 m along each bank :
(Table 6). Densities averaged 4 fish/100 m2, still considerably less than

those in the riffle habitat.




Table 5. Numbers, average total lengths in mm. (in parentheses), and average weights of fish collected by chemical
application, Wenatchee River, August 1985. '
Rainbow/steelhead Mountain
<100 100- whitefish Speckled Longnose
Chinook 0O+ mm 200mm 200mm+ (juvenile) Sucker? dace dace Other

7. (710.0) 9 0 0 O 19 12 0 4 redside shiners
0) 4 chiselmouth
4 squawfish

500+ stickleback

39 (76.8) 2 1 squawfish

587 (71.6) redside shiners
squawfish
stickleback

62 (784 ' chiselmouth
g stickleback

36 (76.3) redside shiner

92876 5)

81 (/] 59) 1 cutthrpat trout

1035(72 . 9) Zebulle tront

Average
weight, g . @ : 687.0

L largescale except those at station RM 33.8 which were bridgelip.
Too numerous to count
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Table 6. Densities (fish/100 m ) of juvenile chinook salmon and
rainbow/steelhead in pools and riffle stations, Wenatchee
River, August 1985.

Bank

Pool j iRififle, hab}tat Chinook Steelhead ¢ 100 mm Steelhead
RM RM (m®) age 0 & 1 entire site bank only 100-200 mm

b1 0.1 0 0 : 0

0.9 + 12 0

.0 1,104
o9 28595

Weighted average: pool
riffle

includes 1,345 m° of shallow backeddy habitat




This trend in density is similar to that found by Johnson (1985)
for age 1 and older juvenile steelhead in several western Washington mainstem
rivers. As stream gradient increased, steelhead density increased from
1.05 f1sh /100 m2 at 050,257 o radient to 4,10 Eish 2t 0.50-1.0%. |'As expected,
there was a greater proportion of riffles and runs in the high gradient
area than in the low gradient areas (81% vs. 37%). Densities of 100-200 mm
rainbow/steelhead found in the Wenatchee system (0.5 fish/100 m2 in' paoils,

3.7 in tiffles) were similar but somewhat less than those found by Johnson.

Biomass Estimates

Observed biomass in terms of grams of fish tissue per square meter of
river surface was calculated for all chemical application stations (Table 7).

The average was 6.60 g/m2 for. those riffile stations,.with a range of 1.05

o 320723 g/mz. The high value was composed largely of sucker biomass.

Juvenile chinook and rainbow/steelhead made upk 3liand il 7 o fiEhe
overall total biomass, respectively.

" Average weights of the juvenile chinook, juvenile rainbow/steelhead,
juvenile mountain whitefish, and suckers collected by chemical application
(Table 5) were used to estimate biomass present in the pool, run, and
glide sections that were snorkeled. Estimates of average weight for adult
whitefish, squawfish, and bull trout were taken from length-weight
relationships in Carlander (1969) for the average lengths of fish observed.
Since sculpin were noted at all snorkel stations but were not counted, the
average biomass value obtained from the chemical stations was utilized.
Similar procedures were applied for speckled dace, which we%e observed at all
snorkel stations except RM 38.5, and for threespine stickleback, which were

observed only at RMil1.




Table 7. Biomasses (g/m 2) of fish at sites sampled by chemical application in the Wenatchee River, August 1985,

River Area Chinook Rainbow/ Other Mountain Longnose Other
Mile m salmon steelhead trout whitefish dace Sculpin % Sucker species

I 751 0.04 0.05 0.06 L6 g a7 et
4k 425 0.52 0.81 . : 0.49 £y
5.2 3,561 0.08 0.18 . . .10 : 0. 1pcfel
5.3 1,291 0.33 : : .69 0.10°8M
15.6 2,030 : 1.52 . : .80 : 6.3t
18.4 1,218 : 170 : : 235 ; tx©

26.5 Li436. 4 0 1.30 ! ! / .91 0.02°
33.8 1,779 ! 2,10 ; : . .29 ; t
Weighted

avieraae 0850

Percent of
total

Ngmber/
m

0.01 Sl 0,07

2bull trout fredside shiner
bridgelip gthreespine stickleback
cspeckled dace .chiselmouth
cutthroat *northern squawfish
elargescale




timates for the the pool, rum, and glide study sections

Biomass es

3.0 to 6. g/m2 (Table 8).

Sucker biomass accounted for the

ranged fr
L oF the total at the mid-river locations. Disregarding suckers,

bul
ol 5 g/m2 for the lower

values were relatively consistent, ranging from 20t

three and the upper three sections and 8 to 2 g/m2 for the six mid-
river sections. Juvenile chinook and rainbow/steelhead trout combined made
up less than Jig/mi. [dIhe rainbow/steelhead biomass at three stations
was composed largely of fish larger than 200 mm

(RM 6.7, 12.5, and 24.5)

(82, 105 and 79% of totals, respectively).




Estimated biomasses (g/m2) of fish at Wenatchee River snorkel stations, August 1985. Average welghts
were those obtained by chemical application (Table 5), except squawfish and adult whitefish which
were taken from Carlander (1969) for average lengths of fish observed. ;

Chinook Rainbow/ Mountain Z Speckled
Salmon Steelhead Whitefish Sucker dace Total

1.1 trP 0 3.0 92.0 . . 0.1 : 97.9

4.4 tr ey i A : 0.1 i3.7
6.7 ot 0.5 153 . : : ey 11.0
10.0 0.4 0.4 7.9 : : : . 51,8
12 0.1 0.9 ' ; : : 116.4
14. tr 0.1 . ; . 94.1
16. tr 0.2

21. 0.0 0.2

24, 0.1 iop

28. . 1.2

34,

38.5

Weighted
average 5 . 28 215 0.30

8avg. for all chemical stations
Prr= ¢ 0.05g

Cthreespine stickleback
assuming 500+

€bull trout
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Appendix 1

Oregon Cooperative
Fishery Research Unit | () %gton COOPERATING AGENCIES:
Depanment of ate . 104 Nash Hall ; Oregon DEDanme'nt of Fish and Wildlife
Fisheries and Wildlife | UNIVETSItY | Corvallis, Oregon 97331-3803 o frd FTs: Oregon Sate university

October 15,1985

~Jim Mullan
Fisheries Assistance Office
Route 1, Box 123-A
Leavenworth, WA 98826

Dear Jim:

I have enclosed the electrophoretic data for the chinook samples that you
collected from the Wenatchee River. I also included the isozyme gene fre-
quencies for 8 upper Columbia River stocks collected in 1984 for comparison.
For the analysis, we must assume that the isozyme gene frequencies are
similar between year classes although results of our data indicate that
statistically significant differences can occur between year classes.
However, the differences between year classes are small relative to the
differences between spring and summer chinook for the three enzyme systems
that we examined.

Both spring and summer chinook are present in the lower Wenatchee River.
The isozyme gene frequencies of the samples from river miles 4.4, 15.6,
and 18.4 are intermediate between the 1984 summer chinook and 1984 spring
chinook. The isozyme gene frequencies of the samples at river mile 26.5
and 33.8 are similar to those of the 1984 spring chinook. None of the
commen allele frequencies for the lower three stations are as low as the
1984 common allele frequencies for summer chinook that were collected in
June. This suggests that spring chinook which have higher frequencies of
the common alleles are present in these samples.

