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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-
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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

ES-10

xx '1



plo.,t\s *r# P

reduc t i on  i n  keLp+qa  f i sh  u l t h in  the  i nsho re ,  upcoas t  quadran t  o f  SOK,  we  reckon
_- \---/.-

t ha t  t h rs  wou to  have -b6 -  equ iva lEn l f f iGo f  -3 .3  MT o f  res iden t  f i shes  a t  SOK

in  f a l l  1985 .  (The  3 .3  MT  va lue  i s  based  on  ou r  18  MT  es t ima te  o f  r es i den t  f i sh

b iomass  a t  SOK i n  1985 . )  The  equ ' i va l en t  l oss  i n  f a l l  1985  wou ld  have  been  -6 .6  MT

(based  on  ou r  35  MT  es t ima te  o f  r es ' i den t  f i sh  b i omass  i n  1986 ) .  We  cau t i on  t ha t

these  va lues  may  no t  rep resen t  SONGS'ave rage  e f fec t .  R igo rous  es t ima tes  o f  t he

ave rage  l oca l  l oss  o f  f i sh ,  r esu l t i ng  f r om l oss  o f  ke lp  hab i t a t  w i t h ' i n  SOK,  wou ld

requ i re  know ledge  o f  b igh tw ide  l eve l s  o f  f i sh  abundance  fo r  an  ex tens i ve  se r ies  o f

yea rs .  R igo rous  es t ima tes  wou ld  a ' l so  requ ' i r e  mo re  spec i f i c  da ta  t han  i s  p resen t l y

ava i l ab le  on  t he  ave rage  pe rcen tage  reduc t i on  and  a rea l  ex ten t  o f  ke i p ' l oss  a t  SOK

tha t  i s  a t t r i bu tab le  to  SONGS opera t ' i ons  a lone .

CHAPTER FOUR - .  PENDLETON ARTIF IC IAL  REEF F ISF IES

As  a  comp lemen ta ry  assessmen t  o f  t he  m i t i ga t i ve  po ten t i a l  o f  Pend le ton

Ar t i f  i c i a l  Ree f  (PAR) ,  we  es t ' ima ted  the  dens ' i t y  and  abundance  o f  f  i shes  a t  PAR

dur ing  the  fa l l  pe r i ods  o f  1985  and  1986 .  I t  has  been  sugges ted  tha t  t he  f i shes

p roduced  by  PAR- I i ke  hab i ta t  m igh t  o f f se t  f i sh  l osses  resu l t ' i ng  f rom SONGS impac t

on  ke lp  bed  hab i t a t  ( and  i t s  f i shes )  a t  SOK.

We es t ima ted  f i sh  dens i t i es  a t  PAR us ing  two  comp lemen ta ry  t ypes  o f  d i ve r

su rveys .  To ta l  j uven i l e ,  subadu l t ,  and  adu ' l t  f i shes  were  enumera ted  on  th ree

rep l i ca te  ' | JUV-ADI  su rveys ,  comp le ted  a t  f o r tn igh t l y  t o  mon th l y  i n te rva l s  du r ing

each  fa l l  season .  Young-o f - yea r  (YOY)  and  "o lde r  j uven i l e "  subs tages  were

su rveyed  on  "JUVENILEr rsu rveys  tha t  were  comp le ted  du r ing  the  same week  as  the

"JUV-AD" surveys.  Both types of  surveys were pat terned af ter  the bot tom t ransects

done  fo r  t he  ke ' l p  bed  f i sh  s tudy ,  excep t  t ha t  d i ve rs  more .ca re fu l l y  sea rched

narrower bands of  habi ta t  on the t tJUVE\ l ILEt '  surveys.  Abundances were ca ' lcu lated

by  mu ' l t i p l y i ng  es t ima tes  o f  mean  dens i t y  by  a rea ' l  ex ten ts  o f  t he  re levan t  s t ra ta

(m ic rohab ' i t a t s )  a t  PAR.  The  l a t te r  were  de te rm ined  f rom ECOM's  down look ing  sonar

char ts  of  PAR bathymetry .

We es t ima te  tha t  abou t  11 ,000  j uven ' i l e -adu l t  f i shes  we igh ing  abou t  660  kg

were  p resen t  on  rock  p lus  f r i ng ing  sand- rock  eco tone  reg ions  o f  t he  PAR modu les

du r ing  Oc tobe r -December  1985 .  I n  fa l l  1986 ,  an  es t ima ted  16 ,000  f i shes  we ' i gh ing

650 kg were present  on rock,  ecotone,  and adiacent  sand regions that  we fee ' l  best
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our  fa l l  1985  rock -eco tone  es t ima tes  fo r  t he  f rac t i on  o f  f i shes  p resen t  (du r ing

fa l  I  1986 )  i n  ad jacen t  sand  and  ' i n  ex t ra l ' im i ta l  reg ' i ons  o f  modu les  tha t  were  no t

samp led  ' i n  1985 ,  we  es t ima te  tha t  PAR con t r i bu ted  abou t  945  kg  to  l oca l  i uven i ' l e -

adu l t  f i sh  s tocks  i n  f a l l  1985 .  Ou r  bes t  es t ' ima tes  o f  s t and ing  s tock  b j omass  i n

the  two  fa ' l l  seasons  thus  were  equ iva len t  t o  b iomass  dens i t i es  o f  abou t  555  kg /ha

( in  1985)  and  380  kq /ha  ( ,1986) .  Nonres iden t  f i shes  con t r i bu ted  on l y  0 -576  to  these

b ' i omass  es t ' ima tes . t *f *, kt*l o-. f* rr h% q * &t ^+?

More  accu ra te  es t ima tes  o f  YOY and  o lde r  j uven ' i l e  dens i t ' i es  and  abundances

were  poss ib le  us ' i ng  the  da ta  o f  ou r  I ' JUVENILE"  su rveys .  We es t ima te  tha t  t he re

were  ove r  80 ,000  j uven j ' l e  f i shes  p resen t  a t  PAR in  fa l l  1985 ,  and  tha t  93% o f  t hese

were  b lacksm ' i t h  (Chromis  punc t ' i p i nn i s ) .  Abou t  98% o f  t he  b lacksmi th  were  YOY;

conve rse ' l y ,  abou t  two - th ' i r ds  o f  t he  j uven i l es  o f  a l  I  o the r  spec ies  were  o lde r
j uven i l es .  I n  f a l l  i 985 ,  we  es t ima te  t ha t  t he re  we re  abou t  38 ,000  j uven i l e  f i shes

p resen t .  Abou t  85% were  b lacksmi th .  As  i n  t he  p rev ious  fa11 ,  mos t  b lacksmi th

(94%)  were  YOY,  wh i l e  t h ree - fou r ths  o f  a l l  o the r  spec ' i es  were  o lde r  i uven i l es .

0u r  es t ' ima tes  o f  j uven i l e -adu l t  b iomass  and  the  numbers  o f  Y0Y-o lde r  j uven i i e

f i shes  t oge the r  a l l ow  rea l i s t i c  ( a i t hough  g ross )  es t ' ima tes  o f  f i sh  s tand ing  s tock

and  p roduc t i on  a t  PAR in  fa l l  i 985 -86 .  F i sh  p roduc t i on  a t  PAR mus t  be  recogn ized

as hav ' i  ng two d i  s t i  nct  components :  I  ocal  (  ' i  .e .  ,  produced at  and remai  n i  ng near

PAR)  and  d i f f use .  We the re fo re  es t ima ted  p roduc t i . on  fo r  t he  more  vag i l e ,  o ide r

i uven i l e ,  subadu i t ,  and  adu l t  f i shes  sepa ra te l y  f r om pa roch ia l  YOY f i shes .

Because we can oniy  guess what  f ract ion of  la ter  s tage product ' ion at  PAR

rema ins  l oca l ,  we  b racke ted  ou r  es t ima tes  as  25%,  507 'o ,  o r  75% o f  t o ta l  p roduc t i on .

To ta l  p roduc t i on  was  es t ima ted  as  4A% o f  s tand ing  s tock  b iomass ,  based  on

rep resen ta t i ve  p roduc t i on - to -b iomass  ra t i os  fo r  seve ra ' l  l oca l  spo r t - commerc ia l

f i shes .  Us ' i ng  th i s  app roach ,  we  es t ' ima ted  tha t  t he  i oca l  p roduc t i on  o f  o lde r

juven i l e  t h rough  adu ' l t  l i f e  s tages  was  25 -75?6  o f  380  kg  ( i n  1985)  and  25 -75%of  260

kg  ( i n  i 986 ) .  These  es t ima tes  assumed  tha t  ou r  f a ' l ' l  es t ima tes  were  t yp i ca l  o f

ave rage  s tand ' i ng  s tocks  i n  t he  respec t i ve  yea r .

h le  es t ima te  tha t  t he  p roduc t i on  o f  YOY f i shes  a t  PAR,  a l t hough  mos t l y  i f  no t

en t i r e l y  l oca l ,  was  re l a t i ve l y  i nsubs tan t i a l  because  o f ' l ow  YOY s tand ing  s tock

b iomass .  Assum ing  a  1 :1  p roduc t i on :b i omass  ra t i o  f o r  t hese  f as t -g row ing  f i shes ,
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an  es t ima ted  150  kg  o f  YOY were  p roduced  a t  PAR in  1985 .  B lacksmi th  compr i sed  a l l

bu t  an  es t ima ted  4  kg .  i n  1986 ,  we  es t ima te  tha t  PAR p roduced  67  kg  o f  YOY.  A l l

bu t  3  kg  o f  t h ' i s  was  b lacksm ' i t h .

Based  on  ou r  and  R .  Ambrose ' s  M i t i ga t i on  P rog ram s tud ies ,  we  conc lude  tha t ,

t he  sum o f  l oca l  and  d i f f use  f i sh  p roduc t ' i on  a t  PAR,5 -6  yea rs  f o l l ow ing

cons t ruc t i on ,  was  rep resen ta t ' i ve  o f  submerged  a r t i f i c i a ' l  r ee fs  (o f  1 -ha  a rea )  i n

the  B igh t .  YOY f i  shes  cons t ' i t u ted  a  
' l ow  (b lacksmi th )  t o  t r i v i a l  (a l  I  o the r

spec ies )  f r ac t i on  o f  t o ta l  p roduc t i on ,  howeve r .  An  i nde f i n i t e  bu t ' l a rge  f r ac t i on

of  the product ion of  
' la ter  

I  i  fe  s tages was d i  f  fused beyond PAR. The I  i 'ke ly
, ' d i f f usenesS , ,o f t i , r . pns ide ra t i on , t hough ,

on l y  i f  f  i sh  p roduc t i on  a t  SOK,  PAR 's  l ' i tmus  pape r ,  i s  s i gn ' i f  i can t l y  mo re  l oca l

t han  a t  PAR.  No  da ta  ex ' i s t  on  t h i s ,  a l t hough  t he  obse rved  sh i f t s  i n  f i sh

d ' i s t r i bu t i on  among  ke ' l p  s t ands  a t  SOK sugges t  t ha t  f i sh  p roduc t i on  i s  un l ' i ke1y  t o

be  re la t ' i ve ' l y  l oca l  i zed  a t  SOK.

Desp i te  the  cavea ts  abou t  l oca l  p roduc t i on ,  we  fee l  t ha t  t he  f i shes  a t  PAR

can  be  mean ing fu l l y  compared  w i th  those  a t  SOK in  te rms  o f  s tand ing  s tock  b ' i omass .

! Je "summar i ze  ou r  g ross  eva lua t i on  as  f o l I ows :  Even  ' i f  one  un rea l ' i s t i ca l l y  assumes

tha t  t he  en t ' i r e  sand  p l a i n  encompass ing  PAR (3 .4  ha )  i s  enhanced  hab i t a t ,  t h i s

wou ld  rep resen t  on l y  -1596  o f  t he  a rea  w i th in  the  upcoas t ,  i nsho re  fou r th  o f  SOK

( -?5  ha )  i n  wh ich  Macrocys t i s  m igh t  have  been ' impac ted  by  the  S0NGS d i f f use r

1  p iume.  I f  t r ans fo rma t ion  o f  ke lp  fo res t  t o  ke lp less  cobb le  hab i ta t  o f f  San  0no f re
I
I  has  resu l t ed  j n  a  t h ree - f ou r t hs  reduc t i on  i n  f i sh  dens i t i es  i n  t he  upcoas t ,
I  i nsho" .  quadran t  o f  SOK,  PAR wou ld  m ' i t i ga te  the  equ iva len t  o f  one - th i rd  ( i n  1985)

o r  ! 0% ( ' i n  i 986 )  o f  t he  l oss  a t  SOK.  The  unknown  re1a t i onsh ' i p  be tween  f  i sh  dens i t y

and  ree f  s ' i ze  makes ' i t ' imposs ' i b1e  t o  es t ima te  t he  exac t  mu ' l t ' i p1e  o f  PAR- l i ke

hab i ta t  t ha t  wou ld  be  necessa ry  to  m i t i ga te  o r  compensa te  fo r  SONGSt  impac t  on

ke lp  and  f i shes  a t  SOK,  however .

v{ry
nnn/ t/
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CHAPTER ONE

FINAL  ANALYSES OF SONGS'  LOCAL IMPACT ON F ISHES

BASED ON NET MONITORING SAMPLES

1  .1  INTRODUCTION

1.1.1 SONGS Operat ions and Mechanisms of  Local  lmpact

1  . l  . 1  . 1  l n take  En t ra inmen t

San  Ono f re  Nuc lea r  Genera t ' i ng  S ta t i on  (SONGS) ,  a  nuc lea r  power  p lan t  l oca ted  on

the  exposed  ou te r  coas t  o f  no r the rn  San  D iego  Coun ty ,  Ca l i f o rn ia ,  be tween  the  c i t i es

o f  Oceans ide  and  San  C ' l emen te  (F ig .  l . ) ,  uses  sea  wa te r  f o r  p ' l an t  coo l i ng .  The
' i n t akes  o f  t he  once - th rough  i oo l i ng  sys tems  o f  SONGS Un ' i t s  ! , 2 ,  and  3  cons ' i s t  o f

t h ree  I ' o f f sho re  i n take  s t ruc tu res r r s i t ua ted  a t  m id -dep ths  (4  to  5  m be low  the  sea

su r face )  a l ong  t he  9 -m ' i soba th ,  -  1km o f f sho re  o f  t he  beach  a t  San  0no f re  (F j g "  2 ) "

The  Un i t  2  i n take  i s  l oca ted  -  200  m downcoas t  o f  t he  Un ' i t  1  i n take ,  and  the  Un i t  3

i n take  -  2OO m downcoas t  o f  t he  Un i t  ?  i n t ake  (F ig .  2 ) .  A t  f u l 1  p l an t  ope ra t i on ,

Un i t s  1 ,  2 ,  and  3  toge the r  pump a  to ta l  o f  nea r l y  l i  m i l l i on  mr  o f  wa te r  pe r  day
(2 .85  b i  I  l ' i on  ga ' l 1ons , / day ) .

La rge  numbers  o f  t he  egg ,  
' l a r va l  

,  and  j uven ' i  I  e -adu l  t  s tages  o f  f  i  shes  a re

en t ra ined  w i th  S0NGS'  coo l i ng  wa te rs  (Chap te r  Two)  f rom w i th in  an  app rox ' ima te l y  1 /2 -

km s t re t ch  o f  coas t l i ne .  SONGST opera t i ons  thus  m igh t  l ocaJ l y  reduce  the  dens i t i es

o f  suscep t i b l e ' l i f e  s t ages  (e .9 . ,  j u ven i l es )  and  f i sh  spec ies  (queen f i sh ,  Se r i phus
po l i t us )  whose  behav io r  p l aces  t hem a t  pa r t i cu l a r  r i s k  t o  en t ra i nmen t  a t  i nne r -

nea rsho re ,  m idwa te r  i n take  s t ruc tu res  i n  t he  San  0no f re  a rea  (DeMar t i n i  and  La rson

1980a ,  b)  .
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1 .1  .1  .2  D ischa rge  Opera t i ons

The  d i scha rge  sys tems  o f  SONGS Un i t s  2  and  3  d i f f e r  f rom tha t  o f  Un ' i t  1 .  Un i t  1
has  a  m idwa te r  ( -  4 -m  dep th ) ,  s i ng le -po in t  d i scha rge  l oca ted  abou t  200  m  i nsho re  o f
t he  Un ' i t  1  i n i , ake  (F ig .  2 ) .  The  Un i t  1  d i scha rge  ou t f a l l  has  a  re ' l a t i ve l y  sma11 ,

usua ' l 1y  o f f sho re -d i rec ted  su r face  p lume (Re i t ze l  i 979 ) .  Un i t s  2  and  3  each  have

the i r  own  r rd ' i f f use r t r  sys tem,  des igned  to  d i scha rge  coo l i ng  wa te rs  back  ove r  an  a rea

su f f i c i en t l y  l a rge  t o  avo id  t  4oF  t empera tu re  r i ses  i n  wa te r s  w i t h i n  1000  f t  o f  t ne

ou t fa l l s .  Each  d i f f use r  sys tem cons i s t s  o f  53  po r t s  t ha t  ex i t  a  p r imary  subseabed

d ischa rge  condu ' i t  a t  -  12 -m in te rva l s .  Condu i t s  ex tend  app rox ima te l y  o f f sho re  o f

t he  un i t s  (F i g .  ? ) .  Po r t s  a re  4  f t  i n  d i ame te r ,  d i scha rge  a t -  2  m  above  bo t t om,  and

are  ang ied  upwards  20  deg rees  and  o f f sho re  to  p romote  m ix ing  w i th  bo t tom wa te rs  (by

secondary  en t ra inmen t )  and  d i f f us ' i on  w ' i t h  wa te rs  fa r the r  o f f sho re .  The  Un i t  2

sys tem beg ins  i n  -  13  m o f  v /a te r  and  ex tends  o f f sho re  2 .5  km to  end  i n  -  15  m o f

wa te r .  The  Un j t  3  sys tem ex tends  1 .9  km f rom -  10 -m to
-12 -m bo t tom dep ths  (MRC 1979 ;  Re i t ze l  1979 ;  F i9 .  2 ) .

The  d i scha rge  e f f l uen ts  o f  a l l  S0NGS un i t s  con ta ' i n  pa r t i cu la te  o rgan ic

mater i  a ' l  s ,  whose sources ' i  nc l  ude the remai  ns of  ent ra i  ned p ' lankton ' ic  and f  ree-

sw imming  o rgan i sms  and  t he  t i s sues  o f  b i o fou le r s  t ha t  l i ne  d i scha rge  condu ' i t  wa l l s .

I t  has  been  p red i c ted  tha t  o rgan isms  d i scha rged  by  the  p lumes  m igh t  con t r i bu te  to
' l oca l i zed  

changes  j n  sed ' imen t  pa r t i c l e  s i ze  and  sed imen t  o rgan ics  and  thus  to

changes  i n  ben thos  compos i t i on  and  the  l oca l  d i s t r i bu t i on  and  abundance  o f  some

f i shes  tha t  f eed  upon  the  a l t e red  ben thos  (DeMar t i n i  and  La rson  1980a ,b ;  DeMar t i n i

e t  a l .  1983a ,b ) .  The  d i f f us i on  mode ' l  upon  wh i ch  t hese  i n i t i a l  p red i c t i ons  we re

based  has  been  d i spu ted  because  emp ' i r i ca l  da ta  on  the  e f fec t i ve  quan t i t y  and  s i ze -

d i  s t r i  but ' i  on of  c i i  f  f  r :ser  par t i  cu l  a tes ,  and the i  r  f  a te once reac.h i  ng the seabed,  i  s

l ack i ng .  None the less ,  eva lua t j ons  o f  S0NGS ope ra t i ona l -phase  i nc reases  i n  l oca l

sed imen t  o rgan ics  (Ba rne t t ,  l , l a t t s ,  and  Wh i te  1985) , .  and  p re i  im ina ry  ana lyses  o f

recen t  l oca l  changes  i n  the  abundances  o f  ce r ta in  ben th i c  i nve r teb ra tes  (Ba rne t t  e t

a l .  1986 )  and  ben th i c  f i shes  (mos t  recen t ' l y  rev iewed  by  DeMar t i n i  e t  a l .  1986 ) ,  have

a l ' l  been  cons i s ten t  w i th  th i s  ' impac t  hypo thes ' i s .

SONGS d i f f use r  p lumes  a l so  have  been  imp f i ca ted  i n  ano the r  t ype  o f  l oca ' l

hab i ta t  a l t e ra t i on - -a  reduc t ' i on  i n  t he  amoun t  o f  g ian t  ke lp  (Mac rocys t ' i s )  a t  t he  San

Ono f re  Ke ' l p  bed  (S0K) .  I t  has  been  p red i c ted  tha t  t he  ope ra t i ons  o f  t he .SONGS Un i t s
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2  and  3  i n takes  and  d ' i f f use rs ,  by  en t ra i n i ng  t u rb i d ,  ep iben th i c  wa te r s  nea r  sho re

and  d i scha rg ing  these  wa te rs  nea re r  t he  su r face  and  fa r the r  o f f sho re ,  w i l l  dec rease
i ' l ' l um ina t i on  nea r  t he  seabed  w i t h i n  SOK (Dean  e t  a l  .  1983 ) .  These  l owe r  

' l ' i gh t
' l eve l s  

w i l ' l  ,  ove r  t ime ,  p rec lude  na tu ra ' l  r eseed ' i ng  o f  young  ke lp  spo rophy tes  du r ing
the  b r i e f  c l ea r -wa te r  r ec ru j tmen t t tw indows t ' t ha t  occu r  a t  spo rad i c  i n t e r va l s  (Dean

e t  a l .  1983 ) .  Ou r  f i na l  eva iua t i on  o f  S0NGS '  po ten t i a l  impac t  on  t he  f i shcs
i  nhab i  t ' i  ng  SOK i  s  p resen ted  i  n  Chap te r  Th ree .

1.1 "2 Sampl ing to  Detect  Local  lmpacts

Po ten t j a l  l oca l  SONGS impac t s  r esu l t i ng  f r om (1 )  en t ra i nmen t  o f  t he  j uven i l es

o f  m idwa te r  f i shes  and  (2 )  changes  i n  ben th i c  f i sh  s tocks  benea th  and  o f f sho re  o f
SONGS 'd ' i f f use r  p l umes  l end  t hemse l ves  t o  two  t echn iques  o f  abundance  es t ima t i on :

(1 )  Dec l i nes  i n  t he  l oca l  abundance  o f  nea rsho re  pe lag i c  (m idwa te r )  f i shes  can

be  i ndexed  us ing  t he  ca t ch  da ta  o f  l ampa ra  se ines .  The  l ampa ra  se ine  i s  a

t ype  o f  enc i r c l i ng  ne t  t ha t  en t raps  f i shes  be tween  the  sea  su r face  and

seabed  w i t h i n  a  p resc r i bed  a rea  (Me thods  Sec t i on  1 "2 .1 "1 ;  a l so  see

Append ' i x  A ,  pa r t  1 ) .  When  the  ne ts  a re  dep loyed  p rope r l y ,  n igh t t ime

se ' i ne -hau ' l  s  o f  f  San  0no f  re  p rov ide  accep tab l y  accu ra te  and  p rec ' i se

i  nd ' i ces  o f  abundance  fo r  seve ra l  t axa  o f  f  i  shes  (A l  I  en  and  DeMar t ' i n i

1983 )  .

(2 )  Changes  i n  the  l oca l  abundances  o f  f i shes  occu r r i ng  nea r  the  seabed

benea th , /o f f sho re  o f  S0NGS'd i f f use r  p ' l umes  can  be  mon i to red  by  the  ca tch

da ta  o f  o t te r  t raw ' l s .  The  o t te r  t raw ' l  i s  a  t ype  o f  d rag  ne t  t ha t  i s  pu l i ed

a long  the  seabed  f rom the  s te rn  o f  a  mo to r  vesse l  (Me thods  Sec t i on

I . 2 .3 .1 ;  a l so  Append ' i x  A ,  pa r t  2 ) .  0 t t e r  t r aw l s  y i e l d  accep tab t c  i i i i j i ces

o f  abundance  f o r  ben th i c  f i shes  a t  sha l l ow -she l f  dep ths  ( l v i ea rns  and  A ] l en

1978) .  N igh t t ' ime  t raw ls  nea r  San  Ono f re  p rov ide  h igh l y  repea tab le

measures  o f  abundance  fo r  many  spec ' i es  o f  f i sh  (DeMar t i n i  and  A l l en  1984) .



1 . l  .3  Review of  Net-Moni tor ing Studies Near  SONGS

Severa l  agenc ies  have  con t r i bu ted  to  d ' i ve rse  ne t -mon i t , o r i ng  s tud ies  nea r
SONGS.  S tud ies  have  va r i ed  g rea t l y ' i n  t empo ra l  and  spa t i a l  s cope .  The  f i r s t  ma jo r
se r ies  o f  s tud ' i es  began  in  the  m id  to  l a te  seven t i es  w i th  the  adven t  o f  t he
Ca l i f o rn i a  Coas ta l  Comm' i ss i on rs  manda te  t o  assess  Un i t  1 r s  e f f ec t s .  B r i e f  r ev i ews

o f  t hese  and  subsequen t  s t ud ies  f o l l ow .

Sou the rn  Ca1 i f o rn i a  Ed i son  (SCE)  con t rac to r s  i n i t i a t ed  seasona l  g ' i 1 l - ne t

su rveys  i n  t he  genera l  San  Ono f re  a rea  i n  March  i 975 .  These  su rveys  p rov ided

spec ies  l i s t s  o f  i nne r -nea rsho re ,  m ' i dwa te r ,  and  ep iben th i c  f i shes  nea r  SONGS.
Surveys  became b imon th l y  i n  March  1978 .  Rou t ine  g i11 -ne t  su rveys  ended  in  1981 ;
summary  da ta  a re  p rov ided  by  Sou the rn  Ca l i f o rn ' i a  Ed ison  (SCE 1982) .  MRC-con t rac ted
s tud ies  began  tn  1976-77  when  Te t ra tech  Inc .  used  bag  se ines  to  samp le  su r f - zone
f i shes .  Add i t i ona l  samp l i ng  o f  m idwa te r  f i shes  a t  d i s t ances  t o  -  4  km  o f f sho re  (20 -

m  i soba th )  was  a l so  pe r f o rmed  by  Te t ra tech  (1977a ,b ) .  The  l a t t e r ' l ampa ra  da ta

ma ' i n1y  comp lemen ted  the  p rev ious  and  ongo ing  g i l l - ne t  l ' i s t s  and  p rov ' i ded  some bas i s

fo r  t he  des ign  o f  f u tu re  MRC s tud ies .

Assessmen t  o f  Un i t  1 r s  e f f ec t s  con t i nued ' i n  1978  w i t h  t he  i n i t i a t i on  o f
quan t i t a t i ve  ne t  mon i t o r i ng  by  t he  MRC 's  Un i ve rs i t y  o f  Ca ' l i f o rn i a ,  San ta  Ba rba ra
(UCSB) contractor .  Lampara se ' ine surveys conducted dur ing 1978-79 were used to
eva lua te  t he  f eas ib i l i t y  o f  a  queen f i sh  mark - recap tu re  s tudy  and  t he  f eas ib i l i t y  o f

us ing  l ampara  se ines  to  mon i to r  t , he  compos i t i on  and  abundance  o f  m idwa te r  f i shes
(pa r t i cu ia r l y  queen f i sh )  a t  5 -  t o  >  25 -m bo t tom dep ths ,  nea r  and  a t  va ry ing

d is tances  f rom the  SONGS Un i t  1  o f f sho re  i n take  s t ruc tu re .  Mark - recap tu re  s tud ies

o f  queen f i sh  were  found  un feas ib le .  However ,  t he  l ampara  se ine  used  was  j udged  to

be  an  e f f i c i en t  samp le r  o f  queen f i sh  and  o the r  common m idwa te r  f i shes .  Few Un i t  1

e f f ec t s  we re  l a rge  enough  t o  be  s ta t i s t i ca l l y  s i gn i f i can t ,  bu t  i t  was  p red i c ted  t ha t

the entrapment  magni tude of  the two new S0NGS uni ts  combined might  generate a

de tec tab le  (>  50 i6 )  nea r f i e ld  abundance  dep ress ion  fo r  queen f i sh ,  t he  spec ies  a t

g rea tes t  appa ren t  r i s k  (DeMar t i n i  and  La rson .1980a ,b ) .  Ea r ' l y  l ampa ra  ca t ches  a l so

p rov ided  o to l i t h  (ea rs tone )  and  ova ry  samp les  fo r  queen f i sh  age lg rowth  and  fecund ' i t y

ana iyses ;  t hese  da ta  con t r i bu ted  to  the  popu la t i on  tu rnove r  es t ima tes  used  i n

eva lua t ' i ng  Un i t  1 rs  e f fec ts  (DeMar t i n ' i  and  La rson  1980b) .
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An amended  des ' i gn  us ' i ng  l  ampara  se i  nes  was  the rea f te r  used  to  cons t ruc t  t he
SONGS Un i t s  2  and  3  abundance  base l ' i ne  fo r  queen f i sh  and  o the r  common m idwa te r
f i shes ;  t hese  s tud jes  began  i n  Sep tember  1979  (DeMar t i n i  e t  a l .  198 la ,  1983a ,b ) .
Du r i ng  t he  ea r l y  e i gh t i es ,  se ine  and  t r aw ' l  ca t ches  a ' l so  we re  used  t o  p rov ide  f ood
hab i t s  da ta  fo r  two  common and  economica l l y  impor tan t  f i shes  o f  t he  San  Ono f re
a rea - -Ca l i f o rn i a  ha l j bu t  (Pa ra l i ch thys  ca l i f o rn ' i cus )  and  ba r red  sand  bass
(  Pa ra ' l ab rax  nebu  j  ' i  f  e r )  "  The  resu l  t s  o f  t hese  s tud i  es  ,  a ' l t hough  no t  use f  u l  f  o r
eva lua t i ng  S0NGS (DeMar t i n ' i  e t  a l .  1982d ,e ) ,  p rov ided  some comp lemen ta ry  da ta
(P lummer  e t  a l .  1983 ;  Robe r t s  e t  a l .  1984 ) .  Se ine  and  t r aw l  ca t ches  a l so  p rov r ' ded

samp le  f i sh  o f  seve ra l  o the r  spec ies  fo r  o the r ,  a l so  uneven t fu l  f ood  hab i t s  ana ' l yses
(G1eye  and  Be rns te i n  1981 ) .

0 the r  ea r l y  ( 1978 -79 )  UCSB ne t  ope ra t i ons  ( su r f - zone  samp l i ng  w i t h  bag  se ines )
were  conduc ted  j n  o rde r  t o  tes t  t he  feas ib ' i l i t y  o f  abundance  mon ' i t o r i ng  and  o f  a
mark - recap tu re  s tudy  o f  t he  l oca ' l  movemen ts  o f  ano the r  heav i l y  en t rapped  spec ies ,
the  wa l l eye  su r fpe rch  (Hyperp rosopon  a rgen teum) .  Se in ing  a l so  p rov ided  su r fpe rch
samp les  fo r  age /g rowth  and  fecund i t y  ana lyses .  Su r f - zone  mon i to r i ng  w i th  bag  se ines
was  j udged  unquan t ' i t a t i ve ,  and  mark - recap tu re  imprac t i ca l .  G rowth  and  rep roduc t i ve
pa ramete rs  were ,  however ,  es t imab ' l e  f o r  wa1 ' l eye  su r fpe rch  (DeMar t ' i n ' i  ,  Moore ,  and
P ' l ummer  1983 ) .

Quan t i t a t i ve ,  SCE-con t rac ted  ne t  mon i to r i ng  o f f  S0NGS began  w i th  Lockheedrs
o t te r - t raw l  su rveys . i n  March  1978 .  The  Lockheed  su rveys  con t i nued  th rough  1981 ,
when  they  were  rep laced  w i th  the  expanded  (b igh tw ide )  t raw l  su rveys  o f  a  second  SCE
con t rac to r  ( 0cc iden ta l  Co l l ege ) .  0cc i den ta l  Co l l ege ' s  b i gh tw ide  su rveys
(summar i zed  fo r  1982-84  by  Love  e t  a ] .  1986)  con t i nued  th rough  1985 .  The  1978-79
Lockheed  su rveys  (SCE 1979)  p rov ide  the  f  i r s t  base ' l i ne  d i  s t r i b .u t ' i on  and  abundance
da+'a for  near-seabed f i  sh s tocks at  6-  ,  !2-  and 18-m bot torn depths of f  S0NGS
(  rev i  ewed  i  n  SCE 1982)  .

MRC-con t rac ted  mon i to r i ng  o f  ben th i c  f i shes  began  w i th  the  p ' i 1o t  January -Apr i1
1980  t raw l  su rveys  o f  t he  UCSB con t rac to r .  The  des ign  o f  t he  l a t t e r  su rveys  v /as
re f i ned ,  and  the  su rveys  were  con t i nued  to  p rov ide  the  SONGS Un i t s  2  and  3  abundance
base l i ne  f s r  ben th ' i c  f i shes  (DeMar t ' i n i  e t  a ' l  .  1983a ,b ) .



1 .1 .4  Object ives

Chap te r  0ne  has  t h ree  ma in  ob jec t i ves .

F i r s t ,  we  comp l  e te  ou r  compar i  sons  o f  base l  i  ne  ve rsus  ope ra t ' i ona1  -phase  f  i  sh

abundances  a t  nea r f i e ld  and  fa r f  i e l d  ( con t ro l  )  
' l oca t i ons .  

We use  the  s t ,a t i  s t ' i ca l

ana lyses  o f  se ' i ne  and  t raw l  ca tches  as  the  ma jo r  bas i s  o f  ou r  impac t  eva lua t i on  fo r

se lec t  spec ies  o f  m idwa te r  and  ben th i c  f i shes ,  r espec t i ve l y .  Ou r  goa l s  have  been
(1 )  t o  de te rm ine  whe the r  SONGS Un i t s  2  and  3  en t rapmen t  has  caused  a  " l oca l "
reduc t i on  (nea r  t he  SONGS in takes ) ' i n  t he  abundance  o f  t a rge t  m idwa te r  t axa ;  and  (2 )

to  de te rm ine  whe the r  Un ' i t s  2  and  3  d i scha rge  ope ra t i ons  have  caused  loca l  changes  i n

the  abundance  o f  ben th i c  f i shes  nea r  the  seabed  under  the  p1ume.  The  bas i s  fo r  (1 )

wou ld  be  a  re l a t i ve  dec rease  i n  ca t ches  o f  m ' i dwa te r  f i shes  a t  samp l i ng  s ta t i ons  nea r

the  i n takes  compared  to  a  con t ro l  s ta t ' i on ,  be tween  base l i ne  and  Un i t s  2  and  3

ope ra t i ona l  pe r i ods  (Append i x  A ,  pa r t  1 ) .  The  bas i s  f o r  ( 2 )  wou ld  be  an  ana logous

change in  catches of  benth ' ic  f ishes near  the seabed of f .shore of  t ,he SONGS d ' i f fusers
(Append i x  A ,  pa r t  2 ) .

Second ,  we  p rov ide  ou r  f i na l ,  supp ' l emen ta ry  eva lua t i ons  o f  t ime-se r ies  ca tch

and  s i ze - f requency  da ta  fo r  t hese  f i shes .  We use  these  da ta  to  desc r ibe  b io log i ca i

pa t te rns  o f  t empora l  and  spa t i a l  d i s t r i bu t i on .  These  pa t te rns  he lp  i n te rp re t  impac t

tes t  resu l  t s  and  a l  so  he l  p  de l  im i  t  t he  soa t ' i a ' l  sca l  e  o f  impac ts  .

Th j r d ,  we  gene ra l l y  d i scuss  ou r  ne t -mon i t o r i ng  resu l t s ' i n  t e rms  o f  known  o r

suspec ted  mechan isms  o f  impac t .  We  de fe r  t o  Chap te r  Two  a  more  de ta i l ed  d i scuss ion

o f  S0NGS en t rapmen t  as  the  mechan ism beh ind  nea r -SONGS in take  dec l i nes  i n  j uven ' i l e

m idwa te r  f i shes .  Eva lua t i on  o f  t he  mechan i sms  e l i c j t i ng  1oca1  - changes  i n  ben th ' i c

f i shes ' i s  based  on  Mar i ne  Eco log i ca l  Consu l t an t s ' (MEC 's )  F i na l  Repo r t  on  ben th i c ,

sof  t -bot tom i  nver tebrates (Barnet t  1987)  .  l '1ECr s  f  i  nd ' i  ngs are used to i  n terpret

pa t te rns  o f  abundance  fo r  ben th i c  spec ies  and  fo r  t he  l i f e  s tages  (1a rge  adu i t s )  o f

seve ra l  spec ies  (queen f i sh  and  wh i te  c roake r )  t ha t  occu r  nea r  t he  seabed  (DeMar t i n i

and  A l l en  1984 ) .  (The  i uven i l e - sma l l  adu l t  s t ages  o f  queen f i sh  and  c roake r  a re

d i s t r i bu ted  t h roughou t  t he  wa te r  co lumn :  A l ' l en  and  DeMar t i n i  1983 ;  DeMar t i n i ,  A11en ,

Foun ta jn  and  Rober t s  1985 . )
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1 .2  SAMPL ING AND ANALYSIS  METHODS

1.2 .1  Lampara  Se ine :  Gear  and  S tudy  Des ign

1 .2 .1  . 1  Samp l i ng  Gea r

A  l ampa ra  se ine  i s  a  t ype  o f  sem ipu rs i ng ,  r ound  hau l  ne t  common ' l y  used ' i n  t he

sou the rn  Ca l  i f o rn ' i a  I  i ve -ba i t  f i  she ry  (Sco f i e l d  1951 ) .  Lampara  se ines  can  p rov ide

the  mos t  accu ra te  da t ,a  on  the  spec ' i es  and  s ' i ze  compos i t i on  o f  i uven i l e -adu l t  f i sh  a t

p r imary  r i sk  to  en t rapmen t  a t  m idwa te r  i n take  s t ruc tu res  (Thomas  e t  a l .  1979 ;

DeMar t i n i  e t  a ' l  .  1983a ,b ) "  A  se ine  o f  cons tan t  d ' imens ions ,  f i shed  ' i n  cons i s ten t

f ash ion ,  was  used  t o  mon i t o r  t he  abundances  o f  m idwa te r  ( coas ta l - pe iag i c )  f i shes  i n

the  San  Ono f re  a rea  f r om the  beg inn ing  o f  Un i t s  2  and  3  base l i ne  mon i t o r i ng  ( i n

Sep tember  1979)  th rough  the  comp ' l e t i on  o f  ope ra t ' i ona i -phase  mon i to r i ng  i n  Augus t

i 986 .  The  se ine  f i shed  f rom su r face  to  seabed  a t  dep ths  <  20  m;  the  f i sh  common ly

samp led  t hus  i nc l uded  ep iben th i c  ( e .g . ,  1a rge ,  adu l t  wh j t e  c roake r  Genyonemus

l i nea tus )  as  we l l  as  m idwa te r  f i f e  s t ages  ( j uven ' i l e  wh i t e  c roake r )  and  t r u ' l y  pe lag i c

spec ' i es  ( e .9 . ,  Pac i f i c  bu t t e r f  i sh ,  Pep r i ' l u s  s im i l l imus ) .  De ta i l s  o f  ne t  des ign  and

f i sh i ng  p ro toco l s  a re  desc r i bed  i n  Append ' i x  A ,  pa r t  1 .

"1 .2 .1 .2  Samp l i ng  Des ign

Samp l ing  des ign  was  f i xed  to  con fo rm to  the  BACI  (Be fo re -A f te r ,  Impac t -Con t ro l )

pa ' i r s  ana iys i s  des ' i gn  (F ig .  3 ;  S tewar t -0a ten  1986 ;  S tewar t -Oa ten  e t  a l  "  1986) .

l { i t h ' i n  each  o f  t he  two  pe r i ods  (base l i ne  o r ' rBe fo re " ,  ope ra t ' i ona1  o r r rA f t e r " )  be ing

compared ,  samp les  we re  rep f  i ca ted  ove r  s i ng ie -n i gh t  c ru i ses .  Base ' l i ne
(p reope ra t i ona l )  and  ope ra t i ona l  mon i t o r i ng  pe r i ods  we re  de f i ned  on  t he  bas i s  o f

pump ing  h i s t o r y  a t  Un i t s  2  and  3 .  See  Append i x  A ,  pa r t  1  f o r  f u r t he r ' de ta i l s  an r j

Tab ' l e  1  t he re in  f o r  a  l i s t  o f  samp l i ng  da tes .  (No te  t ha t  samp les  we re  co l l ec ted  a t

reduced  e f f o r t  du r i ng  an  i n te r ven ' i ng  I ' i n t e r im [  pe r i od  o f  S0NGSTpar t i a1  ope ra t i on

bu t  t ha t  t hese  samp ies  were  no t  used  fo r  impac t  t , es t s "  I n te r im  samp ' l es  p rov ided

con t i nu i t y  be tween  base l i ne  and  ope ra t ' i ona1  pe r i ods " )  0n  each  da te ,  a  s fng le  se ine -

hau l  was  made  w i th jn  each  o f  two  dep th  b locks  a t  each  o f  t h ree  l ongshore  l oca t i ons

(s i x  samp les :  Append i x  A ,  F ' i g .  1 ) .A  sha l ' l ow  dep th  b l ock  (S :  5 -10  m)  i nc l uded  t he

dep th  o f  t he  SONGS o f f sho re  i n take  s t ruc tu res  (8 -9  m) .  A  m id -dep th  b lock  (M:  11 -16

m)  cen te red  on  t he  ave rage  dep th  o f  t he  Un i t s  ?  and  3  d j f f use r  l i nes  ( -  13  m) .  0n

each  da te ,  t he  pos i t i ons  o f  se ine -hau l s  we re  se lec ted  random ' l y  f r om w i t h i n  each  1 - km

t - l



x  1 - km dep th  b l ock  (Append ' i x  A ,  F i g .  1 ) .  The  t h ree  l ongsho re  l oca t j ons  we re  chosen

to  rep resen t  ( 1 )  t he  SONGS nea r f i e l d  r eg ' i on  o f  mos t  l i ke l y  po ten t i a l  impac t  ( t he

"Nea r  Impac t "  l oca t i on ,  N I :  <  l / 2  km  o f  t he  Un i t  1  i . n t ake ) ,  ( 2 )  a  nea r  con t ro l  o r
f l Fa r  Impac t i l  l o ca t i on  (F i : 2 -3  km downcoas t  o f  t he  Un ' i t  1  l i ne ) ,  and  (3 )  a  d i s t an t

"Con t ro l r r l oca t i on  (C :  18 -19  km downcoas t  o f  Un i t  l ,  o f f  S tua r t  Mesa )  (Append i x  A ,

F l s .  i ) .

A l l  samp ' l es  used ' i n  BACI  ana l yses  we re  co l ' l e c ted  a t  n ' i gh t  i n  o rde r  t o  m in ' im i ze

v ' i sua l  ne t  avo idance  and  reduce  samp l i ng  e r ro r  (DeMar t i n i  e t  a l .  1983a ,b ;  A l l en  and

DeMar t i  n i  1983)  .

Samp ie  s i ze  (number  o f  da tes )  was  chosen  based  on  the  resu l t s  o f  power  tes ts

(Cohen  1977 )  o f  base l i ne  da ta .  S tanda rd  dev ia t i ons  o f  base l i ne  de l t as  ( see  Ana l ys i s

Me thods ,  Sec t i on  1 .2 .2 .2 )  we re  used  t o  es t ' ima te  t he  t o ta ' l  ( base i  i ne  p )us

ope ra t i ona l )  samp le  s ' i ze  necessa ry  t o  de tec t  a>  5A76  dec l i ne  i n  ne t  ca t ch  pe r  un i t  o f

e f f o r t  (CPUE) .  Samp le  s i ze  was  ca l cu la ted  f o r  a  power  ( 1  m inus  be ta ;  i . e . ,  1  m ' i nus
- \  

t he  p robab i l i t y  o f  a  Type  I I  emor )  o f  >  0 .80 ,  a t  one - ta i l ed  a l phas  (p robab i l ' i t i e s

o f  Type  I  e r ro r )  o f  0 .05  and  0 .10  (Cohen  1977) .  Samp ' l e  s i ze  es t ima tes  assumed  tha t

the  s tandard  dev ia t j ons  o f  ope ra t i ona l -pe r iod  and  base l i ne  de l tas  wou ld  be

equ iva len t  (Cohen  1977) .  Es t ima tes  were  eva ' l ua ted  fo r  l og  10  (X+ l )  da ta  (Sec t i on

t . ? "2 .2 ) .  Samp le  s i zes  we re  chosen  based  on  resu l t s  f o r  queen f i sh  o f  a l l  s ' i zes  and

sexes  poo ' l ed  (DeMar t i n i  e t  a1 .  1983a ,b ) .

'1 .2.2 Lampara Seine:  Data and Analys is  Methods

1 .2 .2 .1  Types  o f  Da ta

Se ine  ca tches  p rov ided  i n fo rma t ion  on  ca tch  pe r  un i t  o f  e f fo r t  (CPUE) ,  a  t ype

o f  r e l a t ' i ve  abundance  da ta  used  i n  f i she r i es  resea rch .  The  un i t  o f  e f f o r t  i n  t h i s

case  was  a  se ine -hau l  o f  s tandard  su r face  a rea  (and  cons tan t  ave rage  vo lume,  w i th in

a  g i ven  dep th  b lock ) .  Numer i ca l  CPUE was  reco rded  fo r  a l l  spec ies ,  and  b iomass  CPUE

was  de te rm ined  fo r  wh ' i t e  c roake r  and  queen f i sh  (Se r iphus  Lo l i t us ) .  Sex /ma tu r i t y

p lus  l eng th - f requency  da ta  ( s tandard  l eng th ,  SL ,  i n  mm)  fo r  queen f i sh  were  used  to

fu r the r  subd iv ide  CPUE o f  t h ' i s  t a rge t  spec ies .  Queen f i sh  were  examined  by  s i ze  and

sex  because  f i sh  o f  t he  va r ious  s i zes  and  sexes  appear  d i f f e ren t ' i a l l y  suscep t i b le  to

en t rapmen t  due  to  d j f f e rences  i n  d ie l  behav io r  and  wa te r - co lumn d i s t r i bu t i on

(DeMar t i n i ,  A l 1en ,  Foun ta ' i n  and  Robe r t s  1985 ;  f o r  de ta i l s ,  see  Append i x  A ,  pa r t  1 ) .

0 the r  de ta i l s  o f  da ta  co l l ec t ' i on  a re  desc r ibed  i n  Append ix  A ,  pa r t  1 .
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cPUE (numbers ) ,  be ing ' l ess  va r j ab le  t han  b i omass  cpuE  (A11en  and  DeMar t i n i1983 ) '  p rov i ded  t he  bas i s  f o r  impac t  ana l yses .  Fou r  ma jo r  t axa  we re  su f f i c i en t r ycommon  and  abundan t  j n  base l i ne  samp ies  t o  wa r ran t  impac t  ana l yses :  queen f i sh ,wh i t e  c roake r '  Pac i f i c  bu t t e r f i sh ,  and  t he  " s i l ve r s i des r  comp lex  o f  t h ree  spec ies - -j acksme i t  (A the r i nops i s  ca l i f o rn i ens i s ) ,  t opsme l t  (A the r i nops  a f f i n . i s ) ,  and  g run ion(  Leu res thes  t enu i  s )  (DeMar t i  n i  e t  a t  .  i g83a .b ) .  ( s i  r  ve r s i des  we re  poo l  ed  becausereso lu t i on  to  spec ies  aboard  sh ip  was  too  t ime  consuming  and  because  o the r  t ime  andcos t  l im i t a t i ons  p rec iuded  l abo ra to r y  exam ina t i on .  )

A l though  no r the rn  anchovy  (Enqrau l i s  mordax )  domina ted  se ine  ca tches ,  we  haveno t  i nc l uded  t h i s  spec ' i es  i n  ou r  impac t  ana l ys i s  because  (1 )  t he  ex t remeva r i ab j l i t y '  hence  ve ry  l ow  power ,  o f  i t s  base r i ne  ca t ches  p romp ted  a  p r i o r iexc i us i on '  and  (2 )  because  subsequen t  ana l yses  by  J .  Kas tand . i ek  and  K .  pa rke r  o f  t heMRc have  con f i rmed  ou r  i n i t i a l  obse rva t ' i ons  and  have  no t  been  ab re  to  de tec tnon t r i v i a l  (  750? ; )  nom ina ' r  dec r i nes  o r  chanqes .

Append ix  c  l i s t s  abundance  and  f requency  occu r rence  da ta  fo r  a i l  se ine -caugh tf i shes '  Fo r  a )1  spec ies  re fe r red  t o  i n  t h i s  r epo r t ,  we  use  t he  sc i en t i f . i c  and  commonnames  o f  Rob ins  e t  a l '  ( 1980 ) .  A f t e r  c ross - re fe renc ing  sc i en t i f i c  names  when  f i r s tmen t ioned ,  we  subsequen t l y  re fe r  t o  a l l  f i shes  by  common name.

B iomass  da ta
complement  our  BACI

Tor  queen f i sh  and  wh i te  c roake r  a re  used
tests  for"  SONGS impact .

i n  ana l yses  t ha t

I

' l  
. 2 .2 .2  Ana lys i s  Me thods

BACI Tests '  Numer ica l  CPUE data were cor i rpared between longshore loca. t ior ry  on a' c ia t ' e ' b )z -da te  
bas i s  accc rc r ' i n r . j  . t c  t h r : .BAe  I  (Be fo re -A . i t e r ,  con t r .o r . Impac t )  pa . i r . sdes ign  o f  s tewar t -oa ten  (1986 ;  s tewar t -0a ten  e t  a r .  r9g6 ) .  f r , e  mac te  the  a  p r i o r iassump t i on  t ha t  a  mu l t i p l i ca t i ve  mode l  o f  na tu ra l  popu la t i on  f r uc tua t i on  and  power -p l an t  impac t  was  app rop r i a te  ( see  McKenz ie  e t  a1 .  l g77 ;  ska l sk i  and  McKenz ie  1gg2 ) ;i " e " ,

Ar=k.A.

a t  t he  Impac t  i oca t i on ,
\ {here A,  = abundance
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abundance  a t  t he  Con t ro l  1  oca t ' i on  ,  and

a  na tu ra l  cons tan t  o f  p ropo r t i ona ' l i t y .

I n  o the r  wo rds ,  a  cons tan t  f r ac t i on  o f  a  popu la t i on  ( i n  t h ' i s

sub jec t  t o  impac t ,  whereas  the  ac tua l  numbers  impac ted  depend

Such  a  mode l  has  t he  h i gh l y  des i r ab le  p rope r t y  o f  be lng  l og -1

e f fec ts  o f  power -p1an t  impac t  and  na tu ra l  changes  ( seasona l

addi t ' ive when the abundance data are t ransformed to logar i thms,

l -

t , -
K -

case ,  f i sh  s tock )  i s

on  s tock  abundance .

i  nea r .  Tha t  ' i  s  ,  t he

e f fec ts ,  e t c .  )  a re

as

1og  A ,  =  l og  k  +  l o9  Ac

We a l so  eva lua ted  a  l ' i nea r  mode l  based  on  un t rans fo rmed  ca tch  da ta .  We

eva lua ted  raw  da ta  as  the  mos t  s t ra ' i gh t fo rward  a l t e rna t i ve  to  the  l oga r i t hm ic

t r ans fo rma t i on . ( i n  no  case ,  howeve r ,  was  raw  da ta ,  i f  accep tab le ,  mo re  su i t ab ' l e

t han  l oga r i t hms .  )  Mo re  comp lex  da ta  man ipu la t i ons  (e .g . ,  an  i nve rse  t r ans fo rma t i on :

t he  number  o f  se i ne -hau l s  pe r . i nd i v i dua i  f i sh  caugh t )  we re  no t  cons ide red

mean ing fu l .

The ' r de l t a "  ( d i f f e rence )  o f  1og -ca t ches  t hus  was  used  as  ou r  ana l ys i s  va r i ab le .

And  the r rde ' l t a -ba r "  (mean  d i f f e rence )  se rved  as  ou r  t es t  va r i ab le  fo r  compar i son  o f

the  ave rage  abundance ,  a t  Impac t  re la t i ve  to  Con t ro l  l oca t i on ,  be tween  base l i ne  and

opera t i ona l  pe r iods .  By  conven t ion ,  base -10  
' l oga r i t hms  

were  used ,  and  de l tas  were

exp ressed  as  " Impac t  m inus  Con t ro l "  ( i . e . ,  N I  -  C ,  F I  -  C ,  N I  -  F I ) .  F ' i na l  impac t

ana lyses  were  based  on  S tuden t r s  t - t es t s  o f  t he  Be fo re  ve rsus  A f te r  de l tas ,  w i th

degrees  o f  f reedom ad jus ted  fo r  unequa l  va r i ances  (Sa t te r thwa i te  1946) ,  as

necessa ry .  T - t es t s  we re  eva ' l ua ted  a t  a  one - ta i I ed  a l pha  o f  e i t he i ' 0 . 05  o r  0 .10 ,

c lepend ing  on  power .  ( I f  power  was  >  0 .80 ,  an  a lpha  o f  0 .05  was  used ,  i f  po , , re r  r ' : a . : ; '
<  0 .8C ,  ah  a l pha  o f  0 .10  was  cons ide red  su f f i c ' i en t  t o  r e j ec t  t he  nu l ' i  hyp r , x i ' , 6s ' i s  c i

no  dec l ' i ne . )  A  one - ta i l ed  t es t  was  used ' i n  a l l  cases  because  ou r  a  p r i o r i  p red i c t j on

was  tha t  S0NGST en t rapmen t  wou ld  genera te  a  l oca i  dec ' l i ne  i n  f i sh  numbers ,  i f  S0NGS

opera t i ons  were  hav ' i ng  an  e f fec t  on  m idwa te r  f i shes .

The  magn i tude  o f  s ign i f i can t  base l i ne  ve rsus  ope ra t i ona l  pe rcen tage  changes  i n

abundance  nea r  SONGS was  es t ima ted  us ing  J .  Ca l l ahan ' s  a l go r i t hm  fo r  t he ' l og - l i nea r

(mu l t i p l i ca t i ve )  mode l  (Append i x  A ,  pa r t  3 ) .  S imp le  f r ac t i ona l  changes  (be tween

per iods )  i n  raw  ca tch  da ta  were  a l so  ca l cu la ted  a t  a  g i ven  l oca t ' i on  as  a  fu r the r

basi  s  for  compar i  son
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Sta t ' i s t i ca l  Assump t i ons .  De l t as  we re  sub jec ted  t o  seve ra l  ma jo r . sc reen ing  t es t s

p r i o r  t o  BACI  t - t es t s .  The  c r i t i ca l  assump t i ons  t es ted  we re  (1 )  add i t i v i t y  and  (2 )

mono tone  t r end  o f  t he  base l i ne  de l t as .  Au toco r re l a t i on  o f  bo th  base l i ne  and

ope ra t i ona ' l - pe r i od  de l t as  was  eva lua ted  as  a  comp lemen ta ry  exe rc i se .  A l l  s c reen ing

tes t s  we re  eva lua ted  a t  a  s ' i qn i f i cance  l eve l  o f  0 .05 .

A l though  the  a rea  samp led  by  se ine  was  chosen  in  pa r t  t o  m in im ize  the
p robab i ' l i t y  o f  ze ro  ca tches ,  ze : ^o  ca tches  somet imes  occu r red  fo r  one  o r  bo th  o f  a
pa i r  o f  ma tched  se ine -hau l s .  Da tes  on  wh i ch  no  f i sh  we re  caugh t  a t  e i t he r  l oca t i on
(doub le  ze roes )  were  exc luded  f rom ana lys ' i s  on  the  bases  tha t  t hese  da ta  rep resen ted

rea l  co -absences  and  tha t  SONGS cou ld  no t  f u r the r  a f fec t  l oca l  abundances  fo r  da tes

on  wh ich  no  o rgan ' i sms  occu r red  anywhere  i n  t he  genera l  samp l ing  reg ion  (S tewar t -

Oa ten  1986 ) .

Da tes  on  wh ' i ch  f  i  sh  were  caugh t  a t  on l y

ze roes )  were  re ta i  ned  i  n  ana lyses .  I nc l  us ' i on

necess i t , a ted  the  add ing  o f  an  cons tan t  so  as

ze ro .  Thus ,  t he  da ta  t rans fo rma t ' i on  eva ' l ua ted

was :

one  o f  t he  two  l oca t i ons  ( s i ng le

o f  s ing le -ze ro  ca tches ,  however ,

to  avo id  the  unde f ined  l oga r i t hm o f

f o r ,  and  used  i n ,  impac t  ana l ys i s

wnere

Y  =  l og  10  (X+c )

raw CPUE,  and

con  s tan t .

Cons tan ts  were  chosen  independen t l y  f o r  each  spec ' i es ,  dep th  b ' l ock ,  and  l oca t i on -
pa i r .  A  range  o f  i nc remen ts  f r om 0 .03125  ( t 0 .5 )3 ,  whe re  L  i s  t he  sma l l es t  poss ib l e

pos i t , i ve  ca t ch  o f  one  f  i  sh  ' ! n  a  s i ng le  hau l  )  t o  10  ( t en  t ' imes  t he  sma l  l es t  poss ib  j e

ca tch )  were  eva lua ted .  Cho ice  o f  i nc remen t  v {as  based  on  the  resu ' l t s  o f  an

eva ' l ua t i on  o f  t he  add i t i v i t y  o f  base l ' i ne  de l tas .  As  above ,  t he  de l tas  he re

eva lua ted  were  d ' i f f e rences  be tween  1og  10  ( ca tch  +  cons tan t )  a t  Impac t  and  Con t ro l

l oca t i ons .  Add i t i v i t y  was  t es ted  by  l eas t  squa res  reg ress ion  o f  t he  de l t as  o f  1og -

ca tches  (as  dependen t  va r i ab le )  on  the  sum o f  t he  i og -ca tches  a t  Impac t  and  Con t ro l
(S tewar t -Oa ten  1985) .  0n1y  cons tan ts  <  25% o f  t he  sma l l es t  o f  t he  fou r  l oca t i on -
pe r iod  means  ( raw  ca tch  da ta )  were  cons ide red .  1 f  more  than  one  i nc remen t  va iue  was

add i t ' i ve ,  t he  sma l l es t  i nc remen t  t es ted  ( i . e . ,  t ha t  va lue  t ha t  usua l l y  pe r t u rbed  t he

raw ca tch  da ta  the  l eas t )  was  chosen .
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Mos t  cases  o f  nonadd i t i v i t y  we re  cons ide red  se r i ous  v i o l a t i ons  o f  t he

assump t i on .  Howeve r ,  nonadd i t i v i t y  o f  base l  i ne  de ' l t as  was  no t  cons ' i de red  a

mean ing fu l  assump t i on  v ' i o l a t i on  i f  a  " l a rge "  pe rcen tage  o f  t he  de l t as  we re  based  on

s ' i ng1e -ze ro  obse rva t i ons  (S tewar t -Oa ten  1986) .  Va lues  a  25% were  cons ide red

unaccep tab l y  1a rge .  Fo r  t hese  spec ia l  cases  o f  po ten t i a i  1y  spu r i ous  nonadd i t i v ' i t y ,

t he  da ta  we re  re -eva lua ted  us ing  a  b i nom ia l  t es t  (S ' i ege l  1955 ) .  The  one - ta i  l ed

b inomia l  t es t  t ha t  was  used  eva lua ted  the  re la t i ve  f requency  a t  wh ich  ca tches  were

sma l le r  a t  t he  impac t  s ta t i on  du r ing  the  A f te r  ve rsus  Be fo re  pe r iods .  (Add i t i v i t y

was  no t  an  assump t i on  o f  t he  b i nom ia l  t es t . )

Add i t i ve  base l i ne  de l tas  were  fu r the r  eva lua ted  fo r  t rend .  P resence  o f  a  t rend

in  base l i ne  de ' l t as  wou ld  i nd i ca te  a  va ry ing  p ropo r t ' i ona l ' i t y  be tween  abundances  a t

Impac t  and  Con t ro l  l oca t i ons  tan tamoun t  t o  hav ing  chosen  an  i nadequa te  con t ro l

l oca t i on .  P re impac t  t r end  was  eva lua ted  by  l eas t  squa res  reg ress ion  o f  base l ' i ne

de l t as  (as  dependen t  va r i ab le )  on  samp ' l i ng  da te .  L i nea r  r eg ress ion  was  used  t o  t es t

fo r  t he  s imp les t  (mono tone )  t ype  o f  t rend  (S tewar t -0a ten  1986) .  A l l  cases  o f  t rend

v io la t i on  were  fu r the r  eva lua ted  fo r  t he  po ten t i a l ' l y  ove rwhe lm ing  e f fec t  o f  one  to

seve ra l  " i n f l uence  po in t s t r .  i n f l uence  po in t s  we re  i den t i f i ed  as  t hose  ou t l ' i e r s  among

the  res i dua l s  t ha t  s t r ong l y  i n f l uenced  va lues  o f  t he  reg ress ion  coe f f i c i en t s .  Ou r  a
p r i o r i  p ro toco l  was  t ha t , ' i f  s i gn i f i can t  t r end  cou ld  be  a t t r i bu ted  t o  on l y  one  o r

two  da ta  po ' i n t s ,  we  wou ld  subsequen t l y  pe r fo rm the  t - t es t  f o r  impac t  ( i nc lud ing  the

ou t l i e r  da ta ) ,  bu t  i n t e rp re t  t he  resu l t s  w i t h  a  cavea t .  I n  gene ra l ,  non removab le

base l i ne  t r end  was  cons ide red  a  se r i ous  assumo t i on  v i o l a t i on .

Abundance  de l t as  may  no t  be  d i r ec t l y  su i t ab le  f o r  t - t es t  ana l ys i s  even ' i f

base l i ne  da ta  a re  add i t j ve  and  l ack ing  i n  t empora l  t r end  (S tewar t -0a ten  i 986 ) .

Se r i a l . n " " i l a t i on ,  i f  p resen t ,  e f f ec t i ve l y  r educes  deg rees  o f  f r eedom because  o f

non independence  o f  samp les  (S tewar t - 0a ten  1986 ) .  Se r i a l . co r i  e l a t i cn  m igh t  occu r  i f ,

as for  l  ampara samp' l  i  ng,  i  n terva l  s  between sampf  ing dates vary because i  nc ' lement

wea the r  and  vesse ' l  unava i l ab i l i t y  somet imes  requ i red  samp l ing  a t  l ess - than -week ly

in te rva ' l s .  Bo th  base l i ne  and  ope ra t ' i ona l -pe r iod  ca tch -de l tas  were  i n ' i t i a l 1y

eva lua ted  fo r  t he  p resence  o f  se r i a l  co r re la t ' i on  us ing  von  Neumannrs  tes t  (S tewar t -

0a ten  1986) .  I f  se r i a ' l  co r re la t i on  was  p resen t ,  au to reg ress i ve  e r ro rs  o f  o rde rs  one

and  two  were  j nc luded  i n  the  mode l  and  the  e f fec t  o f  se r i a j  co r re la t i on  the reby

removed.
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Ana l ys ' i s  Me thods :  Comp lemen ta ry  Tes t s .  As  des igned ,  t - t es t s  o f  S0NGS ope ra t i ona l -

pe r i  od  changes  ' i n  Impac t -Con t ro l  d ' i f  f e rences  eva l  ua te  pa t te rns  o f  abundance  w i  t h ' i n

dep th  b locks  i ndependen t ' l y  o f  one  ano the r .  (The  dep th  fac to r  has  been  exc luded  f rom

the  ana i ys i s  mode l  i n  o rde r  t c  i ndependen t l y  t es t  f o r  " i n t ake -dep th "  dec l ' i nes  {a t  5 -

10  m i  ve rsus  "d i f f use r -dep th r r changes  t a t  11 -16  m) ) .  Fo r  f i sh  t ha t  a re  common  and

abundan t  ' i n  bo th  dep th  b l oc l ' , s  ( e .g . ,  adu i t  ma le  queen f i sh ) ,  t he  po ten t ' i a ' l

comp l  i ca t i ons  o f  dep th -by - l oca t i on  i n te rac t i ons  a re  ove r ' l ooked  i f  t - t es t s  a l one  a re

used  to  i n te rp re t  pa t te rns .  Fo r  spec ies  we l i  r ep resen ted  i n  bo th  dep th  b locks

dur ing  the  base l ' i ne  pe r iod ,  we  the re fo re  used  a  th ree - fac to r  ANOVA to  l es t  whe the r  a

loca t i on -by -pe r iod -by -dep th  i n te rac t i on  m igh t  be  obscu r ing  ou r  l oca t i on -by -pe r iod

impac t  t es t s .  Such  a  t h ree -way ' i n t e rac t i on  m igh t  occu r ,  f o r  examp le ,  i f  a  f i sh r s

dep th  d i s t r i bu t i on  sh i f t ed  o f f sho re  i n  r esponse  t o  SONGSrd i f f use r  p1ume .  I f  so ,

ca t ches  m igh t  dec ' l i ne  w i t h i n  t he  i n take  dep th  b l ock  wh i l e  i nc reas ing  a t  d ' i f f use r

dep ths .  No  e f fec t  on  ove ra l l  abundances  nea r  S0NGS migh t  occu r ,  desp i te  one  o r  more

s ign i f i can t  t - t es t  r esu l t s .  ANOVAs  thus  p rov ided  a  ma jo r  means  o f  i n t e rp re t i ng  BACI

t - t es t  r esu l  t s .

ANOVA tes ts  u t i ' l i zed  the  same da ta  used  i n  t - t es t s  fo r  each  o f  t he  two

componen t  dep th  b locks  w i th  the  fo l l ow ' i ng  excep t i ons .  (1 )  ANOVA runs  exc ' l uded  da tes

w i t h  " t r i p l e - ze ro "  ca t ches  bu t  i nc l uded  da tes  w i t h  doub le  ze roes .  Doub le  ze roes

were  i nc luded  because  the  l oca t i on  t rea tmen t  e f fec t  was  eva ' l ua ted  fo r  t h ree  l eve l s

( ' i  . e . ,  f o r  t he  t h ree  l ongsho re  l oca t i ons ) .  ( 2 )  Fo r  any  pa r t i cu l a r  spec ' i es  o r

queen f i sh  sex /ma tu r i t y  ca tego ry ,  t he  va lue  o f  t he  cons tan t  " c "  (ac ided  to  i t s  ca tch

be fo re  t he  t r ans fo rma t i on  t o  i ogs )  was  t he  i nc remen t . t ha t  mos t  gene ra l l y  sa t i s f i ed

the  add i t i v i t y  assumpt ion  fo r  t he  th ree  pa i rw ise  BACI  t - t es t  con t ras ts .  (3 )  Da ta

used  were  res t r i c ted  to  those  da tes  on  wh . i ch  sha l l ow  and  m id -dep th  co l l ec t i ons  were

made  on  the  same c ru i se .  Da ta  fo r  c ru i ses  made  p r i o r "  t o  June  8 ,  1981  were  the re fo re

omi t ted .  ANOVAs  were  run  fo r  a l1  spec ies  and  queen f i sh  ca teEor ies  tha t  d ' i d  no t

se r i ous l y  v i o l a te  t he  add ' i t i v ' i t y  assump t i on ;  cases  w i t h  m ino r  t r end  v i o l a t ' i ons  o r

se r ia l  co r re ' l a t i on  were  tes ted  anyway  and  resu l t s  i n te rp re ted  w i th  cau t i on .

S ize - f requency  da ta  a l so  were  used  to  i n te rp re t  t he  impac t  t es t  resu ' l t s  f o r

queen f i sh  and  wh i te  c roake r .  Ko lmo igo rov -Smi rnov  (K -S)  two -samp le  tes ts  were  used

to  compare  i eng th  da ta  (1 )  be tween  SONGS-opera t i ona ' l  pe r i ods  a t  a  l oca t i on  and  (2 )

be tween  pa i r s  o f  l oca t i ons  w i t h i n  each  SONGS ope ra t i ng  pe r i od .  H i s tog rams  o f

pe rcen tage  f requenc ies  were  used  to  i n te rp re t  K -S  tes t  resu ' l t s .
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Al ' l  sc reen ing  tes t ,  t - t es t ,  and  comp lemen ta ry  ANOVA and  o the r  ana lyses  were

pe r fo rmed  on  t he  IBM 4341  compu te r  sys tem a t  t he  MRC 's  Enc in i t as  f ac ' i f i t y .  Append i x

B  p rov ides  an  anno ta ted  l i s t ' i ng  o f  t he  SAS p rog rams  used  t o  gene ra te  resu l t s .  These

p rog rams  a ' l so ' i den t i f y  r e l evan t  da ta  base :  and  desc r i be  t he  da ta  man ipu la t ' i ons  t ha t

we re  pe r f o rmed  p r i o r  t o  s t a t i s t i ca l  ana l ys i s .

1 .2 .3  O$er  T raw l :  Gear  and  S tudy  Des ign

1  . 2 .3 .1  Samp l i ng  Gea r

0 t te r  t raw ls  a re  d rag  ne ts  used  to  cap tu re  bo t tom-o r ien ted  f j sh  i n  ce r ta ' i n

commerc ia l  f i she r i es .  Mod i f i ed  sma l l e r  ve rs i ons  a re  used  as  resea rch  t oo l s  t o

mon  i  t o r  t he  abundance  o f  f i  shes  occu r r i  ng  on  and  a  sho r t  d ' i  s tance  above

unconso l ' i da ted  subs t ra tes .  The  s i ze ,  des ign ,  and  f i sh i ng  p ro toco l s  o f  t he  t r aw l

used  o f f  San  Ono f re  were  those  recommended  by  Mearns  and  A l l en  (1978)  fo r 'mon i to r i ng

ben th ' i c  f i shes  on  t he  oDen  coas ta l  she l f  o f  sou the rn  Ca ' l i f o rn i a .  A  de ta i l ed

desc r i p t i on  o f  t he  t r aw l  gea r  and  samp l i ng  p ro toco l s  i s  p rov ided  i n  Append ' i x  A ,

pa r t  2 .

1 .2 .3 .2  Samp l i ng  Des ign

The  des ign  o f  t raw l  samp l ing  a i so  con fo rmed  to  the  BACI  pa i r s  des ign  (S tewar t -

Oa ten  i 985 ;  S tewar t -Oa ten  e t  a1  .  i 986 ) .  l r l ' i t h ' i n  bo th  p reopera t i ona l  (base l i ne )  and

ope ra t ' i ona1  pe r i ods  o f  compar i son ,  samp les  we re  rep l i ca ted  ove r  s i ng le -n i gh t

c ru i ses .  Base l i ne  and  ope ra t i ona l  pe r iods  were  de f i ned  based  on  pump ing  h i s to ry  a t

SONGS Un i t s  2  and  3 .  Append i x  A ,  pa r t  2 ,  p rov ides  f u r t he r  de ta i l s  o f  des ign ,  and

Tab le  3  t he re in  I i s t s  a l l  samp ' l i ng  da tes .

0 t te r  t raw l  su rveys  d i f f e red  f rom lampara  se jne  gu rveys  i n  t ha t  mu l t i p le  t raw ' l s

l ve re 'made  a t  each  s ta t i on  on  each  c ru i se .  t t l i t h i n -s ta t i on  rep l j ca tes  were  a ' lways

fou r  i n  number .  S ta t ' i ons  were  de f i ned  by  d i sc re te  dep th  and  l ongshore  l oca t i on .

Two  dep ths  (18  m,30  m)  were  samp led .  Two  longshore  l oca t i ons  were  samp ' l ed  (SONGS

Impac t :  <  1  km upcoas t  t o  2  km downcoas t  o f  t he  Un i t  1  l i ne ;  and  S tua r t  Mesa  Con t ro l :

-  L7 -?0  km downcoas t  o f  Un i t  1 ;  Append i x  A ,  F i g .2 ) .  Dep ths  we re  chosen  t o  r ep resen t

an  o f f -d i f f use r  dep th  (a t  18  m,  s ince  the  SONGS d i f f use rs  d i scha rge  ove r  10 -  t o  15 -m

bo t tom dep ths )  and  an  o f f -p1ume dep th  (a t  30  m,  s ince  the  d i f f use r  p lume i s

some t imes  t r aceab le  t o  5  o r  mo re  km o f f sho re :  Re i t ze l  i 979 ) .  A l l  samp les  used ' i n

I
I
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BACI  ana l yses  we re  co l l ec ted  a t  n i gh t ' i n  o rde r  t o  ge t  mo re  p rec j se  ca t ch  es t ima tes

fo r  a  g rea te r  number  o f  rep resen ta t i ve  spec ' i es  (DeMar t ' i n ' i  e t  a ' l  .  1983a ,b ;  DeMar t i n i
and  A l  1  en  i 984 )  "

A  key  aspec t  o f  t he  des ign  o f  t he  t raw l  su rveys  was  tha t  a l l  f ou r  comb ina t i ons

o f  dep ths  and  l oca t i o ; ' r s  we re  samp ied  on  each  c ru i se  so  as  t o  m in im i ze  t he  poss ib l e

e f fec ts  o f  da te  on  the  re la t i ve  d i s t r i bu t i on  and  abundance  o f  f i shes  a t  t he  two
longsho re  l oca t i ons .

Samp ' l e  s i zes  were  based  on  the  resu l t s  o f  power  tes ts  (Cohen  1977)  o f  base l j ne

da ta .  Cho ice  o f  samp le  s ' i ze  was  based  on  ou r  eva ' l ua t i on  fo r  a  ma jo r i t y  o f  spec ies -
dep th  comb ina t i ons  whose  i og  10  (X+1)  base l i ne  da t ,a  were  s ta t ' i s t i ca l l y  t rac tab le
(  DeMar t i  n  i  e t  a l  .  1983a ,  b )  .  See  Sec t i  on  1 .  2 .1  .2  fo r  f u r the r  de ta i  I  s  .

1 .2.4 Ot ter  Trawl :  Data and Analys is  Methods

1"2 .4 .1  Types  o f  Da ta

Ot te r  t raw ls  a l so  p rov ide  ca tch -pe r -un i t -o f -e f fo r t  (CPUE)  da ta .  The  un i t  o f
e f fo r t  i s  a  t raw l -hau l  o f  s tandard  d i s tance  (a rea  swep t ) .  Numer i ca l  and  b iomass
CPUE were  reco rded  fo r  a l1  spec ies .  Leng th  f requenc ies  were  a l so  measured  fo r

se lec t  spec ies  a t  one  o r  bo th  dep ths -  De ta i l s  o f  da ta  co l l ec t ' i on  ane  desc r i bed  i n
Append i x  A ,  pa r t  2 "

A ' l l  impac t  ana lyses  were  based  on  numer i ca l  t r aw l  CPUE.  B iomass  CPUE show the
same  pa t t e rns  bu t  w i t h ' l ess  p rec i s i on  because  t he  va r i ances  a re  l a rge r  (DeMar t i n i

and  A l l en  i 984 ) .

Ten  spec ies  comb ina t i ons  we re  su f f i c i en t l y  common  and  abundan t  ( i . e . ,  had

reasonab le  power )  i n  base l i ne  t raw l  ca tches  a t  one  o r  bo th  dep ths  to  war ran t
mean ing fu ' l  compar i sons  be tween  longshore  l oca t i ons  du r ing  the  two  SONGS'  ope ra t ' i ng
pe r i ods  (DeMar t i n i  e t  a l .  1983a ,b ) .  Ana l ys i s  o f  i n t e r im  t r aw l  da ta  (1982 -84 ;

DeMar t i n i  e t  a l .  1984c )  p rompted  the  add i t i on  o f  seve ra l  more  spec ies  fo r  impac t

eva lua t i on .  Append ' i x  D  l ' i s t s  a11  22  spec ies -dep th  comb ina t i ons  used  i n  ou r  impac t

ana lys i s  o f  t r aw l - caugh t  f i shes .  These  22  comb ina t i ons  rep resen t  t he  upper  ta ' i l  o f

t he  d i s t r i bu t i ons  o f  bo th  coun ts  and  f requency  o f  occu r rence  i n  base l i ne  t raw ls
(Append ix  C ,  Tab ies  13 -16  and  17 -20 ) .  Abundance  and  f requency  o f  occu r rence  da ta  a re
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l i s t ed  f o r  ben th i c  f i shes  i n  Append i x  C .  ( I nc i den ta l  ca t ches  o f  pe lag i c  spec ies

such  as  Pac i f i c  bu t te r f i sh  and  no r the rn  anchovy  a re  om i t ted . )  Accep ted  common names
(Rob ins  e t  a l .  1980 )  a re  used  t h roughou t  t h i s  r epo r t

B iomass  da ta  f o r  queen f i sh ,  wh i t e  c roake r  and  t o ta l  f i shes  (a11  spec ies )  a re

used  i n  ana lyses  tha t  comp lemen t  ou r  BACI  tes ts  fo r  S0NG5 ' impac t .

1 .2 .4 .2  Ana lys i s  Me thods :  BACI  T -Tes ts

Numer i ca l  CPUE da ta  were  compared ,  w i th in  each  dep th  b1ock ,  be tween  the  s ing ie
pa i r  o f  l ongshore  l oca t i ons  us ing  t , he  BACI  (Be fo re -A f te r ,  Con t ro l - Impac t )  pa i r s

des ign  (S tewar t - 0a ten  1985 ;  S tewar t -Oa ten  e t  a l .  1986 ) .  A  mu l t i p l i ca t i ve  mode l

us ing  t he  de l t as  o f  1og - t r ans fo rmed  ca t ch  da ta  was  used  ( see  Sec t i on  1 .2 .2 ) .  The

on ' l y  d i f f e rence  be tween  the  ana ' l ys i s  des igns  fo r  i ampara  se ine  and  o t te r  t raw l  was

tha t  t he  bas ' i c  un i t  o f  ana iys i s  f o r  t raw ls  was  the  mean  o f  t he  fou r  t raw l  ca tches  a t

a  s ta t i on  on  a  da te .  Cons tan ts  used  to  avo id  the  1og  o f  ze ro  were  added  to  the  mean

o f  t he  fou r  t raw1  da ta .  The  va lues  o f  t he  cons tan ts  tha t  were  eva lua ted  ranged  f rom

0 .0156  ( t 0 .25 ) " ,  whe re  0 .25  rep resen ts  t he  sma l l es t  poss ib l e  pos i t i ve  ca t ch  o f  one

f i sh  i n  f ou r  t r aw l s )  t o  10  (40  t imes  l a rge r  t han  t he  sma l l es t  poss ib l e  ca t ch ) .

