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CHAPTER ONE . -  NET MONITORING STUDIES

As  pa r t  o f  ou r  ove ra l  I  assessmen t  o f  t he  po ten t ' i a l  ' impac t  o f  San  Ono f re
Nuc lea r  Genera t i ng  S ta t i on  (SONGS)  on  the  l oca l  f i sh  fauna ,  we  mon i to red  the
d is t r i bu t i on  and  abundance  o f  se lec t  spec ies  o f  coas ta l  pe lag i c  ( r rm idwa te r ' r )  and
benth i  c  sof t -bot tom ( ' !benth i  c t t )  f  i  shes.  We assessed abundanc Ed-on- f r

samp les ,  M idwa te r  f i shes  were  samp led  by  l ampara  se ine ,  a  t ype  o f  semi -pu rs ing

roundhaul  net .  Benth ' ic  f ishes were sampied by 25- f t  (7 .6 m) ot ter  t rawl  (a  scaled-

down  ve rs i on  o f  1a rge ,  commerc ia l  d rag  ne t s ) ,  used  i n  r ou t i ne  f i she r i es  samp l i ng

o f  bo t tom f i shes .  Ne ts  p rov ide  ca tch  da ta  tha t  a re  i nd i ces  o f  abundance  (CPUE,  o r

"ca tch -pe r -un i t -o f -e f fo r t " ) ,  no t  es t ' ima tes  o f  abso l  u te  dens i t y .

M idwa te r  and  ben th i c  f i shes  were  samp led  as  d i sc re te  tes ts  o f  two  d i f f e ren t

_p red i c t j ons :  t he  i uven ' i l e -adu l t  s t ages  o f  ce r t a i n  spec ies  (e .g . .  queen f i sh ,  
Y

Ser iphus  po l i t us )  have  been  cons ide red  to  be  a t  pa r t i cu la r  r i sk  to  i n take

en t rapmen t  a t  t he  S0NGS o f f sho re  i n take  s t ruc tu res .  0 the r  f i shes  ( i nc lud ing  the

ben th i c  adu l t s  o f  spec ies  tha t  occu r in  m idwa te r  as  j uven i l es  and  young  adu l t s )

have  been  cons ide red  po ten t i a l ' l y  suscep t i b le  to  changes  i n  the  sed imen t  and

ben thos  ( the i r  p rey )  t ha t  m igh t  resu l t  f r om o rgan ic  i npu t  o f  t he  SONGS d i f f use r
p lumes  to  the  seabed  fa r the r  o f f sho re .  The  spec i f i c  p red i c t i ons  tes ted  were :  (1 )

t he  po ten t i a ' l  ' impac t  o f  i n t ake  en t ra i nmen t  i s  nega t i ve  ( i . e . ,  l ead ing  t o  a  l oca l

dec rease  i n  m idwa te r  f i shes ) ;  and  (2 )  t he  po ten t i a l  impac t  o f  a  changed  seabed  and

ben thos  on  ben th i c  f i shes  cou ld  be  e i t he r  pos i t i ve  o r  nega t i ve  ( ' i . e . ,  l ead ing

e i t he r  t o  a  l oca l  i nc rease  o r  a  l oca l  dec rease  i n  ben th i c  f i shes ) .

As descr ip t ive tests  of  these predic t ions,  we mon' i tored the d ' is t r ibut ' ion and

dens i t y  o f  f i shes  nea r ,  and  va r ious  d i s tances  f rom,  the  po ten t i a l  sou rce  o f

impac t ,  du r i ng  a I t p reope ra t i ona l t t ( base i i ne )  pe r i od  p r i o r  t o  an r rope ra t i ona l "

pe r iod  when  bo th  SONGS Un i t s  2  and  3  were  cons i s ten t l y  pump ing  a t  f u l1  f l ow .  Fo r

the  m idwa te r  f i shes  samp led  by  l ampara  se ine ,  t he  base l i ne  pe r iod  was  SS@r  y

1979-May  1 .982 .  Th i s  was  fo l l owed  by  an r r i n te r imr rpe r iod ,  du r ing  wh ich  samp ' l i ng  was

con t inued  a t  reduced  e f fo r t  t o  ma in ta in  con t i nu i t y .  Opera t i ona l  samp les  were  J

co l l ec ted  du r ing  Apr i l  1984 -Augus t  1986 .

For  the  benth ic  f i shes  sampled  by  o t te r  t rawl ,  the  base l ine  per iod  ex tended

from May l l lQ-Aprf l  1982. After an an inter im per iod of  June 1982-Apr i ' l  1984, *

opera t iona l  sampl ing  began in  May 1984 and cont inued un t i l  December  1985.

h
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! [Eqn i to red  the  dens i t y  o f  m idwa te r  f i shes  w i th  l ampara  se ines  f j shed  nea r

(w i th in  l /Z - )n  d i s tance  o f )  t he  SONGS Un i t  f  i n take  s t ruc tu re ,  a t  ano the r  s ta t i on

>I f r ' " -own-coast  o f  un i t  1 ,  and at  a  d is iant  contro l  s ta t ion@'km c iowncoast  o f

Un i t  1 .  M idwa te r  se ' i ne  samp les  were  taken  a t  11 -16  m bo t tom dep ths  ( co r respond ing

to  the  SONGS d i f f use rs )  as  we l l  as  a t  5 -10  m ( ' i n take  s t ruc tu re  dep ths ) .  Samp l ing

at  11-16 m was done as a check on whether  any decreases observed at  in take depths

migh t  i ns tead  re f l ec t  an  o f f sho re  d i s t r i bu t ' i ona l  sh i f t .