It is possible that there are behavioral differences between genotypes
that could cause a gradient in gene frequencies with river mile; however,
I don't believe that is happening in this case since the results are
similar in three different enzyme systems.

On another note, I talked to Ken Currens about those resident rainbow that
you collected, and he indicated that he is swamped with work on our contract
and also for his thesis, so he doesn't have the time to run the analyses at
present. I also need to know if you want the carcasses of either the chinook
or steelhead juveniles from the Wenatchee River. Please let me know if you
want them or have any questions.

Sincerely,

I'\/;C;\ c'(’7 A)/‘-“’ F
Randy Hjort




Appendix 1

Electrophoretic analysis of juvenile chinook salmon in the Wenatchee River system, 1984-85.

Enzyme system

PMI SOD
missing 100 109 missing -260 " missing

1985 samples
1.00 .00 1.00
.76 .24 . .40
.80 .20 220
S 22 : 2K
.90 L0 : 16
83 kel : 24

1984 samples

Wenatchee summers . . 166
Methow summers . . -
Okanogan summers

Wells Dam summers : : 7k

Wenatchee springs

Methow springs . . LB
Entiat springs

Leavenworth Hatchery
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Introduction

In February 1983, 1.3 million spring chinook salmon, Oncorhynchus

tshawytscha, from Leavenworth National Fish Hatchery (LNFH) were planted
in a controlled section of Icicle Creek. In July 1983, a sample of these
fish included what appeared to be an exceptionally high number of precocious
males. Gametogenesis may have been stimulated in these fish because they
had been fed a hatchery diet and had experienced rapid growth before they
were released from the hatchery.

In 1984, adult chinook salmon were permitted to enter the section and
spawn, a situation that made it possible for us to attempt to compare the

incidence of precocity in juveniles spawned natural and in juveniles from

the same brood that had been reared under hatchery conditions for several

months. This situation also provided the opportunity to assess the survival
of hatchery fish that were planted prior to the time that they would be
expected to emigrate to the ocean as smolts. We describe observations

made concerning the growth and survival of the fish spawned and stocked in
the section in 1983 and 1985 and discuss the potential of the controlled
section of Icicle Creek as a site for experimental work to evaluate planting

procedures.
Study Site

Icicle Creek originates as a steep-gradient, high-velocity, degrading
stream in the north central Cascade Mountains of Washington. Mean, minimum,
and maximum annual flows measured at river mile (RM) 5.8 (USGS) are 628,

55, and 11,600 cubic feet per second (cfs). Several diversions occur

between the gauging station and RM 3.8, downstream from which the gradient

of Icicle Creek is low and the channel is depositional and meandering.
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Diversions are for irrigation, for municipal supply for the town of
Leavenworth, and for LNFH.
In 1939, areas for holding adult salmon and steelhead between the
time of their retufn fo LNFH and the onset of sexual maturation were
déveloped in a 0.9 mile meander of Icicle Creek bypassed by a diversion

canal. Four concrete dams, regulated by flashboards, provided three

separate holding areas. A fifth dam at the downstream end of the diversion

canal provided the head needed to regulate flow in the controlled section
of Icicle Creek. In 1979, use of the controlled section for holding brood
fish was discontinued.

Morphometry of the controlled section has changed over the years as
the channel adjusted to reduced flows of less than 200 cfs and sedimentation,
mostly coarse sand, increased. Gradient of the section is low (1129 to
s feet.elevation). Its water surface area has been reduced by 40 to
50% to 5.1 surface acres. Vegetation on aggraded islands and along the
shoreline is in the early stages of succession. Reaches below the semi-
defunct dams still include the typical alternating riffles and pools,
with cobble-rubble and sand predominating as substrate.

Both anadromous and resident fish occur in Icicle Creek. The LNFH,
located at RM 2.8, releases 2.5 million spring chinook salmon and 100,000

steelhead (Salmo gairdneri) smolts annually. Both steelhead and chinook

salmon spawn naturally in the reach downstream from the hatchery, but the
hatchery diversion canal dam is a barrier to upstream migrants. The
furthermost upstream dam in the controlled section also is a barrier to
upstream migrants, as is the lowermost dam when racked, except at extreme

high water.
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Resident fishes found in Icicle Creek include rainbow trout (Salmo

gairdneri), cutthroat trout (Salmo clarki), brook trout (Salvelinus

fontinalis), bull trout (Salvelinus confluentus), mountain whitefish

(Prosopium williamsoni), sculpins (Cottus spp.), dace (Rhinichthys

cataractae and R. osculus), and suckers (Catostomous macrocheilus and

C. columbianus). Rainbow trout are generally stocked as "catchables" in
upstream areas of Icicle Creek beginning about three miles above the

hatchery. No fishing is allowed in the controlled section.
Methods

Juvenile spring chinook salmon from LNFH only became available in May -
1985 when they approximated 3.5 g in weight. On May 9, 1985, we pressure-
sprayed 38,600 fish with fluorescent dye (Phinney and Mathews 1969). As
the spraying proceeded we removed small lots of fish to hold at the hatchery.
All fish not retained were put into the controlled section below the further-
most upstream dam. Fourteen days later, a sample of the marked fish retained
in the hatchery was examined under an ultraviolet lamp in a darkened room and
105 of 143 fish (73%) had a visible mark.

A preliminary sample of fish from the controlled section was obtained
by electrofishing a 100-m reach on May 23. Discrete hydraulic units (i.e.,
riffle-pool) of the controlled section of Icicle Creek were sampled from
July through October.

After August, when the lengths of the larger young-of-the-year (y-o-y)
steelhead began to overlap with the smaller, older trout, representative
samples of otoliths were used to distinguish fish from separate age groups.

Because rainbow trout were present in Icicle Creek, it is possible that
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some of the juvenile fish that we examined were offspring of resident

rainbow trout rather than of steelhead. We assumed, however, that all

y-o-y rainbow trout were steelhead.

Results

We removed 34 chinook salmon from the controlled section on May 23,
1985. Becauée of their large size (length ranged from 60 to 72 mm)
relative to fish from natural spawning, we assumed that four of these fish
were from the hatchery--three had particles of dye embedded in their skin.
The remaining 30 fish in the sample ranged in length from 33 tol 52 ‘mmy,
and included some recent emergents that still had a visible yolk-sac.
Accordingly, chinook salmon from the hatchery could be identified by
fluorescent mark, large size, or both.

Despite sampling more that 1000 juvenile chinook salmon and 33% of
the area in the controlled section from May to October (Table 1), only 17
fish were captured that were large enough to be considered hatchery fish
and only nine of these were marked. In addition, no marked fish were
captured after July 17. We concluded that most of the hatchery fish
emigrated from the section within two weeks after they were planted.