Doub le  ze roes  we re  aga ' i n  exc luded  f r om ana l ys i s  (Sec t i on  1 .2 .2 ) .

The  de l ta  (d i f f e rence )  i n  t he  l oga r i t hms  o f  mean  ca tch  was  the  tes t  va r i ab le  i n

ou r  t - t es t s  f o r  impac t  (Sec t i on  1 .2 .2 ) .  P r i o r  t o  impac t  t es t s ,  s c reen ing  t es t s  we re

used  to  de tec t  spec ies  tha t  were  i napprop r ia te  fo r  s ta t i s t i ca l  ana lyses  a t  a  g i ven

dep th  because  o f  nonadd i t i v ' i t y  o r  mono tone  t rend  j n  base l i ne  de l tas .  I f  se r i a l

co r re la t i on  was  p resen t ,  au to reg ress i ve  e r ro rs  were  i nc luded  i n  the  t - t es t  mode l

(Sec t i on  1 .2 .2 ) .  See  Append i ces  D  and  E  f u r  add i t . i ona l  de ta i l s .

1 .2.4.3 Analys is  Methods:  Complementary Tests

As for  
' lampara 

se ine data,  three-way AN0VAs were used to eva ' luate whether

d i s t r i bu t i ona ' l  sh i f t s  were  obscu r ing  abundance  changes  a t  dep th .  Doub le  ze roes  were

exc luded  (Sec t ' i on  1 .2 .2 ) .  S i ze - f requency  da ta  a l so  were  used  to  i n te rp re t  impac t

t es t  r esu l t s  f o r  se lec t  spec ies  a t  r ep resen ta t ' i ve  dep ths  (Sec t j on  1 .2 .2 ) .
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1 .3  RESULTS

1 .3 .1  BACI  T -Tes t s

1 .3 .1 .1  Genera l  Pa t te rns  fo r  Coas ta l -Pe lag i c  F i shes

Summary  o f  BACI  F ' i nd ings .  Two  spec ies  (queen f i sh  and  wh i te  c roake r ) r  cons ide red  a t

maior  r isk  to  SONGS entrapment ,  dec ' l ined f rom -60 to  > 90?(  near  S0NG5, re la t ' ive to

con t ro l  l oca t i ons ,  du r i ng  t he  ope ra t i ona l  mon i t o r i ng  pe r i od .  Two  o the r  t axa
(  Pac i  f  i  c  bu t te r f  i  sh  and  s ' i ' l ve rs ides )  ,  no t  a t  g rea t  r : i  sk  to  en t rapmen t ,  d id  no t

dec l i ne  nea r  S0NGS.  Near -SONGS dec ' l i nes  i n  wh i te  c roake r  were  >  90% and  invo l ved

iuven i ' 1e  f  i sh  a t  i n t ake  dep ths  w i t h r rn  \ / l - kn  o f  t he  SONGS Un i t  f  i n t ake .  Queen f i sn
dec l i nes  nea r  SONGS were  rep resen ted  by  bo th  j uven ' i ' l e  and  adu ' l t  f i sh :  YOY and  o the r

iuven i l es  dec l ' i ned  62 '869 [  a t  i n take  dep ths  w i th in  l / 2 -kn  o f  t he  Un ' i t  f  i n take .

S ign i f i can t  dec l i nes  o f  55 -7A? i  i n  YOY and  o the r  j uven i l e  abundance  were  a ' l so

de tec ted  a t  d i f f use r  dep ths  o f f  SONGS.  Adu l t  queen f i sh  genera l l y  dec l ' i ned  on l y  a t
' i n take  dep ths ,  bu t  re la t i ve  dec l i nes  were  de tec tab le  to  2 -3  km downcoas t  o f  Un i t  1 .

Dec l i nes  i n  adu l t s  2 -3  km downcoas t  were  60 -80 t6 ,  abou t  t he  same magn i tude  as

dec l i nes  w i t h i n  l / ? - km o f  Un i t  1 .

Resu l t s  o f  Sc reen ing  Tes ts .  A  to ta l  o f  48  spec ies -dep th -b lock  comb ' i na t i ons  o f

coas ta ' l - pe lag i c  (m idwa te r )  f i shes  were .  sc reened  fo r  s ta t i s t i ca l  su i t ab ' i f  i t y  i n  BACI

t - t es t s .  Queen f i sh  l i f e  s t ages  rep resen ted  30 /48  cases .  De ta i l ed  resu ' l t s  a re
p resen ted  i n  Append i x  D .  A  b r i e f  summary  o f  BACI  sc reen ing  t es t  r esu l t s  f o l l ows .

A t  5 -  t o  10 -m dep ths ,  22 /24  cases  were  s ta t i s t ' i ca1 ' l y  t rac tab le  (Append ix  D ,

Tab ' l e  1 ) .  A t  1 .1 -  t o  L6 -m dep ths ,  2L /24 .ca .ses  were  t . rac tab ' l e  (Appenc l ' i x  D ,  Tab le  Z ;

a l so  see  D iscuss i "on ,  Sec t i on  1 .4 .1  .? ) "  A t  5 :10  m,  two  cases  sce i r r€c j  t o  v i s i3 lp  - - r . i r n

assump t i on  o f  s t a t i s t i ca l  add i t i v i t y ,  wh i l e  ano the r  case  had  an  un reso l vab le

tempora i  t r end  i n  base l ' i ne  da ta  (Append ' i x  D ,  Tab le  1 ) .  The  fa i l ed  add ' i t i v i t y  t es t

fo r  t he  N I  -  C  compar i son  o f  wh i te  c roake r ,  however ,  was  i nconc lus i ve  because  o f  t he

la rge  pe rcen tage  (267 ( )  o f  s i ng ' l e  ze roes  i n  p reopera t i ona l  ca tches .  The  t - t es t

compar i son  be tween  N I  and  C  loca t ' i ons  was  cons ide red  t rae tab le  fo r  wh i te  c roake r ;  i n

addi  t ' i  on ,  the whi  te  croaker  data were ' ident i  f  i  ed f  or  eval  uat i  on us ' i  ng a more

conse rva t i ve  (b i nom ia l )  t es t .  A t  11 -16  m ,  a l l  3  o f  t he  i n t r ac tab le  cases  v i o1a ted

add i t i v i t y ;  i n  add i t i on ,  t y / o  cases  had  s i gn i f i can t  mono tone  t r end  (Append i x  D ,  Tab le

2) .
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Ana lyses  fo r  7  o f  t he  22  t rac tab le  cases  a t  sha l i ow  dep ths  were  comp l i ca ted  by
se r i a l  co r re l a t i on  w i t h ' i n  t he  base l  j ne  and /o r  ope ra t i ona ' l  t ime  se r i es .  Howeve r ,  a l  l
7  cases  cou ld  be  co r rec ted  fo r  f i r s t -  and /o r  second-o rde r  au to reg ress i ve  e r ro rs
(Append i x  D ,  Tab le  1 ) .  A l l  7  had  de tec tab le  f i r s t - o rde r  ( l ag  one  c ru i se )
au toco r re la ted  e r ro rs .  Two  cases  o f  se r i a l  co r re la t ' i o r r  we re  de tec ted  i n  t he  11 -  t o

16 -m da ta ,  bu t  t hese  we re  s im i l a r l y  co r rec tab le  (AppenC ix  D ,  Tab le  2 ) .  One  o f  t he
la t te r  cases  had  de tec tab le  second-o rde r  ( ' l ag  two  c ru i ses )  as  we l l  as  f i r s t -o rde r
e f f ec t s .

Ta l l y  g l  BACI  Tes t  Resu l t s .  A t  i n t ake  dep ths ,  s i gn i f i can t  ( a t  one - ta i l ed  P  <  0 .05 )

dec l i nes  i n  t he  re la t i ve  magn i tude  o f  se ' i ne  CPUE be tween  base l i ne  and  SONGS-
opera t i ona i  pe r iods  were  de tec ted  fo r  5  o f  t he  7  t rac tab le  Near  Impac t  (N I )  m inus
Con t ro l  (C )  l oca t i on  con t ras t s  (Tab ie  1 ;  Append i x  E ,  f ab le  1 ) .  Ana logous  dec l i nes

were  de tec ted  fo r ' 4  o f  t he  7  t rac tab le  N I  m inus  Fa r  Impac t  (F i )  pa i r s  (Append ix  E ,
Tab le  1 ) .  0 f  t he  8  va l i d  F i  m inus  Con t ro l  con t ras t s ,  3  we re  no tab le :  2  we re
s ' i gn i f i can t  re la t i ve  dec l i nes ,  and  ano the r  was  a  case  o f  unexpec ted  i nc rease  a t  t , he

F I  l oca t i on  (Append ix  E ,  Tab le  1 ) .  Ove ra11 ,  12  o f  22  t rac tab le  cases  tes ted  were

no tab le ,  11  we re  s i gn i f i can t ,  and  9 /11  we re  d i sp ropo r t i ona te  dec l i nes  a t  t he  Nea r

Impact  I  ocat ' ion re ' la t i  ve to  e ' i ther  the Far  Impact  s tat i  on or  the d i  s tant  Contro l

l oca t i on  (Append ' i x  E ,  Tab le  i ) .

A t  d i f f use r  dep ths ,  on l y  3  o f  2 I  t r ac tab le  cases  we re  s ' i gn i f i can t  dec l i nes  a t  a

one - ta i l ed  a l pha  o f  <  0 .05  (Append ' i x  E ,  Tab le  2 ) .  Ano the r  2  cases  we re  s i gn i f i can t
a t  a  one - ta ' i l ed  a l pha  o f  0 .10  (Append i x  E ,  Tab ' l  e  ? ) .  (Eva ' l ua t ' i on  a t  g ,  =  0 .10  was

ius t i f i ed  i n  t hese  2  cases  because  bo th  had  power  <  0 .80  a t  c r ,  =  0 .05 ;  see  Appen-

d i x  E ,  Tab le  6 . )  Two  o f  t he  5  cases  o f  s ign i f i cance  were  con t ras ts  be tween  the  Near

Impac t  and  Con t ro l  i oca t i ons ;  t he  rema ' i n ing  3  were  Fa r  Impac t  m in t r s  Con t ro ' l
compar i  sons  (Append ' ! x  E ,  Tab l  e  2 . )

D isp ropo r t i ona te  dec reases  nea r  S0NGS were  l a rge  i n  magn i tude  (>  607o ;  Append ix

E ,  Tab le  1 ) ,  and  mos t  re f ' l ec ted  l a rge  abso ' l u te  changes  i n  ca tch  as  we l l  (Tab le  2 ) .

Nea r -SONGS dec l i nes  i n  CPUE were  abso lu te l y  l a rge  (usua i l y  >  20  f i sh  pe r  se ine -hau1 )

desp i te  the  genera l  ha ' l v i ng  o f  f i sh  abundance  th roughou t  t he  San  Ono f re -0ceans ide

a rea  i n  r ecen t  yea rs  (Tab1e  2 ;  d l so  see  Append i x  C ,  Tab ' l es  1 -12  and  F igs .  L ,2 ) .

Di  spropor t i  onate dec ' l  i  nes were absol  u te ' ly  l  arge because basel  i  ne catches were

subs tan t i a l  (Tab ' l  e  2 ) .
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These  genera ' l  r esu ' l t s  a re  t rea t ,ed  on  a  case -by -case  bas i s  i n  t he  spec ies
accoun t  t ha t  f o l l ows .

1.3.1 .2  Species Account :  BACI T-Test  Resul ts  for  pe lagics

Pac i f i c  Bu t t e r f i sh .  T r i v i a l  changes  i n  se ine  CPUE occu r red  a t  e i t he r  i n t ake  dep ths
(5 -  t o  10 -m)  o r  a t  d i f f use r  dep ths  (11 -  t o  16 -  m)  o f f  S0NGS re la t i ve  to  the  o the r
samp i . i ng  l oca t ' i ons  (Tab les  1 -3 ;  Append i x  E ,  Tab les  1 ,  2 ) .  Ca t ches  dec l i ned
th roughou t  t he  San  Ono f re -Oceans ide  a rea  i n  1982-84  and  were  fu r the r  dep ressed  j n

1984 -86  (Tab ie  2 ;  Append i x  E ,  F i gs .  1 -3 ) .

Wh i te  Croake r .  Ve ry  l a rge  ( t  g0 r l )  pe rcen tage  dec l i nes  o f  t h . i s  spec ies  occu r red
dur ing  the  ope ra t ' i ona ' l  pe r i od  a t  i n take  dep ths  a t  t he  Near  Impac t  l oca t i on  (w i th in

l /Z -kn  d i s tance  o f  t he  SONGS Un i t  1  i n take ) ,  re ia t i ve  to  e i t he r  t he  Con t ro l  
' l oca t i on

(18 -19  km downcoas t  o f  S0NGS)  o r  t he  Fa r  Impac t  (F I )  l oca t i on  2 -3  km downcoas t
(Tab ie  1 ;  Append i x  E ,  Tab les  1 ,3  and  F igs .4 -6 ) .  No  d ' i sp ropo r t i ona te  dec l i nes  v /e re
de tec ted  a t  d i f f use r  dep ths  (Append i x  E ,  Tab le  2 ) .  0pe ra t i ona l -pe r i od  ca t ches  a t
Con t ro l  and  F I  j oca t i ons  we re  i nd i s t i ngu i shab le  i n  e i t he r  dep th  b l ock  (Append ' i x  E ,
Tab les  1 ,  2 ) .Ope ra t i ona i -pe r i od  ca t ches  a t  F i  and  Con t ro l  l oca t i ons  i nc reased  t o
abou t  one - fou r t h  o f  ave rage  base f i ne  l eve l s  a t ' i n t ake  dep ths  a f t e r  a  nad i r  o f  10% o f
base ' l i ne  du r ing  the  i n te r im  pe r iod  o f  summer  1982-w ' i n te r  1984  (Tab les  2 ,  3 ) "

Queen f i sh .  Demons t rab le  dec l i nes  i n  t he  ca t ches  o f  t o ta l  queen f i sh  (a1 l  sexes  and
matu r i t y  s t , ages  poo led )  occu r red  a t  t he  Near  and  Fa r  Impac t  l oca t j ons  re la t i ve  to
the  Con t ro l  s i a t i on ,  depend ing  on  dep th  b l ock  (Append i x  E ,  Tab les  1 ,2 ) .  Resu l t s
la rge l y  re f l ec t  t hose  fo r  immatu re  f i sh ,  wh ich  con t r i bu te  mos t  t o  to ta l  numer i ca l
ca ' Lch  (Tab le  Z ) .  Du r i ng  t he  i n te r im  and  ope ra t i ona l  pe r i ods ,  se ine  ca t ches  o f
queen f i sh  c ie i ' l ' i nec i  t , o  25% to  75% o f  base l i ne  l eve l s ,  depend ing  on  

' l ongshore  
l oca t i on

(Tab les  2 ,  3 ;  Append i x  E ,  F i gs .  7 -9 ) .

Ca tches  o f  va r i ous  sex -  and  ma tu r i t y - s tages  d i f f e red  somewha t  i n  t he  magn i tude ,
onshore /o f f sho re ,  and  i ongshore  ex ten ts  o f  dec ' l i ne .  The  abundance  o f  some queen f i sh

s tages  were  dep ressed  to  a  d i s tance  o f  2 -3  km downcoas t  o f  SONGS Un i t  1 ,  wh ' i j e  t he

spa t i a l  ex ten t  o f  t he  dec l i ne  o f  o the r  s tages  was  l im i ted  to  the  Near  Impac t

s ta t i on .  Sma ' l l  ( imma tu re  and  YOY)  queen f i sh  gene ra l l y  dec l i ned  t o  g rea te r  ex ten t
w i t h i n  I /Z - kn  d i s t ance  o f  SONGS Un i t  1  ( ve rsus  Con t ro ' l )  t han  l a rge r ,  o l de r  f  i f e

s tages  (Append i x  E ,  Tab le  1 ) .  Dec l j nes  i n  sma l l  queen f i sh  we re  de tec ted ' a t  d i f f use r
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as  we l l  as  i n t ake  dep ths  (Append ' i x  E ,  Tab les  1 ,  2 ) .  Recen t  ca t ches  o f  bo th  sexes  o f

adu l t  queen f i sh  dec l i ned  d ' i sp ropo r t i ona te l y  neq r  SONGS re l a t j ve  t o  t he  d ' i s t an t

Con t ro l  l oca t i on .  Ca tches  o f  adu l t s  a t  t he  Fa r  Impac t  s t a t ' i on  a l so  dec l j ned

re la t i ve  t o  t he  Con t ro l  l oca t i on  (Append i x  E ,  Tab le  1  and  F igs .  10 -15 ) .  Re la t i ve

dec reases  o f  bo th  immatu re  and  YOY s tages  were  l imr ted  to  the  s ta t i on  w i th in  1 /2 -km

d is tance  o f  t he  Un i t  f  i n t ake  (Append ' i x  E ,  Tab le  l  and  F igs .  i 6 -21 ) .

The  a fo remen t ioned  genera l  dec l  j nes  (San  Ono f re -Oceans ide )  i n  queen f i  sh

abundance  exh ib i t ed  no  cons i s ten t  pa t t e rns  f o r  d i f f e ren t  s i ze  (age )  g roups  and  sexes

o f  f i sh .  Ave rage  b roadsca le  dec l i nes  du r i ng  recen t  yea rs  we re  ev iden t  f o r  adu l t s  o f

bo th  sexes  as  we l l  as  f o r  jmma tu res  and  YOY (Tab les  2 ,  3 ) .

S ' i ' i ve r s i des .  Th i  s  t h ree -spec ies  comp ' l ex  o f  neus ton i c  p l ank t i vo res  showed  no

ev idence  o f  a  r ecen t  d i sp ropo r t i ona te  dec l i ne  nea r  SONGS.  Ra the r ,  t hese  f i shes

exh ib i t ed  a  marked  ( t  5 - fo ld )  numer i ca l  i nc rease  a t  t he  Fa r  Impac t  l oca t i on

( re ' l a t i ve  to  Con t , ro l  )  du r ing  the  SONGS-opera t ' i ona l  pe r iod  (Append ix  E ,  Tab le  1 ) .

The  re la t i ve  i nc rease  2 -3  km downcoas t  o f  S0NGS Un i t  1  ac tua l ' l y  rep resen ts  a  l esse r

l oca l  dec l i ne :  i n  r ecen t  yea rs  t he re  have  been  ave rage  >  50% dec l i nes  i n  s i l ve r s i de

CPUE th roughou t  t he  San  0no f re -Oceans ide  reg ion  (Tab les  2 ,3 ;  Append i x  E ,  F i gs .22 -

24 ) .  The  recen t  re la t i ve  i nc rease  a t  t he  s ta t i on  2 -3  km downcoas t  has  occu r red  on l y

a t ' i n t ake ,  no t  d i f f use r ,  dep ths  (Append i x  E ,  Tab les  1 ,  2 ) .

1  .3 .1 .3  Genera l  Pa t te rns  fo r  Ben th i c  F i shes

Summary  o f  BACI 'F i nd inqs .  S i x  ou t  o f  t en  ma jo r  spec ies  p resen t ' i n  base l i ne  t r aw l s

changed  in  abundance  a t  t he  SoNGS Impac t  s ta t i on  ( re ia t ' i ve  to  the  Con t ro l ) ,  be tween

base l ' i ne  and  ope ra t i ona l  mon ' i t o r i ng  pe r i ods ,  a t  one  o r  bo th  o f  t he  two  (18 -m ,30 -m)

dep ths  samp led .  A lmos t  a l l  o f  t he  recen t  changes  were  i nc rea .ses ;  two - th i rds  c r  t he

inc reases  ocu r red  a t  30  m.  Inc reases  were  genera l l y  l a rge  ( f rom >  2OO% to  >  600 i6 ) .

Changes  i nvo l ved  d i f f e rences  o f  <  I -Z  f i sh  pe r  t r aw l ,  howeve r ,  f o r  a l l  spec ies

excep t  wh i te  c roake r ,  f o r  wh ich  the  recen t ,_  re la t i ve  i nc rease  was  -15  f i sh  pe r

t rawl  .

Resu l t s  o f  Sc reen inq  Tes t s .  A to ta l  o f  22  soec ies -deo th  comb ina t i ons  o f  ben th i c

f i shes  were  sc reened  p r i o r  t o  BACI  t - t es t s .  De ta i l ed  resu ' l t s  a re  p resen ted  i n

Append i x  D .  A  b r i e f  summary  o f  sc reen ing  t es t  r esu l t s  f o l l ows .
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0 f  t he  22  cases ,  16  we re  s ta t i s t l ca l l y  t r ac tab le  (Append i x  D ,  Tab le  3 ) .  One

case  was  nonadd i t i ve  and  had  t r end  i n  i t s  base l i ne  de l t as ,  ano the r  case  $ /as  non -

add j t i ve  bu t  l acked  t r end ,  and  t he  rema in i ng  4  i n t r ac tab le  cases  had  un reso l vab le

base l i ne  t r ends  (Append i x  D ,  Tab ' l e  3 ) .  0 f  t he  l a t t e r  t r end  v i o i a t i ons ,  on l y  t he

case  f o r  speck led  sanddab  a t  30  m  was  due  t o  i den t ' i f i ab l e  i n f l uence  po in t s .  S ince  a t

l eas t  3  ou t ' l i e r s  we re  i nvo ' l ved  i n  t h i s  case ,  i t  was  s t i l l  cons ' i de red  t o  be
' i n t r ac tab le .  V io ' l a t i ons  we re  equa i l y  d i v i ded  among  samp l i ng  dep ths  (Append i x  D ,

Tab ' l e  3 )  .

Se r i a l  co r re l a t i on  comp ' l  i ca ted  ana l yses  f o r  on l y  3 /16  t r ac tab le  cases

I  (Append i x  D ,  Tab le  3 ) .  A l l  3  cases  we re  ana l yzeab le  a f t e r  i nc l ud ing  au to reg ress i ve
I

e r ro r s  i n  t he  t - t es t  mode l  (Append i x  D ,  Tab le  3 ) .

Ta l l y  o f  BACI  Tes t  Resu l t s .  When  eva lua ted  a t  a  two - ta i l ed  a l pha ' l eve l  o f  0 .05 ,

s ' i gn ' i f  i can t  CPUE changes  were  de tec ted  f  o r  4  ou t  o f  16  t rac tab l  e  spec ' i es -dep th

comb ina t i ons  ( i nvo i v i ng  4  spec ies )  o f  ben th i c  f i shes  (Tab le  4 ;  Append i x  E ,  Tab le  4 ) .

An  add i t i ona l  3  spec ies -dep th  comb ina t i ons  (2  more  spec ies )  we re  s i gn i f i can t  a t  a

two - ta i l ed  a l pha  o f  0 .10  (Tab1e  4 ;  Append i x  E ,  Tab ' l e  4 ) .  (Eva lua t ' i on  a t  o , ,  =  0 .10

was  j us t i f i ed  f o r  t hese  l a t t e r  spec ies  because  a l ' l  had  power  <  0 .80  a t  a ,  =  0 .05 ;  see

Append ' i x  D ,  Tab l  e  7 )  .  0 f  t he  seven  s i  gn i  f  i  can t  changes ,  s ' i x  were  i  nc reases  (  range :

f rom > 200?6 Lo > 600i i ) ;  on ly  one re ' la t ive decl ' ine (54i { )  occurred at  SONGS (Tab' le  4;

Append i x  E ,  Tab le  4 ) .  The  dec l i ne  was  f o r  speck ' l ed  sanddab  a t  18 -m  dep th ;4 /6  o f  t he

s ' i gn i f i can t  i nc reases  occu r red  a t  30  m  (Tab1e  4 ) .

A l though  mos t  re la t i ve ' i nc reases  nea r  S0NGS were  1a rge ,  raw  t raw ' l  CPUE (Tab1e

5 ) ' i l I u s t r a te  t ha t  a l I  bu t  one  case  (wh i t e  c roake r  a t  30  m)  rep resen t  t r i v i a1 l y

sma l l  abso lu te  d ' i f f e rences  i n  ca tches  a t  S0NGS and  Con t ro l  l oca t i ons .  La rge
percentage changes despi  te  smal ' l  absol  u te d i  f  f  erences ref  

' l  
ec 'L  the srnal  

' l  
t rawl

ca t ches  du r i ng  t he  ope ra t i ona l  pe r i od  ( ' l ab l e  5 ) ,  a  t ' ime  when  ben th i c  f i sh  abundances

were  gene ra l l y  dep ressed  t o  one -ha l f  o r  l ess  o f  base l ' i ne  ave rages  (Tab les  5  and  6 ;

a l so  see  Append i x  C ,  Tab les  13 -15  and  F ' i gs .  3 ,  4 ) .

A  spec ies -by -spec ies  ana l ys i s  o f  t he  resu l t s  i s  p rov ided  i n  t he  accoun t  t ha t

fo l  I  ows .

I
I
t
I
I
I
I
I
I
I
I
I
I
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Resu l t s  a re  spec i f i ed  f o r  one  o r  bo th  samp l i ng  dep ths  a t  wh i ch  base l i ne

abundances  were  non t r i  v i  a l  :

Wh i te  Croake r .  The  nea r -seabed  componen ts  o f  t h ' i s  spec ies  genera l l y  dec reased  l ess

o f f  S0NGS (ve rsus  the  Con t ro l  l oca t ' i on )  du r ing  the  ope ra t i ona l  pe r iod  (Append ix  E ,

Tab ' l e  4 ) .  However ,  t he  nomina l l y  l a rge  ( t t  100  76 )  re la t i ve  i nc reases  a t  t he  18 -m

dep th  we re  no t  s t a t i s t i ca l l y  demons tnab le  (Tab1e  4 ;  Append i x  D ,  Tab le  3 ) .  The

recen t  huge  (>  6 - fo1d ) ' i nc rease  a t  t he  30 -m dep th  o f f  SONGS rep resen ts  ou r  l a rges t

obse rved  change  in  the  l oca l  abundance  o f  any  ben th i c  o r  pe ' l ag i c  f i sh  (Tab le  5 ;

Append i x  E ,  Tab ie  4 ) .  Desp i t e  r e l a t i ve  j nc reases  o f f  SONGS,  t he  abso lu te  abundance

o f  i a rge r ,  bo t tom-o r ien ted  wh i te  c r :oake r  ( see  Sec t i on  1 .3 .3 )  dec l i ned  du r ing  1982-86

to  ?52 (  to  50 i6  o f  base l i ne  l eve l s  th roughou t  t he  San  Ono f re -Oceans ide  a rea  (Tab les  5 ,

6 ;  Append i x  E ,  F i gs .  25 ,  26 ) .

Baske tweave  Cusk -Ee l .  The re  were  no  mean ing fu l  spa t i a l  pa t te rns  to  changes  i n  the

re ' la t i  ve abundance of  th ' i  s  nocturnal  ,  burrow-dwe1 1 i  ng cusk-eel  dur i  ng the

opera t i ona l  pe r iod  (Tab1e  4 ;  Append ix  E ,  Tab le  4 ) .  Ave rage  abundance  th roughou t  t he

San  Ono f re -Oceans ide  a rea  dec l ' i ned  to  abou t  one - th ' i r d  o f  t he  base l i ne  l eve l  du r inq

1982 -84  bu t  r ebounded  s t r ong i y  i n  1984 -86  (Tab les  5 ,5 ;  Append i x  E ,  F i gs .  27 ,28 ) .

Ca l i f o rn ' i a  Ha ' l ' i bu t .  Recen t  pa t te rns  o f  change  in .  t he  abundance  o f  t he  j uven i l es -

sma l l  adu l t s  o f  t h i s  economica ' l ' l y  impo r tan t  f l a t f i sh  we re  unsu i t ab le  f o r  s t a t i s t i ca l

ana l ys i s  (Append i x  D ,  Tab ' l e  3 ) .  Abundances  gene ra l l y  dec i i ned  t o  l ess  t han  ha l f  o f

base ' l i ne  l eve l s  du r i ng  1982 -86  (Tab les  5 ,6 ;  Append ' i x  E ,  F i g .  29 ) .

Ca l i f o rn i a  L i za rd f i sh .  Th i s  med ium-s i zed ,  ben th i c  r ound f i sh  was  uncommon  a t  18 -m

and  30 - rn  t raw l  dep i ,hs  du r ing  1980-82  (Tab ' l e  5 ) .  Abundances  i nc reased  s i x - fo ld  ove r

t he  base l j ne  l eve l  a t  30  m  du r i ng  1982 -84  because  o f  subs tan t i a l  i uven i l e
rec ru i tmen t  i n  1982-83  (Tab ' l e  5 ) .  Abundances  dec reased  ove ra l l  du r i ng  the

opera t i ona l  phase  bu t  dec reased  l ess  o f f  SONGS (Tab1e  5 ;  Append ix  E ,  Tab le  4  and

F igs .  30 ,  3 i ) .  Desp i t e  t he  l a rge  re ' l a t i ve  su rp luses  (200? !  o r  mo re :  Tab les  5 ,6 ;

Append ix  E ,  Tab ie  4 )  a t  bo th  dep ths  o f f  SONGS du r ing  the  ope ra t i ona l  pe r iod , . t he  ne t

changes  i n  abso lu te  abundance  were  <<  1  f i sh  pe r  t raw l  (Tab1e  5 ) .
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Queen f i sh .  La rge .  seabed -o r i en ted  adu ' l t s  o f  t h i s  spec ies  d ' i d  no t  change  i n  r e l a t i ve

abundance  a t  18 -m dep th  du r ing  the  ope ra t i ona l  pe r iod  (Tab le  4 ;  Append ix  E ,  Tab le  4 )

desp i t e  i a rge  nom ina l  i nc reases  o f f  SONGS (Tab les  5 ,6 ;  Append i x  E ,  F i g .  32 ) .  The

re la t i ve  i nc rease  a t  30  m  o f f  S0NGS was  s i gn i f i can t ,  even  t hough  ca t ches  ac tua l i y

dec reased  a t  bo th  samp i i ng  l oca t i ons  du r i ng  t he  ope ra t i ona l  pe r i od  ( i ' ab ' l es  5 ,  5 ;

Append i x  E ,  F j g .  33 ) .

Lonq f  i  n  Sanddab .  Abundance  o f  t h i  s  re l  a t ' i ve1y  l  a rge -bod ' i ed ,  m idshe l  f  sanddab

dec reased  g rea t l y  f r om base l ' i ne  l eve l s  a t  bo th  dep ths  and  samp l i ng  l oca t i ons  du r i ng

1982-84  (Tab1e  5 ) .  Ca tches  then  i nc reased  s ign i f i can t l y  a t  18  m o f f  S0NGS ( re ia t i ve

to  Con t ro l )  du r i ng  t he  ope ra t i ona ' l  pe r i od  (Tab les  4 ,5 ;  Append i x  E ,  Tab le  4 ) .  The

re l  a t i  ve i  ncrease of  f  SONGS dur i  ng 1984-86 ref  I  ected the fa ' i l  ure to  reestab ' l  ' ish

base ' l i ne  l eve ' l s  o f  abundance  a t  Con t ro l  a t  a  t ime  when  ca tches  rebounded  to  base l i ne

leve l s  o f f  o f  t he  power  p l an t  (Tab le  5 ) .  Abundance  o f  t h i s  spec ies  a t  30  m ,  a lways

g rea te r  t han  a t  18  m,  rema ined  g rea te r  a t  Con t ro l  t h roughou t  a l l  SONGS mon i to r i ng

pe r i ods  f r om 1980 -86  (Tab ies  5 ,6 ;  Append i x  E ,  F i gs .34 ,35 ) .

Pac ' i f i c  Sanddab .  Ca tches  o f  t h i s  sanddab  c rashed  ab rup t l y ' i n  summer  1982  th roughou t

t he  gene ra l  San  0no f re -0ceans ide  a rea  (Tab1e  5 ;  Append i x  E ,  F i g .  36 ) .  Abundance  o f

t h i s  p r ima r i l y  ou te r - she1 f  spec ies  on l y  spo rad i ca l l y  r ebounded  du r i ng  1985 -86  t o
<  207 i ,  o f  base l ' i ne  l eve l s  (Tab1e  5 ;  Append i x  E ,  F i g .  35 ) .  The re  was  no  change  i n

re ' l a t i ve  abundance  o f f  SONGS and  Con t ro l  (Tab le  4 ;  Append ix  E ,  Tab le  4 ) ,  w i th

somewha t  g rea te r  numbers  o f f  SONGS pe rs i s t ' i ng  th roughou t  t he  base l i ne  and

ope ra t i ona l  pe r i ods  (Tab le  5 ;  Append i x  E ,  Tab je  4  and  F ig .36 ) .

Speckl  ed Sanddab.  Dur ing the base ' l  i  ne per i  od th i  s  smal  1  ,  
' i  nner ' -shel  f  sanddab h; id

been equiva1.ent l3 ,  abui ' :dan 'L of f  SOttGS and Cont ' ro l  a t  L8 'nr  depth (Table 5) .  1n 198?-

84 ,  ca tches  ge ; l ' s i  a i1y  c iee r ' eased  seve ra l ' f c l ' d  o r {noFe  ( ' i a t l l e  5 ) .  The  1984 ' -86  rebound

f rom in te r fm  lows  was  l ess  a t  SONGS than  o f f  Con t ro l ,  where  abundances  ac tua l l y

i nc reased  above  the  base1 ' i ne  l eve l  (Tab les  5 ,  5 ;  Append ' i x  E ,  F ig .  37 ) .  The  obse rved

dec rease  o f f  SONGS (ove r  base l i ne ) ,  r e l a t i ve  t o  t he  abso lu te  i nc rease  o f f  Con t ro l ,

rep resen ts  the  on l y  case  among  ma jo r  ben th ie  f i shes  where  re la t i ve  abundances

dec reased  o f f  S0NGS (Tab le  4 ;  Append i x  E ,  Tab ' l e  4 ) .  The  re l a t i ve  dec ' l i ne

rep resen ted  seve ra l  f i sh  pe r  t raw l  i n  abso lu te  te rms  (Tab le  5 ) .  Abundance  pa t te rns

o f  t h i s  spec ies  a t  30  m  we re  d i f f i cu l t  t o  i n t e rp re t  (Append i x  D ,  Tab le  3 ) .  I t  j s

c lea r ,  however ,  t ha t  ave rage  ca tches  a t  30  m changed  l i t t l e  be tween  SONGS mon i to r i ng

pe r i ods  a t  e i t he r ' l o ca t i on  (Tab les  5 ,5 ;  Append i x  E ,  F ' i g .  38 ) .
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P ink  Seape rch .  Assump t i on  t es t  v ' i o l a t i ons  p reven ted  r i go rous  i n te rp re ta t i on  o f
tempora l  changes  ' i n  abundance  o f  t h i  s  sma l ' l  ,  ep iben th ' i c  I  i ve -bea re r  (Append ix  D ,
Tab le  3 ) .  T raw l  ca tches  o f  p ink  seaperch  c rashed  du r ing  summer  1982  to  an  even
g rea te r  ex ten t  t han  d i d  Pac i f i c  sanddab  (Tab1e  5 ;  Append i x  E ,  F i g .  39 ) .  Th i s
spec ies  had  ave raged  second  on l y  t o  wh i t e  c roake r  i n  base l i ne  ca t ches  (Tab1e  5 ;
/ r ppend i x  C ,  Tab les  14 ,  16 ) .  P ink  seape rch  abundance  on l y  s l i gh t l y  i nc reased  du r i ng
1984 -86  t o  abou t  707 i  o f  base l i ne  l eve l s ' (Tab les  5 ,6 ;  Append ' i x  E ,  F i g .39 ) .  Ave rage
abundance  l eve l s  rema ined  nomina l l y  tw i ce  as  g rea t  o f f  SONGS as  a t  t he  Con t ro l
s ta t i  on  (Tab ' l e  5 )  .

Ca l ' i f o rn ia  Ska te .  No  mean ing fu l  changes  i n  abundance  o f  t h i s  spec ies  occu r red  nea r
the  power  p lan t  ( re la t i ve  to  Con t ro l )  du r ing  the  S0NGS-opera t ' i ona l  pe r iod  (Tab le  4 ;
Append ix  E ,  Tab le  4 ) .  Ave rage  abundance ' i n  t he  genera l  San  0no f re -Oceans ide  a rea
dec reased  du r ing  1982-86  to  abou t  20? ' .  t o  4A26  o f  i t s  base l i ne  l eve l  (Tab les  5 ,  5 ;

Append ' i x  E ,  F i g .  40 ) .

Fan ta i l  So le .  Th i s  f l a t f i sh  was  one  o f  t he  ve ry  few  ben th i c  f i shes  whose  tempora l
pat terns in  abundance d i f fered between the two t rawl ' ing depths.  Dur ing 1982-84,
abundances  ha l ved  a t  18  m bu t  rema ined  cons tan t  (and  equ iva len t  a t  SONGS and
Con t ro l )  a t  30  m,  where  numbers  were  abou t  doub ' l e  t hose  a t  18  m (Tab le  5 ;  Append ix  E ,
F igs .  41 ,  42 ) . '  Du r ing  the  ope ra t i ona l  pe r iod ,  numbers  a t  18  m inc reased  abou t
seven - fo ' l d  ove r  1982 -84  l eve l s  a t  bo th ' l oca t i ons  (Tab les  5 ,6 ;  Append i x  E ,  Tab le  4 ) .

Dur ing  1984-86 ,  f an ta i l  so le  abundance  app rox ima te l y  doub led  a t  30  m o f f  S0NGS wh i l e
mean  abundance  pe rs ' i s ted  a t  <  1  f i sh  pe r  t raw l  o f f  Con t ro l  (Tab1e  5 ;  Append ix  E ,
Tab le  4  and  F ig .  42 ) .The  re l a t i ve  doub l i ng  a t  30 -m  dep th  o f f  SONGS,  a l t hough
s ta t i s t i ca l l y  s ign i f i can t ,  rep resen ted  <  1  f i sh  pe r  t raw l  i n  abso ' l u te  te rms  (Tab le

s).

Ca l i f o rn ia  Tongue f i sh .  Tempora l  pa t te rns  o f  abundance  o f  t h i s  sma l ' 1 ,  sec re t i ve

f l a t f i sh  were  s ta t i s t i ca l l y  un in te rp re tab le  a t  18 -m dep th  (Append ix  D ,  Tab ' l e  3 ;

Append ix  E ,  F ig .  43 ) .  A t  30  m,  pa t te rns  were  i n te rp re tab le :  t he  base l i ne  two- fo ld

greater  abundance at  t ,he Contro l  (versus S0NGS) s tat ion pers is ted through the

opera t i ona l  pe r iod  (Tab les  5 ,  5 ;  Append ix  E ,  Tab le  4  and  F ' i g .  a4 ) ,  wh i ' l e  abundances

inc reased  to  an  app rec iab le  ex ten t  ove ra l l  (Tab ' l e  5 ) .

Hornyhead

were  no t

Turbot . Abundance pat terns of  th i  s  medi  um-s i  zed,  sma' l  I  -mouthed f  
' la t f  

i  sh

fo r  s ta t i s t i ca ' l  ana l ys i s  a t  30 -m dep th  (Append ix  D ,  Tab le  3 ) .su i  t ab l  e
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Abundances  seemed

pe r i od  (Tab ies  5 ,

abundances  a t  t he

opera t i  ona i  pe r i  od

i  nc rease  a t  Con t ro ' l

t o  dec rease  somewha t  a t  bo th ' l oca t i ons  du r i ng  t he  ope ra t i ona ' l

6 ) .  A t  18  m,  pa t te rns  were  more  i n te rp re tab le .  Re la t ' i ve

two  l oca t i ons  changed  t o  an  i ns i gn ' i f i can t  ex ten t  du r i ng  t he

(Tab1e  4 )  desp i t e  a  nom ina l  dec l i ne  o f f  SONGS and  a  nom ina l

(Tab les  5 ,  6 ;  Append ' i x  E ,  Tab ' l e  4  and  F ' i g .  a5 ) .

1.3.2 Complementary ANOVA Tests

1 .3 .2 .1  ANOVAs  fo r  Coas ta l -Pe lag i c  F i shes

0 f  t he  8  to ta l  spec ies  and  queen f i sh  sex /ma tu r i t y  c lasses ,  6  were  deemed

su i t ab le  f o r  ANOVA ana i ys i s  (Tab1e  7 ) .  I n  none  o f  t he  6  cases  we re ' l oca t i on -by -

pe r i od ' by -dep th  i n te rac t i ons  s j gn i f i can t  (Tab1e  7 ) .  Th i s  i nd i ca tes  an  absence  o f

onshore /o f f sho re  d i s t r i bu t i ona l  sh i f t s  among  loca t ' i ons  and  be tween  pe r iods  o f

SONGS'  ope ra t i on  tha t  wou ld  obscu re  BACi  t - t es f  resu l t s  a t  dep th .

Two-way  i n te rac t i ons  we re  s i gn ' i f i can t  i n  4 / I 8  cases  (Tab1e  7 ) .  They  i nc l uded

two  l oca t i on -by -pe r i od ' i n t e rac t i ons ,  and  t hese  we re  cons i s ten t  w i t h  t he  pa i r  o f

h i gh l y  s i gn i f i can t  BAC]  t - t es t  r esu l t s  a t  sha l l ow  and  m id -dep ths  f o r  t o ta l  and  adu l t

ma le  queen f  i  sh  (Append iX  E ,  Tab les  1 ,  2 ) .  A  s ' i gn i f  i can t  
' l o ca t i on -by -dep th

i n te rac t i on  f o r  Pac ' i f i c  bu t t e r f i sh  (Tab le  7 )  was  l a rge l y  due  t o  d i spa ra te  dep th

re l a t i ons  i n  abundance  a t  t he  Fa r  Impae t  and  Con t ro l  
' l o ca t i ons  (Tab1e  2 ;  Append i x  E ,

F igs .1 -3 ) .The  s i gn i f i can t  dep th -by -pe r i od  i n te rac t i on  f o r  adu l t  ma le  queen f i sh

re f l ec ted  a  reg ' i ona ' l  onsho re  d i s t r i bu t i ona l  sh i f t  o f  ma les  du r i ng  1984 -85  (Append i x

E ,  F i gs .  10 -12 ) .

Ma i  n  e f  f  ec t s  were  commonp ' l ace - - resu ' l t s  were  s i  gn ' i f  i  can t  i  n  10 / i 1  cases  no t

p reempted  by  h ighe r -o rde r  e f fec ts  (Tab ' l e  7 ) .  Dep th  e f fec ts  (onshorc ,  < l f  i ' sho re )

re f l ec ted  t he  gene ra l l y  g rea te r  dens i t i es  a t  sha l l owe r  dep ths  (Tab le  2 ) .  Tempora ' l

e f f ec t s  (pe r iod )  rep resen t  t he  b roadsca le  ca tch  dec l i nes  i n  recen t  yea rs  (Tab1e  2 ;

a1  so  Append i  x  C ,  F i  gs .  1 ,  2 )  .

1 .3 .2 .?  ANOVAS fo r  Ben th i c  F i shes

N ine  spec ies  o f  ben th i ca l l y  o r i en ted  f i shes  occu r red  i n  non t r i v i a l  abundance  a t

bo th  18 -m and  30 -m dep ths  du r ing  the  SONGS base l i ne  pe r iod ;  and  6  o f  t hese  were

tes tab le .  Loca t i on -by -dep th -by -pe r iod  i n te rac t i ons  were  i ns ' i gn i f i can t  f o r  5 /6



se r i es  o f  f i gu res  shows  t ha t  t he  l eng th  d i s t r j bu t ' i ons  o f  YOY and  yea r l i ng  imma tu re

f i sh  were  s im i l a r  f o r  Ap r i ' l  1981 -May  1982  and  Apr i l  1984 -Augus t  1986  on l y  a t  t he  F i

and  Con t ro l  l oca t i ons .  A t  t he  N I  l oca t i on .  moda l  d i s t r i bu t i ons  d i f f e red

consp i cuous l y  be tween  samp i i ng  pe r i ods ,  and  pa t t e rns  we re  cons i s ten t  f o r  imma tu re

and  YOY f l sh  (Append i x  E ,  F i gs .  50 ,  51 ) .

The  twe l ve -pane1  f i gu res  (Append i x  E ,  F i gs .  53 -55 )  i l l u s t r a te  two  i n te res t i ng

pa t te rns  o f  j uven i l e  rec ru i tmen t .  (1 )  The  t ' im ' i ng  o f  se t t l emen t  va r ied  among  yea rs

ove r ' a  3 -  t o  4 -mon th  pe r iod  du r ing  summer -ea r l y  f a l l  bu t  was  genera l l y  cons ' i s ten t

among  longshore  s ta t ' i ons  w i th in  a  g i ven  yea r .  (2 )  The  s t reng th  o f  rec ru i tmen t  a t

t , he  N I  l oca t ' i on  was  weak ,  re la t i ve  to  e i t he r  t he  F I  o r  t he  Con t ro l  l oca t i on ,  on l y

du r i ng  1985  and  1985  (Append i x  E ,  F i gs .  53 -55 ) .  Toge the r ,  obse rva t i ons  (1 )  and  (2 )

sugges t  t ha t  en t rapmen t  a t  t he  SONGS un i t s ,  a t  a  t ' ime  when  the  ave rage  1eve l  o f

pump ' i ng  was  h i gh  a t  a l l  t h ree  un i t s  du r i ng  1985 -86  (Chap te r  2 ) ,  was  e f f ec t i ve l y

reduc ing  the  abundance  o f  YOY queen f i sh  nea r  S0NG5r  o f f sho re  i n take  s t ruc tu res .

1 .3 .3 .2  S i ze -D is t r i bu t i ons  o f  Ta rge t  Ben th i c  F i shes

Body - leng th  d i s t r i bu t i ons  were  cha rac te r i zed  fo r  se lec t  spec ies  t raw led  a t  one

o r  bo th  samp l i ng  dep ths .  D i s t r i bu t j ons  a re  d i sp layed  i n  two  bas i c  f o rms .

(1 )  Fou r -pane l  ( l oca t i on -by -pe r iod )  h i s tog rams  a re  used  to  con t ras t

percentage- f requency d i  s t r ibut ions between the two SONGS operat i  ng per iods

( "Be fo re [  and ' rA f t e r " )  and  t he  two  l ongsho re  samp l i ng  l oca t i ons  (SONGS and  Con t ro ' l ) .

D i s t r i bu t i ons  a re  p resen ted  fo r  5  spec ies  (a  to ta ' l  o f  9  spec ies -dep th  comb ina t i ons )

fo r  wh ich  the re  were  >  75 ' l eng th  da ta  pe r  pe r iod  and  l oca t j on  a t  a  dep th  (Append ix  E ,

F i ss .  56 -64 ) .

(2 )  Twe lve -pane ' l  (mon th l y )  f i gu res  a re  used  to  i l l us t ra te  changes  i n

pe rcen tage ' l eng th  f r equenc ies  f o r  ma jo r  spec ies  p resen t  a t  each  l ongsho re  l oca t i on

and  samp l ing  dep th .  Da ta  a re  p resen ted  fo r  2  spec ies  (3  spec ies -dep ths )  f o r  wh ich

the re  v /e re  >  500  l eng th  da ta  pe r  l oca t i on  and  dep th  (Append ' i x  E ,  F igs .  65 -70 ) .

Aga in ,  many  K -S  t es t .  r esu l t s  we re  s i gn ' i f i can t  f o r  l oca t i on  compar i sons  w i t h i n

pe r iods  (Append ix  E ,  Tab le  11 )  and  fo r  pe r iod  con t ras ts  a t  each  l oca t i on  (Append ix

E ,  Tab le  12 )  because  o f  l a rge  samp le  s ' i zes  and  g rea t  power .  V ' i sua l  i nspec t i on  o f

h i s t og ram p lo t s  (Append i x  E ,  F i gs .56 -64 ,65 -70 )  none the less  revea l s  seve ra l  ma io r
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b lock  a t  5 -10  m)  because  o f  gene ra l l y  i nsu f f i c ' i en t  da ta  a t  d i f f use r  dep ths  ( i 1 -16

m) .

(  1  )  S i  x -pane i  (  1  oca t i  on -by -pe r i  od )  h i  s tog rams  a re  used  to  con t ras t

pe rcen tage - f requency  d i  s t r i  bu t i  ons  be tween  the  two  SONGS-opera t i  ng  pe r i  ods

( "Be fo re "  and  "A f t e r " )  and  t he  t h ree  l ongsho re  samp l i ng ' l oca t i ons  (Nea r  Impac t ,  Fa r

lmpac t ,  and  Con t ro l ;  Append ix  E ,  F ' i  gs .  47 -52 ) .  Queen f i sh  "Be fo re "  cha rac te r i za t i ons

a re  l im i ted  to  the  Apr i ' l  1981 -May  i982  subper iod  ' i n  o rde r  t o  ma in ta in  comparab i l i t y

a t  a l ' l  t h ree  l oca t i ons  (Append i x  E ,  F ' i gs .47 -51 ) .  0n1y  t h ree  mon ths  o f  base ' l i ne

leng th  da ta  ex i s t  f o r  wh ' i t e  c roake r  because  l eng th  measuremen ts  o f  t h i s  spec ies  were

no t  i n i t i a t ed  un t i l  Ma rch  1982  (Append ' i x  E ,  F i g .  52 ) .  To ta l  queen f i sh  da ta  we re

a ' l so  subd i v i ded  i n to  f ou r  sex /ma tu r i t y  c l asses  (adu1 t  ma1es ,  adu l t  f ema les ,

imma tu res ,  and  YOY)  f o r  t h i s  p resen ta t i on .

(2 )  Twe lve -pane1  (mon th ' l y )  h i s tog rams  a re  used  to  i l ' l us t ra te  changes  i n

pe rcen tage  l eng th  f r equenc ies  o f  a ' 11  queen f i sh  ( t o ta l  ' i nd i v ' i dua j s )  caugh t  a t  each  o f

t he  t h ree  l ongsho re  l oca t i ons .  Th ' i s  t ime -se r i es  d i sp lay  spans  t he  en t ' i r e  base l i ne ,

i n te r im ,  and  ope ra t i ona l  mon i t o r i ng  pe r i ods  (Append i x  E ,  F ' i gs .  53 -55 ) "

A l ' l  K -S  t es t  r esu l t s  we re  s i gn i f i can t  (P :0 .05 )  f o r  pe r i od  con t ras t s  a t  a

l oca t ' i on  (Append i x  E ,  Tab le  8 )  and  f o r ' l o ca t ' i on  compar i sons  w i t h i n  pe r i od  (Append i x

E ,  Tab les  9 ,  10 ) .  Tes t s  had  g rea t  pob /e r  because  o f  l a rge  samp le  s i zes  (Append i x  E ,

Tab ' l  es  8 -10 )  .  Seve ra l  mean i  ng f  u1  pa t te rns  emerge  f  rom among  the  many  t r i  v ' i a l

d i f f e rences  (Tab ' l e  9 )  upon  i nspec t ' i on  o f  t he  h i s t og ram p lo t s  (Append i x  E ,  F i gs "  47 -

s2).

Whi te  Croake r .  Du r ing  March -May  !98? ,  m ixed -s ' i zed  c roake r - -p r imar i ' l y  yea r ' l i ng -

(10 - i 2  cn r  SL )  and  adu ' l t - s i zed  ( ,  t Z  cm) .  and  seconda r i l y  YOY-s i zed  (<  10  cm:  Love  e t

a l .  1984 ) - -were  p resen t  i n  se ine  samp les  a t  bo th  i n^uake -s t ruc tu re  and  d ' i f f use r

dep ths  th roughou t  t he  genera l  San  0no f re -0ceans ide  a rea .  I n  con t ras t ,  re la t ' i ve1y

few c roake r  (o the r  t han  YOY)  were  p resen t  du r ing  Apr i l  1984 -Augus t  1986  (Append ix  E ,

F i  s .  52 )  .

Queen f j sh .  The  body - l eng th  d i s t r i bu t i ons  o f  queen f i sh  samp ' l ed  du r i ng  Ap r i l  1981 -May

1982  and  Apr i l  1984 -Augus t  1986  d i f f e red  i n  two  ma jo r  ways .  F j r s t ,  t he  s i x -pane1

f i gu res  i l l u s t r a te  t ha t  t he  moda l  s i zes  o f  adu l t - s i zed  ( t  10  cm)  f i sh  we re  i a rge r  i n

ope ra t i ona l  t han  i n  base l i ne  samp les  (Append i x  E ,  F i gs .  48 ,  49 ) .  Second ,  t , h i s  same

t - / . t



a t  t he  sha l ' l ower  dep th .  un ' i que  to  th i s  spec ies  among  the  th ree  sanddabs .  Grea te r

numbers  o f  adu l t - s i zed  ( t  9  cm)  f i sh  we re  p resen t  i n  ope ra t i ona l  ( r e l a t i ve  t o .

base l i ne )  samp ies ,  bu t  on l y  a t  t he  Con t ro l  l oca t i on  (Append i x  E ,  F i g .61 ) .  No

mean ing fu i  l oca t i on  d i f f e rences  we re  ev iden t  f o r  base l  i ne  l eng th  d i  s t r i bu t i ons

(Append i  x  E ,  F ' i  g  .  61 )  .

Fan ta i l  So le .  Bo th  l oca t ' i on  and  pe r i od  i n f l uences  o f  l eng th  d ' i s t r i bu t i ons  we re

apparen t  f o r  t h i s  f l a t f i sh .  (Leng th  measuremen ts  were  res t r i c ted  to  the  more

rep resen ta t i ve ,  30 -m  dep th . )  ( 1 )  Re1a t i ve i y  f ewe r  sma l l  ( : 10  cm)  and  more  l a rge

( i  i 4  cm)  f i sh  were  t raw led  a t  S0NGS (ve rsus  Con t ro l )  du r ing  the  ope ra t i ona l  pe r iod .

(2 )  Re ia t i ve l y  g rea te r  numbers  o f  sma l l  f i sh  we re  caugh t  a t  bo th  l ongsho re

loca t i ons  du r i . ng  t he  ope ra t i ona l  ( ve rsus  base l i ne )  pe r i od  (Append ' i x  E ,  F i g .  62 ) .

Base l ' i ne  l eng th  d i s t r i bu t i ons  we re  s im i l a r  a t  t he  S0NGS and  Con t ro ' l  l o ca t i ons

(Append i x  E ,  F i g .  62 ) .

Hornyhead  Tu rbo t .  Leng th - f requency  da ta  fo r  t h ' i s  spec ies  sugges ted  tempora i

changes ;  i  . e .  ,  r e1  a t i  ve l y  more  1  a rge  (  12 -15  cm)  f i  sh  were  caugh t  du r i  ng  the

ope ra t i ona l  ( ve rsus  base l i ne )  pe r i od .  Th i s  pe r i od  d i f f e rence ,  howeve r ,  was  ev iden t

a t  bo th  dep ths  on i y  a t  t he  Con t ro l  l oca t i on ;  no  mean ing fu l  pe r i od  d ' i f f e rences

occu r red  a t  t he  S0NGS loca t i on  (Append ix  E ,  F igs .  63 ,  64 ) .  A t  30 -m dep th ,  t he  da ta

sugges t  an  i n te rac t ' i on  be tween  pe r iod  and  
' l ongshore  ' l oca t , i on  (Append ix  E ,  F ig .  64 ) .

A t  18  m ,  no  mean ing fu l  
' l o ca t i on  

d i f f e rences  a re  ev i den t  w i ' r h i n  e i t he r  samp l  i ng

pe r i od  (Append i x  E ,  F i g .  53 ) .

1.3.4 Evaluat ion of  Shi f ts  in  Water-co lumn Dist r ibut ions

Da ta  on  the  mean  body  we igh t  o f  queen f i sh  and  wh i te  c roake r  caugh t  by  o t te r

t raw l  i nd ' i ca te  tha t  t he  recen t  i nc reases  i n  t raw l  ca tches  o f  t hese  two  spec ies  do

no t  rep resen t  seabed-d ' i r ec ted  sh i f t s  i n  wa te r  co lumn d ' i s t r i bu t i ons  benea th  the  SONGS

p lume (Append ix  E ,  Tab1e .12 ) .  Reasonab le  a rgumen ts  can  be  made  fo r  bo th  wh ' i t e

c roake r  and  oueen f i sh .

The mean body weights  of  whi te  croaker  caught  by ot ter  t rawl  o f f  SONGS dur ing

the  ope ra t i ona l  pe r iod  were  s ' im i ' l a r ,  i f  no t  l a rge r  t han ,  t he  c roake r  caugh t  a t  t he

Con t ro l  l oca t i on  i n  recen t  yea rs  (Append ' i x  E ,  Tab le  13 ) .  I f  sma l l  c roake r  had  been

sh i f t i ng  to  the  seabed  fa r the r  o f f sho re  o f  SONGS,  we  wou ld  expec t  t he  ave rage  body

s i ze  o f  c roake r  t o  dec1e45e  o f f  SONGS,  re la t ' i ve  to  Con t ro l  ,  a t  a  g i ven  t raw f  i ng

deo th .
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t ypes  o f  va r i  a t i  on  ' i n  l  eng th - f  requency  d ' i  s t r i  bu t  i  ons  tha t  a re  d i  s t ' i ngu i  shab ' l e  f  r om
among  t he  many  t r i v i a l  s t a t i s t i ca l  d i f f e rences .  One  o r  mc re  b i o l og ' i ca ' l i y  mean ing fu l
pa t l e rns  a re  ev tden t  f o r  each  o f  t he  6  spec ' i es  measured  (Tab1e  10 ) .  Leas t  pe rvas i ve
among  these  va r i  a t i  ons  were  I  oca t i  on  d j  f f e rences  i  n  base l  . i  ne  da ta .

l ^ l h ' i t e  C roake r .  Leng th - f r equency  d i s t r i bu t i ons  o f  t he  ep iben th i c ,  sma l l - t o -1a rge
adu l t - s i zed  ( t  9  cm SL)  i nd i v ' i dua l s  o f  t h i s  spec ' i es  va r ied  impor tan t l y  be tween
dep ths ,  l oca t i ons ,  and  samp i i ng  pe r i ods  (Append i x  E ,  F i gs . . 56 ,  57 ,  65 -58 ) .
( 1 )  Sma l l e r ,  yea r ' l i ng - s i zed  f i sh  we re  re l a t i ve i y  mo re  abundan t  a t  t he  sha l l owe r
(18 -m)  dep th  (Append i x  E ,  F i gs .65 -68 ) . ( 2 )  Mo re  sma l l  ( -  10  cm)  and  l a rge  (15 -20  cm)
adu l t s ,  and  fewer  med ' i um-s i zed  (12 -15  cm)  adu l t s ,  we re  t raw ' l ed  a t  t he  SONGS s ta t i on ,
re l a t i ve  t o  t he  Con t ro l  s t a t i on ,  du r i ng  t he  ope ra t i ona l  pe r i od  (Append i x  E ,  F i gs .
56 ,  57 ) .  ( 3 )  Re la t i ve l y  mo re  sma ' l  I  and  l a rge  adu l t s ,  and  f ewe r  med ium-s i zed
adu l t s ,  we re  caugh t  du r i ng  t he  ope ra t i ona l  pe r i od  a t  bo th  dep ths  (Append i x  E ,  F i gs .
56 ,  57 ) .  Base l i ne  l eng th  d i s t r i bu t ' i ons  we re  s im i ' l a r ,  a t  dep th ,  a t  SONGS and  Con t ro ' l
' l o ca t , j ons  

(Append i x  E ,  F i gs .  56 ,  57 ) .

Long f i n  Sanddab .  Leng th  d i s t r i bu t i ons  o f  t h i s  f l a t f i sh  a l so  va r i ed  impo r tan t i y  w i t h
dep th ,  l oca t i on ,  and  pe r i od .  ( 1 )  Re la t i ve l y  mo re  YOY-s i zed  (<  10  cm)  f i sh  and  sma l l
adu l t s  (10 -14  cm)  occu r red  a t  t he  deeper  o f  t he  two  dep t ,hs  (Append ix  E ,  F igs .  58 ,  59 ,
69 ,70 ) .  ( 2 )  A t  i 8 -m  dep th ,  r e i a t i ve l y  mo re  YOY-s i zed  i nd i v i dua l s  we re  t r aw led  a t
the  Con t ro ' l  t han  a t  t he  SONGS s ta t i on  du r ing  bo th  pe r iods .  A t  30  m,  more ' l a rge  (8 -10
cm)  i uven ' i l e s  we re  c i ugh t  a t  t he  Con t ro ' l  l o ca t i on  du r i ng  t he  ope ra t i ona l  pe r i od
(Append i x  E ,  F i gs .  58 ,  59 ) .  ( 3 )  La rge r  f i sh  we re  be t t e r  r ep resen ted  du r i ng  t he
ope ra t i ona l  pe r i od  a t  bo th  dep ths  and  l ongsho re ' l oca t i ons  (Append i x  E ,  F i gs .  58 ,
59 ) .  Base l i ne  d i s t r i bu t i ons  we re  s im i ' l a r ,  a t  dep th ,  a t  bo th  samp i i ng  l oca t i ons
(Append i x  E ,  F ' i gs .  58 -59 ) .

Pac i f i c  Sanddab .  Leng th  d i s t r i bu t i ons  o f  t h i s  spec ies ,  abundan t  i n  base ' l ' i ne  samp les
on ly  a t  t he  deeper  (30 -m)  dep th ,  d ' i f f e red  consp icuous ]y  be tween  sampf ing  pe r iods .

Re la t i ve l y  mo re  Y0Y-s ' i zed  ( : 6  cm)  f i sh  occu r red  i n  base l i ne  ( ve rsus  ope ra t i ona l )
samp les  a t  bo th  l ongsho re  l oca t i ons  (Append ' i x  E ,  F i g "60 ) .  Ca t ches  a t  50NGS and
Con t ro ' l  l o ca t ' i ons  had  s im i ' l a r  l eng th  d i s t r i bu t i ons  du r i ng  e i t he r  pe r i od  (Append i x  E ,
F i s .  60 ) .

Spec k ' l  ed

base l  i ne

S a n d d a b . Th i s  sma l ' l  f I a t f i sh  was  p resen t  a t  bo th  samp l i ng  dep ths  i n

bu t  
' l e r i g th  

measuremen ts  were  res t r i c ted  to  i t s  cen te r  o f  abundancesamp l  es ,
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1  ampara  se i  ne  ca tches .  A t  sha l  I  ow  dep ths ,  ca tches  d i  sp ropo r t ' i  ona te l y  dec l  i  ned

w i t h i n  l / Z - kn  rad ' i us  o f  t he  Un i t  1  i n t ake ,  r e l a t i ve  t o  l oca t j ons  2 -3  km downcoas t  o r

18 -19  km downcoas t  o f  SONGS,  fo r  507 t  ( l l / 22 )  o f  t he  cases  examined .  0 f  t he  11

s ign i f i can t  cases ,  10  i nvo i ved  queen f i sh  l i f e  s t ages  and  wh i t e  c roake r .  A t  m id -

dep ths ,  d i sp ropo r t j ona te  dec ' l i nes  nea r  SONGS were  de tec ted  fo r  5 /21  tes tab le  cases .

, \ l ' l  5  cases  i nvo l ved  queen f i sh .  0n l y  2  o the r  cases  ( i  a t  sha l l ow  dep ths ,  1  a t  m id -

dep ths )  m igh t  be  i n te rp re ted  as  rea l  j nc reases  a t  o r  nea r  SONGS re la t i ve  to  the

d i  s tan t  Con t ro l  I  oca t i on .

Samp le  s i zes  we re  gene ra l l y  su f f i c i en t  t o  de tec t  dec l j nes  t ha t  we re  >  50% in

magn i t ude  ( see  Sec t i on  1 .4 .1 .2 ) .  The  pe rcen tage  dec l i nes  t ha t  we re  ac tua l l y

detected ranged f rom 55i i -99%, wi th  most  between 607(  and 80i6 (Appendix  E,  Tables 1

and  2 ) .

The  obse rved  >>  50?6  re la t i ve  dec ' l i nes  i n  queen f i sh  and  wh i te  c roake r  ca tches

nea r  SONGS invo l ved  non t r i v i a l  numbers  o f  f i sh  (Tab le  2 ) .  Th i s ' i s  because  t he

base l i ne  ca tches  o f  t hese  spec ' i es  were  l a rge  (genera i l y  on  the  o rde r  o f  102  f i sh  pe r

se ine -hau l ) ,  i n  pa r t  because  i nd i v idua l  se ine -hau ls  samp ' l ed  be tween  sea  su r face  and

seabed  ove r  a  l a rge  a rea  ( -  + ,600  m2) .

Impac t  t es t  resu l t s  show ing  S0NGS-near f i e ' l d  dec l i nes  i n  queen f i sh  and  wh i te

croaker  are corroborated by length- f requency data.  Relat ive ' ly  few ' immature-s ized

queen f i sh  were  caugh t  a t  t he  Near  Impac t  s ta t i on  du r ing  the  ope ra t ' i ona l  pe r iod ,

1985-86  i n  pa r t i cu la r ,  compared  to  the  Fa r  Impac t  and  Con t ro l  l oca t i ons  (Append ' i x  E ,

F igs .  50 -51  and  53 -55 ) .  These  obse rva t i ons  may  be  exp la ined  by  the  magn ' i t ude  o f

spec ies -  and  s i ze -spec i f i c  en t rapmen t  a t  t he  Un i t s  1 ,  2 ,  and  3  o f f sho re  i n take

s t ruc tu res  (Chap te r  Two) .  Near -SONGS dec l  i nes  i n  (espec ia l  l y  sma l  I  )  queen f i  sh  and

wh ' i t e  c roa | .e r  a re  cons i  s ten t  w i i h  i : he  h igh  l eve l  s  o f  en t rap r *e r r t  o f  t he  two  spcL ie : .

Lack  o f  obse rved  nea r f i e l d  dec l i nes  i n  Pac i f i c  bu t t e r f i sh  and ' s i ' l ve r s i des  i s

l i kew i se  cons i s ten t ' i n  t e rms  o f  t he i r  l ow  l eve l s  o f  en t rapmen t  ( r e l a t i ve  t o

en t rapmen t  o f  queen f i sh  and  wh i te  c roake r :  Chap te r  Two) .  Magn i tude  o f  numer i ca l

en t rapmen t  o f  bu t te r f i sh  and  s ' i l ve rs ides  i s  abso lu te l y  l ow  compared  to  f i e ld

abundance  (Chap te r  Two) .

Ben th i c  F i shes .  Abundances  o f  ben th i c  f i shes  and  the  seabed-o r ien ted ,  l a rge r  adu l t

s tages  o f  queen f i sh  and  wh ' i t e  c roake r  were  mon i to red  a t  o f f -d i f f use r  (18 -m)  and  o f f -

p lume (30 -m)  dep ths  us ing  o t te r  t raw l  ca tches .  Ca tches  changed  d i sp ropo r t ' i ona te l y
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Leng th - f requency  da ta  a ' l so  suppor t  t he  a rgumen t .  The  wh ' i t e ' c roake r  caugh t  by

se ine  du r i ng  t he  base l i ne  pe r i od  we re  a  m ix tu re  o f  j uven i l e  and  sma l l  adu l t  f i sh  a t

a l l  t h ree  se in ' i ng  s ta t i ons  (Append i x  E ,  F j g .5? ) .  P r ima r i l y  YOY c roake r  we re  se ined
dur i  ng the SCI ' IGS Un i  ts  2  and 3 operat i  onal  per i  od (Append' ix  E,  F i  g  .  52)  .  Croaker
t r aw led  du r i ng  t he  base l i ne  pe r i od  we re  ma in l y  adu l t -  t o ' l a rge  adu l t - s i zed ,  w i t , h  t he
la t te r  more  p ' reva len t  a t  t he  30 -m dep th .  Dur ing  the  ope ra i i ona l  pe r iod ,  t raw l - caugh t

c roake r  we re  p r ima r i l y  subadu ' l t s  and  l a rge  adu l t s  (Append i x  E ,  F i gs .56 -57 ) .  I t  i s

c ' l ea r  t ha t  t he  recen t ,  re la t ' i ve  i nc rease  i n  the  number  o f  c roake r  on  the  seabed

benea th  the  p iume compr i se  much  ia rge r  f j sh  than  those  c roake r  
" "p " . r . n t ' i ng  

the
re la t i ve  de f i c i t  i n  r ecen t  se ine  ca t ches  nea r  t he  s0NGs  i n takes .

An  an logous  a rgumen t  can  a l so  be  made  f o r  queen f i sh :  r e l a t i ve  i nc reases ' i n
t raw l  CPUE du r ing  the  ope ra t i ona l  pe r iod  do  no t  re f l ec t  o f f sho re ,  seabed-d ' i r ec ted

sh i f t s  ' i n  wa te r - co lumn d i s t r i bu t i on  benea th  the  S0NGS o lume.

Da ta  on  mean  body  we igh t  p rov ide  ou r  c r i t e r i on  fo r  eva lua t i ng  queen f i sh  body
s i ze .  The  mean  body  we ' i gh t  o f  queen f i sh  caugh t  by  o t te r  t raw l  du r ing  the  ope ra t i ona l
pe r iod  has  no t  dec l i ned ,  re la t ' i ve  to  the  mean  s i ze  t raw ' l ed  a t  t he  Con t , ro ' l  s ta t i on
(Append ix  E ,  Tab le  i 3 ) .  Un fo r tuna te l y ,  v re  l ack  the  

' l eng th - f requency  
da ta  fo r

queen f i sh  i n  o t te r  t raw ls  tha t  wou ld  be  necessa ry  to  do  a  Be fo re -A f te r  compar i son  a t

S0NGS and  Con t ro l  ,  wh ' i ch  we  cou ld  then  re la te  to  
' l eng th  

f requenc ies  ' i n  se ine

ca tches .  (Queen f i sh  were  no t  t a rqe ted  fo r  measuremen t  i n  t raw l  ca tches  see

Append ' i x  A ,  pa r t  2 ) .

I
I
I
I
I
I
I
I
I
I
I
T

There  i s  no  ev idence

queen f i sh  and  wh i te  c roake r

sh i f t  f r om m idwa te r  t o  nea r

1 .4  DTSCUSSTON

tha t  t he  recen t  dec reases  i n  se ine  ca tches  o f  sma l l

near  the S0NGS intakes have resul ted f rom an accentuated

the seabed of f  S0NGS.

1.4. 'a  Evaluat ion of  lmpact  Tests

1 .4 .1  .1  Pa t te rns  o f  Dec l i ne  o r  Change  in  Abundance

Pe laq i c  F i shes .  Abundances  o f  coas ta l ,  pe lag ' i c  f i shes  and  t he  wa te r - co lumn-o r i en ted
juven i l e  and  young  adu l t  s tages  o f  queen f i sh  and  wh i te  c roake r  were  mon i to red  a t

sha ' l l ow  ( ' i n take  s t ruc tu re :  5 -10  m)  and  m id -dep ths  (d ' i f f use r :  11 -16  m) . .based  on

1 - ? ' l



sanddab  a t  18 -m dep th  (Append ' i x  E ,  F ig .  58 ) .  Fb r  speck led  sanddab  a t  18  m,

re la t ' i ve l y  f ewer  adu l t s  occu r red  o f f  SONGS du r ing  the  ope ra t ' i ona l  pe r iod  (Append ix

E ,  F i g .  61 ) .  La rge  adu l t s  o f  f an ta i l  so ' l e ,  on  t he  o the r  hand ,  we re  re l a t i ve l y  mo re

abundan t  o f f  S0NGS i n  1984 -86  (Append i x  E ,  F i g .  62 ) .

The  f i shes  tha t  have  recen t l y  i nc reased  i n  re la t i ve  abundance  o f f  SONGS

rep resen t  a  m ix tu re  o f  ben th i c  and  ep iben th i c  l i f e  s t ages  and  spec ies .  Mos t  a re

genera l j zed  fo rage rs  tha t  f eed  bo th  on  and  a  sho r t  d i s tance  above  the  seabed ,  bu t

the  same can  be  sa id  fo r  a l l  t r aw ' l ed  f i shes ,  i nc lud ' i ng  those  spec ies  whose  abundance

has  no t  changed  o f f  SONGS (M .J .A1 len  1982 ) .On l y  t he  l i za rd f i sh  (a  spec ies  t ha t

s ta t i s t i ca l l y  i nc reased  o f f  SONGS)  i s  a  r a the r  spec ia l i zed ,  wa i t - and -wa tch  p reda to r

o f  r e l a t i ve l y  f ew  taxa  (p r ima r i l y  mys ids  and  anchovy :  M .J .  A l l en  1982 ) .  The  f ood

and  f eed ing  hab i t s  da ta  f o r  ben th i c  f i shes  do  no t  p rov ide  a  s t r ong ' l i n k  be tween  t he

d is t r i bu t ' i on  and  abundance  o f  pa r t ' i cu la r  spec ies  o f  f i sh  and  ben thos  p rey .  However ,

the  genera l  pa t te rns  o f  i nc rease  i n  bo th  ben th i c  i nve teb ra tes  (Ba rne t t  1987 ,  Tab le

3 -32 )  and  ben th i c  f i shes  ( t h i s  chap te r ) ' imp l i ca te  sed imen t  a l t e ra t i on  and  en r i chmen t

due  t o  S0NGS ope ra t i ons  as  a  p l aus ib l e  mechan i sm (a l so  see  Sec t i on  1 .4 .1 .3 ) .

1 .4.1.2 Stat is t ica l  In terpretat ion of  Test  Resul ts  )

Seve ra ' l  s ta t i s t i ca l  pa ramete rs  p ro found ly  i n f l uence  the  power  o f  BACI  t - t es t

r esu l t s  and  mus t  be  cons ide red  i n  ou r  ove ra l l  i n t e rp re ta t i on  o f  ev i dence  f o r  impac t .

These  pa ramete rs  a re  (1 )  samp le  s i ze ,  (2 )  magn i tude  o f  t he  s tandard  dev ia t ' i ons  o f

t he  de l t as  ( i nc l ud ing  re l a t i ve  s i zes  o f  t he  base l i ne  and  ope ra t i ona ' l - pe r i od  de l t as ) ,

and  (3 )  se r i a l  co r re ' l a t ' i on  as  a  sou rce  o f  
' l os t  

deg rees  o f  f reedom.

Samp le  s i zes  had  no  unan t i c ' i pa ted  e f fec ts  on  t - t es t  resu l t s .  The  number  o f

quan t i t a t i ve  t raw l  su rveys  (n  =  25 )  comp le ted  du r ing . the  SONGS-opera t i ona . l  pe i ^ ' i cc

approx ima ted  ou r  a  p r i o r i  des ign  c r i t e r i on  (n  =  26 ) , .  The  ope ra t ' i ona l  da ta  se t  f o r

l ampara  se ine  su rveys  was  t runca ted  by  a  few  su rveys  (n  =  32  i ns tead  o f  36 ) ,  bu t  t h i s

was  a l l owed  on l y  because  a l l  nom ina l  dec l i nes  we re  a ' l r eady  h i gh l y  s i gn i f i can t  w i t h

abou t  t h ree - fou r ths  o f  t he  su rveys  ana lyzed  (DeMar t i n i  e t  a l .  1986 ;  DeMar t i n i  1985) .

La rge r - than -expec ted  s tandard  dev ia t i ons  o f  t he  de1 tas  fo r r rA f te r [  da ta  can  be

de t r imen ta l  t o  t he  power  o f  t - t es t s .  0n  ave rage ,  t hough ,  t he  s tandard  dev ia t i ons  o f

the  ope ra t i ona l  de l tas  o f  t raw l  ca tches  were  equ iva ' l en t  t o  t he  co r respond ing

base l  i ne  dev ' i a t i ons  (Append ix  E ,  Tab ' l e  4 ) .  0n  the  o the r  hand ,  t he  dev . i a t i ons  o f
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o f f  SONGS,  re la t i ve  to  the  l oca t i on  17 -20  km downcoas t  o f  S0NGS,  fo r  44 r ;  (7 /16 )  o f
t he  spec ies -dep th  comb ina t i ons  t ha t  we re  su i t ab le  f o r  s t a t i s t i ca l  ana l ys i s .  0 f  t he
7  cases ,6  rep resen ted  re l a t i ve  i nc reases  o f f  S0NGS;  ca t ches  dec reased  o f f  SONGS in

on l y  1  case  (a t  18 -m  dep th ) .  0 f  t he  6  i nc reases ,4  occu r red  a t  30  m .  S ta t i s t i ca l l y

s ' i gn i  f  i can t  ' i nc reases  a t  bo th  dep ths  were  de tec ted  fo r  on l y  1 /9  spec ' i es  tha t  were
mon i to red  a t  bo th  dep ths ;  hov ;eve r ,  nomina l  i nc reases  occu r red  a t  t he  second  dep th
fo r  3 i 4  spec ' i es  show ' i ng  s i gn i f i can t  i nc reases  a t  one  o f  t he  dep ths .  (Th ree  spec ies
tha t  we re  mon i t o red  a t  bo th  dep ths  d i d  no t  change  s i gn i f i can t ' l y  a t  e ' i t he r  dep th . )

Samp le  s i zes  were  genera l l y  su f f i c ' i en t  t o  de tec t  changes  o f  >  5O iJ  (Sec t i on

1 .4 .1 .2 ) .  The  ac tua )  magn i t ude  o f  changes  de tec ted  ranged  f r om a  50? i  dec l i ne  t o  a
> 600?l  i  ncrease,  w ' i th  most  i  ncreases 1y i  ng between 200?(  and 3007, i  (Tabi  es 5,  6 ;
Append ' i x  E ,  Tab l  e  4 .  )

The  obse rved  i nc reases  i n  t raw l  ca tches  o f f  SONGS invo l ve  many  spec ies .
Howeve r ,  t he  ma jo r i t y  o f  t hese ' i nc reases  rep resen t  f ew  f i shes  pe r  t r aw l  i n  abso lu te
te rms  (Tab le  5 ) ,  desp i t e  i a rge  re l a t i ve  i nc reases  (Append ' i x  E ,  Tab le  4 ) "  1n  t e rms
o f  magn i tude  o f  abso lu te  change  on ' l y  t he  wh i te  c roake r  i nc reases  ( -  15  f i sh  pe r

t r aw l )  can  be  reasonab l y  cons ide red  l a rge  i n  b ' i o l og i ca ' l  t e rms .  A l l  o f  t he  rema in i ng

s ta t i s t i ca l i y  s i gn i f i can t  cases  i nvo l ved  i nc reases  o f  <  2  f i sh  pe r  t r aw l  (mos t l y  <  1
f i sh  pe r  t raw l :  Tab ' l e  5 ) .  I f  a  t raw l  w i th  a  25 - f t  headrope  l i ke  the  one  used  samp les
a  pa th  o f  12 .5  f t  ( Loesch  e t  a l .  7976 ;  Voug l i t o i s  e t  a l .  1987 ) ,  i nd i v i dua l  t r aw l -
hau l s  swep t  abou t  one - fou r t h  t he  a rea  samp led  by  i nd i v i dua l  hau l s  o f  ou r ' l ampa ra
se ine .  Howeve r ,  even  j f  abso ' l u t e  ehanges  i n  t r aw l  ca t ches  a re  quad rup led  i n  o rde r
to  make  the  a rea l  bases  o f  t raw l  and  se i  ne  ca tches  equ ' i va i  en t ,  t he  abso ' l  u te
magn i t ude  o f  t he  obse rved  i nc reases ' i n  ben th i cs  ( excep t  i a rge  wh i t e  c roake r )  i s
sma l  I  compared  to  the  abso lu te  magn ' i t ude  o f  t he  nea r -SONGS dec ' l i nes  i n  sma l l  wh i te
c roake r  end  (espec ia l i y )  queen f i sh .

