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Tho sllver salmon, Cncorhynchus kisutoh, is ocne of the five spocles of Pacific
~3lmon vhich nre found in the Columbia River. Although they are not as abun-
dant in the upper Columdia River as the chinook, they are present in consider-
abdle mmbers and are consequently sxposed to the effluent water being dis-
ciarged by tha three plle eveas. Because of thelr extensive use as a food
fish and their great commorclal value, second only to the chinook, it seemod

" advisables to determine what effect the Pils Area affluent wvater might have on
tio dsveloping eggs and young of silver salmon. Coaditicns which sxisted in
ta0 river wers duplicated as noarly as possidle so that the effects of various
concontrations of the Plle Area effluent wvater upon the eggs and young fiah
could be studied. Theese stages are of perticular importance since they ucour

12 the gravel beds and thus are not capadle of swimming away from adverse cun-
diticns, as clder fish may do,

fa the following paces a dstalled dsscription is given of the second sexrles of
axperimanta which were undertaken oy the Fish Laboretory. The first seriss of
sxporiments wsre corducted an chirook salmon and steelhoad trout. A dstalled
roport doecriding this first series was prepeared by R. F. Footer in Document

Fmber 7-%7%9, "SOME XXYECTS OF PIIR AKRA EFFLURFET WATIR CX TGUNG CHINWKX
SATMCN AND STHEILHSAD TROUT™ .

STHARY

During tho gruster part of 1547 the Fish Laboratory made an extersive study on
w0 effoct of arca offlusnt water on silver salmon eggs, {ry and fingerlinga.

T10 water mixtures in vhich ths fish were held during the eg3 and 2Ty atege
wsre aa followe: -

Tndiluted area effluent water partially cooled

Undilutad area efflusnt water refrigerated to river water

temperatire

One part area effluent to 5 parts of river water io
Ons part aroa effluent to 10 parts of river water®' C‘:YWW{FUKQ ‘
Onzs part area eiflusnt to 25 parts of river water ULV AQQ“E ....... )

Oae part area efflusat to 50 parts of river water By Authority of HAPO Specialist
Ono part area effluent to 100 parts of river wateiSissficajion-Deciassificatinn

Ono part area efflusnt to 250 parts of river watew ® /t \ jam__q";l@._'.ﬁﬁ
Straight river water for control i

Puring the early part of the fingerling atage water direqt from the outlet side
of the 107 Rotentlon Basin wes substituted for the undiluted croa affluent
wetor vhich contains water from other parts of the plant. Pre-pile process
v:tor vhich vns passod through a charcoal filter to romove renidual Chlorins
wrs subastituted £or the one part effluent to 290 partn of river water,

Tle egges wore suaceptible to the presence of area offluont water and its

nccompanying higher temperatures. Those held in the partially ccoled ares ef-
rlvent wvater, 1:5, and 1110 dilutions hal egg mortalitles signifloaatly higker
1:mn those bhald in stralght river vater, Hcvever, where inoreased temperature
wos not a faclur, the eggs appeared qQuite resistart to the area effluent water.
Ttere wes no slenificant difference between the egg murtalities in the refrig-
~zated area affluent water and the river wat-r oontrol lota. Nor 4id d1lutions
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n{ the area sfflusnt water cf 1:2% or greater aignificantly increase the
uneriality of the silver salmon eggs.

The young eilver salmon appeared to be more susceptiidle to aroa effluent vater
during the fr; stoge than at any other tims. There wvas a lack of proper
Govelopment and a ons hundred percent mortality during this stage among the fry
held in the partially cooled area offlucnt water and in the refrigarated ares
2fflusnt water. Fry mortalities significently higher then thoss in the control
lots could bs dem~nstrated statistically in the 1:5, 1:10, 1:25 end 1:50 dilu-

tions of area sffluent water., In higher dilutions no significant lncreases in
nertality were dotectadls.

Tte mortality of the fingsrling sirs fish was high in tho lote exposed tc
alther rofrigerated cr unrefrigerated 107 Retention Basin water eand in the pre-
pils process vater. The 115 and 1:10 lots also had mortality rates far adbove
those of the river uvontrols. In dilutions of 1:25 or greater, tha effluvent

vator 414 not significantly inorease the mortality of the fingerling size
uilver ealmon.