t l le  used benth ic  t rawl
-. ,J*? * ,-?.h; 5

gne{*rt- setti n g di t t userdYf4,
p1 umes

of  Un i t  1 .  T raw ' ls  were
(  seaward  o f  the  p1  ume) .

t oas

made at

the  ave rage ,

o f  t he  Un i t  1  l i ne )  t o  mon i to r  nea r -
-r---

ng ie ,  d i s tan t  con t ro l  s ta t i on ,  i 7 -20 -km downcoas t

18  m ( j us t  seaward  o f  t he  d i f f use rs )  and  a t  30  m

I
I
I
I
I
I
I
I
I
I
I

We eval  uated the magn' i tude and s i  gn ' i f  icance of  potent i  a1 decl  i  nes (  for

m idwa te r  f i shes )  and  po ten t ' i a1  changes  (ben th i c  f i shes )  a t  an ' impac t  s t a t i on

( re la t i ve  to  a  con t ro l  l oca t i on )  and  be tween  base ' l i ne  and  ope ra t ' i ona ' l  pe r i ods ,

us ' i ng  A .  S tewar t -0a ten l s  I 'BACI r r  (Be fo re -A f te r ,  Con t ro ' l - Impac t )  samp l ing  and

ana l ys i  s  des i  gn .

The re lat ive magni tude of  se ine catches near  versus away f rom SONGS of ten

changed  ' i n  p red i c ted  fash ion  be tween  base l i ne  and  ope ra t i ona l  pe r iods .  A t  a

p resc r ibed  a lpha -1eve ' l  o f  0 .05  and  a t  a  power  (1  m inus  be ta )  o f  0 .  t 0 ,@

s ta t i s t i ca l l y  t rac tab ' l e  t es t  cases  (a t  i n take  dep ths )  were  s ign ' i f i can t ,  and (9 / l I

o f  these v{ere d i l I Igg. rLtonate ! !ee l ' ines at  the Near  Impact  locat ion re la t ive to

e i the r  t he  Fa r  Impac t  s ta t i on  o r  t he  d i s tan t  Con t ro l  l oca t i on .  A t  d i f f use r

dep ths ,  on l y  3 /21  :ases  were  s ' i gn i f i can t  a t  an  a lpha  o f  0 .05 .  Ano thea lv rg - . cases

were  s ign ' i f i can t  a t  0 .10  >  P  >  0 .05  ( j us t i f i ed  because  the  power  o f  bo th  cases  was
<  0 .80 ) .  A l though  the  power  o f  ou r  t - t es t s  was  genera ' l 1y  l ess  fo r  da ta  co1 lec ted

a t  d i f f use r  dep ths  than  a t  i n take  dep ths ,  t he  resu l t s  sugges t  t ha t  t he  nea r -SONGS

dec l i nes  were  more  p reva ien t  a t  shq l ths ,  nea r  t he  o f f sho re  i n take

s t ruc tu res .  D i f f use r -dep th  dec l i nes  v re re  de tec tab ' l e  f o r  sma l l  queen f i sh  on1y ,

pe rhaps  because  en t rapmen t  e f fec ts  on  l ess  vag i ' l e ,  younger  f i sh  a re ' l ess  d i f f used

by  
' l ongshore  

movemen ts  - -  t he  i ono tno " "  
" " * " "4  

o f  d

i t e  c roake r  dec l i nes  was  res t r i c ted  to  w i th in  ! / 2 -kn  d i s tance  o f SONGS Uni t

l _ in take .  Dec l i nesJn  adu l t  ma le  and  fema le  queen f i sh  were  de tec tab le  as  fa r  as  2 -

3  km downcoas t  o f  Un i t  1 ,  however .
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Severa l  da ta  p rov ' i de  s t rong  c i r cums tan t ' i a l  ev idence  tha t  (1 )  l oca l

dep ress ions  i n  i uven i l e  queen f i sh  a re  d i f f used  t h roughou t  t he  B ' i gh t  by  f i sh

movemen ts .  and  (2 ) ress ' i ons  i  n  adu l  t s  have  resu l  t ed  d  j  r ec t l y  f  r om

en t rapmen t  o f  adu l t s .  F i r s t ,  se i ne  da ta  i nd i ca te  t ha t  queen f i sh ,  pa r t i cu i a r i y

a {u1 ts ,  make_ex fg i l g_ ]ggshore ,  as  we l l  as  d ie l  and  seasona l  onshore /o f f sho re

movemen ts .  Second ,  t he re  ' i s  good  b iochemjca l  gene t ' i c  ev idence  tha t  queen f j sh  l ack

popu la t i on  d i f f e rq f i a t i on  w i t h i n  t he  B ' i gh t ,  wh i ch  i s  expec ted ' i f  s t ocks  a re  we l l -

A l l  s i gn i f i can t  dec l i nes  nea r  S0NGS invo l ved  wh i te  c roake r  (Genyonemus

l i nea tus )  and  queen f i sh ,  two  spec ies  heav i l y  en t rapped  a t  t he  S0NGS o f f sho re

in take  s t ruc tu res .  Sma l l  ( i uven i ' l e )  s tages  o f  bo th  spec ies  i n  pa r t ' i cu la r  dec l i ned

d isp ropo r t i ona te l y  nea r  S0NGS dun ' i ng  the  ope ra t i ona l  pe r iod .  Two  o the r  t axa  tha t

were  common and  abundan t  i n  base l j ne  se ine  samp les ,  bu t  en t rapped  a t  re ia t i ve ' l y

l ow  leve l s  a t  SONGS,  d id  no t  dec l i ne  to  g rea te r  ex ten t  nea r  S0NGS.