The  many  obse rved  l oca t i on  d i f f e rences  i n  t he  l eng th  d i s t r i bu t i ons  o f  ben th i cs

du r ing  the  ope ra t ' i ona l  pe r iod  a re  genera l ' l y  cons i s ten t  w i th  the  numerous  changes  i n

re l a t i ve  abundances  du r i ng  t h i s  pe r i od .  Less  can  be  sa id  f o r  each  o f  t he  i nd i v i dua l

spec ies  i nvo l ved .  Fo r  3 /7  o f  t he  cases  o f  s i gn i f i can t  i nc rease  ( l i za rd f i sh  and
queen f i sh ) ,  no  l eng th  da ta  we re  co l l ec ted .  The  recen t  r e l a t i ve  i nc rease  i n  wh ' i t e

c roake r  o f f  S0NGS has  been  due  to  g rea te r  numbers  o f  bo th  sma l l  and  l a rge  adu l t  f i sh ,

and  f ewe r  med ' i um-s i zed  adu l t s  (Append ' i x  E ,  F i gs .  55  and  57 ) .  No  mean ing fu l

I  oca t ' i on -by -pe r iod  i  n te rac t i  on  i  s  apparen t  ' i n  t he  l  eng th  d i  s t r i  bu t  j  on  o f  l  ong f  i n



ee l  da ta  ac tua l l y  me t  t he  80 i ;  power  c r i t e r i on ,  us i ng  a l l  ( se r i a11y  co r re l ' a t ed )  da ta ,

bu t  au toco r re l a t i on  among  ope ra t i ona l  de l t as  i n f ' l a t ed  i t s  t - t es t  p robab i ' l i t y  t o  0 .15

(Append i x  E ,  Tab les  4 ,  7 ) .  Power  f o r  Pac ' i f i c  sanddab  was  unavo ' i dab l y  l ow  because  o f

a  b roadsca le  c rash  i n  abundance  i n  summer  1982  tha t  was  sus ta ined  th rough  the

comp le t i on  o f  mon i to r i ng  i n  November  1986- -no  ' i nd i v idua ls  were  caugh t  on  64o l  o f  t he

opera t i ona l  c ru i ses .  Fo r  queen f i sh  a t ,  18 -m dep th ,  t he  s tandard  dev ' i a t i on  o f

ope ra t i ona l  de l t as  exceeded  t he  dev ia t i on  o f  base l i ne  de l t as ,  and  bo th  dev ' i a t i ons

were  too  l a rge  to  rea l i s t i ca l l y  expec t  t o  de tec t ' i nc reases  un less  they  were  >  1007 i

(Append ' i x  E ,  Tab l  e  4 )  .

1  .4 .1 .3  Evidence for  Spat ia l  Extents  of  lmpact

F i sh  Samp led  by  Se ine .  Ou r  eva lua t i on  o f  t he  spa t i a ' l  s ca le  o f  dec l i nes  i n  sma l1 ,

wa te r - co lumn-o r ien ted  queen f i sh  and  wh i te  c roake r  nea r  S0NGS can  pa r t i a l l y  add ress

bo th  onshore /o f f sho re  and  l ongshore  d imens ions .

Fo r  adu l t  ma le  and  fema le  queen f i sh ,  an  equa i  number  o f  dec l i nes  were  de tec ted

a t  t he  Nea r  Impac t ' l o ca t i on  ( r e l a t i ve  t o  Con t ro l )  and  a t  t he  Fa r  Impac t  l oca t j on

(a1so  re l a t i ve  t o  Con t ro l )  (Append i x  E ,  Tab les  1 ,2 ) .  Th i s  sugges t s  t ha t ,  f o r  adu l t

queen f i sh ,  t he  nea r -SONGS dec l i ne  may  ex tend  as  fa r  as  2 -3  km downcoas t  o f  SONGS

Un ' i t  1 .  0n l y  one  s ' i gn i f i can t  dec l ' i ne  was  de tec ted  a t  m id -dep ths  ( f o r  ma les :  Append i x

E ,  Tab ' l e  2 ) .  The  magn i tude  o f  pe rcen tage  change  va lues  revea led  no  cons i s ten t

pa t te rn  fo r  ca tches  w i th in  l /Z -kn  o f ,  ve rsus  2 '3  km downcoas t  o f ,  SONGS Un ' i t  1

(Append i x  E ;  Tab les  1 ,  2 ) .

Fo r  immatu re  and  YOY queen f i sh ,  nea r l y  a l1  s ' i gn i f i can t  dec l i nes  were  res t r i c ted

to  the  s ta t i on  w i th in  l / ? -km o f  SONGS Un i t  1  (Append ix  E ,  Tab les  1 ,  2 ) .  Depress ' i ons

gene i ^a11y  ex tended  to  d i f f use r  dep ths  (Append ix  E ,  Tab le  2 ) .  T i rese  resu l t s  sugges t

t ha t  SONGSren t rapmen t  e f f ec t s  on  t he  sma11e r ,  mo re  pa roch ia l  (DeMar t i n i ,  A l 1en ,

Foun ta in ,  and  Robe r t s  1985 )  l i f e  s t ages  o f  queen f i sh  a re  more  l oca1 i zed  i n  i ongsho re

ex ten t ,  and  pe rhaps  more  pe rs i s ten t  (hence  de tec 'uab le  a t  d i f f use r  dep ths  as  we l l  as

near  the  i n takes )

Severa l  data prov ide s t rong c i rcumstant ia l  ev ' idence that  the near-SONGS

dec l i nes  i n  adu l t  queen f i sh  have  no t  r esu l t ed  f r om S0NGS en t rapmen t  o f  i uven i l es :

(1 )  Tempora l  f l uc tua t i ons  i n  se ' i ne  ca tches  i nd i ca te  tha t  queen f i sh ,  pa r t i cu ' l a r l y

adu l t s ,  make  ex tens i ve  i ongshore  as  we l l  as  d ie l  and  seasona l  onshord , /o f f sho re
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ope ra t i ona l  de l t as  o f  l ampa ra  se ine  da ta  we re  gene ra l l y  l a rge r  t han  respec t i ve

base l ' i ne  dev ia t i ons  f o r  samp les  a t  bo th  sha l l ow  and  m id -dep ths  (Append i x  E ,  Tab les

1 ,2 ) .  As  l ong  recogn i zed  (DeMar t i n i  e t  a l .  1981c ) ,  t he  gene ra l l y  l a rge r  va r i a t i ons
( i n  bo th  base l j ne  and  ope ra t i ona ' l  da ta )  f o r  m id -dep th -b l ock  l ampa ra  samp ies  y i e l d

poo re r  power  f o r  l oca t ' i on  con t ras t s  a t  t he  deepe r  se in i ng  dep ths  (Append i x  E ,  Tab le
2 \

Desp ' i t e  t he  apparen t  he te rogene i t i es  i n  t he  s tandard  dev ia t i ons  o f  some lampara
da ta ,  t he re  we re  f ew  cases  o f  s i gn i f i can t l y  unequa l  va r i ances  o f  de l t as  t o
comp l i ca te  t - t es t  s t a t i s t ' i c s  f o r  e i t he r  t ype  o f  ne t  mon i t o r i ng  da ta .  The  va r i ances
o f  de l tas  d i f f e red  be tween  pe r iods  fo r  on l y  3 /22  t rac tab ' l e  cases  fo r  se ine  samp les
a t  sha l l ow  dep ths  (Append i x  E ,  Tab ' l es  1 ,  2 ) .  The re  we re  on l y  2  i ns tances  o f  unequa l
va r i ances  among  t he  i 6  t r ac tab le  cases  eva lua ted  f o r  ben th i c  f i shes  (Append ' i x  E ,
Tab le  4 ) .  Unan t i c ' i pa ted  l osses  o f  power  r esu l t i ng  f r om dec remen ied  deg rees  o f
f reedom the re fo re  were  genera i l y  no t  a  p rob lem in  ou r  t - t es t s .

Se r i  a l  co r re l  a t ' i  on  was  a  more  pe rvas i  ve  comp l  i  ca t i  on  than  va r i  ance
he te rogene i t i es  fo r  bo th  l ampara -se ine  and  o the r - t raw l  samp ies .  However ,  even  fo r
' l ampara  

samp les  a t  sha l l ow  dep ths ,  where  se r ia l  co r re la t i on  be tween  ad jacen t  c ru i ses
was  mos t  o f t en  a  p rob ien  (7 /22  cases :  Append i x  E ,  Tab le  1 ) ,  non - i ndependence  cou ld
be  success fu l l y  ex t rac ted  f r om the  t ime  se r i es .  Pe r tu rba t i on  o f  t - t es t  s t a t i s t i c s
was  m jn ima l  i n  mos t  cases  and  was  accomp l i shed  w i t h  l oss  o f  on l y  a  s i ng le  deg ree  o f
f r eedom (Append i x  E ;  Tab les  1 ,  2 ,  and  4 ) .

0n  ba lance ,  t he  pob /e r  o f  t - t es t s  rea l ' i zed  us ing  the  fu l l  comp lemen t  o f
ope ra t i ona l  samp les  was  sa t ' i s f ac to r y  f o r  ou r  eva lua t i on  o f  50NGS '  l oca l  impac t  on
pe lag i c  and  ben th i c  f i shes .  I n  pa r t ,  t h i s  r e f l ec ted  recen t  dec l i nes  anc l  changes  i n
re ' i a t i ve  abundances  be tween  l oca t i ons  t ha t  gene ra l ' l y  exceeded  ou r  des ign  c r i t e r i on
of 50?ii .

The re  were  ve ry  few  cases  ( i n  wh ich  recen t  re la t i ve  changes  nom ' ina ' l 1y  exceeded

50 i6 )  f o r  wh i ch  t - t es t  r esu ' l t s  we re  i ns ' i gn i f i can t  (P  t  0 .10 )  because  o f  i nsu f f i c i en t
power .  Fo r  l ampara  da ta  a t  sha l l ow  dep ths ,  t v , ' o  nomina l  bu t  marg ina l i y  l a rge

dec l j nes  (bo th  a t  t he  Fa r  Impac t  r e l a t i ve  t o  Con t ro l  l oca t i on )  we re  undemons t rab le .

These  were  Pac i f i c  bu t te r f i sh  ( -56%)  and  wh i te  c roake r  ( -60%) .  Th ree  cases  wen t

s im ' i l a r l y  undemons t ra ted  fo r  t raw l - caugh t  f i shes .  A ' l ' l  we re  re la t i ve  SONGS inc reases

(cusk -ee l  ,  30  m ;  +53 i ' i ;  queen f  i sh ,  18  m :  +7 I%:  Pac i f  i c  sanddab ,  30  m :  +6A?D.  Cusk -

1-35



3  km downcoas t  o f  SONGS (Barne t t  1987) .  Ben thos  pa t te rns  a re  unknown  a t  30  m,

though ,  because  samp i  es  have  no t  been  sys temat ' i ca l  1y  co l  I  ec ted  a t  t h ' i  s  dep th .

None the less ,  t he  spec ies  r i chness  and  abundance  (numbers )  o f  ben th i c  i nve r teb ra tes

have  i nc reased  to  a  d i sp ropo r t i ona te l y  g rea te r  ex ten t  o f f  SONGS than  a t  downcoas t

con t ro l  s ta t i  ons ,  ' i nc ' l  ud i  ng  ou r  and  MECr  s  S tua r t  Mesa  s ta t i  on  ,  i  n  recen t  yea rs

(Barne t t  1987 ,  Tab le  3 -32 ) .  I f  we  eva lua te  the  b iomass  pa t te rns  o f  ou r  t raw l

ca t ches ,  a  cons i s ten t  p i c t u re  emerges :  a l t hough  ben th i c  f i sh  b i omass  gene ra l l y

dec l ' i ned  du r ing  the  ope ra t i ona l  pe r iod ,  ca tches  dec l i ned  re ' l a t ' i ve1y  l ess  a t  18 -m and

30-m dep ths  o f f  SONGS,  and  the  pa t te rn  i s  s ta t i s t i ca l l y  s ign i f i can t  a t  bo th  dep ths

(Append i x  E ,  Tab le  14 ) .  A t  l eas t ' i n  t e rms  o f  t o ta l  b i omass  o f  ben th i c  f i shes ,  t hen ,

the  obse rva t i ons  a re  cons i s ten t  w i th  an  en r i chmen t  o f  t he  ben thos .

1.4.1.4 Overa l l  Local  Ef fect  o f  SONGS

For  two  spec ies  (wh i t e  c roake r  and  queen f i sh ) ,  S0NGS ' l oca l  e f f ec t s  i nvo l ve  a

t radeo f f  be tween  nea rsho re  en t rapmen t ' l osses  (nega t i ve )  and  a  concen t ra t i on  o f  f i sh ,

apparen t l y  a t t rac ted  to  an  en r i ched  ben thos ,  f a r the r  o f f sho re  (pos ' i t i ve ) .  Fo r  t hese

two  spec ies ,  some s imp le  es t ima tes  o f  ove ra l l  e f f ec t s  a re  necessa ry  and  can  be  made ,

w i t h  ce r t a i n  qua l  i f y i ng  assump t i ons .

Assum' ing  tha t  t he  a rea l  ex ten t  o f  t he  nega t i ve  and  pos i t i ve ' impac ts  a re

s im i l a r ,  t he  ove ra l l  e f f ec t  can  be  app rox ima ted ,  a f te r  ad ius t i ng  fo r  d ' i f f e rences  i n

a rea  f i shed  by  the  two  t ypes  o f  ne t ,  as  the  d i f f e rence  be tween  the  nega t i ve  change  in

se ine  ca tches  and  the  pos i t i ve  change  in  t raw l  ca tches .  The  measure  used  shou ld  be

b iomass ,  no t  numbers  o f  f i sh ,  because  body  s ' i ze  o f  t he  two  c roake rs  va r ies  w i th

d i s tance  o f f sho re  and  v ra te r - co lumn pos i t i on  (Append ix  E ,  Tab le  13 ) .

The  ca1cu ' l a t i ons  p roceed  as  fo l l ows :  The  l ampara  se ine  tha t  was  used  samp led  an

ave rage  4 ,500  m2  a rea  (Append ix  A ,  pa r t  1 ) .  The  o t te r  t raw l  t ha t  was  used  (7 .6  m

headrope)  swep t  a  pa th  abou t  ha l f  t h i s  w ide  (3 .8  m)  and  t rave l l ed  an  ave rage

d is tance  o f  abou t  250  m (Append ix  A ,  pa r t  2 ) .  Thus  the  ave rage  t raw l  t rave rsed  abou t

950  m2  a rea .  I n  o rde r  t o  s tandard i ze  t raw l  ca tches  to  se ine  ca tches ,  t he  ca tches  ' i n

ou r  t raw ls  shou ld  be  sca led  upwards  by  a  fac to r  o f  4 .8 .

When  the  l a t t e r  f ac to r  i s  app l i ed  to  the  app rop r ia te  mean  b ' i omass  da ta

(Append i  x  E ,  Tab l  e  15 )  ,  t he  f  o ' l  
' l ow i  

ng  resu l  t s  a re  ev iden t :  Fo r  queen f  i  sh ,  t he

ou tcome i s  a  ne t  de f i c i t  o f  abou t  2 l  kg /ha  (assuming  a  ca tch  e f f i c ' i ency . fo r  bo th
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m' ig ra t i ons  (A l l en  and  DeMar t i n i  1983 ;  DeMar t i n i ,  411en ,  Foun ta i n  and  Robe r t s  1985 ) .

(2 )  B iochem' i ca ' l  gene t ' i cs  da ta  (Beckw ' i t t  1983 )  demons t ra te  tha t  queen f  i sh ,  f  i ke  wh i te

c roake r ,  l ack  reg iona i  geno typ i c  d i f f e ren t i a t i on  w i t h i n  t he  B igh t .  Th ' i s  l ack  o f

reg iona l  va r i a t i on  p robab ' l y  re f l ec t s  the  m ix ' i ng  tha t  mus t  resu l t  f r om movemen ts  by

vag i ' l e  pos t - r ec ru i t s  i n  add i t i on  t o  p i ank ton i c  d i spe rsa l  du r i ng  a  l eng thy  (3 -mo) ,

l a r va ' l  pe r i od  (Beckw i t t  i 983 ) .  We  conc lude  t ha t  t he  nea r -SONGS dec l i nes  i n  j uven i l e

and  adu ' l t  queen f i sh  have  resu l ted  d i rec t l y  f rom S0NGS en t rapmen t  o f  j uven i l es  and

adu l t s ,  r espec t ' i ve1y .  (See  Chap te r  Two  f o r  d i scuss ion  i n  t e rms  o f  magn i t ude  o f

en t , rapmen t .  )

F i sh  Samp led  by  T raw l .  Assessmen t  o f  t he  spa t i a l  s ca le  o f  i nc reases  i n  ben th i c

f i shes  nea r  SONGS i s  l im i t ed  t o  a  pa r t j a l  assessmen t  o f ,  onsho re /o f f sho re  ex ten t ;  no

s ta t i ons  were  samp led  a t  l ongshore  pos i t ' i ons  be tween  the  genera ' l  SONGS d ' i f f use r  a rea

and  the  Con t ro l  l oca t ' i on  17 -ZA  km downcoas t  o f  SONGS.

Severa l  da ta  i nd i ca te  tha t  t he  onshore /o f f sho re  ex ten t  o f  t he  e f fec ts  on

ben th i c  f i shes  spans  bo th  sampf ing  dep ths ,  sepa ra ted  by  -  1  km,  a t  d i s tances  -  2 -3  km

of f sho re  o f  t he  SONGS in take  s t ruc tu res .  These  da ta  i nc lude  the  fo l l ow ing :  (1 )  t he

obse rved  equ ' i va i  en t  m i  x  o f  s ' i gn i  f  i  can t  i  nc reases  a t  18 -  and  30 -m s ta t i  ons ;  (2 )  t he

s im i ' l a r  s i  gn  o f  nomi  na ' l  change  (  i  nc rease )  a t  t he  second  o f  t he  two  dep ths  fo r

spec ' i es  occu r r i ng  a t  bo th  dep ths  and  fo r  wh ich  abundances  s ign i f i can t l y  i nc reased  a t

one  o f  t he  dep ths ;  and  (3 )  t he  gene ra l  l ack  o f ' l o ca t i on -by -dep th -by -pe r i od

in te rac t i ons  to  suppor t  t he  hypo thes i s  tha t  t he  obse rved  changes  genera l l y  span  bo th

samp l  i  ng  dep ths .

Seve ra l  
' l i nes  

o f  c i r cums tan t i a ' l  ev idence  a re  cons i s ten t  w i th  the  a rgumen t  t ha t

changes  i n  sed imen ts  and  ben thos  o f f  SONGS p rov r ' de  the  mechan ism fo r  l oca l  ' i nc reases

' i n  ben th ' i c  f i shes .  However ,  t he  onshore , /o f f sho re  ex ten t  o f  changes ' i r r  sed imen ts  a .nd

ben thos ' i s  l ess  ce r t a i n .  F i r s t  o f  a l l ,  an  eva lua t ' i on  o f  t ime -se r i es  pa t t e rns  i n

sed ' iment  organic  carbon of f  SONGS for  the per iod f rom June 1976-March 1985 (Barnet t ,

l { a t t s ,  and  Wh i te  1986) ,  upda ted  th rough  December  1986  (A .  Ba rne t t ,  pe rs .  comm") ,

on l y  weak ly  sugges ts  tha t  t he  SONGS Un i t s  2  and  3  d i f f use rs  have  con t r i bu ted  to  an

inc rease ' i n  sed ' imen t  o rgan i cs  unde r  and  o f f sho re  o f  t he  p ' l ume .  Re la t i ve l y  f ew  da ta

on  sed imen t  o rgan ' i cs  a re  ava i l ab le  fo r  dep ths  as  g rea t  as  30  m,  however  (Ba rne t t ,

Wa t t s  ,  and  Wh ' i t e  1986)  .  Second ,  f  i  na1  ana ' l yses  o f  Mar i  ne  Eco l  og i  ca1  Consu l  t an ts l

ben thos  da ta  have  subs tan t i a ted  i nc reases  ' i n  mo t i l e ,  subsu r face  depos i t - f eeders

(p r ima r i l y  pa raon id  and  cap i t e l l i d  po l ychae tes )  a t  18 -m  dep th  t o  a  d i s t ance  o f  up  t o
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Sou the rn  Ca l  i  f o rn i  a  B i  gh t  (  Lynn  i 983 ;  S impson  1984 ;  McGowan  1984)  .  The  Ca l  i  f o rn i  a

E l  N ino  was  I i nked ,  i n  ways  s t i I I  ' i n comp le te l y  unde rs tood ,  w i t h  t he  t r ans -Pac j f i c

(pe rhaps  g loba l )  SST (sea -su r face  tempera tu re )  anoma ly ,  common ly  recogn ized  as  the

pa ren t  E l  N ino ,  o f  1982 -83  (Rasmusson  1984 ,  and  re fe rences ) .  P lank ton i c

p roduc t i v i t y  was  s ign ' i f  i can t l y  l ower in  the  Ca l ' i f o rn ia  Curnen t  sys tem du r ing  1982-83

(McGowan  1984) .  Depressed  p lank ton i c  p roduc t i on  con t i nued  nea rsho re  th rough  1984
(Pe te rsen  e t  e l .  1986 ) .

Sh i f t s  i n  t he  d i s t r i bu t i on  o f  spawn ' i ng  adu l t s ,  and  reduc t i ons ' i n  b i omass  and

produc t i on ,  have  been  documen ted  fo r  a t  l eas t  one  o f f sho re  pe lag i c  f i sh  spec ies

(  no r the rn  anchovy :  F i  ed l  e r  1984 ;  F i  ed l  e r :  e t  a l  .  1986 )  .  Pe rhaps  ana l  ogous

d ' i s t r i bu t i ona l  sh i f t s  and /o r  s tock  reduc t i ons  have  been  no ted  fo r  d i ve rse  spec ies  o f

coas ta l  she l f  f i shes  i nhab i t i ng  pe lag i c ,  r ocky -bo t t om,  and  ben th i c  ( so f t - bo t t om)

hab t ' t a t s  (DeMar t i n i  e t  a l .  1983 f ,  1984c ,  1985a ,1985 ,  t h i s  r epo r t ;  Pa t , t on  1985 ;  Love

e t  a l  .  1986 ) .  E f fec ts  on  some nearsho re  f i  sh  s tocks  and , /o r  t he i  r  c i ep th

d i s t r i bu t i ons  seemed  to  pe rs i s t  t h . rough  w in te r  1985 .  Dur ing  th i s  pe r iod ,  t he

ove ra l l  ave rage  dens i t i es  o f  sou the rn  Ca l ' i f o rn i a  coas ta l  pe lag i c  f i shes  dec reased  by

abou t  two - th i rds  to  more  than  th ree - fou r ths  a t  5 -  t o  16 -m dep ths  ( i . e . ,  t o  abou t  207 i

t o  30% o f  ave rage  base l i ne  l eve l s :  Tab le  2 ;  Append i x  C ,  F ' i gs .  1 ,  2 ) .  E l  N ino

dec l  ' i nes  i  n  ben th ' i c  f  i  shes  a t  18 -30  m were  a l  mos t  as  ex t reme:  ave rage  I  eve l  s

d ropped  abou t  one -ha l f  t o  two - th ' i r ds  ( t o  -  30% to  50% o f  base l i ne  means :  Tab ie  5 ;

Append ix  C ,  F ' i gs .  3 ,  4 ) .  Even  more  ex t reme dec l i nes  i n  some ben th ' i cs  occu r red  a t  12

m and  (espec ia ' l 1y )  6  m  (Love  e t  a l .  1985 ) .  The  l ongsho re  spa t i a l  s ca le  o f  nea rsho re

f i sh  dec l i nes  co inc i den t  w i t h  t he  Ca l i f o rn i a  E l  N ino  we re  a t  l eas t  as  l a rge  as  t he

San  0no f re -Oceans ide  a rea  (DeMar t i n i  e t  a l .  1983 f ,  1984c ,  1 .985a ,  1986)  and  were

p robab ly  b ' i gh tw ide  fo r  many  o r  mos t  spec ies  (Pa t ton  1985 ;  Love  e t  a l .  1986 ) .

1 .4 .3  Conc lus i ons

Lampara  se ine  ca tches  o f  sma l l ,  wa te r - co lumn-o r ien ted  queen f i sh  and  wh i te

c roake r  have  dec l i ned  w iLh in  l /Z -km o f  SONGS Un i t  1 ,  re la t i ve  to  ca tches  a t  s ta t i ons

2 -3  km and  18 -19  km downcoas t  o f  SONGS,  du r ing  the  Un i t s  2 ,3  ope ra t ' i ona l  mon i to r i ng

per iod  o f  Ap r i l  1984 -Augus t  1985 .  These  recen t  re la 'u i ve  dec l i nes  nea r  SONGS

averaged 60%-80' ,6  greater  than base ' l  ' ine d i  f ferences between 50NGS and Contro l

l oca t i ons .  Near -S0NGS dec l i nes  were  abou t  t he  same p ropo r t i ona te  s ' i ze  as  the

b roade r - sca le  E l  N ino  s tock  dep ress ions  t ha t  i n f l uenced  a l l  samp f i ng  l oca t i ons  f o r

seve ra l  yea rs  p r i o r  t o , . and  t h roughou t  mos t  o f ,  t he  SONGS-ope ra t i ona l .mon i t o r i ng
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se ine  and  t rav r l  o f  2571) .  Tha t . i s ,  an  i nc rease  o f  -8  kg /ha  i n  t he  b iomass  o f  l a rge

queen f  i sh  nea r  the  seabed  o f f sho re  ' i s  ove rwhe lmed  by  a  dec rease  o f  -29  kg /ha ' i n  t he

b i  omass  o f  sma l ' l  queen f  i  sh  nea r  the  i  n takes  i  nsho re .  Fo r  wh ' i t e  c roake r ,  t he

oppos i te  ob ta ' i ns  (aga in  assum ' ing  tha t  t he  ca tch  e f f i c i ency  i s  257 i  f o r  bo th  se ine  and

t raw i ) .  The  ne t  ou t come  fo r  c roake r  i s  a  su rp lus  o f  - 55  kg /ha .  The  t r i v ' i a l  dec rease

in  b ' i omass  o f  sma l l  wh i t e  c roake r  a round  t he  i n takes  nea r  sho re  ( . 1  kg lha )  i s

swamped  by  the  -56  kg lha  i nc rease  i n  the  b iomass  o f ' l a rge  adu l t  c roake r  o f f sho re .

The  l a t t e r  f i gu re ' i s  t he  mean  o f  t he  38  kg /ha  va lue  t ha t  r esu l t s ' i f  t he  18 -m  t r aw l

da ta  a re  used ,  and  the  73  kg lha  va lue  tha t  resu l t s  i f  t he  30 -m t raw l  da ta  a re  used .

1 .4 .2  Na tu ra l  Pa t te rns  o f  Abundance

'1.4.2.1 Basel ine Temporal  and Spat ia l  Pat terns

0nshore /o f f sho re  pa t te rns  i n  abundance  a re  genera l l y  ev iden t  f o r  coas ta l

pe lag i c  f i shes  (Tab le  2 ) ,  bu t  l ongsho re  pa t t e rns  we re  re l a t i ve i y  weak  compared  t o

tempora l  f l u c tua t ' i ons  du r i ng  t he  base l ' i ne  pe r i od  (Tab les  2 ,  7 ;  Append i x  C ,  F i gs .  1 ,

? ) .  D ie l  and  b ' i annua l  t empora l  sca les  a re  impor tan t  f o r  l oca l  nea rsho re ,  wa te r -

co l  umn-o r i  en ted  f i  shes  (A1  1  en  and  DeMar t i  n i  i 983 ;  DeMar t i  n i  ,  A l  I  en ,  Foun ta i  n ,  and

Robe r t s  1985 ) .  Da ta  summar i zed  by  DeMar t i n i ,  A11en ,  Foun ta i n ,  and  Robe r t s  ( 1985 )

exemp i i f y  a  pe rhaps  gene ra i  on togene t i c  i nc rease  i n  j uven i l e -adu l t  f i sh  s i ze  w i t h

dep th  (d ' i s tance  o f  f  sho re )  on  the  coas ta ' l  she l  f  .

Seabed-o r i  en ted  f i  shes  more  f requen t l y  exh i  b i  t ed  base l  i  ne  1  ongshore

d i f f e rences ,  a t  a  g ' i ven  d j s tance  o f f sho re ,  t han  m idwa te r  f i shes "  Compared  to

m ' i c iwa te r  f i shes ,  ben th i c  f i shes  a ' l so  had  genera l l y  s t rong  onshore /o f f sho re  pa t te rns

(Teb1e  5 ) .  Base ' l i ne  t empora ' l  pa t t e rns  we re  re l a t ' i ve1y  weak  f o r  ben th i cs ,  un l i ke

m idwa te r  f  i  shes  (Append i x  C ,  F i gs .  3 ,  4 ;  a l  so  DeMar t ' i n i  e t  a ' l  .  1983a ,b ;  DeMar t i n i

and  A l l en  1984 ) .  0n togene t j c  i nc reases  j n  ave rage  body  s i ze  w i t h  dep th  a re

commonp lace  f o r  ben th ' i c  f i shes  on  t he  sou the rn  Ca l i f o rn ' i a  she l f  (DeMar t i n i  and  A l ' l en

1984 ;  Love  1983 ,  1984 ,  1985 ) .

1 "4 .2 .2  E l  N ino  Per tu rba t i ons

Dur ing  the  pe r iod  f rom summer - fa l l  1982  th rough  w in te r  1984 ,  a  mesosca le

(hundreds  o f  k i ' l ome te rs )  oceanograph ic  phenomenon  now known  as  the  Ca l i f o rn " i a  E l

N ino  a f fec ted  the  Ca l ' i f o rn ia  Cur ren t  sys tem and  a l l i ed  coas ta l  wa te rs  o f  t he
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I n  sum,  we  f ee l  t ha t  ou r  assessmen t  o f  SONGS 'po ten t i a i  l oca l  impac t  on  f i sh

abundance ,  based  on  ne t  mon i to r i ng  da ta  ana ' l yzed  by  BACI  t - t es t ,  was  su ' i t ab le  and
success fu l .  The  rea l i zed  power  o f  ou r  t - t es t , s  was  su f f i c i en t ,  w i t h  f ew  excep t i ons ,
t o  de tec t  a l l  r easonab l y  i a rge  (>_50%)  dec l i nes  o r  changes  i n  abundance  o f  t a rge t
coas ta l  - pe ' l  ag i  c  and  ben th i  c  f  i  shes .
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pe f i od .  Desp i t e  t he  l a rge  p ropo r t i ona te  reduc t i ons  caused  by  E l  N ino ,  t he  abso lu te

magn i t ude  o f  add i t i ona l  dec l i nes  ' i n  sma l ' l  queen f i sh  and  wh i t e  c roake r  o f f  S0NGS has

no t  been  t r i v ra ' 1 .  Seve ra l  o the r ,  mo re  t r u l y  pe lag i c  t axa  (Pac i f i c  bu t t e r f i sh ,

s ' i ' l ve rs ides )  have  l acked  ana ' l ogous  dec l  i nes  o f f  S0NGS bu t  have  exh ib i t ed

equ i va len t l y  i a rge  o r  l a rge r  dec reases  caused  by  E l  N ' i no .  0n  ba lance ,  t he  obse rved

nea r -S0NGS dec l i nes ' i n  sma l l  queen f i sh  and  wh i t e  c roake r ,  and  t he  l ack  t he reo f  f o r

bu t t e r f i sh  ano  s i l ve r s i des ,  i s  cons ' i s t en t  w i t h  spec ies - spec i f i c  en t rapmen t  a t

S0NGS'  o f f sho re  i n take  s t ruc tu res .

In  con t ras t ,  o t t e r - t raw1  ca tches  o f  a  ma jo r i t y  o f  a  dozen  ben th i c  t axa

( i nc l ud ing  t r u ' l y  ben th i c  f i shes  and  t he  l a rge r ,  seabed -o r i en ted  i nd i v i dua l s  o f

queen f i sh  and  wh i te  c roake r )  i nc reased  o f f  S0NGS,  re ia t ' i ve  to  a  s ta t i on  17 -20  km

downcoas t  o f  SONGS,  du r i ng  t he  same  pe r i od .  These  re l a t ' i ve  i nc reases  i n  ben th i cs

were  s ta t i  s t i  ca l  
' l y  

s i  gn i  f  i  can t  f  o r  many  taxa  bu t  " i nvo l  ved  l  a rge  abso ' l  u te  ' i nc reases

on ly  fo r  wh i  t e  c roake r .  The  huge  (>  600 i i )  r e1a t i  ve  i  nc reases  o f  f  50NGS i  n  
' l a rge

wh i t e  c roake r  du r i ng  t he  ope ra t ' i ona1  pe r i od  i nvo l ve  d i f f e rences  o f  -  15  f i sh  pe r

t r aw ' l  (Tab ie  5 ) .  The  b roadsca le  E l  N ' i no  dec l i nes  i n  ep iben th i c  wh i t e  c roake r  p r i o r

to  and  du r ing  the  pe r iod  o f  new-un i t  ope ra t i on  were  7A%-90% o f  i t s  base l i ne

abundances  (Tab les  5 ,  6 ) .

We conc lude  tha t  t he  obse rved  dec l i nes /changes  i n  f i sh  abundance  do  no t

genera l ' l y  re f ' l ec t  e i t he r  o f f sho re -  o r  seabed-d i rec ted  sh i f t s  i n  d ' i s t r i bu t i on .

Ra the r ,  t he  recen t  i nc reases  i n  t raw led  f i shes ,  pa r t i cu ' l a11y  wh i te  c roake r ,

con t r i bu te  to  an  ove ra l l  r e la t i ve  i nc rease  i n  ben th i c  f i sh  b iomass  o f f  S0NGS"  h le

be ' l i eve  tha t  t he  i nc rease  i n  ben th i c  f i shes  re f ' l ec t s  concen t ra t i on  resu l t i ng  f rom a

genera l  enhancemen t  o f  t he  ben thos ,  
' l i ke l y  

due  to  SONGS opera t ' i ons ,  ' i n  t he  reg ' i on  o f

the  SONGS p iume.  The  recen t  dec reases  i n  sma l l  queen f i sh  and  wh i te  c roake r  nea r  t he

S0NGS in takes  mus t  be  the  resu l t  o f  SONGS en t rapmen t .  The  ove ra l ' t  e f f ec t  o f

en t rapmen t  and  ben th i c  enhancemen t  fo r  queen f i sh  and  wh ' i t e  c roake r  i s  qua l i t a t i ve i y

d ' i f f e ren t  f o r  t he  two  spec ies .  Wh i l e  the  ove ra l l  e f f ec t  f o r  wh i te  c roake r  i s  an

es t ima ted  su rp ' l us  o f  -55  kg /ha ,  t he  ove ra l ' l  e f f ec t  f o r  queen f i sh  i s  an  es t ima ted

de f i c i t  o f  -21  kg lha .  The  magn i tude  o f  t hese  e f fec ts  cou ld  be  t r i v ' i a l  t o

subs tan t i a l ,  depend ing  on  the  a rea l  ex ten t  o f  t he  e f fec ts .  I t  a ' l so  shou ld  be  no ted

tha t  t hese  va lues  rep resen t  l oca ' l  s tand ing  s tock  b iomass .  The  ac tua l  ne t  change  in

I  oca l  f  i sh  p roduc t i on  ' i s  unknown .
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Mos t  f i sh  en t rapmen t  a t  SONGS occu rs  du r i ng  rou t i ne  (no rma l  f l ow )  pump
ope ra t i ons  (DeMar t i n i  and  La rson  1980a ) .  Mos t  en t rapped  f i shes  a re  ' imp inged  (a t

Un i t  1 )  o r  a re  e i t he r  imp inged  o r  d i ve r t ed  (a t  Un i t s  2  and  3 ,  see  be low) .  O the r
en t rapped  f i shes  a re  k i l l ed  du r ing  pe r iod ' i c  hea t  t rea tmen ts  tha t  a re  used  to  con t ro l
b jo fou le r  g rowth .  Dur ing  these  t rea tmen ts  the  te rnpe ra tu re  o f  wa te r  i n  sc reenwe l l s
and  i n take  condu i t s ' i s  e l eva ted  by  t empora r i l y  ha l t ' i ng  f l ow ,  t hen  b i o fou le r s ' i n
i n take  condu i t s  a re  k i l l ed  by  reve rs i ng  t he  f l ow  o f  wa te r .  A l l  t h ree  SONGS un i t s  a re
hea t - t r ea ted  a t  s im i l a r  ( s i x -week ) ' i n t e r va l s ,  bu t  t imes  va ry  because  un i t  ope ra t ' i ons
a re  ' i ndeoenden t .

The  th ree  SONGS un i t s  d i f f e r  i n  some eng inee r ing  and  ope ra t i ng  fea tu res .  The
mesh  s i ze  o f  l r ave l f i ng  sc reens  a t  Un i t  1  i s  5 /8  i nch ,  whe reas  t he  mesh  a t  Un i t s  2
and  3 ' i s  3 /8  i nch  (Downs  and  Meddock  1974 ) .  The ' t ve l oc i t y  caps r t t ha t  s i t  a t op  t he
o f f sho re  i n take  s t r uc tu res  o f  Un i t s  2  and  3  a re  c i r cu la r ,  un ' l i ke  t he  rec tangu la r  cap
a top  Un i t  1 ' s  i n t ake .  A  c ' i r cu l a r  cap  reduces  t he  va r i ance  and  ve r t i ca ' l  componen ts
o f  i ncu r ren t  f 1ow,  two  fac to rs  be l ' i eved  to  i n f l uence  magn i tude  o f  f j sh  en t rapmen t
( l l / e igh t  1958 ;  Schu le r  and  La rson  1975  and  re fe rences ) .  I n  add i t ' i on ,  t he  two  new
un ' i t s  have  a  f i sh  re tu rn  sys tem (FRS) ,  des igned  to  fu r the r  reduce  l osses  o f

i uven i ' l e -adu l t  f i sh  by  d i ve r t i ng  en t rapped  f i sh  pas t  t r ave ' l 1 i ng  sc reens  and  i n to
qu ie t  a reas  o f  sc reenwe l l  f o rebays  (Schu le r  and  La rson  i 975 ) .  D i ve r t ed  f i shes  a re
pe r iod j ca1 ]y  co l l ec ted  by  l i f t - bucke t  f rom these  qu ie t  a reas  and  f l ushed  back  to  sea
v ia  a  d i scha rge  condu ' i t  t ha t  i s  run  o f f  t he  i n take  f1ow (Downs  and  Meddock  1974) .

The  Ca l i f o rn ia  Coas ta l  Commiss ion  es tab l i shed  the  Mar ine  Rev iew  Commi t tee
(MRC)  i n  1976  t o  s tudy  t he  coas ta l  ma r i ne  b i o ta ,  i nc l ud jng  f i shes ,  nea r  SONGS ' i n
o rde r  t o  eva lua te  wha t ,  i f  any ,  e f f ec t  t he  p l an t  was  hav ing  o r  w i l l  have .  The  MRC 's
comprehens i ve  assessmen t  o f  impac t  on  f i shes  i nc l udes  an  eva lua t i on  o f  S0NGS '
poss ' i b le  e f fec ts - - f rom en t rapmen t  and  imp ' i ngemen t  o f  j uven i l es  and  adu l t s ,  and
en t ra inmen t  o f  eggs  and  l a rvae - -on  (1 )  l oca l  d i s ' t r i bu t i on  and  abundance  and  (2 )

b i gh tw ide  s tock  l eve l s  o f  spec ' i es  pa r t i cu l a r l y  suscep t i b l e  t o  i n t ake .

2. ' , .3  Summary of  Entrapment  Studies

Quan t i t a t i ve  eva lua t i on  o f  en t rapmen t  and  imp ingemen t  o f  f i shes  a t  SONGS began

in  1976  w i th  measured  es t ' ima tes  o f  l osses  a t  Un i t  1 .  Da ta  fo r  t he  pe r iod  f rom 1975

th rough  1979  a re  rev ' i ewed  by  DeMar t i n i  and  La rson  (1980a)  and  SCE (1982) .  Annua l

upda tes  o f  l osses  a t  Un i t . 1  appea r  i n  SCE and  LOSL  (1983 ) ,  and  I /ESTEC and .SCE (1984 ) .
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CHAPTER TWO

SONGS ENTRAPMENT

2 .1  INTRODUCTTON

2.1. ' l  F ish Entrapment  at  Power Plants

E lec t r i c  opnera t i ng  s ta t i ons  tha t  use  wa te r  f o r  coo ' l i ng  en t ra in  l a rge  numbers

o f  p iank ton i c  f i sh  eggs  and  l a rvae ,  and  en t rap  (and  subsequen t ' l y  imp inge  on

t rave l l i ng  sc reens )  f ree -sw imming  j uven i ' l e  and  adu l t  f i shes  ( rev iewed  by  Sharma

1978) .  These  s ta t i ons  i nc lude  power  p lan ts  tha t  w i thd raw coo l i ng  wa te r  f rom

enc losed  bod ' i es  o f  wa te r  ( r i ve r s ,  l akes ) ,  sem ic l osed  sys tems  (es tua r i es ) ,  and  open

wa te rs  ( oceans ) .

2.1.2 Operat ing Character is t ics  of  SONGS

San  Ono f re  Nuc lea r  Genera t i ng  S ta t ' i on  (SONGS) ,  whose  ma jo r  owner  and  ope ra to r
i s  Sou the rn  Ca l i f o rn ia  Ed ison  Company  (SCE) ,  i s  l oca ted  on  the  exposed  ou te r  coas t

o f  no r t he rn  San  D iego  Coun ty ,  Ca l i f o rn i a  (F i g .  1 ) .  SONGS w i t hd raws  i t s  coo l i ng

wa te rs  th rough ' ro f f sho re  i n take  s t ruc tu res t ' s i t ua ted  i n  9  m o f  wa te r  abou t  1  km o f f

t he  beach .  S0NGS Un ' i t  1 ,  i n  spo rad ic  ope ra t i on  s ince  1968 ,  genera tes  430  MWe and

w i thd raws  1 .7  x  106  m3 /day  (4 .5  x  108  ga l l ons /day )  a t  f u l l  f l ow .  Two  new un i t s
(Un i t s  2  and  3 )  we re  cons t ruc ted  du r i ng  t he  l a te  seven t i es  and  ea r l y  e i gh t i es .  Un i t

2  began  f u11  pump ing  i n  May  i 983 ,  and  Un i t  3  began  f u1 l - f 1ow  ope ra t i ons  i n  Ap r i l

1984 .

Cons is tenb  fu11 -po rve r  genera t i on  began  a t  bo th  o f  t he  two 'new un i t s  i n  A r rp - i l  i . 98 i .

Un ' i t s  2  and  3 ,  when  fu l l y  ope ra t i ona l  ,  t oge the r  genera te  2 ,280  MWe wh i ' l e  pump ing  a

comb ined  vo lume  o f  9 .1  x  105  m3 /day  (2 .4  x  109  ga11ons , / day ) .  DeMar t i n i  and  La rson
(1980b)  es t ima ted  tha t  a ' l ' l  t h ree  un ' i t s  i n  comb ina t j on  wou ' l d  pump an  add ' i t i ona ' l  L29%

of the to ta ' l  vo lume of  cool ing water  wi thdrawn by a ' l ' l  o ther  coasta ' l  power p lants  in

the  Sou the rn  Ca l  i  f  o rn ' i a  B ' i qh t
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October  1985  to  Augus t  1986 .  Ma tched  samp les

pe r i od  a t  Un i t  1  and  a t  e i t he r  Un i t  2  o r  Un i t

t ha t  each  new  un i t  wou ld  en t rap  2 .5  t imes  t he

(  DeMar t i  n ' i  and  La rson  1980b)  .

we re  co l l ec ted  du r ing  the  same 24 -h r

3  .  We  re tes t  ou r  o r i  g i  na1  p red ' i c t i  on

amoun t  o f  f i shes  en t rapoed  a t  Un i t  1

Las t ,  we  exp lo re  en t rapmen t  as  a  mechan i sm fo r  t he  obse rved  nea r f i e l d  dec l ' i nes

o f  sma l l  queen f i sh  (Chap te r  0ne ) .  Fo r  comp le teness ,  we  beg in  by  upda t i ng  ou r

eva l  ua t i on  o f  t he  po ten t i a f  i n te r re ' l a t i ons  o f  en t rapmen t  magn i tude ,  nea r -SONGS

abundance ,  and  va r i a t i on  j n  t he  ma jo r  env i r onmen ta l  va r i ab les  ( su rge  and  wa te r

c l a r i t y )  t ha t  i n f l uence  suscep t i b i l i t y  t o  en t rapmen t .  We  use  t hese  da ta  t o  comp le te

ou r  eva l  ua t i  on  o f  a  p red ' i c t i  ve  mode l  f  o r  t he  nea r f  i  e l  d  dep ress ' i on  o f  sma ' l  
' l

queen f i sh  (Se r i phus  po l i t us )  a t  SONGS (DeMar t i n ' i  e t  a l .  1986 ) .  We  conc lude  t h i s

f i na l  sec t i on  w i t h  some  s imp le  ba lance  ca l cu la t i ons .  Es t ima tes  o f  en t rapmen t

magn i tude  a re  compared  w i th  l eve l  o f  nea r -SONGS abundance  fo r  queen f i sh  and  seve ra l

o the r  coas ta l  pe ' l ag ' i c  f i shes  mos t  sub jec t  t o  SONGS en t rapmen t .  En t rapmen t  f o r  t he

per iods  Apr i i -Sep tember  1985  and  Apr i ' l - sep tember  1986  i s  re la ted  to  changes  ( f rom

base ' l i ne )  i n  nea r f  i e l d - con t ro ' l  d i f f e rences  ' i n  n i gh t t ime  l ampa ra  se ine  ca t ches  made

dur ing  these  ope ra t i ona l  subper iods .  Numer i ca l  CPUE da ta  a re  co r rec ted  fo r

ca tchab i l i t y  ( ca tch  e f f i c i ency )  and  s tandard i zed  to  a  p resumed  near f i e ld  a rea  o f

I /Z -kn  rad ius .  f hese  concu r ren t  f i e l d  and  en t rapmen t  es t ima tes  p rov ' i de  an  i n tu i t ' i ve

bas i s  f o r  i n t e rp re t ' i ng  t he  nea r f i e l d  dec ' l i nes  i n  queen f i sh  ca t ches  t ha t  have  been

obse rved  s ' i nce  sp r i ng -summer  1983  (DeMar t i n ' i  e t  a . | . 1985a ,b ;1986 ;  Chap te r  1 ,  t h i s

repo r t ) .

2 .2 DATA SOURCES AND METHODS OF ANALYSIS

2.2.1 Est imates of  SONGS Entrapment

2.2. '1 .1 Components of  Operat ion

En t rapmen t  du r ing  no rma l  f l ow  ope ra t i ons  cons i s t s  o f  two  o r  t h ree  componen ts ,

depend ing  on  SONGS un i t .  A t  a l l  t h ree  un i t s  ce r ta in  l a rge r -bod ied ,  s t ronger -

sw imming ,  and  more  robus t  f i shes  avo id  imp ingemen t  on  t r ave l f i ng  sc reens  and  acc rue

in  sc reenwe l l s  be tween  hea t  t r ea tmen ts  (Sec t i on  2 .2 .1 .2 ) .  A t  Un i t  1a l ' l  o t he r

f i shes  imp ' i nge  on  t r ave l l i ng  sc reens .  A t  Un ' i t s  2  and  3 ,  ' i f  f i shes  do  no t  acc rue  i n

sc reenwe l l s ,  t hey  e i t he r  imp inge  o r  a re  d i ve r ted  by  the  l ouve r  a r rays  o f  t he  FRS

in to  qu ie t  a reas  i n  sc reenwe l l  f o rebays ,  f r omwh ich  t hey  a re  pe r i od i ca l l y . l i f t ed  and
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SCE and  L0SL  (1983 ) ,  WESTEC and  SCE (1984 ) ,  DeMar t i n i  e t  a l .  ( 1985a ) ,  and  WESTEC
( i985 )  p rov ide  more  recen t  annua l  l oss  es t ima tes  fo r  S0NGS Un i t s  2  and  3 .  DeMar t i n i

e t  a l .  ( 1985a )  and  WESTEC (1985 )  a l so  make  p re l im ina ry  compar i sons  o f  spec ies

compos ' i t i on ,  s i ze  compos ' i t i on ,  and  magn i t ude  o f  imp ingemen t  ve rsus  d i ve rs i on  ( f i sh

re tu rn  sys tem) .  DeMar t i n i  e t  a l .  ( 1986 )  f i r s t  eva lua te  t he  e f f ec t  o f  vo l ume  pumped

on  magn i tude  o f  en t rapmen t  a t  t he  new un ' i t s ,  compare  Un i t  2  and  Un i t  3 ,  and  p rov ide  a
p re i im ina ry  compar i son  o f  en t rapmen t  magn i tude  a t  Un j t  1  ve rsus  the  two  new un i t s .

2 .1 .4  Ob jec t i ves

Chap te r  Two  has  fou r  ma in  ob jec t i ves .  A l l  a re  d i rec ted  towards  assess ' i ng  1oca l
(nea r -SONGS)  dec l i nes  i n  j uven ' i l e -adu l t  f i shes  resu l t i ng  f r om en t rapmen t  a t  S0NGS.

Cons ide ra t ' i on  o f  b ' i gh tw ide  e f f ec t s  t ha t  m igh t  r esu l t  f r om S0NGSten t ra ' i nmen t  o f
p l ank ton i c  eggs  and  l a r vae  a re  de fe r red  t o  Chap te r  F i ve  (Mode l i ng ) .

F ' i r s t ,  we  upda te  ou r  p r i o r  es t ima tes  o f  t he  magn ' i t ude  o f  f i sh  en t rapmen t  a t

S0NGS for  the per iod f rom October  1985 to August  1986.  ! ' le  prov ide a comprehensive

summary  o f  en t rapmen t  t o ta l s ,  f o r  each  and  a l ' l  S0NGS un i t s  and  t ypes  o f  pump

opera t ' i ons  ( see  Sec t i  on  2 "2 . ! ) ,  f o r  t he  39 -mo  pe r iod  f rom May  1983  to  Augus t  1986 .

Imp ingemen t  and  d ' i ve rs ion  es t ima tes  a re  cons ide red  separa te l y  and  poo ' l ed  (as  to ta ' l

en t rapmen t )  a t  t he  two  new un i t s .  En t rapmen t  es t ima tes  a re  exp ressed  as  annua l i zed
(12 -mo)  t o ta l s .

Second ,  we  comp ie te  ou r  eva lua t i on  o f  t he  SONGS Un i t s  2  and  3  f i sh  re tu rn

sys tem (FRS) .  As  a  f i r s t  s tep ,  we  upda te  ou r  es t ima tes  (DeMar t i n i  e t  a l .  1986 )  o f

the  f rac t i on  o f  f i shes  d i ve r ted  f rom the  to ta l  en t rapped  a t  t he  two  new un ' i t s .  h ,e

nex t  eva lua te  t he  su rv i va ' i  o f  d i ve r t ed  f i shes .  Ou r  eva lua t i on  o f  su r v ' i vo r sh ip  i s
pa r t l y  based  on  the  resu l t s  c , f  a  se r ies  o f  i l o f f sho re  su rv i vo rsh ip  tes ts t t  pe r fo rmed

by  Occ iden ta l  Co l l ege  wh i l e  under  con t rac ' !  t o  SCE.  In  these  tes ts ,  f i shes  re tu rned

o f f sho re  th rough  the  FRS d i scha rge  condu i t  we re  cap tu red  and  he ld  i n  pens  fo r  96

hours  to  assess  mor ta f i t y  resu ' l t i ng  f rom mechan ica l  damage  o r  s t ress  wh ' i I e  be ing

re tu rned .  We comp ' l e te  ou r  eva lua t i on  o f  su rv i vo rsh ip  and  ou r  assessmen t  o f  t he  FRS

based  on  b racke ted  es t jma tes  o f  t he  magn i tude  o f  p reda t i on  upon  d ' i scha rge  as  a

func t i on  o f  f i sh  body  s i ze .

Th i rd ,  we  upda te  ou r  compar i sons  o f  en t rapmen t  magn i tude  a t  Un i t  1  w i th  Un i t s  2

and  3  (DeMar t i n ' i  e t  a l .  1986 ) ,  us i ng  add i t i ona l  ma tched  samp les  f o r  t he .pe r i od  f r om
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Spec ies - spec i f i c  e f f i c i ency  was  ca l cu la ted  on i y  f o r  f i shes  f o r  wh i ch  t r anspo r t

su rv i vo rsh ip  was  es t ' imab le  w i t h  r easonab le  con f i dence .  Tha t  i s ,  e f f i c ' i ency  was

es t ima ted  on l y  f o r  spec ies  rep resen ted  by  >  Z0  t o ta l  ' i nd i v i dua l s  i n  each  pen  t ype  o r

spec ies  hav ing  a  20  i nd i v i dua l s  p resen t  i n  expe r imen ta l  pens  and  ze ro  es t ima ted

mor ta l i t y  i n  con t ro l  pens  (Append i x  F ,  pa r t  2 ) .  I n  add i t i on ,  e f f i c i ency  was

es t ima ted  f o r  a l 1  spec ies  poo led  w i t h i n  gene ra ' l  s i ze  ca tego r i es .

2 .2 .2 .1  Pe rcen t  D ive rs ion

Es t ima tes  o f  pe rcen t  d i ve rs ion  a re  he re in  based  on  a l l  ma tched  ( same-day ) ,

quan t i t a t i ve  (4  pump ,24+  2  h r )  ' imp ingemen t  and  d i ve rs i on  samp les  co l l ec ted  a t  t he

same un i t .  Th i s  comprehens ' i ve  eva lua t ' i on  i s  f o r  t he  39 -mo  pe r iod  f rom May  1983  to

Augus t  1986  t ha t  i nc l udes  a l l  t imes  o f  f u l l  pump ing  a t  one  o r  bo th  new  un ' i t s .

Spec i f i c  ana l ys i s  p ro toco l s  a re  desc r i bed  i n  Append i x  F ,  pa r t  2 .

2 .2 "2 .2  Pe rcen t  Su rv i vo rsh ip

Es t ima tes  o f  pe rcen t  su rv i vo rsh ' i p  o f  t he  f i sh  tha t  a re  d i ve r ted  a t  t he  new

un i t s  a re  based  ' i n  pa r t  on  ou r  ana lys i  s  o f  t he  r to f f  sho re  su rv i vo rsh ' i p  t es t r r  da ta  o f

0cc iden ta l  Co l i ege .  0n ' l y  da ta  fo r  t he  concu r ren t  o r  a l t e rna t i ng  se r ies  o f

expe r imen ta l  and  con t ro l  t r i a l s  comp ie ted  o f f  SONGS du r ing  the  pe r iod  f rom 0c tobe r

1983 to August  1985 were used i  n  our  eva ' l  uat ' ion .  See Appendi  x  F,  par t  2  f  or

add i t i ona l  de ta i l s  o f  samp l i ng  and  ana l ys i s  des igns .

Overa ' l ' l  su rv ' i vo rsh ip  (S f )  was  v iewed  as  the  p roduc t  o f  two  p robab i l ' i t i es - - the

p robab ' i l i t y  o f  avo id i ng  dea th  resu i t i ng  f r om phys io l og i ca l  causes  (S i )  and  t he

cond i t i ona l  p robab i ' l i t y  o f  no t  be ing  ea ten  i f  o t he rw j se  a  su rv i vo r  ( 52 ) ,  i . e . ,

Sr=SrxS,

(Weakened  f i sh  t , ha t  a re  ea ten  when  d i scha rged  a re  i nc luded  i n  the  S1  ca tego ry ,

because  t . hey  wou ld  o the rw ise  be  phys io log i ca l  mor ta l i t i es . )  A l l  es t , ima tes  o f

t r anspo r t  su r v i vo rsh ip  u t i l i ze  0cc iden ta l  Co l ' l ege rs  numbers  da ta  ( t he  SCE

con t rac to r  reco rded  i ncomp le te  b iomass  da ta ) .  Me thods  fo r  t he  de r i va t i on  o f  S . ,  and

S ,  va lues  a re  desc r i bed  i n  Append i x  F ,  pa r t  2 .
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t
d ischarged back  o f fshore .  Var ious  methods  have been deve loped by  SCE cont rac tors

I  
and the  MRC's  cont rac tors  to  mon i to r  these components  o f  en t rapment .

2.2.1.2 Component-speci f ic  Sampl ing Methods

The  imp ingemen t  componen t  o f  en t rapmen t  a t  a l l  SONGS un i t s  was  es t ima ted  based
on 24-hr  co l  

' lec t ' ions 
of  f  i  shes f  rom t rave ' l  i  i  ng screens.  } le  

' l  
i  kewi  se character i  zed

the  d i ve rs ion  componen t  o f  en t rapmen t  a t  Un ' i t s  2  and  3  based  on  concumen t  d i ve rs ' i on
(  e ' l  evator  or  f  i  f  t -bucket)  sampl  es .  t rJe est i  mated mean 24-hr  ent rapment  f  or  each
mon th  o f  un ' i t  ope ra t i on  by  us ing  quan t ' i t a t i ve  (2+  +  2  h r ,  f u l l  pump ' i ng )  samp ies
on ' l y .  A t  mos t ,  two  quan t i t a t ' i ve ,  no rma l - f l ow  samp les  were  co l l ec ted  each  week .
Month ' ly  ent rapment  was est imated as the product  o f  mean 24-hr  ent rapment  and the
f l ow  (pump)  vo lume  o f  t ha t  mon th ,  w i t h  t he ' l a t t e r  exp ressed  i n  t e rms  o f  p l an t -

ope ra t i ona l  days .  The  number  o f  p lan t -ope ra t i ona l  days  i n  a  mon th  a t  a  un i t  was
cal  cu l  a ted as ' i ts  to ta l  pumpi  ng vo l  ume d i  v i  ded by i  ts  ?4-hr  pump voi  ume at  f  u l  

' l

f l ow .  Th i s  p ro toco l  i s  based  on  the  assumpt ' i on  tha t  t he  magn i tude  o f  en t rapmen t  i s
propor t ional  to  vo1ume pumped at  25%-100?6 f ' low (DeMart in ' i  e t  a1 .  1986) .  Appendix  F,
pa r t  1  p rov ' i des  add i t i ona l  de ta i ' l s .

I  Heat  t reatment  co l lect ' ions represented an entrapment  component  that  was added
I

to  the  es t ima tes  o f  no rma l - f1ow en t rapmen t .  Fo r  de ta j l s ,  see  Append ix  F ,  pa r t  1 . .

2 .2.2 Evaluat ion of  the soNGS uni ts  2 and 3 F ish Return System (FRS)

There  a re  two  componen ts  to  a  reasonab le  eva lua t i on  o f  S0NGS'  FRS:  (1 )  pe rcen t

d i ve rs ' i on ,  o r  t he  f rac t i on  o f  a l ' l  f i shes  en t rapped  tha t  a re  d i ve r ted  i n to  ho ' l d ing
a reas  and  subsequen t l y  l i f t ed  ou t  o f  sc reenwe l l s  and  d ' i scha rged  back  o f f sho re ,  and
(Z )  t he  pe rcen t  su rv i  vo rsh ip  c f  f  i  shes  tha t  a re  d ' i ve r ted .  (Su r . v ' i vo i . s f ,  i p  i  s  { " r
morta l  ' i ty )  

,  where death may be due to phys i  o l  og i  ca l  s t ress c ju i ' i  ng d i  scharge or
p reda t i on  upon  d ' i scha rge . )  Dea th  due  to  phys io iog ' i ca l  causes  y ras  mon i to red  fo r  f i sh

hel  d  ' in  pens dur i  ng the f  i  rs t  95 hr  fo l  1ow' ing d i  scharge.  Probabl  e  death due to
p reda t ' i on  was  eva lua ted  as  an  i nve rse  func t i on  o f  ave rage  body  s ' i ze  o f  t he  spec ' i es

i n  SONGS en t rapmen t  samp les .  0ve ra ' l l  e f f i c i ency  i s  t he  p roduc t  s f  ( 1 )  and  (2 ) ,

i . e " ,

%e f f i c ' i ency  =  ?6d i ve rs ' i on  x  %su rv i vo rsh ' i p
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I n  t h i s  sec t i on ,  we  f i r s t  eva lua te  t he  po ten t i a l  e f f ec t s  o f  nea r -SONGS

abundance  and  vu jne rab i i ' i t y ,  t he  l a t t e r  cha rac te r i zed  by  wave  su rge  and  tu rb id i t y ,

on  the  magn  i  t ude  o f  SONGS Un ' i t s  2  and  3  en t rapmen t .  Es t ' ima tes  o f  nea r -SONGS

abundance  were  based  on  l ampara  se ine  CPUE (Chap te r  One)  fo r  ou r  s ta t j on  2 -3  km

downcoas t  o f  SONGS.  Th is  s ta t i on  was  the  c loses t  a t  wh ich  no  pe rvas i ve  SONGS e f fec t

was  demons t rab le  f o r  sma l l  queen f i sh  ( see  Chap te r  One ) .

Surge was indexed by MAXIMUM SIGNIFICANT WAVE HEIGHT, in  par t  measured of f  San

Ono f re  by  ECOsys tems  Managemen t  Assoc ia tes .  I n  add ' i t i on ,  wave -he igh t , ' da ta  were

es t ima ted  fo r  San  0no f re  f rom da ta  co l l ec ted  a t  San  C lemen te  and  Oceans ide  by  the

Coas ta l  Da ta  In fo rma t ion  Sys tem (CD iS) .  (Der i va t i on  p rocedures  a re  desc r ibed  i n
Append ix  F ,  pa r t  4A . )  The  bes t  ava ' i l ab le  measure  o f  t u rb id ' i t y  wa i  nephe lomete r

read ings  f rom SONGS sc reenwe l l s .  Concu r ren t  f i e l d ,  en t rapmen t ,  and  phys i ca l  da ta

were  ava ' i l ab le  fo r  16  samp les  spann ing  the  pe r iod  f rom Oc tobe r  1983  to  Augus t  1985 .

Nex t ,  we  eva lua ted  whe the r  t he  de l tas  (d i f f e rences )  be tween  lampara  se ine

ca tches  made  nea r  (w ' i t h in  l / 2  km o f )  S0NGS Un i t  1  and  e i t he r  2 -3  km downcoas t  o r  18 -

19  km downcoas t  o f  i t  cou ld  be  p red i c ted  based  on  two  i ndependen t  va r i ab les :  t he

magn i tude  o f  Un i t s  1 ,  2 ,  and  3  en t rapmen t  du r ing  the  24 -h r  pe r iod  i nc ' l ud ing  the

n ' i gh t  o f  t he  l ampara  samp le ,  and  recen t  pump ing  h i s to ry  a t  SONGS.  "Recen t t 'was
eva lua ted  fo r  t h ree  pe r iods :  p r i o r  3  days ,  p r i o r  2  days ,  and  p r i o r  week  (7  days ) .

Append ix  F ,  pa r t  4A ,  p rov ides  de ta i l s  on  how pa ramete rs  were  es t ima ted .

Bo th  mode ls - - tha t  re la t i ng  magn ' i t ude  o f  en t rapmen t  t o  nea r -S0NGS abundance ,

and  tha t  re la t i ng  nea r f i e ld  de l ta  CPUE to  magn ' i t ude  o f  en t rapmen t  and  pump ing - -were

eva lua ted  fo r  numbers  and  b iomass  o f  sma l l  queen f i sh .  Sma l l  queen f i sh  were  de f i ned

as  f i sh :10  cm s tanda rd  l eng th  (SL ) ,  whe re  10  cm SL ' i s  t he  app rox ima te  s i ze  a t  50%

sexua l  ma tu r i t y .

2 .2 .4 .2  S imp le  Ba lance  Ca lcu la t i ons

As  a  comp lemen ta ry  exe rc i se ,  we  ca l cu la ted  whe the r  t he  magn i tude  o f  queen f i sh

entrapment  at  S0NGS has been suf f ic ient  to  generate the observed near-SONGS decl ' ines

(Chap te r  One ) .

Ave rage  da i l y  en t rapmen t  o f  t o ta l  and  sma l l  queen f i sh  was  es t ' ima ted  fo r  Ap r i l -

September 1985 and for  Apr i l -September 1986.  These data were then r .e la ted to
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2.2.3 Compar isons of  Uni t  1  wi th  Uni ts  2 and 3

Magn i tude  o f  en t rapmen t  was  compared  be tween  Un j t  1  and  one  o r  bo th  new un i t s

based  on  ma tched  ( same-day ) ,  quan t i t a t i ve ,  no rma l - f ' l ow  samp les .  (See  Append ' i x  F ,
pa r t  1  fo r  de f  i n ' i t i on  o f  a  quan t i t a t ' i ve  samp le .  )  En t rapmen t  a t  t he  new un i t s  was  the
sum o f  imp ingemen t  and  d ' i ve r s i on  componen ts .  i f  va l i d  samp ' l es  ex i s t ed  f o r  bo th  new
un ' i t s  on  the  same da te ,  t he  Un i t  1  da ta  was  ma tched  tw ice - -once  w i th  the  Un i t  2  da ta

and  once  w i th  the  Un i t  3  da ta .  En t rapmen t  magn ' i t ude  (numbers .  b iomass )  was  compared
fo r  each  o f  f ou r  ma io r  spec ' i es  ( queen f i sh ,  wh i t e  c roake r ,  wa l l eye  su r f pe rch ,  sa lema)

and  th ree  ma io r  compound  taxa  ( to ta l  f i shes ,  t o ta l  f i shes  m inus  no r the rn  anchovy ,
and  to ta l  f i shes  m inus  a l l  anchovy  spec ies ) .  Ma tched  samp les  were  compared  by
pa i red  t - t es t s  o f  

' l og - t rans fo rmed  
da ta .  The  ac tua l  nu l l  hypo thes ' i s  t es ted  was

1og iO(new  un i t )  -  1o910 (Un i t  1 )  -  l og10 (2 .5 )  =  0

Th i s  i s  t he  1og - ' l i nea r  exp ress ion  o f  DeMar t i n ' i  and  La rson ' s  ( 1980b )  p red i c t i on  t ha t
each  new  S0NGS un i t  w i l l  en t rap  2 .5  t imes  t he  amoun t  o f  f i sh  t ha t  Un i t  1  en t raps
because  (1 )  each  new un i t  pumps  2 - ! / 2  t imes  the  amoun t  o f  wa te r  t ha t  Un ' i t  1  pumps ,

and  (2 )  t he  f i sh -a t t rac t i ng  a reas  o f  t he  twor r ree fs "  a re  toge the r  abou t  f i ve  t imes
as  l a rge  as  t he  i n take  r i se r  and  suppo r t i ng  r i p rap  o f  Un i t  1 .

We res t r i c t  t hese  ma tched  compar i sons  o f  Un i t  l  and  Un i t s  2 ,3  da ta  to  magn i tude

o f  en t rapmen t  because  p r i o r  eva ' l ua t ' i ons  (DeMar t i n i  e t  a . l . 1985 )  have  t ho rough l y
demons t ra ted  tha t  t he  spec ies  compos i t i on  o f  enb rapmen t  does  no t  mean ing fu l ' l y  d i f f e r
be tween  Un i t  1  and  the  new un i t s .  Fu r the r ,  da ta  fo r  Un i t s  2  and  3  a re  poo led  because
prev ious  compar i sons  (DeMar t i n i  e t  a ' 1 .  1985a ,  1986)  have  shown  no  s ign ' i f i can t

d i f f e rences  be tween  them ' in  compos i t i on  o r  maqn i tude  o f  en t raomen t .

2.2.4 Entrapment  as a lv iechanism for  Near f ie ld  lJepress ion

2.2.4.1 Mathemat ica l  In ter re la t ionships

Ma io r  de te rm inan ts  o f  t he  magn i tude  o f  en t rapmen t  a t  i n take  s t ruc tu res  i nc ' l ude

nea r f i e ' l d  abundance  and  f ac to r s  i n f l uenc ing  t he  vu lne rab i ' l ' i t y  o f  ava i l ab le  f i shes
( rev i ewed ' i n  Jensen  1978 ) .  Tu rb id i t y  and  va r i ab le  wa te r  mo t i on  (e .g . ,  t vave  su rge

a long  an  exposed  coas t )  s i gn i f i can t l y  i n f j uence  f i shes '  ab i l i t y  t o  de tec t  and  avo id

i  n takes  (  Fos te r  i 979 ) .
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Ent rapmen t  a t  Un ' i t  1  rep resen ted  <  I? ;  (by  numbers )  and  9? '6 -10% (b iomass )  o f  a l l

f i shes  en t rapped  a t  SONGS du r ing  May  1983-Augus t  1986 .  Abou t  10? ;  (400  kg )  o f  t he

ave rage  f i sh  b i omass  en t rapped  a t  Un i t  1  ( 3 .8  MT /y r ,  f ab le  11 )  acc rued  i n  t he  un i t r s

sc reenwe l l  be tween  hea t  t r ea tmen ts ;  t he  rema inde r  imp inged  on  t r ave l l i ng  sc reens

du r i ng  no rma l  f l ow  ope ra t i ons  (Append i x  G ,  Tab ' l e  9 ) .

En t rapmen t  a t  Un i t s  2  and  3  accoun ted  fo r  >  99% (numbers )  and  90? [  (36 .7  MT

b iomass )  o f  a l l  S0NGS en t rapmen t  (Tab1e  11 ) .  Abou t  875  (an  ave rage  3 .0  MT ly r )  o f  t ne

b iomass  en t rapped  a t  t he  two  new un i t s  acc rued  i n  sc reenwe l l s  be tween  hea t

t rea tmen ts .  Imp ' i ngemen 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  MT ly r )  o f  a l l  en t rapmen t  a t  Un j t s  2  and  3  (Tab1e  11 ;  Append i x  G ,  Tab le  9 . ) .

Abou t  one - f i f t h  ( 7 .2  t l T / y r )  o f  t h i s  f i sh  b i omass  imp ' i nged  on  t r ave l l i ng  sc reens ;

f ou r - f i f t hs  ( 26 .6  M f / y r )  was  d i ve r t ed  by  t he ' l ouve red  sc reens  i n to  f o rebays  and

pe r i od i ca l l y  co l ' l e c ted  by  l i f t - bucke t  and  d i scha rged  back  o f f sho re  v i a  t he  f i sh

re tu rn  sys tem (Tab les  11 . ,  ! 2 ) .

Queen f i sh  dom ' ina ted  i n  numbers  (72?6)  bu t  con t r i bu ted  l ess  to  b iomass  en t rapmen t

(?1? ( )  a t  Un j t  1  (Tab le  11 ;  Append i x  G ,  Tab les  1 ,  ! 2 ,14 ) .  Queen f i sh  dom ina ted

numer i ca l  en t rapmen t  (as  797 ( ,o f  a l l  f i sh  exc lud ing  no r the rn  anchovy )  and  con t r i bu ted

g rea t l y  t o  b i omass  en t rapmen t  ( 39 t r )  a t  Un ' i t s  2  and  3  (Tab le  11 ;  Append i x  G ,  Tab les  1 ,

11 ,  13 ,  15 ) .  No r the rn  anchovy  domina ted  numer i ca ' l  en t rapmen1"  (757 ( )  bu t  con t r i bu ted

on ly  I39 ; (  t o  t o ta l  b iomass  en t rapmen t  a t  t he  two  new un i t s  (Tab le  11 ;  Append ix  G ,

Tab ' l e  8 ) .  Queen f i sh ,  no r the rn  anchovy ,  and  s i x  o the r  t axa  toge the r  rep resen ted  51?6

o f  a l l  f i sh  b i omass  en t rapped  a t  Un i t  1 ,  and  7A% a t  t he  two  new  un ' i t s  (Tab1e  11 ) .

Pac i f i c  e lec t r i c  ray  con t r i bu ted  g rea t l y  (1 .2  MT o r  3?36)  to  b iomass  en t rapmen t  a t

Un i t  1  bu t  on l y  4% to  to ta l  b iomass  a t  t he  two  new un i t s  (Tab1e  11 ;  Append ix  G ,  Tab le

4 ) .  Wh i te  c roake r  cons t i t u ted  ove r  40?6  o f  a l l  numer i ca l  en t rapmen t  a t  Un i t s  2  and  3 ,

exc lud ing  non the rn  anchovy  and  queen f  i sh  (1 "ab1e  11 ;  Append i x  G ,  
' i a i i ' l  

e ' 1 . ) .

S tandard  dev ia t i ons  o f  es t ima ted  numer i ca ' l  en t rapmen t  du r ing  no rma ' l  f l ow  were

5? l -13% o f  t he  annua l  es t ima te  fo r  t o ta l  f i shes  (Append ix  G ,  Tab le  9 ) .  S tandard

dev ia t i ons  v /e re  s l i gh t ' l y  l a rge r  (20%-25%)  fo r  t he  ma jo r  t axa  eva lua ted  (Append ix  G ,

Tab ' l es  1 -8 )  .  The  p rec i  s ' i on  o f  b i  omass  es t i  ma tes  app rox ima ted  those  fo r  numer i  ca ' l

en t rapmen t  (Append ix  G ,  Tab les  1 -9 ) .

I
I
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upda ted  es t ima tes  o f  t he  SONGS near f i e ld  dep ress ion  o f  queen f i sh  du r ing  the

respec t i ve  pe r iod  (Chap te r  One) .  The  nea r f i e id  dep ress ' i on  was  cha rac te r i zed  by  the

recen t  change  in  the  d i f f e rence  be tween  mean  queen f i sh  abundances  (based  on

un t rans fo rmed  ca tch  da ta )  a t  Near  Impac t  ve rsus  Con t ro l  and  a t  Near  ve rsus  Fa r

Impac t  l oca t i ons .  Lampara  se ine  ca tch  (CPUE,  as  an  i ndex  o f  dens i t y )  was  co r rec ted
fo r  ca t chab i l ' i t y  and  ex t rapo la ted  t o  a  p resumed  c i r cu la r  nea r f i e l d  a rea  hav ing  a

l /Z ' kn  rad ius .  Numer i ca l  en t rapmen t  and  se ine  CPUE da ta  were  conve r ted  to  b iomass

based  on  the  bas ' i c  l eng th -we ' i gh t  re la t ' i onsh ip  o f  queen f i  sh .

Abso lu te  and  re la t i ve  magn ' i t udes  o f  ave rage  da ' i 1y  en t rapmen t  and  Near  Impac t

m inus  Con t ro l  ( and  m inus  Fa r  Impac t )  l oca t i on  d i f f e rences ' i n  mean  f i e l d  abundances

were  a l so  comDared  f o r  s i l ve r s i des ,  wh i t e  c roake r ,  and  Pac ' i f i c  bu t t e r f i sh .  These

la t te r  spec ies  va ry  i n  re la t i ve  magn i tudes  o f  en t rapmen t  and  f i e ld  abundance  and

were  used  as  i ndependen t  checks  on  ou r  eva lua t i on  o f  t he  nea r f i e l d  dec l i ne  f o r
queen f i  sh  "

Pa r t  48  o f  Append ' i x  F  p rov ides  a  de ta i l ed  desc r ip t i on  o f  t h i s  se r i es  o f
ana i yses .