A different result was obtained in 1983. The total number of fish
in the controlled section of Icicle Creek in July 1983 was estimated by
multiplying the average density (0.18 fish/mz) in six reaches of the
section (estimated in snorkel surveys) by the total area (20,639 m2)
of the section. We estimated that a total of 3715 fish or 0.29% of the
fish that had been stocked in February were still present in the controlled

section in July 1983. This estimate is based on the assumption that all
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of the fish present in the controlled section were accounted for in the
snorkel surveys.
The difference in behavior of salmon planted in the section in 1983
and 1985 appears to have been related to the time and size that they were
réieased. The average weight of the fish stocked in 1983 was less than a

gram, whereas fish stocked in 1985 averaged 3.5 g.

Adult steelhead that were permitted entry to the controlled section

in fall and winter 1984-85 were observed spawning from early March to
late May 1985. Length frequencies of fry showed that their offspring
emerged from the gravel from late June to early August.

There was little overlap in the sizes of y-o-y steelhead versus chinook
salmon through August, but their length distributions began to overlap in
September. The apparent convergence in the size of y-o-y for both species
(Figure 1) cannot be explained with the data obtained. In either species
there seems to be a tendency for larger fish to leave the section. If
this tendency persists throughout the summer, the growth summarized in
Figure 1 underestimates the growth that actually occurred. Very few
salmonids remained in the reaches sampled on Oétober 30, and of those that
did remain, the average size was small compared to the size of the fish
that left. Maximum biomasses occurred in late summer and then declined

for both species (Table 1).
Discussion

Our results showed that planting hatchery fish that have been reared
on the feeding and temperature regimes at the hatchery through May of
their first year may not stay at the planting location for more than a

brief period of time. Consequently, the experimental design proved to be
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. : 2 ; ;
Table 1. Numerical density (n/m~) and biomass (g/mz; in parentheses)

of fish in the controlled section of Icicle Creek in 1985,

means when more than one sample was taken.

Values are

Area
(ms)

Steelhead

o+ 1+

Sculpin

0.155
(0.2)
0.253
(0.8)
0.084
(0.4)
0.155
(0.9)
13302

10=30 0.003

(+)

0.035 02013

(+) (0.1)
0313 0,032
(0.3) (120}
0.081 0.004
(022) (B 1)
0.075 0.020
(05 3) (0.4)
0.047 0

(0.1) (0)

0
(0)
0.003
(0.2)
0
(0)
0
(0)

0

0.054
(0.3)
0201
{042)
0.044
(0.1)
0.074
(0.4)
0.068

(0.3)

1Two samples
Three samples
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faulty for the purpose of comparing precocity in fish that began their
lives under hatchery conditions with that in naturally produced fish.

Whether the chinook salmon from LNFH that we planted in the controlled

section of Icicle Creek in 1985 found suitable habitat somewhere downstream

ffom the section is not known. We do know, however, that they did not
supplement the population of naturally spawned fish in the controlled
section. Because of the differences in behavior of chinook salmon planted
in 1983 and in 1985, we now believe that spring chinook as large as 3.5 g

in early May bf their first year will emigrate from streams as small and

as cold (maximum temperature in 1985 was 64°F) as Icicle Creek. Attempts to
supplement natural populations of anadromous salmonids with fry, fingerlings,
or presmolts is a management tool that is being used with increasing
frequency in hopes that more fish can be produced from natural fearing
areas. Our results indicate that the size and time that these fish are
released may be crucial in determining the success of these efforts.

One of our objectives was to assess the suitability of the controlled
section of Icicle Creek as an experimental release site for testing the
outcome of alternative planting strategies. There has been some concern
that the modifications of the section in 1939 and the changes that have
occurred since have rendered the section unsuitable for production of
juvenile salmonids.

In February 1983, 1.3 million chinook salmon fry were planted in the
controlled section of Icicle Creek. We are probably safe in assuming that
the 0.9 mile section was "seeded to capacity" for chinook salmon. In fact,
we probably can assume that density-dependent mortality was great among
these fry during the first weeks after they were planted. Density effects

may also have depressed their growth rate, but their biomass in late July
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1983 probably was approaching the limiting capacity of the section for
supporting chinook salmon tissue under the conditions present in that year.
The biomass (product of the mean weight of fish sampled during late July
1983 and the number of fish present) for y-o-y chinook salmon was 1.23 g/m2.
Ih 1985, both y-o-y chinook salmon and steelhead were present in the section,
and on August 12 their combined biomass was 1.11 g/mz. We do not know how
many steelhead spawned in the section, but we did observe six chinook salmon

redds in the section in September 1984. Although we cannot be sure that

1b il g/m2 represents "full seeding” of the habitat, it does appear that one

could expect late summer biomasses for y-o-y salmonids to be between 1.0 and
145 g/m2 if as many as six female chinook salmon, and perhaps an equivalent
number of female steelhead, successfully spawn in the controlled section.

Subyearling salmonids continued to grow in Icicle Creek dqring the
summer and during early fall as water temperature declined. This growth
pattern may be characteristic of fish in mid-Columbia River tributaries as a
similar trend was found for chinook salmon and steelhead in the Methow River
in 1985 (unpublished data of J. Mullan). As in Icicle Creek, the growth
rate of y-o-y steelhead appeared to exceed thét of y-o-y chinook salmon
during late summer and during early fall as water temperature declined.

The controlled section of Icicle Creek provides suitable habitat for
both y-o-y steelhead and chinook salmon. Our data show, however, that
chinook salmon fry must be stocked early in the spring before they approach
3.5 g in body weight if they are to remain in the section. Similar data
are not available for steelhead, but samples that were taken in October
showed that very few chinook salmon remained in the section as fall

approached. We have to conclude that the section did not provide the type
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of habitat that these fish preferred as they attained body lengths in excess

of 70 mm and as stream temperature declined in the fall. A similar but less

pronounced tendency also was evident for steelhead.
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The controlled section of Icicle Creek

ARD-HFR; Region 1

It is suggested periodically that the natural discharge of Icicle Creek
be restored in the controlled section and that the diversion canal be
abandoned. While such rehabilitation is possible, it would be expensive
(cost of the alteration was $300,000 in 1939) and inimical to hatchery

operations.

The large tailrace pool of the diversion canal dam currently functions as

a temporal refuge for newly released chinook salmon and steelhead smolts
and for adults returning to spawn. With abandonment of the diversion canal,
the tailrace pool would fill in and disappear over time because flows in
the controlled section rejoin the main channel in the tail of the pool and
do not have the 'scouring effect of flow going over the 22-foot diversion

‘dam. Furthermore, with re-diversion the major flow would then be on the

right bank and not on the left bank where the fishway to the currently
used holding ponds is located.

Catastrophic losses of adult salmon in Icicle Creek have been common in
drought years when water temperatures rose into the high 60's F or higher
and made conditions favorable for the development of columnaris disease
(Flexibacter columnaris). The meandering, wide channel below the hatchery
has been carved by discharges as high as 11,600 cfs, and discharges as low
as 55 cfs do not afford much protection from rapid heating of the shallow,-
spread-out flow during hot, dry summers. Accordingly, the diversion canal
dam tailrace pool, which receives cold well-water discharge from the holding
ponds via the fishway, is important for survival of both fish that are
spawned at the hatchery, many of which hold there well into Rugust before
ascending the fishway, and those that spawn in Icicle Creek.