ANOVA resu l t s  gave  no  i nd i ca t i on  t ha t  dec l i nes ' i n  se ine  CPUE a t ' i n t ake  dep ths

were  the  resu l t  o f  o f f sho re  d i s t r i bu t ' i ona l  sh i f t s -

The  d i sp ropo r t i ona te  dec l i nes  i n  m idwa te r  f i sh  CPUE near  SONGS were  l a rge  i n

magn i tude  (genera l l y  >  60%) .  Mos t  nea r -S0NGS dec l i nes  were  abso ' l u te ' l y  l a rge  as

we l l  ( usua1 l y  t  20  f i sh  pe r  se ine -hau l ) ,  desp i t e  t he  b roadsca le  ha l v i ng  o f  f i sh

abundance lhroughout  the San 0nofre-Oceanside area in  recent  years.  The la t ter

backg round  dec rease  a t  a l1  samp ' l i ng  l oca t ' i ons  du r ing  1984-85  began  ' i n  summer - fa l l

1982 ,  co inc ' i den t  w i th  the  onse t  o f  t he  Ca l i f o rn ia  E ' l  N ino ,  and  no  doub t  re f l ec ted

o f f sho re  emiq ra t i ons  and  mor ta l i t ' i es  caused  by  the  E l  N ino .

The  p ropo r t i on  o f  s ign i f i can t  t es t  cases  was  l ess  fo r  base l i ne  ve rsus

opera t i ona l  pe r iod  compar i sons  o f  impac t - con t ro l  re la t i onsh ips  a t  ben th i c  t : ' aw l

s ta t i ons .  When  eva lua ted  a t  a  two - ta j l ed  a ' l pha  l eve l  o f  0 .05 ,  we  were  ab le  to

de tec t  s ign i f i can t  changes  i n  t raw ' l  CPUE fo r  on l yJ46  t " . c tab le  cases  ( i nvo l v ing

4  spec ies ) .  An  add i t i ona l  3  spec ies -dep th  comb ina t ' i ons  (2  more  spec ' i es )  were

s ign i f i can t  a t  a  two - ta i ' l ed  a l pha  o f . 0 .10 .  0 f  t he  7  t o ta l  changes ,  s i x  we re
' i nc reases ;  on i y  one  re la t i ve  dec ' l i ne  occu r red  a t  S0NGS.  The  dec l i ne  (54%)  was  fo r

speck led  sanddab  (C i tha r i ch thys  s t i gmaeus )  a t  18 -m dep th .  Fou r  ou t  o f  s i x

s i gn i f i can t ' i n c reases  occu r red  a t  30  m .

m i  xed .
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ANOVA resu l t s  gave  l i t t l e  sugges t i on  t ha t  s i gn i f i can t  changes  i n  t r aw l  CPUE

at  depth were obscured by depth-d is t r ibut ional  sh i f ts .  Other  data demonstrate that

the  d i f f use r -  and  p lume-dep th  i nc reases  i n  t he  t raw l  ca tches  o f  queen f i sh  and

wh i te  c roake r  a re  no t  t he  s imp ie  consequence  o f  a  seabed-d i rec ted  sh i f t  i n  wa te r

co lumn d i s t r i bu t i ons  tha t  m ' i gh t  have  occu r red  o f f  SONGS.  Fo r  each  spec ies ,  t he

large adul ts  that  dominate t rawl  catches far ther  of fshore represent  a segment  of

the  s tock  tha t  i s  d i f f e ren t  f rom the  j uven i l es -sma ' l ' l  adu l t s  t ha t  p redomina te  i n

se ine  ca tches  nea rsho re .

Most  re la t ive increases in  t rawl  CPUE of f  S0NGS were large ( f rom > 2007!  to

>  600 i ( ) .  However ,  a l l  bu t  one  case  (wh i te  c roake r ,  a t  30  m)  rep resen t  t r i v i a l l y

sma ' l l  abso ' l u te  d i f f e rences  i n ' ca tches  be tween  SONGS and  con t ro l  l oca t i ons .  La rge

percen tage  changes  desp i te  sma l l  abso lu te  d i f f e rences  re f ' l ec t  t he  sma l ' l  s i zes  o f

t raw l  ca tches  du r ing  the  ope ra t i ona l  pe r iod .  Dur ing  1984-86 ,  t he .abundances  o f

ben th i c  f i shes  were  dep ressed  to  one -ha l f  o r  l ess  o f  base l i ne  ave rages  th roughou t

the  genera ' l  San  Ono f re -0ceans ide  a rea  (as  e l sewhere  i n  t he  Sou the rn  Ca1 i fo rn ia

B igh t ) ,  p robab ' l y  as  a  consequence  o f  t he  1982-84  E1  N ino .

The overa ' l  1  ef fect  o f  S0NGS entrapment  on smal  1 f i  sh nearshore and on SONGS

p lume- ' i nduced  en r i chmen t  o f  t he  seabed  o f f sho re  can  be  eva lua ted  fo r  queen f i sh  and

wh i te  c roake r ,  t he  two  spec ies  fo r  wh ich  bo th  pos i t i ve  and .nega t ' i ve  p : l an t  e f fec ts

a re  mos t  ev iden t .  I n  t e rms  o f  b iomass ,  t he  two  spec ies  show qua l i t a t ' i ve1y

d i f f e ren t  ove ra l l  e f f ec t s :  Fo r  wh i te  c roake r ,  t he  d ' i sp ropo r t i ona te  i nc rease  ' i n

large adul ts  near  the seabed,  beneath the S0NGS piumes,  has ovgry lg l4gdlhe

re la t i ve  dec rease ' i n  sma l l  c roake r  c lose r  t o  sho re ,  nea r  t he  S0NGS in takes .  Our

g ross  es t ima te  o f  t he  resu l t i ng  su rp ' l us  i n  wh i te  c roake r  i s  -55  kg /ha .  Fo r

queen f i sh  t he  oppos i t e ' i s  t r ue .  The ' l a rge  re l a t i ve  dec l ' i nes  i n  i uven i l es - sma l l

adu l t s  nea r  t he  i n takes  swamps  the  re la t i ve  i nc rease  i n  l a rge  adu l t s  nea r  t he

seabed  o f f sho re . .  The  es t ima ted  de f i c i t  i n  queen f i sh  b iomass  i s  -?7  kg lha .