Growth end dovelopment of tha allver salmon wers retamded in undlluted aroca ef-
Tluent wvator, 107 Retention Basin water, pre-pile procsas water and in the 1:5,
J.:10, and 1:25 dilutions, In dilutions of 1:50 or greoater, ths e fluent wvater
4id not retard tho growth of the silver salmon.

IZPERIBKCE AND CONDITICRS

Tre Kﬁgu

Tha esgs ussd in thls experiment were obtalned from a stock entering Green
River, a tridutary tc Puget Sound, and intercepted by the Stats of ¥ashingtom,
Derartmant of Fisheries at Scoe Cresk. The progeny of sllver salmon from
Cresn River could dYe arxpoctsd to react to the varicus concentrations of the
area offluont water in the sams manrer ss progeny from Columbia River silver
tnlnon. The eggn were rendily obtainable at the S8cos Croek Eatchery, and in
eddition expected rates of survival and grovth were known for this stock.

Ca the morning of Decenber 6, 1946, the eges were rumoved from the fish for-
t111z0d4 and izrmediatoly transported by car to the Fieh lLaboratory in ths 100-F
Arsa. The 63,360 eggs odtained were then diastributed approzimately equally
amdng forty trayo, there dbeing two trays in each trough. Those shallow trays
vore wedged naar the surface “n the upper part of each trough and baffles
vore lnstalled to insure witor circulation tlirough the sggs. A lct number
vas assigned to cach tray of eggs which correspoaded to the trough number,

end in addition contained the suffix "A", denoting tho upper, or "B" the
loyor tray of the ;air.

3inco some loss vas experinnced from transporting the eggs, as could reasonadly
b0 expected, all ob ously dead or injursd ecgs were removed from the troys
dusing thes ovening of Decender 6 and on the morning of Docomber 7. Ths total
ausber removed wns recorded, dut this loss was not included in oubdbeequent
toctality data. The initial loss or "plok-off” was less than % per cent.
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Tka a&s were subjectsd to the following water conditiona: 5 Ee% B e Tl

Trougy fo. ¥ator Type Rate of Flov

1&2 100 $ area effluent water, partially cooled (Averaged 3 g.p.m.
5.3 C. varmer than river wvater)

358d 100% &4 offlusnt water, refrigeratsd to river wator 3 g.p.n.
terperatire

5& 6 1:5 effluent to river water (Avermged 3.2°C. vermer 5 g.p.m.
than river water)

T48 1:10 effluent to river water (Aversced 1.7°C. wermer 5 g.p.n.
than rivsr water)

9 a 10 1:25 effluent to river watsr (Averaced .70C. warmer S g.p.n.
than river water)

11 4 12 1:%0 efflvent to river water 5 g.p.n.

13 & 14 1:100 effliiant to river wnter % g.p.a.

1% & 16 1:2%0 effluent to river water 3 g.p.m.

17 % 18 100% river water . 5 g.p.n.

19 & 20 100% river watsr 3 g.p.n.

Throughout this exyoriment thd desired wator condltiona were maintained with
reisonndle strictness. The water flows were checked and adjuasted !f necessary
twice cach shift. Only on rare occasions and then for brief psriods of time
ves it nocessary to alter them deocauss of equipment fatluwre. During times o
Pile shutdowrs for metal replacemont when large quantitiss of "Cnlol” were in

tha effluent water, river water vaa tempora:ily sudstituted for the effluent
to arnid tre tuxic offsct of "Calol™,

Turing the firet part of the incudation periocd the eggs were daveloping through
stages which wero vsry delicate and eanily injured. They wore, therefore,
fardled as infrequently and as gontly as possible during this time. Dead

e£38 woTe reroved, howvaver, since tkelr continued preesence in the treys might
cp21l eatire groupe dus to fugus and decay. Silt frcm the river water and
ferric aulphate sludgs from the effluvent water acowmulated on tha eg8s and oo-

casionnlly hed to be siphcned off or cleared away with a feather to prevont the
ofss from emctharing.