On the other hand, the controlled section of Icicle Creek provides a semi-
natural stream with year—roudd flow of good-quality water. These physical
circumstances provide low-cost potentials for better understanding of g
salmonid production in mid-Columbia River tributaries:

1l Evaluation of any number of scenarios involving outplanting of
excess hatchery fish, as exemplified in the enclosed report,
is possible. Considering the current interest in restoring
coho salmon (0. kisutch) to historical habitat of the mid-
Columbia River, study of the interaction of coho salmon with
existing species, especially steelhead, warrants high priority.
A fry-trapping capability at the downstream end of the controlled
section. to monitor success of.emergence of wild fish and-
emigration of hatchery and wild fish is needed.
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Comparative information on precocity, disease, and timing of
smolt out-migration for salmonid stocks in the controlled section
versus those raised at Leavenworth Hatchery could have profound
implications for integration of wild and artificial propagation.

Habitat manipulation and evaluation are both readily possible

and desirable in maintaining the controlled section of Icicle
Creek. Although the section is depositional while most mid-
Columbia River streams are erosional in character, the contrast
could be revealing as to habitat "quality" in erosional streams.
The presence of sand sediment in mid-Columbia River tributaries
is deceiving in that it does not produce the turbidity commonly
associated with severe stream sedimentation. The trout population
declined to less than half its normal abundance in Hunt Creek,
Michigan, following an experimental introduction of sand sediment
(Alexander and Hansen 1983). Conversely, the trout population
increased 40% in Popular Creek, Michigan, when the sand bedload
was reduced using a sediment basin (Hansen et al. 1983;
Alexander and Hansen 1983). These authors concluded that fry
production was reduced because of loss of microhabitat caused

by sand embeddedness of the substrate or vice versa. The
implications of sand deposition filling, plugging, and burying
most of the rough substrate of the controlled section and the
need for a sediment basin just below the uppermost diversionary
dam in correcting the situation should be obvious.

) : i
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l. Introduction

System planning is a focused effort to double salmon and steelhead runs into the
Columbia River Basin through the integration and implementation of 31 subbasin plans,
consistent with a range of principles and objectives in the System Work Plan. To help
facilitate the system planning process, the Northwest Power Planning Council (NPPC) is
developing a system planning model to explore alternative strategies for improving fish runs.
The model will be used as a tool to better understand how such elements as production,
passage and harvest interact. The model will also be an important tool in a long-term
monitoring and evaluation program being developed through the Monitoring and Evaluation
Group to complement the Systems Planning effort.

For the model to be most useful. specific kinds of information are required from each
subbasin. The main purpose of the Data Standardization Report (DSR) is to clearly
identify to the subbasin planners and planning teams which specific information is required
and in what form it should be provided in the Preliminary Information Report (PIR) for
each subbasin. The PIR will be prepared by the subbasin planners working with the
technical committee. The DSR describes the specific information which the Monitoring and
Evaluation Group (MEG) and System Planning Group (SPG) have identified as necessary for
early model runs. These simulations will be used to evaluate the potential of existing
mitigation measures to achieve the goal. The MEG will use the preliminary data for model
calibration as a check to ensure that the common data reporting requirements will provide
the necessary outputs. In addition, preliminary model runs will be used to decide the level
of detail necessary for describing enhancement strategies for model simulations. Because of
the importance of the PIR in supplying information for the system modelling, the SPG and
MEG have set a January 1, 1988 due date for the report.

The DSR also serves additional purposes. First. it contains a description of the
system planning model and how it functions. This should help the subbasin planners and
planning teams better understand the importance of specific information reporting
requirements. Second. the DSR briefly describes relevant data bases which will be useful
for system planning (i.e.. NPPC and U.S. vs. Oregon data bases). Third, the DSR
provides a description of a standard techniques for estimating habitat carrying capacity.
This technique must be used in each subbasin but does not preclude the use of other
techniques to estimate smolt capacity. Finally, the DSR provides a list of definitions for
critical parameters for system planning.




Il. Use of the System Planning Model in System Planning

A. Introduction.

The System Planning Model (SPM) is a computer simulation of the salmon and
steelhead life cycle in the Columbia River Basin. It permits simulation of hypotheses
concerning tributary production, mainstem passage, and ocean survival and harvest. The
model is designed to function on a standard IBM-type personal computer.

The SPM will be used extensively in system planning as a structure for technical
discussions and to integrate the subbasin plans to a common set of harvest. passage and
survival rates. The model will also be used as an analytical tool to estimate the
contribution of the subbasin plans to the goal of doubling runs. This section will provide a
description of the model and discuss the function and use of the model in subbasin and
system planning.

B. Description of the model.

The System Planning Model was originally constructed during a series of basinwide
workshops conducted by the Council. The model became a summary of the technical
discussions of the workshop. Since these workshops, the model has undergone considerable
development, mainly to make it easier to use; the actual logic of the model is retained from
the original versions. The model is presently written in.IBM-compiled BASIC; however, it
is now being rewritten in TURBO PASCAL. This rewrite will include modifications to
improve the ease of input/output functions.

1. General Features. The SPM steps through the the salmonid life cycle in three
discrete modules involving tributary production, mainstem passage, and adult survival and
return. The time step of the model is one year. Simulations can be made up to 50 years
(100 years in the new version).

The SPM is a steady-state model that will equilibrate eventually at a level resulting
from balancing the productivity of the stock with the mortality forces of passage, harvest,
and natural factors. The model will arrive at its equilibrium for a given set of production
and survival factors, although it is possible to intervene and change input data during the
course of the simulation.

2. Tributary Production Module. Production of fish in the tributaries includes the
period from egg deposition to outmigrant smolts entering the mainstem Columbia River.

The model begins with an age structured adult spawning population in the tributary.
Sex ratio and fecundity by age class are input to produce an initial egg deposition.

1 Although the model conceptually assumes that production occurs in the
tributaries, mainstem spawning areas could be treated adequately as a
“subbasin” by the model.




The number of smolts produced in the model from a given number of eggs is the
result of a density dependent survival rate. Calculation of this rate assumes a Beverton-
Holt type relationship between the number of fry present and the resulting fry-smolt survival
rate. Parameters for this function are the maximum fry-smolt survival rate (therefore, the
survival rate at near zero fry density). and the maximum smolt carrying capacity which acts
as an asymptote. The model thus assumes that smolt rearing area in the subbasins is a
limiting factor. It is also possible to use spawning area (egg capacity) as a limiting factor,
although this is not assumed to be density dependent.

3. Mainstem Passage Module. The mainstem passage module uses logic similar to
that in other fish passage models but with the time step of one year. Fish exiting the
tributary production module are looped an appropriate number of times through a
generalized model of fish passage at a mainstem hydroelectric project (dam and reservoir).

Reservoir survival is modeled as a function of flow and reservoir length.2
This makes the assumption that mortality is a function of smolt residence time in the
reservoir. The mortality rate per mile is assumed to be constant at flows above a
specified level, and increases at flows less than this level.