CHAPTER TWO - .  SONGS ENTRAPMENT STUDIES

Also as par t  o f  our  comprehensive assessment  of  the potent ' ia i  impact  o f  S0NGS

opera t i ons  on  f i sh  s tocks ,  we  es t ima ted  the  magn i tude  o f  S0NGS Un ' i t s  1 ,2  and  3

in take  en t rapmen t  o f  j uven i l e -adu l t  f i shes .  Es t ima t ing  mor ta ' l i t y  due  to

en t rapmen t  a t  Un i t s  2  and  3  requ i red  an  assessmen t  o f  t he  e f f i c ' i ency  o f  t he  f i sh

I
I
I
I
I
I
I
I
I
I
I
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r e tu rn  sys tem o f  t he  two  new  un i t s .  Because  t he  obse rved  l oca ' l  dec l i nes ' i n

m ' i dwa te r  f i shes  nea r  t . he  o f f sho re  i n take  s t ruc tu res  a re  though t  t o  have  resu l ted

f rom in take  en t rapmen t  (Chap te r  0ne ) ,  we  eva lua ted  whe the r  t he  obse rved  dec l i nes

can  reasonab ly  be  a t t r i bu ted  to  i n take  en t rapmen t .  To  do  th i s ,  we  compared  the

ave rage  magn i tude  o f  queen f i sh  en t rapmen t ,  va r i ous l y  co r rec ted  (o r  no t )  f o r

ope ra t i ons  o f  t he  Un ' i t s  2  and  3  f i sh  re tu rn  sys tem,  w i th  the  es t ima ted  magn i tude

o f  nea r f i e l d  dep ress ion  i n  t he  queen f i sh  s tock .

Dur ing  the  39 -mo  pe r r ' od  f rom May  1983  to  Augus t  1986 ,  S0NGS Un i t s  ! ,  2 ,  and  3

toge the r  en t rapped ,  on  ave rage ,  an  es t ima ted  5 .6  m i l l i on  j uven i l e -adu l t  f i shes ,

we ' i gh ing  40 .7  me t r i c  t ons  (MT) ,  eve ry  12  mon ths .  (Du r i ng  t h i s  pe r i od ,  Un i t  1

pumped  a t  an  ave rage  56% o f  f u l l - f l ow ,  and  Un i t s  2  and  3  comb ined  w i thd rew coo l i ng

wa te r  a t  an  ave rage  76? (  o f  f u l ' l  f l ow . )  En t rapmen t  es t ima tes  a re  based  on  the

assumpt ion  tha t  magn i tude  o f  en t rapmen t  ' i s  d i rec t l y  p ropo r t i ona l  t o  t he  number  o f

c i r cu la t i ng  pumps  i n  ope ra t i on  a t  a  un i t  ( i . e . ,  d  l i nea r  f unc t i on  o f  vo lume  f l ow ) .

Th i s  assumpt ion  was  c r i t i ca l l y  t es ted  and  accep ted .

The  fa te  and  d i spos i t i on  o f  f i shes  en t rapped  a t  SONGS d i f f e rs  be tween  Un i t  L

and  the  two  new un i t s .  Th i s  i s  because  mos t  f i shes  en t rappped  a t  Un i t  1  a re

imp inged ,  whereas  mos t  a re  d i ve r ted  a t  Un i t s  2  and  3 .  En t rapmen t  a t  Un i t  1

represented only  9- IO?(  of  to ta l  f ish b iomass entrapped at  S0NGS dur ing May 1983-

Augus t  1986 .  Abou t  l 0% (a00  kg )  o f  t he  ave rage  f i sh  b iomass  en t rapped  a t  Un t ' t  1

(3 .8  t lT / y r )  acc rued  i n  the  un i t r s  sc reenwe l l  be tween  hea t  t rea tmen ts ;  t he

rema inde r  imp inged  on  t rave l i ng  sc reens  du r ing  no rma l  f ' l ow  ope ra t i ons .

Entrapment  at  Uni ts  2 and 3 accounted for  90% (36.7 MT) of  to ta l  annual

b iomass entrapment  at  a j ' l  SONGS uni ts .  About  8% (3.0 t l lT /yr )  accrued in

screenwel ls  between heat  t reatments and was k i l ' led dur ing heat  t reatments.

Imp ingemen t  and  d ' i ve rs ion  du r ing  no rma l  f l ow  ope ra t ' i ons  accoun ted  fo r  92% (33 .9

NT/yr)  o f  a i l  ent rapment  at  the two new uni ts .  About  one- f i f th  (7 .2 MT/vr)

impi  nged on t ravef  ing screens;  four- f  i  f ths (26 .6  t lT lyr )  v tas d ' iver ted by the

louve red  sc reens  i n to  fo rebays  and  pe r iod i ca l l y  co l l ec ted  by ' l i f t - bucke t  and

d ischa rged  back  o f f sho re  v ia  the  f i sh  re tu rn  sys tem.  (A t  a ' l l  SONGS un i t s ,  t he  f i sh

k i ' l l ed  du r i ng  hea t  t r ea tmen ts ,  and  a l l  t hose ' imp inged  on  t r ave l l i ng  sc reens  du r i ng

norma l  f l ow  ope ra t i ons ,  a re  ca r ted  o f f - s i t e  t o  be  used  as  
' l and  

f i l ' l  . )
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Queen f i sh ,  no r t he rn  anchovy  (Eng rau l i s  mo rdax ) ,  p l us  s i x  o the r  spec ies

rep resen ted  ove r  ha l f  o f  a l l  f i sh  b i omass  en t rapped  a t  Un i t  1 ,  and70% o f  t he  t o ta l

a t  Un j t s  2  and  3 .  Queen f i sh  a lone  accoun ted  fo r  2 !?6  o f  t o ta l  b iomass  en t rapped  a t
Uni t  1  and 39% at  the two new uni ts .