2 .3  RESULTS

2.3 .1  Magn i tude  o f  Un i t s  \ ,  2 ,  and  3  En t rapmen t

The  magn i tude  o f  t o ta l  en t rapmen t  o f  j uven ' i ' l e -adu l t  f i shes  a t  each  o f  t he  th ree

S0NGS un i t s  i s  t he  sum o f  va r i ous  componen ts  o f  en t rapmen t "  The  re la t i ve

con t r i bu t i on  o f  t hese  componen ts  d i f f e rs  be tween  Un i t  1  and  the  two  new un i t s ;  mos t

f i shes  en t rapped  a t  Un i t  1  a re  imp inged ,  whe reas  mos t  a re ' d i ve r t ed  a t  Un i t s  2  and  3
(Sec t i an  ? - . 3 .? . ) .  En t rapmen t  sub i ; o ta l s  a re  l i s t ed ,  by  un i t  and  t ype  o f  san rp le ,  f o r

a l l  key  spec ies  and  compound  taxa ,  i n  Append ' i x  G ,  Tab ' l es  1 -15 .  Tab le  11  summar i zes

average 12-mo entrapment  at  each SONGS un' i t .

0ver  the 39-mo per iod f rom May 1983 to August  1986,  SONGS Un' i ts  1 ,  2 ,  and 3

toge the r  en t rapped  an  ave rage  o f  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

MT,  eve ry  12  mo  (Tab1e  11 ;  Append ix  G ,  Tab les  1 -15 ) .  Un ' i t  1  pumped  a t  an  ave rage  56%

level  ,  aRd Un' i ts  2  and 3 combined w' i thdrew cool ' inq water  at  an averaqe 761t ,  o f  fu11

f l ow  du r i ng  t h i s  pe r i od  (Append i x  F ,  Tab les  4 -5 ) .
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Ent rapmen t  a t  Un i t  1  rep resen ted  <  I? i  (by  numbers )  and  9? ,5 - r c% (b ' i omass )  o f  a l l

f i shes  en t rapped  a t  SONGS du r ing  May  1983-Augus t  1986 .  Abou t  l l " i  ( 400  kg )  o f  t he

ave rage  f i sh  b i omass  en t rapped  a t  Un i t  1  ( 3 .8  MT /y r ,  Tab le  11 )  acc rued  i n  t he  un i t r s

sc reenwe l l  be tween  hea t  t rea tmen ts ;  t he  rema ' i nde r  imp inged  on  t rave l f  i ng  sc reens

du r i ng  no rma l  f l ow  ope ra t i ons  (Append i x  G ,  Tab le  9 ) .

En t rapmen t  a t  Un i t s  2  and  3  accoun ted  fo r  >  99% (numbers )  and  9016  (36 .7  MT

b iomass )  o f  a l l  SONGS en t rapmen t  (Tab1e  11 ) .  Abou t  8?6  (an  ave rage  3 .0  MT/y r )  o f  t he

b iomass  en t rapped  a t  t he  two  new un i t s  acc rued  i n  sc reenwe l l s  be tween  hea t

t rea tmen ts .  Imp ingemen t  and  d i ve rs ion  du r ing  no rma i  f l ow  ope ra t i ons  accoun ted  fo r

92% (33 .9  MT /y r )  o f  a l l  en t rapmen t  a t  Un i t s  2  and  3  (Tab1e  11 ;  Append i x  G ,  Tab ' l e  9 ) .

Abou t  one - f i f t h  ( 7 .2  t l T / v r )  o f  t h i s  f i sh  b i omdss  imp inged  on  t r ave l f i ng  sc reens ;

fou r - f i f t hs  (26 .6  t4T /y r )  was  d ' i ve r ted  by  the  l ouve red  sc reens  i n to  fo rebays  and

pe r i od i ca l l y  co l l ec ted  by  l i f t - bucke t  and  d i scha rged  back  o f f sho re  v i a  t he  f i sh

re tu rn  sys tem (Tab les  11 ,  12 ) .

.  Queen f i sh  domina ted  i n  numbers  (72?6)  bu t  con t r i bu ted  
' l ess  

to  b iomass  en t rapmen t

(21? ( )  a t  Un i t  1  (Tab1e  11 ;  Append i x  G ,  Tab les  1 ,  I 2 ,  14 ) .  Queen f i sh  dom ' i na ted

numer i ca ' l  en t rapmen t  (as  79?6  o f  a l I  f i sh  exc lud ing  no r the rn  anchovy )  and  con t r i bu ted

g rea t ' l y  t o  b ' i omass  en t rapmen t  (39 t6 )  a t  Un i t s  2  and  3  (Tab le  11 ;  Append ' i x  G ,  Tab les  1 ,

11 ,  1 .3 ,  15 ) .  No r the rn  anchovy  domina ted  numer i ca l  en t rapmen t  (75 i ( )  bu t  con t r i bu ted

on ly  13% to  to ta l  b iomass  en t rapmen t  a t  t he  two  new un ' i t s  (Tab1e  11 ;  Append ix  G ,

Tab le  8 ) .  Queen f i sh ,  no r the rn  anchovy ,  and  s i x  o the r  t axa  toge the r  rep resen ted  5176

o f  a l l  f i sh  b ' i omass  en t rapped  a t  Un i t  1 ,  and  70% a l  t he  two  new  un i t s  (Tab1e  11 ) .

Pac i f i c  e lec t r i c  ray  con t r i bu ted  g rea t l y  (1 .2  MT o r  32%)  to  b iomass  en t rapmen t  a t

Un ' i t  1  bu t  on ' l y  4% to  to ta l  b iomass  a t  t he  two  new un i t s  (Tab1e  11 ;  Append ix  G ,  Tab le

4 ) .  Wh i te  c roake r  cons t ' i t u ted  ove r  4076  o f  a l l  numer i ca l  en t rapmen t  a t  Un j t s  2  and  3 ,

exc lud ' i ng  no r the rn  anchovy  and  queen f i sh  (1 'ab1e  11 ;  Append ix  G ,  
' i a i i ' l  

e  2 " ) .

S tandard  dev ia t i ons  o f  es t ima ted  numer i ca l  en t rapmen t  du r ing  no rma ' l  f l ow  were

5? l -137 (  o f  t he  annua l  es t ima te  fo r  t o t i l  f i shes  (Append ix  G ,  Tab ' l e  9 ) .  S tandard

dev ia t ' i ons  were  s l i gh t ' l y  l a rge r  GA%-25%)  fo r  t he  ma jo r  t axa  eva lua ted  (Append ix  G ,

Tab les  1 -8 ) .  The  p rec fs ion  o f  b iomass  es t ima tes  app rox ima ted  those  fo r  numer i ca l

en t rapmen t  (Append ix  G , 'Tab ' l es  1 -9 ) .
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2.3.2 The SONGS Uni ts  2 and 3 F ish Return System (FRS)

E f f i c i ency  o f  t he  S0NGS Un i t s  2  and  3  FRS depends  on  bo th  the  pe rcen tage  o f  f i sh

tha t  a re  d i ve r t ed  ( i . e . ,  p reven ted  f r om imp ing ing  on  t r ave i i ' i ng  sc reens ,  once

en t rapped)  and  the  pe rcen tage  o f  success f  u ' l  
' l y  

d i  ve r ted  f  i  sh  tha t  su rv i  ve  (  Sec t ' i on

2 "2 .2 )  "

2 .3 .2 .1  Pe rcen t  D ive rs ion

Tab le  12  summar i zes  the  es t ima ted  pe rcen t  d i ve rs ion  (numbers  and  b iomass )  o f

f i shes  en t rapped  du r ing  no rma l  f l ow  ope ra t i ons  a t  SONGS Un i t s  2  and  3 .  Add i t i ona l

de ta i l s  a re  p rov ided  i n  Append ' i x  H ,  Tab le  1 .  These  es t ' ima tes  a re  based  on  191
co l l ec t i ons  made  a t  t he  two  nev /  un i t s  du r ing  May  1983-Augus t  1985  (Tab le  12 ;
Append ' i x  H ,  Tab le  1 ) .  A  t o ta l  o f  86  t axa  occu r red  i n  t hese  co l l ec t i ons ;  r easonab l y

l a rge  ( t  20  f i sh )  samp ' l e  s i zes  we re  ava i l ab le  f o r  55  o f  t hese  t axa  (Tab le  12 ;
Append ix  H ,  Tab ie  1 ) .  The  55  taxa  cons t ' i t u ted  ove r  99 .9? !  (by  numbers )  and  94 .2%
(b iomass )  o f  a1 ' l  f i shes  i n  t he  co l l ec t i ons .  D i ve rs i on  was  abou t  82% (numbers )  and
79?6  (b iomass )  f o r  poo led  taxa  w i th  reasonab le  samp ' l e  s i zes ;  respec t i ve  va lues  were
t r i v i a l l y  d ' i f f e ren t  f o r  t o ta ' l  f i shes  ' i n  a l l  o f  t he  co l l ec t i ons  (Tab ' l  e  12 ;  Append i x

H ,  Tab le  1 ) .  La rge -bod ied ,  r obus t  f i shes  we re  mos t  success fu l ' l y  d i ve r t ed  (e .g . ,

zeb ra  pe rch ,  He rmos i l l a  azu rea ) .  I n  gene ra l  ,  j u ven ' i ' l e  s t ages  (e .g . ,  wh i t e  c roake r ) ;

sma l  l - bod ied  spec ies  (e .g .  ,  Anchoa  spp .  ;  sh ine r  pe rch ,  Cymatogas te r  agg rega ta ;

bocacc ' i o ,  Sebas tes  pauc ' i sp i n i s ) ;  and  o the rw i se  weak  sw immers  (e "g . ,  p i pe f i sh ,

Syngna thus  spp . ;  p ' l a in f i n  m idsh ' i pman ,  Po r i ch thyJ  no ta tus ;  cusk -ee1  ,  Qph" ! ! j on  spp" )

we re  l eas t  success fu l  1y  d i ve r t ed  (Tab1  e  12 ;  Append i x  H ,  Tab le  i ) .  Pe rcen t  d i ve rs i on

va lues  were  genera ' l 1y  equ iva len t  f o r  t he  numbers  and  b iomass  o f  f i shes  g rouped

w i th in  each  o f  seve ra l  body  s i ze  ca tego r ies .  0ve ra11 ,  abou t  68% (numbers )  and  77%
(b ' i omass )  o f  a l  I  " sma  j ' l - bod ied "  f  i  shes  (exc lud ' i ng  no r the r i r  anchc rvy )  were

successf  u ' l1y d ' iver ted.  Queenf  i  sh and whi te  croaker  together  reprbsented 96?6
(numbers )  and  97? !  ( b i omass )  o f  a1 l  sma l l - bod ied  f i shes  (1ess  anchovy )  d i ve r t ed .

Percen t  d i ve rs ion  o f  no r the rn  anchovy  was  91% (numbers )  and79% (b iomass )  (Append ix

H ,  Tab le  1 ) .  Ave rage  d i ve rs ion  success  was  7 I% (numbers )  and  70? [  (b iomass )  f o r

"med ium-s i zed r r  f i shes .  Ana logous  va lues  were  90?C and  85% fo r  t ' l a rge -bod ied l  f i shes
(Append i x  H ,  Tab ies  1 . , 2 ) .  I f  d i ve r s ' i on  resu ] t s  a re  more  s imp l y  p resen ted ' l ' n  t e rms

o f  a l l ! r sma l l "  f i shes  and  a l 1  "1a rge "  f i shes ,  t he  f o l l ow jng  va lues  ob ta i n :  Fo r  a l l

sma l ' l  f i shes  ( i nc lud ing  no r the rn  anchovy ) ,  abou t  82 r (  (numbers )  and  77% (b iomass )

we re  success fu l l y  d i ve r t ed .  Fo r  a l l  
' l a rge  

f i shes  ( i nc l ud ing  bo th  med ium-s i zed  and

la rge -bod ied ) ,  t he  es t ima tes  were  7771  (numbers )  and  8A% (b ' i omass ) .
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2 .3 .2 .2  Pe rcen t  Su rv i vo rsh ip

Su rv i vo rsh ip  o f  t he ' f i sh  d i ve r t ed  a t  t he  two  new  SONGS un ' i t s  j s  es t ima ted  f r om

the  resu l t s  o f  18  expe r imen ta l  and  9  con t ro l  f i e l d  t r i a l s  conduc ted  o f f  SONGS by

Occ iden ta l  Co1  i  ege  du r i  ng  Oc tobe r  1983-Augus t  19E5 .  T ranspor t  su rv i  vo rsh i  p

fo ' l l ow ing  FRS d i scha rge  i s  cha rac te r i zed  as  t he  d i f f e rence  be tween  t he  cumu la t i ve ,

96 -h r  su rv i vo rsh ip  o f  d i scha rged  f i sh  ( i n  expe r imen ta l  pens )  and  f j e l d - caugh t  f i sh

( ' i n  con t ro l  pens ) .  Resu l t s  o f  t hese  f i e l d  t r i a l s  a re  summar i zed  i n  Tab le  13  and

Append i x  H ,  Tab les  3 ,4 .  A  t o ta l  o f  31  t axa  occu r red  i n  t he  co l l ec t i ons ;  howeve r ,  16

taxa  occu r red  i n  expe r imen ta l  pens  on l y ,  and  2  taxa  were  p resen t  on l y  i n  con t ro l

pens .  Th i r t een  taxa  co -occu r red  i n  one  o r  more  t r i a l s  o f  each  o f  t he  two  pen  t ypes

(Append i x  H ,  Tab le  3 ) .  F i ve  o f  t he  l a t t e r  t axa  we re  p resen t ' i n  su f f i c i en t l y  l a rge

numbers ' i n  each  o f  t he  two  pen  t ypes  t o  wa r ran t  ca l cu la t i on  o f  con f i dence  l im i t s  on

the  pe rcen tage  su rv ' i vo r sh ip  es t ima te  (Append i x  H ,  Tab le  3 ) .  We l l - r ep resen ted  t axa

cons t ' i t u t ed  abou t  f ou r - f i f t hs  ( by  numbers )  o f  a l l  f i sh  ( exc lud ing  no r t he rn  anchovy )

p resen t  i n  t he  quan t i t a t i ve  su rv i vo rsh ip  t es t ,  co l l ec t i ons  he re in  ana l yzed  (Append i x

H ,  Tab l  e  3 ) .

Es t ' ima tes  o f  t ranspor t  su rv i vo rsh ' i p  ranged  g rea t l y  among  spec ' i es  and  body

s ' i zes .  Su rv ' i vo r sh ip  v /as  gene ra i l y  h i gh  f o r  l a rge -bod ied  (€ .9 . ,  ye l l ow f i n  c roake r ,

Umbr i na  roncado r )  o r  o the rw i se  ha rdy  spec ies  (e .g . ,  sa l ema ,  Xen i s t i us

ca l  i f o rn i ens i s ) .  Howeve r ,  su r v ' i vo r sh ip  was  gene ra l l y  1ow  fo r  f r ag ' i 1e ,  sma l l - bod ied

f i shes ,  espec ia l l y  t hose  w i t h  dec iduous  (eas i l y  l os t )  s ca les  ( ' l i ke  A r i choa  spp . )  and

the  j uven i l es  o f  some  l a rge r  f i shes  (e .9 . ,  wh i t e  c roake r ) .  The  t r anspo r t

su rv i vo rsh ip  o f  queen f i sh  was  682J  f o r  f i sh  o f  a l l  s i zes  poo led  (Tab le  13 ;  Append i x

H ,  Tab ' l e  3 )  and  63o l  f o r  sma l l  as  compared  to  l a rge  (73? t )  queen f i sh  (Append ix  H ,  Tab le

4 ) .  Based  on  the  we igh ted  ave rage  con t r i bu t i on  o f  queen f i sh  and  wh i te  c roake r  t o

d i  ve rs ion  samp l  es ,  ave rage  su rv ' i vo rsh i  p  was  abou t  66% (by  numbers )  f  o r  a1  1  "  sma l ' l -

bod ' i ed t t ( .  gO  g  mean  body  we igh t )  f i shes ,  exc lud ing  no r t he rn  anchovy  (Append i x  H ,

Tab le  1 ) .  Ana logous  va lues  were  100% fo r ' rmed ium-s i zed"  (30 -200  g )  and  100% fo r

"1a rge -bod ' i ed "  ( t  200  g )  f i sh  (Append i x  H ,  Tab le  3 ) .  V iewed  s imp l y  f o r  a l l  " sma l l r l

ve r sus  a ' l I  " 1a rge "  f i shes ,  t he  f o1 low ing  ho lds :  T ranspo r t  su r v i vo rsh ip  f o r  a ' l 1

sma l l  f i shes  ( i nc lud ing  anchovy )  ave raged  abou t  8671  (numbers )  and  7 t? !  (b iomass ) .

Fo r  a l l ' l a rge  f i shes  (bo th  med ium-s i zed  and  i a rge -bod ied  f i shes ) ,  es t ima ted

transpor t  surv ' ivorsh ip was 100%.
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2.3.2.3 Percent  Ef f ic iency of  the FRS

Tab le  13  fu r the r  p rov ides  a  summary  o f  es t ima ted  ave rage  e f f i c i ency  (as  %

d i ve rs i on  x  2 l  su r v i vo rsh ip )  f o r  t he  9  t axa  o f  f i shes  w i t h  r easonab le  es t ima tes  o f

bo th  % t ranspor t  su rv i vo - r sh ip  and  ? (  d i ve rs ion .  A ' l so  p rov ided  a re  ana logous

e f  f  i c i ency  es t ' ima tes  fo r  t he  th ree  genera l  s i ze  ca tego r ies  ( sma1 ' l  ,  med ium,  and

la rge )  o f  f i shes  (Tab le  13 ) .

Pe rcen t  su rv i vo rsh ip ,  as  the

su rv i  vo rsh ' i p  f  o1  l  ow i  ng  d ' i  scha rge ,

p reda t i on  upon  d i scha rge .  We a l so

subject ' ive and t ,hat  a  broad range
poss ib l e .

c ross -p roduc t  o f  76  t ranspor t  su rv i vo rsh ip  and  %

i  s  great ' ly  dependent  on our  est imates of  %

acknowledge that  any est ' imates of  the la t ter  are

o f  va lues  mus t  be  accep ted  as  the  bes t  t ha t  i s

I n  gene ra l ,  e f f i c i ency  i nc reased  f r om an  ave rage  m in imum o f  abou t  one - th i r d  f o r

sma l l  f i shes  t o  an  ave rage  max imum o f  a lmos t  907 i  f o r  l a rge  f i shes  (Tab le  13 ) .  These

e f f i c i ency  es t ima tes  a re  based  on  ou r  bes t  es t ima tes  o f  ? (  su rv i vo rsh ip  fo11ow ' i ng

d ischa rge  (50 i1  fo r  no r the rn  anchovy ,  75% fo r  o the r  sma l l  f i shes ,  90? i  f o r  med ium-

s i zed  f i shes ,  and  99o i  f o r  l a rge -bod ied  f i shes ) .  The  va lues  cou ld  r easonab l y  be
+  5A?5  o f  t hese  es t ima tes .  I f  Lhe  % su rv i vo rsh ip  va lues  a re  b racke ted  by  "  5A% o f

the i r  o r i g ina l  es t ima ted  va lue ,  t he  new range  in  va lues  wou ld  be  25 -75o /  f o r  no r the rn

anchovy ,  -35 -100?(  fo r  o the r  sma l l  f i shes ,  45 -1 ,00 i !  f o r  med ium-s i zed  f i shes ,  and  -50 -

10076  fo r ' l a rge -bod ied  f i shes .  Overa l ' l  e f f i c i ency  the re fo re  m ' i gh t  be  <  20% to  -50%

fo r  sma l l  f i shes ,  f rom 45? l  t o  70?6 fo r  med ium-s i zed  f i shes ,  and  f rom >  4A% to  85% fo r

1  a rge -bod ied  f i  shes  "

E f f i c i ency  can  a l so  be  exp ressed  more  conse rva t i ve l y  as  the  c ross -p roduc t  o f  %

d i ve rs i on  and  76  t r anspo r t  i i . e . ,  exc l ud ' i ng  p : ' eda . t ' i o r i  upon  d i scha r ' oe ) .  Do ' i ng  t h i s

f o r  a l l  " sma l l " ' ve r sus  a . l l  t ' ' l a rgs "  f i shes ,  t he  es t ima tes  a re :  
' l t r e  

ave rage

su rv i vo rsh ip  o f  a l l  sma l l  f i shes  ( i nc ' l ud ' i ng  anchovy )  was  7A% (numbers )  and  55%

(b iomass ) .  The  su rv i vo rsh ip  o f  a ' l ' l  l a rge  f i shes  (bo th  med ium-s i zed  and  l a rge -

bod ied )  was ,  on  ave rage ,  77% (numbers )  and  80?6  (b ' i omass ) .

2.3.3 Compar isons of  Uni t  1  wi th  Uni ts  2 and 3

The  magn ' i t ude  o f  en t rapmen t  du r ing  no rma l - f ' l ow  ope ra t i ons  i s  compared  fo r  Un i t

1  and the two new uni ts  by pai red t - test  for  concurrent  24-hr  samp' les.  Test  resul ts
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I
are  summar i zed  fo r  t he  numbers  and  b r ' omass  o f  each  o f  f ou r  ma io r  spec ' i es  and  th ree  

I
compound  t axa  i n  Tab le  14 .  Append i x  G ,  Tab le  16  p rov ' i des  backup  s ta t i s t i c s .  I

The  ave rage  magn ' i t ude  o f  en t rapmen t  a t  each  new  un i t  d i f f e red  s i gn i f i can t l y

f r om 2 .5  t imes  t he  ave rage  en t rapmen t  a t  Un i t  1  f o r  a l l  o f  t he  spec ies  and  t axa

tes ted  (Tab1e  14 ;  Append ix  G ,  Tab ' l e  15 ) .  The  ave rage  magn i tude  o f  en t rapmen t  a t

each  new un i t  has  apparen t l y  exceeded  2 .5  t imes  tha t  a t  Un i t  1  f o r  a l ' l  t axa  tes ted

excep t  wa l l eye  su r fpe rch .  En t rapmen t  o f  wa i l eye  su r fpe rch  a t  each  new un i t  has  been

s ' i gn i f i can t l y ' l e ss  t han  2 .5  t imes  i t s ' l e ve l  o f  concu r ren t  en t rapmen t  a t  Un i t  1 ;  i t s

abso ' l u te  l eve l  o f  en t rapmen t  has  been  equ iva len t  a t  Un i t  1  and  a t  each  o f  t he  new

un i t s  (Tab le  14 ;  Append ' i x  G ,  Tab le  16 ) .  B iomass  pa t t e rns  m ' i r r o r  r esu l t s  f o r

numer i ca l  en t rapmen t  f o r  mos t  t es t  cases  (Tab ' l e  14 ;  Append i x  G ,  Tab le  15 ) .

2.3.4 Entrapment  as the Mechanism for  SONGS'  Near f ie ld  Decl ine

2.3.4.1 Mathemat ica l  ln ter re la t ions of  Entrapment  and Near f ie ld  Abundance

l r l e  f i r s i  a t t empted  to  ma themat i ca l l y  desc r ibe  the  re la t i onsh ip  be tween  nea r -

SONGS abundance and entrapment  magni tude.  (The la t ter  was adjusted for  surge and

tu rb id i t y ,  two  fac to rs  though t  t o  i n f l uence  vu lne rab i f  i t y  t o  en t rapmen t ) .  Th ' i s  
' l ed

to  ou r  p r ima ry  goa ' l  o f  desc r i b ' i ng  wha t , ' i f  any ,  ma thema t i ca l  r e l a t i onsh ip  ex i s t ed

be tween  the  magn i tude  o f  recen t  SONGS en t rapmen t  o f  sma l l  queen f i sh  and  the  obse rved

near -SONGS depress ion ' i n  i t s  abundance ,  as  measured  by  l ampara  CPUE near  the

o f f sho re  i n take  s t ruc tu res .  When  da ta  bases  were  upda ted  to  i nc lude  a l l  16

quan t i t a t i ve  ma tch -ups  o f  en t rapmen t  co l l ec t i ons  and  l ampara  samp les ,  however ,  no

s ign i f j can t  ma thema t i ca l  r e l a t i onsh ips  cou ld  be  de tec ted  (Append i x  I ,  Tab les  1 -3 ) .

(Poss ib l e  r easons  f o r  ou r  l ack  o f  success  a re  d i  s cussed  ' i n  Sec t i  on  2 .4 .4 . )  We  l ' r r ve
'1 :he i ' e f  o re  had  to  re l y  on  the  fo1  l  ow i  ng  I  ess  e l  egan t ,  bu t  no i re the l  ess  ' i ' r ' L ; ; ' i  .  , ' e ,

app roach  to  i den t i f y i ng  en t rapmen t  as  the  mos t  p laus ib ' l e  mechan ism fo r  t he  r ' ' bse ' i ' , r ec i

nea r -SONGS dec l i nes .

2.3.4.2 Magnitude of Entrapment as Suff icient Cause for the Observed Decline

En t rapmen t .  S0NGS Un ' i t s  1 ,2 ,  and  3  en t rapped  an  es t ima ted  432 ,000  j uven i l e -adu ' l t

queen f i sh  we ' i gh ing  abou t  6 .8  me t r i c  t ons  (MT)  du r i ng  t he  s i x  mon ths  o f  Ap r i l -

Sep tember  i 985  (Append ix  I ,  Tab le  4 ) .  The  ana logous  to ta l s  du r ing  the  f i ve  mon ths

o f  Ap r i l -Augus t  1985  were  1 ,491 ,000  queen f i sh  we ' i gh ing  2 I .8  MT (Append i . r  I ,  Tab le
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5) .  Sma l l  queen f i sh  ( .  10  cm SL)  cons t i t u ted  abou t  58%-62% o f  t hese  numer i ca l

t o ta l s  (Append i x  I ,  Tab les  7 ,8 ) .  We igh t  f r equenc ies  i nd i ca te  t ha t  sma l l  queen f i sh

equa l l ed  abou t  ?0 i ; -?5 i6  o f  t he  b iomass  to ta l s .  o r  abou t  1 .4  MT in  1985  and  5 .5  MT in

1986  (Append ' i x  I ,  Tab les  7 ,  8 ) .

F i e l d  Abundance .  Append i x  I ,  Tab le  8  summar i zes  t he  ave rage  CPUE o f  sma l l  queen f i sh

near  SONGS and  e l sewhere  du r ing  the  (A )  Ap r i l - sep tember  1981  segmen t  o f  t he  base l i ne
per iod  and  the  (B )  Ap r l1 -Sep tember  1985  and  (C)  Ap r i l -Augus t  1986  segmen ts  o f  t he

ope ra t i ona l  pe r i od .  CPUE has  dec l i ned  ove ra l l  s i nce  t he  onse t  o f  E l  N ino  i n  summer

L982 ,  bu t  ca tches  have  been  d i sp ropo r t i ona te ' l y  l ow  a t  t he  Near  Impac t  l oca t ' i on  eve r

s i nce  sp r i ng  1984  (Chap te r  One ,  Tab les  1 ,  2 ;  Append ' i x  E ,  Tab les  ! ,  2 ,  F i gs .  16 ,  18 ,

! 9 ,  ? ! )  and  pa r t i cu l a r l y  du r i ng  Ap r i l -Sep tember  1985  and  Ap r i l -Augus t  1986  (Append i x

I ,  Tab l  e  8 ) .

Dur ing  Apr i l -Sep tember  1985  the  d i f f e rence  be tween  the  ave rage  numer i ca l  ca tch

o f  sma l l  queen f i sh  a t  t he  Near  Impac t  l oca t i on  (mean  =  5 )  and  a t  Con t ro l  (mean  =  36 )

was  31  f i sh  pe r  ne t -hau l .  The  con respond ing  d i f f e rence  be tween  the  Near  Impac t  and

Far  lmpac t  (mean  =  64 )  was  59  f i sh  (Append ix  I ,  Tab le  8 ) .  Du r ing  Apr i l -Augus t  1986 ,

the  d i f f e rence  be tween  the  ave rage  ca tch  o f  sma l ' l  queen f i sh  a t  t he  Near  Impac t

l oca t i on  (mean  =  17 )  and  a t  Con t ro l  (mean  =  143 )  was  126  f i sh  pe r  ne t -hau ' | "  The

corresponding d i f ference between the Near  Impact  and Far  Impact  (mean = 85)  was 58

f i sh  (Append i x  I ,  Tab le  8 ) .  Tab le  8  o f  Append ' i x  I  a l so  l i s t s  ave rage  base f i ne  CPUE

and  the  respec t i ve  ' l oca t i on  
d i f f e rences  fo r  sma l l  queen f i sh .  Dur ing  Apr i ' l -Sep tember

1981,  there was a 97!  (16/18?)  natura ' l  def ic ' i t  observed in  Near  Impact  catches

re la t i ve  to  Con t ro ' | .  The re  was  an  ana logous  3A? !  (38 /128 )  na tu ra l  su rp lus  i n  Near

Impac t  ca tches  re la t i ve  to  ca tches  a t  t he  Fa r  Impac t  l oca t i on .  Dur ing  Apr i l -

Sep tember  1985 ,  we  wou ld  the re fo re  expec t  a  3 - f i sh  na tu ra l  de f i c i t  ( 36  x  .09 )  o r  a

28 - f  i  sh  (31  -  3 )  ne t  de f i c ' i t  a t  t he  Near  Impa .c t  l oca t ' i on  compared  to  Cc 'n t ro i .  And  we

wou ld  expec t  a  19 - f i sh  (64  x  . 30 )  na tu ra l  su rp l us ,  and  t he re fo re  a  78 - f i sh  (59  ' r  19 )

ne t  de f i c ' i t  a t  t he  Near  lmpac t  l oca t i on  re la t i ve  to  Fa r  lmpac t .  Du r ing  Apr i l -Augus t

1986 ,  we  wou ld  expec t  a  13 - f i sh  na tu ra ' l  de f i c i t  ( 143  x  . 09 ) ;  o r  a  113 - f i sh  (126  -  13 )

ne t  de f i c i t  a t  t he  Near  Impac t  l oca t i on  compared  to  Con t ro ' l .  And  we  wou ' l d  expec t  a

26 - f i sh  (85  x  .30 )  na tu ra l  su rp lus ,  and  the re fo re  a  94 - f i sh  (68  +  26 )  ne t  de f i c i t  a t

t he  Near  lmpac t  l oca t i on  re ]a t i ve  to  Fa r  Impac t .

I  Recen t  r e l a t i ve  dec l i nes  i n  nea r f i e l d  s tand ing  s tocks  a re  es t imab le  i f  one
I

accep ts  a  cons tan t  ca tchab ' i l ' i t y  o f  0 .25  and ' i n teg ra tes  abundance  pe r  ne t  a rea  ove r

t
I
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t he  78 .S -hec ta re  (ha )  nea r f i e l d  a rea  (Append i x  F ,  pa r t  48 ) .  Fo r  t he  1985  ve rsus
1981  compar i son ,  t he  change  i n  t he  d i f f e rence ' i n  es t ima ted  nea r f i e l d  abundance  o f
sma l l  queen f i sh  ' i s  abou t  1 .9 ,000  f i sh  i f  Con t ro l  l oca t i on  da ta  a re  used  as  t he
s tandard ,  and  abou t  53 ,000  f i sh  i f  Fa r  Impac t  da ta  a re  used  as  s tandard .  A t  an
es t ima ted  ave rage  we igh t  o f  abou t  6  g  pe r  sma l l  queen f i sh  (Append i x  I ,  Tab les  5 -7 ) ,
t hese  d i f f e rences  i n  numer i ca l  abundances  a re  equ j va len t  t o  d i f f e rences  i n  b i omass
abundance  o f  abou t  115  kg  ( f o r  19 ,000  f i sh )  and  320  kg  (53 ,000  f i sh ) .  Fo r  t he  1986 -
ve rsus -1981  compar i son ,  t he  change  jn  the  d ' i f f e rence  be tween  the  abundance  o f  sma l l
queen f i sh  nea r  ve rsus  away  f rom SONGS i s  abou t  77 ,000  f i sh  we igh ing  460  kg  (us ing

Con t ro l  da ta  as  the  s tandard )  and  abou t  54 ,000  f i sh  we igh ing  385  kg  (us ing  Fa r

Impac t  da ta  as  s tandard ) .

Compar i son  o f  En t rapmen t  and  F ie ld  Abundance .  Dur ing  Apr i i -Sep tember  1985  and
Apr i l -Augus t  1986 ,  t he  es t ima ted  ave rage  dens i t y  o f  sma l l  queen f i sh  w i t h i n  a  l / Z - kn
rad ius  o f  t he  SONGS o f f sho re  j n take  s t ruc tu res  was  8%-20% o f  t he  ave rage  dens i t y  a t
the  Fa r  Impac t ' l oca t i on ,  and  abou t  12%-14?(  tha t  a t  t he  Con t ro l  l oca t i on .  The  1981-

ve rsus -1985  change  in  the  d i f f e rence  be tween  ave rage  numer i ca l  abundance  nea r  SONGS

and  a t  t he  o the r  l oca t i ons ,  exp ressed  as  s tand ing -c rop  b iomass  (115 -320  kg ) ,  was  8? l -

23? l '  o f  t he  en t rapmen t  o f  sma ' |1  queen f i sh  (1 .4  MT)  a t  t he  th ree  SONGS un i t s  du r ing

Apr i l -Sep tember  1985 ,  assum ' ing  t , ha t  a l l  t he  sma l l  queen f i sh  tha t  were  d i ve r ted  a t

the  new un i t s  (and  d i scha rged  back  o f f sho re )  d ' i ed .  Ana logous  es t ' ima tes  fo r  Ap r i l -

Augus t  1986  a re  7%-8% o f  f i ve  mon ths rwor th  o f  en t rapmen t  (5 .5  MT) .  I f  on l y  37%-53%

of  t , he  sma l l  queen f i sh  t ha t  a re  d i ve r t ed  d i e  (Sec t i on  2 .3 .2 ) ,  t he  l oss  du r i ng  Ap r i i -

Sep tember  i 985  (0 .8 -0 .9  MT;  Append ix  I ,  Tab le  6 )  was  abou t  Z - l / 2  t o  8  t imes  the

concu r ren t  nea r f i e ld  dep ress ion  i n  s tand ing  s tock . -  Assuming  on ' l y  37%-53% loss  fo r

FRS-d i ve r t ed  f i sh ,  es t ima tes  f o r  Ap r i l -Augus t  1985  (3 .1 -3 .7  MT ;  Append i x  I ,  Tab le  7 )

a re  7  t o  10  t ' imes  t he  concu r ren t  nea r f i e l d  deo ress ion ' i n  s t ock .

' i h i  
es t ima ted  ave rage  s tand ing  s tock  o f  sma l l  queen f i sh  i i t  t he  SONGS near f i e ld

du r ing  Apr i l -Sep tember  1985  was  abou t  3 ,400  f i sh  we igh ing  an  es t ima ted  20  kg .  The

ana logous  s tock  du r i ng  Ap r i l -Augus t  1986  was  abou t  11 ,500  f i sh  we igh ing  70  kg .

V iewed  ano the r  way ,  t he  1985  s tand ing  s tock  wou ' l d  have  had  to  rep ' l ace  i t se l f  abou t

70  t imes  i n  5  mon ths ,  o r  an  ave rage  o f  once  eve ry  2 - I / 2  days ,  t o  o f f se t  a  po ten t i a i

t o ta l  remova l  o f  1 .4  MT.  In  1985 ,  t he  rep lacemen t  ra te  wou ld  have  had  to  have  been

40-46  t imes  i n  6  mon ths ,  o r  an  ave rage  o f  once  eve ry  4  to  4 - I / 2  days ,  t o  ba lance  an

ad ius ted  l oss  o f  0 .8 -0 .9  MT.  The  1986  s tand ing  s tock  o f  sma l ' l  queen f i sh  wou ld  have

had  to  rep iace  i t se l f  abou t  79  t imes  i n  5  mon ths ,  o r  an  ave rage  o f  once  eve ry  2  days ,
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t o  o f f  se t  a  to ta l  remova ' l  o f  5 .5  MT.

t imes  i n  5  mon ths ,  o r  an  ave rage  o f

ad jus ted  l oss  o f  3 . i - 3 .7  MT .

The  co r respond ing  ra te  wou ld

once  eve ry  3  to  3 - l / ?  days ,

have been 44-53

to  ba lance  an
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2 .4  DTSCUSSTON

2.4.1 Temporal  Compar isons of  Entrapment  Magni tude

Dur i ng  t he  f i r s t  39  mon ths  o f  f u l 1 -pump  ope ra t i on ,  SONGS Un ' i t s  2  and  3  t oge the r

en t rapped  an  ave rage  o f  5 .5  m i l ' l i on  f  i sh ,  we igh ' i ng  36 .9  MT ,  each  yea r .  These

en t rapmen t  va l  ues  re f  I  ec t  an  ave rage  76 i6  pump ' i ng  ' l eve1  
a t  t he  two  new un i  t s  du r i  ng

th i s  pe r i od  (Append i x  F ,  Tab les  4 -5 ) .  Ana logous  va lues  a t  S0NGS Un ' i t  t  have  been

48 ,500  f i sh ,  we igh ing  3 .8  MT ,  each  yea r  (Tab le  11 ;  Append i x  G ,  Tab les  1 -9 ,  10 -15 ) .

Un i t  1  pumped  a t  an  ave rage  567 ! ' l eve l  du r ing  May  1983-Augus t  1985  (Append ix  F ,

Tab les  4 -6 ) .

Dur ing  March  1976-December  1979 ,  ave rage  en t rapmen t  magn ' i t ude  a t  Un i t  1  was

445 ,000  f i sh ,  we ' i gh ' i ng  15 .7  MT ,  each  yea r  (DeMar t ' i n ' i  and  La rson  1980b ) .  Du r i ng  t h i s
pe r i od ,  Un i t  1  pumped  a t  an  unusua l l y  h i gh ,  ave rage  83% f l ow .

The  annua l i zed  en t rapmen t  es t ' ima tes  a t  Un i t  1  du r ing  May  1983-December  1986  can

be  made  more  d i rec t ' l y  comparab le  to  the  1976-79  Un i t  1  da ta  by  ad jus t i ng  fo r  pe r iod

d i f f e rences  ' i n  ave rage  f l ow  leve l s .  i f . t he  1983-86  en t rapmen t  da ta  a re  co r rec ted

fo r  pe r i od  d i f f e rences  i n  pump ing  (as  . 83 / . 55 ) ,  t he  es t ' ima ted  magn i t ude  o f  ave rage

annua l  en t rapmen t  t ha t  wou ld  have  occu r red  a t  Un i t  1  du r ing  1983-86  wou ld  s t j l l  be

on ly  abou t  5 .7  l 4T /y r  (3 ,834  kg  x  1 .48 )  o r  abou t  two - th i rds  l ower  than  the  ave rage

annua l  en t rapmen t  a t  Un i t  1  du r ing  i 976 -79 .

We fee l  i t  i s  un l i ke l y  t ha t  t he  re la t i ve  magn ' i t ude  o f  en t rapmen t  a t  Un i t  1

du r ing  1976-79  and  1983-86  rep resen ts  " ' i nh ib ' i t ' i on r r resu l t i ng  f rom en t rapmen t  a t

Un i t s  2  and  3 .  I n  o rde r  t o  eva lua te  t h i s  hypo thes i s  ( p roposed  by  J .  S .  S tephens ,

J r . ,  a  rev ' i ewer  o f  t he  d ra f t  repo r t ) ,  we  need  to  know wha t  t he  magn i tudc  o f  Un i i ' s  2

and  3  en t rapmen t  wou ld  have  been  in  1976-79 .  C1ear1y ,  such  a  hypo thes ' i s  ' i s

un tes tab l  e .

Pers is tent  d i f ferences between 1976-79 and 1983-86 in  average magn' i tude of

en t rapmen t  a t  Un i t  1 ,  a f te r  a l l owances  fo r  pe r iod  d i f f e rences  i n  ave rage  pump ing

vo lumes ,  imp l i ca te  o the r ,  mo re  i n tu i t i ve l y  r easonab le  causes  f o r  t he  changes .  The

mos t  l i ke l y  exp ' l ana t i on  i s  t he  b roadsca le  change  in  nea rsho re  f i sh  abundance  t , ha t

t ook  p l ace  du r i ng  t h i s  pe r i od .  Mos t  s i gn i f i can t  have  been  t he  l a rge  ( ,  SOZ ,  i n  many

cases :  Chap te r  0ne )  numer . i ca l  dec l i nes  tha t  occu r red  f rom summer  1982  th r -ough  w in te r
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I
1985 .  These  dec l i nes  undoub ted l y  r e f l ec t  t he  o f f sho re  em ig ra t ' i ons  and  numer i ca l

t  
r esponses  o f  nea rsho re  popu la t i ons  con f ron ted  by  t he  Ca l i f o rn i a  E l  N ino  (Chap te r
One ) .

Queen f i sh ,  as  ou r  mos t  i n tEns i ve l y  s t ud ' i ed  t a rge t  spec ies ,  p rov ide  t he  mos t
comprehens ' i ve  examp le  o f  t empora l  changes  i n  the  popu la t i on  s t ruc tu re  and  abundance
o f  nea rsho re  f i shes .  Dur ing  May  1978-Augus t  l g7g ,  t he  ave rage  )ampara  ca tch  o f
queen f i sh  a t  S0NGS ' i n take  dep ths  was  seve ra l  hund red  f i sh  pe r  se ine -hau i ,  o f  wh i ch
abou t  65? !  were  imma lu re  f i sh  (DeMar t i n i  and  La rson  i 980a) .  Ave rage  ca tches
pers ' i s ted  a t  t hese  l eve ' l s  du r ing  Sep tember  1979-May  1982  (Tab1e  2 ,  t h i s  repo r t ) .
Ca tches  s ta r ted  to  dec l ' i ne  ' i n  summer  1982  (DeMar t ' i n ' i  e t  a l  .  1983a ,b ) ,  however ,
reduc ing  ave rage  CPUE du r ing  June  1982-March  1984  by  abou t  4V t [  Lo  125 -150  f i sh  pe r
hau' l  (Tab1 e 2)  -  The percentage of  immature queenf  i  sh remained at  65?, ; -65A f rom fa l  l
1979  th rough  w in te r  1984  (Tab1e  2 ) .  Du r ing  Apr i l  1984 -Augus t  1986 ,  t he  ave rage
ca t ch  o f  queen f  i sh  f u r t he r  dec l i ned  t o  a  cumu la t i ve  50 id  o f  t he  base l i ne  l eve l  a t
s ta t i ons  no t  immed ia te " l y  nea r  SONGS,  and  the  ave rage  con t r i bu t j on  o f  immatu res  to
tota l  catch decreased to < 55?i i  (Tab1 e ?) .

The  magn i tude  o f  t he  obse rved  tempora l  changes  i n  queen f i sh  Bopu la t i on
s t ruc tu re  and  abundance  sugges ts  tha t  pe r iod  d i f f e rences  i n  l eve l  o f  en t rapmen t  a t
Un i t  i  l a rge l y  re f j ec t  t empora l  changes  i n  nea rsho re  abundance  and  s ' i ze  s t ruc tu re .
0 the r  f ac to rs ,  such  as  su rge  and  tu rb id ' i t y ,  su re l y  f u r the r  i n f l uence  magn i tude  o f
en t rapmen t  by  a f f ec t i ng  vu lne rab i l i t y  a t  a  g i ven ' l eve l  o f  abundance  (DeMar t i n i  e r
a ' 1 .  1986 ;  Sec t i  on  2 .3 "4 ,  t h ' i s  chap te r ) .  Bu t  ' i f  f  i e l d  abundance  i s  t he  pa ramoun t
in f ' l uence  o f  en t rapmen t  magn i tude ,  i t  i s  reasonab ' l e  t o  es t ima te  the  magn i tude  o f
en t rapmen t  a t  SONGS Un i t s  2  and  3  du r ing  t imes  o f  g rea te r  nea rsho re  f i sh  abundance
based  on  tempora l  pa t te rns  i n  Un i t  1  da ta .  I f  abundance  i s  t he  ma jo r  de te rm ' i nan t  o f
en t rapmen t ,  SONGS t l n i t s  3 . ,  2 ,  and  3  toge the r  m igh t  en t rap  ove r  110  MT o f  f i sh  each
year  (a t  75? ;  f l ow)  du r ing  t imes  o f  g rea te r  nea rsho re  f i sh  abundance .
(P ropor t i ona te l y  h ighe r  l eve ' l s  o f  en t rapmen t  a t  t imes  o f  g rea te r  nea rsho re  f i sh
abundance  do  no t  imp ly  tha t  S0NGST impac t  wou ' l d  be  g rea te r ,  however . )  Fu r the r
mean ' i ng fu l  d i scuss ion  o f  po ten t i a l  impac t  r equ i res  an  eva lua t i on  o f  t he  magn i t ude  o f
f i sh  k i 11ed ,  no t  j us t  en t rapped  (Sec t i on  2 ,4 "2 ) .
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2 .4 .2  E f f i c i ency  o f  t he  Un i t s  2  and  3  F i sh  Re tu rn  Sys tem (FRS)

Comprehens i ve  eva lua t i on  o f  pe rcen t  e f f i c i ency  o f  t he  FRS requ ' i r es

cons ide ra t i on  o f  bo th  t he  e f f ec t ' i veness  o f  f i sh  d i ve rs i on  and  t he  su rv i va l  o f  f i shes

tha t  a re  d i ve r t ed .  The  l a t t e r  assessmen t  mus t  cons ' i de r  dea ths  resu l t i ng  f r om

preda t i on  a t  t he  t ime  o f  d i scha rge  as  we l l  as  dea ths  resu l t i ng  f r om mechan i ca l

damage  and  s t ress  du r ing  t rans i t .

2 .4 .2 .1  Pe rcen t  D ive rs ion

Divers ion has averaged 8O?[  (79?(  nunbers,  82?6 b iomass)  for  to ta l  f ishes at  Uni ts

2  and  3  (Tab le  12 ) .  D i ve rs i on  e f f i c ' i ency ,  howeve r ,  r anged  g rea t l y  among  spec ies ,

re f l ec t i ng  morpho ' l ogy  and  (espec ia ' l 1y )  body  s i ze  as  i n f l uences  o f  sw imming  speed

(Append ' i x  H ,  Tab le  1 ) .  P ipe f i sh  (Syngna thus  spp . )  p resen t  an  ex t reme  examp le  o f

body  shape  tha t ' i n f l uences  l ocomot ' i on :  none  o f  more  than  100  en t rapped  ind i v idua ls

o f  t hese  penc i l l i ke ,  f eeb le  sw immers  was  success fu l l y  d i ve r t ed  (Append ' i x  H ,  Tab le

1 ) .  Mo re  s i gn i f i can t l y ,  t he  p robab i l i t y  o f  success fu l  d iVe rs i on  was  d i r ec t l y

p ropo r t i ona l  t o  body  s i ze  fo r  t he  t yp ' i ca11y  " f i sh l i ke r r  ( subca rang i fo rm-  and

ca rang i fo rm- )  sw immers  tha t  cons t i t u te  the  ma jo r i t y  o f  t he  spec ies  en t rapped .  Fo r

mos t  f i shes ,  body  s i ze  a ' l one  was  g rea t l y  impor tan t  f o r  success fu l  d i ve rs ion :

"1a rge -bod ' i ed i l  f i shes  ( t  200  g )  were  success fu l l y  d j ve r ted  90% o f  t he  t ime ,  wh i l e

success  ave raged  71? ( , fo r  r rmed ium-s i zed"  (30 -200  g )  and  68% fo r  " sma l l -bod ied "  (<  30

g )  f i shes  (Append ' i x  H ,  Tab les  1 ,2 ) .  F rac t i ons  o f  b i dmass  d i ve r t edwere  85% ( i a rge ) ,

70% (med ium) ,  and  77% (sma1 ' l )  - -  no t  ve ry  d i f f e ren t  f rom the  respec t i ve  numer i ca l

f rac t ' i ons .  The  mos t  d i ss im i ' l a r  va lues  (68% numbers ,  77? t  b iomass  fo r  sma l l -bod ied

f i shes )  1 i ke1y  re f l ec t  t he  ex t reme  e f f ec t  o f  body  s i ze  on  i n take  avo idance  i n  t hese

f i shes .  I t ' i s  gene ra ' l 1y  r ecogn i zed  t ha t  l a rge r -bod ied  f i shes  (and  l a rge r  i nd i v i dua l s

o f  t he  same  spec ies )  have  g rea te r  sw imming  capab i l i t i e s  ( e .g . ,  see  Webb  1975 ;  Ward le

1977) .  The re fo re ,  l a rge r  { i shes  shou ld  genera i l y  be  be t te r  ab le  to  avo id  w i thd rawa l

a t  i n take  s t ruc tu res .

2 .4 .2 .2  Pe rcen t  Su rv i vo rsh ip

Su rv i v i nq  T ranspo r t .  P rec i se ,  spec ies - spec i f i c  es t ima tes  o f  t he  p robab ' i l i t y  o f

avo id ' i ng  dea th  f rom mechan ' i ca l  ab ras ion  and  s t ress  du r ing  the  d i scha rge  p rocess  a re

l im i t ed  t o  t hose  spec ' i es  t ha t  occu r red  i n  d i ve rs i on  samp les  used  f o r  su rv i vo rsh ip

tests  and that  were (by chance)  captured by fyke nets  for  the contro l  t r ia ls .  The
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spec ies  cha rac te r i za t i ons  \ {e re  mos t l y  l ' im i ted  by  the  l a t t e r .  Ten  spec ies  had

adequa te  ( t  2O  f i sh )  samp le  s i ze  i n  t he  expe r imen ta l  pens  t ha t  co l l ec ted  f i sh  f r om

the  FRS d j scha rge ,  bu t  on l y  f i ve  o f  t hese  had  non t r i v i a l  samp le  s i ze  i n  con t ro l

Dens .

Emp i r i ca l  da ta  were ,  however ,  su f f i c i en t  t o  es t ' ima te  pe rcen t  su rv i vo rsh ip  fo r

key  spec ies  (no r t he rn  anchovy ,  queen f i sh ,  wh i t e  c roake r ) .  Queen f i sh  and  wh i t e

c roake r  t oge the r  cons t i t u te  a  l a rge  ma jo r i t y  o f  t he  numbers  (96%)  and  b ' i omass  (97%)

o f  a l  I  sma l  l - bod ied  f  i shes  (exc l  ud ' i ng  no r the rn  anchovy )  i n  S0NGS d i ve rs ion  samp ' l es .

h |e  the re fo re  fee l  t ha t  t he  ave rage  t ranspor t  su rv ' i vo rsh ' i p  o f  sma l l -bod ied  f i shes

(  exc l  ud ' ing anchovy)  i  s  accurate ' ly  character i  zed w' i th  a wei  ghted average of  the

su rv i vo rsh ip  da ta  fo r  t hese  two  spec ies  (66%) .  Ana logous  obse rva t i ons  fo r  sa lema

and  f o r  ye i ' l ow f i n  c roake r  p rov ide  s im i l a r l y  gene ra l i zab le  su rv i vo rsh ip  es t ima tes

fo r  med ium-s i zed  and  l a rge -bod ied  f i shes .  Meager  da ta  fo r  each  o f  numerous  o the r

medium- and large-bod' ied spec ' ies together  corroborate our  est imate of  10076 t ranspor t

su rv i vo rsh ip  fo r  f i shes  tha t  ave rage  more  than  abou t  one  ounce  (Append ' i x  H ,  Tab les

1 -3 ) .

Su rv i v ing  P reda t i o - !  upon  D ischa rqe .  h le  fee l  t ha t  ou r  sub jec t i ve  es t ima tes  o f  t he
p robab i l i t y  o f  su rv ' i v ' i ng  pneda t ' i on  upon  d i scha rge  (Tab ' l e  13 )  a re  adequa te  fo r  t he

f  o i  1  ow ' i ng  reasons .  (  1 )  The  re i  a t i  ve l y  h i  gh  mor ta l  ' i t y  va ' l  ue  ass i  gned  to  no r the rn

anchovy  (50%)  i s  rea l i s t ' i c .  0n  seve ra l  occas ions ,  a1 l  o f  t he  anchovy  d i scha rged  were

obse rved  be ing  consumed  by  Pac ' i f i c  macke re l ,  Scomber  j apon icus  ( J .  S te in ,  f o rmer l y

o f  Occ iden ta l  Co ' l 1ege ,  pe rs .  comm. ) .A l t hough  macke re l  a re  a  t r ans ' i en t ,  wa rm-wa te r

m ig ran t  nea rsho re  i n  t he  S0NGS a rea ,  t hey  do  occu r  i n  g rea t  abundance  on  numerous

occas ions  t h roughou t  t he  yea r  (Append i x  C ,  Tab les  1 -5 ,7 -12 ) .  I t  i s  r easonab le  t ha t

macke re ' l  and  mar t y  o the r  p i sc i vo rous  f i shes  and  b ' i r ds  shou ld  exac t  a  heavy  to11  on

the  . i uve r i ' i l e  ( avc r ' age  2  g :  Append i x  H .  Tab le  1 )  i nC i v i dua i s  t ha t  dom ina te  t he

anchovy  d ' i scha rged  a t  SONGS.  Then  too ,  t he  l ow  b iomass  con t r i bu t ' i on  o f  anchovy  to

f i sh  d i ve rs ion  (ave rage  1 l i l :  Append ix  H ,  Tab ' l e  2 )  somewha t  cush ions  the  e f fec t  o f

i naccu racy  fo r  any  a rb i t ra ry  p robab i l i t y  va ' l ue .

(2 )  i t  i s  a l so  reasonab le  to  expec t  a  nea r l y  comp le te  immun i t y  t o  p reda t i on

(99?a)  fo r  l a rge -bod ied  (>  200  g ,  o r  app rox ima te l y  l /Z -gound  o r  i a rge r )  f i shes  (Tab1e

13) .  Nowadays t  ve ry  few  p redaceous  f i shes  a re  l a rge  enough  to  consume such  l a rge

p rey .  F i shes  >  290  g  con t r i bu te  27% to  to ta l  d i ve rs ion  b iomass  a t  SONGS (Append ix  H ,

Tab le  2 ) .  One  pe rcen t  o f  t h i s  sub to ta l  shou ld  be  su f f i c i en t  t o  accoun t  f o r
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occas iona l  o reda t i onby  l a rge  p i  s c i vo rous  f i  sh  (e .9 .  ,  Ca l  i f o rn i a  moray  {Gymno tho rax
ye ' l l ow f i n  c roake r :  K .  He rb inson ,  SCE,  pe rs .  comm. )  and  bymordax )  p reda t ' i on  on

ha rbo r  sea l s  and  sea  l i ons

(3 )  Somewha t  more  a rb ' i t r a ry  i s  t he  90 i6  su rv i vo rsh ip  va lue  ass igned  to  med ium-

s ' i zed  (30 -200  g )  f i shes .  A  10 i5  chance  o f  be ing  consumed  when  d i scha rged  i s  no t

un rea l j s t i c ,  g i ven  t ha t  t he  ave rage  body  we igh t  o f  i nd i v i dua l s  i n  t h j s  g roup  has

ave raged  on l y  92  g  (abou t  3  ounces )  i n  SONGS d i ve rs i on  samp ' l es  (Append i x  H ,  Tab le

? ) .  Med ium-s i zed  f i shes  cons t i t u t e  on ' l y  abou t  10% o f  t o ta l  d i ve r s i on  b i omass

(Append i x  H ,  Tab le  2 ) ,  and  t h i s  f ac t  ame l i o ra tes  t he  e f f ec t  o f  an  i naccu ra te

es t ' ima te  o f  su rv i  vo rsh i  p  fo r  t he  g roup .

(4 )  Mos t  impo r tan t  f o r  ou r  f i sh  l oss  es t ima tes  i s  t he  75? i  su r v i vo rsh ip  va lue

ass igned  t o  sma l  l  - bod ied  f i  shes  (exc l  ud ing  no r t he rn  anchovy ) ,  because  t hese  f i  shes

cons t ' i t u te  >  52? {  o f  a l l  f i sh  d i ve rs ion  b iomass  a t  SONGS Un i t s  2  and  3  (Tab le  !2 ;

Append ' i x  H ,  Tab les  1 ,2 ) .  S ince  queen f i sh  and  wh i t e  c roake r  t oge the r  make  up  nea r l y

a l  
' l  

( 97%)  o f  t h i  s  sub to ta l  ,  t he  c ruc i  a ' l  ques t i on  rea l  1y  i  s  whe the r  an  add ' i t i  ona l

p robab i ' l ' i t y  o f  0 .25  fo r  dea th  by  p reda t i on  ' i s  accu ra te  fo r  t he  66% o f  t hese  two

spec ' i es  tha t  su rv i ve  the  t ranspor t  p rocess .  The  ave rage  body  we igh t  o f  d i scha rged

queen f i sh  and  wh i te  c roake r  was  16  g  and  7  g ,  respec t i ve ' l y ,  du r ing  May  1983-Augus t

1986  (Append i x  H ,  Tab le  1 ) .  Ce r ta i n l y  f i shes  o f  t h i s  s i ze  shou ld  be  a t  f a i r  r i s k  t o

p reda t i on  by  many  spec ies  o f  p i sc i vo rous  f i shes  and  d i v i ng  b i r ds .

Yea r -C lass  E f f ec t s  on  E f f i c i ency  Es t ima tes .  Bo th  d i ve rs i on  success  and  pe rcen t

su rv i vo rsh ' i p  f o l l ow ' i ng  subsequen t  FRS t ranspor t  have  been  emp i r i ca l l y  shown  to  be

s i ze -dependen t .  The  p robab i l i t y  o f  o the rw ise  dy ing  because  o f  p reda t i on  when

d i scha rged  has  reasonab l y  been  a rgued  t o  be  s i ze -dependen t  as  we l l .Obv ious l y ,

f ac to rs  such  as  yea r -c iass  s t re r rg th  i l i ' i I uence  the  ave rage  body .  s i ze  o f  e  pa rL ieu | : : l '

spec ' i es  i  n  any  g ' i ven  yea r .  Fo r  examp ' l  e ,  ' Lhe  1985"86  yea r  c ' l as  ses  o f  wh i  t e  c i  oake r

we re  s t r ong  (Append i x  E ,  F ' i gs .  5  and  52 ) ,  and  many  sma l l  i u ven i l es  t hen ' i n f l a t ed

th i s  spec ies ' numer i ca l  r ep resen ta t i on  i n  en t rapmen t  samp les  (Append i x  G ,  Tab ' l e  2 ) .

i t  f o l l ows  tha t  ou r  39 -mo  cha rac te r i za t ' i on  o f  pe rcen t  d i ve rs ion  fo r  wh iLe  c roake r  i s

b iased  l ower  than ,  say ,  a  decade- long  es t ima te  wou ld  be .  ' 0 f  t he  g rea te r  pe rcen tage

o f  wh i te  c roake r  t ha t ,  on  ave rage ,  wou ' l d  be  d i ve r ted  ove r  a  l onge r  se r ies  o f yea rs ,

i nd ' i v i dua ls  o f  a  g rea te r  ave rage  body  s i ze  a l so  shou ld  be  be t te r  ab1e  to  su rv i ve

bo th  phys i ca l  t r anspor t  and  p reda t i on  upon  d ' i scha rge  f rom the  FRS.
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The  la t te r  and  o the r ,  ana iogous  po ten t i a l  b iases  i n  ou r  pe rcen t  e f f i c ' i ency

es t ' ima tes  p robab ly  a re  dampened  when  f i sh  Iosses  d re  eva lua ted  fo r  g roups  o f
spec ies .  Many  Ca l i f o rn ' i a  nea rsho re  f i shes  exh ib i t  good  and  poo r  rec ru ' i tmen t  yea rs

tha t  va ry  among  spec ' i es  i n  t he i r  t ' im ing .  Fo r  examp ' l e ,  t he  1985-86  yea r  c lasses  o f
queen f i sh  we re  no t  pa r t ' i cu1a r1y  s t r ong  (Tab1e  2 ;  Append ' i x  E ,  F i gs .20 ,51 ,54 ,55 ) ,

and  queen f i sh  have  codomina ted  the  d i ve rs ion  componen t  o f  SONGS en t rapmen t  w i th

wh ' i t e  c roake r  (Tab1  e  12 ;  Append ' i x  H ,  Tab le  1 ) .  We  conc lude  tha t ,  a l t hough  yea r -

c lass  va r ia t ' i ons  have  undoub ted l y  co lo red  ou r  39 -mo  eva lua t ' i on  o f  t he  Un i t s  2  and  3

FRS (and ,  i ndeed ,  many  o the r  aspec ts  o f  S0NGS en t rapmen t )  f o r  pa r t i cu la r  spec ies ,

ou r  ove ra l l  assessmen t  o f  t he  sys tem i s  su f f i c i en t i y  accu ra te .

2.4.2"3 Entrapment Adjustments for FRS Eff iciency

Es t ' ima tes  o f  t he  ove ra ' l 1  pe rcen t  e f f i c i ency  o f  t he  Un i t s  2  and  3  FRS can  be  used
to  ad ius t  ave rage  annua l  en t rapmen t  t o ta l s  t o  t he  l i ke l y  magn i t ude  o f  f i shes  k i l ' l ed .
An  ave rage  3 .0  MT  ( t o ta l  f i shes )  i s  k i l l ed  each , yea r  a t  t he  two  new  un i t s  du r i ng  hea t
t rea tmen ts  (Tab ' l e  11 ;  Append ix  G ,  Tab ' l e  9 ) .  The  rema in ing  33 .9  i l f  / y r  compr i ses  an
es t ima ted  l l%  (3 .7  MT)  no r t he rn  anchovy ,53% (18 .0  MT)  o the r  sma l l - bod ied  f i shes ,

l y% (3 .7  MT)  med ium-s i zed  f i shes ,  and  25? ,1 ,  (8 .5  MT)  l a rge  f i shes  (Append ix  H ,  Tab le

2 ) "  Seven ty -n ine  pe rcen t  o f  t he  anchovy  b iomass  j s  d i ve r ted  (Append ' i x  H ,  Tab le  1 ) ,
and  an  es t ima ted  48?6  su rv ' i ves ,  f o r  an  ove ra l l  e f f i c i ency  o f  38% (Tab ' l e  13 ) .  Th i s  i s

equ ' i va ]en t  t o  an  ave rage  1 .4  MT o f  anchovy  saved  each  yea r .  Pe rcen t  b iomass
d ive rs jon  ' i s  an  es t ima ted -77% fo r  o the r  sma l l -bod ied  f i shes  (Append ' i x  H ,  Tab ie  1 ) ;
we  es t ima te  tha t  5076  o f  t hese  su rv i ve  (Tab1e  13 ) ,  y i e id ing  an  ove ra l l  e f f i c ' i ency  o f

38? { ,  o r  abou t  6 .8  MT ly r  saved .  Seven ty  pe rcen t  o f  a l l  med ium-s i zed  f i sh  b iomass  i s

d ' iver ted (Appendix  H,  Tab' le  1) .  An est imated 90?6 of  these surv ive for  an overa ' l ' l

e f f i c i ency  o f  63%,  o i  abou t  2 "3  l 4 I / y r  saved .  0 f  t he  ave rage  8 .5  MT o f  
' l a rge -hod ied

f i shes  a t  r i sk  du r ing  no rma l  f l ow  ope ra t i ons ,  a .bou l :  85%. :s  r l i r r e i . t e r i  (A f - ' p , , nd i x  ! . 1 .

Tab ' l e  1 ) .  Subsequen t  su rv i vo rsh ' i p  o f  t hose  d ' i ve r ted  i s  an  es t ima 'Led  99% ( iab ' l e  i . 3 ) ,

f o r  an  ove ra ' l l  e f f  i c i ency  o f  84o1 .  The  l a t te r  i s  equ iva ' l en t  t o  7 . i  MT ly r  saved .

Summed ove r  a l l  s i ze  g roups  o f  f i shes ,  t he  SONGS Un i t s  2  and  3  FRS p robab iy

saves  abou t  48? (  (17 .6  l 4T /36 .9  MT)  o f  en t rapped  juven i ' l e -adu l t  b iomass .  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  (3870  i s  pa r t i y  o f f se t  by  the  re la t i ve i y

good  e f f i c i ency  fo r  l a rge  f i shes  (84%) .  However ,  t he  ove ra l ' l  ave rage  e f f i c i ency  fo r

to ta l  f i shes  i s  i n f l uenced  more  s t rong ly  by  the  b iomass -dominan t  sma ' l l  f i shes .
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2 .4 .3  Compar i sons  o f  Un i t  1  w i th  Un i t s  2  and  3

The  ave rage  magn i tude  o f  en t rapmen t  a t  each  new un i t  exceeded  tha t  concu r ren t l y

measu red  a t  Un i t  1  by  >  2 .5  t imes  f o r  t o ta l  f i shes  and  f o r  5 /6  o the r  ma jo r  spec ies

and  compound  taxa  tha t  we  exam ' ined  (Tab1e  14 ) .  Resu l t s  were  based  on  an  ex tens i ve

se r ies  o f  45  ma tched  samp les  spann ing  2 - I / 2  yea rs  o f  quan t ' i t a t i ve  samp l ing  a t  t he

new  un i t s  (Append i x  F ,  Tab le  2 ) .  These  da ta  p rov ide  f i rm  ev idence  t ha t  t he  ave rage

magn i tude  o f  f i shes  en t rapped ,  as  es t ima ted  by  the  ave rage  magn i tude  o f  f i shes

re ta i ned  on  t r ave l l i ng  sc reens  and  d i ve r t ed  i n to  t he  qu ie t  a reas  o f  sc reenwe ' l ' l s ,  i s

gene ra l ' l y  >  2 .5  t imes  l a rge r  t han  t he  ave rage  magn i t ude  o f  f i shes  re ta i ned  on

t rave l  1  i  ng  sc reens  a t  Un i  t  l .  .

Among  the  abundan t  and  f requen t i y  encoun te red  spec ies  tes ted ,  t he  ave rage

d i f f e rences  i n  magn i t , ude  o f  en t rapmen t  a t  Un ' i t s  2  and  3  and  a t  Un ' i t  l  r anged  f rom n i l

f o r  wa l l eye  su r f pe rch  t o  >  100X  fo r  wh i t e  c roake r  (Tab1e  14 ) .  0ve ra l l  b ' i omass

en t rapmen t  ( t o ta l  f i shes )  was  abou t  6  t ' imes  g rea te r  a t  each  o f  t he  two  new un i t s

(Tab l  e  14 ) .

Because  o f  t he  two - th i r ds  l a rge r  mesh  s i ze  o f  t he  t r ave l f i ng  sc reens  a t  Un ' i t  1 ,

l a rge  numbers  o f  t he  j uven i l e  f i shes  t ha t  a re  d i ve r t ed  pas t  t r ave l l i ng  sc reens  a t

t he  new  un i t s  wou ld  pass  t , h rough  t he  sc reens  a t  Un i t  1  and  be  k i l l ed  w i t h i n  t he

condenser  sys tem.  I t  i s  t he re fo re  no t  su rp r i s i ng  tha t  co l i ec t ' i ons  shou ' l d  exceed  the

2 .5X  p red i c t i on  o f  DeMar t i n ' i  and  La rson  (1980b ) - -because  ' i t  i s  t he  co l ' l e c t i ons ,  no t

en t rapmen t  pe r  se ,  t ha t  f o rm the  bas i s  f o r  compar i son .

La rge  queen f i sh  (>  10  cm SL )  p rov ide  ou r  bes t  da ta  f o r  eva lua t i ng  t he  2 .5X

p red i c t i on .  Th i s  j s  because  queen f j sh  o f  t h i s  s i ze ,  once  t hey ' imp inge  on  sc reens ,

sho 'u ld  be fu l  1y reta i  ned on even the l  arger  meshes at  Uni  t  L  .  Baseci  on Mi" igr ' i t f  e t

a l  . r s  (  1985 )  app l  i ca t i on  o f  t he  t ' f  i neness  ra t i o r r  ( body  shape )  f c rn ru  t a  c f  Tu rnpen i t ) '

( 198 i ;  Equa t ' i on  14 ) ,  queen f i sh  shou ld  be  f u l l y  r ec ru i t ed  t o  t he  Un i t  1  sc reens  a t

113  mm SL  and  t , o  the  Un i t s  2  and  3  sc reens  a t  57  mm SL .  The re fo re ,  t he  d i f f e ren t

meshes  o f  t he  sc reens  a t  t he  o ' l d  and  new un i t s  shou ld  no t  g rea t l y  i n f ' l uence  the

ave rage  d ' i f f e rence  i n  en t rapmen t  magn i tude  fo r  i a rge  queen f i sh .  None the less ,  we

have  obse rved  an  ave rage  l eve l  o f  en t rapmen t  o f  l a rge  queen f i sh  a t  each  new un i t ,

compared  to  concu r ren t  en t rapmen t  a t  Un i t  1 ,  t ha t  has  been  s ign i f i can t l y  g rea te r

t han  2 .5X  (nom ina l l y  >  7X :  Tab ' l e  14 ;  Append i x  G ,  Tab le  16 ) .  The  queen f i sh

en t rapmen t  da ta  i nd i ca te . tha t ,  desp i te  the  improved  des ign  o f  t he  ve ' l oc i . t y  caps  and
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t
t he  reduced  ave rage  i n take  ve ioc i t y  a t  Un i t s  2  and  3  (Downs  and  Meddock  1974 ;

I  
Schu le r  and  La rson  i 975 ) ,  each  new  un i t  on  ave rage  en t raps  >  2 .5  t imes  as  many  i a rge
queen f i sh  as  Un ' i t  1 .

I t  shou id  be  no ted  tha t  t he  g rea te r  t han  p red i c ted  magn i tude  o f  t he  nea r f i e ld

depress i  on i  n  queenf  i  s l ' r  (  f  rom -50?{ ,  lo  >8A?' l ;  Chapter  One)  may contr i  bute to  an

exp iana t i on  fo r  t he  g rea te r  t han  phed ic ted  magn i tude  o f  queen f i sh  en t rapmen t  a t

Un ' i t s  2  and  3 .

In  o rde r  t o  fu r the r  eva lua te  the  2 .5X  p red i c t i on ,  i t  wou ' l d  be  necessa ry  to  know

the  re la t ' i ve  re ten t i on  ra tes ,  f o r  each  s ' i ze -g roup  o f  f i sh  w ' i t h in  ma jo r  spec ies ,  on

the  3 /8 - i n .  and  5 /8 - i n "  meshes .  Because  f i sh  spec ies  va ry  i n  body  shape  and

f l ex i b i l i t y  as  we l l  as  i n  t he ' i r ' l eng th  d i s t r i bu t i ons ,  r e l a t i ve  re ten t i on  ra tes  wou ld

have  to  be  es t ima ted  emp i r i ca l ' l y .  The  on ' l y  i n tu ' i t i ve ' l y  sa t i s f y ing  me thod  wou ld  be  a

reg ress ion  app roach .  Such  an  app roach  wou ld ,  un fo r tuna te l y ,  requ i re  the

imposs ib l e - - concu r ren t  da ta  f o r  a  se r i es  o f  I ' r ep l i ca te r rS0NGS un i t s  w i t h  a  b road

range  o f  mesh  s i zes  rep resen ted ,  enab i ' i ng  reg ress ' i on  es t ima tes  o f  imp ingemen t

magn i tude  ve rsus  mesh  s i ze .  We the re fo re  have  no  means  fo r  r i go rous l y  eva lua t i ng

DeMar t i n i  and  La rson ' s  ( 1980b )  p red i c t i on  o f  2 .5X  f o r  en t rapmen t  i n  gene ra l  a t  Un j t s

2  and  3 .  Fo r  mos t  ma io r  spec ies  and  f o r  t o ta l  f i shes ,  ou r  qua l i t a t i ve  conc lus i on  i s

tha t  en t rapmen t  a t  each  new un ' i t  i s  i nes t imab iy  g rea te r  t han  2 .5  t imes  tha t  a t  Un i t

1 .

The  su rp r i s i ng l y  l ow  leve l  o f  en t rapmen t  o f  wa1 ' l eye  su r fpe rch  a t  S0NGS Un i t s  2

and  3 ' i s  wo r th  d i scuss ing .  Pe rhaps  t he  unusua l l y  deep  body  p ropo r t i on  o f  wa l l eyes

resu ' l t s  ' i n  a  sma l l e r  f r ac t i on  o f  t . he  do l l a r - s i zed  j uven i l es  o f  t h i s  spec ies  pass ' i ng

th rough  the  l a rge r -mesh  sc reens  a t  Un i t  1  (Tu rnpenny  1981) .  A ' l t e rna t i ve ' l y ,  t he

ind i s t i ngu i shab le  magn i tude  o f  en t rapmen t  a t  Un i t  L  and  a t  Un ' i t s  2  a 'nd  3  i s  be t . ' t e r

i n te rp re ted  as  a  d i sp ropo r t i ona te i y  i a rge  Un i t  i  e f f ec t .  Desp ' i t e  ce r ta in l y  g rea te r

mesh  re ten t i on  on  sc reens ,  p l us  t he  d i ve rs i on  f ac i l i t i e s  a t  t he  new  un i t s ,

ent rapment  of  wal  
' leye 

sur f  perch at  Uni  t  t  has remai  ned re ' la t i  ve ly  h i  gh over  the

years  o f  concu r ren t  ope ra t i ons  a t  t he  th ree  un i t s  (Append ' i x  G ,  Tab le  3 ) .  Pe rhaps

some ' i n te rac t i on  be tween  the  ou t fa l l  and  i n take  a t  Un i t  1  i nc reases  the  en t rapmen t

vu lne rab i l i t y  o f  t h i s  spec ies .  Wa l l eye  su r f pe reh  a re  known  to  f eed  heav i l y  on

amph ipods  l i ke  t he  t ube -bu i l d i ng  Jassa  spp . ,  wh i ch  a re  a  ma jo r  e l emen t  o f  t he

fou l i ng  f auna  w ' i t h i n  t he  S0NGS ' i n take  condu i t s  and  wh i ch  a re  regu la r l y  d ' i seha rged ' i n

coo l ' i ng  wa te rs  (Ba rne t t  e t  a l .  1987 ;  A .  Ba rne t t ,  MEC,  pe rs .  comm. ) .

I
I
t
I
I
I
I
I
I
I
I
t
I
I
I
I
I

2-25



2.4.4 Entrapment  as Mechanism for  Near f ie ld  Depress ion

2.4.4.1 Mathemat ica l  Models

DeMar t i n i  e t  a l .  ( 1986 )  p rov ided  p re l im ina ry  ana l yses  t ha t  sugges ted  po ten t i a l

re la t ' i onsh ips  among  en t rapmen t ,  nea r f i e ld  abundance ,  and  the  nea r -S0NGS depress ion

o f  sma l1  queen f i sh .  Based  on  ana l yses  c f  l 0 / 16  samp les ,  DeMar t i n ' i  e t  a l .  ( i 986 )

t en ta t i ve l y  conc luded  t ha t  a  pos i t i ve  re l a t i onsh ip  ex ' i s t ed  be tween  t he  magn i t ude  o f

en t rapmen t  and  nea r f i e ' l d  abundance  o f  sma l l  queen f i sh .  Ana lyses  o f  t he  same da ta

l ed  DeMar t i n i  e t  a l .  ( i 986 )  t o  f l ag  a  pos i t i ve  re l a t i onsh ip  be tween  t he  magn i t ude  o f

the  d i f f e rence  i n ' l ampara  ca tches  (nea r  ve rsus  away  f rom SONGS)  and  the  magn i tude  o f

queen f t ' sh  en t rapmen t  on  the  same n igh t .

Reana l ys i s  us i ng  a1 l  o f  t he  16  ma tched  samp les  t ha t  even tua l i y  became  ava i l ab le

has  f a i l ed  t o  suppo r t  t he  p rev ious  resu l t s .  I n  pa r t  t h i s  r e f l ec t s  t he  more

pa rs imon ious  mode l s  ( hav ing  f ewe r  va r i ab les )  t ha t  we re  reeva lua ted  (DeMar t i n i  e t  a l .

1986 ) .  Bu t  p rev ious  eva lua t i ons  o f  s imp ie r  mode l s  ( us i ng  t he  f i r s t  10  samp les )  a ' l so

gave  s t ronger  sugges t i on  o f  re la t i onsh ips  than  the  p resen t  comprehens ive

eva lua t i on .

Numerous  po ten t i a ' l  r easons  ex i s t  f o r  ou r  u l t ima te  i nab ' i 1 i t y  t o  ma thema t i ca l l y

desc r ibe  the  i n te r re la t ' i ons  o f  en t rapmen t ,  nea r f i e ld  abundance ,  and  nea r -SONGS

dep ress ion .  Su rge  and  t u rb i d i t y ,  as  i n f l uences  o f  vu lne rab ' i 1 i t y ,  a re  somewha t

inaccu ra te  ' i nd i ces .  Su rge  was  cha rac te r i zed  by  a  24 -h r  ave rage ,  whereas  mos t

en t rapmen t  a t  SONGS occu rs  a t  n igh t  and ,  espec ia l l y ,  dawn  and  dusk  (DeMar t ' i n i  and

Larson  1980a ;  Johnson  1980 ;  He lvey  1985) .  Tu rb id i t y  was  cha rac te r i zed  by

measu remen ts  t aken  a t  t he  t ' ime  o f  i n -p1an t  samp le  co l l ec t i on  f o l l ov r i ng  t h i s  24 -h r

pe r iod .  More  impor tan t ,  s i ng le  l ampara  se ine -hau l  s  were  the  bas i  s  o 'F  a l  I  es t i n ta tes

o f  nea r f i e ld  abundance  and  ca tch  d i f f e rences  be tween  longshore  samp l ing  s ta t ' i ons .