At the dam, fish are routed through as many as three passage routes (spillway,
turbines, or bypass) at project-specific survival rates. Spill can be provided at each project
at a constant rate for the scenario. Fish transported from the collector projects are subject
to a specified survival rate.

4. Adult Survival and Harvest. After crossing Bonneville Dam, transported and
nontransported migrants are added together and subjected to a survival rate up to the age
of first recruitment into the fishery.

Once recruited into the fishery, the model applies both a natural survival rate and an
age-specific harvest rate. Ocean harvest rates are applied as one age-specific rate, and no
further analysis of harvest by ocean area occurs. Fish are also matured and returned to
the river as escapement. The maturation schedule is based on the age structure of the
original adult spawners.

Fish escaping to the river of various ages are added together and subjected to
estuary harvest (commercial zones 1-5) and harvest in each of the mainstem pools (zone 6
and beyond, if desired). Mortality is also assessed at each of the mainstem dams. This
mortality is a constant rate for the simulation (specific to each dam).

Fish escaping to the tributary can be subjected to a terminal harvest rate which can
be specific to production type (hatchery vs. wild). The resulting spawning escapement is
used to start the cycle over again.

5. Additional Features. Three production types.are available in the present model.
Fish can be produced either as wild spawners or from a hatchery. Hatchery fish can be

2 It is possible to remove the effect of reservoir length (as might be indicated by
recent predator research) by specifying the length of each reservoir as equal to
the average reservoir length.




released from the hatchery or treated as fry plants to the wild. Returning adults to the
hatchery are selected at random from the general tributary returns (wild and hatchery) or
taken selectively from the hatchery returns.

It is possible to specify an effect of crossing wild and hatchery fish in the wild.
Production from hatchery X wild or hatchery X hatchery are discounted a specified amount
relative to a wild X wild. Interspecies competition in the wild can also be specified. This
uses the form that the production of species 1 is discounted a specified amount if species 2
is present.

Variation can be introduced into the model in a number of places for the purpose of
providing a realistic variance to the results. Wild production can have random variation
attached to the egg-fry survival or the fry-smolt survival rates. Hatchery production can be
subject to random hatchery failures. This discounts hatchery production by an amount that
is generally close to 1.0 but which occasionally, at a rate that can be controlled. is
appreciably less. Finally, the reservoir survival rate can vary annually based on a file
containing annual flows at a reference dam (presently The Dalles). All of these sources of
variation can be turned off, if desired.

Data is input to the model in three files. BASFILES contain subbasin specific data
such as initial adult escapement, age structure, juvenile survival rates, and fecundity.
GENFILES contain information considered generic to the subbasins. This includes all
mainstem passage parameters and all harvest except that in the tributary. FLOFILES
contain average mainstem flow for use in calculating the annual reservoir survival rate.

Results can presently be output graphically to the .screen or as a printed report. |t

is also possible to dump all output data to a disk file for access by other software. In the
new version of the model, the on-screen graphics are being eliminated and the ability to
output printed results is being enhanced.

A number of output variables are available from the model. These include number of
smolts produced, harvest, and escapement. The model can also be used to compute the
productivity of a scenario in the form of the Maximum Sustained Yield (MSY) and the
equilibrium run size.

C. Use of the model in system planning.

The goal of system planning is to create subbasin plans that are consistent with a
common set of passage, survival, and harvest rates, and achieve the Council’s goal of
doubling consistent with the program system policies. The System Planning Model will be
used by the Monitoring and Evaluation Group (MEG) to perform an a priori test of the
calculated productivity of the subbasin scenarios against the survival rates.

The intent of the analysis is not to make numeric predictions of effects because of
the many uncertainties in input values and future events. Rather, the goal is to provide a
consistent analytical tool and numerical index that can be used to compare alternative
scenarios and help ensure that subbasin plans are consistent with conditions and policies
operating outside the subbasins.
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The results of the analysis will contain considerable uncertainty but will represent our
best estimate of the outcome. Therefore, subbasin plans will be hypotheses concerning the
effect of a certain production scenario at a given position in the river. harvest rates, and
natural mortality rates. Testing of these hypotheses will be an important part of the
System Monitoring and Evaluation Program being prepared by MEG. The intent of the
monitoring and evaluation of the subbasin hypotheses is to decrease the level of uncertainty
regarding factors limiting salmon and steelhead production in the basin and also to
determine the success of the action in accomplishing what was planned.

Subbasin scenarios will be compared using primarily two outputs from the the model.
These are the Maximum Sustained Yield (MSY) and the total production. The MSY will
be calculated in adult equivalents. This is the total amount of production surplus to the
replacement population size that would occur at equilibrium in the absence of any harvest.
This statistic is independent of any assumed harvest rate and pattern. The MSY provides
an index of the relative robustness of the population to harvest or environmental
fluctuations. The total production is the statistic for assessing the progress toward the
goal of doubling. It is defined as the return to the mouth of the Columbia River plus any
prior harvest. Calculation of this will use assumed harvest rates and patterns consistent
with the U.S./Canada treaty.

The System Planning Work Plan calls for the model to be used by MEG in at least
two points in the process. The first is termed the System Productivity Report. This will
use the information requested in the Data Standardization Report to analyze the
“constraints on production imposed by passage, harvest, and natural sources of
mortality....” (System Planning Work Plan). This analysis will have three objectives:

1) To provide subbasin planners with analytical guidance regarding how
external factors affect production in their subbasins.

2) To identify data uncertainties that critically affect the productivity of the
subbasins. These will be flagged for particular attention at a policy and
research level.

3) To identify critical policy issues that emerge from a technical basis.
These will be identified and passed on for consideration by the System Planning
Group.

This report will be provided to the System Planning Group by March 31, 1988.

The second product from the model analysis is termed the System Integration Report.
This report will be prepared separately for the subbasins above and below Bonneville Dam.
In these analyses, the model will be used as the primary analytical tool for integrating the
subbasin plans into a coherent system plan. As discussed above. this will involve
simulations of the subbasin plans using a common set of harvest, passage. and natural
survival rates. The goal will be not only to insure the external consistency of the subbasin
plans, but also to assess the progress toward the goal of doubling that can be expected
from the system plan.

Throughout the subbasin planning process, the model will be available as a tool to
compare alternative scenarios. Subbasin planners are encouraged to use the model to test
the effectiveness of actions to increase production.




lll. System Planning Data Needs

The main functions of this report are to provide subbasin planners with an overview of
the data requirements and the processes that will be used to evaluate production potential
and production options at the system level.

The bulk of the data needed for system planning is described in Attachment 1A,
“Draft Subbasin Planning Format,” of the project statement of work. Section IV,
“Fisheries Resources,” is of particular concern for producing the preliminary information
reports above and below Bonneville Dam. The emphasis in these reports is to gather
together, in a consistent format, those data presently found in the gray literature or in
regional files which are needed to provide a more complete, consistent and comparable
description of the fish stocks we are attempting to manage. Previous attempts at
constructing such a data set have been only partially successful because of limited
manpower, limited time or the multitude of programs and jurisdictions which have important
pieces of information.  While these data are classified here as relating to model data or
“other” data, this is an artificial division and considerable overlap exists  between these
categories. This distinction is ignored when describing data formats and standards, below.