The  magn ' i t ude  o f  f  i sh  mor ta l i t y  a t  SONGS Un i t s  2  and  3  i s  i nve rse l y
p ropo r t i ona l  t o  t he  e f f i c i ency  o f  i t s  f i sh  re tu rn  sys tem (FRS) .  E f f i c ' i ency  o f  t he
FRS depends  on  bo th  the  pe rcen tage  o f  f i sh  tha t  a re  d i ve r ted  ( i . e . ,  p reven ted  f rom
imp ' i ng ing  on  t r ave l ' i ng  sc reens ,  once  en t rapped )  and  t he  pe rcen tage  o f  success fu l l y

d i ve r t ed  f i sh  t ha t  su rv i ve .

0n  ave rage  abou t  79? l ,o f  t he .  t o ta l  b iomass  o f  f i shes  en t rapped  a t  Un ' i t s  2  and  3
was  d ' i ve r ted .  Pe rcen t  d ' i ve rs ion  \ {as  abou t  77? (  f o r  " sma l l -bod ied "  f i shes  (<  30  g ) ,

70% fo r r rmed ium-s ' i zed ' r  f  i shes  (30 -200  g ) ,  and  85% fo r ' r l a rge -bod ied "  f i shes  ( t  ZOO
g) .  Queen f i sh  and  wh i te  c roake r  t oge the r  rep resen ted  97% o f  t o ta l  b iomass  o f  a l ' l
sma l l  f i shes  ( ' l e ss  anchovy )  d i ve r t ed .

The  su rv ' i vo rsh ip  o f  d ' i ve r ted  f i shes  was  es t ima ted  as  a  func t i on  o f  body  s i ze ,

bo th  i n  t e rms  o f  mechan ica l  damage  and  o the r  phys io ' l og ' i ca l  s t ress  due  to  t ranspor t
per  se and due to predat ' ion upon d ischarge back of fshore.  tde evaluated the

e f fec ts  o f  t r anspor t  based  on  the  resu l t s  o f  a  se r ies  o f  f i e l d  t r i a l s  conduc ted

of f  SONGS by Occ ' identa ' l  Co ' l1ege dur ing October  1.983-August  1985.

Based  on  the  we ' i gh ted  ave rage  con t r i bu t i on  o f  queen f i sh  and  wh i t , e  c roake r  t o

d i vens jon  samp les ,  ave rage  t ranspor t  su rv i vo rsh ip  was  abou t  56% (by  numbers )  f o r

a l l  sma l l -bod ied  f i shes  exc lud ing  no r the rn  anchovy .  Ana ' l ogous  va jues  were  10076  fo r

med ium-s i zed  and  l a rge -bod ied  f i shes .  The  t ranspor t  su rv i vo rsh ip  o f  queen f i sh  was
68% fo r  f i sh  o f  a l l  s i zed  poo led  and  was  s ign i f i can t l y  l ess  (63%)  fo r  sma l ' l

compared to  
' lange 

(737;)  queenf  ish.

Mor ta l i t y  due  to  p reda t i on  upon  d ' i scha rge  was  a l so  cons ide red  to  be  a
pos i t i ve  func t i on  o f  body  s f ze ,  because  the  p robab i ' l i t y  o f  be ing  ea ten  mus t

dec rease  w i th  s i ze  fo r  j uven i ' l e -adu l t  f i shes  whose  we igh ts  range  f rom seve ra l

g rams  to  seve ra l  k i l og rams .  } Je  es t ima ted  p reda t i on  su rv i vo rsh ip  fo r  f i ' shes  o f  t he

same th ree  we igh t  c ' l asses  eva lua ted  fo r  t ranspor t  su rv i vo rsh ip :  we  es t ima ted  tha t

abou t  75% o f  t he  hea l thy  sma l l  f i shes  ex i t ' i ng  the  FRS d i scha rge  po r t s  wou ld  avo id

be ' ing eaten at  or  near  the d ' ischarges.  Analogous est ' imates were 90% for  medium-

ES-6



s i zed  f i shes  and  99% fo r ' l a rge -bod ied  f i shes .  We  cau t i on  t ha t  t hese  va lues  a re

sub jec t ' i ve  and  b racke t  t hem w ' i t h  va l  ues  +  50%.

E f f i c ' i ency  o f  t he  FRS can  be  conse rva t i ve l y  es t ima ted  as  the  c ross -p roduc t  o f
2 i  d i ve r s i on  and  % t r anspo r t  su r v i vo rsh ip ,  i gno r i ng  ( f o r  s ' imp l i c i t y )  t he ' impac t  o f
p reda t i on  upon  d i scha rge  f rom the  sys tem.  Do ing  th i s ,  and  subd iv id ' i ng  ou r

es t ima tes ' i n t o  " sma l ' 1 "  f i shes  (as  anchovy  and  a l l  o t he r  sma l l - bod ied  f i shes )  and

" ' l a rge "  f i shes  (as  the  sum o f  med ium-s i zed  and  l a rge -bod ied  f i shes ) ,  we  ob ta in  the

fo l l ow ing :  f he  % e f f i c i ency  f o r  a1 l  sma l l  f i shes  i s  an  es t ima ted  70? i  ( numbers )

and  55% (b iomass ) .  The  ? (  e f f i c i ency  o f  a l i  l a rge  f i shes  i s  somewha t  be t te r  - -  77%
(numbers )  and  80% (b iomass ) .