By the last reex in December for the lots in warme: water (those in partially
ccoled aree offluent and the 1:% dilution), and by the first veek in January
for the other lata, the eggs had developed toshat s known as tha "oyod" otage.
At thia time dovolopment had proceeded far encugh so that the plgmonted eyes
cf the embryo wsre olearly viaible throuch the translucent shell, and the eggs
could withotend ooneideradle handling without injury.

Due to the d'fference in water temperatures for the various lots hatching oc-
cured over a considersble time intervrl, roughly twe months. Fligure T shows
the terperatures of various water conditions which exiated at the Flsh
Leberatory durlng this exporimont. Tha oggs which were incubatsd in the warmest
weter, thet is trowghs 1, 2, 5, 6, 7, and 8 were the first to hatch. Those
incubated in river and refrigerated efflusnt water were the last to hatch.
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All galmon oggs which were obviously dsad or not developing were removed from
the trays and a 4ally record of this ploli-off wes kept. The date cn which an
aCE was removed d1d nnt nocessarlly corrssprnd to the tims at which {t died or
stopped developinC since many esgs vhich are wholly infertile or scarcely
dsveloped are not distinguishalle for soveral weoks. Therefore, nearly all of
the eggs vhich were removed we.s clearel in salt acluticn and fixed with acetic
acid 80 that any embdryo forma’iocn might be observod. The eggs examined were
arbitrarily classified into tie following six staioes:

A. Thcea vhich vere irfartile or sliowed no evidence of embryo formmtion.

B. Thoes vhich were fartils dut had developed only as far as blastcderm
formtion.

C. Those in which r. definite embryo vas formed but had gurvived only to
thes formation ¢/ the chorda or pr'mitive streakx.

D. Thoee in whicl dovelopment had advancel to the formation of scaites,
f£in buds, an? optic voal.les Dit wbere the total lsngth of the emhryo
was less thr,i half the circumforence of “he egg.

E. Thoze in wh.ch the length aof the wsll foaved exdryo axceosdsd haifl
the circuwrersnce of the egg.
PR Eeehl BB
T. Thoes whish dled in Rkatohing. BPET .y b
B Rl San ate ¢
Tadls I is a gysary of the mortality data, msde by poling egg lots which
vere incudlatel. .0 1liks water conditions and presents t\w results as percsatages.
Fiosurs 1 fe & mmphic rerresentation of T2bdle I and ke 2 log scals has deen
used above t7) cne per cent lsvel {n orier to mare claoci\y dafine the curves, A
ctatistical ,socodure consisting of a t- toet based o ar arry of lot mortality
Percontager ¥os used ‘o dstermine whather or not significitt differences were
present, 4/ Mortalities were significantly highar than “hoee of the river
vater conirol ¢ro p in the unrefrigsmmted areva e fluent, an' in tho 1:1% and 1:10

d{lutions These slignificantly higher total mortalities havy been underlined
in Tadle (.

Eese axycded €5 the undiluted ani unrefrigeratsd effluent wat* suffored over an
oighty rar cent mortality. A mejor part of this effect vas, h-.vever, dmne to the
warm terperature of tho effluent watsr since {n the same afflmit refrigsrmted

to rivis vater tomperature the 1ortaliiy was not greatsr than tuw river wmater
cantrols. Tio ereater effact of temperature over cther frctors 's also shown by
=5 fest tha! the 1:10 and 1:5 diluticns, in which the wator teap.ratures wvere
mogrnssivol, higher than that of the river water, had mortalities vhich wore in
tlie sume O wT progreasivoly sreator than that of ths retrigersted uffinsnt group.
Ai1lde froa tis direct affect, inoroeszed tsmperature cesxmt salao to stosntuate other
ardverse cond/tions such 1a toxic effocts f chomicals.

On examinly; the nartalities vhich were significantly highor that the river con-

trols {t !2 seen ‘that the adverse effecta appear gredually, in most oases al-

1ring ¢ wilernble early dsvelopment of the egge. This conditlon is vepecially

noticea™: .n the unrefrigerated efflunat where by far the greatiut moxtality oc-

curs ~’cer the amdryo 18 well dsvoloped (Stages D tirough P), .