Obviously, there will be many instances where explicit values for requested data
elements have not been measured. In these cases, subbasin planners should not attempt to
fill out the tables with information from other basins or choose a value based on their own
experience. Rather, subbasin planners should provide explanatory descriptions of what is
known in cases where actual data are unavailable. This statement could, for instance,
include data ranges which appear consistent with observed results or values from nearby or
similar stocks (for example, as referenced in Milner. et al.. Riggs. and Schreck, et al.).

The SPG would like to receive as complete a set of information as possible for the
years 1977-1981 and 1982-1986 because these are the periods used to calibrate other parts
of the model. Information from earlier periods should be reported only if information for
the preferred period does not exist or is minimal.

Remember that the listed data are needed for each stock in every subbasin. If raw
data are requested and should be adjusted or transformed to properly represent a particular
stock, describe this procedure and give several examples.

Questions regarding data collection and reporting will inevitably arise during
development of the preliminary information reports. Such questions should be referred to
Chip McConnaha (503-222-5161) or Phil Roger (503-238-0667) if answers are needed
quickly. Otherwise raise these questions, or describe how they were resolved, in the text of
the preliminary information report.

Certain data elements are particularly critical for model calibration and validation and
we ask that they be provided by December, 1987 in advance of the full preliminary
information report. These critical data elements are described below under the sections
entitled “Stock Characteristics’, “Stock Abundance” and ‘Natural Juvenile Production”.




A. Data Needs of the Model

The data elements described below are those stock-specific items needed to build the
basin input files, rather than a complete listing of all input data required. It was these
elements which proved most difficult to obtain in the initial modelling effort and which
limited the initial analysis.

1. Stock Characteristics

These elements are contained in Tables 1a and 1b. below. Basically we need age
specific numbers on sex ratios, size, and fecundity. It is most useful if this information
can be provided for individual fish over a series of years, since we can then consider the
amount of annual variation, brood year effects, similarities and differences between stocks.
and better compare model performance to actual observations. We also need to know
details about the sampling methods (e.g.. were jacks included or excluded) and
measurements used (fork lengths of spawning fish cannot be compared to ocean size limits
but hypural lengths can, for instance).

The objective here is to get as much stock-specific information as possible so
_ extrapolations from other stocks. which obscure regional differences, will be minimized.
Maximum consideration cannot be given to stock-specific needs unless we have stock-specific
data.

2.  Stock Abundance

The number of subbasin returns for the two most recent brood cycles should be
reported, if available (Table 2). State the methods used to collect or calculate these
numbers. The stock characteristic data, above, will be applied to stock abundance data to
develop population profiles for model input.

3. Subbasin Harvest

List annual sport and tribal harvest separately for the last ten years., if available
(Table 2). These numbers should also be included in the reported subbasin returns so that
spawning escapement would be the difference between annual stock abundance and annual
subbasin harvest.  Describe methods and assumptions used to estimate or record harvest
(e.g.. punch card, interviews, voluntary reports, etc.).

4. Hatchery Profiles

Recent hatchery programs should be described both in writing and by using Table 3.
Review the attached program descriptions from the U.S. v. Oregon discussions (Attachment
1) for completeness and accuracy. Expand these written descriptions to include details of
brood stock selection, time of spawning, degree of straying of hatchery fish, timing of
outplanting and smolt releases. and a description of plans for future modifications to the
program.

When reporting the number of hatchery returns, be sure to describe the methods used
to determine return (e.g.. all fish trapped and counted, only fish entering the hatchery are
counted, Peterson estimate from marked/ unmarked ratios, etc.) and whether the hatchery
ladder or weir was not used during part of the run. In cases where intermixing of hatchery




and naturally-produced spawners occurs (e.g.. Priest Rapids, Entiat, Methow), we will
assume only one stock exists which has both hatchery and natural components of
production.

5% Natural Juvenile Production

Survival estimates from egg-to-fry and fry-to-smolt stages are needed. For those
subbasins where specific data are available. this information should be reported as the
estimated number of fry and smolt resulting from a particular number of spawners (Table
4). Report estimates for each year rather than average values, and include copies of the
raw data and reports from which survival was calculated. Egg-to-smolt survival rates
should be reported in cases where survival to fry stage was not estimated.

6.  Coded-Wire-Tag (CWT) Releases
List at least releases of coded-wire-tagged fish which are representative of production.
Generally this will only be available for hatchery programs but look for tag lots on

naturally-produced fish also. Releases of some experimental groups may also be closely
representative of normal production and these should also be listed.

B. Other Data Needs
1. Genetic Information
Identify any electrophoretic studies conducted on each stock. Include copies of any

reports available at the subbasin or regional level. If reports are not readily available,
indicate the principle investigators of the study and where reports might be obtained.

Describe in the hatchery profile (see above) the strategy for brood stock selection.
Include such information as the ratio of males to females used, whether brood stock is
taken from throughout the run or only from a portion, whether jacks are used or excluded,
and whether naturally-produced fish are regularly incorporated into the brood stock.

Review the attached outplanting report (Attachment 2) for accuracy and update the
information for recent years. For each area where plants have been made, indicate
whether outplanting occurs rarely, frequently but at irregular intervals, or almost every year.
Also indicate the number of fish outplanted and known or anticipated survival rates. If
survival rates are known, provide a copy of the study report(s) or indicate where they
may be obtained.

Report any other information which may be related to genetic characterization of each
stock and which is not reported previously (e.g.. morphology, timing of return. spawning,
emergence, etc.).

2. Species Interactions

Describe any known or anticipated species interactions between life stages of outplanted
fish and existing anadromous or resident fish. Consider both present and anticipated levels
of outplants. Also describe areas where the potential for negative species interactions is so
great that outplanting should not occur. Provide copies of, or cite sources for, studies
which have been conducted on species interactions.




3 Stock Similarities

Review the attached material identifying similar stocks and acceptable or preferred
stock transfer guidelines (Attachment 3) and indicate whether changes should be
considered. In the absence of stock-specific data, extrapolations will be made in model
input based on this or a subsequent list of closely similar stocks.

4. Habitat Information

We anticipate developing maps and other information called for in section Il of the
subbasin planning format at a later date. These can be corrected and submitted as part
of the draft subbasin plans. Do not spend time now searching out this information.

Computerized data from the Council“s river reach data base, along with appropriate
programs, will be provided for each subbasin technical group. We ask that you review
and correct this information for anadromous fish usage (spawning, rearing, passage, etc.),
habitat quality and stream widths and document the sources of your updates.

L Other Relevant Studies

Provide copies of, or cite sources for, other studies or information which you feel
might be useful for modelling production of each stock.

C. Formats, Standards and Documentation Requirements

It is understood that much of the data requested in Tables 1a through 4 may not be
available. We ask the subbasin planners to fill in as many of the items as possible and
not get overly concerned about the number of blank spaces.

Formats for many of the elements discussed above are presented in Tables 1a through
4. Coding conventions for these tables follow that proposed for the new CWT data base
maintained by the Pacific Marine Fisheries Commission (PMFC) since this represents a
degree of consensus among fishery agencies coastwide. Information needs not lending
themselves to these coding conventions should be reported in prose form or other tabular
form, as appropriate. An explanation of data elements used in the tables follows.