By  mu l t i p l y i ng  the  p robab i l i t ' i es  o f  t , r anspor t  su rv i vo rsh ip  and  p reda t i on

su rv i vo rsh ' iP ,  wQ were  a l so  ab le  to  p rov ide  g ross ,  bu t  comprehens ' i ve  es t ima tes  o f

the  e f f i c i ency  o f ' t he  FRS:

Pc t  e f f i c i ency  =  Pc t  d i ve rs ion  x  Pc t  Saoa" l ,

where Pt t  s to t " ]  =  Pct  s t ranspor t  x  Pt t  so" .dat ion

Us ing  th i s  p rocedure ,  ou r  bes t  es t ima tes  o f  FRS sys tem e f f i c i ency  were  3876

fo r  sma l l -bod ied  f i shes ,  63? {  f o r  med ium-s i zed  f i shes ,  and  84% fo r  l a rge -bod ied

f i shes .  When  Un i t s  2  and  3  en t rapmen t  es t ima tes  a re  co r rec ted  fo r  es t ima ted

e f f i c i ency  o f  t he  FRS,  annua l i zed  l osses  o f  t o ta l . f i sh  b i omass  a re  reduced  by

a lmos t  one -ha l  f  ( I 7 .5  l 4 I / 36 .9  MT) .  A l though  the  re la t i ve l y  poo r  e f f i c ' i ency  fo r

sma l l  f i shes  i s  pa r t l y  o f f se t  by  t he  re l a t i ve l y  good  e f f i c i ency  f o r  l a rge  f i shes ,

the  ave rage  e f f i c ' i ency  fo r  t o ta l  f i shes  i s  i n f l uenced  more  s t rong ly  by  the

b iomass -dom ' inan t  sma l l  f i shes .  Cor rec ted  fo r  t he  mos t  i i ke )y  p ropo r t i on  saved  by

FRS opera t i ons  (40? ; ) ,  annua l  en t rapmen t ' l osses  o f  queen f i sh  du r ing  May  1983-Augus t

1986  ave raged  abou t  9 .1  MT fo r  a l l  t h ree  SONGS un i t s ,  w i th  the  two  new un i t s

toge the r  accoun t ' i ng  fo r  8 .5  MT.

In conclus ion,  we evaluate whether  the observed magn' i tude of  ent rapment  of

sma l l  queen f i sh  and  wh i te  c roake r  (each  a t  
' l a rge  

apparen t  r i sk  to  en t rapmen t )  has

been  su f f i c i en t  t o  exp la in  the  obse rved  nea r f i e ld  dec l i nes  i n  t he  two  spec ies .

Converse l y ,  we  eva lua te  whe the r  
' l ow  

SONGS en t rapmen t  l eve l s  m igh t  reasonab ly

exp la ' i n  t he  j ack  o f  obse rved  nea r f i e ' l d  dec l ' i nes  fo r  two  o the r  t axa ,  a the r in ids  and

Pac i  f  i  c  bu t te r f  i  sh  (  Pepr i  1us  s im i  I ' l l  imus )  .
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I
Resu l t s  suppor t  t he  two  oppos ing  p red i c t i ons  queen f i sh  and  c roake r

en t rapmen t  has  been  su f f i c i en t l y ' l a rge  t o  exp la ' i n  t he  obse rved  nea r f i e l d  dec l i nes ,

wh i l e  l ow  l eve l s  o f  en t rapmen t  have  been  cons i s ten t  w ' i t h  l ack  o f  dec l i nes  i n

a the r i n i ds  and  bu t t e r f i sh .  I n  pa r t i cu l a r ,  we  es t ima te  t ha t ,  f o r  sma l l  queen f i sh ,

ave rage  immig ra t i on  ra tes  su f f i c i en t  t o  rep iace  da i ' l y  en t rapmen t  l osses  once  eve ry

2  l o  2 - l / 2  days  wou ld  ba lance  ave rage  en t rapmen t  a t  t he  th ree  SONGS un i t s

comb ined .  Th i s  ob ta i ns  i f  a l l  sma l l  queen f i sh  en t rapped  we re  k i l l ed .  I f  FRS

sys tem opera t i ons  save  abou t  38% o f  a l l  sma ' l l  queen f i sh  en t rapped  (ou r  bes t

es t ima te  f o r  sma l l  queen f i sh ) ,  t hen ' immig ra t ' i on  wou ld  need  t o  o f f se t  l osses  on l y

once  eve ry  3  to  4 - I / 2  days .  We conc lude  tha t  t hese  rea tes  o f  imm' ig ra t i on  a re

reasonable,  based on what  v /e know about  the movement  pat terns of  queeni ' ish.

Ave rage  en t rapmen t  l eve l s  f o r  each  o f  t he  o the r  two  spec ' i es  appear  too  l ow  (bo th

abso lu te l y  and  re l a t ' i ve1y )  t o  expec t  any  nea r f i e l d  dec l i nes .