/1) Value! wore considered to bde significantly differant if their chance of
ooccuri''ng in rmundom saxpling was lses than five per cent.
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The fish embryo while developing in the egg appsars to bo quito realstant to
adverse chemical and possidly physical factors vhon the temporatuxre is Xxept

near an optimum renge. This fact 1s drought out in the case of the oggs ox-

posed to the rofrifernted effluent water. During incubatlon of the ega»s

mortnlity was no ireater than occurred in ths river water controlo; after hatching,
however, the fry suffered a 100 per cent mortality.

The Pry

Vhon f4r=t hatched, the young salmon or fry are nourished by a yolk sec vhich is
fncorporatsd into the ventral body wall. In water temperatures of €0 to §° C.,
thia yolk is used up in about six weeks or tvo months, and at tho end of thls
tine the young fish are ready to start feeding. In each trough the fry which
hatched from the upper troy (A) and the lower tray (B) were combined into a
single lot with a number corresponding to that of the trough.

Dally records of the mmbers of fry dying in each trough have bdeen condensed
into weekly intervals. The mcrtalities in lots subjected to like water condl-
tiona were Toosled into groups snd Tabdble II presents the combinod mortalities
togother with their cumulative percentages. The data of Tadle II are shown
graphically in Figure 2, where a log scale has been used adbove the one per cent
leval in order to more clearly define the curves i{n the lower percontsges.

Table II and Ficure 2 indicate the considoradls period of time over which hatch-
ing took place since mortality in the fry stage naturally neceasitated that the
egss be hatched and fry present. For example, almost all of the fry in the un-
diluted sffluent water had died befors the fish in the colder lots had started
to hatch or consequently show mortality In the fry stage.

The fry in the undiluted &ffluent water suffered a considsradle micrtality i=-
medlately aftor batching, a consistently high mortality for saveral weeks and
then, during the last two weeks in February, a sharp rise in the rats of
mortality again. Shortly after hatching the £ish in this lot appeared woak and

exhibited abanronl svimeing actions, none reached the foeding stage and all were
dead by the mlddle of March.

In troughs 3 and & whero tie effluecnt vater was rofrigsrated, the coolsr tem-
torature delayed dovelopmsnt. Upon hatching the fry appeared healthy and
active and seemod to give no indication of their imminent fate. During the
rirat month their rate of mortality was no greater than that of the river con-
trols althouch they wore not as active. Starting at adout the sixth wveek after
hatening thors vms a sharp rise in the rute of mortality followed dY two weeks
xore of continued high mortality, then again dy e sharp rise in mortality. The
lzat fry of this lot dled during the first week of June. The development of the
fry in the refricerated efflusnt wvater was corsiderably slower than in straight
cl'rer vater of the samo temperature. When the fish in the control lots bhad
coapletoly absorbed tholr yolks and wore starting to feed, those in the refrig-
emted offluent water of troushs 3 and & ptill retained a large nmount of yolk
ond wvere amaller in size, The last £ry in this lot dled without ocmpletely

edbyording thu‘r yolk saca 7T weeks after the control lots had absorbed their
yolks end wereo feeding,

The fry in the 1:% dilution experienced a mortality of almoet 50 per cent. As
g croup they appoarvd woak and exhibited sbnormal swimming actiona, They sgain
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ohotad surges of mortality followed by periods of good survival. By the middle of
Narch they had absorbed their yolk sacs and feeding was started. Their elzs at -
the end of the yolk sac stage was appreciably amaller than that of tre controls.

Ths fry in the first slx troushs fcllowsd a very charecteristic pattern. Thay
eppeared weak and instoad of swiming actively large munbers would lie ou the
btottom, the only movement they would show would be weak gill action. When dis-
turbed they would exhibit abnormal ewimming actiona. MNany of the individuals

that dled shovad a 85 called "vhite spot disease” charmcterized by precipitated
tarticles {n the y~lk ani often a vhite coloration along the postericr dorsal

and ventral portions of the dody. This conditiom, however, 1s thought to be caused
¥ edverss eulvrormental conditions rather than disease organisms.

In the 1:10 dilution the rats of mortality during the fry =stage ves appreciadbly
hizher than in the weaker dilutions. This resulted in the death of almost ten
yer cent of these fish. Scae of the dying fish showed "vhite spot diseese™.
Ly the last of March thsy bad absorbed the yolk sac and had started to feed.