The  p rec i s i on  ( r epea tab i1 i t y )  o f  s i ng le  se ine -hau l s  i s  no t  pa r t ' i cu l a r ' l y  h i gh ,  even

fo r  i n take  dep ths  a t  n igh t  (ave rage  SD =  one - th i rd  o f  t he  mean ,  based  on  a  se r ies  o f

same-n igh t  hau ls  taken  nea r  the  SONGS in takes  i n  Sep tember  1983) .  Las t  bu t  no t

l eas t ,  even  the  fu l l  comp iemen t  o f  da ta  (16  ma tched  samp ' l es )  p rov ides  a  meager  bas i s

fo r  e l uc i da t , i ng  re l a t ' i onsh ips  i n  2 -3 - f ac to r  mu l t i p l e  r eg ress ions .  We  can  on l y

conc l  ude  tha t  chance  e r ro r  a l  so  pa r t l y  i n f  
' l uenced  

ou r  p r i o r ,  p re i ' im i  na ry

conc lus i ons .
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I t  i s  impor tan t  t o  no te  he re  tha t  i nab i l i t y  t o  ma themat ' i ca l l y  desc r ibe

in te r re ' l a t i onsh ips  because  o f  i nsu f f i c i en t  da ta  does  no t  d i sp rove  t he  ex i s t ence  o f

t he  re ' l a t i onsh ips .  Ce r ta i n l y  t he  pos i t ' i ve  r e l a t ' i on  be tween  f i sh  abundance  and

magn i tude  o f  en t rapmen t  has  been  es tab l i shed  by  s tud ies  a t  o the r  sou the rn  Ca l i f o rn ia

power  p l an t s  (He l vey  1985 ,  F i gu re  3 ;  a f t e r  Johnson  1980 ) .  0u r  eva lua t ' i on  o f

en t rapmen t  as  the  mechan ism fo r  nea r -S0NGS dec l ' i nes  i n  sma l l  queen f i sh  (Sec t i ons

2 .3 .4 .2  and  2 .4 .4 .2 ) ,  t he re fo re ,  shou ld  no t  be  cons ' i de red  de f  i c i en t  because  i t s

s imp le  ca l cu la t i ons  l ack  r i go rous  mode l ' i ng  suppo r t .

2 .4 .4 .2  Ba lance  Ca lcu la t i ons

Reasonab le  Immiq ra t i on  Ra tes .  The  ra te  o f  remova l  o f  j uven i l e  queen f i sh  by

en t rapmen t  a t  SONGS Un i t s  1 ,  2 ,  and  3  i s  su f f i c i en t  t o  accoun t  f o r  t he  obse rved

depress ion  i n  ca tch  nea r  S0NGS,  i f  ave rage  rep ' l acemen t  ra tes  ( imm' ig ra t i on )  o f  once

eve ry  3 -4  days  a re  accep ted  (Sec t i on  2 "3 .4 .2 ) .  Immig ra t i on  ra tes  o f  t hese

magn i tudes  seem reasonab ' l e  based  on  the  vag i l e ,  schoo l i ng  na tu re  o f  t he  spec ies

(DeMar t i n ' i  e t  a ' l  .  1983  a ,b ;  A ' l l en  and  DeMar t i n i  1983 ;  DeMar t i n i ,  A11en ,  Foun ta i n ,

and  Rober t s  i 985 ) .  Tempora ' l  pa t te rns  j n  ca tch  da ta ' i nd ' i ca te  tha t  queen f i sh  d i sp lay

subseasonal  and shor ter - term iongshore movements of  many k i . lometers (DeMart in ' i  e t

a l  .  1983a ,b ;  A l ' l en  and  DeMar t ' i n i  1983 ) .  Queen f i sh  d i s t r i bu t i ons  gene ra l l y  sh i f t

somewha t  o f f sho re  a t  n igh t ;  adu l t s  (pa r t i cu la r l y  ma les )  make  d ' i e l  onshore  and

o f f sho re  m ig ra t i ons  o f  a t  l eas t  seve ra l  k i l ome te rs  (DeMar t i n i ,  A l 1en ,  Foun ta i n ,  and

Rober ts  1985)  "

Spec ' i es  Pa t te rns  i n  En t rapmen t  and  F ie ld  Abundance .  The  apparen t  re la t i ve  dec l i ne

in  queen f i sh  numbers  nea r  S0NGS' i s  mos t  c ' l ea r l y  sugges ted  fo r  immatu re  f i sh ,  and

.voung-o f - the -yea r  (YOY)  i n  pa r t ' i cu la r  (Chap te r  One ,  Tab les  1 ,  2 ;  Append ix  E ,  Tab les
' . t .  

i  ) .  Th i s  ; s  cons i s ten t  v l i t h  numer i ca l  en t rapmen t  da ta :  mos t ,  queen f i sh  tha t  a re

en t rapped  a re  sma l ' l ,  imma tu re  f i sh  (Append i x  I ,  Tab les  6 ,7 ) .  S ign i f i can t  nea r f i e l d

dec l i nes  i n  YOY wh i te  c roake r  (Genyonemus  l i nea tus ;  Chap te r  One ,  Tab les  ! , 2 ;

Append ix  E ,  Tab les  1 ,2 )  have  been  concu r ren t  w i th  l a rge  recen t  i nc reases  ' i n  t he

en t rapmen t  o f  YOY wh i te  c roake r  a t  S0NGS (Append ix  G ,  Tab le  2 ;  Append ix  I ,  Tab les  4 ,

5 ) .  The  obse rved  nea r -SONGS dec l i nes  o f  bo th  sma l l  queen f i sh  and  wh i te  e roake r  a re

exp ' l i cab le ,  t he re fo re ,  i n  t e rms  o f  abso lu te  magn i tude  o f  en t rapmen t .

0n  t he  o the r  hand ,  ne i t he r  s i l ve r s ' i des  no r  Pac i f i c  bu t t e r f i sh  (Pep r i l us

s im i l ' l lmus )  have  s i gn i f i can t i y  dec ' l j ned  i n  numer i ca l  abundance  nea r  S0NGS,  re ' l a t ' i ve
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t o  e i t he r  Con t ro l  l oca t ' i on  (Chap te r  0ne ,  Tab les  1 ,  2 ;  Append i x  E ,  Tab les  1 ,2 ) .

Moreove r ,  ne i the r  t axon  was  en t rapped  in  l a rge  numbers  a t  S0NGS du r ing  Apr i l -

Sep tember  1985  o r  Ap r i l -Augus t  1986  (Append i x  I ,  Tab les  4 ,5 ) .  I n  t e rms  o f  abso lu te

en t rapmen t  1eve1s ,  t hen ,  pa t te rns  o f  nea r -S0NGS abundance  and  en t rapmen t  a re  a l so

cons i s ten t  f o r  t hese  two  soec ies .

These  two  pa i r s  o f  spec ies  a l so  can  be  mean ing fu ' l 1y  compared  i n  te rms  o f  t he ' i r

r e l a t i ve  abundances  i n ' l ampa ra  ca t ches  and  t he i r  r e l a t ' i ve  con t r i bu t i on  t o  SONGS ' i n -

p l an t  co l l ec t i ons .  Queen f i sh  have  a lways  numer i ca l i y  dom ina ted  se ine  ca t ches  a t  Fa r

Impac t  and  Con t ro l  l oca t i ons  and  i n -p1an t  samp les  (Tab ' l es  2 ,  11 ;  Append i x  G ,  Tab ' l es

1 ,  9 ;  Append i x  I ,  Tab les  4 ,  5 ) .  Wh f te  c roake r  had  ranked  a  s t r ong  second  i n  base l i ne

se ' i ne  ca t ches ,  bu t  i t s  f i e l d  abundance  c rashed  i n  1982 -83  (Tab1e  2 ) .Se ine  ca t ches

o f  wh i te  c roake r  ranked  a  s t rong  th i rd  ( i n  i 985 )  and  a  weak  second  ( i n  1985)  among

the  fou r  spec ies  (Append ' i x  I ,  Tab le  8 ) .  Du r ing  Apr i l -Sep tember  i 985  and  Apr i i -

Augus t  1986 ,  en t rapmen t  o f  t hese  fou r  spec ies  a t  t he  comb ined  SONGS un i t s  was

domina ted  by  queen f i sh  and  ( seconda r i l y )  wh i t e  c roake r  (Append i x  I ,  Tab ' l es  4 ,5 ) .

But  the numer ica l  ent rapment  of  whi  te  croaker in  1985 was about  2 orders of

magn i tude  g rea te r  t han  the  en t rapmen t  o f  s i l ve rs ides  and  bu t te r f i sh  (Append ix  I ,

Tab le  4 ) .  I n  1986 ,  c roake r  en t rapmen t  was  l -1 /?  to  3  o rde rs  o f  magn i tude  g rea te r

t han  s i l ve r s i des  and  bu t t e r f i sh  (Append i x  I ,  Tab le  5 ) .  Compared  t o  wh i t e  c roake r r s

re la t ' i ve  f i e ld  abundance ,  i t s  l eve l  o f  recen t  en t rapmen t  has  been  d i sp ropo r t ' i ona te l y

g rea t  among  t he  f ou r  spec ies  (Append i x  I ,  Tab les  4 ,5 ) .  The  re ' l a t i ve  magn i t ude  o f

recen t  queen f i sh  en t rapmen t  has  been  more  d ' i spa ra te ,  even  a f te r  a l l ow ing  fo l i t s

numer i ca l  dominance  i n  the  f i e ld .  Recen t  en t rapmen t  o f  queen f i sh  exceeded  tha t  o f

bu t te r f i sh  and  s i l ve rs ides  by  2 - l / ?  o rde rs  o f  magn i tude  ( i n  1985)  and  3  o rde rs  o f

n ragn ' i t ude  ( i n  1986 )  (Append i x  I ,  Tab ' l es  4 ,  5 ) .  The  f  i e l d  dom inance  o f  queen f i sh  was

genera l l y  a round  l  o rde r  o f  magn i tude  du r ing  t i r ese  pe r iods  (Append ix  I . ,  Tab le  8 ) .

Sources of  Error .  The est imates generated b j ,  Lhese methods are based on severa ' l

adm' i t ted ly  inexact  parameter  va lues.  The most  impor tant  o f  these are the ?5%

ca tchab i ' l i t y  va lue  (used  fo r  sca l i ng  dens i t y  t o  abundance- in - the -ne t )  and  the

sub jec t ' i ve1y  de f i ned  ex ten t  o f  t he  nea r f i e ld  reg ion  tha t  i s  be ing  a f fec ted  by

en t rapmen t  (used  to  s tandard i ze  ne t  abundance  to  abundance  on  a  l oca l  sca le ) .

Catchab' i  1  i  ty  est inates wi  I  I  never  be ' improved,  but  0cc i  denta l  Col  l  ege '  s  hydro-

acous t i c  da ta ,  i f  s i ze - spec i f i c  and  su f f i c i en t l y  p rec i se  and  accu ra te ,  m igh t  p rov ide

a  usab le  i ndex  o f  spec ies  d i s t r i bu t i ' ons  tha t  wou ld  be t te r  de f i ne  the  nea r f i e ld

reg ion  fo r  queen f i sh .  No te  tha t  nea r f i e ' l d  abundance  es t ima tes  a re ' i nve rse ' l y  re la ted
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t o  ca tchab i ' l ' i t y  bu t  a re  d i rec t l y  p ropo r t i ona l  t o  a rea  ( rad ius -squared )  o f  t he

nea r f i  e l  d .
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CHAPTER THREE
FISHES AT SAN ONOFRE AND SAN MATEO KELP BEDS

3 .1  INTRODUCTION

3.1"1 SOK and Other  Southern Cal i forn ia Kelp Beds

San  0no f re  Ke lp  bed  (SOK)  i s  a  fo res t  o f  g ian t  ke lp  (Mac rocys t i s  py r i f e ra )  on
a eobble seabed in  8-16 m of  water ,  located about  2-3 km of fshore of  San 0nofre
Nuc ' l ea r  Genera t i ng  S ta t i on  (SONGS) .  Fo res ts  o f  g ' i an t  ke ip  a re  s t ruc tu ra i ' l y

complex habi ta ts  f requented by a d iverse assemblage of  near ' ly  100 species of
f ishes (Feder  et  a l .  1974) .  Macrocyst j !  forests  prov ide a comp' lex combinat ion of
an ima l  f ood ,  she l te r ,  and  wa te r - co lumn ex tens ion  o f  ben th i c  hab i ta t  f o r  f i shes
(Quas t  1968a ,d ;  Fede r  e t  a ] . 7974 ;  B ray  and  Ebe l i ng  1975 ;  Hobson  and  Chess  1976 ;
Berns te in  and  Jung  1979 ;  Coye r  1979 ;  Hobson  e t  a l .  1981 ;  Ebe l i ng  and  Lau r  1985 ;
Bodk in  1985) .  Ke lp  beds  a re  a l so  though t  t o  enhance  the  p roduc t i v i t y  o f
o rgan isms ,  i nc lud ing  f i shes ,  i n  pa r t  d i rec t ' l y  v ia  he rb i vo ry  (Nor th  1971) ,  bu t
pr imar i ly  through a detr i ta ' l  pathway to inver tebpate grazers that  prov ide the
ma jo r  p rey  o f  many  f i shes  (Fos te r  and  Sch ie1  1985) .

Operat ions of  the SONGS Uni ts  2 and 3 cool ing system have been predic ted to

impac t  (Dean  e t  a ' l .  1983 ) ,  and  a re  s t i l l  cons ide red  to  be  hav ing  an  impac t  on  g ian t

ke lp at  the San Onofre Kelp bed (D' ixon et  a l  .  1985;  Schroeter  e t  a1 .  1987;  Dean et
a '1 .  1987) .  The  w i thd rawa l  and  secondary  en t ra inmen t  o f  t u rb id ,  ep iben th i c  wa te rs
near  shore and the d i  scharge of  these waters nearer  the sur face and far ther

o f f sho re  has  dec reased  f l l um ' i na t i on  nea r  the  seabed  w i th in  S0K.  Th i s  has
p rec iuded ,  and  w i l l  con t i nue  to  p rec ' l ude  na tu ra l  reseed ing  o f  young  ke lp

sporophytes dur ing the recru i tment  windows that  oecur  dur ing br ie f ,  sporadic
in te rva l s  (Dean  e t  a '1 .  1983 ,  1987) .  Con t inued  na tu ra l  a t t r i t i on  o f  adu l t  p ian ts ,

wi thout  o f fset t ing recru i tment ,  probably  has been the major  csnt r ibutor  to  the

recen t  dec l i ne  i n  dens i t y  o f  Mac rocys t i s  i n  t he  i nsho re ,  upcoas t  sec to r  o f  S0K,

c loses t  t o  t he  SONGS d i f f use r  p lume (D ixon  e t  a l .  1985 ;  Sch roe te r  e t  a l .  1987 ;

Dean  e t  a l .  1987 ) .
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One segmen t  o f  t he  UCSB F ' i sh  Group ' s  to ta l  eva lua t i on  o f  S0NGS'  po ten t i a ' l

impac t  on  nea rsho re  f i sh  s tocks  has  been  an  assessmen t  o f  wha t ,  i f  any ,  e f fec t

SONGS'  impac t  on  g ian t  ke lp ,  t h rough  loss  o r  change  in  ke lp  bed  hab i ta t ,  m igh t

i nd ' i r ec t l y  have  on  the  rocky ,  i nsho re  f i shes  ( sensu  Quas t  1968a)  i nhab i t i ng  SOK.

A  b r i e f  h i s t o r y  o f  t h i s  eva lua t i on  f o l l ows .

3.1.2 History of  Fish Studies at  SOK

DeMar t i n i  and  La rson  (1980a ,b )  f i r s t  eva lua ted  f i e ld  coun ts  o f  f i shes  i n

kelp-canop' ied and ke lp-depauperate regions in  and near  SOK dur ing fa l1  1979.  0n

the  pas i s  o f  t hese  obse rva t i ons ,  t hey  p red ' i c ted  tha t ,  on  a  
' l oca l  

sca le  ( i . e . ,

w i th in  SOK) ,  many  f i shes  m igh t  dec rease  i n  dens i t y  by  abou t  l / 3  t o  2 /3  i n  reg ions

where  l ush  canopy  dec l i ned  to  l ow-dens i t y  ke lp  (DeMar t i n i  and  La rson  1980b ;  La rson

.and  DeMar t i n i  1984) .  These  p red i c t i ons  p rov ided  the  ra t i ona le  fo r  con t i nued

moni tor ing of  f ishes at  SOK and at  San l ' la teo Ke' lp  bed (SMK),  another  cobble-bot tom

kelp forest  located of f  San Mateo Point ,  about  5-6 km upcoast  o f  S0NGS.

DeMart in i  e t  a ' l  .  (1981b)  ana ' lyzed and evaluated the f i rs t  ha] f  ( fa ' l l  1980)  of

the  base l i ne  (S0NGS Un i t s  2  and  3  p reopera t i ona l )  mon i to r i ng  da ta .  These  ea r l y

moni tor ing data ind ' icated that  the f ish assemb' lages at  the two kelp beds were

qua l i t a t i ve ' l y  s im i l a r ,  bu t  sugges ted  tha t  t he  dens i t i es  o f  some spec ies  d i f f e red

between the two kelp beds.

/
I n  ou r  g roup rs ' l as t  repo r t  on  ke lp  bed  f i shes  (DeMar t i n i  e t  a l .  1983a ,b ) ,  we

prov ided  a  comprehens ive  eva lua t i on  o f  base i i ne  da ta ,  i nc lud ing  the  second  and

f i na l  yea r  ( f a l l  1981 )  p r i o r  t o  cons i s ten t  pump ing  by  SONGS Un i t s  2  and  3 .

Simi lar i ty  o f  assemblage st ructure pers is ted dur ing the two years.  However ,

quant i ta t ive densi ty  d i f ferences between SMK and SOK (and,  to  some extent ,  between

the upcoast  and downcoast  s tands of  ke1p wi th in  S0K) were reaf f i rmed.  Potent ia l ' ly

impor tan t ,  t empora l  sh i f t s  i n  base ' l i ne  dens i t i es  (among  Joca t i ons )  were  no ted  fo r

seve ra l  ma io r  spec ies ,  i nc ' l ud ing  ke lp  Sass  and  Ca l i f o rn ia  sheephead  (DeMar t i n i  e t

a l  .  1983a ,b ) .
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3.1 .3 Objectives

In  th i s  chap te r ,  we  have  th ree  ma jo r  ob jec t i ves :

i .  We  p rov ide  ou r  f i na ]  ana lyses  o f  SONGS'  impac t  on  f i shes  a t  SOK,  based

on BACI (Before-Af ter -Contro ' l - Impact :  Stewart -0aten et  a l .  1985;

S tewar t -Oa ten  1 .985 )  tes t  compar i sons  o f  f i sh  dens i t i es  be tween  base l i ne
(1980-81 )  and  ope ra t i ona l  pe r iods  (1985-86 )  f o r  SOK ve rsus  SMK and  fo r

the  upcoas t  ve rsus  downcoas t  reg ions  o f  SOK.  Inc luded  a re  comprehens ive

es t ima tes  o f  f i sh  dens i t i es  a t  SOK and  SMK,  by  ma jo r  l i f e  s tage ,  f o r  a1 ' l

common and abundant  speci  es.  By compar i  ng the re ' la t i  ve densi t ' ies  of

f i sh  a t  impac t  s ta t i ons  (where  ke lp  has  dec reased  d i sp ropo r t i ona te ' l y  i n

the  A f te r  pe r iod )  and  con t ro l  s ta t i ons  (where  A f te r  dec l i nes  i n  ke lp

have  been  less  ex t reme) ,  we  tes t  t he  p red i c t i on  tha t  f i sh  dens i t y  shou ld

dec l i ne  p ropo r t i ona te l y  t o  dec l i nes  i n  ke lp  dens i t y ,  bo th  w i t h i n  a

s ing le  ke lp  bed  (S0K)  and  be tween  ne ighbor ing  ke lp  beds  (S0K,  S l . lK ) .

? .  We  eva lua te  the  re ja t i ons  be tween  the  dens i t i es  o f  f i sh  and  g ian t  ke lp

a t  SOK du r ing  fa l l  1985  and  fa l l  1986 .  By  so  do ing ,  we  tes t  ou r  p remise

tha t  f i sh  dens i t y  i s  pos i t ' i ve1y  re la ted  to  ke ' l p  dens i t y  on  a  l oca l  sca le

w i t h i n  SOK.  '

3 .  We  fu r t he r  use  f a1 l  1985 ,1986 ,  and  basg l i ne  ( f a l 1  1980 ,  i 981 )  da ta  on

f i sh  dens ' i t i es ,  p ' l us  sonar  ( ke lp  mapp ing )  da ta  on  the  dens i t y

d i s t r i bu t i ons  o f  g ian t  ke lp  to  es t ima te  the  abundances  o f  f i shes  a t  SOK.
l l l e  do  th i s ' i n  o rde r  t o  t rans ' l a te  ou r  es t ima tes  o f  f i sh  dens i t y  change ,

ove r  de f i ned  a rea i  ex ten ts ,  t o  es t ima tes  o f  changes  i n  f i sh  numbers  and

b iomass  a t  SOK.
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3.2 .  METHODS

3.2.1.  F ie ld  Measurements of  F ish Densi t ies

A l l  cha rac te r i za t i ons  o f  f i sh  dens i t i es  i n  SONGS-a rea  ke lp  beds  a re  based  on

ei ther  one or  both of  two types of  nondestruct ive sampl ing - -  underwater  surveys

conduc ted  by  a  s ing le  team o f  scuba  d i ve rs .  I n  bo th  t ypes  o f  su rveys ,  f i shes  were

enumera ted  on  be l t  t , r ansec ts  o f  known  (o r  d i rec t l y  es t imab le ,  see  be low)

d ' imensi  ons."  In  the f  i  rs t  type of  samp I  i  ng,  water-co l  umn I 'c i  net ransectsr r  were

reco rded  w i th  d i ve r -he ld  mov ie  cameras  and  Super -8  f i lm  (DeMar t i n i  e t  a l .  1983

a ,b i  La rson  and  OeMar t i n i  1984) .  I n  t he  second  t ype  o f  su rvey ,  d i ve rs  d i rec t l y

ta l l i ed  bo t tom t ransec t  da ta .  D imens ions  o f  bo t tom t ransec ts  were  f i xed :  3  m

wide  x  1 .5  m h igh  (as  es t ima ted  by  d i ve r )  and  75  m long  (as  de te rm, ined  by  l eng th  o f

t ransect  l ' ine) .  The area surveyed by bot tom t ransects  was 2?5 m2;  vo lume sampled

was  337 .5  m3 .  The  l eng th  o f  c ine t ransec ts  a j so  was  75  n  (+ / -  2  s '  La rson  and

DeMart in i  1984) ,  based on 3-min swims at  an average rate of  25 n/n in.  Width and

he igh t  o f  c i ne t ransec ts  were  va r iab le ,  bu t  es t imab le  as  a  func t i on  o f  underwa te r

v ' i s i b i l i t y  (La rson  and  DeMar t i n i  1984 ;  Append ix  J ) .  The  ave rage  vo lume samp led  by

c inet ransect  was about  1000 m3.  Al l  densi ty  data were s tandard ized to  #s/1000 m3.

Fishes at  San Mateo Kelp bec i  (SMK) and(or)  a t  San 0nofre Kelp bed (50K) were

su rveyed  du r ing  the r r fa l l r r (Oc tobe r  th rough  December )  pe r iods  o f  1980 ,  1981 ,  1985 ,

and  1985 .  Samp l ing  was  res t r i c ted  to  the  fa1 l ,  beeause  underva te r  v i s i b i ' l i t y  i s

genera l l y .  i nadequa te  fo r  f i sh  obse rva t i ons  du r ing  o the r  seasons  i n  sou the rn

Cal  i  f  orn i  an coasta l  waters.  Samp' l  i  ng occurred at  i  r regu ' lar  i  n terva ' l  s  throughout

the fa l l  per iods;  sampl ing was dependent  on sea state and adequacy of  underwater

v i s i b i l i t y .  V i s i b i l i t i e s  >  2 .5  m  v re re  cons ide red  necessa ry  i n  o rde r  t o  avo id

undersamp l ing  ce r ta in  i a rge ,  d ' i ve r - shy  f i shes  (e .g . ,  adu l t  ke lp  bass  and  opa leye ;

Coyer  1979 ;  DeMar t i r i  e t  a l .  1981b ;  1983a ,b ;  La rson  and  DeMar t i n i  1984) .

Cond i t i ons  pe rm i t t i ng ,  seve ra l  l oca t i ons  w i th in  e i t he r  o r  bo th  ke lp  beds  were

samp led  du r ing  each  o f  2O to  35  s ing le -day  t r i ps  each  fa l l  (Append ix  J ,  Tab le  1 ) .

Samp' l ing was rest r ic ted to  the genera ' l  midday per iod of  inact iv i ty  for  d iurna ' l

f i shes  (0800-1500  h rs ;  Ebe l i ng  e t  a l .  1980a ;  La rson  and  DeMar t i n i  1984) .

Loca t i ons  rep resen t i ng  the  f i xed  s ta r t i ng  po in t s  fo r  t ransec ts  ( s ta t i on

hubs)  were chosen based on the densi ty  (and sur face canopy development)  o f

Macrocyst is .  Assessments of  ke lp habi ta t  were made dur ing pract ice t ransects  and

o the r  p re l im ina ry  d i ves  i n  t he  Sep tember  jmmed ia te l y  p reced ing  the  fa l l  season .
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A consi  s tent  samp' l  i  ng desi  gn was f  o l ' lowed.  0n a g ' iven date ,  comprehensi  ve
samp l i ng  a t  a  g i ven  l oca t i on  cons i s ted  o f  a  t eam o f  f ou r  d i ve rs  ( one  pa ' i r  each ' i n
the  wa te r  co lumn and  on  bo t tom) .  A t  canopy  (3 .1 -m)  dep th ,  f i shes  were  f i lmed  on  a
to ta l  o f  8  c ine t ransec ts  pe r  l oca t i on .  Dur ing  1985  and  1986 ,  f i shes  a1so  were
f i lmed  a t  m id -dep th  (7 .7  n :  Sec t i on  3 .2 .3  and  Append i x  J ) ;  2  c i ne t ransec t s  we re
expended per  locat ion and date at  mid-depth.  0n bot tom (average 14.5-m depth,
range  12 -16  m) ,  f i shes  were  ta l l i ed  on  a  to ta l  o f  6  t ransec ts .  F i shes  were  ta l l i ed
by  ma jo r . l i f e  s t age  ( j uven i l e ,  subadu l t ,  and  adu l t ) ,  based  on  recogn i zed  l eng th -
ma tu r i t y  cn i t e r i a  (Append ix  T ,  Tab le  1A) .  (When  c ine t ransec ts  were  subsequen t ' l y
v iewed  in  the ' l abo ra to ry ,  f i shes  were  sco red  fo r  f i f €  s tage  us ing  v i sua l  cues  on
f i lm  - -  € .9 . ,  l eng ths  o f  ke1p  b l ades ,  s i ze - spec i f i c  co lo r  pa t t e rns  and  behav io r . )
0n  bo t tom,  f i shes  were  coun ted  as  the  t ransec t ' l i ne  was  pa id  ou t  (o f f  a  t ake -up
spoo' l  :  see Quast  1968b for  prototype) .  As the ] ine was ret r ieved on the return
sw im,  the  d i ve r  coun ted  the  number  o f  j uven i l e -adu l t  Mac rocys t i s  p lan ts

encoun te red  w i th ' i n  t he  t ransec t  pa th ,  and  assessed  the  re la t i ve  abundances  o f  each
of  severa l  s t ructura l ly  impor tant  benth ic  b io ta and the re la t ive amounts of  cobble
and  sand  p resen t .

De ta i l s  o f  t hese  and  supp lemen ta ry  samp i ing  p ro toco l s  a re  p rov ided  i n

I  
Append ix  J "  Fo r  a  comprehens ive  l i s t  o f  quan t i t a t i ve  sampf ing  da tes ,  see  Append ix
J ,  Tab le  1 . .

3.2.2.  lmpact Tests

Dens' i t ies of  f ishes were compared between a potent ia l  impact  reg ion in  the
upcoast ,  o f fshore sect ion of  SOK and (1)  a  contro ' l  reg ' ion wi th in  the downcoast ,
o f f sho re  sec t i on  o f  SOK and  (2 )  an  upcoas t  con t ro l  i n  SMK (Append i x  J ,  F i g . i ) .
Impac t  m inus  con t ro l  de l tas  (d i f f e rences )  i n  dens i t ' i es  were  con t ras ted  be tween  the
base l i ne  pe r iod  ( ' i  . e . ,  t he  S0NGS Un i t s  2  and  3  t t p reopera t i ona l r r  pe r iod  i n  f a l l

1980  and  fa l ' l  1981 )  and  the ' l ope ra t i ona l r rpe r iod  i n  f a ' l ' l  1985  and  fa1 l  1986 .  S ince

we  were  conce rned  w ' i t h  measur ing  wha t ' i nd i ree t  e f fec t  SONGS migh t  have  on  f i sh  v ia

loss  o f  ke lp  hab i ta t ,  t he  pos i t i ons  o f ) samp l ing  s ta t i ons  sh i f t ed  somewha t  i n

va r ious  samp l ing  seasons  as  we  t racked  s tands  o f  t he  denses t  ava i l ab le  ke lp  a t  SMK

and  w i th in  the  two  ma jo r  reg ions  (upcoas t ,  downcoas t )  o f  ke lp  a t  SOK.

I

I  I n  f a l1  1980-8 i ,  r eg ions  o f  dense  ke ' l p  pe rs i s ted  ' i n  app rox ima te ' l y  t he  same

areas of  S0KUpcoast  (S0KU),  S0KDowncoast  (S0KD),  and SMK. By fa l l  1985 (and
I

I
t  
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t h rough  f a l l  1986 ) ,  ke l p  dens i t i es  had  dec l ' i ned  i n  t he  i nsho re  po r t i on  o f  S0KU,  a t

seve ra l  a reas  w i th in  SOKD,  l nd  th roughou t  much  o f  t he  o f f sho re  and  upcoas t  pa r t s

o f  SMK.  0pe ra t i ona l  pe r iod  mon i to r i ng  o f  f i sh  dens i t i es  the re fo re  i nc luded

s ta t i ons  o f  r e l a t i ve l y  dense  (SOKUou t )  and  re l a t i ve l y  spa rse  ke lp  (S0KU in )  w i t h i n

S0KU.  Ana logous  dense  (SOKDou t )  and  reduced-dens ' i t y  (SOKDin )  s ta t i ons  were

samp led  i n  1985-85  w i th in  SOKD (Append ix  J ,  F igs .  2A-2C) .  W i th in  SMK,  the  reg ' i on

o f  denses t  ava i l ab le  ke lp  was  t racked  abou t  100  m o f f sho re  (1985)  to  150  m

downcoas t  (1985)  o f  t he  1980-81  SMK s ta t i ons  (Append ix  J ,  Tab1es  1 ,2 ;  F igs .  2D-

2F) .  Our  compar ison of  f ish densi t ies between S0KU and SMK used a SOKUouI-SMK

s ta t i on  pa i r i ng  du r ing  the  ope ra t i ona l  pe r iod .  The  ana logous  compar i son  o t  
C  - l

dens i t i es  w ' i t h in  SOK used  the  SOKUin  and  SOKDou t  s ta t i ons .  We se lec ted  theseJO&" ' t l

par t ' icu l  ar  s tat ' ions and stat i  on pai  r i  ngs f  or  the fo i  l  owi  ng reasons:  (  1)  The

SOKUout  and S0KDout  s tat ions represented the densest  avai lab le Macrocyst is  s tands

w i th ' i n  upcoas t  and  downcoas t  SOK du r ing  1985-86 ;  (2 )  t he  S0KUin  s ta t i on  p rov ided

reduced-densi ty  ke1p,  representat ive of  inshore-upcoast  SOK, dur ing these two

years;  (3)  SOKUout  and S0KUin were adjacent  to  the SOKU stat ion sampled in  1980-

81 ;  and  (4 )  t he  s ta t i on  pa i r i ngs  compr i sed  s ta t i ons  samp led  on  the  same day  du r ing

the  ope ra t i ona l  pe r iod .

Compar i sons  used  the  BACI  ana lys i s  des ign  (S tewar t -Oa ten  e t  a l .  1985 ;

Stewart -0aten 1986) .  Compar isons were made for  each of  15 se lect  taxa of  f ishes

(and  re levan t  componen t  l i f e  s tages ) .  As  fo r  t he  o the r  f i sh .assemb ' l ages  be ing

mon i to red  (Chap te r  One) ,  spec ies  i n  SONGS-a rea ,7ke1p  beds  were  se lec ted  fo r

s ta t i s t i ca l  t es t i ng  based  on  a  comb ina t i on  o f  c r i t e r i a :  (1 )  known  o r  suspec ted

eco log i ca l  s i gn i f i cance ;  (2 )  economic  ( spo r t ,  commerc ia l )  impor tance ;  and  (3 )

f requency and abundance in  samples.

T ime-se r ies  p lo t s  o f  t he  de l tas  (d i f f e rences )  used  i n  impac t  t es t s ,  p lus

densi ty  data at  Impact  and Contro l  locat ions,  are prov id ' rd  to  help in terpret  the

s ta t i s t i ca l  ana lyses  (Append ix  N ,  F igs .  1 -83 ) .  A  b r i e f  reader rs  gu ide  to  these

f i gu res  fo l l ows .  Fo r  each  spec ' i es  and  l i f e  s tage  tha t  cou ld  be  eva lua ted  ( see

be low) ,  a  th ree -pane l  f i gu re  i s  p rov ided .  I n  t he  top  pane '1 ,  we  i l l us t ra te

es t ima ted  dens i t i es  a t  t he  Impac t  i oca t i on  (S0KU)  fo r  each  tes tab le  base l i ne  and

opera t i ona ' l  samp ' l i ng  da te .  I n  t he  m idd le  pane1 ,  ana logous  da ta  a re  i l l us t ra ted

fo r  t he  Con t ro ' l  l oca t i on  (SMK o r  S0KD) .  I n  t he  bo t tom pane1 ,  we  i l l us t ra te  the

co r respond ing  de l tas  fo r  each  tes tab le  da te  du r ing  the  1980-81  base l i ne  and  the

1985-85  ope ra t i ona l  pe r iods .  r tDoub le  ze ro ' r  obse rva t i ons  (Chap te r  One ,  Ana lys i s

I
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Methods )  a re  i nc luded  i n  a l l  p ' l o t s  t o  i l l us t ra te  the  re la t i ve  f requency  o f  co -

absences .  Fo rm o f  t he  da ta  used ' i n  p lo t t i ng  the  de l tas  and  dens i t i es  va ry  w i th

t ype  o f  impac t  t es t  used  ( ' i . e . ,  1og - t rans fo rmed  da ta  fo r  t - t es t s ,  raw  da ta  fo r

b i nom ia l  t es t s :  see  be low) . .  I f  da ta  we re  t o ta l l y  unsu i t ab le  f o r  s t a t i s t i ca l

eva lua t i on  (Sec t ' i on  3 .2 "2 .1 ) ,  de l t as  a re  no t  i l l u s t r a ted .

3 .2 .2 .1  Sc reen ing  Tes ts

Pr io r  t o  t - t es t s ,  da ta  were  sc reen ing  fo r  key  assumpt ' i ons .  The  de l tas

(d ' i f f e rences )  eva lua ted  were  ca l cu la ted  fo r  each  su rvey  by  tak ing  the  d i f f e rence

o f  t he ' l og - t rans fo rmed  tL0G-10  ( x  *  c ) ]  mean  dens i t ' i es  a t  impac t  and  con t ro l

s i t es .  Va lues  o f  c  f r om 0 .0025  t o  2  we re  cons ide red  ( t he  sma l l e r  va1ue  be ing  l ess

than  o r  equa l  t o  one -s i x th  o f  t he  m in imum,  nonze ro  we igh ted  dens i t y  pe r  1000  m5 ;

S tewar t -0a ten  1986) .  Each  l oca t i on -pa i r  was  eva ' l ua ted  separa te i y  f o r  each  spec ies

and  l i f e  s tage .  I f  more  than  one  va lue  o f  i nc remen t  was  add i t i ve ,  t he  sma l l es t

va lue ( that  per turbed the data the least )  was se lected (see Chapter  0ne,  Sect ion

1 .2 .2 "2)  .  Nonmul  t i  p l  i  cat i  ve data t ransformat i  ons vrere exc l  uded f rom

cons ide ra t i on  a  p r i o r i  ( i . e . ,  i n ve rses  we re  d i sa l Jowed :  see  Chap te r  1 ,  t h i s

repo r t ) "  The  same t rans fo rma t ion  was  used  fo r  bo th  pa i r s  o f ' l oca t i on  compar i sons

o f  a  g i ven  spec ies - l i f e  s tage .  T rans fo rma t ions  o f ten  d i f f e red ,  however ,  among

spec ' ies and among 
' l  

i  fe  s tages wi th i  n  species.

Add i t i v i t y  was  tes ted  by  l eas t  squa res  reg resp ion  o f  t he  de l tas  (as  dependen t

var iab le)  on the sum of  the log- t ransformed densi t ies at  impact  and contro l
(S tewar t -0a ten  1985) .  Once  an  add i t i ve  t rans fo rma t ion  was  found ,  t h ' i s  add i t i ve

form of  the data was subjected to  a fur ther  bat tery  of  screening tests .  Subsequent

sc reen ing  tes ts  i nc luded  (1 ) ' l eas t  squa res  reg ress ions  fo r  mono tone  t rend  i n

base l i ne  de i tas ,  and  (2 )  von  Neumann 's  tes t  f o r  se r i a l  co r re la t i on  o f  de ' l t as

w i t , h in  e i t he r  sampf  i ng  pe r iod .  I f  von  Neumannrs  tes t  de tec ted  se r ia l  co r re ' l a t i on ,

au to reg ress i ve  e r ro rs  o f  o rde rs  one  and  two  were  i nc luded  i n  the  mode l .  A l ' l

sc reen ing  tes ts  were  eva lua ted  a t  P  =  0 .05 .

One addi t idnal  preanalys is  s tep was.under taken before BACI t - tests  were run

fo r  ce r t a i n  spec ies  (e .9 . ,  ke " l p  pe rch )  ' i n  wh i ch  t he  base ' l i ne  t ime  se r j es  o f  de l t as

exh ' i b i t ed  a  s ign i f  i can t  t empora ' l  mono tone  t rend .  The  base ' l  i ne  de l tas  fo r  t hese

spec ies  were  eva lua ted  fo r  r r i n f l uence  po ' i n t s r r  (Chap te r  One ,  Ana lys i s  Me thods ) .  I f

s i gn i f i can t  t rend  cou ld  be  a t t r i bu ted  to  on i y  one  o r  two  da ta  po in t s ,  ou r  p ro toco l
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was  t o  p roceed  w i t h  t he  t - t es t  f o r  impac t  ( i nc l ud ing  t he  ou t l i e r  da ta ) ,  bu t  I
qua l i f y  ou r  r esu l t s  (Chap te r  One ,  Ana l ys i s  Me thods ) .  I

P r i o r  t o  t h i s ,  we  had  a t tempted  to  ' r de t rend [  cases  w i th  p rob lemat i c  base i i ne

t rends  us ing  wa te r  t empera tu re  as  cova r ia te ;  a l l  a t t empts  were  unsuccess fu l
(DeMar t i n i  e t  a l . 1983a ,b ) .  We  made  more  recen t  a t tempts  to  "de t rend l  t hes . - ,
p rob lem cases  us ing  ke lp  dens i t y  as  cova r ia te .  Base l i ne  f i sh  de l tas  were

reg ressed  on  t . he  de l tas  o f  ke lp  dens i t y .  I f  f i sh  de l tas  reg ressed  s ign i f i can t ' l y

on  ke lp  de l tas ,  and  i f  t he  resu ' l t i ng  res idua js  o f  t he  f i sh  de l tas  reg ressed

ins ' i gn i f i can t l y  aga ins t  t ime ,  t he  res i dua l s  o f  t ha t  spec ies ' de ' l t as  we re  t o  have

been used for  the impact  test ,  instebd of  i ts  de l tas per  se.  When I 'det rendeci ' r  in

th i s  manner ,  however ,  p re l im ina ry  BACI  t - t es t s  o f  base l i ne  ve rsus  fa l l  1985  da ta

revea led  a  f u r t he r  p rob lem:  a l l  cases  (w i t h  t r end )  i n  wh i ch  de l t as  s i gn i f i can t l y

changed  be tween  base l i ne  and  ope ra t i ona l  pe r iods  l os t  s ' i gn ' i f i cance  when  tes ted

us ing  res jdua ls  o f  t he  de l tas .  Th i s  obse rva t i on  (1 )  suppor t s  ou r  p rem ' i se  tha t  a

change  in  f i sh  dens ' i t y  wou ld  be  co r re la ted  w i th  a  change  in  ke lp  dens i t y ;  however ,
(2 )  j t  a l so  removes  the  e f fec t  we  a re  p r imar i ' l y  i n te res ted  i n  t es t i ng .  Ke lp  was

therefore not  used as a covar ia te in  BACI t - tests  per  se.  Instead,  we tested for

SONGS impac t  us ing  de l tas  (no t  res idua is  o f  t he  de l tas )  f o r  a l l  cases  l ack ' i ng

t rend that  were otherwise t ractab ' le .  We complemented the BACI t - tests  wi th

Ana lys i s  o f  Cova r iance  (ANC0VA)  tha t  eva lua ted  the  re la t i onsh ip  be tween  f i sh  and

ke ' l p  (Sec t i on  3 .2 .3 ) .  The  resu l t s  o f  t h i s  ana l ys i s  we re  used  t o ' i n t e rp re t  t he  t -

test  resul ts .  This  approach seems reasonable and adequate,  g iven the observed

changes in  re la t ive ke ip densi t ies at  BACI s tat ions between Before and Af ter

pe r iods  ( see  Append ix  0 ,  Tab ie  1 ) .

3 .2.2.2 T-Tests

Our major  method of  evaluat ing ' impact  was by t - test  (but  see I 'A l ternat ive

Test , r r  be ' low).  Del tas of  mean densi t ies (numbers)  lvere contrasted between S0NGS'

operat ing per iods us ing Student 's  t - test ,  wi th  degrees of  f reedom corrected for

i nequa l i t y  o f  va r i ances  as  app rop r ia te  (Sa t te r thwa i te  1946) .  We igh ted  (bo t tom

p' lus canopy)  densi ty  data were used.  Densi t ies (s tandard ized as #s/1000 m")  were

we igh ted  by  th i ckness  o f  t he  samp l ing  s t ra tum (canopy :  5 .3  m;  o r  bo t tom:  1 .5  m) .

Separate t - tests  were per formed for  each of  15 f ish species that  had been common

and  abundan t  i n  base l i ne  samp ' l es .  Each  ma jo r  l i f e  s tage  ( i uven i l e  =  JUV,  subadu l t
= SAD, adul t  =  AD) was tested separate ly ,  as data a l lowed,  in  addi t ion to  to ta l
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i nd i v idua ls  (TOTAL:  a l l  s tages  poo led )  o f  t ha t  spec ' i es .  T - tes t  resu l t s  were
eva lua ted  a t  a  two - ta i l ed  a l pha  o f  0 .05  o r  0 .10  ( t he  l a t t e r  va lue ' i f  power  was
<  0 .80 ) .

3.2.2.3 Al ternat ive Test

I f  t he  da ta  were  found  unamenab le  to  t - t es r ,  o the r  me thods  o f  ana lys i s  were
cons ide red .  The  p r imary  a l t e rna t i ve  cons ide red  was  a  b inomia l  t es t  (S ' i ege ' l  1956 ) .
B inom ia l  t es t s  we re  used  i n  l j eu  o f  t - t es t s  i f  a ' l a rge  pe rcen tage  o f  ze ro
obse rva t i ons  i n  base l i ne  da ta  a l l owed  fo r  spu r ious  re jec t ' i on  o r  accep tance  o f  t he
add i t ' i v i t y  t es t .  Fo r  examp le ,  a  l a rge  pe rcen tage  o f  ze ro -obse rva t i ons  a t  e i t he r
the  Impac t  o r  Con t ro l  l oca t i on  cou ld  genera te  a  fa i l ed  add i t i v i t y  t es t  f o r  t h i s
reason  a lone .  Converse l y ,  a  

' l a rge  
pe rcen tage  o f  s ing le  ze ro -obse rva t i ons  a t  bo th

loca t i ons  cou ld  p roduce  a  spu r ious l y  accep tab le  add i t i v ' i t y  t es t  ( J " .  Ca l ' l ahan ,
pe rs .  comm. ) .  B inomia l  t es t  resu l t s  were  eva ' l ua ted  a t  a  two - ta ' i l ed  a lpha  o f  0 ,05 .

A l l  assumpt ions  sc reened  a re  desc r ibed  i n  de ta i l  f o r  ana logous  tes ts  us ingr ----: --_-- --
I  se ' ine and t rawl  data in  Chapter  One of  th is  repor t .  Stewart -Oaten (1986)  prov ides

add i t i ona l  r a t i ona le .

I
I

3 .2 .3 .  F i sh - -Ke lp  Re la t i ons

BACI  t - t es t s  a re  p red i ca ted  on  the  assumpt io r t  t ha t ,  i f  s i gn i f i can t  be fo re -
a f te r  changes  i n ' impac t - con t ro l  d i f f e rences  occu r ,  t hey  a re  a  consequence  o f  t he
supposed  mechan ism o f  impac t .  I n  t h f s  pa r t i cu la r  case ,  t he  a  p r i o r i  r ecogn ized
mechan ism i s  l oss  o r  change  in  ke lp -bed  hab i ta t  a t  SOK resu l t i ng  f rom SONGS Un i t s
2 and 3 pump operat i  on s  .  But  are there re ' la t i  onsh ' ips between Macrocyst ' i  s
dens i t i es  and  f i sh  dens i t i es  a t  SOK,  and ,  i f  so ,  wha t  a re  they?  I t  i s  t he re fo re
impor tan t  t ha t :

desc r ibe  the  ac tua ' l  numer i ca l  ' i n te r re la t i ons  o f  g ian t  ke ' l p  and  f i  sh

the cobbie seabed at  SOK"

Da ta  on  the  f i sh -ke lp  re la t i onsh ip  a l so  p rov ide  a  ra t i ona le  fo r

es t ima t ing  f i sh  abundance  a t  SOK,  whereby  f i sh  dens i t y  da ta  a re  to  be

ex t rapo la ted  to .a reas  o f  l i ke -ke lp  dens i t y  and  then  summed ove r  va r ious

ke lp -dens ' i t y  s t ra ta  ( see  Me thods  sec t i on  3 .2 .4 ) .
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3 .2 .3 .1 .  Samp l i ng  Des ign

To  cha rac te r i ze  the  numer i ca l  i n te r re la t i ons  o f  f i sh  and  g ian t  ke ' l p ,  we
samp led  f i sh  dens i t i es  a t  f i ve  l oca t i ons  w i t h i n  t he  SOK cobb le  bed  du r i ng  f a l l

1985 .  The  same f i ve  s ta t i ons  were  resamp led  i n  fa l l  1986 .  Ke lp  and  f i sh  were
coun ted  a t  t h ree  s ta t i ons  (SOKUin ,  S0KDin ,  and  Cobb leUp)  i n  add i t i on  t . r  two  o the r

s ta t i ons  w i th in  sOK (s0KUou t ,  s0KDou t ;  Append ix  J ,  Tab le  2 ,  F igs .  zB ,  zc ) .  We
at tempted to  a l ternate sampl ing dates at  the former three s tat ions wi th  dates on

wh ich  the  l a t t e r  two  s ta t i ons  (and  the  SMK s ta t i on )  were  samp led  (Append ix  J ,
Tab le  1 ) .  Two  add i t i ona l  s ta t i ons  a t  SOK (SOKinbe tween ,  Cobb leDown:  Append ix  J ,
Tab ' l es  L ,2 )  were  samp led  i n  fa i l  1986 .  Because  we  lacked  1995  da ta  fo r  t he  l a t t e r

two  s ta t i ons ,  we  d id  no t  use  the i r  da ta  fo r  ou r  f i sh -ke lp  ana iyses ,  a ' l t hough  these

da ta  were  used  fo r  abundance  es t ima t ions  (Sec t i on  3 .2 .4 ) .

A t  a l l  seven  l oca t i ons  w i th in  SOK,  f i sh  dens i t ' i es  were  e i t ima ted  w i th in  a
th i rd  (m idwa te r :7 .7 -n  dep th )  s t ra tum,  i n  add i t i on  to  the  two  ma jo r  s t ra ta
(canopy,  bot tom) sampled to  prov ide the data for  t - tests  on densi t ies at  the BACI

s ta t i ons .  F i sh  dens i t i es  a t  7 .7  m were  cha rac te r i zed  by  c ine t ransec t ,  as  a t

canopy depth.  An in tegrated (water-co lumn) densi ty  was est imated for  each

locat ion and date by weight ing each st ratum densi ty  by th ickness of  the respect ive

st ratum; th ickness of  the midwater  s t ra tum was 7.5 m f rom the f loor  of  the canopy
(5 .3  m dep th )  t o  the  roo f  o f  t he  seabed  s t ra tum (12 .9  m) .  (See  Append ix  M,  Tab le  L

for  re l  evant  s t ra ta f  or  par t i  cu l  ar  speci  es.  )  . , /:

F i sh  were  coun ted  and  ca tego r i zed  i n to  ma jo r  l i f e  s tages  ( JUV,  SAD,  AD) ,

where  s tage  was  i den t i f i ed  on  the  bas i s  o f  t o ta l  body  l eng th  (Append ix  T ,  Tab le

1A) .  Ta l l i es  were  s tandard ' i zed  to  dens i t i es  pe r  1000  m3 .

Ke lp  de r i s i t i es  were  cha rac te r i zed  by  d i ve r  coun ts  o f  " j uven i l e  -  adu l t  p lan ts
> 1 m ta l1"  (Dean 1980)  encountered on return sw' ims of  bot tom f ish t ransects .

Bottom transects covered a 225-nZ area, and kelp counts were standardized to

#s /100  n2 .  0 the r  po ten t i a l l y  impor tan t  cova r ia tes  o f  f i sh  dens i t y  ( i . e . ,  t r {o

overstory  brown a1gae,  Pterygophora ca l i forn ica and Cystosei ra osmundacea;  the

e rec t ,  t u r f l i ke  red  a lga  Ac roso r ium unc ina tUm;  and  Ly tech ' i nus  anamesus  u rch ins )

were  a l so  eva lua ted  on  bo t tom t ransec ts -  Qua l i t a t i ve  i nd i ces  (1 . -4 :  w i th  1 . ,  n i1  to

sparse;  2 ,  sparse to  moderate;  3 ,  moderate to  dense;  and 4,  dense to  very dense)

were used to character ize the re la t ive abundances of  urch ins,  overstory  a1gae,  and
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t u r f  a igae .  We used  an  ana logous  i ndex  to  cha rac te r i ze  bo t tom t ype  (1 -4 :  w i th  1 ,

mos t l y  sand ;  2 ,  sand  w i th  some cobb ' l e ;  3 ,  cobb le  w i th  some sand ;  and  4 ,  mos t l y

cobb le  w i t h  l a rge r  r ocks  and  bou lde rs ) .

3 .2 .3 .2  Ana lys i s  Des ign

As  a  f i r s t  a t t empt  a t  eva lua t i ng  f i sh -Macrocys t i s  re la t ' i ons ,  we  pe r fo rmed

s ' imp ' l e  l i nea r  reg ress ions  o f  f i sh  dens ' i t y  on  ke ' l p  dens i t y ,  poo l i ng  the  da ta  fo r

a l l  f i ve  samp f i ng  l oca t i ons  a t  SOK.  Fa l l  pe r i od  ( t ' yea r " )  was  i nc l uded  as  a

separate term in  the model  .  l , ' ie  a lso eva ' luated whether  t ,he s lope of  the re la t ion

between f ish and ke lp d i f fered between years.  For  these and a ' |1  subsequent ,  more

comp iex  reg ress ion  and  ANC0VA ana ' l yses  o f  f  i sh -ke lp  re ' l a t i ons ,  we  used  a  L0G10  (x -

ba r  +  c )  t rans fo rma t ' i on  o f  f i sh  dens i t i es ,  w i th  dens j t ' i es  s tandard i zed  to  #s /1000
m- .  The  va lue  o f  ' c r r  chosen  was  equa ' l  t o  t he  sma l l es t  nonze ro  dens i t y  va lue
poss ib le  - -  co r respond ' i ng  to  one  i nd i v idua l  f i sh  p resen t  on  one  t ransec t  i n  one
samp l ing  s t ra tum.  (Th ' i s  va lue  d ' i f f e red  among  spec ies ,  depend ' i ng  on  wh ' i ch
comb ina t i on  o f  s t ra ta  was  re levan t  i n  ca l cu la t i ng  the  spec ies r  we ' i gh ted  dens i t y " )
Howeve r , t t c "  wa l  cons tan t  f o r  a l l  l i f e  s t ages  o f  a  g i ven  spec ies .

As  a  fu r the r  exp lo ra t i on  o f  f i sh -ke lp  re ia t i ons ,  we  pe r fo rmed  s tepw ise

mu l t i p le  reg ress ' i ons  to  i den t i f y  t he  env i ronmen ta l  cova r ia tes  (among  the  5
measured ,  i nc lud ' i ng  g ian t  ke lp )  t ha t  mos t  e f f i c ' i en t ' l y  exp ' l a ined  the  g rea tes t

pe rcen tage  o f  t he  va r i a t i on ' i n  1og  f i sh  dens i t y .  yThe  va r i ab les  eva lua ted  we re
year ;  Mac rocys t ' i s  dens i t i es ;  abundance  i nd i ces  o f  P te ryqophora ,  Cy$q lq1 ra ,
Acrolsrlum, and Lytechinus; and bottom type. Two-way interact ' ions between year

and  any  o f  t he  o the r  va r iab1es  were  a ' l l owed .

As our  f ina l  evaluat jon,  we per formeci  ANCOVAs test ing the ef fect  o f  locat ion
(as  c l ass  e f f ec t )  on  l og  f i sh  dens i t y ,  w i t h  t he  mos t  pa rs imon ious  su i t e  o f

cova r ia tes  ( i den t i f i ed ' i n  t he  p reced ' i ng  s tepw ise  reg ress ion  s tep )  en te red  f i r s t  i n

t he  mode l .

Pr ior  to  any of  the above regress ion and ANC0VA analyses,  we evaluated the

na tu re  o f  t he  ma themat i ca l  re la t i onsh ip  be tween  ou r  measuremen ts  o f  f i sh  and  ke lp

dens i t i es  a t  SOK.  [ , Je  cons ide red  cu rv i ' l ' i nea r  (asympto t i c )  f i t s  as  we ' l l  as  l i nea r

f i t s  f o r  reg ress ' i ons  o f  
' l og  

f i  sh  dens i t y  on  ke ip  dens i t y .  Bo th  pos ' i t i ve  and

nega t i ve  re la t i ons  were  cons ide red .  l , l e  i den t i f i ed  the  bes t  f unc t i ona ' l
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r e l a t i onsh ips  based  o i t  nom ina l l y  l a rges t  R2  va lues .  A l l  common

s tages  o f  ma jo r  t es t  spec ' i es  were  eva lua ted  us ing  da ta  fo r  t he

Append ' i x  0  desc r ibes  a ra l ys ' i s  p ro toco l s  i n  g rea te r  de ta i l .

and

two

abundant  I  i  fe

f a ' l l  pe r i ods .

3.2.4.  F ish Abundance Est imates at  SOK

To  fu l l y  eva lua te  S0NGST impac t  on  f i shes ,  t he  MRC mus t  be  ab le  to  t rans la te

l osses  (o r  changes )  i n  f i sh  dens i t y  t o  ana logous  changes  i n  t he  abundance  o f  f i sh

a t  SOK.  B iomass  as  we l l  as  abundance  (numbers )  and  l oss  es t ima tes  a re  needed ,

pa r t i cu la r1y  because  the  va lue  o f  ce r ta ' i n  economica l l y  impor tan t  spec ies  (e .9 . ,

ke lp  bass )  i s  bes t  gauged  by  the  b iomass  o f  i t s  ha rves t .

3 .2.4.1 Est imates of  F ish Numbers

The numbers of  f ishes present  at  SOK dur ing fa1 ' l  1985 and fa l l  1986 were

es t ima ted  based  on  f i sh  dens i t i es ,  measured  a t  s ta t i ons  o f  known  ke lp  dens i t y

mu l t i p l i ed  by  a rea l  ex ten ts  o f  t he  reg ions  o f  respec t i ve  ke lp  dens i t i es .  F i sh

dens i t ' i es  were  we igh ted  (bo t tom p lus  wa te r  co lumn)  es t ima tes  whose  wa te r - co lumn

port ion e i ther  inc luded midwater  and canopy est imates or  was based on canopy data

a lone ,  depend ing  on  t he  pa r t i cu l a r  abundance  ca l cu la t i on  ( see  de ta i ' l s  be low) .

Fal ' l  1985-86 Downlookinq-Sonar-Based Est imates.  For  our  best  f ish abundance

est imates,  midwater  t ransect  data were inc luded in  the we' ighted densi ty

ca l cu la t i ons .  i n  f a l l  1985 ,  a rea l  ex ten t s  o f  ke l p  dens ' i t y  s t r a ta  o f  0 -4 ,4 -16 ,

and > 16 p lants /100 12 r . " .  ca lcu lated us ing the char ts  of  ECOsystems Management

Associatesr  (ECOM's)  Novemben-December 1985 Downlooking (DL)  Sonar  Survey 7

(Nora l l  e t  a l .  1986 ) .  I n  f a1 l  1985 ,  t he  co r respond ' i ng  ke lp  dens i t y  s t ra ta  were  0 -

2,  2-8,  and > 8 p iants  per  100 12.  A" . .s  of  these st rata were determined f rom

EC0Mrs Downloc.k ing Sonar  Survey 11. ,  done in  November-December 1985 (Rei tze l  e t  a l .

1987) .  F ish densi ty  data were matched wi th  DL sonar  s t rata that  enc losed the mean

kelp densi ty  measured by f ish observers on bot tom t ransects  at  each of  the f ive

( i 985 )  o r  seven  (1985)  s ta t i ons  samp led .  I n  1985  these  were  the  spa rse  ( ke ' l p less

cobb le )  s ta t i on  (Cobb leUp :  mean  =  <  f  p lan t /100  m2) ;  t he  I ' l ow"  S0KUin  and  SOKDin

stat ions (9-10 p lants , /100 12) ;  and the [moderate l  SOKUout  and SOKDout  s tat ions

(20-22 p lants , /1 .00 ,2) .  In  1986 the same f ive s tat ions p lus two other  s tat ions

were  used .  Mean  ke ' l p  dens i t ' i es  then  were :  Cobb leUp :  <  l  p lan t /100  m2 ;  S0KUin  and

S0KDin :  3 -5  p lan ts /100  12 ;  and  SOKUou t  and  SOKDou t ;  10 -11  p ian ts , /100  m2 .  Ke lp
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dens ' i t i es  a t  t he  two  new s ta t i ons  were :  Cobb leDown:  <  1  p lan t /100  ^2

ind i s t i ngu ' i shab le  f rom Cobb leUp ;  and  SOKinbe tween :  13  p lan ts /100  m2  - -  t he  same as

SOKUou t  and  SOKDou t .  A reas  w i th in  ke ' l p  dens i t y  ' i sop ' l e ths  were  de te rm ined  by

e lec t ron ' i c  p lan ime t ry  us ing  App le  i I  g raph ' i cs  tab le t ;  t he  means  o f  t h ree  rep ' l ' i ca te

measuremen ts  (a ' l ' l  coe f f i c i en ts  s f  va r i a t i on  .  2%)  were  used .

Co [pa r i sons  o f  F i sh  Abundance  among  Years .  ! r / e  a l so  compared  f i sh  abundances  a t

SOK among  the  fa l l  pe r i ods  o f  1980 ,  1981 ,  1985 ,  and  1985 .  Dur ing  1980  and  1 .981 ,

f i sh  dens i t i es  a t  SOK were  cha rac te r i zed  on l y  w ' i t h in  the  reg ions  o f  h ' i gh -dens i t y

ke lp  tha t  p reva i l ed  a t  t hese  t imes .  F i sh  dens ' i t i es  were  reca l cu ]a ted  fo r  1 .985  and

1986 us ing canopy and bot tom data on1y,  in  order  to  match the data for  1980 and

1981 ,  wh ich  Iacked  m idwa te r  t ransec ts .  A rea l  ex ten ts  o f  i lmed ium- to -h ' i gh - r '  ( 4 -8
t a

p ' l an ts /100  r " )  and  "h igh - r ' dens i t y  ke ' l p  (>  8  p ' l an ts , /100  mt )  a t  SOK du r ing  these

th ree  fa11  pe r iods  were  es t ' ima ted  f rom s idescan  (SS)  sonar  cha r t s  o f  EC0sys tems

Managemen t  Assoc ' i a tes  (S idescan  Surveys  72 ,  ! 4 ,  Z? ,  and24 :  Tab loud i l  e t  a l .  1980 ,

1982,  1986 ,  1987;  T.  Nora ' l  
' l  

,  ECO-M, pers .  comm. )  .  For  the 1980 and 1981

es t ima tes ,  mean  f i sh  dens i t i es  a t  t he  two  SOK (S0KU,  S0KD)  BACI  s ta t ' i ons  were

ex t rapo la ted  ove r  t he  a rea  o f  med ' i um- to -h igh -  p lus  h igh -dens i t y  ke1p"  Fo r  t he

1985  and  1986  rees t ima tes ,  f i sh  dens ' i t i es  a t  t he  SOKUin  and  SOKDjn  s ta t i ons  were

ex tended  ove r  t he  es t ima ted  reg ion  o f  ECO-M 's  med ium- to -h igh -dens i t y  ke1p .  A l so

fo r  1985-86 ,  mean  f i sh  dens i t i es  a t  SOKUou t  and  SOKDou t  were  ex t rapo la ted  ove r  t he

a rea  o f  ECO-Mrs  h igh -dens i t y  ke lp .  Fo r  t hese  ana lyses ,  t he  1985-86  da ta  a t  t he
' r spa rse r '  ( ke1p ' l ess  cobb ' l e )  s ta t i on (s )  were  no t  used ,  because  co r respond ing  spa rse

s ta t i ons  were  no t  samp led  du r ing  the  p reopera t i ona l  pe r iod .

S ' i descan  ve rsus  Down look iqg  Compar i sons .  As  a  g ross  measure  o f  whe the r  s idescan

sonar  da ta  on  ke lp  dens i t y  a re  a  su f f i c i en t l y  accu ra te  bas i s  f o ryea r  compar i sons

o f  f i sh  abundances ,  we  con t ras ted  f i sh  abundance  es t ima tes  fo r  1985  us ing  SS and

DL  sonar  da ta .  h le  repea ted  th i3  con t ras t  us ing  ana logous  1986  da ta .  Fo r  t hese

compar i sons ,  we  used  a l l  ava i l ab le  f i sh  dens i t y  da ta ,  i ne lud ' i ng  m idwa te r  t r ansec t s

and  samp les  f rom the  cobb le  s ta t ' i on (s ) .

For  both SS- and DL-based est imates of  f ish abundance,  we matched f ish

dens i t y  da ta  w i th  the  app rop r ia te  ke lp  dens i t y  reg ion  by  re la t i ng  the  ke lp  dens i t y

es t ' ima tes  on  f i sh  s ta t i on  t ransec ts  w i th  the  equ ' i va ' l en t  sona r -based  es t ima te  o f

ke lp  dens i t y .  I n  t h i s  manne r  we  cou ld  es t ima te  cons i s ten t ' i nd i ces  o f  t he  t o ta l



I
number  o f  f i shes  p resen t  a t  SOK in  fa l l  1985 ,  us ing  two  d i f f e ren t  me thods  o f  I
ca l  cu l  a t i  ng  ke i  p  den  s ' i t i  es  and  d i  s t r i  bu t i  on  .  t

Fo r  t he  SS-based  es t ima te  i n  1985 ,  ke lp  r eg ions  o f  l ow  dens i t y  ( 0 -4
) t

p lan t s /100  m ' ) ;  med ium- to -h i gh  dens l t y  ( 4 -8  p l an t s /100  m ' ) ;  and  h ' i gh  dens i t y  (>  8
)

p ' l an t s /100  m ' )  we re  ma tched  w i t h  t he  f o l l ow ing  f i sh  samp f i ng  s ta t i ons :  ke lp l ess

cobb le  (1  s ta t i on :  Cobb leUp) ;  l ow -dens i t y  ke lp  ( 2  s ta t i ons :  SOKUin  and  S0KD in ) ;

and  modera te -dens i t y  ke lp  (2  s ta t i ons :  S0KUou t  and  SOKDou t ) .  DL -based  es t ima tes

matched  the  same th ree  g roups  o f  f i ve  f i sh  s ta t i ons  w i th  DL  sonar  s t r ' a ta  o f  0 -4
? ^ 2

p ' l an t s /100  m" ;  4 -15  p l an t s /100  m ' ;  and  >  16  p l an t s /100  m ' .

Our  SS-based  es t ima te  i n  f a l l  1986  used  the  same th ree  (1ow,  med ' i um-h igh ,  and

h igh )  ke lp  dens i t y  reg ions  as  were  used  i n  fa l l  1985 .  These  th ree  reg ' i ons  were

ma tched  w i t h  t he  f o l l ow ing  s ta t i ons :  ke lp l ess  cobb le  (2  s ta t i ons :  Cobb leUp ,

Cobb leDown) ;  ve ry -1ow-dens i t y  ke lp  (2  s ta t i ons :  S0KU ' in ,  SOKDin ) ;  and ' l ow-dens i t y

kelp (3 s tat ' ions:  S0KUout ,  S0KDout ,  S0Kinbetween) .  DL-based est imates matched the

same th ree  g roups  o f  seven  f i sh  s ta t i ons  w i th  DL  sonar  s t ra ta  o f  0 -2  p ' l an ts /100
2  - -  ?  t

m- ,  2 -8  p lan ts , /100  m ' ,  and  >  8  p lan ts /100  m '

E r ro r  Bounds .  Es t ima tes  o f  e r ro r  bounds  were  comp ' l i ca ted  by  the ' i nab i ' l i t y  t o

samp le  a l ' l  l o ca t i ons  on  a  s i ng le  da te .  F i sh  dens i t y  pe r  un i t  a rea  was  ca l cu la ted

fo r  each  l oca t i on  on  each  samp l ing  da te  as  the  sum ove r  s t ra ta  o f  t he  dens i t y  pe r

un i t  vo lume o f  a  s t ra tum t imes  the  th i ckness  o f  t f r e  s t ra tum.  Th i s  dens i t y  va lue

was used to est imate the abundance of  that  species throughout  the corresponding

ke lp  dens ' i t y  reg ' i on  a t  SOK on  tha t  da te .  Means  and  va r iances  o f  l oca t i ons  were

then  ca l cu la ted  ove r  a l l  da tes .  To ta l  abundance  was  ca l cu la ted  as  the  sum o f  t he

p roduc ts  o f  abundance  means  fo r  each  reE ion  o f  ke lp  dens i t y  t imes  the  a rea  o f  t he

ke lp  dens i t y  r eg ion :

I
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Tota l  Abundance

Den.si ty"l  t

Rr=rl
= 
t=tfi

tal

-L 'TL

*EiEDensi.r" ' . ]  
Area"

D" l t s  *  H ,

r=

l=

t=

ke1 p densi  ty  reg ' ion subscr i  p t ,

l oca t i on  subsc r ip t

da te  subsc r ip t

where
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s = s t ratum subscr i  p t ,

D - r . -  =  dens i t y  pe r  un ' i t  vo lume a t  s t ra tum s ,r  t t s
t ime  t ,  and  I  oca t i  on  I  w i  t h ' i n  reg i  on  r

H ,  =  th i ckness  o f  s t i  a tum s

S]  = number of  s t ra ta at  
' locat ion ' l

Dens i tV - . , ^  =  dens ' i t y  pe r  un i t  a rea  a t  t ime  t ,- r t t

I  oca t i  on  I  w i  t h r  n  reg ' i on  r

A rea -  =  a rea  o f  ke lp  dens i t y  reg ion  rr
T . ,  =  number  o f  da tes  a t  l oca t i on  I

L ' ^  =  number  o f  l oca t i ons  w i th in  reg ' i on  r ,  and

R =  number  o f  ke lp  dens i t y  reg ' i ons .

Abundances  were  es t ima ted  fo r  each  o f  15  ma jo r  f i sh  taxa ,  p lus  to ta l  f i shes  (a l1

spec ies ) .  To ta l  m inus  t rans ien t  f  i shes  were  a l  so  eva ' l ua ted  by  sub t rac t ' i ng  ou t

t rans ien t  spec ies  ( f i shes  whose  p resence  i n  the  ke lp  bed  i s  ephemera ' I ,  based  on

the i r  na tu ra l  h i s t o r i es  tPac i f i c  ba r racuda ,  Pac i f i c  bon i t o ,  j ack  macke re l ,

Pac i f i c  macke re " l ) :  Feder  e t  a l  .  1974 ) .

Fo r  each  l oca t i on ,  t he  va r iance  o f  abundance  was  es t ima ted  as  the  among-da te

va r ia t i on  o f  t he  da t ,e  es t ima tes .  The  va r iance  o f  es t ima ted  abundance  th roughou t

the  en t i re  SOK bed  tha t  f a l ' l  was  ca l cu la ted  as  a  we igh ted  sum o f  t he  va r iances  fo r

a l l  r eg ions  o f  ke lp  dens ' i t y .  N ine ty - f i ve  pe rcen t  con f i dence  bounds  were

approx imated by +/ -  2  s tandard errors  (SE) of  the date est imates:

[c  L.  v  I
sE=sQR-ls l -  - l -  s  5rL1 z l' 

|.k ,'-q k Tr l * Area" 
J

.  where s" . ,  =  sample var iance over  dates at

l oca t i on  J  w i t h i n  r eg ion  r ,

and the rest  o f  the notat ' ion is  the same as above.

3.2.4.2 Biomass Est imates

Average body weights  of  spec ' ies and i i fe  s tages are needed to conver t  s tage-

spec i f i c  numbers  to  b iomass .  Spec ' i es -spec i f i c  l eng th - f requency  d i s t r i bu t i ons

were  cha rac te r i zed  fo r  f i shes  encoun te red  du r ing  add i t i ona l  d ' i ve r -obse rva t i ons  a t

each  o f  t he  f i ve  SOK loca t i ons  du r ing  fa l l  1985  and  a t  each  o f  t he  seven  SOK

s ta t ' i ons  i n  f a l l  1986 .  F i shes  were  ta l l i ed  as  encoun te red  on  random sw ims

th roughou t  s ta t i on  a reas .  A t  mos t  t en  man-d i ves ,  each  o f  40 -m in  du ra t i on ,  were
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made  a t  each  l oca t i on  i n  1985 .  I n  1986 ,  we  made  as  many  as  e i gh t  man -d i ves  o f

s im i l a r  du ra t i on  a t  each  l oca t i on .  0ne -ha l f  o f  t he  t o ta l  obse rva t i on  t ime  a t  each

loca t i on  was  spen t  nea r  t he  seabed ;  t he  second  ha l f  was  sp l i t  equa l l y  be tween

canopy  and  m idwa te r  dep ths  (Append ' i x  T ,  Tab les  4A ,B ) .  D i ve rs  t a l l i ed  f i sh  by

to ta l  l eng th  ( t o  the  nea res t  i nch ) .  An  accu racy  o f  l ess - than -o r -equa l - to  1  i nch
( i n )  f o r  f i sh  o f  t yp i ca l  s ' i ze  r ange  ( -  5  t o  1 .2  i n )  was  es tab l i shed  du r i ng  p rac t i ce

exe rc i ses  us ing  t agged ,  p rese rved  f i sh  (Append i x  Q , ;  E .  DeMar t ' i n i ,  unpub l .  da ta ) .

Leng th - f requency  d i s t r i bu t i ons  (a11  SOK loca t i ons  poo led )  were  decomposed

in to  the  th ree  ma jo r  l i f e  s tages  ( JUV,  SAD,  AD)  us ing  known  leng th -ma tu r i t y

th resho lds  (Append ix  T ,  Tab le  1a ) .  Leng th -we igh t  equa t i ons  were  used  to  ca ' l cu la te

the  ave rage  body  we igh t  o f  f i sh  w i th in  each  i nch -c lass  (Append ix  T ,  Tab ' l es  2  and

3) .  Ave rage  we igh t  f o r  each  spec ' i es - ' l i f e  s tage  (Append ix  T ,  Tab le  6 )  was  then

ca lcu la ted  based  on  the  re ' l a t i ve  f requency  o f  obse rva t i ons  w i t , h in  componen t ' i nch -

c l asses  o f  t ha t  spec ' i es  and  l i f e  s t age .

Last ,  speciest  b iomass abundances were der ived f rom numer ica l  abundances by

mu l t i p l y ' i ng  s tage -spec i f i c  abundance  (numbers )  by  the  mean  body  we igh t  o f  t he

respec t i ve  s tage .  The  l a t te r - v re re  then  summed ove r  a l l  l i f e  s tages  o f  t ha t

spec i  es  .

3.3  RESULTS

3.3 .1 General Density Patterns

Dens i t y  da ta  (#s  pe r  1000  13 )  o f  a l l  ma jo r  spec ies  and  l i f e  s tages  o f

i uven i l e -adu l t  f i shes  a re  summar i zed  i n  Tab les  17  and  18 .  We p r "ov ide  a  s imp le

summary  o f  base l i ne  (1980-81 )  ve rsus  ope ra t ' i ona1  pe r iod  (1985*86 )  changes  i n

dens i t i es  i n  Tab l ' e  19 .  Pe rcen tage  con t r i bu t i ons  o f  j uven i l es ,  subadu l t s ,  and

adu l t s  t o  spec ies - spec i f i c  dens i t i es  a re  summar i zed  j n  Append i x  L ,  Tab les ' 1 -3 .

These  bas ' i c  da ta  i l l us t ra te  seve ra l  ma jo r  pa t te rns  o f  d i s t r i bu t ' i on  and  abundance

tha t  he ' l p  i n te rp re t  t he  resu l t s  o f  BACI  impac t  t es t s  (Sec t i on  3 .3 .2 ) .  Pa t te rns

wor th  no t ' i ng  a re :

1 .  Es t ' ima ted  abso lu te  dens i t i es  dec l i ned  ove ra l ' l  f o r  t o ta ' l  f i shes  (and  fo r

to ta l  res iden t  f i  shes ) .  Th i  s  genera l  dec l  i ne  re f ' l ec t s  obse rved
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dec reases  fo r  mos t  ma jo r  spec ies .  Dec l i nes  were  mos t  ev iden t  f o r  t t co ld

tempera te "  f auna l  e lemen ts  such  as  the  emb io toc id  su r fpe rches .

Z .  Desp i te  the  genera l  pa t te rn  o f  dec f i ne ,  some spec ies  w i th  warm-

tempera te  a f f i n i t i e s  ( e .g . ,  seno r i t a  and  rock  w rasse )  became  re l a t i ve l y

more abundant  throughout  SONGS-area ke lp beds dur ing the operat ional

pe r i od  (Tab les  17 -19 ) .

Da ta  on  tempora l  and  spa t ' i a1  changes  i n  the  re la t i ve  con t r i bu t i on  o f  cumponen t

I  i  f  e  s tages helps exp ' la in  some of  the species- ' leve l  pat terns I  i  s ted above

(Append ix  L ,  Tab ies  1 -3 ) .  Fo r  examp ie ,  t he  recen t  i nc reases  i n  spec ies  i ' i ke  rock

wrasse  a re  due  to  g rea te r  numbers  o f  sma l ' l  ( j uven i l e  and  subadu ' l t )  i nd i v idua ls

(Append ix  L ,  Tab les  1 -3 ) .  These  i nc reases  re f l ec t  success fu l  1983  and  1984

rec ru i tmen t  ( yea r -c iass  success ) ,  a t  l eas t  a long  the  ma ' i n land  coas t  o f  t he

sou the rn  pa r t  o f  t he  b igh t  (E .  DeMar t i n i ,  unpub l .  obs . ) .  S t rong  1983  and  1984
year  c lasses  o f  ke lp  bass  and  Ca l i f o rn ia  sheephead  in  the  Sou the rn  Ca l i f o rn ia

B t ' gh t  a re  add i t i ona l  examp ' l es  o f  success fu l  rec ru i tmen t  o f  p lank ton i c  l a rvae  to

nearshore hab ' i ta ts  fo l  
' l  
owi  ng f  avorabl  e  ,  net  upcoast  t ran spor t  dur i  ng the E1 Ni  no

years  (Cowen  1985 ;  E .  DeMar t ' i n i ,  unpub i  .  obs .  ) .

3.3 .2

3"3"2 .1

BACI lmpact Tests

Screening Tests ' i f

I

F i f t een  spec ies  o f  rocky  i nsho re  f i shes  were  su f f i c i en t l y  common ( f requen t l y

encoun te red )  and  abundan t  i n  SONGS-a rea  ke lp  beds  du r ing  the  base l i ne  pe r iod  ( fa ' l ' l

1980 ,  1981)  to  war ran t  t ' ime-by - ' l oca t i on  compar i  sons  o f  dens i t i es .  A  to ta l  o f  78

f i fe  s tages of  these 15 species vrere evaluated for  the two impact-contro l  s ta t ion

pa ' i r i ngs  comb ined  (Append ix  M,  Tab les  1 -4 ) .  Ano the r  8  cases  e i t he r  had  too  few

operat ' ional  data to  warrant  anaiyses or  were pooled taxa (T0TALs)  that  were

d isa l l owed  because  the ' i r  componen t  l i f e  s tages  d i sp ' l ayed  he te rogeneous  pa t te rns .