CHAPTER THREE - .  SONGS-AREA KELP BED F ISHES

As  pa r t  o f  ou r  ove ra l l  assessmen t  o f  t he  po ten t ' i a1  impac t  o f  San  Ono f re

Nuc lea r  Genera t i ng  S ta t i on  (SONGS)  on  the  Ioca ' l  f  i sh  fauna ,  we  mon ' i t o red  f i sh

s tocks  a t  San  Ono f re  Ke lp  bed  (SOK) ,  a  fo res t  o f  g ian t  ke lp  (Mac rocys t i s  py r i f e ra )

located about  2-3 km of fshore of  S0NGS, and at  San Mateo Kelp bed (SMK),  another

cobble-bot tom forest  o f  g iant  ke lp,  about  5-5 km upcoast  o f  SOK. | ' le  mon' i tored the

f i shes  a t  SOK as  a  tes t  o f  t he  p red i c t i on  tha t  hab ' i t a t  l oss  a t  SOK wou ld  resu l t  i n

l oca l  dec l ' i nes  i n  ke lp  bed  f i shes .  Th i s  p red i c t i on  ' i s  based  on  t he  f o11ow ' i ng

a rgumen t :  ( i )  S0NGS Un i t s  2  and  3  ope ra t i ons ,  by  secondar i l y  en t ra ' i n ing  and

d ischa rg ing  tu rb id  bo t tom wa te r  ou t  ove r  SOK,  wou ld  p rec lude  the  na tu ra l  reseed ing

o f  Mac rocys t i s  spo rophy tes  necessa ry  to  o f f se t  t he  con t i nued  mor ta ' l i t y  o f  adu ' l t

p l an t s . ( ? )  Con t i nued  a t , t r i t i on  o f  adu l t  p l an t s  w i t hou t  j uven i i e  r ec ru i tmen t  wou ld
p roduce  a  ne t  dec rease ' i n  ke lp  dens i t y  i n  t he  upcoas t  r eg ion  o f  S0K .  ( 3 )  F i sh

dens i t y ' i s  pos i t i ve l y  r e l a ted  t o  t he  dens i t y  o f  ke l p  a t  SOK.

h le  es t ima ted  f i sh  dens i t i es  by  d ' i r ec t  (d i ve r )  obse rva t i on  on  be l t  t r ansec ts

o f  f i xed  (bo t t om)  o r  va r i ab le  (wa te r  co lumn)  d imens ions .  Changes  i n  dens i t i es  a t

SOK and  SMK were  eva lua ted  us ing  a  r rBACI r '  (Be fo re -A f te r ,  Con t ro l - Impac t )  sampf  i ng

and  ana lys i s  des ign ,  i n  wh ich  we  compared  the  dens i t y  o f  each  o f  15  ma jo r  f i sh  taxa

be tween  a  SONGS Un i t s  2  and  3  base l i ne  ( ' r p reopera t i ona l r ' )  pe r i od  o f  f a l l  1980 -81

and  a  SONGS "ope ra t i ona l i l  pe r i od  o f  f a l l  1985 -86 .  We compared  f i sh  dens i t i es
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be tween  two  pa i r s  o f  l oca t i ons :  ( 1 )

(  SOKU)  and  an  o f  f  sho re  s ta t ' i on  a t  SMK

an  i nsho re ,  upcoas t  s t a t i on  a t  SOK
'rwi  th ' in-S0K" compar i  son )  .

c"'1^'{** 
l r- 4Yt ,y wn'"',

s ta t i ons  changed  fo r  many  spec ies  be tween  base l i ne  and  ope ra t i ona l  pe r iods .

Re la t ' i ve  dens i t i es  changed  f  o r  40?6  o f  a l1  spec ies  and  l  i f e  s tages  tes ted ,
. i nc l ud ingbo ths0K-sMKandS0KU.S0KDcompar i sons . '

we re  re la t i ve  i nc reases  a t  SOK.  However ,  13 /14  o f  t he  S0KU-S0KD changes  were

re la t i ve  dec reases  a t  SOKU.  The  re l a t i ve  i nc reases  a t  SOK ( ve rsus  SMK)  ave raged
>  IOOO?( ;  wh i l e  t he  re la t i ve  dec reases  ave raged  >  gO"A .  Fo r  t he  w i th in -SOK

compar i sons ,  t he  re la t i ve  dec reases  a t  S0KU ave raged  abou t  90%.

We a l so  cha rac te r i zed  the  re la t i onsh ip  be tween  f i sh  dens ' i t y  and  ke lp  dens i t y

a t  SOK du r ing  fa l l  1985  and  1986 .  Our  pu rpose  was  to  fo rma l l y  desc r ibe  the

p resumed  mechan i sm fo r  SONGS '  impac t  on  t he  f i shes  a t  SOK.  Spec i f i ca l l y ,  pos i t i ve

f i sh -ke ip  dens i t y  re la t i ons  wou ld  suppor t  a  mechan ism fo r  impac t  on  f i shes  th rough

ke lp  hab i t a t  l oss  a t  SOK,  bu t  neu t ra l  o r  nega t i ve  re l a t i ons  wou ld  no t .

-- v\

We obse rved  pos i t i ve  re la t i ons  be tween  f i sh  dens i t y  and  ke ' l p  dens i t y  f o r

37 /43  spec ies  and  l i f e  s tages  tes ted .  I n  add i t i on ,  seve ra l  o the r  seabed  va r iab les

(no tab l y  the  subcanopy  ke lps  P te ryqophora  and  Cys tose ' i r a )  i n f l uenced  f i sh

d i s t r i bu t i ons ,  bu t  we re  much  l ess  ' impo r tan t  t han  g i an t  ke lp .  I nexp l i cab le
I t l oca t i on r t  e f fec ts  ( rep resen t i ng  unmeasured ,  non random va r ia t i on  i n  f i sh  dens i t y )

we re  s i gn i f i can t  i n ' l ess  t han  one - f i f t h  o f  a l l  cases .  We  conc lude  t ha t  t he

obse rved  numer i ca l  re la t i onsh ' i ps  be tween  f i sh  and  Macrocys t i s  a t  SOK were

su f f i c i en t  t o  exp la i n  many  o f  t he  obse rved  changes  i n  t he  re l a t i ve  dens i t i es  o f

f i shes  w i th in  the  upcoas t  and  downcoas t  reg ' i ons  o f  SOK.