Tre!r size at tho end of the yolk sac lta.eo was apprecladly cmnor than that
ot t.ho controls, )

T‘xn l 25 and 1:50 dilutlon levels seemed to significantly increese the mortal-

ty during the fry stage. The 1:100 and 1:250 4dilution lsvels 4id not signifi-
omtly inerense the mortality during the fry astage. The gensral condition, ap-
Fesrancs, activity and size of the young fish in dilutions of less than 1:10
avpeared slmilar to that of the river water controls. 3By the middle of April
thyse fish had absorbed the yolk sac and had atarted fecding.

Ths mortality <€ the silver salmrm in the fry stage was characterized by the
cppoarance of penks or awrges rather than a steady rats. One peek eppsared
shorily after hatching in all lots. In all casss there wes a smell percentage
of weask or corippled fish which were adles to hatoh but which were ot adle 20
sutvive the fry stage. This period is cne cf physiological change since while
ia the egg the fish is protected dy the nholl menbrane, but upon hatching it

‘bescmes an activy, fres swimming form and conseguently encounters new conditlons.

During the last two weeks in February thore was a sharp rise in the mortality
of {ish held in stralght effluent water, and in the 1:5 and 1:10 dilutions. At
this tims tho river wvater was vory silty and dirty and large quantities of
"forrifloc” were boing used and consequently arpearing in the effluent water.
It ia ccnjectured that the incroassd numbers of solid particles, dus to both
"forrifloc” and to silt in the river wator, increased the abrasive ection on
tho 1118 affecting respiration and possidly mede the fish more sus=ceptidlo to
udverse chomical and physical conditions. Another definite peak in mortelity
r'orr all lote appeared during the firat twenty days. in April. One possidle
ronoon for this was that all lots, with the exception of the refrigerntad ef-
fivent water, had ocwanpleted the abeorption of their yolk sac durinz this period
&nd had begun to foed. This is another critical period for the fish since it no
longer haas & roserve of yolk materiel to sustain it, but must begin to feed on
i*¢ cwvn. It i{s a periocd of marked physiclogiocal ohango.

ingerld

The dintinctior botween the fry and fingerling stagos s rather arbitrary,
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wu% i heore characterized by an active feeding responss by ithe fish, At this
tie 1t was also necespary and convenlent to reduce the number of {ish in each
troush, to approximately five hundred. . New stocks were placed in troughs 1, 2,

3, and & oinco practically all of the fry in these troughs had dled. Thuuo lots
" usre deslignetsd es 1A, 2A, 3A and KA. The newv stocks wers taken from surplus
~1ver water control rieh-. Botween July 8 snd July 10 &il of the fish in lots
1A, 2A, 3A ard kA were accidentally Xilled by chlorine entering the supply in
s::xite.ry vater used for pump rriming. After this accident, new lots from river
vater control surplus stocks vere again established in troughu 1 through & and

~ woro designitad as 1B, 2B, 3B and 4B, Dus to the incrosse in fish size it was

- alvipadble at this ti.m to reduce the size of ths lots In most of ths other
tsoughs to approximtely two hundred. : The surplus fish were liberated into the
Columbdbia River, '‘Since the numbers of fish in the . 1:5 and 1:10 Z>ts had besn
cmid:smbh reduced by heavy mortality, these lots were not reduced at this time.
T> make trough space avalladleo for anotier sxperiment lots 5 and 6 (1:5) were

¢ mbined ag.d nlncod in trongh 7 and lota 7 and 8 (1 10) were ccmbdined and placed
1A troubh Crsa e e .. Ce e eeaan

' During the fingerling stage there vere two ma Jor cb.ang-s in the Water
Conditions. On May 8, nev facilitles made it possidle tc substitute atraight
137 Retantion Baain vator froa the ocutlet slide for tha undiluted area effluent
witer i3 trouchs 1, 2, 3, and k. The undiluted area offliuent water consisted .
o & combination of pilo effluent from the Retention Besin (Bldg. 107) mixed
vith a1l other am ‘sffluents, This md area efflusnt water was still usod
in the dilutions, 1.e. 1:%5, 1:10 etc.: The 107 Betention Basin ¥rnter was cooled
T river water 1n a heat excharger rrior %o golng through the usnal series of
cwoling ‘coils in tho laboratory. Thus the temperature conditions in troughs 1
. tJLrouvh % were not altered materially by this change in water.