Seven ty  o f  t he  78  comb ina t ' i sns  o f  spec ies , ' l i f e  s t ages ,  and  l oca t i ons  pa i r s

had  add l t i ve  base l i ne  de l tas  (Append ' i x  M ,  Tab le  2 ) .  A l l  add i t i ve  cases  were

sub jec ted  to  fu r the r  sc reen ing  fo r  v ' i o l a t i ons  o f  s ta t i s t i ca l  assumpt ions  p r i o r  t o

the  ac tua l  impac t  t es t s "
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S ' i x t y -one  o f  t he  70  add i t i ve  cases  sa t i s f i ed  two  add ' i t i ona l  ,  ma jo r
s ta t i s t i ca l  assump t i ons  (Append i x  M ,  Tab les  2 ,3 ) .  A ' l l  t Z  cases  o f  s i gn i f i can t
se r i a l  co r re l a t i on  among  base l ' i ne  de l t as  (Append i x  M ,  Tab ' l es  Z ,  3 )  we re
co r rec tab je  when  mode ls  w i th  au toco r re ' l a t , ed  e r ro rs  we :e  used  (Append ix  M,  Tab le
3 ) .  Un fo r t una te l y ,  11  o f  t he  12  i n i t ' i a l  v i o l a t i ons  o f  se r i a l  co r re l a t i on  a l so  had
s ign i f i can t  mono tone  t r end .  These  11  cases ,  p ' l us  2  o the rs ' i nvo l v i ng  a  mono tone
t rend  v io la t i on  a lone ,  cou ld  no t  be  de t rended  and  the re fo re  were  s ta t i s t i ca l l y
i n t rac tab le .  None  o f  t he  t rend  v io la t i ons  cou ld  be  exp la ined  by  on l y  one  o r  a  few
I ' i n f l uence  po in t s ' r  (Chap te r  One) ;  a ' l l  cases  o f  t rend  were  i n f l uenced  by  numerous
samp l i ng  da tes  du r i ng  one  o r  bo th  segmen ts  o f  t he  base l i ne  pe r i od  (e .g . ,  see
Append i x  N ,  F ' i gs .  14 ,  16 ) .

3"3.2.2 T-Tests and Binomial  Tests

The  51  rema in ' i ng  cases  were  f i na l l y  sub jec ted  to  s ta t i s t i ca l  t es t s  fo r  SONGS'
impac t . -  A  ma jo r i t y  (47 /6L )  were  eva iua ted  by  t - t es t  (Append ix  N ,  Tab le  i ) .
Sa t te r thwa i te rs  app rox ima t ion  ( t t )  was  necessa ry  fo r  9 /47  cases  w i th  unequa l
va r iances  (Append ix  M,  Tab le  4 ) .  Because  o f  po ten t i a l l y  spu r ious  add i t i v i t y
tes ts ,  ano the r  14  cases  were  eva lua ted  us ing  the  b inomia l  t es t  (Append ix  N ,  Tab ie
3 ) .

Twenty-s ix  of  the 61 cases (43%) that  were su i tab le for  one or  o ther  type of
impac t  t es t  showed  s ' i gn i f i can t  changes  i n  dens ' i t r i es  be tween  the  base l i ne  and
opera t i ona l  pe r iods  a t  SOKU,  re ' l a t i ve  e i t he r  t o  SMK o r  S0KD (Tab1e  15 ;  Append ix
N,  Tables 1,  3) .  Twelve of  31 (39%) of  the SOKUouI-SMK tests  and 14 of  the 30
cases  (46%)  compar ing  SOKU' in  and  S0KDou t  were  s ign i f i can t  (Tab ' l e  15 ;  Append ix  N ,
Tab les  1 ,  3 ) .  S igns  o f  t he  changes  a t  S0KU ve rsus  SMK were  m ixed  5 / !2  were
re la t i ve  dec l i nes  a t  S0KU,  anC 7 / !2  were  i nc reases  a t  S0KU,  re la t i ve  to  SMK,
du r ing  the  ope ra t i ona l  ( ve rsus  base l i ne )  pe r iod .  However ,  on ' l y  1 /14  changes  a t

S0KUin ,  ve rsus  the  dense r -ke lp  s ta t i on  a t  S0KD (SOKDou t ) ,  was  a  re la t i ve  i nc rease

a t  S0KU in  (Tab1e  15 ;  Append i x  N ,  Tab les  1 ,  3 ) .  The  f o l l ow ing  accoun t  b r i e f l y
' i den t i f i es .pa t te rns  o f  change  (and  l ack  o f  change)  fo r  each  spec ies  and  l i f e  s tage

tes ted .  Resu l t s  a re  d i scussed  i n  Sec t i on  3 .4 .2 ,  f o l i ow ing  p resen ta t i on  o f  t he

ana )yses  o f  f i  sh - ke1p  re l a t i ons  i n  Sec t i on  3 .3 .3 .

,l

I
T
T
I
I
I
I

I
I
I
t
I
I
I
I

Spec i  es

dens i t y

Accoun t .  Ove ra l1 ,  one  o r  morel i fe  s tages of  11, /15 se ' lect  taxa changed in

to the SMK or  SOKDout  s tat ion,  between
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base' l  i  ne and operat i  ona ' l  per i  ods.  About  ha j  f  o f  the SOKU-SMK changes were

re1a t i ve  dec l i nes  a t  SOKUou t ;  t he  o the r  ha l f  we re  re l a t i ve  i nc reases  a t  S0KUou t .

A l l  bu t  one  change  a t  SOKU1n ,  re la t i ve  to  the  dense r  ke lp  s ta t i on  a t  S0KDou t ,  we re

re ' l a t i ve  decJ ines  a t  50KU in .  A  spec ies -by -spec ies  desc r i p t i on  f o l l ows "

Bar red  Sand  Bass .  A l l  l i f e  s tages  o f  t h ' i s  ben t ,h ' i c -ep ' i ben th ' i c  p reda to r  o f  sand -

rock  reg ions  (Robe r t s  e t  a l .  1984 )  dec l i ned  a t  SOKU,  re l a t i ve  t o  e i t he r  Con t ro l

l oca t i on ,  be tween  S0NGS opera t ' i ng  pe r iods  (Tab ' l e  15 ;  Append ix  N ,  Tab le  1 ) .  The

magn i tudes  o f  t he  nea r -S0NGS dec l i nes  were ' l a rge  - -  cons i s ten t l y  80?6  o r  g rea te r

(Append i x  N ,  Tab le  1 )  f o r  " j uven i l es r ' ( i . e . ,  o l de r  j uven i l es  o f  s i zes  t ha t

consume ep iben th i c  c rus taceans ) ,  adu l t s  ( t ha t  p rey  on  
' l a rge  

ben th i c  i n fauna  and

f i shes ) ,  and  subadu l t - s i zed  i nd i v i dua ' l s  ( t ha t  f eed  on  a  m ix tu re  o f  bo th  p rey

t ypes :  Robe r t s  e t  a l .  1984 ) .  By  1985 '86 ,  t he  abso lu te  dens i t i es  o f  t h i s  spec ies

had  gene ra l l y  dec l i ned  ( t o  as  l ' i t t l e  as  30% o f  base l i ne  1eve l s )  a t  t he  SOKU

s ta t i ons ;  t he  dens i t i es  o f  bo th  j uven i l e  and  adu l t  f i sh  had  i nc reased ,  howeve r ,  by

ove r  an  o rde r  o f  magn i tude  a t  t he  S0KDou t  and  SMK s ta t i ons  (Tab les  17 -19 ;  Append ix

N ,  F i  gs  .  1 -8 )  .

Ke lp  Bass .  Th ' i s  ecom ica l l y ' impo r tan t ,  nek ton i c  ( Love  and  Ebe l ' i ng  1978 ;  Robe r t s  e t

a l  "  i984)  congener  of  the sand bass d i  d  not  change stat i  s t i  ca ' l  
' ly  

i  n  re l  a t i  ve

dens i t i es  a t  SOK and  SMK be tween  SONGS opera t i ng  pe r iods ,  excep t  f o r  poo ied

juven i l e  s t ages  a t  S0KU in  ve rsus  S0KDou t  (Tab les  15 ,  15 ;  Append ' i x  N ,  Tab le  1 ) .

However ,  on ' ly  7 /10 test  cases were t ractabl  e  (Appgnd' ix  M,  Tabl  es 1-3)  ,  and two

cases  o f  >  60% dec l i ne  (adu l t s :  -  80? ( ,  S0KD as  Con t ro l ;  subadu l t s :  -  67%,  SMK as

Con t ro l ;  Append ix  N ,  Tab le  1 )  were  undemons t rab le  because  o f  ex t reme ly  l ow  power

(<  10%) .  L i ke  ' i t s  congener ,  ke ' l p  bass  genera l l y  dec l i ned  i n  abundance  a t  t he  SOKU

s ta t ' i ons  du r i ng  1985 -85  (Tab ' l es  17 -19 ;  Append i x  N ,  F ' i gs .9 -18 ) .  YOY,  howeve r ,  we re

excep t i ona f  i n  show ing  a  recen t  i nc rease  i n  dens i t y  a t  S0KU (Tab les  17 -19 ;

Append ' i x  N ,  F ' i gs .  19 ,  21 ) .  Un ' l i ke  bamed  sand  bass ,  ke lp  bass  i n  genera l

exh ib i t ed  no  cons i s ten t  dens i t y  pa t te rns  a t  t he  S0KDou t  and  SMK s ta t i ons  du r ing

the  ope ra t i ona l  pe r i od  (Tab les  17 -19 ;  Append i x  N ,  F i gs .  9 -20 ) .

B l  acksm ' i t h . Th i s  sma l l ,  wa te r - co lumn zoop ' l ank t i vs re  dec reased  i n  ove ra l l

SOK and  SMK du r ing  1985-86  ve rsus  1980-81  (Tab les  17 -19 ;  Append ix  N ,

However ,  even  du r ing  the  base l i ne  pe r iod  i t s  numbers  had  been  l sw

mos t  rocky -bo t tom ke ip  beds  e l sewhere :  E .  DeMar t i n i ,  pe rs .  obs . ) .

b lacksmi th  encoun te red  a t  SOK and  SMK have  been  juven i l es  (p r imar i l y

abundance at

F igs .  ? I "23 ) .

( r e l a t i ve  t o

V i  r t ua l  l y  a l  I
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YOY:  E .  DeMar t i n i ,  pe rs .  obs . )  seen  she l t e r i nq  nea r  ben th i c  hab i t a t - f o rmers  such

as  ove rs to ry  ke lps  and  go rgon ians .  Re la t i ve  abundance  seemed  to  i nc rease

seven fo ld  a t  SOKUou t ,  re la t i ve  to  SMK,  du r ing  the  ope ra t i ona l  pe r iod  (Append ' i x  N ,
Tab le  1 ,  3 ) ,  bu t  even  t hese  huge  nom ina l  ' i n c reases  we re  i ns i gn i f i can t  because  o f
t he  b l acksm i th r s  schoo l i ng  hab i t s ,  pa t chy  d i s t r i bu t i on ,  and  1ow  samp l i ng  power

(Tab le  16 ) .

Ha l fmoon .  Th i s  genera l i zed ,  omn ivo rous  kyphos id  f i sh  (a  member  o f  a  t rop i ca l

fam i l y )  f l uc tua ted  g rea t l y  i n  numbers  w i th in  SONGS-a rea  ke lp  beds  du r ing  the  fou r
yea rs  o f  s tudy  (Append ix  N ,  F igs .  24 -29 ) .  Dens i t i es  o f  subadu l t  and  adu l t  f i sh
( j uven i l es  rec ru i t  t o  o f f sho re  d r i f t  ke1p )  dec reased  sha rp l y  f rom 1980-81  l eve l s

in  fa l l  1985 ,  bu t  rebounded  s t rong ly  i n  f a l l  1986  (Append ' i x  N ,  F igs .  24 -29 ) .

Dens i t i es  genera l l y  i nc reased  th roughou t  SOK,  bu t  dec reased  a t  SMK du r ing  the

opera t i ona l  pe r iod  (Tab ' l es  17 -19 ) .  Desp i te  the  recen t  genera l  i nc rease  th roughou t

SOK,  dens i t i es  o f  subadu l t  ha l fmoon  dec reased  ( i ns ign i f i can t l y )  by  80% a t  t he

SOKUin  s ta t i on  ( r e l a t i ve  t o  SOKDou t :  Tab le  15 ;  Append i x  N ,  Tab le  1 ) .  Dens i t i es  o f

subadu l t s  i nc reased  s ign i f i can t l y  ( t h ree fo ld )  a t  t he  SOKUou t  s ta t ' i on  re la t ' i ve  to

SMK (Tab le  15 ;  Append ix  N ,  Tab le  3 ) .  A  g rea te r  t han  two fo ld  i nc rease  i n  adu l t s  a t

SOKUou t  ( re la t i ve  to  SMK)  was  undemons t rab le  (Tab le  15 ) .

G ian t  Ke lp f i sh .  The  dens i t i es  o f  t h i s  warm- tempera te  c l i n id  a l so  have  ' i nc reased

th roughou t  SONGS-a rea  ke lp  beds  i n  recen t  yea rs  (Tab les  17 -19 ;  Append ix  N ,  F igs .

30 -34 ) .  I t s  dens ' i t ' i es  seemed  to  have  j nc reased  tg  g rea te r  ex ten ts  a t  SMK and  a t

the downcoast  BACI 's tat ion in  SOK than at  e i ther  of  the two S0KU stat ions (Tab' les

17 -19 ) ,  bu t  none  o f  t hese  apparen t  i nc reases  a t  Con t ro l  
' l oca t i ons  

i s  s ign ' i f i can t
(Tab l  es  15 ,  1 .5 ;  Append i  x  N ,  Tab l  es  1  ,  3 )  .

B lack  Perch .  Th ' i s  ex t reme ly  genera l i zed  (hab i ta t ,  d ie t )  l i ve -bea r ing  emb io toc id

was  one  o f  t he  more  abundan t  f i shes  i n  SONGS-a rea  ke lp  beds  du r ing  1980  (Append ix

N ,  F i gs .  35 -40 ) .  (Du r i ng  t he  f a11 ,  b l ack  pe rch  a re  rep resen ted  a lmos t  en t i r e l y  by

subadu l t -adu l t  s tages  i n  deeper  reg ions  o f  l oca ' l  ke lp  beds ;  j uven i l es  a re  then

res t r i c ted  to  sha l l ower  rock  ree fs  and  o the r  vege ta ted  hab i ta t s . )  The  dens i t y  o f

b lack  pe rch  dec l i ned  marked ly  th roughou t  50K  and  SMK du r ing  1981 .  Subadu l t s -adu l t s

decl ined fur ther  in  1985-86 - -  to  about  507[  to  < 5% of  average basel ine levels

(Tab les  17 -19 ) .  Dens i t i es  s ign i f i can t l y  dec reased  (and  g rea t l y  so  - -  f r om >  75%

to > 90%) at  the SOKU stat ions compared to  SMK and the SOKDout  s tat ' ion (Tables 15,

1 .5 ;  Append i x  N ,  Tab les  1 ,  3 ) .
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Ke lp  Pe rch .  The  numbers  o f  t h i s  spec ia l ' i zed  ( ke1p  canopy )  emb io toc id  c rashed  i n

a l l  S0NGS-a rea  ke lp  beds  be tween  1981  and  1985  (Append i x  N ,  F i gs .41 ,  42 ) .

(Because  o f  i t s  na r row  l eng th  range  i n  f a l l  - -  6  t o  10  cm - -  a l l  ' i nd i v i dua l s  we re

ta l ' l i ed  as  adu l t s . )  Ave rage  dens i t ' i e s  we re  reduced  t o  <  ! 0% o f  base l i ne  l eve ' l s

du r i ng  1985 -86  (Tab les  17 -19 ;  Append i x  N ,  F i gs .  4 I , 42 ) .  Ke lp  pe rch  had  been  one

o f  t he  more  abundan t  f i shes  th roughou t  SOK and  SMK du r ing  the  1980-81  base l i ne

per iod  (Append ' i x  N ,  F igs .  41 ,  42 ) .  Ave rage  dens i t j es  d ropped  fu r the r  a t  t he

SOKUin  s ta t i on  ( compared  to  S0KDou t )  du r ing  recen t  yea rs  ( t  9A?6 ;  Tab le  15 ;

Append ' i x  N ,  Tab le  1 ) .

P i  I  e  Pe rch .  By  fa ' l  I  1985 ,  t h i  s  l  a rge  ep ' i ben th ' i c  su r fpe rch  a l  so  had  dec l  i  ned

d ramat i ca l  l y  f  r om base ' l i ne  de r i s ' i t i es  th roughou t  S0NGS-a rea  ke lp  beds  (Append ix  N ,

F igs .43 -48 ) .  Dens i t i es  du r i ng  1985 -86  ave raged  f r om 5071  t o  <  5% o f  base l i ne

leve l s  a t  SOK and  SMK (Tab les  17 -19 ) .  ( Juven i l es  r ema ined  cons i s ten t ' l y  r a re  a t

samp l  i ng  dep ths  du r i ng  a l  I  mon i t o r i ng  pe r i ods .  )  Dens ' i t i e s  o f  o l de r  s t ages ,

a i t hough  o f  non t r i v i a l  magn ' i t ude ,  were  s ta t ' i s t ' i ca11y  i n t rac tab le  fo r  compar ing

subadu l t s ,  adu l t s  w i th in  SOK,  and  poo led  s tages ;  on l y  t he  SOKUou t  ve rsus  SMK

compar i son  f o r  adu l t s  was  t r ac tab le  (Append i x  M ,  Tab les  2 ,4 ;  Append i x  N ,  Tab le  1 . ,

F ig .  43 ) "  A l though  re la t ' i ve  dens i t y  seemed  g rea te r  by  ove r  a  fac to r  o f  s i x  a t

SOKUou t , " t he  d i f f e rence  was ' i ns i gn i f i can t  because  o f  l ow  power  (Tab ie  16 ;  Append i x

N ,  Tab le  1 ) .

Ra inbow Seaperch .  The  abundance  o f  t h i s  med ' i um-s i zed  ep ' i ben th i c  su r fpe rch  a l so

was depressed (bV 1076 to > 99i6)  dur ing 1985-86,  compared to  1980-81 levels

(Append i x  N ,  F i gs .  49 -53 ) .  ( t j ke  mos t  o the r  l oca l  emb io toc i ds ,  j uven i l es  we re

ra re  a t  samp ' l i ng  dep ths  i n  SOK and  SMK du r i ng  t he  f a l 1 . )  Dens i t i es  seemed  to  have

dec l i ned  to  g rea te r  ex ten ts  a t  t he  S0KU s ta t i ons ,  re la t i ve  to  SOKDou t  and

(espec ia i1y )  SMK (Tab ies  L7 -19 ) .  However ,  resu l t s  o f  t he  s ta t i s t ' i ca l  compar i sons

were  s ign i f i can t  on ' l y  f o r  sudadu ' l t  f i sh  a t  SOKUin  ve rsus  SOKDou t ,  and  th i s  t es t

r esu l t  i s  ques t i onab le  because  ' i t s  s i gn i f i cance  i s  dependen t  on  t he  va lue  o f  r r c l l

added  be fo re  l oga r i t hm ' i c  t r ans fo rma t i on  (Tab le  15 ;  Append i x  N ,  Tab les  1 ,3 ) .

8g lbe r l i p  Seaperch .  The  subadu l t s -adu l t s  o f  t h i s  ] a rge  ep iben th ie  su r fpe rch  have

never  been  abundan t  i n  S0NGS-a rea  ke lp  beds .  Dens i t i es  va r ious l y  dec l i ' ned  o r
' i nc reased  du r ing  the  ope ra t j ona l  ( ve rsus  base l i ne )  pe r iod ,  depend ing  on  ke lp  bed

and  s ta t i on  (Tab les  17 -19 ) .  Dens i t i es  had  been  espec ' i a1 ' l y  l ow ' i n  f a ' 11  1985 ,  when

va l  ues  ave raged  <  I0  o l  o f  base l  i  ne  
' l eve l  

s  (Append i  x  N ,  F i  gs  .  54 ,  55 )  .  Ave rage
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dens i t i es  du r ing  the  comprehens ive  ope ra t i ona l  pe r iod  ranged  f rom +134% to  -88%

(  a t  S0K)  and  were  +10% (a t  SMK)  compared  to  base ' l  ' i ne  I  eve l  s  (Tab ' l es  17 -19 ) .

Ex ten ts  o f  t he  changes  were  s ta t i s t i ca l l y  s ' im i l a r  be tween  S0KUou t  and  SMK,  and

be tween  the  two  s ta t i ons  w i th jn  SOK,  however ,  desp ' i t e  an  apparen t  two fo ld  g rea te r

i nc rease  a t  S0KUou t  ve rsus  SMK (Append i x  N ,  Tab les  1 ,3 ) .  Even  t he  l a t t e r

compar i son  was  i ns i gn i f i can t  because  o f  t he  l a rge  va r i ances  and ' l ow  power  (<  10 r i )

o f  t he  t - t es t  (Append ' i x  N ,  Tab le  1 ) .  B inom ia l  t es t  r esu l t s  we re  no t  su f f i c i en t l y

more  sens i t i ve  (Tab1e  16 ;  Append i x  N ,  Tab le  3 ) .

hJh i t e  Seape rch .  Th i s  med ium-s i zed ,  hab i t a t  gene ra f i s t  (Ebe f i ng  e t  a l . 1980b )

occup ies  the  wa te r  co lumn o f  SONGS-a rea  ke lp  beds  i n  m id  to  l a te  fa l l  wh ' i l e

m ig ra t i ng  f rom insho re  ree fs  to  deeper  reg ions  i nhab i ted  du r ing  w in te r  (La rson  and

DeMar t i n i  1984 ) .  L i ke  t he  o the r  emb io toc ids ,  t h i s  spec ies  had  a ' l so  dec ' l i ned

g rea t l y  (by  80  to  99? ' . )  f r om base l i ne  abundances  by  fa l l  1985 .  Numbers  rema ined

low th roughou t  SONGS-a rea  ke lp  beds  i n  f a l l  1986  (Append ix  N ,  F igs .  55 -61 ) .  Some

adul ts  and subadul ts  were present  at  SOK and SMK dur ing 1985-86 (a ' l though

iuven i l es ,  as  p rev ious l y ,  y re re  ra re ) .  Dens i t y  compar i sons  fo r  adu l t s  and  poo ' i ed

adu ' l t s - subadu l t s  were  no t  amenab le  to  s ta t ' i s t i ca l  ana lyses ;  t he  dens i t i es  o f

subadu l t s ,  however ,  cou ld  be  eva lua ted  fo r  bo th  SOK-SMK and  w i th in -S0K con t ras ts

(Append i x  M ,  Tab les  2 -4 ;  Append i x  N ,  Tab le  1 ,  F ' i gs .  58 ,  59 ) .  Dens i t i es  dec l i ned  t o

g rea te r  ex ten t  a t  SOKUin ,  re la t ' i ve  to  SOKDou t ,  du r ing  the  ope ra t i ona l  ve rsus

base l i ne  pe r i od ,  and  t he  d i sp ropo r t i ona te  dec l i ne  was  >  95% (Tab le ' 15 ;  Append i x  N ,

Tab le  1 ) .  , l

Senor i t a .  Un ' l ' i ke  the  emb io tbc ids  and  o the r  co ld - tempera te  e lemen ts  o f  t he  SONGS-

a rea  f i sh  f auna . ,  t h i s ' l ab r i d  ( and  one  o f  two  o the r  spec ies  o f  l oca l  w rasses )
' increased in  overa l l  abundance in  SONGS-area ke lp beds between fa l l  1980-81 and

fa l l  i 985 -85  (Tab les  17 -19 ;  Append ix  N ,  F igs .  52 -59 ) .  The  i nc rease  o f  t h i s

schoo l i ng ,  wa te r - :o lumn genera ' l i s t  was  espec ia ' l 1y  p ronounced  be tween  1985  and

1986  (Append ix  N ,  F igs .  62 -69 ) .  Juven i l es  as  we l l  as  subadu l t s  and  adu l t s  were

we l l  r ep resen ted  th roughou t  base l i ne  and  ope ra t r ' ona l  pe r iods ,  and  a '11  s tages  have

shown recen t  numer i c  i nc reases  a t  one  o r  bo th  ke lp  beds  (Tab les  17 - i9 ) .  The

magn i tude  o f  t he  recen t  i nc reases  has  va r ied  among  l i f e  s tages  and  ke lp  bed

locat ions:  major  increases have ranged f rom near ' ly  a  factor  o f  two,  to  over  an

o rde r  o f  magn i tude ,  w i th  subadu l t s  i nc reas ing  to  the  g rea tes t  ex ten t  (Tab les  17 -

19) .  Recent  increases have appeared to  be iarger  at  the S0KUout  and SOKDout

s ta t ' i ons  than  a t  e i t he r  SOKUin  o r  a t  SMK (Tab les  17 -19 ) .  Mos t  o f  t hese  seeming ly
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d i sp ropo r t i ona te  d i f f e rences  a re  s ta t i s t i ca l l y  s i gn i f i can t  (Tab les  15 ,  l 5 ;

Append ' i x  N ,  Tab l  es  1 ,  3 )  .

Ca l i f o rn ia  Sheephead .  Th i s  i a rge ,  ep iben th i c  
' l ab r i d  genera l l y  dec reased  to  10 -40%

o f  base l i ne  l eve l s ' i n  SONGS-a rea  ke lp  beds  du r i ng  1985 -86  (Tab ' l es  17 -19 ;  Append ' i x

N ,  F i gs .  7A -75 ) .  Imma tu res  (a ' lmos t  en t i r e l y  o l de r  j uven i l es :  Append ' i x  T ,  Tab les

6A ,8 )  as  we l l  as  subadu l t  sheephead  have  been  p resen t  a t  SOK and  SMK du r ing  a1 ' l

sampf ing  yea rs  and  have  shown  s im i l a r  pa t te rns  o f  dens i t y  change  be tween  1980-81

and  1985-85  (Tab les  17 -19 ) .  (Adu1 t  sheephead  have  a lways  been  ra re ' i n  S0NGS-a rea

ke lp  beds . )  Re la t i ve  dens i t i es  a t  SOK and  SMK were  mos t  i n te rp re tab le  fo r
j uven i l es ;  however ,  on l y  t he  SOKUjn  ve rsus  SOKDou t  compar i son  fo r  subadu l t s  was

s ign i f i can t  - -  a90% re la t i ve  dec l j ne  a t  SOKU in  (Tab les  15 ,  15 ;  Append i x  N ,  Tab le

1 ) .

S i l ve r s i des .  By  f a l l  1985 ,  neus ton ' i c  a the r i n i ds  (p r ima r i ' l y  t opsme l t ,  A the r i nops

a f f i n i s :  E .  DeMar t i n i ,  pe rs ,  obs . )  i n  gene ra l  had  dec l i ned  f r om base l ' i ne  l eve l s

o f  abundance  i n  S0NGS-a rea  ke lp  beds  (Append i x  N ,  F i gs .  76 ,77 ) .  Se ine  ca t ches  o f

members  o f  t he  th ree -spec ies  taxon  comp lex  (p r imar i l y  t opsme l t  and  j acksme l t ,

A the r i nops i s  ca l i f o rn i ens i s :  A l l en  and  DeMar t i n i  1983 ;  Chap te r  One ,  t h i s  r epo r t )

had a l  so decl  i  ned by 50-90?;  ' i  n  nearshore open waters ,  i  nc1 ud ' i  ng reg ' ions wi  th i  n

seve ra l  k i l ome te rs  upcoas t  and  downcoas t  o f  t he  SOK bed ,  beg inn ing  j n  m id -1982 .

Se ine  ca tches  rema ' i ned  dep ressed  th rough  summer  1985  (Chap te r  One ,  Tab ' l es  2 ,  3 ;

Append ix  E ,  F igs .  22 -24 ) .  Desp i te  these  genera l  4ec reases ,  s i ' l ve rs ides  i nc reased

over  th i r t y fo ld  i n  re la t ' i ve  abundance  a t  ou r  SOKUin  Impac t  s ta t i on ,  re la t i ve  to

the  S0KDou t  Con t ro l  s t a t ' i on ,  du r i ng  1985 -86  (Append i x  N ,  Tab les  1 ,3 ;  F i g .77 ) "  A

very large ( t  90%) apparent  decrease at  SOKUout ,  re ]at ive to  SMK, was

undemons t rab le  (Tab1e  15 ;  Append ix  N ,  Tab le  1 ,  F ig .  76 )  because  o f  t he  ex t reme ly
poor  power  ( .  l 0%)  p rov ided  by  th i s  schoo l i ng  spec ies .

Rock  Wrasse .  The  abundance  o f  t h i s  med ium-s i zed  ben th i c  
' l ab r i d  

a ' l so  i nc reased

dramat j ca l j y  i n  S0NGS-a rea  ke lp  beds  be tween  1980-81  and  1985-86  (Tab les  17 -19 ;

Append i x  N ,  F i gs .78 -83 ) .  Howeve r ,  un f i ke  seno r i t a ,  mos t  o f  t hese  i nd i v i dua ' l s

we re  subadu l t s  and  adu l t s ,  no t  j uven i l es .  Reeen t  i nc reases  ' i n  adu l t s ,  a ' l t hough

la rge  (ove r  two fo ld  to  n ine fo ld ) ,  pa ied  i n  compar i son  to  the  twe lve fo ld  to  e igh ty -

s i x - fo ld  i nc reases  o f  subadu l t s  (Tab les  i 7 ' 19 ) .  These  recen t  i nc reases  seemed

di  spropor t ' ionate ' ly  
' large 

at  the two SOKU stat i  ons (Tabl  e  19)  .  Impact  tests

con f i rm  t he  s i gn i f i cance  o f  on l y  one  o f  t hese  - -  a  r e l a t i ve ' i nc rease  i n  adu l t s  o f
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I
a lmos t  600 i6  a t  SOKUou t  ve rsus  SMK (Tab le  15 ;  Append i x  N ,  Tab le  1 ) .  Seve ra l  o the r
l  arge ( t  200,e()  apparent  i  ncreases (  o f  subadul  ts  and pool  ed subadul  ts-adul  ts  a t
SOKUou t  r e l a t i ve  t o  SMK)  l ose  t he i r  s i gn i f i cance  e i t he r  as  a  r esu l t  o f
ques t ' i onab le  add ' i t i v ' i t y  (Tab1e  16 ;  Append i x  N ,  Tab ' l e  3 )  o r  because  o f  se r i a l
co r re l a t i on  (Append i x  M ,  Tab les  2 -4 ) .

I
I
I

3.3 .3

3 .3 .3 .  r

F ish - -Ke lp  Re la t i ons

ANOVA Analyses of Kelp Patterns I
Gian t  ke lp  (Mac rocys t i s )  va r i ed  subs tan t i a l l y  i n  dens i t y  among  samp l i ng

loca t i ons  and  yea rs  (Tab1e  20 ) .  0ne -way  AN0VAs  and  a  pos te r i o r i  con t ras ts
i den t i f y  t he  s ta t i on  g roup ings  (Tab le  20 ) .

I
I

The  fo l l ow ing  pa t te rns  i n  Mac rocys t ' i s  dens i t y  were  obse rved  ' i n  f a l l  1985 .
H ighes t  dens i t i es  were  reco rded  a t  SMK,  where  h igh  dens i t y  ave raged  >  30

t
p ' l an ts /100  m ' .  h l i t h ' i n  SoK,  s ing le  upcoas t  and  downcoas t ' s ta t i ons  ( s0KUou t ,

SOKDou t )  t oge the r  rep resen ted  the  denses t  ava i l ab ' l e  ke lp  hab i ta t  (modera te

dens i t y :  ?0  p lan ts /100  *2 ) .  Ano the r  upcoas t -downcoas t  pa ' i r  r ep resen ted  l ow-
dens i t y  ke lp  ( -  8  -  10  p i an t s /100  m2) .  A  s i ng le  ke lp l ess  cobb le  s ta t ' i on  ad jacen t
t o  S0KU had  a  spa rse  ke ' l p  f ' l o ra  (<  1p1an t / 100  12 )  (Tab ' l e  20 ;  Append i x  0 ,  Tab le  1 ) .

S im i l a r  pa t t e rns  i n  ke lp  dens i t y  we re  obse ryed ' i n  f a l l  1986 ,  excep t  t ha t
dens i t ' i es  were  app rox ima te l y  ha l ved  a t  each  o f  t he  SOK s ta t ' i ons  where  p lan ts  had
occu r red  i n  non t r i v i a l  dens i t i es  i n  f a l l  1985 .  The  two  denses t  s t a t i ons  we re  aga in
SOKUou t  and  S0KDou t  (1ow dens i t i es  o f  10 -11  p lan ts /10O rZ ) .  The  p r i o r  1ow-dens i t y
s ta t ' i ons  had  dec reased  to  ve ry  l ow  leve l s  (3 -4  p lan ts /100  12 ) .  The  spa rse
Cobb leUp  s ta t i on  rema ined  the  same in  fa ' l l  1986  ( .  1  p1an t , / 100  m2  (Tab l  e  Z0 ;
Append i x  0 ,  Tab le  1 ) .  Dens ' i t i e s  o f  j uven i ' l e -adu l t  g ' i an t  ke ' l p  i nc reased  t o  nea r l y

)
60  p l an t s / lOO m 'a t  t he  SMK s ta t i on  a f t e r  f a l l  1985  (Tab le  20 ;  Append i x  0 ,  Tab le

1 ) .  However ,  mos t  o f  t h i s  i nc rease  was  due  to  j uven i l e  p lan ts  tha t  rec ru ' i t ed  to

c lea red  a reas  fo l l ow ing  the  seve re  s to rms  o f  Feb rua ry  1986 ;  t he  ave rage  dens i t y  o f

adu l t  Mac rocys t i s  had  ac tua l l y  dec l fned  to  abou t  9  p lan ts , /100  m2  - -  a  l eve l

s im i ' l a r  t o  t he  denses t  s tands  o f  ke lo  then  ex i s t i nq  a t  S0K.

I t  i s  obv ious  tha t  du r ing  each  fa l l  season  Macrocys t i s  dens i t i es  va r ied

apprec iab i y  among  samp l ing  s ta t i ons .

I
I
I
I
I
I
I
I
I
I
I
I

3-24



I
I
I
I
I
I
I
I
t
I
I
I
I
I
I
I

As  a  comp lemen t  t o  eva lua t i ng  s ta t i on  pa t t e rns  i n  g i an t  ke lp  dens i t i es ,  we

a lso  compared  the  va r ious  s ta t i ons  i n  t e rms  o f  t he i r  re la t i ve  abundances  o f

ove rs to ry  ( " subcanopy ! ' )  b rown  a lgae  (P te rygophora ,  Cys tose i ra ) ;  t he  bush l i ke  tu r f
a lga  Ac roso r ium;  and  Ly tech ' i nus  u rch ins .  We used  ana logous  one -way  AN0VAs  and  a
pos te r i o r i  con t ras ts  to  i den t i f y  s ta t ' i on  d i f f e rences  fo r  t hese  va r jab les .

Resu l t s  o f  t he  l a t t e r  ANOVAs  a re  summar i zed  i n  Append ix  0 ,  Tab les  2 ,  3 .  As

w i th  g ' i an t  ke1p ,  va r i a t i on  among  s ta t ' i ons  was  app rec iab le  fo r  t he  o the r  va r iab les
' ' i n  one  o r  bo th  o f  t he  two  yea rs .  I n te res t ' i ng ' l y ,  t he  deve lopmen t  o f  mos t  ben th i c

a lgae  was  i nve rse i y  re la ted  to  g ian t  ke lp  dens i t y ,  whereas  Macrocys t i s  i t se ' l f  was
pos i t ' i ve1y  re ' l a ted  to  the  pe rcen tage  cobb le  ( s tab i l i t y )  o f  t he  subs t ra te  (Append ix

0 ,  Tab le  4 ) .  As  f o r  g i an t  ke1p ,  t he re  have  been  w idesp read  recen t  dec l j nes  i n  t he
abundance  o f  t he  more  pe rs i s ten t  o f  t he  two  ma jo r  ove rs to ry  ke ips  (P te rygop_hgre ;

Append i x  0 ,  Tab le  5 ) .

3 "3 .3 .2  S imp le  F i sh - -Ke lp  Regress ions

The  nex t  s t ep  i n  ou r  exp io ra t i on  o f  f i sh - ke lp  r e l a t i ons  was  t o  r eg ress  f i sh

dens i t y  ( as  dependen t  va r i ab le )  on  ke lp  dens i t y  ( as  l one  i ndepepenCen t  va r i ab le ) "
The  resu ' l t s  o f  t h i s  ana l ys i s  wou ld  t e l l  us  whe the r  Mac rocys t i s  a l one  s i gn i f i can t l y
i n f l uenced  f i sh  dens ' i t y  w i th in  SOK in  fa l ' l  1985 -86 .  Bu t  f i r s t  we  had  to  de te rm ine

the  app rop r ia te  func t i ona l  f o rm o f  t he  ke lp  cova r ia te ,  because  these  reg ress ions

and  a l1  subsequen t  ANCOVA ana lyses  were  p red i ca te {  on  p rope r  cho ice  o f  t he  ke lp

va r i  ab l  e  "

0 f  t he  th ree  b io ' l og i ca l l y  i n tu ' i t i ve  fo rms  o f  t he  ke ip  da ta  tha t  were  eva lua t ,ed
(Sec t ' i on  3 "2 .3 "? ;  Append i x  0 ) ,  t he  s imp le  l i nea r  f unc t i on  i n  Mac rocys t i s  coun t s

was  cons ' i de red  mos t  app rop r ia te  i n  a l ' l  cases  tha t  we  examined .  E ' i t he r  t he  l i nea r
f unc t i on  had  t he  l a rges t  R2 ,  i t s  R2  was  nom ina i ' l y  h i ghes t ,  o r  i t s  R2  was  t r i v i a l l y

i ower  than  the  R2  va lues  o f  t he  o the r  mode ls  and  pa rs imony  d i c ta ted  i t s  use .  Fo r :

t h i s  r eason ,  we  res t r i c t  a l ' l  f u r t he r  d ' i s cuss ion  t o  t he  s imp ' l e  l i nea r  f unc t i on .
(No te  tha t  cho i ce  o f  t he  l ' i nea r  mode ' l  does  no t  mean  tha t  some asympto t i c  f unc t ' i on

i s  no t  more  accu ra te ,  however  on l y  t ha t  ou r  da ta  d id  no t  conv ine ing l y

demons t ra te  a  cu rv ' i  I  i  nea r  re ' l a t i  onsh ' i p .  )

I  Us ing  t he  raw  ke ' l p  dens i t y  da ta  i n  t he  1 ' i nea r  mode l ,  we  f ound  a  s i gn i f i can t

re l a t i onsh ip  be tween  f i sh  and  ke ' l p  dens i t i es ,  w i t h i n  t he  SOK bed ,  i n  37 /43  cases "-
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Th i r t y - s i x  o f  t he  37  cases  we re  pos i t i ve ;  t he  on l y  s i gn i f i can t l y  nega t i ve
re l a t i onsh ip  was  t ha t  f o r  s i l ve r s i des  (Append i x  0 ,  Tab le  6 ;  bu t  see  t ex t  Tab le  21
and  Append i x  0 ,  Tab le  7 ) .

3 .3 .3 .3  ANCOVA Ana lyses

The  p re l im ina ry  ANOVA (s ta t i on )  con t ras ts  fo r  g ' i an t  ke lp  and  o the r  seabed

va r i ab les ,  t oge the r  w i t h  t he  encou rag ' i ng  resu l t s  o f  t he  s imp le  f i sh - ke1p

regress ions,  suggested that  comprehensive ANC0VA analyses were v /arranted.  We
approached  th i s  nex t  s tep  i n  ou r  ana lys i s  by  f i r s t  pe r fo rm ing  a  se r ies  o f  s tepw ise
mu l t i p le  reg re .ss ions  to  i den t i f y  t he  mos t  e f f i c i en t  su i t e  o f  va r i ab les  fo r

subsequen t  use  i n  t he  ANCOVAs .

S tepw ' i se  Mu l t i p l e  Reg ress ions .  G ian t  ke lp  a lmos t  i nva r i ab l y  en te red  i n to  t he
mode l ;  seve ra l  o the r  va r i ab les  usua l l y  en te red  as  we l ' 1 .  E f f ec t s  o f  t he  va r i ab les  

Io f ten  changed  in  the  two  yea rs  (Append ix  0 ,  Tab le  7 ) .

Spec i f i c  resu l t s  o f  s tepw ise  reg ress ions  a re  summai^ i zed  fo r  a l l  r e levan t

spec ies  and  s tages  i n  Append ix  0 ,  Tab les  7 ,  8 .  (Seabed  va r iab les  were  i r re levan t

fo r  ke lp  pe rch  and  s i l ve rs ides ,  two  s t r i c t l y  canopy  taxa . )  i n  add i t i on  to  the

a i  ready - recogn i  zed ,  pos i  t i  ve  i  n f  I  uences  o f  g ' i an t  ke1p ,  one  o r  bo th  spec ' i es  o f

ove rs to ry  a lgae  i n f l uenced  the  dens i t y  o f  f i sh  i n  28 /43  cases  (Append ix  0 ,  Tab les
7 ,  8 ) .  The  e f fec ts  o f  Ac roso r ium,  Ly tech inus ,  f nd  bo t tom t ypes  were  l ess

f requen t l y  de tec tab le  (Append ix  0 ,  Tab les  7 ,  8 ) .

Ben th i c  a ' l ga l  abundance  and  bo t tom t ype  had  a  m ix tu re  o f  pos i t i ve  and

nega t ' i ve  e f fec ts  tha t  va r i ed  among  spec ies  and  i i f e  s tages  (Tab le  2 ! ;  Append ix  0 ,

Tab les  7 ,8 ) .  0ve rs to ry  a lgae  (P te rygophora ,  Cys tose i ra )  and  the  e rec t ,  t u r f ' l i ke

red  a lga  (Ac roso r ium)  were  pos i t i ve i y  and  nega t i ve l y  re la ted  to  f i sh  dens i t y  t o

abou t  equa i  ex ten t s  (Append i x  0 ,  Tab les  7 ,8 ) .  Ly tech inus  u r ch ins  gene ra l l y  had

(pe rhaps  i nd ' i r ec t )  nega t i ve  e f fec ts  on ' f i sh  dens i t i es ;  and  the  e f fec ts  o f  bo t tom

type ,  i f  p resen t ,  we re  m ixed  (Tab l  e  2 ! ;  Append ix  0 ,  Tab ' l es  7 ,  8 ) .

Comprehens ive  ANC0VAs  w i th  Loca t i on  E f fec ts .  As  a  l as t  s tep  i n  desc r ib ing  f i sh -

ke lp  re la t i ons ,  we  used  the  va r iab les  ' i den t i f  i ed  by  the  p reced ' i ng  s tepw i  se

reg ress ions  t o  bu i ' l d . comprehens i ve  mode l s  desc r i b ' i ng  t he  va r i a t i ons  i n  f i sh

dens i t ' i es  tha t  we  obse rved  a t  SOK du r ing  fa l ' l  1985 -86 .  A l l  mean ing fu l
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env i r onmen ta l  cova r i a tes  we re  en te red  f i r s t ' i n  t he  mode l ;  t hen  t he l t l oca t i on i l  t e rm

I  ( as  t he  rema inde r  o f  a l l  non -e r ro r  va r i a t i on )  was  en te red .

Loca t j on  v tas  s i gn i f i can t  i n  on l y  9 /43  (?17 { )  o f  t he  cases  and  exp ia i ned ,  on

ave rage ,  .  I%  o f  t o ta l  obse rved  va r i a t i on  i n  f i sh  dens i t i es  (Tab le  2 ! ;  Append i x  0 ,

Tab ' l e  9 ) .  A l t oge the r ,  l oca t j on  p l us  t he  sum o f  a l l  measu red  env i r onmen ta l

va r i ab les  exp la ' i ned  an  ave rage  o f  48 i J  o f  t he  t o ta l  va r i a t i on  i n  t he  dens i t ' i e s  o f

va r ious  spec ies  and  l ' i f e  s tages .  Loca t ' i on  con t r i bu ted  on ' l y  abou t  5% to  to ta ' l

exp l i cab le  va r i a t i on  (Append i x  0 ,  Tab le  9 ) .  The  e f f ec t  o f  g i an t  ke lp  r ema ined

s ign ' i f i can t  i n  33 /+3  o f  ou r  comprehens ive  mode ls ,  and  was  respons ' i b1e  fo r  an

ave rage  o f  52% o f  a l 1  exp ' l i cab le  va r i a t i on  (Tab le  2 l ;  Append i x  0 ,  Tab le  9 ) .

3.3 .4 Fish Abundance Est imates at  SOK

The  abundances  o f  f i shes  a t .  t he  SOK bed  du r ing  the  two  ope ra t i ona l  f a l l
pe r i ods  were  es t ima ted  based  on  two  ma jo r  t ypes  o f  da ta :  (1 )  ke ' l p  s t ra tum-spec i f i c

f j sh  dens i t i es  and  (2 )  a rea l  ex ten ts  o f  each  ke ' l p  dens i t y  s t ra tum.  h le igh ted  mean

dens i t i es  a re  summar i zed  fo r  each  s ta t i on  a t  SOK (Append ix  P ,  Tab les  1 ,  3 )  and  fo r

s ta t i ons  o f  l ' i ke - ke lp  dens i t y  w i t h i n  SOK (Append i x  P ,  Tab les  2 ,4 ) .  (Da ta  f o r

1985  and  1986  a re  tabu la ted  separa te ' l y .  )  A rea ' l  ex ten ts  o f  pa r t i cu la r  ke lp

dens " i t i es  a re ' l i s t ed  i n  Append ' i x  P ,  Tab le  5  ( 1985 )  and  Tab le  6  ( 1986 ) .  Fo r  ou r

p r ima ry  (1985 ,1986 )  abundance  eva lua t i ons ,  a rea l  ex ten t s  o f  ke l p  a re  based  on

down jook ing  (DL )  sona r  da ta .  I n  add i t i on ,  s i desc_an  (SS)  sona r  es t ima tes  o f  ke lp

a re  compared  w i th  DL  es t ima tes  fo r  1985  and  1986  (Append ix  P ,  Tab les  5 ,  6 ) ,  so  tha t

we  cou ld  make  g ross  eompar i sons  o f  f i sh  abundances  among  a l l  f ou r  yea rs  (1980 ,

1981 ,  1985 ,  and  i 986 )  us i ng  SS-based  a rea l  es t ima tes  (Append i x  P ,  Tab les  7 ,8 ) .

3 .3 .4 .1  Fa l l  1985  and  1986  Numbers

Fa l l  1985 .  Based  on  ou r  more  accu ra te  (DL)  sonar  es t ima tes  o f  ke lp  a rea ' l  ex ten ts ,

the  numer i ca l  s tand ' i ng  s tock  o f  t o ta l  f i shes  p resen t  a t  SOK in  fa1 l  1985  was  abou t

225 ,000  i nd i v i dua l s  (Tab1e  ?? ) .  An  es t ima ted  183 ,000  i nd i v i dua ' l s  ( 81%)  we re

p resen t  i n  t he  4 I%o f  SOK exe lud ing  spa rse  ke ' l p  and  cobb le  (Tab1e  2? ;  Append i x  P ,

Tab le  5 ) .  Du r ing  fa l l  1985 ,  t hen ,  on l y  abou t  19% o f  t o ta l  f i sh  numbers  oecu r red  i n

the  ma jo r i t y  (59%)  o f  SOK tha t  was  spa rse  ke lp  (Tab le  22 ;  Append ' i x  P ,  Tab ie  5 ) .

Con f idence  i n te rva l s  on  abundance  es t ima tes  o f  ma jo r  spec ies  were  b road ,  even

eons ide r ing  the  samp ie  s i ze  (n  =  8 )  - -  an  ave rage  + / -  9?% o f  t he  respec t i ve
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es t ima te  (Tab le  22 ) .  Con f idence  bounds  on  the  es t ' ima te  fo r  t o ta l  f i shes  was  much

t ighter  (+/ -  337 ' . ;  Table 22) .

Fa l l  1986 .  DL  sonar  es t ima tes  o f  ke lp  a rea l  ex ten ts  i nd i ca ted  tha t  t he  numer i ca l

s t and ing  s tock  o f  t o ta l  f i shes  p resen t  a t  SOK i n  f a l l  1986  was  abou t  397 ,000

ind i v i dua l s  (Tab le  23 ) .  An  es t ima ted  377 ,000  i nd i v i dua l s  ( 95? ( )  we re  p resen t  i n

t he  39% o f  SOK exc lud ing  spa rse  ke lp  and  cobb le  (Append i x  P ,  Tab le  6 ) .  Du r i ng  f a11

1985 ,  t hen ,  on l y  abou t  5? (o f  t o ta l  f i sh  numbers  occu r red  i n  t he  ma jo r i t y  (6176)  o f

SOK tha t  was  spa rse  ke lp  (Tab1e  23 ;  Append ix  P ,  Tab le  6 ) .  Abundance  s ta t i ons  were

samp ' l ed  on  3 -8  da tes  du r ing  fa l l  1986 ,  depend ing  on  s ta t i on  (Append ix  J ,  Tab le  1 ) .

Cons ide r ing  th i s ,  t he  con f i dence  i n te rva ' l s  on  abundance  es t ima tes  o f  ma io r  spec ies

were reasonable - -  an average +/ -  63o,1 of  the respect ive est imate (Table 23) .  Error

bounds  on  the  es t ima te  fo r  t o ta l  f i shes  were  aga in  re la t i ve l y  sma l l  ( * / -  397o ;

Tab l  e  23 ) .

3.3.4.2 Fal l  1985 and 1986 Biomass

Fa l l  1985 .  Es t ima ted  to ta1  b iomass  abundance  a t  SOK du r ing  fa11  1985 ,  based  on

DL-sonar  es t ima tes  o f  ke lp  a reas ,  a re  abou t  18 .1  me t r i c  t ons  (MT)  o f  f i shes  w i th in

a  to ta l  113  hec ta res  (ha )  o f  spa rse  to  h ighes t -dens ' i t y  ke lp  (Tab le  24 ;  Append ix  P ,

Tab le  5 ) .  To ta l  b ' i omass  dens i t i es  the re fo re  were  160  kg /ha .  E r ro r  bounds  on  the

tota ' f  est imate were reasonable (+/ -  32%),  even though est imates for  major  spec ' ies

ave raged  >  I00% (Tab1e  24 ) .  Exc lud ing  t rans ien t r  spec ' i es  ( seasona l  m ig ran ts :

Pac i f i c  ba r racuda ,  j ack  macke re l ,  Pac i f i c  bon i to ,  and  Pac i f i c  macke re l ;  Feder  e t

a l .  1974) ,  there were about  17.4 MT of  res ident  ke lp-bed f ishes present  throughout

SOK a t  t h i s  t ime .  Res iden t  b iomass  dens i t y  t hus  was  abou t  150  kg lha .  Abou t  69%

(12.6 MT) of  to ta l  f ishes was present  in  the 4A!  (47 ha)  of  SOK that  then was

in te rmed ia te -  and  h ighes t -dens i t y  ke lp  (Tab le  24  and  Append ix  P ,  Tab ' l e  5 ) .  We

es t ima te  tha t  none  o f  t he  t rans ien t  f i shes  were  p resen t  i n  t he  sub reg ion  o f  spa rse

ke l  p .

Fa l l  1986 .  l de  es t ima te  tha t  t o ta l  b iomass  o f  f i shes  a t  SOK du r ing  fa11  1986 ,  based

on  DL-sonar  es t ima tes  o f  ke lp  a reas ,  ! {as  abou t  38 .9  MT w i th in  a  to ta l  88  ha  o f

spa rse  to  h ighes t -dens i t y  ke lp  (Tab ' l e  25 ) .  E r ro r  bounds  on  th i s  es t ima te  were

reasonable (+/ -  38?t) ,  and bounds on major  component  species were bet ter  than in

1985  (ave rage  + / -  66%;  Tab ' l e  25 ) .  The  b iomass  dens i t y  o f  t o ta l  f i shes  was  an

es t ima ted  440  kg lha .  Exc lud ing  t rans ien t  spec ies ,  t he re  were  abou t  35 .2  MT o f
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r es i den t  ke ' l p -bed  f i shes  p resen t  a t  t h i s  t ime .  The  b i omass  dens i t y  o f  r es i den t

f i shes  the re fo re  was  abou t  400  kg /ha .  Abou t  93? ' .  ( 36 .3  MT)  o f  t o ta l  f i sh  b iomass

v /as  p resen t  i n  t he  39 i ;  (3a  ha )  o f  SOK tha t  t hen  was  i n te rmed ia te -  and  h ighes t -
dens i t y  ke lp  (Tab1e  25  and  Append i x  P ,  Tab le  6 ) .  As  i n  f a l l  i 985 ,  we  es t ima te  t ha t
a l I  t r ans ien t  f i shes  we re  -p resen t  i n  t he  sub reg ion  o f  i n t e rmed ia te -  t o  h ' i ghes t -
dens i t y  ke lp .

3.3.4.3 Operat ional  versus Basel ine Compar isons

Dur ing  the  fa l ' l  i 980 -8 i  base l i ne  pe r iod ,  t he  f i shes  a t  SOK were  su rveyed
w i th in  the  reg ions  o f  med ium- to -h igh -  and  h igh -dens i t y  ke lp  tha t  t hen  cons t i t u ted
abou t  70  to  80% o f  t he  to ta l  hab ' i t a t  a t  SoK (DeMar t i n i  e t  a l .  1983a ,b ;  Append ix  P ,
Tab le  7 ) .  The  abundances  o f  f i shes  a t  SOK du r i ng  f a11  1980  and  1981  a re  g ross l y

es t imab le  us i ng  t he  SS-sona r  da ta  on  ke lp  dens i t i es  f o r  t hese  pe r i ods  (Append i x  P ,
Tab le  7 ) .  Base l i ne  va lues  a re  unde res t ima tes ,  howeve r ,  because  t he  1980  and  1981
da ta  on  f i sh  dens i t ' i es  exc lude  m idwa te r -co lumn reg ions  and  can  be  ex t rapo la ted  to
sub reg ' i ons  o f  modera te  o r  g rea te r  ke lp  dens i t y  on i y .

Es t ima ted  abundances  o f  ma jo r  f i shes  w ' i t h in  the  more  heav i ' l y  f o res ted  reg ions
a t  SOK ave raged  abou t  427 ,500  i nd i v idua ls  du r ing  the  fa l ' l  1980  and  1981  base l i ne
pe r i ods ,  and  we re  on l y  abou t  15 -20% d i ss im i l a r  du r i ng  t hese  two  f a l l  pe r i ods
(Append ix  P ,  Tab le  8 ) .  Es t ima ted  abundances  ' i n  s ' im j1a r1y  vege ta ted  reg ions  a t  SOK
dur i  ng  f  a l  

' l  
i 985  (  99  ,700  f  i  sh )  were  

' l ess  
than  one r f  ou r th  o f  t he  1980-81  base ' l  i  ne

ave rage .  Ana logous  es t ima tes  du r i ng  f a11  1986  (121 ,000  f i sh )  we re  equa l  t o  abou t
?8% o f  t he  base l  i ne  ave rage  (Append ix  P ,  Tab ' l e  8 ) .

3 .4  D ISCUSSION

3.4 .1 The Fish Assemblage in  SONGS-Area Kelp Beds

Fa l l  1985  and  fa l l  1986  da ta  on  the  assemb lages  o f  f i shes  p resen t  a t  SOK and

SMK mjgh t  be  mean ing fu l l y  compared  (1 )  t empora l l y  - -  w i th  p r i o r  da ta  a t  t he

resoec t i ve  ke lp  bed  - -  and  (2 )  spa t i a l ' l y  - -  w i th  con tempora ry  da ta  a t  o the r  ke lp

beds  and  o the r  sha l ' l ow ,  rock  ree f  hab j ta t s .  We  de fe r  compar i son  (2 )  t o  Chap te r  4 ,

and  p roceed  w i th  tempora l  compar i sons .
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The  mos t  s t r i k i ng  pa t t e rns ' i n  r ank ings  (numbers )  a t  SOK and  SMK be tween  1980 -

81  and  1985 -86  a re  (1 )  t he  obse rved  dec reases  i n  t he  dens i t i es  and  abundances  o f

many ,  p r ima r i i y  co ' l d - t empera te  spec ies  and  (2 )  t he  i nc reases  i n  t he  dens i t j es  o f

seve ra l  wa rm- tempera te  spec ies ,  pa r t , i cu la r l y  seno r i t a  and  rock  wrasse .  The

observed  fa l l  1985  ' i nc reases  j n  bo th  spec ies  undoub ted l y  re f l ec t  success fu l

rec ru ' i tmen t  by  the i r  1983  and  1984  yea r  c lasses .  I t  i s  known  tha t  bo th  wrasses

have  a  cu r ren t -d ' i spe rsed  l a rva l  s tage  o f .>  1  mon th  (V i c to r  1986) .  I t  i s  t he re fo re

reasonab le  tha t  t he  obse rved  recen t  i nc reases ' i n  t hese  spec ies  occu r red  a t  bo th

ke lp  beds .  Pa t t on  (1985 ;  F i g .  8 -8 )  obse rved  ana logous  i nc reases  i n  seno r i t a  and

rock  wrasse  on  a  b igh tw ' i de  sca le  du r ing  1983-84 .

Inc reases  i n  two  o the r  spec ies  - -  ha l fmoon  and  ke lp  pe rch  - -  we re  no tab le

between f  a l  I  1985 and fa ' l  
' l  

1986.  Large numbers of  subadul  t -adul  t  ha l  fmoon

probab ly  the  su rv i vo rs  o f  s t rong  1984  and  1985  yea r  c lasses  tha t  rec ru i t ed  as

p lank ton ' i c  l a r vae  t o  o f f sho re  d r i f t  ke l p  ( see  M i t che l l  and  Hun te r  1970 )

apparent ly  immigrated to  S0NGS-area ke lp beds between the f i rs t  and second

opera t i ona ' l  seasons .  The  ave rage  dens ' i t y  o f  ha l fmoon  inc reased  th i r t y fo ld  a t  SOK

be tween  1985  and  1985  (Append i x  P ,  Tab les  2 ,4 ) .

Kelp perch increased twentyfo ld  in  abundance between the two recent  fa l ' l

seasons .  Th ' i  s  i  nc rease  can  be  g ross l y  exp l  a i  ned  ' i n  t e rms  o f  sp r i ng  1986

rep roduc t i on  by  adu ' l t s  res iden t  a t  SOK du r ing  fa l1  1985 :  I f  ( i )  a l ' l  o f ,  say ;  50

ke ip  pe rch  p resen t  a t  SOK ' i n  f a l l  1985  we re  adu1 ts ,  ( 2 )  mos t  we re  l a rge  f ema les

tha t  gave .b i r t h  to  an  ave rage  o f  20  young  each  (Ba l t z  1984) ,  and  (3 )  t h ree - fou r ths

o f  t he  young  su rv i ved  the  s i x  mon ths  be tween  sp r ing  and  fa l l  1986 ,  l ess  than  ha l f

o f  t he  ke lp  pe rch  es t ima ted  p resen t  i n  f a l l  1986  (abou t  1 ,600 )  wou ld  have  had  to

reach SOK by i mm'i grati  on .

0 the r  changes  i n  the  abundance  o f  t he  Sou the rn  Ca ' l ' i f o rn ' i a  B igh t  i ch thyo fauna

noted by Pat ton (1985)  between the per iods 1979-82 and 1983-84 fur ther ind icate

b roadsca le  i nc reases  ' i n  warm- tempera te  spec ies  and  dec reases  i n  co ld - tempera te

rep resen ta t i ves  du r i ng  and  f o l l ow ing  t he  recen t  Ca ' l j f o rn i a  E l  N ino .  Pa t t on rs

(1985)  g ross  coun ts  o f  poo led  l i f e  s tages  undoub ted l y  a re  we igh ted  mos t  heav i l y  by

re la t i ve l y  numerous ,  j uven i l e -s tage  f i shes .  Our  fa l l  i 985 -86  da ta  a t  SOK and  SMK

demons t ra te  tha t  j uven i l es  p r .ov ' i ded  the  numer i ca l  response  fo r  seno r i t a ,  rock

wrasse ,  and  (w i th  a  1 -2  yea r  l ag )  ha l fmoon .  The  genera l  recen t  sw ' i ng  o f  t he

pendulum toward San Diegan and away f rom Montereyan fauna wi th in  the b ight  (Horn
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and  A l ' l en  i 978 ) ' i s  bes t  i n te rp re ted  as  sou the rn  spec ies '  rec ru i tmen t  responses  to

s t ronger  ne t  upcoas t  i a rva l  t r anspor t  dun ing  the  E l  N ino  even t  (Cowen  1985) ,  no t

t he  d i f f e ren t i a l  t he rma l  t o l e rances  and  rep roduc t i ve  ou tpu t s  o f  adu l t  f i sh  (Pa t t on

1985 ) .  Ke lp  pe rch  a re  a  un ique  excep t i on  pe rhaps  an  examp ie  o f  l oca l

popu l  a t i  on  response  by  a  1  i  ve -bea re r  t ha t  i  s  
' l a rge l y  

res t r i  c ted  w i  t h ' i n  i  s l  ands  o f

spec ia l  hab i t a t  ( see  Ba l t z  1984 ) .

3.4 .2

3 .4 .2 .1

SONGS Inf luences on F ish Densi t ies

Biological I  nterpretation

0 f  t he  61  tes tab je  comb ' i na t ' i ons  o f  spec ' i es  and  l i f e  s tages ,26  cases  showed  a

s ign i f i can t  change  i n  r e l a t i ve  dens i t i es  be tween  base l i ne  and  ope ra t i ona l  t ' ime

per iods .  Exc lud ing  the  14  t rac tab le  bu t  pa r t i a l l y  dependen t ,  poo led  (T0TAL)  l i f e

s tages ,  t he re  we re  s t i l l  20 /47  s i gn i f i can t  cases  (Tab1e  i 5 ;  Append i x  N ,  Tab les  1 ,

3 ) .  Th ' i s  number  o f  s ign i f i can t  cases  i s  g rea te r  t ha t  t he  ?  o r  3  tha t  wou ld  be

expec ted  by  chance  a l one  (a t  P  <  0 .05 ) .  The  f i nd ings ,  t hough ,  r ep resen t  a  m ix  o f

wel  I  i  n terpretabl  e  and poor ly  i  n terpretabl  e  cases .  l rJe fee l  that  6 /20 cases

s t rong iy  sugges t  ' impac t  f rom a l te ra t ' i on  o r  l oss  o f  ke lp -bed  hab i ta t ;  ano the r  8 /20

cases  a re  weak l y  a t t r i bu tab le  t o  ke lp  bed  hab i t a t  a l t e ra t i on  o r  l oss ;4 /20  cases

sugges t  e f fec ts  o f  t he  SoNGS d i f f use r  p lume o r  ou t fa l l  p ' i pe  r i p rap ;  and  the

rema i  n i  ng  2  cases  a re  ' i nexp l  i cab le  (Tab1  e  26 ) .

!
The  fo1 ' l ow ' i ng  spec ies  accoun t  d i scusses  a l l  s ' i gn i f i can t  BACi  impac t  t es t

r esu l  t s .

A l l  L i f e  S tages  o f  Ba r red  Sand  Bass .  Poo led  (TOTAL)  l i f e  s tages ,  as  we" l l  as  a l l

componen t  s tages  ( i uven j l e ,  subadu l t ,  and  adu l t )  have  dec l ' i ned  by  80% to  >  95% a t

S0KUou t ,  r e l a t i ve  t o  SMK,  and  a t  SOKUin ,  r e ' l a t i ve :o  SOKDou t ,  du r i ng  t he  SONGS

opera t i ona ' l  pe r i od  (Tab1e  15 ;  Append ' i x  N ,  Tab le  1 ) .  Mos t  (>>  70%)  o f  a l l  sand  bass

a t  SOK have  been  subadu l t s  and  adu l t s  (Append ix  L ,  Tab ' l es  i - 3 ) .  Juven i l es  have

on ly  con t r i bu ted  i 0 -30% to  to ta l  sand  bass  coun ts  a t  SOK (Append ix  L ,  Tab les  1 -3 ) .

S i  gn i  f  i  cant  dec l  i  nes f  or  to ta ' l  barred sand bass theref  ore 
' largely  

compr i  se

subadu ' l t  and  adu l  t  s taqes .

I  Adu l t  sand  bass  a re  one  o f  t he  ve ry  few  f i sh  whose  dens i t y  a t  SOK i s  i nve rse ' l y

re l a ted  t o  t he  dens i t y  o f  g i an t  ke lp  (Tab ' l e  21 ) .  Juven i l es  and  subadu l t s ,  un ' l i ke
I

r  
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adu l t s ,  a re  pos i t i ve l y  asssoc ia ted  w i t h  g i an t  ke lp  (Tab le  21 ) .  I t  i s  t he re fo re

poss ib l e  t ha t  t he  recen t  j uven i ' l e - subadu l t  dec l ' i nes  may  be  i n f l uenced  by  t he

recen t  dec l ' i nes  i n  ke lp  a t  t he  SOKU s ta t i ons  (Tab1e  20 ) .  The  re l a t i on  wou ld  have

to  be  ' i nd i r ec t  i . € ,  a  r esu l t  o f  t he  pos i t ' i ve  r e l a t ' i on  be tween  a lga ' l

mac rode t r i t us  and  the  amph ipod  p rey  o f  sma l l  sand  bass  (Quas t  1968d ;  Rober t s  e t

a l .  i 984 ) .  We  acknow ' l edge  tha t  t h i s  a rgumen t  i s  no t  s t rong  enough  to  s t rong ly
' imp . l i ca te  SONGS as  the  cause  o f  t he  obse rved  dens i t y  dec l i nes .

The  recen t  dec ' l i ne  i n  adu l t s ,  i n  f ac t ,  appea rs  un re la ted  t o  t he  dec l i nes  i n

ke lp  a t  SOK.  I f  SONGS opera t i ons  a re  impac t i ng  adu l t  ba r red  sand  bass ,  t he

mechan ism has  no t  been  th rough  loss  o f  ke lp  hab i ta t .  Pe rhaps  reduced  adu l t

dens i t i es  a t  S0KU a re  t he  resu l t  o f  a  d i l u t i on  e f f ec t  o f  t he  d i f f use r  r i p rap  and

p1ume,  a t  wh ich  l a rge  numbers  o f  t hese  f i shes  somet imes  congrega te  (Pa t ton  1985) .

Un fo r t una te l y ,  no  add i t i ona l ,  mo re  recen t  da ta  a re  ava i l ab le  t o  documen t  t h i s

specu l  a t i  on .

Juven i l e  Ke lp  Bass .  To ta l  j uven i ' l e  ( poo led  YOY and  o l de r  j uven i l e )  subs tages  o f

ke lp  bass  dec l i ned  82?6  a t  SOKUin  ( re la t i ve  to  SOKDou t )  be tween  the  base l i ne  and

opera t i ona ' l  pe r i ods  (Tab ' l e  15 ;  Append ix  N ,  Tab le  1 ) .  O the r  l a rge  (>  50 r r )  apparen t

dec l i nes  a t  SOKUou t  ( r e l a t i ve  t o  SMK)  we re  i ns i gn i f i can t ,  and  i nvo l ved  adu l t  and

subadu l t  f i sh  (Tab1e  15 ;  Append i x  N ,  Tab le  1 ) .  Dens ' i t ' i e s  o f  t he  YOY j uven i l e

subs tage  changed  ins ign i f i can t ' l y  a t  each  S0KU s ta t i on ,  re la t i ve  to  i t s  con t ro l

s t a t i on  (Tab le  16 ;  Append i x  N ,  Tab ie  1 ) .  , /

A  s i gn i f i can t  dec l i ne  i n  t he  dens i t i es  o f  j uve -n i l e  ke lp  bass  a t  t he  meage r ' l y

fo res ted  S0KUin  s ta t i on  ( re la t i ve  to  the  more  heav i l y  f o res ted  S0KDou t  s ta t i on )  i s

cons i s ten t  w i th  the  obse rved  pos ' i t i ve  assoc ia t j on  be tween  juven i l es  and  g ian t  ke ' l p

(Tab le  ?7 ) .  Howeve r ,  dens i t i es  o f  YOY d id  no t  dec l i ne ,  even  t hcugh  t h i s  j uven i l e

subs tage  ' i s  cons ide r :ed  to  be  the  s tage  tha t  i s  mos t  i n t ima te l y  assoc ia ted  w i th

ke lp  f o l i age  (La rson  and  DeMar t ' i n i  1984 ;  M .  Ca r r ,  pe rs .  comm. ) .  Because  o f  t he
' l ack  

o f  ev idence  fo r  impac t  on  YOY,  we  fee l  t ha t  t he  s ign ' i f i can t  dec l i ne  i n  t o ta l

j uven i l e  ke lp  bass  can  on l y  weak ly  be  l i nked  w i th  SONGS impac t  on  ke1p  a t  SOK.  The

assoc ' i a t i on  be tween  ke ip  bass  and  Macrocys t i s  i s  d i scussed  i n  g rea te r  de ta i l  i n

Sec t ' i on  3 .4 .3 .

Pa t t on  (1985 )  obse rved  a  1983 -84  dec l i ne ' i n  t o ta l  ( i nc l ud ing  i uven i l e )  ke lp

bass  coun ts  a t  SOK,  re la t i ve  to  Las  Pu ' l gas  ree f  o r  Ba t i qu i tos  ree f ,  10  km and  45  km
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downcoas t  o f  SOK,  respec t ' i ve1y .  Pa t ton  (1985)  specu la ted  tha t  t he  d j f f use r  r i p rap

and  p lume o f  SONGS has  a t t rac ted  ke lp  bass  (as  we l l  as  ba r red  sand  bass )  away  f rom

SOKU.  Da ta  necessa ry  t o  eva lua te  t h i s  specu la t i on  a re  l ack i ng .

Subadu l t  and  To ta l  Ha l fmoon .  The  p ropo r t i on  o f  subadu l t  ha l fmoon  p resen t  i n

samp les  a t  SOKUou t  ( re la t i ve  to  SMK)  i nc reased  fou r fo ld  be tween  base l i ne  and

ope ra t ' i ona i  pe r i ods  (Tab1e  15 ;  Append i x  N ,  Tab le  3 ) .  Because  o f  t he  i a rge

con t r i bu t i on  o f  subadu l t s  t o  t o ta l  coun t s  (Append i x  L ,  Tab les  1 -3 ) ,  t he  re l a t i ve

dens ' i ty  o f  to ta l  ha l fmoon increased over  200?(  at  S0KUout  ( re la t ive to  SMK) between

the  two  pe r i ods  (Tab1e  15 ;  Append i x  N ,  Tab le  1 ) .  Adu l t s  ( as  t he  comp lemen t  o f

subadu' l ts  ' in  to ta l  counts)  a l  so appeared to  i  ncrease over  20A7( at  SOKUout

recen t l y ,  bu t  t he  nom ina l  i nc rease  was  no t  s ' i gn ' i f i can t  (Tab1e  16 ;  Append i x  N ,

Tab le  1 ) .  A  l a rge  (807 ! )  appa ren t  dec l i ne  i n  subadu l t  dens i t i es  a t  S0KU in
( re1a t ' i ve  t o  SOKDou t )  a l so  was  no t  s ' i gn i f  i can t  (Tab le  16 ;  Append i x  N ,  Tab le  1 ) .

None  o f  t he  demons t rab le  changes  i n  ha l fmoon  dens ' i t i es  can  be  exp la ined  i n

te rms  o f  a  d i rec t  re la t i onsh ip  w i th  g ian t  ke ' l p .  Subadu l t s  i nc reased  a t  SOKUou t

re la t i ve  to  SMK desp i te  re la t i ve  dec l i nes  i n  t o ta l  ke ip  dens ' i t y  a t  S0KUou t  (Tab1e

20 ;  Append ix  0 ,  Tab le  1 ) .  Ha l fmoon  were  one  o f  t he  few  spec ies  eva ' l ua ted  fo r  wh ' i ch

l oca t i on  e f f ec t s  ove rwhe lmed  any  re l a t i onsh ip  w i t h  g ' i an t  ke lp  (Tab1e  21 ) .

Ha ] fmoon  a re  on l y  one  o f  seve ra ' l  l oca l  f  i shes  known  to  feed  d i rec t l y  on  b ryozoan-

fou led  ke lp  b i ades  (No r th  1971 ;  Quas t  1968d ;  Hobssn  e t  a l .  i 981 ) .  The  recen t

appea l  o f  t he  S0KUou t  s ta t i on  fo r  ha l fmoon  m ig .h t  have  been  due  to  fou l i ng ;

howeve r ,  t he  l eve l  o f  f ou l i ng  a t  S0KU ( re l a t i ve  t o  con t ro l  s t a t i ons )  was ,  a t  mos t ,
<  50% g rea te r  and  undemons t rab le  (D ixon  and  Sch roe te r ,  i n  p rep . ) .  A  more  1 i ke1y

source  o f  a t t rac t i on  a t  S0KU i s  t he  S0NGS d i f f use r  p1ume.  Ha1 fmoon  have  ex t reme ly

p ias t ' i c  f o rag ' i ng  behav io r :  t hey  consume bo th  d r i f t  and  a t tached  a lgae  and  mo t ' i l e

as  weJ l  as  sess i l e  i nve r t eb ra tes ,  p i ck  p l ank ton ,  and  even  c ' l ean  o the r  f i shes  (E .

DeMar t i n i  ,  unpub j .  obs . ;  H ' i xon  1979 ) .

Subadu l t  and  To ta l  B lack  Perch .  The  p ropo r t ' i on  o f  subadu l t  b lack  pe rch  p resen t  i n

samp' les at  SOKUout  (  re l  a t ' ive to  SMK) decreased f  ivefo ld between basel  i  ne and

ope ra t i ona l  pe r i ods  (Tab le  15 ;  Append i x  N ,  Tab ' l e  3 ) .The  mean  dens i t y  o f  subadu l t s

a l so  dec l ' i ned  by  95% a t  SOKUin  re la t i ve  to  SOKDou t  (Tab1e  1 .5 ,  Append ' i x  N ,  Tab le

1 ) .  To ta l  b l ack  pe rch  (as  usua i l y  mo re  t han  ha l f  subadu l t s :  Append i x  L ,  Tab les  1 -

3 )  dec l i ned  75? (  a t  t he  meager l y  f o res ted  SOKUin  s ta t i on  compared  to  the  more

heav i i y  f o res ted ,  downcoas t  con t ro l  a t  SOK (Tab le  15 ;  Append i x  N ,  Tab le  1 ) .



I
I n  t he  f a l ' 1 ,  subadu l t  b l ack  pe rch  (4 -7  i nches  t o ta l  l eng th :  Append i x  T ,  I

Tab le  1A)  a re  mos t l y  abou t  I 2 - !4  cn  s tandard  
' l eng th  (Append ' i x  T ,  Tab ' l e  3 ;  E .  I

DeMar t i  n i  ,  unpub l  .  da ta ) .  B ' l ack  pe rch  o f  t h i  s  s ' i ze  avo id  reg i  ons  o f  f o l  i ose

lam ina r i an  ke lps  and  pos i t i ve l y  assoc ia te  w ' i t h  a reas  o f  dense  p l an t  and  an ima l

" tu r f "  (Schmi t t  and  Ho lb rook  1986) .  Tu r f  i s  t he  p r imary  subs t ra te  f rom wh ich

these  f i sh  w innow c ryp t i c  i nve r teb ra te  p rey  (Lau r  and  Ebe l i ng  1983 ;  Ho lb rook  and

Schmi t t  1984) .  The  abundance  o f  P te rygophora  dec l i ned  th roughou t  SONGS-a rea  ke ip

beds  be tween  f a l l  1980 -81  and  f a l l  1985 -86  (Append i x  P ,  Tab les  2 ,3 ) ,  wh i l e  t ha t

o f  Ac roso r i um (a  spec ies  o f  t u r f )  i nc reased  (T .  Dean ,  UCSB,  pe rs .  comm. ) .  The

re la t i ve  dec rease ' i n  P te rygophora  a t  SOK has  genera l l y  been  g rea te r  t han  the

dec rease  a t  SMK,  where  the  abundance  o f  t h i s  ke lp  has  a lways  been  low .  However ,

the  re la t i ve  abundance  o f  t h i s  l am ina r ian  was  g rea te r  a t  S0KUjn  ( ve rsus  SOKUou t  o r

SOKDou t )  du r ing  i 985 -86  (Append ix  0 ,  Tab les  2 ,  3 ) .  Pe rhaps  the  re la t iVe  dea r th  o f

l a rge  b l ack  pe rch  a t  SOKUin  re f l ec t s  t he  nega t i ve  assoc ia t i on  o f  t h i s  f j sh  w i t h

P te rygopho ra  (a1so  see  Sec t i on  3 .4 .3 ) .  Th i s  case  f o r  impac t  due  t o  hab i t a t

a l t e ra t i on  canno t  be  cons ide red  s t rong ,  however ,  because  o f  t he  many  l i nkages  i n

the  a rgumen t .

To ta l  Ke lp  Pe rch .  The  ve ry  l a rge  (>  901J  dec ' l i ne  i n  t he  dens ' i t y  o f  ke lp  pe rch  a t

the  meager l y  f o res ted  SOKUin  s ta t i on ,  re la t i ve  to  more  heav i l y  f o res ted  S0KDou t ,

i s  cons i s ten t  w i th  the  s t rong  pos i t i ve  assoc ia t i on  be tween  th i s  spec ies  and

Macrocys t ' i s  (Coye r  7979 ;  Ba l t z  1984 ;  La rson  and  DeMar t i n i  1984) .  The  re la t i ve

decl  ' ine of  th ' i  s  speci  es at  50KU i  s  sure ly  at t r i ,butab ' le  to  I  oss of  ke l  p-bed

hab ' i t a t .  A  more  de ta i l ed  cha rac te r i za t i on  o f  t he  assoc ia t i on  be tween  ke lp  pe rch

and  g i  an t  ke l  p  ' i  s  p rov i  ded  i  n  Sec t i  on  3 .4 .3 .

Subadu l t  Ra inbow Seaperch .  Dens i t ' i es  o f  subadu l t  ra inbows  seemed  to  dec rease  by

over  three- four ths at  SOKUout  ( re la t ive to  SMK) between S0NGS operat ' ing per iods

(Append ix  N ,  Tab le  1 ) .  However ,  t he  p rop : r t i on  o f  subadu l t s  a t  SOKUou t  dec l ' i ned

( ' i ns ign i f i can t i y )  by  abou t  one - th i rd  be tween  ope ra t i ng  pe r iods  (Tab le  15 ;

Append ix  N ,  Tab ' l e  3 ) .  Dens i t i es  o f  subadu l t s  may  have  dec reased  by  95% a t  SOKUin

( re la t i ve  to  S0KDou t )  be tween  pe r iods ,  a l t hough  tes t  resu l t s  a re  s t rong ly

in f luenced by nature of  the data t ransformat ion and are therefore suspect  (Tab1e

15 ;  Append i x  N ,  Tab le  1 ) .