SPECIES - self-explanatory, except that steelhead. rainbow, sockeye,
and kokanee are treated as separate species.

RACE - normally spring., summer, fall, or winter. Coho may be
designated as North or South depending on their predominant ocean
distribution.

STOCK - normally the subbasin or hatchery of origin and. in these
cases, need not be specified, IF it is the same as location sampled.
In some cases two stocks may be sampled from the same location
and date, and then it is mandatory to specify stock in this field.

DATE SAMPLED - in the form YYMMDD with punctuation being
allowed (e.g., 87-3-12 or 87/10/6).




LOCATION - the location at which the sampling was done.
Normally reported as the name of a hatchery or subbasin.

LENGTH UNITS - inches, millimeters or centimeters.

LENGTH TYPE - The type of measurement made is usually one of
the following:

FL tip of snout to fork of tail (fork length)

TL tip of snout to tip of tail (total length)
ME-HP ‘mid-eye to hypural plate

SL tip of snout to hypural plate (standard leng)
WEIGHT UNITS - kilograms, grams, pounds, or ounces.

WEIGHT TYPE - usually round weight but may also be dressed
head-on or dressed-head-off.

AGE METHOD - method used to determine age. It is usually
either scales or LF (length-frequency). If length-frequency method

. was used, indicate under "comments” the source of the break points
used to separate ages (e.g.. “these measurements,” “Garfunkle,
19177, etc.).

BROOD YEAR - the year in which the majority of spawning occurs.
For salmon, this is the same as the run year but for steelhead, this
is one year later than the run year.

FISH # - begin at “1” and number consecutively for each line used.
SEX - M = male, F = female

AGE - F = freshwater age, usually 0, 1, or 2
O = ocean age, usually 1, 2, or 3, often this can be reasonably estimated from
length/frequency data without knowledge of the freshwater age.
T = total age, usually 2, 3, 4, 5, or 6

# EGGS - fecundity likely will come from hatchery data. It is
preferable to report data by individual fish but an average by age
is acceptable if estimates were made from combined samples.
Specify under comments the method used to estimate fecundity
(e.g.. direct count, weight, volumetric, etc.) and the number of
females used if an average value is reported.




ADULT RETURNS - specify the method of estimating catches ée.g..
punch cards, interview, voluntary report, etc.) and escapement (e.g..
weir count, redd expansion, mark-recapture, etc.). Be sure to cite
sources for the expansion methodology and data or provide a
description if this has not been done previously.

PRODUCTION - for hatchery programs describe the method of
estimating juvenile releases (“book” estimates, weight expansions,
etc.) and adult returns (complete weir counts, voluntary returns,
etc.). For wild sampling, briefly describe the methods used (weir,
trap. mark-recapture, etc.) and provide copies of the source
documents.

DATA SOURCES - Data sources must be listed for all data on
each sample sheet. Reports and publications should be cited using
common scientific format. Other data should be referenced by the
individual (and file, if appropriate) having physical possession of the
information. Provide xerox copies of previously unreported data
(field data).




Table la. Stock sex, size, age composition for system planning.

Species Date Sampled

Race Location Sampled

Stock

Age
Length: Units___ Type Weight: Units _ Type__  Method

AGE
Fish # Sex Length .17 F 0 i Comments

Data Sources:




Table 1b. Stock size--fecundity information for system planning.

Species Date Sampled

Race Location Sampled

Stock

Age
Length: Units__ Type  Weight: Units___ Type  Method

Fish # Length Wt Ocean Age § Eags Comments

Data Sources:




Table 2. Stock abundance and harvest information for system planning.

Species

Location

Race

Sport Catch
Jacks Adults

Tribal Catch
Jacks Adults

Sample Methods: Sport

Tribal

Escapement

Escapement

Jacks Adults

Total Return

Jacks Adults

Data Sources:




Table 3. Hatchery production profile for system planning.

Species ~ Hatchery

Race Method of Estimating

Juveniles

Adults

Releases Returns

Year Fry Fingerling Smolt Jacks Adults

1977.
1978
1979
1980
1981
1982
1983
1984
1985
1986

Data Sources:




Table 4. Natural production profile for system planning.

Species Location

Race

Stock

Brood Survival (%)

Year Escap § Eggs # Smolt Egg-Fry Fry-Smolt Egg-Smolt

Data Sources:




IV. Data Available for System Planning

A. NPPC Data Base

1 Introduction.

The Northwest Power Planning Council’s Fish and Wildlife data base, under
development since 1985, is a result of the Hydro Assessment Study conducted by the
Council and Bonneville. The study had two major components: the anadromous study
which pertained strictly to streams containing anadromous stocks in the region, and the
Northwest Rivers Study which examined resident fish, wildlife, natural features, cultural
features, and recreational features of all streams in the region.

The data base will provide the baseline species use and habitat information needed
by the subbasin planners and will provide a consistent regional structure for the input of
additional information that will result from the system planning process. The data base
will also be used by the Monitoring and Evaluation Group to aid them in tracking the
Council ‘s progress toward the goal of doubling the run size.

Description of the data base.

The data base contains information on over 30,000 individual stream reaches
representing nearly 130,000 miles of streams. The data are organized into a regional
stream coding system developed by the Environmental Protection Agency. This is a data
base of surface water segments in the United States, indexed in such a way that data
contained in it, or data linked to it, may be retrieved either geographically or hydrologically.
For each reach, the file includes approximately 50 attributes including a surface water name,
a unique reach number, the reach length, reach-to-reach linkages, reach latitudes and
longitudes, and state and county codes. The system is linked to the STORET data base
of water quality information. A major update of the system is currently underway and will
result in a system representing all streams that now appear on 1:24,000 scale USGS maps.
In addition, new attributes such as mean monthly flow, peak flow, slope, drainage area,
mean hardness, and mean monthly temperature will be available for each reach. Mean
annual and monthly precipitation, mean elevation, and soils types will be available for each
cataloging unit (a hydrologic sub-division of the system).

Information in the data base is divided into two major groups: anadromous and
nonanadromous. Anadromous information includes species presence/absence for spring,
summer, and fall chinook. coho, summer, and winter steelhead. chum, and sockeye.
Estimated low flow stream widths are also available for all anadromous reaches as is an
estimated smolt productivity value and smolt density factor. Stream blockages are encoded,
and those targeted by the Council’s Fish and Wildlife Program for mitigation are flagged.
Historical escapement information in the form of adult and redd counts is available with
records dating back to 1933. Hatchery release information has been compiled for the four
major state agencies (ODFW, WDF, WDW, and, IDFG) from 1980 through 1986 and
includes hatchery locations and release sites encoded by EPA reach number, as well as
dates. numbers, pounds, species, and broodstock for all releases. Federal and tribal
hatchery information has not yet been entered.