Now equipxznnt changes also made avalladls a supply of pre-pile process water,

- which contained all of the addod chemicnls withmne of the pile effects. This

uupply originated in the 190 Bldg., was brought to the Fish Laboratory via a
2 inch main ard wns ccnnectod to troughs 195 and 26. In this weter tha residuml
chlorins vas of sufficient strength to kill young eslwon in a mettsr of a fow
hc»urs. This necessitatsd.the removal of the chlorine, vhich was accomplished
 installing an astivated cardon filter in this water supply. Appareatly
t} is renidual chlorine Iin the Trocess wnter ies largely driven off when golng
tlrough tha operating pile and subsequently by being held in the Retentlon
Beain. Ths 1:2%0 dilution lot was discontinued in order that the Freo-~pile
D1ccess water could be used. This ves done on Juns 2. The temperature of the
vie-plie water avereaged sbout 3. wearmr than tho river wvater dus to heat ec-
cirulated in transit.

"’}l:0 mortality data for the fingerlings vas handled in preclsely the oame man-
- 2¢r as that ~ the fry. The results vure pocled into the group moans shown
{1, Trbdle I1I. The cumulative percentages of Table III have besn plotted in
‘Fregure -}, vhich alsc utilizes a lcf scale above the one per cen;t Iortality

‘eval,

""1c rarplacemsnt ‘groupa of fisch werw suhjected to the 107 Easin water and

o thaugh these fingerlings had not prerviously desn subjscted to effluent of
ary xind their mortalities soon rose adove that of the controls end coatlnued
h:gh wtil their accidental deaths in the first case and the terminmating of
~ls sxixiriment in the latter. The warmer water lots in troughs 1 and 2 were

110
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affectad more quickly than the refrigerated onwe in troughs 3 and & snd suffered
heariar rmtes of mortality. o
o [e]
The death rats in the 1:% dilution at first glance eppoars to axcsed that of
tho 107 Basin vater. This paradox resulted donause th? £igh in the 1:5 dilu-
$ton had baen exposed since the egg stage and a high mportality rate was el- °
ready ozcurring in these fish at the time the fingerling data were startzd.
The doeth rate ln the 1:10 is well adove that of the river controls. Ia both
the 1:% and 1:10 lots the fish which dled ware ugually the weakest, most
canaiated individuals. Ia appears that the effluunt water has s gradual and
continval toxic or weelwalng effect. During the lagt fouir months of the ex-
pertnent the rates of mortality in these two lots decreased, One apparent
reason for thls lessening of mortality was that the stronger and hardier £ish
survived while the weaker onss had previcusly deen killed.. *

-]
The #ish in the 107 Basin water and in the 1:% and 1:10 dilutions agaln,
ahdwsd quite definite peaXs of mortality during 4¢he fingsrling etage. Ther
wan & rise in the rate of mortality of fish in the 10T Basin wator bdetween
Augrust & and August 13 vhen the pile was not operating. Subsequent develop-
zento indicate that during such periods emough chlorine remains in the ogld basin
vater to adversely affect the fish. ~ .

Tis fish exposed tq the pre-pile rrocesa water showed consistently high raten
of mortality indicatin that the chemic.ls in the affluent wator are a oma jor
causo of high mortality ratee amcrg fish held concentretions of plant ef-

fluent. .

Ia 4ilutions of 1:25 or greater, the efflusnt water 414 not significantly incoreese
tae nortality of the fingorling silver salmon. *

Growth in Lencth and Welght

Tae growth (n length and growth in welght folloved 1dentical trends, and so will
be copsidered togetber, Length measuremsnts were mado every four weeks, and

the fish vere woighed ip groupe every two weeks. Tadle IV ghowa the averuge
larzth of the ealmon in each water type cn each sarpling date. Tadle V precents
similar data for the weights. Yigures b and 5 Jepict the growth of the fial in
langth and weight, reepectively. .