Impac t  t es t  resu l t s  a re  cons i s ten t  w i th  the  pos i t i ve  f i sh -ke lp  re la t i onsh ips

obse rved  (Tab le  ? l ) .  ! r / e  specu la te  tha t  t he  mechan ism exp la in ing  the  pos i t i ve
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re la t i onsh ip  w i th  ke lp  i s  t ha t  be tween  Macrocys t i s -  p roduced  macrode t r i t us  and
the  amph ipods  upon  wh ich  ra inbow seaperch  p rey  (Ebe l i ng  and  B ray  1976 ;  Lau r  and
Ebe l i ng  1983) "  Because  o f  t he  weakness  o f  t h i s  a rgumen t ,  however ,  we  canno t  make
a  s t rong  a rgumen t  f o r  SONGS ' impac t  v ia  ke lp  hab i ta t  l oss .

Subadu l  t Wh ' i t e  Seaperch  .  The  dens ' i t ' i es  o f  t he  subadu l  t s  o f  t h i  s  spec i  es  dec l  i  ned

the meager iy  f  orested SOKUi n s tat ' ion (  re i  a t i  ve to  more heav ' i  1y forested

be tween  the  base l i ne  and  ope ra t i ona l  pe r iods  (Tab ' l e  15 ;  Append ix  N ,  Tab le

> 9576 at

S0KDout )
1 \

Subadu l t  (and  adu l t )  wh i te  seaperch  were  pos i t i ve l y  assoc ia ted  w i th
Mac rocys t i s  a t  SOK du r i ng  1985 -86  (Tab le  21 ) ,  wh i ch  i s  cons i s ten t  w i t h  r esu ' l t s  s f
t he  BACi  tes ts .  The  na tu re  o f  t he  re la t i onsh ip  be tween  wh i tes  and  g ian t  ke lp  may
be  comp lex .  Th ' i s  spec ies  consumes  po r t , i ons  o f  b r yozoan - fou led  ke lp  b ' l ades ,  i n
add i t i on  t o  p i ck i ng ' i nve r t eb ra tes  o f f  ke l p  b i ades  and  ben th i c  subs t ra tes  (B ray  and
Ebe i i ng  1975 ;  Ebe l i ng  and  B ray  1976 ;  Lau r  and  Ebe l i ng  1983) .  The re fo re ,  t he
re la t i ve  f ou l i ng  o f  ke lp  b l ades ,  as  we l l  as  t he  dens i t y  o f  ke l p  p l an t s ,  m igh t  be
impor tan t .  f { e  fee l  i t  l i ke l y  t ha t  SONGS has  had  an  impac t  on  th i s  spee ies  a t  SOK
v i  a  bo th  a ' l t e ra t i  on  and  I  oss  o f  ke l  p  hab i  t a t .

A l l  L i f e  S taqes  o f  Senor i t a .  To ta ' l  seno r i t a  coun ts  i nc reased  ove r  f ou r - fo ld  a t
S0KUou t  ( re la t i ve  to  SMK)  be tween  base ' l i ne  and  ope ra t i ona l  pe r iods  (Tab le  J .5 ;
Append ' i x  N ,  Tab le  1 ) .  Conve rse l y ,  ' i t s  t o ta l  coun t .F  dec reased  by  th ree - fou r ths  a t
SOKUin  ( re la t i ve  to  SOKDou t )  be tween  these  two  pe r iods  (Tab1e  15 :  Append ix  N ,
Tab le  1 ) .  Componen t  l i f e  s tages  exh ib i t ed  dens ' i t y  pa t te rns  tha t  were
qua l i t a t i ve l y  t he  same  a t  t he  two  pa ' i r s  o f  s t a t i ons ,  a l t hough  no t  a l l  nom ina l
changes  we re  s i gn i f  i can t  (Tab les  15 ,  15 ;  Append ' i x  N ,  Tab les  1 ,  3 ) .  Adu ' l t  coun t s ,
as  73% to  93? l  o f  t he  spec ies  to ta l s  (Append ix  L ,  Tab ' l es  1 -3 ) ,  domina ted  the

dens i t y  pa t te rns  o f  t he  spec ies .

Dens i t y  pa t t e rns  w i t h i n  SOK a re  cons i s ten t  w i t h  obse rved  pos i t i ve  re l a t i ons

be tween  t h i s  spec ies  and  g i an t  ke ip  (Tab1e  21 ) .  Recen t  changes  ' i n  r eJa t i ve

dens i t i es  a t  SOKUou t  ve rsus  SMK,  however ,  sugges t  t ha t  more  than  j us t  ke lp  dens i t y

has  i n f l uenced  t he  d ' i s t r i bu t i on  and  dens i t y  o f  t h i s  spec ies  a t  S0K .  I t  i s  l j ke l y

tha t  SONGS in f l uence  on  senor i t a  a t  SOK has  i nvo l ved  mechan isms  in  add i t i on  to

l oss  o f  ke ip  bed  hab ' i t a t .  The  poss ib l e  i n t e r re l a t i ons  o f  seno r i t a ,  Mac rocys t i s ,

and  the  e f fec ts  o f  t he  SONGS d i f f use r  p lume a re  d i scussed  i n  g rea te r  de ta i l  i n

Sec t i on  3 .4 .3 .
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Subadu l t  Ca l i f o rn ' i a  Sheephead .  A  dec l ' i ne  i n  t he  dens i t y  o f  t he  subadu l t s  o f  t h i s

spec ies  a t  S0KUou t  ( r e l a t i ve  t o  SMK)  was  ba re l y  s i gn i f i can t  (P= .078 ) ,  a l t hough
' f  
arge (907/ . :  Tabl  e  15 ; "  Appendi  x  N ,  Tab ' l  e  1)  .

Sheephead  was  ano the r  o f  t he  few  spec ies  o f  f i shes  tha t  genera l l y  l acked  a

s ign ' i f i can t  assoc ia t i on  w i t h  g i an t  ke lp  (Tab le  21 ) .  The  dens i t i es  o f  i uven i l e

sheephead ,  howeve r ,  we re  pos ' i t i ve l y  r e l a ted  t o  t he  dens i t i es  o f  g i an t  ke lp  (Tab le

21 ) ;  ye t  t he re  was  no  i nd l ca t i on  tha t  ' i t s  dens i t i es  a t  t he  SOKU s ta t i ons  were

impac ted  by  S0NGS (Tab ' l e  16 ;  Append ix  N ,  Tab le  1 ) .  We  the re fo re  do  no t  f ee l  an

argument  can be made for  SONGS ' impact  on sheephead at  SOK.

To ta ' l  S i  l ve rs ' i des .  The  huge  ( th ' i r t y - two - fo1d )  i nc rease  i n  s ' i l ve rs ides  a t  t he

meager l y  f o res ted  S0KUin  s ta t i on  ( re la t i ve  to  more  heav ' i 1y  fo res ted  SOKDou t ;  Tab le

15 ;  Append i x  N ,  Tab les  1 ,3 )  i s  con t ra r y  t o  a  pos i t i ve  assoc ia t i on  be tween  t h i s

spec ' i es  and  g i an t  ke lp .  A l t hough  pe rhaps  cons i s ten t  w i t h  a  f i sh - ke ' l p  r e l a t i on ,  t he

nomina i  1y  l a rge  (94%)  re la t i ve  dec l ' i ne  a t  S0KUou t  ve rsus  SMK i s  i ns ' i gn i f i can t

(Tab le  15 ;  Append i x  N ,  Tab le  1 ) .  A  seem ing l y  nega t i ve  re l a t i on  w i t h  g i an t  ke lp

(Append ' i x  P ,  Tab le  6 )  ' i s  an  a r t i f ac t  o f  ,  and  ove rwhe lmed  by ,  a  
' l oca t i on  

e f fec t

(Tab1e  21 ;  Append ix  P ,  Tab le  9 ) .  The  l a t te r  i s  p robab ' l y  a  SONGS e f fec t ,  bu t  no t  an

e f fec t  o f  S0NGS on  the  ke lp  hab ' i t a t  (Sec t i on  3 .4 .3 ) .

Adu l t  Rock  Wrasse .  The  on l y  obse rnved  change  in  the  dens i t y  o f  rock  wrasse  tha t  was

s ign ' i f i can t  was  a  l a rge  (nea r l y  600%)  i nc rease ' i n .1adu ' l t s  a t  S0KUou t  ( re la t ' i ve  to

SMK)  be tween  base l ' i ne  and  ope ra t i ona l  pe r iods  (Tab1e  15 ;  Append ix  N ,  Tab le  1 ) .  A

la rge  nom ina l  i nc rease  (nea r l y  300? t )  i n  subadu l t s ' i nvo l v i ng  t he  same  pa i r  o f

s ta t i ons  was  no t  s ' i gn i f  i can t  (Tab le  16 ;  Append i x  N ,  Tab ' l es  1 ,  3 ) .

The  dens i t y  o f  rock  wrasse  v {as  pos i t i ve l y  re ia ted  to  Mac rocys t , i s  dens i t y  a t

SOK for  a l l  post recru i t  s tages of  the spec ' ies (Tab' l  e  2I ) .  Impact  tes i .  resul ts  are

the re fo re  i ncons i s ten t  w i t h  t he  f i sh - ke lp  r e l a t i onsh ip .  One  ove rs to r y  ke lp

(Cys tose i r a )  was  a l so  a  cons ' i s t en t  pos i t i ve  i n f l uence  on  w rasse  dens i t i es  (Tab1e

2 I ) .  However ,  t he re  i s  no  compe l l i ng  ev ' i dence  tha t  t he  dens i t y  o r  abundance  o f

Cys tose i ra  i nc reased  a t  SOKU,  re la t i ve  to  SMK,  du r ing  1985-85  (Append ix  0 ,  Tab les

2 ,3 ;  T .  Dean ,  pe rs .  comm. ) .  P resen t  da ta  a re  i nsu f f i c i en t  t o  exp la i n  t he  recen t

Da t te rn  o f  re la t i ve  ' i nc rease  o f  w rasse  a t  t he  SOKUou t  s ta t i on .
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3 .4 .2 .2  S ta t i s t i ca l  Eva lua t i on

Four  s ta t i s t i ca l  a t t r i bu tes  o f  t he  ke lp  bed  f r ' sh  da ta  a re  no tewor thy :

Loca t i on  d i f f e rences  (de l t as )  i n  base l i ne  da fa  a re  usua l l y  add i t i ve

when  d i f f e rences  o f  1og - t rans fo rmed  da ta  a re  used .  Mos t  compar i sons ,

the re fo re ,  were  accep tab le  fo r  f u r the r  sc reen ' i ng  tes ts .

Se r i a l  co r re ' l a t i on ,  a l t hough  p resen t  a  non t r i v i a l  f r ac t i on  o f  t he  t ime

(17% o f  a l l  add i t i ve  t es t  cases ) ,  was  a lways  reso l vab ' l e  us i ng  e i t he r

f i r s t  o r  second  d i f f e rences  o f  t he  de l tas .  Bo th  the  p resence  o f  se r i a l

co r re la t i on  (and  i t s  remova l  by  i nvok ' i ng  a  1ag  o f  one  o r  two  samp ' l ' i ng

da tes )  a re  i n t e rp re tab le :  d i ve r  obse rva t i ons  o f  f i shes  a t  SOK and  SMK

of ten  occu r  i n  sho r t  bu rs t s  o f  seve ra ' l  consecu t i ve  days .  These  g roups

o f  samp le  da tes  a re  separa ted  by  a  g rea te r ,  bu t  va r i ab le ,  number  o f  days

when  poo r  wa te r  cond ' i t i ons  make  quan t i t a t i ve  samp l i ng  imposs ib l e .

Var i  ances of  basel  ' ine and operat i  ona ' l  de l  tas were usual  
' ly  

equa' l  and

hence  d id  no t  requ i re  the  use  o f  Sa t te r thwa i te rs  ( i 9a6 )  app rox ' ima t ion

fo r  unequa l  va r i ances .  I n  8 l% o f  t he  t - t es t s ,  nomina l  deg rees  o f  f reedom

were  ma in ta ined  w i thou t  f u r the r  l osses  o f  power  (ab i l i t y  t o  re jec t  f a l se

nu l l  hypo theses ) .  Apparen t  d i f f e rences  be tween  the  s tandard  dev ia t i ons

o f  p reopera t ' i ona l  and  ope ra t i ona l  de l tas rwere  abou t  equa l l y  d i s t r i bu ted

be tween  the  two  pe r iods  ( see  Append ix  N ,  Tab ie  3 ) "

The  magn i tude  o f  many  o f  t he  obse rved  changes  j n  dens i t y  was  >>5A%,

al  I  owi  ng detect i  on wi  th  I  ess than the f  u l  
' l  

compl  ement  of  operat i  ona ' l

samp' les necessary to  detect  5096 changes .  In  other  cases ,  
' large 

apparent

changes  were  no t  demons t rab le .  Mos t  o f  t hese  cases  w i th  l ow  power  were

recogn ized  ea r l y  on  (DeMar t ' i n i  e t  a ' 1 .  1 .983a ,b ) ,  and  the  p resen t  t es t

resu l  t s  a re  no t  su rp r i  s i  ng .

1
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3 .4 .3 .  F i sh - -Ke lp  Re la t i ons

Our  eva lua t i on  o f  t he  i n te r re l a t i ons  o f  t he  dens i t i es  o f  f i sh  and  Mac rocys t i s

has  seve ra l  l im i t a t i ons .  F i r s t , ' i t  i s  l im i t ed  t o  San  Ono f re  Ke lp  bed  du r i ng  two

fa l l  seasons  and  so  may  no t  be  rep resen ta t i ve  o f  SOK ove r  a  i onge r  pe r iod  o f  t ime .

Second ,  ke lp  s tands  a t  SOK a re  anchored  on  l ow- re l i e f  cobb le  subs t ra tes .  Fo r  many

bo t t om f i shes ,  ou r  r esu l t s  a t  bes t  a re  gene ra f i zab le  t o  o the r  cobb le -bo t t om ke lp

beds ,  no t  t he  ma io r i t y  o f  Mac rocys t ' i s  s tands  tha t  occu r  on  h igh - re ' l ' i e f ,  r ock -and -

bou lde r  subs t ra tes  i n  sou the rn  Ca l i f o rn ia .  Fo r  examp ' l e ,  t he  number  o f  s t i pes  and

f ronds  pe r  p ' l an t  i s  g rea te r  f o r  ke lp  beds  on  more  s tab le  rock  subs t ra tes ,  because

number  o f  s t i pes ' i s  a  pos i t i ve  f unc t i on  o f  p l an t  age ,  among  o the r  f ac to r s  (T .

Dean  ,  pe rs .  comm.  )  .

G iven  the  p reced ' i ng  cavea ts ,  ou r  da ta  on  f i sh -ke lp  re ia t i ons  a t  SOK suppor t

seve ra l  i n t u i t i ve l y  r easonab le  p ropos i t i ons :

I
I
I
t
I
I
I
t
I
I
I
T
I
t

1. A lmos t  a l l  spec ies  and  l i f e  s t ages  a re

ke1p .  0n1y  one  o f  t he  37  s i gn i f i can t

was  nega t i ve .  And  i n  th i s  case  the

confounded wi th  the ef fect  o f  the
t rSi  I  vers idest t  account ,  be ' low) .

assoc ia ted  pos i t i ve l y  w i t h  g i an t

re l a t i ons  be tween  f i sh  and  ke lP

e f fec t  o f  ke lp  was  p robab ly

S0NGS di  f  f  user  p ' lume (  see

2 .  The  s t reng th  o f  t he  assoc ia t i on  w i th  ke lp  o f ten  d i f f e red  more  s t r i k i ng l y

among  d i f f e ren t - s i zed  i nd i v idua ls  w i th in  spec ies  than ,  SdV,  be tween

s im ' i i a r - s i zed  adu l t s  o f  d i f f e ren t  spec ies .  The  con t ras t  be tween  sma l l

ba r red  sand  bass  (pos i t i ve l y  assoc ia ted  w i th  g ian t  ke lp )  and  adu l t  sand

bass  (  nega t ' i ve l y  re l  a ted  to  ke l  p  dens i  t y )  i  s  an  exce l  l  en t  examp ' l e .

Body  s i ze  t yp ' i ca l l y  exe r t s  a  s t ro r rg  i n f l uence  on  bo th  the  food  and  she l te r

requi rements of  f ishes and other  organisms (Andrew and Choat  198?;  Choat  and

Ay l i ng  1987) ,  and  fo res ts  o f  g ian t  ke lp  a re  recogn ized  as  hab i ta t s  t ha t  con t r i bu te

bo th  t ypes  o f  resou rces  (Fos te r  and  Sch ie l  1985 ;  Sch ie l  and  Fos te r  1986) .

Fo r  spec ies  whose  j uven i l e - th rough-adu l t  s tages  i nhab i t  ke lp  fo res ts ,

Mac rocys t i s  re la t i ons  tha t  va ry  w i th  l i f e  s tage  a re  to  be  expec ted .  Ke lp  bass

p rov ' i de  an  examp le ,  pe rhaps  because ' i nd i v idua ls  a t  SOK common ' l y  range  f rom t i ny ,

3 -cm YOY to  l a rge  adu l t s  >  50  cm long .  The  pos i t i ve  re la t i on  be tween  the  dens i t i es

I
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I
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o f  g i an t  ke lp  and  p readu l t  ke l p  bass  (Tab1e  21 ) ' i s  numer i ca l l y  dom ina ted  by  t he

s t rong  re l a t ' i on  be tween  j uven i i es  and  ke1p ,  i nc l ud ing  t he  assoc ' i a t i on  o f  YOY

iuven i l es  w i t . h  su r f ace  canopy  f o l i age  (La rson  and  DeMar t i n i  1984 ) .  Less - t han -

ha l f - yea r -o id  YOY ke lp  bass  a re  s t rong ly  assoc ja ted  w i th  canopy  and  wa te r - co lumn

Mac rocys t i s  ( La rson  and  DeMar t i n i  1984 ;  M .  Ca r r ,  UCSB,  pe rs .  comm. ) .  M .0a r r

(pe rs .  comm. )  has  obse rved ,  a t  o the r  ke lp  beds  i n  t he  b i gh t ,  t ha t  j uven ' i 1e  ke lp

bass  d i sassoc ia te  f r om Mac rocys t i s  du r i ng  t he  second  ha l f  o f  t he i r  f i r s t  yea r  o f

l i f e .  La rge r ,  o l de r  j uven i l e  ke lp  bass  ( r  1  yea r  o i d )  had  been  t hough t  t o  be  more

cosmopo l i t an ' i n  d i s t r i bu t i on  w j t h i n  SOK (La rson  and  DeMar t ' i n i  1984 ) .  The

d i s t r i bu t i on  o f  adu l t  ke l p  bass  i s  un re la ted  t o  ke lp  dens i t y  a t  SOK (Tab le  21 )  and

e l sewhe re  (M .  Ca r r ,  pe rs .  comm" ) .

Many  o f  t he  o the r  pos i t i ve  f i sh - ke lp  r e l a t i ons  obse rved  a t  SOK i n  f a l l  1985

invo l ved  imma tu res  (Tab i  e  2 l ;  Append i x  0 ,  Tab le  6 ) .  Juven i ' l e  b l acksm i th

(p r ima r i l y  YOY:  Append i x  T ,  Tab les  6A ,68 )  we re  f r equen t ' l y  encoun te red  she l t e r i ng

nea r  t he  bases  o f  ke lp  p l an t s  (E .  DeMar t i n i ,  pe rs .  obs . ) ,  and  t he i r  dens ' i t i e s  we re

pos i t ' i ve l y  r e l a ted  t o  ke lp  dens i t i es  (Tab le  27 ) .  Sma l l  subadu l t  r ock  w rasse

(ma in l y  age  I+  f i sh :  E .  DeMar t ' i n i ,  pe rs .  obs . ) ,  as  we l l  as  l a rge r  subadu l t s  and

adu l t s ,  we re  common and  abundan t  nea r  t he  bo t tom w i th in  ke lp  s tands  (Tab1e  2 i ) "

(YOY roek  wrasse  were  consp icuous l y  absen t  f rom SOK and  SMK du r ing  fa l i  1985  and

fa l l  1986"  YOY wrasse  a l so  had  no t  been  obse rved  a t  ou r  SOK and  SMK s ta t i ons

du r i ng  t he  f a l l  pe r i ods  o f  1979 ,1980 ,  o r  1981  tDeMar t i n i  and  La rson  1980a ;

DeMar t i n i  e t  a l .  1983a ,b ) ;  and  we  p resen t l y  be l i - eve  t ha t  t h i s  spec ies  does  no t

rec ru ' i t  t o  t he  deepe r  r eg ions  o f  ke lp  beds . )  Some  o lde r  i uven i l e  r ock  w rasse  mus t

emig ra te  o f f sho re  to  assoc ia te  w i th  the  bases  o f  g ian t  ke lp  p lan ts ,  pe rhaps  to

fo rage  on  assoc ia ted  (ep iphy t ' i c )  i nve r teb ra tes .

The  dens i t i es  o f  ano the r  l ab r i d  ( seno r i t a )  we re  pos ' i t i ve l y  r e l a ted  t o  ke lp

dens i t i es  f o r  a l l  l i f e  s t ages ,  i nc l ud ' i ng  j uven i ' l e s  (Tab le  21 ) .  A l1  pos t rec ru i t

s t ages  o f  t h ' i s  spec ' i es  a re  oppo r tun i s t i c  f o rage rs ,  i ' l t hough  l a rge r  i nd i v i dua l s

p r ima r i l y  p i ck  i nve r t eb ra tes  o f f  ke ' l p  b l ades  and  o the r  ob jec t s ,  and  sma l l e r  f i sh

p i ck  p ' l ank ton  (B ray  and  Ebe l i ng  1975 ;  Hobson  and  Chess  1976 ;  Be rns te in  and  Jung

1979 ;  Hobson  e t  a l .  1981 ) .  Adu ' l t s  a re  a l so  renowned  c l eaRer  f i sh  (Hobson  1971 )

and  consume po r t ' i ons  o f  Mac rocys t i s  b lades  a long  w i th  enc rus t i ng  i nve r teb ra tes

(B ray  and  Ebe l i ng  1975 ;  Be rns te in  and  Jung  1979) .  Senor i t a  m igh t  be  a t t rac ted  to

reg i  ons  w i  t h i  n  ke l  p  beds  where  b ' l ades  a re  more  heav ' i i y  f  ou ' l ed ,  so  f  ac to rs  i  n

add i t i on  to  ke ip  dens i t y  pe r  se  may  be  impor tan t .  However ,  t he  recen t  apparen t
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i  nc reases  i  n  f ou l  i  ng  a t  t he  S0KU s ta t i  ons  ' i  n  t he  d i  f f use r  p1  ume a re  no t

s ta t i s t i ca l ' l y  s i gn i f i can t  (D ' i xon  and  Sch roe te r ,  ' i n  p rep . ) .  We  fee l  ' i t  mo re  1 i ke1y

tha t  a  g rea te r  ava i l ab i ' l i t y  o f  wa te rbo rne  p rey  i n  t he  d i f f use r  p l ume  nea r  t he  ke lp

s tand  a t  SOKUou t  ( see  S j l ve rs ides )  has  enhanced  the  a t t rac t ' i veness  o f  t h i s  s ta t i on

fo r  such  an  oppor tun i s t i c  f o rage r  (Hobson  and  Chess  1976 ;  B ray  and  Ebe l i ng  1975 ;

Be rns te i n  and  Jung  1979 ) .  i n  sum,  t he  obse rved  pos i t i ve  re ' l a t i ons  be tween

senor i t a  and  g ian t  ke lp  a re  to  be  expec ted  fo r  numerous  reasons  and  were
p red ic ted  (La rson  and  DeMar t i n i  1984) .

Juven i l e  t h rough  adu l t  ke lp  pe rch  had  the  s t ronges t  obse rved  assoc ia t i on  w i th
)

g i an t  ke lp  (R '=  0 .735 ;  Append i x  0 ,  Tab le  5 ) .  The  s t r eng th  o f  t h i s  r e l a t i on  w i t h

Mac rocys t i s  i s  expec ted ,  based  on  t , he  f i sh ' s  spec ia l i zed  hab i t a t  r equ i remen ts  and

loca l  popu la t ' i on  s t ruc tu re  (Coyer  1979 ;  Ba l t z  1984 ;  La rson  and  DeMar t i n i  1984) .  I t
' i s  i n te res t ' i ng  tha t  ke lp  pe rch  were  p resen t  ( i n  ve ry  

' l ow  
numbers )  on l y  a t  SOK

s ta t i ons  t ha t  had  ave rage  ke lp  dens i t i es  o f  >  10  p l an t s /100  m2  du r i ng  f a l l  1985
(Append i x  P ,  Tab les  1 ,  2 ) . .  (The  spec ies  had  v i r t ua l l y  d i sappea red  {a1ong  w i t h  a l l

ke l p )  f r om SOK du r i ng  1982 -84  {E .  DeMar t i n i ,  pe rs .  obs . } ,  a f t e r  hav ing  been  one  o f

the  mos t  abundan t  f i shes  i n  heav i l y  f o res ted  reg ions  du r ing  i 980 -81  {Append ix  L ,

Tab les  1 -3 ) . )  I n  f a11  1986 ,  ke lp  pe rch  were  l a rge l y  res t r i c ted  to  s ta t ' i ons  where

ke lp  dens i t i es  we re  >  10  p l an t s /100  12  lApp "nd i x  P ,  Tab ' l es  3 ,4 ) .  Du r i ng  1976 -77

s tud ies  a t  San ta  Ca ta l i na  I s ' l and ,  Coye r  (1979 ;  F ig .  15 )  obse rved  tha t  ke lp  pe rch

d isappeared  f rom,  and  reco lon ' i zed ,  ke lp  s tands  a t  t h resho ld  ke lp  dens f t i es  o f

abou t  6 -9  p lan ts /100  m2 .  . , t

Ano the r  ex t reme ly  ' i n te res t i ng  f i sh -ke lp  re la t i on  i s  t ha t  o f  b lack  pe rch

(Tab le  21 ) .  Dens i t i es  o f  l a rge  b l ack  pe rch  we re  g rea te r  w i t h i n  r eg ions  o f  h i ghe r

Macrocys t i s  dens i t i es  a t  SOK.  Subcanopy  ke lps  (no tab l y  P te rygophora )  have  been

ccns i s ten t l y  l eas t  abundan t  a t  SOK s ta t i ons  w i th  pe rs i s ten t  Mac rocys t i s  s tands

(Append i x  0 ,  Tab les  1 -4 ) ,  p robab l y  as  a  r esu l t  o f  compe t i t i on  f o r  i i gh t  (Cowen  e t

a l .  1982 ;  Day ton  e t  a l .  1984 ;  Reed  and  Fos te r  1984 ;  Day ton  1985 ) .  Juven i l e  b l ack

pe rch  assoc ia te  pos ' i t i ve l y  w ' i t h  t he  b ' l ades  o f  f o l i ose  ove rs to ry  ke lps ,  f rom wh ich

they  g lean ' i nve r teb ra te  p rey  (Ho lb rook  and  Schmi t t  1984)  and  among  wh ich  they

she l te r  (Ebe l i ng  and  Lau r  1985) .  The  dens ' i t y  o f  l a rge  b lack  pe rch ,  however ,  i s
' i nve rse l y  re la ted  to  the  dens i t y  o f  f o l i ose  l am ina r ians  (Schmi t t  and  Ho lb rook

i986 ) ,  pe rhaps  because  l a rge r  pe rch  w innow inve r teb ra tes  f rom tu r f  a lgae  (Ho lb rook

and  Schmi t t  1984)  and  because  o f  t he  comp lemen ta ry  d i s t r i bu t i ons  o f  t u r f  a ' l gae  and

fo l i ose  ke lps  (Cowen  e t  a l .  1982 ;  Kas tand iek  1982 ) .  We  fee ' l  i t  i s  l i ke l y  t ha t  t he
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pos i t i ve  re l a t i on  we  obse rved  be tween  t he  dens i t i es  o f  g i an t  ke lp  and  l a rge  b l ack

perch resul  ts  i  nd ' i  rect ly  f  rom the negat i  ve assoc ' ia t i  on of  Macr :ocyst i  s  and

P_t-eryggphora,  p lus the avoidance of  tur f -poor  t terygepbora s tands by iarge b lack

pe rcn .

A ' l t hough  p readu l t  ba r red  sand  bass  were  pos i t i ve l y  assoc ja ted  w i th  g ' i an t

ke lp ,  t he  dens i t i es  o f  t he  adu l t s  c ; f  t h i s  spec ies  we re  nega t i ve ' l y  r e l a ted  t o

Macrocys t i s  dens ' i t i es  i n  ou r  comprehens ive  ANC0VAs  (Tab le  21 ;  Append ix  0 ,  Tab le

9 ) .  Th i s  resu i t  may  re f l ec t  t he  genera ' l 1y  i nve rse  re ' l a t i on  be tween  ke lp  dens i t y

and  the  amoun t  o f  ha rd  subs t ra te  ( s tab i l i t y  o f  t he  seabed ;  Append ix  0 ,  Tab le  4 ) .

La rge  ba r red  sand  bass  a re  cha rac te r i s t i c  o f  sand - rock  eco tones  (Tu rne r  e t  a l .

1969 ;  S tephens  and  Ze rba  1981 ;  Dav i s  e t  a l .  1982 ;  DeMar t i n i  e t  a l .  1983a ,b ,

1985a ) .

The  rema i  n i  ng  ,  poss i  b ' l y  nega t ' i ve  f  i  sh -ke l  p  re l  a t i  on  i  nvo l  ves  s i  l  ve rs ides ,

p r ima r i l y  t opsme l t ,  A the r i nops  a f f i n i s  (E .  DeMar t ' i n i ,  pe rs .  obs . ) ,  a  l a rge i y

neus ton ' i c  spec ' i es  tha t  f eeds  o f f  ke lp  b ' l ades  as  we l l  as  on  p lank ton  (Feder  e t  a l  "
1974) .  The  topsme l t  i s  a  sma l l  f o rage  f i sh  (mos t  t opsme l t  obse rved  a t  SOK in  1985

were  abou t  13  t o  15  cm to ta l  l eng th :  Append i x  T ) ,  and ' i t  may  a l so  l oose l y  assoc ja te

w i th  su r face  ke lp  fo r  she l te r .  One  m igh t  t he re fo re  expec t  a  pos i t i ve  re la t i on

wf th  g ' i an t  ke ip ,  i f  any "  Bu t  s ' i l ve rs ides  were  mos t  dense  (bo th  yea rs )  a t  t he

SOKUin  s ta t i on ,  where  the  e f fec t  o f  ke lp  dens i t y ' i s  l i ke l y  con founded  by  an  e f fec t

o f  t he  SONGS d i f f use r  p1ume.  S0KUin  i s  d i ree t ' l y  j n  t he  pa th  o f  t he  S0NGS Un i t  3

d i f f use r  p l ume  ( see  Append i x  J ,  F i g .2B ) ,  and  s i ' l ve r s j des  cong rega te  t o  f eed  i n

the  SONGS p lumes  (E .  DeMar t i n ' i ,  pe rs .  obs . ) .  Ke lp  dens i t i es  we re  l ow  ( i n  1985 )  and

ve ry ' l ow  ( i n  i 986 )  a t  SOKU in .  We  fee l  i t  qu i t e ' l i ke l y  t ha t  p l ume  a t t r ac t i on  i s  t he

cause  o f  a  spu r i ous ' l y  nega t ' i ve  f i sh - ke lp  r e l a t ' i on  f o r  t h i s  spec ies .

In  summary,  the fa ' l ' l  1985-86 SOK bed data substant ia te prev ' ious observat ions

tha t  g ' i an t  ke lp  s ign i f i can t l y  a f fec ts  the  d ' i s t r i bu t i on  and  abundance  o f  many

f  ishes (Quast  1958a;  Feder  et  a ]  .  1974;  Coyer  1979;  Larson and DeMart ' in i  1984;

Bodk in  i 986 ) .  A l though  seabed  he te rogene i t y  a l so  s t rong ly  i n f l uences  f i sh

abundance  and  d i s t r i bu t ' i on  w i th in  Mac rocys t j s  f o res ts  (Quas t  1968a ;  Moreno  and

Ja ra  1984 ;  Pa t ton  e t  a l .  1985 ) ,  t he re  can  no  i onger  be  any  doub t  ( see  La rson  and

DeMar t i n i  1984 ;  S tephens  e t  a l .  1984 ;  Pa t t on  e t  a l .  1985 )  t ha t  ke lp  dens i t y  can

and  does  s t rong iy  a f fec t  f i sh  dens ' i t y  on  a  l ow- re l i e f  cobb le  bo t tom.
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3 .4 .4 Fish Abundances at  SOK

3.4 .4 .1  Sonar  Da ta

Down look ' i ng  Sonar .  A l l  o f  ou r  f i sh  abundance  es t ima tes  a re  the  p roduc t  o f  f i sh -

dens i t y  es t ima tes  ( spec i f i c  f o r  r eg ions  o f  d i f f e r i ng  ke lp  dens ' i t i e s )  and  t he  a rea l

ex ten ts  o f  t hese  reg ions  a t  SOK.  The  dens i t i es  and  a rea l  ex ten ts  o f  ke lp  a re  based

on  va r ious  t ypes  o f  sona r  da ta .  Our  p r imary  sou rces  o f  ke lp  da ta  i n  f a l ' l  1985  and

fa l l  1986  a re  EC0Sys tems  Managemen t  Assoc ia tes r  down look ing  sonar  su rveys .

Spec i f i ca ' | 1y ,  t hey  a re  Down look ' i ng  Sonar  (DL)  Su rvey  #  7  (Nora l l  e t  a l  .  1986 )  and

DL  Survey  #  9  (Re i t ze l  e t ,  a l .  1987 ) .  Down look ing  sonar  accu ra teJy  cha rac te r i zes

the  dens i t y  o f  subadu l t - adu l t  Mac rocys t i s  (Re i t ze l  e t  a l .  1985 ,  1987 ) ;  f o r  t h ' i s

reason ,  we  be f i eve  tha t  ou r  DL  sonar -based  1985  and  1986  abundance  es t ima tes  a re

accu ra te .

Our est imates of  f ish abundance are based on a DL sonar-based areal  est imate

o f  113  ha  ( -  1 .1  kmz ;  f o "  t he  SOK bed  in  fa l l  1985  (Append ix  P ,  Tab le  5 ;  a ' l so  see

Re i t ze l  e t  a l  .  1986 ,  F i gs .  7 . I , 7 . 4 ,  and  7 .6 ) .  i n  f a l ' l  1986 ,  t he  ana logous

es t ima te  o f  t he  to ta l  a rea  o f  Mac rocys t i s  a t  SOK was  88  ha  ( -  0 .9  km2 ;  Append ix  P ,

Tab le  5 ;  Re i t ze l  e t  a l .  1987 ,  F i gs .  10 i ,  12a ,  13 ) .  The  a rea  o f  Mac rocys t i s  a t  SOK

thus decreased by about  ?2?6 belween fa l l  1985 and fa l l  1986.  DL sonar-based

est imates of  ke l  p  dens ' i ty  i  nd i  cate that  the grand mean dens ' i ty  o f  ke l  p  at  SOK,

dec reased  abou t  one -ha1 f ,  f r om 5  p lan ts /100  12  ( i p  f a l l  1985 )  to  3  p lan ts /100  m '

( i n  i 986 ) .  The  to ta l  number  o f  Mac rocys t ' i s  dec reased  ove r  one -ha ' l f ,  f r om 70 ,000

p lan t s  i n  f a l l  1985  (Re i t ze l  e t  a l .  1986 )  t o  32 ,000  p l an t s  i n  f a l l  1986  (Re i t ze i  e t

a l .  1987 ,  F i g .  13 ) .

S ' i des ian  Sonar .  Compar i sons  o f  f i sh  abundances  among  base l i ne  and  ope ra t i ona l

yea rs  requ i re  the  use  o f  s idescan  sonar  es t ima tes  o f  ke ' l p  a t  SOK,  because

down look ing  su rveys  d id  no t  beg in  un t i l  January  L982 .  S idescan  sonar  t races

p rov ide  genera l ' l y  i naccu ra te  es t ima tes  o f  t he  dens i t y  o f  g ian t  ke lp  p lan ts

(Re i t ze l  e t  a l .  1985 ) .  However ,  we  be l i eve  tha t  ou r  es t ima tes  o f  f i sh  abundance ,

us ing  down look ing  ve rsus  s idescan  sonar  to  cha rac te r i ze  ke lp  reg ions ,  and  us ing

par t i a l  bu t  equ iva len t  f i sh  dens ' i t y  da ta  i n  each  o f  t he  yea rs ,  p rov ide  su f f i c i en t

re la t i ve  measures .  Append ' i x  P ,  Tab les  5  and  6  i l l us t ra te  tha t  t he  DL  sonar -based

and  5S  sonar -based  es t ima tes  o f  t he  re la t i ve  p ropo r t i ons  o f  "h igh - , r r i lmed iu f l l - , r r

and r r l ow-dens i t y l  ke1p  were  reasonab ]y  c lose  fo r  f a l l  1985 ,  and  fa j r l y  good  fo r
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f a l l  1986 .  These  SS sonar -based  da ta  p rov ' i de  repea tab le  i nd i ces ,  no t  es t ima tes  o f
abso lu te  abundance .  however .

\ , /e  emphasi  ze that  the SS sonar-based abundance est ' imates f  or  1980-81 are
known  underes t ima tes  fo r  two  reasons .  (1 )  Es t ima tes  fo r  t hese  pe r iods  a re
poss ib le  fo r  reg ions  o f  modera te - to -h igh -dens ' i t y  ke lp  o f l y ,  because  f i  sh
dens i t i es  we re  t hen  measu red  on l y  i n  p redom ' i nan t ,  h i gh -dens i t y  ke ip  hab i t a t .  ( 2 )

Es t ima tes  exc lude  the  m idwa te r  componen t ,  because  samp les  were  l im i ted  to  canopy
and  bo t tom s t ra ta  i n  1980-81 .  The  a reas  o f  ke lp  bed  used  were  95  ha  ( ' i n  1980)  and
81  ha  (1981) ,  rep resen t i ng  abou t  80?J  and  67% o f  t he  to ta l  a rea  o f  t he  SOK bed  tha t
was  p resen t  a t  t hese  t imes  (Append i x  P ,  Tab le  7 ) .

Fo r  yea r -compar i sons ,  we  rees t ima ted  the  fa l l  1985  and  fa ' l l  1986  abundances
o f  f i shes  us ing  s j descan  sona r  da ta  t o  de ' l ' im j t  ke i p  r eg ions ,  and  l im i t ed  ou r
es t lma tes  to  canopy  and  bo t tom reg ions  o f  modera te - to -h igh -dens i t y  ke lp  on l y .  The
area  o f  modera te - to -h igh -dens i t y  ke lp  i n  f a l l  1985  (abou t  40  ha )  rep resen ted  <  50?J
o f  t he  t o ta l  a rea  o f  ke lp  t hen  a t  SOK (Append i x  P ,  Tab ' l e  7 ) .  I n  f a l l ' 1986 ,  t he
a rea  o f  modera te - to -h ' i gh -dens i t y  ke1p  (23  ha )  rep resen ted  even  l ess  - -  <  30% o f
t he  t o ta l  a rea  o f  ke lp  a t  SOK (Append . i x  P ,  Tab le  7 ) .

3 .4 .4 "2  Annua l  D i f f e rences  i n  Abundance

Base ' l ' i ne  ve rsus  1985  Compar i sons .  S ' i descan  sonar rbased  da ta  i nd i ca te  tha t  t he
abundance  o f  f i shes  a t  SOK was  l ess  by  a  fac to r  o f  abou t  5  du r ing  fa l l  1985  than  i n
fa l  I  1980-81 (Append' ix  P,  Tab ' le  8)  .  Th i  s  s tatement  i  s  based on the reasonabl  e
assumpt ion  tha t  t he  ve r t i ca l  (wa te r - co ' l umn)  d i s t r i bu t i on  o f  ma jo r  spec ies  (and

l i f e  s tages )  has  no t  d i f f e red  app rec ' i ab1y  among  yea rs .

That  f i  sh abundar :ces decreased by about  three- four ths between fa l ' l  1980-81

and fa l l  1985 ' is  fur ther  corroborated by the data of  an independent  s tudy.  Pat ton
(1985 )  obse rved  s im i l a r l y  d rama t i c  dec ' l i nes  i n  t he  numbers  o f  f i shes  p resen t  on

t ransec ts  made  a t  SOK du r ing  the  summer - fa l l  pe r i ods  o f  1983-84 ,  as  compared  to

1980-81 .  Dec l i nes  a t  SOK m ' i r ro red  genera l  reduc t i ons  i n  coas ta l  ke ' l p  beds

th roughou t  t he  Sou the rn  Ca ' l i f o rn ia  B ' i gh t  (Pa t ton  i 985 ) .  Many  dec l i nes  sugges ted

some  so r t ( s )  o f  numer i c  r esponse  t o  t he  Ca i i f o rn i a  E ' l  N ino  (Pa t t on  1985 ) ,  bu t

because  Pa t ton  (1985)  d id  no t  p rov ide  l ' i f e - s tage  da ta ,  poo r  rec ru i tmen t  canno t  be

d ' i s t i ngu i shed  f r om em ig ra t ' i on  o f  o l de r  s t ages .
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0ur  l i f e - s tage -spec i f i c  da ta  i nd i ca te  tha t  recen t  dec reases  i n  some ma jo r

spec ' i es  ( e .g . ,  b l ack  pe rch )  r ep resen t  dec l ' i nes  i n  t he  numbers  o f  o ' l de r  f  i sh  i n

add i t i on  t o  poo r  r ecen t  yea r - c i ass  success .  O the r  spec ies  (e .g . ,  ke l p  bass ,
ba r red  sand  bass )  have  dec reased  ove ra l l  desp i te  re la t i ve l y  s t rong ,  recen t
j uven i l e  r ec ru i tmen t .  Whe the r  t he  obse rved  dec l ' i nes ' i n  o l de r  f i sh  we re  due  t o  a
con t i nu ing  cons tan t  (o r  g rea te r? )  mor ta l i t y  and /o r  em ig ra t i on  canno t  be
di  s t i  ngui  shed wi  th  the ava ' i  I  ab l  e  data .  Whatever  the exact  mechan' i  sm,  the l  arge
spa t i a l  s ca le  and  t im ing  o f  t he  dec ' l i nes  s t r ong l y  imp ' l i ca te  t he  Ca1 i f o rn ' i a  E l  N ino

in  the  recen t  b ' i gh tw ide  dec l  i nes  o f  rocky  ' i nsho re  f i shes .

Compar isons between Operat ional  years.  More accurate,  comparat ive data (based on
DL  sonar )  a l so  i nd i ca te  tha t  t he  abundance  o f  a l l  f i shes  i nc reased  ove r  two fo ld
(38 .9  MT /  18 .1  MT)  a t  50K  be tween  fa l l  1985  and  fa l l  1985 .  The  i nc rease  i s

somewha t  l ess  (abou t  two fo ld )  i f  t he  compar i son  i s  l im i ted  to  res iden t  f i shes
(35 .2  Mf  /  77 .4  MT) .  Based  on  DL  sonar  es t ima tes  o f  t he  a rea  o f  ke lp  a t  SOK in  fa l l

1985  (113  ha )  and  f a l l  1986  (88  ha ) ,  t he  b i omass  dens i t i es  o f  t o ta l  f i shes

d i f f e red  by  a  fac to r  o f  2 .75  X  (150  kg /ha  i n  1985  ve rsus  440  kg /ha  i n  1986) .

Res iden t  f i shes  d i f f e red  by .2 .7  X  (150  kg lha  ve rsus  400  kg lha ,  r espec t i ve l y . )

I t  i s  t he re fo re  obv ' i ous  tha t  t he  abundance  as  we l ' l  as  dens i t y  o f  f  i shes  was
grea te r  a t  SOK in  1986  than  i n  1985 .  More  f i sh  were  p resen t  i n  a  sma l l e r  a rea  o f

ke lp  fo res t ' i n  i 986 .  And ,  as  we  have  seen ,  t he  abundance  as  we l l  as  the  dens i t y  o f
g ian t  ke lp  was  l ess  by  abou t  one -ha l f  a t  SOK du r ing  fa11  1986  than  i n  fa l l  1985
(Re i t ze l  e t  a l .  1985 ,  1987 ) .  Obv ious l y ,  t he  re l a t i ye  dens i t y  o f  f i shes  i n  h i ghe r -
(versus ' lower- )  

densi ty  ke ' lp  increased at  SOK in 1986 as the amount  of  h igher-

dens i t y  ke lp  hab i ta t  dec reased .

C1ea r1y ,  even  t hough  f i sh  dens i t i es  i n  gene ra l  a re  pos i t i ve l y ' i n f l uenced  by

the  dens i t y  o f  ke lp  a t  SOK,  o the r  f ac to rs  can  have  equa l  o r  g rea te r  i n f l uence  on

the  d i s t r i bu t i on  and  abundance  o f  r ocky  i nsho re  f i shes  ( see  Sec t i on  3 .4 .4 .4 ) .  I t

i s  a l so  c lea r  t ha t ,  ove r  t he  range  o f  p lan t  dens i t i es  p resen t  a t  SOK in  1985-86 ,

Macrocys t i s  was  no t  a  l im i t i ng  resou rce  fo r  f i shes .  ! , l e  emphas ize  tha t  t h i s

obse rva t i on  pe r ta ins  on l y  to  the  b r i e f  pe r iod  o f  t ime  du r ing  wh ich  we  made  ou r

eva lua t i on .  I t  does  no t  necessa r i l y  f o l l ow  t ha t ,  a t  d i f f e ren t  p l an t  d i s t r i bu t i ons

and  dens i t i es ,  o r  a t  o the r  t imes ,  Mac rocys t i s  wou ld  no t  be  a  l im i t i ng  resou rce  fo r

f i shes  i n  t he  San  Ono f re  Ke lp  bed .  Da ta  fo r  add i t i ona l  yea rs  and  fo r  a  g rea te r

range  o f  p lan t  dens i t i es  a t  SOK wou ld  be  requ i red  to  tes t  t h i s  hypo thes i s .
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3.4.4.3 SONGS-re lated F ish Loss at  SOK

The  cons i s ten t l y  pos i t i ve  f i sh - ke lp  r e l a t i ons  obse rved  a t  SOK s t rong l y

suppor t  t he  a rgumen t  t ha t  S0NGS Un i t s  2  and  3  ope ra t i ons ,  by  reduc ing  the  dens i t y

and  a rea l  ex ten t  o f  Mac rocys t i s  w i th in  SOK,  have  i n  e f fec t  con t r i bu ted  to  an

ove ra l  I  r educ t ' i on  i n  t he  s tand ing  s tock  o f  f  i  shes  w ' i t h ' i n  SOK.  l r / e  s t ress  the

spa t i a l  s ca le ' i nvo l ved  - -  ou r  obse rva t i on  o f  a  two - fo l d  i nc rease  i n  t he  s tand ing

s tock  o f  f i shes  a t  SOK be tween  fa1 ' l  1985  and  fa ' l l  1985  i nd i ca tes  tha t  p rocesses

ac t i ng  on  a  l a rge r - than -ke lp  bed  spa t i a l  sca le  a ' l so  impor tan t i y  a f fec t  t he  i oca l

abundance  o f  f i shes .  Dur ing  1985-86 ,  t he  th ree fo ld  i nc reases  i n  f i sh  dens i t y

(numbers  and  b iomass )  a t  SOK du r ing  the  second  yea r  app rox ima te  the  magn i tude  o f

the  d i f f e rence  i n  f i sh  dens i t y  f o r  meager  ve rsus  dense  s tands  o f  ke lp  w i th in  the

ke lp  bed  (F ig .  a ) .

The  mos t  l i ke " l y  l a rge -sca1e  p rocesses  i nvo l ved  a re  those  assoc ia ted  w i th

reg iona l  o r  b i gh tw ' i de  f l uc tua t i ons  i n  f i sh  popu ' l a t i ons .  Popu la t i on  f l uc tua t i on  i n

many  o r  mos t  mar ine  f i shes  re f l ec t s  va r iab le  yea r -c lass  s t reng th ,  and  yea r  c lasses

a re  usua l l y  de te rm ' i ned  du r ing  the  l a rva ' l  o r  ea r l y  j uven i l e  s tage  (P i t che r  and  Har t

1982 ;  Cush ing  1982 ) .  I n  gene ra l ,  oceanog raph ' i c  f ac to r s  ( e .g . ,  va r i ab le  cu r ren t s )

tha t  a f fec ' t  t he  d ' i spe rsa l  and  se t t l emen t  o f  p ' l ank ton i c  l a rvae  s t rong ly  i n f l uence

year -c lass  s t reng th  i n  mar ine  f i shes  (Cush ' i ng  1982) .  Th i s  i s  undoub ted l y  t rue  fo r

many  f i shes  o f  t he  sou the rn  Ca l i f o rn ia  B ' i gh t .

/
Our  1985-86  da ta  a t  SOK 1 i ke1y  i l ' l us t ra te  l agged  responses  (o f  1 -3  yea rs )  t o

s t rong  yea r -c lasses  de te rm ' i ned  du r ing  i a rva l  o r  ea r l y  j uven i i e  s tages .  Mos t  SOK

bed  f i shes ,  i nc lud ing  the  spec ies  tha t  con t r i bu ted  mos t  t o  the  genera l  i nc rease

between fa l l  1985 and fa l l  1986,  recru i t  to  shal ' lower ,  rocky/vegetated habi ta ts .

The  i nc reases  i n  f i shes  tha t  we  obse rved  as  o lde r  j uven i l es -adu l t s  a t  SOK in  fa l l

i 986  su re l y  rep resen t  t he  su rv ' i vo rs  o f  good  yea r  c lasses  (1983 ,  1984)  tha t

i n i t i a i l y  became es tab l i shed  ou ts ide  o f ,  and  tha t  subsequen t l y  immig ra ted  to ,  SOK.

Impor tan t  con t r i bu to rs  i nc lude  rock  wrasse ,  seno r i t a ,  sheephead ,  ha l fmoon ,  ba r red

sand  bass ,  and  ke lp  bass  (a l t hough  ke lp  bass  i n  pa r t  rep resen t  t he  su rv ' i vo rs  o f

YOY tha t  p rev ious l y  rec ru i t ed  to  the  ke jp  canopy  a t  SOK) .

A l though  f i sh  abundance  on  spa t i a l  sca ' l es  equa l - to -o r - l a rge r - than  a  ke ' l p  bed

are  su re l y  de te rm ined  by  such  reg iona l  o r  b ' i gh tw ide  p rocesses ,  ou r  da ta

nonethel  ess i  nd i  cate that  Macqgt . ' !1  d i  s t r i  but i  on and abundance st rongly
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i n f l uences  t he  d ' i s t r i bu t i on  and  abundance  o f  f i shes  on  a  w i t h i n - ke lp  bed  spa t i a l

sca le .  I t ' i s  t he re fo re  mean ing fu l  t o  eva lua t , e  t he  impac t  o f  S0NGS ope ra t i ons  on

the  i oca l  abundance  o f  f i shes  a t  SOK.

I
I

We a rgue  as  fo l l ows :  Suppose  tha t  SONGS Un ' i t s  2  and  3  ope ra t i ons  have ,  i n

e f fec t ,  caused  a  th ree - fou r ths  reduc t i on  i n  res iden t  f i sh  w i th in  the  i nsho re ,

upcoas t  quadran t  o f  SOK,  by ,  say ,  reduc ing  Macrocys t i s  s tands  to r r ke lp less  cobb le r '

w i t h i n  t h i s  r eg ion  (F ig .  4 ) .  Because  t h i s  wou ld  impac t  abou t  25  ha  o f  50K ' s  100  ha

a rea l  ex ten t ,  t he  l oca l  reduc t i on  i n  res iden t  f i shes  wou ld  be  equ ' i va len t  t o  -3 .3

MT  i n  1985  (as  . 75  x  . 25  x  17 .4  MT)  o r  - 6 .5  MT  i n  1986  (as  . 75  x  . 25  x  35 .2  MT) .

The  magn i tude  o f  t he  ac tua l  f i sh  l osses  a t  SOK obv ' i ous l y  depends  on  (1 )  t he  rea l

pe rcen tage  reduc t i on  i n  ke lp  a t  SOK,  and  i t s  a rea l  ex ten t ,  t ha t  i s  due  to  S0NGS

ope ra t i ons  a l one ,  as  we l l  as  ( 2 )  r eg ' i ona1  o r  b ' i gh tw ide  l eve l s  o f  f i sh  abundance .

We lack  the  l ong - te rm da ta  on  f i sh  abundance  th roughou t  t he  B igh t  t ha t  a re  needed

to  adequa te l y  quan t i fV  (2 ) .  R igo rous  es t ima tes  wou ld  a l so  requ i re  more  spec i f i c

data on the amount  and areal  extent  o f  ke lp loss at  SOK than are present ly

ava i ' l ab l  e .
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CHAPTER FOUR
FISHES AT PENDLETON ARTTFICIAL REEF

4 .1  INTRODUCTION

4"1 .1 Overview of PAR

Pend le ton  A r t i f i c i a l  Ree f  (PAR)  cons i s t s  o f  abou t  9  me t r i c  t ons  o f  qua r ry

rock at  13-m depth about  5.5 km downcoast  f rom and inshore of  San Onofre Kelp bed.

PAR was  es tab l f shed  i n  an  app rox ima te  pa t te rn  o f  8  un i t s ,  o r  modu les ,  t ha t  ex tend

ove r  abou t  3  hec ta res  (ha )  o f  sand  p la in .  A l though  the  ac tua l  rock  a rea  o f  PAR i s

on l y  abou t  t  ha ,  i t  was  the  second ' l a rges t  a r t i f i c i a l  ree f  i n  Ca l i f o rn ia  coas ta ' l

waters (Ambrose i986)  unt i l  ear iy  1.987,  when severa l  larger  reefs  were constructed

e lsewhere  j n  sou the rn  Ca l i f o rn ia  wa te rs .  PAR b ras  es tab l i shed  by  the  Ca l i f o rn ia

Depar tment  of  F ish and Game (CF&G) in  September 1980,  a" ided by a subs ' idy f rom

Sou the rn  Ca l i f o rn ia  Ed ison  Company .  The  ree f  was  des igned  to  tes t  m ' i t i ga t i ve
po ten t i a l ,  shou ld  San  0no f re  Nuc ' l ea r  Genera t i ng  S ta t i on  ope ra t i ons  adve rse l y

a f fec t  g ian t  ke lp  and  assoc ia ted  b io ta  a t  t he  San  Ono f re  Ke lp  bed  ( see  Chap te r

Th ree )  (Grove  1982 ;  Gran t  e t  a l  .  1982 ) .  H i  s to r i ca i l y ,  b io ]og i ca ' l  s tud ies  a t  PAR

have  eva lua ted  i t s  po ten t i a ' l  f o r  m i t i ga t i on  i n  t e rms  o f  l oca ' l  f i she ry  enhancemen t ,

no t  necessa r i i y  i nc1ud ing  any  l oca ' l  i nc rease ' i n  f i sh  p roduc t ' i on  (bu t  see  DeMar t i n i

e t  a ] .  1985a ;  Ambrose  i 986 ) .  A  b r i e f  rev iew  o f  t hese  s tud ies  and  the i r  ma jo r

f i  nd i  ngs  fo1  I  ows .

4.1 ,2 History and Review of Prior Studies

The  in i t i a ' l  co lon i za t i on  o f  PAR by  f i shes  and  o the r  o rgan ' i sms  was  documen ted

by CF&G bio ' log is ts  as beg ' inn ing a ' lmost  immediate iy  af ter  reef  construct ion (CF&G

1983) .  CF&G es tab l i shed  qua l i t a t i ve  f i sh  su rveys  on  a  gua r te r ' l y  bas i s  du r ing  fa ' l 1

1980-0ctober  1982 (CF&G 1983) .  Quant i ta t ive surveys were establ ished ' in  fa l l  1984
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Iand  con t ' i nued  sem iannua l l v  (K .  W i l son ,  CF&G,  pe rs .  comm. ) .  The  ea r i y  CF&G s tud ies

sugges ted  tha t  PAR,  l i ke  mos t  a r t i f i c i a l  mar ine  hab i ta t s ,  a t t rac ted  g rea t  numbers
o f  immig ran t .  f  i  shes  beg inn ing  sho r t ' l y  a f te r  cons t ruc t ' i on .  Bu t  CF&G b io ' l og ' i s t s '
repea ted  a t tempts  to  es tab l i sh  adu l t  Mac rocys t i s  p ian ts  on  PAR were  unsuccess fu l
because  o f  i n tense  g raz ing  by  immig ran t ,  he rb ' i vo rous  f i shes ,  no tab l y  opa leye  and
ha l fmoon  (Car te r  e t  a l .  1985b) .

The Mar ine Review Comm' i t tee funded quant i ta t ive surveys of  a lgae and
inver tebrates,  as wei l  as f ishes,  a t  PAR by the Lockheed 0cean Science Laboratory
(LOSL)  beg inn ing  i n  Sep tember  1981 .  L0SL  es t ima ted  numer i ca l  f i sh  dens i t i es  by
ma jo r ' l i f e  s tage  ( i uven i l e ,  subadu l t ,  adu l t )  b imon th l y  f rom Sep tember  198 i  t o
Oc tobe r  i 983 .  Lockheed ' s  da ta  es tab l i shed  the  fac t  t ha t  t he  numer i ca l l y  dense
f i shes  a t  PAR were  p r imar i i y  vag i l e  immig ran ts  o f  o lde r - j uven i l e  and  subadu l t
s tages (LOSL 1983c;  Jessee et  a l .  1985b) .  The data fur ther  demonstrated that
impor tant  changes in  the composi t ion and st ructure of  the inver tebrate/a1ga1 tur f
assemblage occurred at  PAR f rom 1 to  3 years fo l lowing construct ' ion (LOSL 1983b;
Car ter  e t  a1.  1985a) .  LOSL a lso observed that  severa l  major  tempora l  changes in
the  dens i t i es  o f  ce r ta in  f i shes  (e .g . ,  b iack  pe rch )  occu r red  (LOSL 1983c )  and  tha t
some changes  i n  f i sh  dens i t i es  v re re  p robab ' l y  i n f l uenced  by  changes ' i n  t he
s t ruc tu re  and  compos i t i on  o f  t u r f  hab i ta t  (Car te r  e t  a l .  1985a ;  DeMar t ' i n i  e t  a1 .
i985a )  .

In  December 1982 the Lockheed group added specia)  surveys of  young-of -year

(Y0Y)  i uven i l e  f i shes ;  t hese  add ' i t i ona l  s tud ies  were  con t ' i nued ,  a ] so  b imon th l y ,
un t i l  0c tobe r  1983 .  The  p r imary  ob jec t i ve  he re  was  to  assess  PAR 's  po ten t i a l

con t r i bu t i on  to  YOY rqg ru i tmen t ,  an  espec ia l l y  s ign i f i can t  f ac to r  because  l oca l
f ish product ion can be more d i rect ly  evaluated f rom standing s tock of  parochia l

YOY f i shes  (DeMar t i n i  e t  a l .  1985a ;  Ambrose  1986) .  A l l  Lockheed  f i e ld  s tud ies  a t
PAR were d isccnt inued af ter  0ctober  1983.  In  October  1984 the UCSB Fish Group

comp le ted  a  s ing le  p i l o t  su rvey  a t  PAR modu les  1 ,  3 ,  5 ,  and  5  fo r  YOY and  o lde r

iuven i l e  f i shes  (De l ' l a r t i n i  e t  a l .  1985a) .  Lockheed ts  1982-83  da ta ,  t oge the r  w i th

ou r  g roup rs  fa l l  1984  obse rva t i ons ,  i l ' l us t ra ted  a t  l eas t  t h ree  impor tan t  f ac t s :

1 .  S ign ' i f i can t  numbers  o f  some f i sh  spdc ies  f i r s t  rec ru i t ed  to  PAR

( f rom the  p lank ton )  du r ing  summer - fa l l  i 983 .
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2 .  Seve ra ' l  f  i  shes  (b ' l acksmi th ,  seno r i t a ,  and  rock  wrasse )  were  ra re

or  absent  at  PAR unt i l  they recru i ted as Y0Y.

3.  The abundances of  the YOY of  some species at  PAR var ied great ly

ove r  a  sho r t  se r i es  o f  yea rs  (1982-84 ) ,  pe rhaps  re f ' l ec t i ng

deve ' l opmen t  o f  rec ru i tmen t  hab i ta t  a t  PAR.  More  l i ke l y ,  t hese

annual  d i f ferences ref ' lected regiona ' l  or  
' larger-sca ' le

f l uc tua t i ons  i n  se t t l emen t  i n tens i t y  o r  subsquen t  su rv i va l
(  l 'year-c ' lass success"  )  (DeMart i  n i  e t  a l  .  1985a)  .

4 .1"3 Object ives

Th is  chap te r r s  ma in  ob jec t i ves  a re :  (1 )  t o  cha rac te r i ze  the  d i s t r i bu t i on  and
dens ' i ty  pat terns of  f ishes at  PAR dur ing the fa l " l  per iods of  1985 and 1986 - -  f ive
and  s ' i x  yea rs  fo ' l i ow ing  ree f  cons t ruc t i on .  f r l e  g i ve  pa r t i cu ja r  a t ten t i on  to
va r ia t i on  among  l i f e  s tages  (w i th in  spec ies )  f n  ou r  dens i t y  es t fma tes .  Based  on
these  d i s t r i bu t i on  pa t te rns ,  we  (2 )  p rov ide  quan t i t a t i ve  es t ima tes  o f  f i sh
abundances (numbers and b ' iomass)  at  PAR dur ing these two per iods.  (3)  As a major
focus for  in terpret ing our  f fsh abundance est imates at  PAR, we make a deta i led

compar ison wl th  contemporary est imates of  f ish abundance at  San 0nofre Kelp bed
(SOK) ,  a  cobb le -bo t tom fo res t  o f  g ' i an t  ke lp  (Mac rocys t i s )  l oca ted  5 "5  km upcoas t
o f  PAR (Chap te r  Th ree ) .  I n  ou r  d i scuss ' i on ,  we  emphas ize  the  impor tance  o f
d i f ferences between the two s i tes in  the densi ty  versus abundance of  f ishes when
eva lua t i ng  the  ac tua l  o r  po ten t i a l  m i t i ga t i ve  va lue  o f  PAR.

4"2 SAMPLING AND ANALYSIS METHODS

4"2 .1 Measur ing F ish Densi t ies

lde used d iver  observat ions on bel t  t ransects  to  est ' imate the densi t ies of

f i shes  a t  PAR du r ing  fa1 ' l  1985  and  1985 .  I n  each  yea r ,  we  es t ima ted  f  i sh  dens i t i es

dur ing three one-day surveys for  juveni ie-adul t  f ishes ( the JUV-AD study)  and

dur i  ng three one-day surveys f  or  young-of -year  and o ' lder  juveni ' le  f  i  shes ( the

JUVENILE study) .  The two studies prov ided complementary in fo. rmat ion:  the JUV-AD

study character i  zed densi  t i  es for  major ,  post recru i  t  
' l  
i  fe  s tages and

d is t i ngu ' i shed  be tween  the  dens i t i es  o f  (1 )  t o ta l  j uven i ' l es  and  (2 )  l a te r  s tages .

The JUVENILE study character ized the young-of -year  (YOY) component  of  the juveni le
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s tage  as  d i s t i nc t  f r om o lde r ,  imma tu re -s i zed  (0J )  f i sh .  Th ree  ma tched  pa i r s  ( same

week)  o f  JUV-AD and  JUVENILE  su rveys  were  schedu led  a t  app rox ima te l y  mon th l y

in te rva l s  du r ing  each  fa l l  pe r i od .  Th ree  su rveys  were  comp le ted  i n  Oc tobe r ,

November,  and December 1985.  Three other  surveys were comp' le ted in  " fa l l ' r  1986-

87:  two about  two weeks apar t  in  November,  and one in  the th i rd  week in  January
(poo r  underwa te r  v i s i b i l i t y  p rec luded  su rveys  i n  0c tobe r  and  December ) .

F ie ld  methods used on 1985-86 JUVENILE surveys to  est ' imate Y0Y-0J densi t ies

were basica l ly  the same as those used on our  0ctober  1984 p i lo t  survey (DeMart ' in ' i

e t  a l .  1985a) ,  w i th  seve ra l  impor tan t  excep t i ons .  (1 )  Each  t ransec t  was  su rveyed

once ,  no t  tw i ce ,  on  a  g i ven  su rvey .  (2 )  Each  o f  t he  8  modu ies  was  samp lec j  on  each

survey.  (3)  Three surveys were completed dur ing each fa l l  per iod.  As in  1984,  two

major  microhabi ta ts  ( the Crests  and Per imeters of  modules)  were sampied for  Y0Y-0J

f i  shes .

The  des ign  used  to  samp le  j uven i l e ,  subadu l t ,  and  adu l t  f i shes  on  ou r  JUV-AD

surveys at  PAR was pat terned af ter  our  bot tom t ransects  at  SOK (Chapter  Three,

Sec t fon  3 "2 .1 ;  Append ix  J ) .  T ransec ts  were  s t ra t i f i ed  w i th in  ma jo r  m ic rohab i ta t s

in  rock and adjacent  sandy reg ' ions.  In  1985,  the rock-sand in ter face (ecotone)

reg ions  o f  modu les  were  samp ' l ed  on l y  on  the  December  su rvey .  Dur ing  fa l l  1985 ,  we

samp led  ad iacen t  and  ou t i y i ng  sand  reg ions ,  i n  add i t i on  to  modu le  eco tones ,  on

each of  the three surveys.  We sampied the regions of  sand between modules,

s ta r t i ng  3  m f rom a  modu le rs  sand- rock  i n te r face ,  and  ex tend ing  30  m pe rpend icu la r

to  the in ter face ( i f  30 m was not  more than haj f  the d is tance to  an adjacent"

modu le ) .  0 the rw ise ,  t he  rad ia l  t r ansec t  ex tended  5  m on ' l y  (Append ix  Q ,  F jg .  2 ) .

l {e  sampled four  rad ia l  t ransects  per  module on each survey (32 each survey)  in

i986.  For  a deta i led descr ip t ion of  th is  and other  aspects  of  the JUV-AD survey

des ign ,  i nc lud ing  a  comprehens ive  l i s t  o f  samp ' l i ng  da tes ,  t ransec t  d imens ions ,  and

s t ra tum-spec i f i c  a rea l  es t ima tes ,  see  Ap i rend ix  Q ,  pa r t i cu la r l y  Tab les  ! , 2 ,  and  3 .

4.2 .2 Characterizing Distribution Patterns

I t  i s  impor tan t  t o  s t ra t i f y  w ' i t h in  he te rogeneous  samp l ing  un ' i ve rses  i n  o rde r

to  reduce  the  va r iances  o f  es t ima tes .  Fo r  t h i s  reason  (and  so  tha t  we  cou ld

iden t i f y  ma jo r  m jc rohab i ta t s  f o r  bu f l d ing  ou r  abundance  cha rac te r i za t i ons  - -  see

be low)  we  eva lua te  the  i n f l uence  o f  obv ious  m ic rohab i ta t  f ea tu res  ( ree f  s t ra ta )  on

f i sh  dens i t i es  a t  PAR.  In  add i t i on ,  we  exp ' l o re  o the r  po ten t i a l  comp l i ca t i ons  due

I
I
t
I
I
I
I
I
I
I
I
T
I
t
I
I
T
I
t

4-4



T
I
I
T
I
I
t
I
t
I
I
I
I
t
I
t
t
I
I

t o  f i sh  l i f e  s t age ,  modu le ,  and  f a l l  pe r i od .  DeMar t i n i  e t  a l .  ( 1985a )  eva lua ted
the  e f fec ts  o f ' s t ra tum and  i uven i l e  subs tages  fo r  Y0Y-0J  f i shes  on  the  Oc tobe r
1984  su rvey .  I n  t h i s  repo r t  on  1985  and  1986  da ta ,  we  reexamine  these  fac to rs  (and

the  i n f l uences  o f  modu le  andyear )  f o r  Y0Y-0J  f i shes .  We a1so  exam ' ine  the  e f fec ts
o f  s t ra tum,  ma jo r  l i f e  s tage  ( j uven i ' l e ,  subadu l t ,  adu i t ) ,  modu ' l e ,  and  fa l1  pe r iod

on  t he  dens i t i es  o f  a l l  pos t rec ru i t  f i shes .

Two-way and three-way ANOVAs (f ixed-effects model) were used. For Y0Y-0J
f i shes ,  t he  s t ra tum fac to r  had  two  l eve l s  (C res t  and  Per ime te r ) ,  and  the  ma tu r i t y
factor  had two levels  (Y0Y and 0J) .  The year  factor  had two levels  ( the two fa ' I1
pe r iods ) .  Modu le  was  used  as  a  b lock ing  va r iab ' l e ,  and  su rveys  cons t i t u ted
temporal  rep l  i  cates (  see be ' low) .

Fo r  JUV-AD f i shes ,  we  pe r fo rmed  two  se r ies  o fAN0VAs .  I n  the  f i r s t  se r i es .  we
ran three-way ANOVAs us ing data for  both fa l ' l  per iods.  We s imul taneously  tested
for  the ef fects  of  s t ra tum, s tage,  and year  on f ish densi t ies.  The two st rata
(Crest ,  S lope)  common to a l ' l  surveys in  both years were tested.  In  the second
ser ies of  tests ,  tye evaluated each year  of  data separate ly  for  the ef fects  of
matur i ty  s tage and reef  s t ra tum us ing two-way AN0VA. Evaluat ion of  the s t ratum
ef fec t  i n  f a l l  1985  was  l im i ted  to  the  two  s t ra ta  (C res t ,  S lope )  samp led  i n  tha t
year .  We sampl  ed two addi  t ' iona ' l  ,  major  mi  crohabi  ta ts  (  Ecotone and Sand,  the
la t te r  i nc iud ing  4  samp i ing  s t ra ta )  i n  f a l l  1 .986 .  l de  were  the reby  ab le  to
evaluate 7 leve ' ls  o f  the s t ratum factor  in  the second year .  Three ievels  of
ma tu r i t y  s tage  ( j uven i l e ,  subadu l t ,  adu l t )  we re  used  i n  these  ana lyses .  Modu le

was  used  as  a  b lock ing  va r iab ' l e .  Su rveys  p rov ided  tempora l  rep f i ca t i on  w i th in
each  fa l  I  season .

For  a poster ior i  contrasts ,  Student-Newmann-Keuls  (SNK) tests  were used.
con t ras ts  were  examined  fo r  bo th  ma in  e f fec ts  and  i n te rac t i ons .

A l l  ANOVAs  were  run  us ing  L0G-10  t (# /1000  13 )  *  1 )  da ta  (DeMar t ' i n i  e t  a l .

1985a )  .
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4.2 .3 Est imat ing F ish Abundances

A  comprehens ive  eva lua t i on  o f  PAR 's  con t r i bu t i on  to  nea r -SONGS f i sh  s tocks
requ i res  rn  assessmen t  o f  f i sh  abundances ,  no t  j us t  dens i t ' i e s .  B iomass  as  we l l  as
numer i ca l  abundance  i s  needed  fo r  i n te rp re tab le  es t ima tes  o f  f i sh  p roduc t j on .  l l l e

es t ima ted  f i sh  abundances  a t  PAR du r ing  each  o f  t he  t l o  f a l l  pe r i ods .

4 .2 .3 .1  Numer i ca l  Abundances

The numbers of  f ishes present  at  PAR dur ing fa l l  1985 and fa1 l  1985 were I
ca l cu la ted  us ing  two  bas i c  da ta :  t

1 .  s t age -  ( j uven i ' l e ,  subadu l t ,  and  adu l t )  and  spec ies - spec i f i c  f i sh
densi t ies,  by s t ratum and survey,  est . imated at  each of  the PAR
modu les ,  and

2.  s t ra tum-speci f ic  reef  areas est ' imated for  each of  the 8 PAR

modu les ,  us ing  EC0sys tems  Managemen t  Assoc ia tes r  sona r  cha r t s  o f
PAR bathymetry.

Fo r  each  l i f e  s tage  o f  each  spec ies ,  t he  dens i t y  es t ima te  fo r  each  s t ra tum a t
each module was conver ted to  numer ica ' l  abundance wi th in  one of  severa l  subregions
o f  t he  modu le ,  de f i ned  by  i soba ths  (Append ix  Q) .  Abundance  sub to ta ' l s  on  modu les
were then summed oVer a l ' l  8  modules.  F ' ish numbers and b iomass were est imated for
va r ious  comb ina t i ons  o f  s t ra ta  (Rock  - -  as  Cres t  and  S lope ;  Eco tone ;  and  Sand  - -

as  t , he  ad jacen t  sand  and /o r  ou t l y i ng  sand  reg ions  samp led  on  rad ia l  t r ansec ts ) .

Es t ima tes  were  a l so  ca l cu la ted  fo r  t he  sum o f  t he  Rock ,  Eco tone  and  Sand
sub to ta l s .  Means  and  va r iances  were  ca l cu ja ted  based  on  the  su rvey  rep l i ca tes ,
except  for  the Ecotone st ratum in  1985.  The Ecotone abundance est ' imate for  the
December 1985 survey was added to the mean est imates for  the other  s t ra ta.
Add f t i ona l  de ta i l s  a re  p rov ided  i n  Append ix  Q .

4.2.3.2 Biomass Abundances

Numer ica l  abundances were conver ted to  b iomass abundances by nru l t ip ly ing

stage-speci f ic  numbers by mean body weights  of  the respect ive s tage.  Mean body '

weights  were est imated by app ' ly ing length-weight  regress ions to  length- f requency
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d is t r i bu t i on  da ta .  Th i s  i s  t he  same method  used  fo r  ke ip  bed  f i shes .  Me thods  a re

gene ra ' l 1y  desc r i bed  i n  Sec t i on  3 .2 .4 .2  o f  Chap te r  Th ree .  Add i t i ona l  de ta i l s  a re

p rov ided  i n  Append ices  J  and  Q .

The_spec ies - spec i f i c ,  l eng th - f r equency  d i s t r i bu t i ons  o f  f i shes  a t  PAR we re

comp i led  f rom add i t i ona l  d i ve r  obse rva t ' i ons  made  a t  t he  8  PAR modu les  du r ing  each

o f  t he  th ree  fa l l  1985  and  th ree  fa l l  1986  su rveys .  l { e  t a l l i ed  f i sh  l eng ths  ( to ta l

1eng t ,h ,  t o  t he  nea res t  i nch )  on  t imed  sw ' ims  (Append ' i ces  Q ,  T ) .

4.3 RESULTS

4.3 .1 Distr ibution and Density Patterns

AN0VAs  a re  used  to  exp lo re  the  ma jo r  env i ronmen ta l  i n f l uences  o f  f i sh

d i s t r i bu t i on  and  abundance  a t  PAR i n  f a l l  1985  and  f a l ' l  1985 .  Spec i f i ca l l y ,  we

eva lua te  the  e f fec ts  o f  t ' yea r "  ( f a l ' l  pe r i od ) ,  s t ra tum (m ic rohab i ta t ) ,  and  ma tu r i t y

s tage  f o r  ( 1 )  a l l  l i f e  s t ages  ( ' i n c ' l ud ing  t o ta l  j uven i l es )  and  (2 )  t he  YOY and

o lde r  i uven i l e  subs tages  o f  immatu res .  F i r s t ,  y re  examine  the  e f fec ts  o f  s t ra tum

and  ma tu r i t y  s tage  du r ing  each  yea r ,  us ing  a ' l l  s t ra tum and  su rvey  da ta  ava i l ab le .

Second ,  we  eva ' l ua te  yea r  e f fec ts  s ' imu l taneous ly ,  us ing  the  subse t  o f  s t ra ta  tha t

were sampled in  each year .  Resul ts  of  two-way At{0VAs on fa l ' l  1985 data for  o lder

l i f e  s tages  a re  summar i zed  i n  Tab ' l e  27 .  b r l e  p rov ide  ana logous  summar ies  fo r  f a l l

1986  i n  Tab le  28 .  Tab le  29  summar i zes  th ree -way  ANOVA resu l t s  f o r  j uven" i ' l e -adu l t

f ishes for  the two years.  Last ,  v /e  summar ize year ,  s t ra tum, and matur i ty  e f feets

fo r  Y0Y-0J  f i shes  i n  Tab le  30 .  Append ix  R ,  Tab les  1 -9  summar i ze  i npu t  dens i t y

data by year ,  s t ra tum, and matur i ty  s tage for  JUV-AD f ishes.  We a lso prov ide

ana iogous  da ta  fo r  Y0Y-0J  f i shes  i n  Append ix  R ,  Tab ' l es  10 ,  11

A t iOVA resu l t s  i nd ' i ca te  tha t  t he  mos t  no tab le  fea tu res  i n f I uenc inq  the

d i s t r i bu t i on  o f  f i shes  a t  PAR ' i nc l ude  pe rs i s t en t  pa t t e rns  o f

1 .  s t ra tum (m ic rohab i ta t )  d i f f e rences  i n  t he  re la t i ve  abundances  o f

many major  spec ' ies,  and

? .  ana logous  d i s t r i bu t i ona l  d i f f e rences  among  the  l i f e  s tages  o f

some spec ' i es .
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The pat terns are ref l  ected in  the

in te rac t i ons  (and  yea r  c ross -p roduc ts )

Juven i  1e  subs tages  (Tab ' l es  27 -30 ) .