Nonanadromous information in the data base was generated primarily by the Pacific
Northwest Rivers Study. This study. conducted by BPA, includes data on five major
categories, including resident fish, wildlife, natural features, recreational features, and cultural
features. Value classifications for each of these categories were made for all the stream
reaches in the four state region. Although these data were originally encoded using a
different stream coding system for each state, they are now available by EPA reach number
due to a cross-reference system that was developed by the Council. Also included in the
nonanadromous category of data is the Army Corps hydro-site data base. This is a data
base of all active hydro-sites in the region containing many attributes pertinent to the
operation of the project, as well as the FERC status of the project, if it has not yet been
licensed. The EPA reach on which the hydro-sites lie have been encoded.

The data base, with the underlying EPA reach structure, provides a flexible, yet
consistent means for storing and accessing data throughout the region. Data searches can
be made by state, county, lat/long coordinates, stream order, stream name, or hydrologic
boundary (or any combination of these). Once a stream or stream reach is chosen, one
can instantly view the anadromous species present in the reach, the predominant resident
fish and wildlife species present, information on water quality, and the status of any active
FERC site on the reach.

The data base currently resides on the Council’s MICROVAX computer system, but
the data is easily transferred to micro computer data base packages, such as DBASE Il or
RBASE 5000. Software development is currently underway to provide a menu driven data
access and update system to be used by the subbasin planners on micro computers using
the data base manager ZIM. Runtime versions of this software will be provided to the

system planners.

Use of the data base in system planning.

The data base will be used in the system planning process to provide baseline
information on present conditions to the subbasin technical groups. These groups will be
asked to review, update and refine this information and return it to the systems planners.

A major part of this task will include the refinement of the Council s
presence/absence data. These data were used by the Council in a productivity analysis of
the Basin using a habitat-based, smolt-density model for estimating smolt production. The
smolt estimates generated by this method were quite high in most cases. This was partly
due to the smolt densities chosen but primarily attributable to the fact that the data base
does not delineate spawning and rearing areas from migration corridors.

The system planners have developed a method similar to that of the Council ‘s to
estimate the smolt production of the subbasins for use as input in the Systems Planning
Model. Data requirements for this method include smolt densities and usable spawning and
rearing areas. It will be the responsibility of the subbasin technical work groups to take
the presence/absence information in the Council ‘s data base and break it down into three
major categories: 1) areas used for spawning and rearing, 2) areas used for rearing only,
and 3) areas not used for either spawning or rearing. Stream width estimates will also be
subject to review and update. Species use is further discussed in section V. of this report.




A computerized. menu-driven system will be provided for each subbasin technical
work group for the input of the new data elements as well as for the correction of existing
data. The data will be structured by river reach, and the system will require input at this
level. A hard copy summary of this data will be provided as an addendum to this report
by the end of September.

Other types of data also will be made available for review and update, including the
location and nature of stream blockages, subjective estimates of habitat condition, and land
use. The technical work groups will be asked to verify or enhance this information.

When this process is complete, the System Planners will have a consistent method
for estimating smolt production throughout the Basin, as well as information on the current
distribution of anadromous species, the amount of usable spawning and rearing area in the
Basin, the habitat quality of these areas. and a means for estimating the potential habitat
available through the removal of existing barriers.

B. United States vs. Oregon Data Base

The U.S. vs. Oregon data base includes subbasin specific production information for
adults and smolts for steelhead and spring chinook for most subbasins above Bonneville
Dam. Where this information is available, it will be included in appropriate sections of
subbasin plans. Besides subbasin specific information, U.S. vs. Oregon also established two
standards (i.e., fish/redd, eggs/redd) and two sets of survival rates (i.e.. egg-smolt, smolt-
adult), all of which deal with production. A discussion of each of these follows:

1. Fish/redd

A value of 2.40 fish/redd was used in calculations of spring chinook production and
supplementation for all streams, based on spring chinook/redd data in the Yakima (1982-84
broods) (unpublished data, Washington Department of Fisheries) and the Lemhi River
(1965-74 broods) (Bjornn 1978). The eight year (1977-84 brood) average spring
chinook/redd in the Warm Springs (Deschutes River) was 3.0. It was thought that the
Warm Springs fish/redd was too high which may be due to incomplete redd surveys (redd
surveys for the Yakima and Lemhi rivers were complete) or high prespawning mortality of
females. Mortality of spring chinook from Bacterial Kidney Disease (BKD) and inoculation
to control BKD has been a serious problem in the Warm Springs River during recent years.
The BKD problem in the Warm Springs should be temporary and fish/redd should be the
same as other basins.

For steelhead, a value of 1.67 fish/redd was used in calculations of production and
supplementation needs. The only available data on steelhead/redd is from Snow Creek, a
Western Washington winter steelhead stream. During three years of study (1976/77-
1978/79). each female dug an average 1.2 redds (WDG 1979). This equals to 1.67
fish/redd assuming a 50/50 female/male sex ratio.

2. Eggs/redd

Eggs/redd was established as the fecundity of females in each stream. Unless there was
subbasin specific information standards were established as 4,000 for spring chinook and
5,000 for steelhead.




Egg-to-smolt survival

The egg-to-smolt survivals for spring chinook are based in part on a regression of egg-
to-smolt survival of spring chinook in the Deschutes, John Day, and Yakima rivers on adult
seeding level. The regression is shown in Figure 1 and Table 5. Seeding levels were
calculated by dividing egg deposition for each brood by the potential maximum egg
deposition (determined from maximum inriver catch and escapement) on record for each
river. Egg-to-smolt survivals include production from fall (subyearling) and spring (yearling)
migrants, but excludes production from spring (subyearling) migrants.

Fairly good data sets were available to determine potential maximum egg deposition in
the John Day. Yakima and Lemhi rivers. For these rivers, escapement data were available
since 1959, 1957, and 1954, respectively. Catch and escapement data for the Deschutes
River were available only since 1975. However. the potential egg deposition for 1976
(4.360,000) should be near the maximum for the system as evidenced by the low observed
survivals (down to 2.3%0 at egg depositions ranging from 351,000-3,198,000 for 1975-82
broods (Table 5).

The regression of egg-to-smolt survival on seeding level was highly significant
r=0.766, p<0.01) (Figure 1). The natural log (In) of seeding level produced the best fit
correlation) of the data. Regression values were used for 10% (11.91), 255 (7.72). and
50% (4.56) adult escapement levels (Figure 1). Due to limited data, egg-to-smolt survivals
were estimated at 3.50% for 75% adult escapement and 3.00 for 100% adult escapement.
No survival data was available for hatchery produced fish spawning in the wild. Egg-to-
smolt survival of hatchery fish at each seeding level was assumed to be 75% of the
survival of naturally produced fish (Table 6).

Limited data were available for two Columbia River tributaries for determining egg-to-
smolt and seeing level relationships for steelhead. For 1963-73 brood summer steelhead in
the Lemhi River, egg-to-smolt survivals ranged from 0.6-1.5% (Bjornn 1978). Survivals
were determined from placement of eggs in an incubation channel and from stocking fry
into Big Springs Creek and the Lemhi River. Unfortunately, it is not known how these
survivals relate to seeding levels. We estimated that the egg-to-smolt survival of steelhead
at full seeding was estimated to be 0.75% (Table 7). To determine survival at other
seeding levels, spring chinook egg-to-smolt/seeding level relationship was used (Table 6).
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