3lzo measursments wore £irast mede on March 20, on the 1t3 dilution lot which
had Just absorbud the yolk sas, At thia time this was the only lot far snough
alvanced to ba handled. Ths improper utilization of the yolk by the fry in the
refrigerated offluert, 1:3 and the 1:10 lots in oclearly shiown in both the Length
and Welght charts by 'the mmallsr sizes of these fish as compared with the other
lota. The weights of fish in the reiri;srated efliuent ca Haj 29 wore groater
tian three cf the fish in either the 1l:> or 1:10 dilution lota. Howevar so

fsv fish ramined alive in the rafrigarated ¢flusnt oz this dato that the

simple was Lnadoquate. Tho last of the {Ich in t*fe lot died shortly after-
wudn .

Ratardation of grovth during the firgerliig <t2ge in the 119 and 1:10 dilu-
tlon lote !s ocloarly ahown. In ersry case an sffart was made to sample the
population in a randon maner, Howsiea', due to the extivmoe variation in size

et cvtran Wre . = as e (AT
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amsng the individuals in both tie 1:5 and 1:10 lots sampling {rregularities
d1d appear. Since there {s roughly a cubdbic relationship between the wveights
acd lengths, the weight figuren accentuvate these irregularities more than tre
len¢the. On July 10 the weights of the fish {n thae 1:% dilution were greater
than those of the f£ish in the 1110 dllution. Since the mortality of the 1:5
lot was very heavy, all of thes remaining fish of the group were used in the
velght determimtions aftor Juns 12; whsrovas in the 1:10 lot, vhere the fish
W e Bore mumsrous, only a part of the £iah were weighnd. Since the fish
vhich had died vere mostly the ammller weaksr cnes, thare remsined in the
1:10 dflution a disproporticnately largar percentace of smaller fiah and
thls loverod tho evarage fish aizs to below that of tha 1:% lot, in wvhich
n2ly tho larcer, stronger fish had survived. Butween Septenber and Octodber
thore was an epparent leveling off or slight decrease in grovth emong the
fish held {n the 1:10 dilution. This also was probadly due to a eaxpling
err resulting from the great variation {n sire of the fish.

The fingerlincs placed {n troughs 1 through & to roplace the lots vhich had
died ahwed slover ratss of growth than the river controls. Tt should be
remaibered that the reeson f~r the initial large size of the fiah in lots 1A,
2A, 3A, %A and later in lots 1B, 2B, 3B and AB is that they were origimlly
river witer controls with normal rates of growth.

During May the £1ah in the 1°230 dilution were held in a singls trough for a
Poricd of time. This ocrowding factor resulted in a slower ™to of growth,
During the first of Juns pre-plle process water was pubstituted for the 1:29)
dilution, The rish in this water had sharply retarded rates of mowth as is
cicarly shown by bdoth the Length and Velght aurves,

In the 1:29 d!lutlon the flsh show a rate of growth vhich wves significantly
slover than that of the river controls or of the fish hsld in greater dilu-
tions, In dilutions of 1:50 opr greater, the efflusnt vater did not rotaxd
the grovth of the fingerling silver salmen. Actually the site of ths sontrol
floh appears slightly less than that of f£iah {n weak dilutions of the efflusnat
wvater, an effect vhich might be caused by the slight tomperature differences
vileh were {n proporticn to the amomt of effluent addnd.

Tho rature of the weight data, vhich gave only averege valuss vithout indicat-
ing the variation in size betwesen inlividuals in eech lot, make it Lxpossible
ts test for significant differences betwsen lote by ordivary methods. How-
o7er, ths significance af size differentes betwesn the variocus groups waa

adequatsly shown by the length data whore eash group was compared to the con-
trol by the t- test.

B Octoter 1547, tho young silver salmon were approaching a size at whioh
ti>y would nermelly migrate to the ocean; further, the results were showing

& c2sistant trund and probadbly dut little additicoa)l {mfocrmation could be
obta‘ned. Siace repairs end altersticmns to troughs and piping mquimment

vire rejulied bafcru a nav series of exparimsnts sould by started, removal

27 the flah wna reocasary. On Ootober 20, 1987, 2393 of the surviving finger-
1rés wore liLersted into the Coluabia River sdjacent to the 100-P Area,

R DECLASSIFIED