We fu r the r  used  ou r  es t ima tes  o f  f i sh  dens i t i es  to  es t ima te  the  abundance  o f

f i shes  a t  SOK du r ing  the  fa l l  pe r i ods  o f  1985  and  1985 .  We d id  th i s  t o  p rov ide  the

MRC w i th  an  ac tua l  measure  o f  t he  amoun t  o f  f i sh ' i nvo l ved  when  d i scuss ing  obse rved

changes  i n  f i sh  dens ' i t i es .  Abundances  were  es t ima ted  by  mu l t i p l y i ng  mean  f i sh

an  o f f sho re ,  upcoas t  impac t  s ta t i on  a t  SOK

(ou r  r r be tween  S0K-SMK"  compar i son ) ;  and  (2 )

and  a  s ta t i on  i n  downcoas t  SOK (SOKD;  ou r

^i7
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dens i t i es ,  w i t h i n  r eg ions  o f  de f i ned  ke lp  dens i t y ,  by . t he  a rea l  ex ten t  o f  t he

par t ' i cu la r  reg ion  o f  ke lp  dens i t y .  A rea l  ex ten ts  were  based  on  EC0sys tem

Managemen t  Assoc ia tes ,  I nc . ' s  down look ing  sona r  da ta  on  ke lp  d i s t r i bu t i ons .  l r i e

a l so  es t ima ted  the  b iomass  abundance  o f  f i shes  a t  SOK.  Th is  was .accomp ' l ' i shed  by

mu l t i p l y i ng  mean  numer i ca l  abundance  by  the  mean  body  we igh t  o f  each  respec t ' i ve

l j f e  s tage  and  spec ' i es .  We es t ima ted  body  we igh ts  by  app ly ing  l eng th -we igh t

f  ormul  ae to  the 
' length- f  

requency d i  s t r i  but ' ions of  f  i  shes.  The I  a t ter  v{ere

cha rac te r i zed  f rom ta l l i es  made  on  f ree  sw ims  tha t  comp lemen ted  ou r  dens i t y

t ran sect  s  .

An  es t ima ted  18  me t r i c  t ons  (MT)  o f  f i shes  were  p resen t  i n  113  hec ta res  (ha )

(  ha)  of  ke l  p-cobbl  e  habi  ta t  a t  SOK ' in  f  a ' l  I  1985.  0ver  17 MT were res ident

(non t rans ien t )  f i  shes .  I n  f a l  l  1986 ,  an  es t ima ted  39  MT  o f  f i  shes  (35  MT

res iden ts )  were  p resen t  i n  88  ha  o f  ke lp -cobb le  a t  SOK.  Thus  the  ave rage  b iomass

dens i t y  o f  res iden t  f i shes  was  abou t  2 .5  t imes  g rea te r  t h roughou t  SOK in  fa l l  1985

(400  kg lha )  t han  i n  f a l l  1985  ( i 50  kg lha ) .  The .dens i t y  and  abundance  o f

Macrocys t i s  meanwh i l e  had hal  f  throughout  SOK between fa l  I  1985 and
t 

--

( f rom 6  to  3  p lan ts / l 0O ma dens ' i t y  and  f rom 70 ,000  to  32 ,000  adu l t

p lan ts ) ,  pa r t l y  as  a  resu l t  o f  s to rm d i s tu rbance  i n  w in te r  1985-86 .

The  gene ra l  i nc reases  i n  f i sh  abundance ,  coup led  w i t h  t he  dec l i nes  i n  ke lp

tha t  occu r red  be tween  fa l l  1985  and  fa l l  1986 ,  i nd i ca te  tha t  f ac to rs  bes ides  g ian t

ke lp  were  impor tan t l y  i n f l uenc ing  the  f i shes  a t  SOK du r ing  th i s  pe r iod .  A l though

Mac rocys t i s  dens i t y  pos i t i ve ' l y  i n f 1uenced  f i sh  dens i t y  w i t h i n  SOK,  l a rge r  spa t i a l

and  l onger  tempora l  sca le  fac to rs  were  a l so  exe r t i ng  a  s t rong ' i n f l uence  on  f i sh

abundances .  Va r iab le  rec ru i tmen t  o r  yea r -c ' l ass  e f fec ts ,  l agged  1 -3  yea rs ,  a re  the

T ls t  l i ke l y  f ac to rs  ' i n f i uenc ing  f i sh  popu ' l a t i on  f l uc tua t i on  on  reg ' i ona1  and

(U/u ' i  ghtwi  de spat i  a1 scal  es.  Recru i  tment  ef  f  ects  are l  agged severa ' l  years at  sOK
I 0 / -  n

%d- .because  (1 )  yea r - c l asses  a re  es tab l i shed  du r i ng  l a r va ' l  and  ea r l y  i uven i ' l e  s t ages ' : : , '  
- - ,

wr Fflrbt

Reg iona i /b igh tw ide  i n f ' l uences  no tw i ths tand ing ,  we  fee l  t ha t  i t  i s  reasonab le  U)  { r )

t o  eva ' l ua te  the  l oca l  (w ' i t h in -SOK)  impac t  o f  SONGS Un i t s  2  and  3  ope ra t i ons  on

ke lp  and  f i sh ,  as  l ong  as  l a rge -sca le  l eve l s  o f  popu la t i on  abundance  a re  kep t  i n

f.,
l

( -

\

ve  causm'i nd . hle argue as f ol I  ows : I  f
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