4 .3 .1  .1  Juven i l e -Adu l t  F i shes

numerous s t ratum-by-matur i ty

i n  the  ANOVAs ,  pa r t i cu la r l y  f o r
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St ra tum-by -ma tu r i t y  i n te rac t i ons  were  no t  f requen t l y  obse rved  fo r  j uven i i e ,

subadu l t ,  and  adu l t  f i shes  a top  the  rock  modu les  (3 / I l  spec ies ;  Tab ' l e  27 ) .

Ma tu r i t y  s tage  more  f requen t l y  i n f l uenced  c iens i t y  i n  Rock  hab i ta t  (7 / I l  spec ' i es ;

Tab le  27 ) .

I n  fa l l  1985 ,  t h ree  spec ies  ( ke lp  bass ,  ha l fmoon ,  rock  wrasse )  were

s ign ' i f  i can t i y  more  dense  ' i n  C res t  ( ve rsus  S lope )  hab i ta t  (Tab l  e  27 ) .  F i ve  ou t  o f

seven  s ign i f i can t  ma tu r i t y  e f fec ts  were  due  to  g rea te r  numbers  o f  o lde r -s tage

ind i v idua ls ;  t he  rema in ing  two  spec ies  (ba red  sand  bass  and  ke lp  bass )  had

grea te r  dens i t i es  o f  j uven i l e  s tages  (Tab1e  27 ) .  Modu le  e f fec ts  were  de tec tab ' l e

in  1985 for  4 /L l .  species but  re f lected no consis tent  pat tern (Table27) .

In  fa l l  1986 ,  we  were  ab le  to  eva lua te  the  e f fec ts  o f  add i t i ona l  s t ra ta

(Eco tone ,  Ad jacen t  Sand ,  and  0u t l y i ng  Sand) .  l l / i t h  t he  add i t i on  o f  t hese

microhabi ta ts ,  addi t ional  s t ra tum-by-matur i ty  in teract ions became apparent  for

l a te r - s tage  f i shes  (9 /11  spec ies ;  Tab ' l e  28 ) .  Fo r  ba r red  sand  bass  and  fo r  t o ta l

f i shes  (m inus  b lacksmi th ) ,  j uven i i e  s tages  were  l ess  numerous  i n  Eco tone  and  Sand

hab i ta t s  pe r iphe ra l  t o  Rock  (Tab le  28 ) .  I n  genera l ,  t he re  were  fewer  (bu t  l a rge r )

f i sh  i n  Eco tone  and  Sand  hab ' i t a t s  (Tab le  28 ;  F igs .  5 -8 ) .  Adu l t  ba r red  sand  bass

were  a  p r imary  con t r i bu to r  t o  t he  p reva ien t  pa t te rn  o f  l a rge  adu l t  f i sh  i n

Eco tone ,  and  (espec ia l l y )  Ad jacen t  and  0u t l y i ng  Sand  reg ions  (Tab le  28  and  F igs .

6 ,  8 ) .  The  g rea te r  dens i t i es  o f  many  spec ies  a top  the  modu les  (Tab le  28 )  were  due

to  the  p resence  o f  more ,  bu t  sma l l e r  i nd i v idu . i l s  c lose  to  rock  subs t ra te  (F igs .  5 -

8 ) .  The  ' i nve rse  re la t i on  be tween  numer i ca l  dens i t y  and  ave rage  f i sh  s i ze

accen tua tes  i n  sandy  reg ions  pe r iphe ra l  t o  eco tones  (Tab le  28 ;  F igs .  5 -8 ) .  Modu le

e f fec ts ,  a l t hough  no t  uncommon (4 /17  spec ies ;  Tab le  28 ) ,  aga in  showed  no

cons i s ten t  pa t te rn  among  spec ies  i n  f a l l  1986 .

When st ratum and matur i ty  e f fects  are reevaluated for  1985 and 1985

s imu l taneous ly ,  add i t i ona l  i n te rac t i ons  be tween  s t ra tum and  ma tu r i t y  become

apparen t  f o r  j uven i l e -adu l t  f i shes  a top  the  rock  modu les  (Tab1e  29 ) .  I n  add i t i on
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t o  ha l fmoon  and  rock  wrasse ,  s ign i f i can t  i n te rac t i ons  were  no ted  fo r  b lacksmi th ,
opa leye ,  and  senor i t a  (Tab ' l  es  ?7 ,  29 ) .  The  a fo remen t ioned  s ign i f i can t  i n te rac t ' i on
fo r  ke lp  bass  (Tab le  28 '1  was  rep laced  by  s ign ' i f i can t  ma tu r i t y  (more  younger  f i sh )
and  s t ra tum e f fec ts  (de .nse r  i n  C res t )  du r ing  bo th  yea rs  (Tab1e  29 ) .  Younger
s tages  o f  t he  two  basses  gene ra ' l ' l y  p reva i l ed ,  wh i l e  o l de r  p i l e  pe rch  dom inq ted ' i n
bo th  yea rs  (Tab les  27 -29 ) .  Year  e f fec ts  were  s ign i f i can t  on l y  f o r  l . e lp  bass  (more

in  i 985 )  and  fo r  ha ' l fmosn  (more  i n  1986 ;  Tab le  29 ) .  O the r ,  comp l i ca t i ng
interact ion ef fects  inc luded severa l  year-by-matur i ty  e f fects  that  re f lect  year-

c lass  phenomena  (b ' l acksmi th :  more  j uven i ' l es  i n  1985  bu t  more  subac ju l t s  i n  1986 ;
rock  wrasse :  more  j uven ' i l es  i n  1985  bu t  more  o lde r -s tage  f i sh  i n  1986 ;  Tab le  29 ) .
B lack  pe rch  exh ib i t ed  the  on ' l y  yea r -by -s t ra tum in te rac t i on  (more  i i sh  i n  C res t ' i n
1986 ;  Tab le  29 ) .  Modu le  e f fec ts  aga in  showed  no  cons i s ten t  pa t te rn  (4 /1J ,  spec ies ;
Tabl  e  29)  .

4 .3 .1 .2  YOY-OJ  F i shes

Among  juven i l e  f i shes ,  t he re  were  many  s t r i k i ng  examp les  o f  m ic rohab i ta t
e f fec ts  (and  i n te rac t i ons  be tween  s t ra tum and  j uven i ' l e  subs tage )  i n  one  o r  bo th
yea rs .  S ign i f i can t  e f fec ts  i nc luded  the  re la t ' i ve1y  g rea te r  numbers  o f  b lacksmi th ,
espec ia l l y  YOY,  i n  C res t  hab i t a t  du r i ng  bo th  yea rs  (Tab le  30 ) .  01de r  j uven i l e

ga r iba id ' i  v {e re  cons ' i s ten t l y  more  dense  on  Cres ts  (Tab1e  30 ) .  0J  ba r red  sand  bass ,
on  the  o the r  hand ,  were  a iways  dense r  i n  Pe r ime te r  hab i ta t  (Tab1e  30 ) .  YOY
senor i t a  a l so  were  re la t i ve i y  dense  on  modu ie  Pe r ime te rs  i n  bo th  yea rs ,  bu t  were
dense r  i n  f a l l  1986  (Tab1e  30 ) .  G rea te r  dens i t i es  o f  o l de r  j uven i i e  ( ve rsus  YOY)
b lackeye  goby  rep resen t  t he  on l y  s t ra igh t fo rward  ma tu r i t y  e f fec t  (Tab le  30 ) .  The
lone  s ign ' i f i can t  s t ra tum e f fec t  was  fo r  b luebanded  goby ,  a  spec ' i es  i n  wh lch  a l l

i uven i l es  a re  YOY (Tab ie  30 ) .  Among  the  mos t  i n te res t i ng  ma tu r i t y  e f fec ts
amenable to  AN0VA was that  o f  greater  numbers of  0J (versus YOY) Ca1i forn ia
s l r eephead ,  bo th ' i n  f a l l  1985  and  i n  f a l l  1986  (Tab le  30 ) .  Modu le  e f f ec t s  we re
s ign i f i can t  on i y  f o r  compound  taxa  (Tab ' l e  30 ) .

Fo r  j uven i l e  f i shes ,  add i t ' i ona ' l  s t r i k i ng  pa t te rns  (no t  d i rec t l y  t es ted  by
ANOVA)  i nc lude :

1.  YOY rock v / rasse and barred sand bass were near ly  to  comp' le te ' ly

absen t  a t  PAR in  fa l l  1985  and  fa l l  1986  (Append ix  R ,  Tab ' l es  10 ,

11 ) .  The  YOY o f  bo th  spec ies ,  and  rock  wrasse  i n  pa r t i cu1a r ,  had
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ranked  h igh l y  a t  PAR in

Tab l  es  1 ,  3 ) .

2 "  Re la ted  changes  i n  o l de r

inc reases  ( f rom 0c tobe r

rock  wrasse  (Append ix  R ,

Tab l  es  1 ,  3 )  .

0c tobe r  1984  (DeMar t i n i  e t  a l .  1985a ,

j uven i l e  r ank ings  i nc l uded  f a l l  1985 -85

1984)  j n  t he  re la t i ve  abundances  o f  0J

Tab ' l es  10 ,  f  i  ;  DeMar t i  n i  e t  a l  .  1985a ,
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3.

4 .

4 .3 .2

Poss ib le  expans ion  o f  YOY senor i t a  anc i  bo th  YOY and  0J  s tages  o f

Ca l i f o rn ia  sheephead  in to  Cres t  hab i ta t  was  no t i ceab ie  be tween

0c tobe r  1984  and  fa l l  1985 -85  (Append ix  R ,  Tab les  10 ,  11 ;

DeMar t i n ' i  e t  a l  .  1985a ,  Tab les  1 ,  3 ) .

The  number  o f  spec ies  rep resen ted  by  o ' l de r  j uven i l es  rema ined

grea te r  t han  the  spec ies  r i chness  o f  YOY du r ing  1985-85
(Append ix  R ,  Tab les  10 ,  11 ) .  0J  spec ' i es  r i chness  had  been

grea te r  i n  0c tobe r  1984  as  we l l  (DeMar t i n i  e t  a l .  1985a ,  Tab les

2,  3) .

Fish Abundances at PAR

fhe  abundances  o f  f i shes  a t  PAR in  fa l l  1985  and  fa l l  1986  a re  es t ima ted

us ing  two  ma io r  t ypes  o f  i n fo rma t ion :  (1 )  s t ra tum-spec i f i c  dens ' i t i es ,  and  (2 )

a rea l  ex ten ts  o f  t he  respec t i ve  s t ra ta .

4 .3 .2 .1  Juven i l e -Adu l t  F i shes

Orqan iza t i on  o f  Da ta  D isp lays .  Abundance  es t ima tes  a re  more  i n te rp re tab je  when

the  dens j t y  da ta  used in  mak ing  t he  es t ima tes  a re  p rov ided .  W i th  t h i s  i n  m :nd ,  a

reader ' s  gu ' i de  to  the  sequence  o f  da ta  d i sp ' l ays  fo l l ows :  F i r s t ,  we  summar i ze  the

numer i ca l  dens i t i es  ( a rea l  Oa i i s )  o f  each  spec ies  p l us  t o ta l  f i shes  i n  Tab le  31

( fa l l  1985 )  and  Tab le  32  ( fa11  1986) .  We igh ted  dens i t i es  a re  es t ima ted  separa te l y

fo r  each  ma io r  i i f e  s tage ,  and  fo r  poo led  Cres t ,  51ope ,  Eco tone ,  and  Ad iacen t  Sand

s t ra ta  (Tab les  31 ,  32 ) .  Nex t ,  we  summar i ze  the  co r respond ing  abundance  es t ima tes

fo r  f a l l  1985  i n  Tab le  33  (numbers )  and  Tab le  34  (b iomass ) .  Tab les  35  and  36

summar i ze  ana logous  da ta  fo r  f a l l  1986 .
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Our best  abundance est imates for  1986 are for  the sum of  Rock (Crest  and
S lope ) ,  sand - rock  Eco tone ,  and  Ad jacen t  Sand  reg ' i ons .  l Je  fee l  t ha t  t h i s
comb ina t i on  o f  hab i t a t s  bes t  cha rac te r i zes  f i sh  abundance  a t  PAR pe r  se  - - ' i . € . ,

f i sh  j n  add i t i on  i o  backg round  abundance  on  t he  sand  p ' l a ' i n .  Th i s  conc lus i on  i s
based  on  the  resu l t s  o f  two  t ypes  o f  comp ' l emen ta ry  ana ' l yses .  (1 )  ANOVA ana lyses
have  shown  tha t  t he  b iomass  dens i t i es  o f  mos t  ma jo r  spec ' i es  d rop  ab rup t l y  f rom
Cres t  and  S lope  l eve l s  i n  ad jacen t  sand  ( i f  no t  a l r eady  i n  eco tone )  r eg ions
(Append' ix  S ,  Tabl  e  1)  .  (2)  ANOVAs compar i  ng the b i  omass densi  t ' ies  of  b i  omass-
dom inan t  spec ' i es  on  ou t l y i ng  sand  segmen ts  o f  t t i n t e rna l r ' ve r sus  i l ex te rna l I

t ransec ts  (Append ix  Q ,  F ' i g .  2 )  were  unab le  to  demons t ra te  d i f f e rences  i n  ma jo r
species between the two types of  t ransects  (Appendix  S,  Tab ' l  e  Z) .

S t ra tum-spec i f i c  abundances  o f  j uven i l e -adu l t  f i shes  a re  p rov ided  i n
Append i x  S ,  Tab les  3 ,4  ( j uven i l e -adu l t  numbers ,  f a l l  i 985  and  1986 ) ,  Tab les  5 ,6
( i uven i l e -adu l t  b i omass ,  f a l l  1985  and  i 985 ) ,  and  Tab les  7 ,8  (Y0Y-0J  numbers ,  f a l l
1985  and  1986 ) .

Fo r  comp le teness ,  Append ix  S  a l so  p rov ides  es t ima tes  o f  t he  abundance  o f
j uven i l e -adu l t  f i shes  fo r  poo led  Rock  and  Eco tone  hab i ta t s  (numbers ,  Tab le  9 ;
b i omass ,  Tab le  10 ) ;  f o r  0u t l y i ng  Sand  reg ions  (Tab les  11  , 72 ) ;  and  f o r  a ' l ' l  samp l i ng
s t ra ta  - -  i . e . ,  t he  3 .4 -ha  a rea  enc losed  by  a  30 -m r rha lo r r  su r round ing  a ' l ' l  modu le
eco tones  (Append i x  S ,  Tab les  13 ,  14 ) .

Es t ima ted  s t ra tum-spec i f i c  a rea l  ex ten ts  used  i n  the  abundance  ca l cu la t ' i ons
a re  l i s t ed  i n  Tab le  3  o f  Append i x  Q .

Numer i ca ' l  Abundances .  t Je  es t ima te  tha t  ove r  11 ,000  j uven i l e -adu l t  f i shes  were
p resen t  i n  C res t ,  51ope ,  and  Eco tone  hab i ta t s  a t  t he  8  PAR modu jes  du r ing  fa l ' l
1985  (Tab le  33 ) .  (Th ' i s  i s ,  f o r  seve ra l  reasons ,  an  underes t ima te  o f  t o ta l  f i sh
abundance  a t  PAR ' in  fa l l  1985 .  See  ou r  comp lemen ta ry  es t ima tes  fo r  f a l ' l  1985 ,
be low) .  Abou t  78%of  the  f i sh  (mos t l y  b lacksm ' i t h )  es t ima ted  p resen t  i n  f a l l  1985

were iuveni  I  es ;  l?3(  were subadui  ts ;  and 10i5 were adul  ts  (Tab ' le  33)  .  Exc ' l  ud i  ng

b lacksmi th ,  abou t  2A% o f  t o ta l  f i sh  numbers  werc  j uven i ' l es ;  45% were  subadu l t s ;

and  35% were  adu l t s  (Tab1e  33 ) .

I  
. In  fa l l  i 986 ,  we  es t imate  tha t  the re  were  over  16 ,000  juven i le -adu i t  f i shes

in Rock-Ecotone-Adjacent Sand habi tats at  PAR (Tab' le 35).  About 65% lyere
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i uven ' i l es  (mos t l y  b ' l acksm ' i t h ) ;  27% were  subadu l t s ;  and  8% were  adu l t s  (Tab1e  34 ) .

Exc l  ud i  ng  b l  acksm ' i t h ,  abou t  23% were  j uven i  ' l es ;  
56% were  subadu l  t s ;  and  21% were

adu l t s  (Tab1e  35 ) .

4 .3 .2 .2  YOY-OJ  F i shes

Da ta  D isp lays .  We summar i ze  the  we igh ted  numer i ca l  dens i t i es  o f  each  j uven i ' l e

subs tage ' ( and  poo led  subs tages )  f o r  each  spec ies  p ' l us  t o ta l  j uven i l e  f i shes  i n

Tab le  37  ( fa l ' l  1985 )  and  Tab le  38  ( fa ' l ' l  1986 ) .  Tab les  39  and  40  summar i ze  the

es t ima ted  numer i ca l  abundances  o f  YOY,  o lde r  j uven i l es ,  and  to ta l  immatu re  f i shes

fo r  f a l l  1985  and  fa l ' l  1986 .

Numer i ca l  Abundances .  Based  on  the  more  de ta i l ed  and  accu ra te  su rveys  o f  j uven i l e

f ishes made on our  Y0Y-0J surveys,  we est ' imate that  there were over  80,000
juven i l e  f i sh  p resen t  a top  the  rock  modu les  a t  PAR in  fa l ' l  1985  (Tab1e  39 ) .  Abou t

93%of  these  were  b lacksmi th  (Tab1e  39 ) .  A lmos t  a l l  ( 98%)  o f  t he  b lacksmi th  were

YOY, whereas about  two- th i rds of  the immatures of  a l l  o ther  species were o lder

iuven ' i  1es  (Tab ' l e  39 )

In fa l l  1986,  we est imate f rom our  Y0Y-0J censuses that  there were about

38 ,000  i uven i l e -s tage  f i shes  a top  the  rock  modu les  a t  PAR (Tab le  40 ) .  Abou t  85 i6

o f  t hese  were  b lacksmi th  (Tab1e  40 ) .  As  i n  f a l l  1985 ,  nea r ' l y  a l l  ( 94%)  o f  t he

b lacksmi th  were  YOY,  whereas  th ree - fou r ths  o f  t he  immatu res  o f  o the r  spec ies  were

o lde r  j uven i ' l e s  (Tab le  40 ) .

4.3.2.3 Biomass Abundances of  Juveni le-Adul t  F ishes

An  es t ima ted  551  kg  o f  f i shes  were  p resen t  i n  C res t ,  51ope ,  and  Eco tone

hab i t a t s  ' i n  f a l l  1985  (Tab1e  34 ) .  0n l y  abou t  5% o f  t h i s  b i omass  was  i uven i l e

f  i  shes;  the remai  nder  was subadul  ts  GA) and adul  ts  (53%; Tabl  e  34)  .  The

es t ima ted  b iomass  dens i t y  a t  PAR in  fa l l  1985  was  abou t  508  kg  pe r  ha ,  s ince  the

sand- rock  ree f  comp lex  cons i s t s  o f  on l y  abou t  0 .9  ha  o f  rock  subs t ra te  and  ha l f

aga ' i n  t ha t  o f  eco tone  (a rea  o f  Rock  p lus  Eco tone  =  1 .3  ha  o r  37% o f  t he  to ta l  a rea

tha t  was  su rveyed  a t l nea r  PAR;  Append ix  Q ,  Tab le  3 ) .

. I n  f a l l  1986 ,  an  es t ima ted  648  kg  o f  f i shes  were  p resen t  i n  t he  I . 7  ha  o f

Cres t ,  51ope ,  Eco tone ,  and  Ad jacen t  Sand  hab i ta t s  a t  PAR (Tab le  36 ) .  (Th i s  va lue
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i n c l udes  t he  f i shes  p resen t ' i n  l ex t r a l im i t a l "  r eg ions  above  c res t s  and  s l opes  o f

t he  modu les . )  Aga in ,  on l y  a  sma l l  f r ac t i on  (8%)  o f  t o ta l  b i omass  was  j uven i l e

f i shes .  l - he  rema inde r  was  subadu l t s  (497 / , )  and  adu l t s  (a3%;  Tab le  35 ) .  The

co r responc l i ng  b iomass  dens i t y  was  abou t  380  kg  pe r  ha .  Abou t  78? (  (504  kg )  o f  t he
648  kg  t o ta l  occu r red  i n  C res t ,  S iope ,  and  Eco tone  reg ions  (Append i x  S ,  Tab le  10 ) .

B iomass  es t ima tes  f o r  sub reg ions ,  and  va r i ous  comb ina t i ons  t he reo f ,  f o )1ow :

We es t ima te  tha t  t he re  were  an  add i t i ona l  435  kg  o f  f i shes  p resen t  i n  t he  Ou t l y i ng

Sand  reg ion  i n  f a l l  1986  - - 75% o f  t he  578  kS  p resen t  i n  a l l  sand  reg ions  (Append i x

S ,  Tab le  12 ) .Ba r red  sand  bass ,  sa rgo ,  and  a  t h i r d  ( t r ans ien t )  spec ies ,  j ack

mackere l ,  each  cons t i t u ted  nea r l y  a  qua r te r  o f  t h i s  sub to ta l  (Append ix  S ,  Tab le
6 ) .  I f  added  to  the  s tand ' i ng  c rop  j n  Rock -Eco tone -Ad jacen t  Sand  reg ions ,  t he  435 -

kg  sub to ta l  wou ld ' i nc rease  ou r  es t ima te  o f  f i sh  b i omass  a t  PAR,  f o r  r eg ions

ex tend ing  t q  30  m  f r om a l l  modu les ,  t o  1 ,082  + / -  590  kg  (Append i x  S ,  Tab le  i 4 ) .

Exp ressed  as  b iomass  dens ' i t y ,  t he  sub to ta l  f o r  Ou t l y i ng  Sand  was  abou t  255  kg /ha
( fo r  1 .7  ha ) .  B iomass  dens i t y  f o r  t he  en t i re  3 .4 -ha  rock -sand  comp lex  wou ld  be

abou t  318  kg /ha .

4 .4  DTSCUSSTON

4.4 . ' l Fish Assemblage Structure

In  t e rms  o f  spec ies  compos i t i on ,  Pend le ton  A r t i f i c i a l  Ree f  (PAR)  has ,  s i nce
abou t  2  -  3  yea rs  fo l l ow ing  i t s  es tab l i shmen t ,  been  i nhab i ted  by  an  assemb ' l age  o f

f i shes  genera l1y  rep resen ta t i ve  o f  sha i1ow,  rocky  ree fs  (LOSL 1983b ,  Tab ' l e  15 ) .

Th i s  has  a l so  been  t rue  fo r  o the r  a r t ' i f i c i a l  hab i ta t s  p rev ious ' l y  es tab l i shed

e lsewhere  th roughou t  t he  Sou the rn  Ca l ' i f o rn ia  B igh t  (Car i i s l e  e t  a l .  i 964 ;  Tu rne r

e t  a ' l  .  1969 ;  Dav i s  e t  a l  .  i 982 ) .  0n  th i s  g ross  ( spec ies )  ' l eve1  
,  mos t  o f  t he  f  i shes

tha t  i nhab i t  sha ' l l ow  na tu ra l  o r  a r t i f i c i a : l  r ocky  hab i t a t s  ( i nc ' l ud ing  ke lp  beds )
have  nonspec ' i f i c  hab ' i t a t  requ ' i r emen ts  (Quas t  1968a ;  A l l en  1985 ;  He lvey  and  Smi th

1985) .  Even  the  homogeneous  conc re te  s t ruc tu res  o f  coas ta l  genera t i ng  s ta t i ons

a t t rac t  bas i ca ' l l y  t he  same assemb lage  o f  f i shes  (He lvey  and  Dorn  i 981 ;  He ' l vey  and

Smi th  1985 ) .

A  more  i n te res t i ng  and ' impor tan t  d i s t i nc t i on  be tween ' l oca l  na tu ra l  rock  ree fs

and  new,  a r t i f i c i a ' l  hab i ta t s  such  as  PAR may  be  the  s i ze - (age - )  s t ruc tu re  o f  t he i r

f i sh  s tocks .  O the rs  have  genera l ' l y  no ted  the  heavy  rec ru i tmen t  o f  YOY f i shes  a t

4-13



ea r l y  success iona l  a r t i f i c i a l  s t r uc tu res  i n  t r op i ca l  seas  (Randa l ' l  1963 ;  Buss ing

1972 ;  Russe l l  e t  a l .  1974 ;  Gundermann  and  Popper  1975 ;  Ta lbo t  e t  a l .  1978 ;  bu t  see

Brock  e t  a l  .  1979 ;  B rock  1980 ;  Wa lsh  1985) .

Gascon  and  M i1 le r  ( i 981 ) , ' i n  a  s tudy  o f  t he  co lon i za t i on  ra te  o f  f i shes  on

conc re te -b lock  ree fs  i n  sha ' l l ow  Br i t i sh  Co lumb ia  wa te rs ,  obse rved  few  YOY rec ru i t s

among  o lde r  i uven i l e  and  adu l t  immig ran ts .  Pe rhaps  the  rec ru i tmen t  o f  YOY i s  more

annua l l y  va r i ab le  fo r  t he  genera l l y  l onge r -1 i ved  f i shes  on  tempera te  ree fs .  0 r

pe rhaps  l ush  ep ib io tas  take  l onger  to  deve lop  on  tempera te  ree fs .  The  pauc i t y  o f

YOY rec ru i t s  on  Gascon  and  M i l l e r r s  (1981)  ree fs  and  a t  PAR (excep t  f o r

b lacksmi th )  may  be  an  a r t i f ac t  o f  more  ep ' i sod i c  rec ru i tmen t  aL  h ighe r  i a t i t udes .

I f  no t ,  i t  i s  t emp t i ng  t o  specu ia te  t ha t  r e l a t i ve l y  f ew  sma l l  j u ven i l e  f i shes  a re

ab le  to  i nhab i t  a r t i f i c i a ' l  s t ruc tu res  i n  t empera te  reg ions  un t i ' l  " hab i ta t  f o rmers ' l

( bushy  a lgae  and  e rec t ,  co ' l on ia l  i nve r teb ra tes )  deve lop  du r ing  l a te r  success ' i on

(more  than  seve ra l  yea rs  fo l l ow ing  cons t ruc t i on ) .

Enhanc ing  (o r  coun te rac t i ng )  t he  e f fec ts  o f  b io ' l og i ca l  cove r ,  o f  cou rse ,  a re

va r i a t i ons  i n  t he  abundance  and  s i ze  o f  i n t e r s t i ces  i n  t he  subs t ra te  i t se l f .

Ex t reme examp les  among  loca l  a r t i f i c i a l  hab i ta t s  a re  the  numerous  i n te rs t i ces  i n

the rocks of  breakwaters and reefs  such as PAR versus the uni form sur face of  the

la rge  conc re te  b locks  fo rm ing  the  o f f sho re  i n take  s t ruc tu res  fo r  coas ta l  e ' l ec t r i c

genera t i ng  s ta t i ons  (He lvey  and  Smi th  1985) .  The  dens ' i t y  o f  she l te r  ho les ,  i f  no t

subs t ra te  he te rogene i t y  and  d i ve rs i t y ,  shou ld  be  impor tan t  f o r  f i shes  i n  a l l  seas ,

and  many  examp les  ex i s t  f o r  t r op i ca l  co . ra l  r ee f s  ( e .g . ,  Ta lbo t  e t  a l .  1978 ) .

Ambrose (1987) ,  however ,  has observed two apparent  local  except ions at  the Newport

and  Hermosa  Beach  a r t i f i c ' i a l  r ee fs .  These  deep  (21 -24  n ) , ' r open ly  cons t ruc ted t l

ree fs  o f  conc re te  p i i ' i ngs  had  f i sh  dens i t i es  and  d i ve rs i t i es  tha t  were  equ ' i va len t

to  those at  ar t i f ic ia l  s t ructures having more heterogeneous habi ta t  (Ambrose

1e87) .

PAR's  p r imary  subs t ra te  o f  qua r ry  rock  p rov ides  a  h igh  dens i t y  o f  she l te r

ho les ,  bu t ,  as  o f  f a11  1985  and  fa l l  1986 ,  t he re  were  no  es tab l i shed  Macrocys t i s

o r  subcanopy  ke lps  and  on l y  a  weak ' l y  deve loped  ove rs to ry  o f  bushy l rhab i ta t

fo rmers ' r  (p r imar i l y  t he  go rgon ians ,  Mur i cea  spp ;  R .  Ambrose ,  1987  and  pe rs .

comm. ;  E .  DeMar t ' i n i ,  pe rs .  obs . ) .
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I n  0c tobe r  1984 ,  YOY cons t i t u t ed  67? ! , t o97?6o f  a l l  j u ven i l e  f i shes  p resen t  on

t ransec ts  a t  PAR,  bu t  on l y  287 ( ,  t o  667 !  o f  a l l  j uven ' i l es  exc lud ing  numer i ca l l y

dom inan t  b l acksm i th  (DeMar t i n i  e t  a l .  1985a ,  Tab le  1 ) .  Juven j l e  f i shes  made  up

78% o f  a l l  f i shes  p resen t  a t  PAR i n  f a l l  1985  (Tab le  33 )  and651 (  o f  t o ta l s ' i n  f a l l

1986  (Tab1e  35 ) "  Exc lud ing  b l acksm i th ,  howeve r ,  on l y  abou t  26% to  31? t i  o f  a l l

i uven i l es  i n  1985-86  were  YOY (Tab les  39  and  40 ) .  Tha t  i s ,  69% to  74% o f  Lhe

immatu re  s tages  o f  mos t  f i shes  p resen t  a t  PAR du r ing  the  l a t t e r  two  yea rs  were

o1der  j uven ' i l es  tha t  e i t he r  se t t l ed  ou t  o f  t he  p lank ton  a t  PAR in  a  p rev ' i ous  yea r

o r  t ha t  rec ru i t ed  e l sewhere  and  subsequen t l y  ' immig ra ted  to  PAR.  The  l ow
propor t i on  o f  YOY a t  PAR in  each  o f  t he  th ree  success i ve  yea rs  sugges ts  tha t ,  f o r

mos t  spec ' i es ,  o lde r  j uven i l es  p resen t  on  PAR a re  imm' ig ran ts ,  no t  t he  su rv i vo rs  o f
YOY tha t  i n i t i a l l y  rec ru i t ed  f rom the  p lank ton  a t  PAR.

Desp ' i t e  t he ' i r  numer i ca l  dominance ,  j uven i l es  con t r i bu ted  on l y  5% to  to ta l
f  i sh  b ' i om-ass  a t  PAR jn  fa l l  1985  (Tab1e  34 )  and  an  ana logous  8? ! ,  i n  f a l l  1986  (Tab ' l e

36 ) .  These  da ta  have  impo r tan t  imp l i ca t i ons  f o r  b i omass  es t ima tes  ( see  be low) .

A t  f i r s t  t hough t ,  t he  re l a t i ve  abundances  o f  j uven i l e  ( ve rsus  o l de r - s tage )

f i shes  i n  SONGS-a rea  ke lp  beds  wou ld  seem a  reasonab le  bas ' i s  f o r  compar i son  w i th
PAR.  The  San  Ono f re  Ke lp  (SOK)  bed  and  the  San  Ma teo  Ke lp  (SMK)  bed  do  no t  p rov ide

the  mos t  r e l evan t  bas i s  f o r  compar i son  w i t h  PAR,  howeve r .  Juven i l e  f i shes

rep resen ted  on l y  abou t  I 0% o f  t o ta l  f i sh  numbers ,  equ i va len t  t o3%to l I%o f to ta l

f i sh  b iomass ,  a t  SOK du r ing  fa ' l 1  1985  and  fa l ' l  1986  (Chap te r  Th ree ;  a l so  Append ix

L ,  Tab les  1 -3 ) .  As  a t  PAR,  t hough ,  t he  imma tu res  o f  mos t  f i shes ' i n  S0NGS-a rea  ke ip

beds  a re  o l de r  j uven ' i 1es ,  no t  YOY (Chap te r  3 ;  Append i x  T ,  Tab les  1A ,  18 ,  2 ,  6A ;  and

E .  DeMar t i n i ,  pe rs .  obs . ) .  The  o f f sho re  reg ions  o f  cobb le -bo t t om ke ' l p  beds  such

as  SOK and  SMK a re  dense ly  rec ru i t ed  by  the  YOY o f  on l y  a  s ing le  spec ies  ( ke1p

bass ) ,  and  the  magn i tude  o f  rec ru i tmen t  va r ies  g rea t l y  among  yea rs  (Append ' i x  L ,
Tab ' l es  i - 3 ;  E .  DeMar t i n i ,  pe rs .  obs .  ) .  The  YOY o f  t h ree  o the r  spec ies
(b ' l acksm i th ,  seno r i t a ,  and  g i an t  ke lp f i sh )  on l y  seconda r i i y  r ec ru i t  t o  t he  su r f ace

canopy  and  ho ld fas t  reg ' i ons  o f  deeper  po r t i ons  o f  SOK and  SMK (see  Append ix  L ,

Tab les  1 -3 ) .  P r ima r i ' l y ,  t he  YOY o f  t hese  t h ree  f i shes  (and  many  o the r  spec ies )

rec ru i t  t o  reg ions  o f  dense  ove rs to ry  a igae  on  sha l l ower  rocky  ree fs  (E .

DeMar t i  n ' i  ,  pe rs .  obs .  )  .

,I

r  A  more  mean ing fu l  bas i s  f o r  eva lua t i ng  hab i ta t  a t  PAR m igh t  be  da ta  p rov ided

by  the  M i t i ga t i on  Ree f  P ro jec t ' s  repo r t  on  fa ] l  1985  su rveys  o f  numerous  na tu ra l
I
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and  a r t i f i c i a l  r ee f s  t h roughou t  t he  Sou the rn  Ca l i f o rn i a  B igh t  (Ambrose  1987 ) .  I n

t h i s  r epo r t ,  dens i t y  da ta  f o r  YOY and  o l de r  f i shes ,  p l us  da ta  on  t he  re l a t i ve

deve l  opmen t  o f  b ' i o ' l og i  ca1  subs t ra tes ,  a re  compared  be tween  two  se r i  es  o f  16

na tu ra l  and  10  a r t i f i c i a l . r ee f s  (Ambrose  1987 ) .

Ambrose ' s  ( 1987 )  ma jo r ,  r e l evan t  f i nd i ngs  a re  summar i zed  as  f o l l ows :

(1 )  PAR,  l i ke  submergen t  a r t i f i c i a l  r ee f s  e l sewhe re  i n  sou the rn  Ca l i f o rn i a ,
' i s  depaupera te  i n  ke lps  and  o the r  ben th i c  a igae ,  p robab iy  because  mos t  o f  t hese

ree f s  a re  deep  (whe re  l i gh t  l im i t s  p l an t  g row th ) .  0n  a r t i f i c i a l  r ee f s ,  t he

percen t  cove r  and  mean  he igh t  o f  ben th i c  a lgae  a re  one -ha i i  t hose  on  na tu ra l  ree fs

(Ambrose  1987) .

( 2 )  PAR,  aga in  l i ke  mos t  l oca l  a r t i f i c i a l  r ee f s ,  pone the less  has  re l a t i ve l y

dense  popu la t i ons  o f  YOY as  we l l  as  o lde r -s tage  f i shes .  0n  ave rage ,  YOY a re

d i sp ropo r t i ona te i y  dense  on  1oca l  a r t i f i c i a l  ree fs  - -  >  5  t imes  dense r  than  on

na tu ra l  ree fs  - -  compared  to  the  ave rage  d i f f e rence  i n  the  dens i t i es  o f  adu l t

f i shes  on  the  two  t ypes  o f  ree f  (2 .3  t imes  g rea te r  on  a r t i f i c i a l s :  Ambrose  1987) .

(3 )  The  YOY f i shes  on  an t i f i c i a l  ree fs  a re  domina ted  by  b lacksmi th  (an

ave rage  o f  5 I% o f  a l l  YOY p resen t ) ,  re la t i ve  to  the  con t r i bu t i on  o f  t h i s  spec ies

to  na tu ra l  ree fs  (ave rage  19% o f  a l l  Y0Y) .  Exc lud ing  b lacksmi th  (and  gob ies :

b luebanded goby - -  an annual  f ish - -  was exceedingly  dense at  the King Harbor

Breakwa te r  s i t e ) ,  t he  mean  dens i t y  o f  YOY on  a r t i f i c i a l  ree fs  was  abou t  1 .8  t imes

greater  than the average for  YOY on natupal  reefs  (Ambrose 1987) .  Thi  s  apparent

d i f f e rence  i nc ludes  sha11ow,  vege ta ted  b reakwa te r  s i t es  i n  t he  a r t i f i c j a l  ree f

ca tego ry  and ' i s  no t  s t a t i s t i ca l l y  s i gn i f i can t  (P  =  0 .28 ;  Ambrose  1987 ) .

We conc lude ,  based  on  ou r  obse rva t i ons  a t  PAR,  p lus  the  a r t i f i c i a ' l - na tu ra l

ree f  compar i son  o f  Ambrose  and  co -worke rs ,  t ha t  t he  re la t i ve l y  g rea t  dens i t ' i es  o f

YOY f i shes  a t  PAR (and  genera l i y  a t  a r t i f i c i a l  ree fs  i n  t he  B igh t )  rep resen t

l i t t ' l e  more  than  the  dominance  o f  b lacksmi th .  Th i s  spec ies ' i s  known  to  ob l i ga te ' l y

she l t e r  i n  r ock  ho les ,  espec ia l l y  as  a  j uven i l e  (B ray  1981 ) .  l r / e  sugges t  t ha t  t he

de f i c i ency  i n  ben th i c  a1ga1  cove r  on  a r t i f i c i a l  r ee f s  i s  i r r e l evan t  f o r  j uven i l e

b lacksmi th ,  g i ven  the  h igh  dens i t y  o f  rock -ho le  resou rces  p rov ided  by  b reakwa te rs

and quarry  rock reefs .
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4.4,2 Dis t r ibut ion and Densi ty  Pat terns

M jc rohab ' i t a t  f ea tu res  s ' i gn i f  i can t ' l y  i n f l uenced  t he  d i s t r i bu t i on  o f  t he  o l de r

l i f e  s t ages  o f  seve ra l  spec ies  o f  f i shes  a t  PAR i n  f a l l  1985  and  f a l l  1986 .

Moreove r ,  some spec ies  d i f f e red  among  o lde r  l i f e  s tages  i n  t he i r  re la t i ve

dens i t ' i es  i n  t he  va r ious  m ic rohab i ta t s  (Tab les  27 -29 ) .  Spa t i a l  f ea tu res

con t r i bu ted  espec ia l l y  t o  t he  d i s t r i bu t i on  o f  t he  j uven i l e  subs tages  o f  many

spec ' i es ,  and  d j f f e rences  be tween  the  two  subs tages  o f  a  spec ies  were  commonp lace
(Tab l  e  30 )  .

M ic rohab i ta t  e f fec ts  were  cha racLer i zed  by  d i f f e rences  i n  f i sh  dens i t i es

among  samp l ing  s t ra ta .  These  s t ra ta  - -  w i th in -modu le  fo r  Y0Y-0J  f i shes ;  and  among

rock -sand  reg ions  fo r  JUV-AD f i shes  d i f f e red  i n  two  ma io r  ways :  (1 )  dep th
( consequen t l y  ' l i gh t ,  

su rge ,  e t c . )  and  re l a ted  compos i t i on /deve lopmen t  o f  t he

fou l ' i ng  commun i t y ,  and  (2 )  p rox im ' i t y  t o  t he  sand- rock  i n te r face .  Food  and  she l te r

resou rces  obv ious l y  mus t  change  w i th  deve lopmen t  o f  b io log i ca l  subs t ra tes  and  the

compos i t i on  o f  p r imary  subs t ra tes  (e .9 . ,  see  Dav is  e t  a l  "  1982) .  I t  i s  t he re fo re

no t  su rp r i s i ng  t ha t  t he  dens ' i t i e s  o f  sma l l  j u ven ' i 1e  f i shes  ( i . e . ,  t hose  s tages

mos t  dependen t  on  she l te r  and  pe rhaps  hav ' i ng  the  mos t  spec ' i a l i zed  food

requ i remen ts )  mos t  f requen t l y  d i f f e red  among  s t ra ta .

The most  notabl  e  among the recent ly  observed st ratum-by-1 i  fe-s tage

in te rac t i ons  i nvo l v i ng  j uven i ' l e  f i shes  a re  bes t  exp la i ned  i n  t e rms  o f  t he i r  pas t

pa t te rns  a t  PAR.  
'The  

numer i ca l  dominanee  o f  YOY b lacksmi th  on  modu le  c res ts  i n

f a l l  1985  and  1986  (Tab ies  27 -30 ) ,  as  i n  Oc tobe r  1984  (DeMar t i n i  e t  a l .  1985a ,

Tab le  1 ) ,  su re l y  re f l ec t s  con t i nued  rec ru ' i tmen t  t o  rock  she l te rs  nea r  t he  cu r ren t -

swep t  p romon to r ies  tha t  a re  the  ma jo r  f o rag ing  s i t es  o f  t h i s  zoop lank t i vo re  (B ray

198 i ;  Mor r i s  1984) .  The  re la t ' i ve  numbers  o f  o lde r  j uven i l e  b lacksm ' i t h  ( ve rsus

YOY)  con t i nued  t o  i nc rease  i n  f a l l  1985  and  f a ' l ' l  1986  (Tab ' l es  30 ,39 ,  40 ;  Append i x

R .  Tab les  10 ,  11 ) .  These  obse rva t ' i ons  add  f u r t he r  suppo r t  f o r  DeMar t i n r '  e t  a l . r s

(1985a)  a rgumen t  t ha t  b lacksmi th  f i r s t  co lon i zed  PAR in  the  summer  o f  1983  by

rec ru i tmen t  f rom the  p lank ton  ( see  L0SL  1983c ,  F ig .  2 -8 ) .

Dur ing  the  two  recen t  f a l l  pe r i ods ,  bo th  the  YOY and  0J  o f  ano the r

pomacen t r i d ,  t he  ga r iba ' l d i ,  we re  more  dense  on  modu le  c res ts .  Juven i l es  were

gene ra l ] y  mo re  abundan t  i n  f a l l  1985  t han  f a ] l  1986  (Tab le  30 ) .  I n  Oc tobe r ' 1984

on iy  a  s ' i ng1e  YOY rec ru i t  ga r iba ld ' i  was  obse rved  a t  PAR,  bu t  0J  ga r iba id i  we re
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s ign i f i can t l y  mo re  abundan t  on  c res t s  ( ve rsus  pe r ime te rs )  o f  modu les  (DeMar t i n i  e t

a l .  1985a ,  Tab les  1 ,  4 ,5 ) .  Pe rhaps  (1 )  t he  g rea te r  deve lopmen t  o f  f i l amen tous

and  o the r  t u r f  a lgae  a top  the  sha ' l l ower ,  be t te r - ' l i t  modu le  c res ts  genera ' l 1y  favo rs

iuven i l e  ga r iba ld ' i  ;  ( 2 )  t he  deve lopmen t  o f  a iga l  t u r f  s  was  g rea te r  a t  PAR ' i n  f a l  I

1985 -86  t han  p rev ious l y ;  and  (3 )  t he  1985  yea r  c l ass  o f  ga r i ba ld i  was  s t r onge r

than  i t s  1986  yea r  c l ass .  ,

0 lde r  j uven i l e  ke lp  bass  were  dense r  than  YOY on  modu le  c res ts  i n  Oc tobe r

1984 ,  f a l l  1985 ,  and  f a l l  1986  (DeMar t ' i n j  e t  a l  .  1985a ,  Tab ies  1 ,  4 ,  5 ;  t h i s

repo r t ,  Tab les  30 ,39 ,40 ,  and  Append i x  R ,  Tab ' l es  10 ,  11 ) .  The  g rea te r  r e l a t i ve

abundance  o f  o l de r  j uven i l e  ke ' l p  bass ' i n  c res t  r eg ions  may  be  re l a ted  t o  t he

re la t i ve  abundance  o f  t i ny  f i shes  t he re  (F igs .  5 ,  7 ) .  YOY ke lp  bass  we re

ex t reme ly  ra re  a t  PAR in  0c tobe r  1984  (DeMar t ' i n i  e t  a l .  1985 i r ,  Tab le  1 ) .  YOY ke ip

bass  were  absen t  f rom PAR ' in  fa l l  1985  and  were  ex t reme ly  ra re  i n  f a l l  1986  (Tab les

39 ,40 ;  Append i x  R ,  Tab les  10 ,  11 ) .  I t  i s  obv ious  t ha t  PAR,  pe rhaps  l i ke  o the r

deep ,  na tu ra ' l  r ock  ree fs  l ack ing  ben th i c  a lgae  and  Macrocys t i s ,  p rov ides

un favo rab le  rec ru i tmen t  hab i ta t  f o r  YOY ke lp  bass .  Dur ing  fa l l  1 .985 ,  YOY ke lp

bass  rec ru f ted  to  ke lp  canopy  reg ions  a t  SOK and  SMK,  a l t hough  rec ru i t  dens ' i t i es

we re  t hen  re l a t i ve l y  l ow ,  a t  l eas t  on  a  l oca l  sca le  (Append ' i x  L ,  Tab les  1 -3 ) . .VOY

ke ' l p  bass  rec ru i tmen t  was  heav ie r  a t  SOK i n  f a l l  1986  (0 .5 -0 .6  f i sh /1000  m" ;

Append i x  L ,  Tab les  2 -3 )  t han  i n  f a l l  1985  (0 . i - 0 .2  f l sh /1000  mr ) .  The  dens ' i t i e s

o f  YOY ke lp  bass  rema ined  ve ry  l ow  a t  PAR ' i n  1986  (Tab le  40 ;  Append i x  R ,  Tab le  11 ) .

The  j uven i  1e !  o f  ce r ta ' i n  o the r  f  i  shes  con t ' i nued  to  be  re l  a t i ve l y  dense  on

modu le  pe r ime te rs .  0 lde r  j uven i l e  ba r red  sand  bass  rema ined  s ign ' i f i can t l y  more

dense ' i n  and  nea r  the  sand- rock  i n te r faces  o f  modu les  ( ve rsus  a top  the  modu les

themse lves )  du r ing  Oc tobe r  1984 ,  f a l l  1985 ,  and  fa l l  1986  (DeMar t i n i  e t  a l .  1985a ,

Tab les  1 ,  4 ,5 ;  t h i s  r epo r t ,  Tab le  30 ;  and  Append i x  R ,  Tab les  10 ,  11 ) .  A1 ' l  l i f e

stages (YOY through adul  t )  o f  th i  s  speci  es have a lways been re ' la t ' ive ' ly  more

abundan t  i n  reg ions  o f  m ixed  sand  and  rock  a t  PAR (DeMar t i n i  e t  a l .  i 985a ;  t h i s

repo r t ,  Tab le  28 ) .  YOY ba r red  sand  bass  were  no t  obse rved  a t  PAR in  fa l l  1985  o r

fa l l  1986  (Append ix  R ,  Tab les  10 ,  11 ) .  } Je  specu la te  tha t  t he  absence  o f  t hese  YOY

re f l ec t s  a t  l eas t  a  l oca l  rec ru ' i tmen t  f a . i l u re  i n  t he  two  yea rs ,  no t  a  change  in  the

su i tab ' i l i t y  o f  hab i ta t .  We  sugges t  t h i s  because  YOY ba r red  sand  bass  i nhab i ted

the  same sand- f l oo red  rock  ho les  as  b lackeye  goby  d jd  i n  Oc tobe r  1984  a t  PAR (E .

DeMan t in i ,  pe rs .  obs . ) .  And  b lackeye  goby  were  abundan t  i n  sand - rock  hab i ta t  a t

PAR du r i ng  f a l l  1985  and  f a l l  1986  (Append i x  R ,  Tab les  10 ,11 ) ,  i n  add ' i t i on  t o

Oc tobe r  1984  (DeMar t i n i  e t  a l .  1985a ,  Tab le  1 ) .
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YOY senor i t a  a l so  con t i nued  to  be  re la t i ve i y  numerous  on  modu ' l e  pe r ime te rs

( ve rsus  c res t s )  i n  f a l l  1985  and  f a l l  1986  (Tab le  30 ) .  I n  0c tobe r  1984  YOY

senor i t a  (as  we1 ' l  as  the  YOY o f  two  o the r  l ab r i ds  - -  rock  wrasse  and  Ca l i f o rn ia

sheephead)  were  more  dense  i n  pe r ime te r  reg ions  a t  PAR (DeMar t i n i  e t  a l .  1985a ,

Tab les  1 ,  4 ,  5 ) .  Pe rhaps  t he  con t ' i nued ,  r e l a t i ve  sca rc i t y  o f  seno r j t a  on  modu le

c res ts  re f l ec t s  a  pe rs ' i s ten t  l ack  o f  rec ru ' i tmen t  hab i ta t  a t  PAR (see  be ' l ow) .  I n

Oc tobe r  1984 ,  t he  YOY o f  seno r i t a  and  rock  wrasse  were  equ iva1en t l y  dense  ' i n  c res t

and  pe r ime te r  r eg ions  a t  Las  Pu lgas  Ree f  (DeMar t i n i  e t  a l "  1985a ,  Tab les  1 ,4 ,5 ) .

Bo th  the  c res t  and  pe r ime te r  a t  Las  Pu ' l gas  Ree f  had  l ush  hab i ta t  f o rmers  i n

0c tobe r  1984  (DeMar t i n i  e t  a1 .  1985a) .

YOY rock  wrasse  fa i l ed  to  rec ru i t  a t  PAR in  e i t he r  f a l l  1985  o r  f a l ' l  1986 .

Aga in ,  t h i s  p robab i y  r e f l ec t s  poo r  r ec ru i tmen t  1oca11y  (o r  B igh tw ide )  j n  bo th
yea rs ,  ra the r  t han  a  dec rease  i n  the  su ' i t ab ' i l i t y  o f  rec ru i tmen t  hab ' i t a t  a t  PAR.

We be l i eve  th i s  because  o f  t he  tempora l  pa t te rns  i n  t he  da ta  fo r  t he  YOY o f

senor i t a ,  a  spec ies  whose  YOY o f ten  assoc ia te  w ' i t h  YOY rock  wrasse  (E .  DeMar t ' i n ' i  ,
pe rs .  obs . ) .  Comprehens ive  (Oc tobe r  1984 ,  f a l ' l  1985 ,  f a l l  1986 )  da ta  fo r  YOY

senor i t a  i nd i ca te  tha t  dens i t i es  have  rema ined  re la t i ve l y  l ow  a top  modu ' l e  c res ts

(ve rsus  pe r ime te rs ) ,  bu t  rec ru i tmen t  has  been  non t r i v i a l  on  modu le  pe r ime te rs

du r i ng  a l l  t h ree  yea rs  (Tab le  30 ;  Append i x  R ,  Tab les  10 ,  11 ;  DeMar t i n i  e t  a l .

1985a ,  Tab ie  1 ) .  Th i s  sugges ts  tha t  t he  deve jopmen t  o f  ove rs to ry  o rgan isms  a top

the  c res ts  d id  no t  change  du r ing  1984-86  i n  te rms  o f  she ' l t e r / f o rage  fo r  rec ru i t

seno r i t a ,  bu t  t ha t  su i t ab le  rec ru ' i tmen t  hab i ta t  pe rs ' i s ted  on  pe r ime te rs  du r tng  a l l

t h ree  yea rs .

A between-year  compar ison of  s t ra tum ef fects  for  YOY sheephead,  however ,

sugges ts  an  a l t e rna t i ve  exp lana t i on .  YOY sheephead  were  consp ' i cuous i y  more  dense

on  modu le  pe r ime te rs  ( ve rsus  c res ts )  i n  0c tobe r  1984  (DeMar t i n i  e t  a l .  1985a ,

Tab les  1 ,  3 ,  4 ) .  [ ' u r i ng  fa l l  1985 ,  however ,  YOY sheephead  were  equ iva len t l y  dense

on  modu le  c res ts  and  pe r ime te rs ;  and  dens i t i es  rema ined  s im i l a r  i n  t he  two  s t ra ta

i n  f a l l  1986  (Tab le  30 ;  Append i x  R ,  Tab les  10 ,  11 ) .  We  conc ' l ude  t ha t  e i t he r  ou r

hypo thes i s  on  the  s ta tus  o f  YOY senor i t a  hab i ta t  a t  PAR i s  f a l se  o r  t ha t  YOY

sheephead  have  l ess -spec ' i f i c  rec ru i tmen t  reou i remen ts  than  do  senor i t a .

Sand- rock  i n te r faces  l i ke l y  a re  a t t rac t i ve  to  YOY f i shes  fo r  seve ra l

i  n te rdependen t  reasons  whose  re l  a t i  ve  ' impor tance  va r i  es  w i  t h  spec ' i es .  Senor i t a

and  rock  w rasse ,  l i ke  many  t r op i ca ' l  l ab r i ds ,  s l eep  pa r t l y  bu r i ed ' i n  sand  a t  n j gh t
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(B ray  and  Ebe l i ng  1975 ;  Ebe l i ng  and  B ray  1976 ;  V i c to r  1986 ) .  P rox ' im i t y .  t o

noc tu rna l  she l t e r s  may  be  c ruc ia l  f o r  t hese  t i ny  YOY f i shes ,  pa r t j cu l a r l y  when

ben th i c  a1ga1  cove r  i s  undeve loped ,  as  a t  PAR.  Food  abundance  may  be  equa l l y  o r

more  impor tan t .  The  YOY o f  bo th  spec ies  p robab ly  feed  on  hypop lank ton i c  and

ep iben th ' i c  c rus tacea ;  a t  PAR,  the  t roughs  scou red  by  su rge  a long  moc iu ' l e  pe r ime te rs

appear  to  t rap  d r i f t  a lgae  and  o the r  de t r i t us  and  may  have  dense  concen t ra t i ons  o f

t hese  c rus tacean  p rey  (E .  Demar t i n i ,  pe rs .  obs . ;  R .  Ambrose ,  pe rs .  comm. ) .  Fo r

o the r  spec ies  o f  f i shes ,  h ighe r  dens i t i es  o f  YOY a t  sand - rock  i n te r faces  a re

c lea r l y  exp l i cab le  ' i n  t e rms  o f  spec i f i c  hab i ta t  requ i remen ts .  YOY ba r red  sand

bass ,  f o r  examp le ,  ' i nhab i t  sand - f l oo red  rock  ho les .

4.4 .3 Fish Abundances at  PAR

4.4.3."1 Fal l  1985 and 1986 Est imates

Our  bes t  ava i l ab le  es t ima te  o f  t he  ave rage  s tand ing  s tock  o f  f i shes  a t  PAR jn

fa l l  1985  i s  abou t  11 ,300  j uven i l e -adu l t  f i shes ,  we igh ing  660  kg .  Th i s  es t ima te

is  known to be low for  two reasons.  F i rs t ,  pre i iminary data f rom the December 1985

p' i  ' lo t  
survey between modul  es was unsui  tab l  e  f  or i  nc l  us i  on i  n  our  abundance

es t ima tes .  (F i sh  dens ' i t i es  be tween  modu les  were  adequa te i y  cha rac te r i zed  on  a l l

t h ree  su rveys  i n  f a l ' l  1985 . )  Second ,  ou r  f a l l  1985  es t ima tes  do  no t  i nc lude  da ta

fo r  f i sh  numbers  and  b i omass  p resen t  i n  d i f f i cu l t - t o - samp le  (ex t ra ' l im i t a l )

reg ions  more  than  seve ra l  me te rs  above  the  c res ts  and  s ' l opes  o f  modu les .

The  omiss ion  o f  f i sh  numbers  and  b iomass  be tween  modu les  p robab ly  has  no t

drast ' ica1 
' ly  

underest imated f  a l  I  1985 standi  ng s tocks.  lde bel  ' ieve th i  s  because the

December  1985  p i l o t  da ta  sugges t  t ha t  app rec iab le  numbers  o f  f i shes  d id  no t  ex tend

beyond  10  m beyond  modu le  eco tones ;  numer i ca l  dens i t i es  app lox ima te l y  ha l ved  fo r

each  10 -m c i i s tance  beyond  eco tones  (F ig .  5 ) .  I n  add i t i on ,  on l y  seve ra l  spec ies

(Ca ' l i f o rn ia  sheephead ,  b lack  pe rch ,  ba r red  sand  bass )  were  s ign i f i can t l y

represented beyond modu' le  ecotones.  Severa l  o ther  factors might  have in f ' la ted the

con t r i bu t i on  o f  i n te rmodu le  reg ions ,  however ,  pa r t i cu ' l a r1y  fo r  es t ' ima tes  o f

b iomass  abundance .  These  fac to rs  a re  the  re la t j ve l y  l a rge  body  s i ze  o f  t he  f i sh

tha t  were  p resen t  be tween  modu les  (F igs .  6 ,  8 )  and  the  squared - inc rease  i n  a rea  a t

l ' i nea r  i nc reases  i n  d i s tance  o f f  modu les .  Our  numer i ca l  and  b iomass  es t ' ima tes  fo r

fa ' l  I  1986  p rov ide  f  u r the r ins i  gh ts .
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For  fa l l  1986 ,  we  es t ima te  tha t  abou t  78% (50a  kg )  o f  t he  s tand ing  s tock  o f

f i shes  i n  Rock ,  Eco tone ,  and  Ad jacen t  Sand  reg ' i ons  (6a8  kg )  occu r red  i n  Rock  and

Eco tone  reg ions .  The  numer i ca l  dens i t i es  o f  mos t  spec ies  and  t o ta l  f i shes  d ropped

p rec ip i t ous l y  f r om Rock  l eve ' l s  i n  Eco tone  and (o r . )  Ad jacen t  Sand  reg ions  (F ig .7 ) .

B iomass  dens ' i t i es  showed  ana logous  pa t te rns  fo r  a l1  spec ' i es  excep t  ba r red  sand

bass  and  f o r  t o ta l  f i shes  (because  o f  ba r red  sand  bass :  Append i x  S ,  Tab les  1 ,9 -

14 ) .  We  conc lude  t ha t ,  i n  t e rms  o f  ex ten t  o f  hab i t a t  t ha t  was  su rveyed ,  ou r  f a l l

1985  es t ima tes  were  accu ra te  fo r  ma jo r  spec ies ,  excep t  ba r red  sand  bass .

Fa l ' l  1985  es t ' ima tes  a re  a l  so  I  ow  because  we  d id  no t  cons ide r  t he  f  i  shes

p resen t  ' i n  ex t ra l  im i ta l  reg ions  above  c res ts  and  s lopes  i n  ou r  es t ima tes .  0n ' l y

th ree  spec ies  o f  f i shes  (b lacksm ' i t h ,  sa rgo ,  and  b lack  c roake r )  were  common jn

ex t ra l im i t a ' l  r eg ions  (E .  DeMar t i n i ,  pe rs .  obs .  ) .  Howeve r ,  a l l  t h ree  spec ies

con t r i bu ted  impo r tan t l y  t o  t o ta l  f i sh  numbers  o r  b i omass  a t  PAR (Tab les  33 ,34 ) .

B lacksm i th  espec ia l ' l y  dom ' i na ted  f i sh  numbers  (Tab1e  33 ) .  The  subadu l t - adu l t  sa rgo

and  b lack  c roake r  p resen t  i n  ex t ra l im i t a l  s i ope  reg ions  m igh t  r ep resen t  a

s ' i gn i  f  i  can t  f  r ac t i  on  o f  t o ta l  s tand i  ng  s tock .  Because  o f  t he i  r  ex t reme ' l y  h i  gh

dens i  t i  es  ,  even  sma l  
' l - bod i  

ed  b1acksmi  th  I  i  ke l y  con t r i  bu ted  s i  gn i  f  i  can t i y  t o

ex t ra l im i t a l  b i omass  i n  f a l l  1985 .

1n  fa ' l l  1986 ,  f i shes  p resen t  i n  ex t ra l im i ta l  reg ions  a t  PAR were  added  to  ou r

abundance  es t ima tes  based  on  t ransec t  da ta .  These  va lues  were :  b lacksmi th  - -

4 ,200  i nd i v ' i dua l s  we igh ing  42  kg ;  sa rgo  - -  95  f o r  2 l  kg ;  and  b l ack  c roake r  - -  115

fo r  12  kg .  The  ex t ra l im i ta ' l  b jomass  o f  t hese  th ree  spec ies  poo led  (75  kg )  was  15?C

o f  es t ima ted  b i omass  p resen t  i n  Rock  p l us  Eco tone  hab i t a t s  (Append j x  S ,  Tab le  10 )

and  abou t  I 27 lo f  t he  to ta l  es t ima ted  s tocks  i n  C res t  t h rough  Ad iacen t  Sand  reg ' i ons

tha t  rep resen t  ou r  bes t  cha rac te r i za t i on  fo r  PAR (Tab1e  34 ) .  We  conc lude  tha t

om iss ion  o f  ex t ra l ' im i t a l  f i shes  i n  f a l l  1985  by  i t se ' l f  d i d  no t  se r i ous l y

underes t ima te  s tocks  a t  t ha t  t ' ime .

A  reasonab le  rees t ima te  fo r  f a l l  1985 ,  us ing  fa1 l  1986  da ta  to  ad jus t  f o r  t he

con t r i bu t i on  to  abundance  by  f i shes  on  ad jacen t  sand  and  ex t ra l im i ta ' l  space  above

the  modu les ,  wou ld  be  abou t  950  kg  o f  f i shes  - -  as  ( 661  kg  x  1 "12 )  x  1 .28  - -  o r

abou t  43% la rge r  t han  ou r  o r i g ina l  1985  es t ima te .

l .  Even  w i thou t  t h ' i s  co r rec t i on ,  ou r  560 -kg  es t ima te  fo r  f a l l  1985  i s  equ iva len t

to  a  b ' i omass  dens ' i t y  o f  -  5 i0  kg lha ,  ave raged  ove r  PAR 's  1 .3 -ha  ex ten t  o f  ac tua l

I
I

4-?t



rock  p lus  sand- rock  eco tones .  Our  conse rva t i ve  es t ima te  o f  t ne  b iomass  dens i t y  o f

f i shes  a t  PAR i n  f a l l  1985  t he re fo re  i s  abou t  3 .2  t imes  l a rge r  t han  t he  ana logous

es t ima te  ( -  160  kg lha )  f o r  t he  ke lp  fo res t - cobb le  bed  a t  SO i (  i n  f a l l  1985 .  (Th i s

SOK f  i gu re  i s  based  on  ou r  18 -1 -MT es t ima te  fo r  t he  en t ' i r e ,  . 1 .13 -ha  ke lp -cobb ' l e  bed

in  f a l l  1985 ,  us i ng  down look ing  sona r  cha r t s  t o  de l i nea te  ke lp  dens i t y  sub reg ions ;

Chap te r  3 ,  Tab ' l e  ?4 ) .  The  ad jus ted  es t ' ima te  fo r  f a l l  1985  (950  kg )  i s  equa l  t o  730

kg lha ,  o r  abou t  4 .5  t imes  the  b iomass  dens i t y  o f  SOK a t  t ha t  r ime .

In  fa l l  1986 ,  t he  648 -kg  es t ima te  fo r  Rock -Eco tone -Ad jacen t  Sand  reg ions  a t

PAR i s  equ i va len t  t o  a  b i omass  dens i t y  o f  abou t  380  kg /  ha .  The  l a t t e r  va lue ' i s

no t  t oo  d j f f e ren t  f rom ou r  f a l l  1985  es t ima te  fo r  SOK (38 .9  MT in  88  ha ,  o r  442

kg lha :  Chap te r  Th ree ,  Tab .1e  25 ) .  A ' l t hough  b iomass  dens i t i es  a t  PAR rema ined  the

same (o r  dec reased)  be tween  fa l l  1985  and  fa1 l  1986 ,  t he  ave rage  dens i t y  o f  f i shes

a t  SOK had ' i nc reased  nea r l y  t h ree fo ld  by  the  second  fa l l  (Chap te r  Th ree ,  Tab les

24, 25).

4.4.3.2 Compar isons wi th  Pr ior  Studies

Severa l  ea r l i e r  PAR-ve rsus -SOK compar i sons  a re  wor th  men t ion ' i ng .  Jessee  e t

a l .  ( 1985a)  es t ima ted  tha t ,  du r ing  fa l I  1981 ,  t he  mean  numer i ca l  dens ' i t i es  o f

th ree  f i shes  (ba r red  sand  bass ,  b lack  pe rch ,  and  Ca l i f o rn ia  sheephead)  were  one -

hal f  to  one-and-one-ha ' l f  orders of  magni tude greater  a t  PAR than in  moderate- to-

h ' i gh -dens i t y  ke lp  reg ' i ons  a t  SOK.  Jessee  e t  a l .  ( 1985a)  om i t ted  wa te r - co lumn da ta

a t  SOK and  exc luded  seve ra l  sup raben th i c  spec ies  (opa1eye ,  ha l fmoon)  f rom the i r

PAR-SOK compar i son .  Jessee  e t  a l .  ( 1985b)  added  su r face  canopy  da ta  and  i nc luded

seve ra l  o the r  spec ies  i n  t he i r  reana lys i s  o f  1981  da ta .  B iomass  dens i t i es  were

reest ' imated as one to  three orders of  magni tude jower at  SOK (L0SL 1983a,  Tab' le  6-

9 ) .  The  f i shes  p resen t  i n  ex tens i ve  m id -wa te r - co lumn  reg ions  a t  SOK (e .9 . ,  ke l p

bass )  we re  no t  cons ide red , .  howeve r ,  and  i t  i s  no t  su rp r i s ' i ng  t ha t  Jessee  e t  a l . ' s

(1985b)  rees t ima tes  o f  numer i ca l  dens i t i es  rema ined  3 -  t o  >  100 - fo1d  (ave rage  15

t . imes)  greater  a t  PAR than at  SOK for  s ix  key species.

Jessee  e t  a l  . ' s  ( i 985b )  es t ima tes  o f  dens i t ' i es  a t  PAR in  fa1 l  198 i  a re  no t

too  d i f f e ren t  f rom ou r  PAR es t ima tes  fo r  f a1 l  1985  (Tab1e  33 ) ,  cons ide r ing  the

recen t ,  l a rge  (pe rhaps  f i ve fo ld )  B igh tw ide  reduc t i on  i n  f i sh  s tocks  consequen t  t o

the  Ca l i f o rn i a  E l  N ino  (Chap te r  1 ,  Sec t i on  1 .3 .4 ) ,  and  a f t e r  a l l ow ing  f o r

d i f f e rences  ' i n  ca l cu la t i ons .  We be l i eve  tha t  some o f  t he  apparen t  l a rge
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d i sc repanc ies  be tween  ou r  and  Jessee  e t  a l . r s  ( 1985a .b )  es t ima tes  o f  t he  re l a t i ve

c iens i t i es  o f  f i shes  a t  PAR and  a t  SOK re f l ec t  compu ta t i ona ' l  d i f f e rences .  l , r l e

canno t  d i sp rove  the  hypo thes i s  tha t  dens i t y  pa t te rns  a t  PAR,  re la t i ve  to  SOK,  a l so

migh t  have  changed  in  conce r t  w i th  PAR 's  fu r the r  ma tu ra t i on  du r ing  the  pe r iod  f rom

two  t o  f i ve  yea rs  f o l l ow ing ' i t s  cons t ruc t i on .  We  do  know ,  howeve r ,  t ha t  t he

b i r ,mass  dens i t y  o f  t o ta l  f i shes  a t  PAR du r ing  fa ' l l  1985 ,  f i ve  yea rs  a f te r

cons t ruc t i on ,  was  abou t  t h ree  t imes  g rea te r  t han  i t  was  a t  SOK a t  t h i s  t ime

(Tab ' l es  24  and  34 ) .  And  b iomass  dens ' i t i es  were  s im i l a r  a t  PAR and  50K  du r ing  fa ' I 1

19 t i 6  (Tab les  25  and  36 ) .  One  cou ld  specu la te  tha t  f i sh  dens i t y  a t  PAR was

approach ing  tha t  o f  a  na tu ra ' l  r ee f  by  f i ve  to  s i x  yea rs  a f te r  cons t ruc t i on .  I t ' i s

more  l i ke l y ,  t hough ,  t ha t  t he  l a rge  genera i  dec l i nes  a t  PAR (as  a t  SOK and

e lsewhere :  Pa t ton  1985 ;  Chap te r  3 ,  t h i s  repo r t )  co inc iden t  w i th  the  1982-85  E l

N ino  and  the  subsequen t  1985-86  popu ' l a t i on  rebounds  p robab ly  have  obscu red  changes

in  dens l t y  pa t te rns  caused  by  ree f  deve lopmen t  a t  PAR.

4 .4  "4 Fish Production

Es t ima tes  o f  p roduc t i on  a re  poss ib ' l e  a t  PAR,  based  on  ou r  f a l ' l  1985  and  fa i l

1986  s tand ing  s tock  es t ima tes .  These  p roduc t ' i on  es t ima tes  assume tha t  t he  g rowth

and  mor ta l i t y  ra tes  o f  f i shes  a t  PAR a re  s ' im i ' l a r  t o  t hose  fo r  t hese  same spec ies  o f

f i shes  e l sewhe re .  Th i s  i s  a  r easonab le  assump t i on ,  because  a l l  spec ies  (excep t

Para ' l ab rax  spp )  a re  i n f requen t l y  ha rves ted  a t  PAR o r  e l sewhere .  Hence  mos t

species are not  subiect  to  harvest  ra tes that  vary among reefs .  More tenuous is

the  assumpt ' i on  tha t  we  can  se lec t  one  va ' l ue  as  rep resen ta t i ve  fo r  t he  ra t i o  o f

f  i  sh  p roduc t ' i on  to  b iomass  (A11en  197 i ) .  A i t hough  p roduc t ' i on  ' i s  es t imab ie  us ing

g rowth  and  mor ta l i t y  da ta ,  such  i n fo rma t ion  ex i s t s  f o r  f ew  spec ies  o f  sou the rn

Ca l ' i f o rn ' i an  i nsho re  f i shes  (Append i x  U ,  Tab les  1 ,2 ) .  G i ven  t h i s  cavea t ,  a

p roduc t i on - to -b ' i omass  ra t i o  (A1 len  1971)  o f  0 .4  i s  a  reasonab le  ave rage  va lue  fo r

the  l a te r - s tage  f i shes  samp ied  on  ou r  JUV-AD su rveys  (Append ix  U ,  Tab ' l es  1 . ,  2 ) .

F i sh  p roduc t i on  i n  1985 ,  based  on  a  max imum poss ib le  to ta l  s tand ' i ng  s tock

tha t  was  950  kg  (by  ad jus ted  es t ima te )  f o r  Rock -Eco tone -Ad jacen t  Sand  reg ions ,

wou ld  have  been  abou t  380  kg .  S ince  l a te r - l ' i f e  s tages  mus t  em ig ra te / immigna te  to

some (p robab iy  app rec iab ie )  ex ten t ,  l oca ' l  p roduc t i on  mus t  have  been  cons ide rab i y
' less.  

I f  loca l  product ' i  on vras 25%, 5A%, or  75% of  the est imated to ta l  ,  about  95,

190 ,  o r  285  kg  o f  f i sh  wou ld  have  been  p roduced  a t  PAR in  1 .985 .  0 f  cou rse ,  t h i s

assumes  tha t  ou r  f a l l  1985  es t ima tes  a re  t yp i ca l  f o r  t he  yea r .
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To ta l  f i sh  p roduc t i on  i n  1986 ,  based  on  an  ave rage  s tand ing  s tock  i n  Rock -

Eco tone -Ad jacen t  Sand  reg ' i ons  tha t  was  d i rec t l y  es t ima ted  to  be  650  kg ,  wou ' l d  have

been about  260 kg.  At  f  ract ' ional  local  product i  ons of  2576,  50%, or  75%, local

p roduc t i on  wou ld  have  been  abou t  65 ,  130 ,  o r  195  kg .

P roduc t i on  es t ima tes  a re  su re l y  be t te r  i n te rp re ted  i n  t e rms  o f  l oca l

p roduc t i on  f o r  j uven i l e  f i shes ,  espec ia l l y  YOY rec ru i t s ,  wh i ch  a re  mos t  r es t r i c t ed

in  t he i r  movemen ts .  Because  o f  t he i r  r e l a t i ve l y  r ap id  soma t i c  g row th ,  i uven i l e

f i shes  can  domina te  the  p roduc t ' i on  o f  t he i r  spec ies  popu la t i ons  ( I1es  I974 ;

Back ie l  and  Le  Cren  1978) .  A  comp l i ca t i on  a r i ses  i n  es t ima t ing  the  p roduc t i on  o f

YOY f ishes at  PAR, because a large major i ty  o f  the immatures of  most  spec ' ies are

o lde r  j uven i l es  (Tab1e  39 ,40 ) .  And  i t  i s  obv ious  t ha t  t he  b i omass  dom inance  o f

o l de r  j uven i l es  ove r  YOY mus t  be  even  g rea te r .  Bu t  t he  o l de r  j uven i l es  o f  mos t

rocky  i nsho re  f i shes  p robab iy  a re  much  
' l ess  

res t r i c ted ' i n  t he i r  movemen ts  than

the i r  respec t i ve  YOY s tage .  We the re fo re  cau t i on  tha t ,  a l t hough  ou r  es t ' ima tes  o f

YOY p roduc t i on .a t  PAR l i ke l y  rep resen t  l oca l  p roduc t i on ,  much  o f  ou r  es t ima ted

p roduc t i on  by  to ta l  j uven i l e  f i shes  i s  d i f f used  to  some unknown ex ten t  beyond  the

immed ia te  a rea  o f  t he  a r t i f i c i a l  ree f .

I n  f a l l  1985 ,  ou r  d i rec t  es t ' ima te  o f  t he  s tand ing  s tock  o f  i uven i l e  f i shes  a t

PAR was  30  kg  (Tab1e  34 ) .  Ad jus t i ng  fo r  b ' l acksmi th  i n  ex t ra l im i ta l  reg ' i ons ,  a

generous  es t ima te  wou ld  be  35  kg .  I n  f a l l  1986 ,  t he  d i rec t l y  es t ima ted  to ta l  was

48  kg  (Tab ' l e  36 ) .  Assuming  a  max ima l ' l y  h igh  b iomass - to -p roduc t i on  ra t i o  o f  1 .0

(based  on  no r the rn  anchovy ,  a  l oca l  pa rad igm o f  rap ' i d  f i sh  p roduc t i on :  see  Hanan

1981) ,  t he  to ta l  p roduc t i on  o f  j uven i l e  f i shes  was  35  and  48  kg  ' i n  t he  respec t i ve

yea rs .  Pe rhaps  75% o f  t h i s  p roduc t i on  was  l oca1  - -  25  kg  i n  i 985  and  36  kg ' i n

1986 .

The  la t te r  m in ' ima l  es t ima tes  o f  j uven i l e  p roduc t i on  can  be  augmen ted  oy  the

YOY da ta  o f  ouTJUVENILE  su rveys .  An  es t ima ted  75 ,000  YOY f i shes  (1 ,900  exc iud ing

b lacksm ' i t h )  were  p resen t  a t  PAR in  fa l l  1985  (Tab le  39 ) .  The  respec t i ve  es t ima tes

fo r  f a l l  1986  were .32 ,000  and  1 ,500  (Tab le  40 ) .  A t  an  ave rage  YOY body .we igh t  o f

abou t  2  g / f i sh  (Append ix  T ,  Tab les  7A ,78 ) ,  t he  es t ima ted  s tand ing  s tock  and

produc t i on  o f  YOY in  1985  were  146  kg  (b lacksmi th )  and  4  kg  (o the rs ) .  I n  1986  the

es t ima tes  were  64  kg  (b lacksmi th )  and  3  kg  (o the rs ) .
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We conc lude  tha t  t he  annua l  p roduc t ' i on  o f  YOY f i shes  a t  PAR du r ing  1985-86

was  abou t  65 - i50  kg  and  tha t  ove r  95% o f  t h i s  p roduc t i on  was  by  a  s ing le  spec ies ,

b lacksmi i . h .  P roduc t i on  a t t r i bu tab le  to  the  YOY o f  o the r  spec ies  was  van ' i sh ' i ng1y

s l i gh t  ( 3 -4  kg ) .  The  p roduc t i on  o f  o l de r  j uven i l e  f i shes  a t  PAR ( i nc l ud ' i ng

b ' l acksm i th )  was1ow (<  50  kg ) ,  even ' i f  a  l a rge  ma jo r i t y  o f  t he  p roduc t i on  o f  t hese

f i shes  f e r r l d i ned  l oca l .  We  be l i eve  t hese  ca l cu la t i ons  demons t ra te  t ha t  t he  l oca l
p roduc t i on  o f  j uven i l e  f i shes ' i s  no t  necessa r i l y  h ' i gh ,  desp i t e  h i gh  YOY dens i t i es
(Append ix  R ,  Tab les  1 -9 ;  Ambrose  1987)  and  p roduc t i on  ra tes ,  i f  t he  ave rage

s tand ing  s tock  b i omass  o f  YOY i s  l ow .  I t  i s  a ' l so  obv ious  t ha t  t he  magn i t ude  o f
l oca l  p roduc t i on  can  be  l ow  i f  a  l a rge  f r ac t i on  o f  j uven i l e  b i omass  i s  r ep resen ted

by  vag i l e  o l de r  j uven i l es .

4 .4 .5 Mit igation: Attraction versus Production

F ish  b iomass  abundance ,  no t  b ' i omass  dens i t y ,  i s  t he  be t te r  measure  o f  a
ree f ' s  con t r i bu t i on  t o  l oca l  f i sh  s tocks .  Abundance ,  no t  dens i t y  ( Jessee  e t  a l .

1985b) ,  f s  a  more  mean ing fu i  measure  o f  PAR 's  po ten t i a ' l  t o  m i t i ga te  S0NGS'
e f fec ts "  A t t rac t i on  i n  i t se ' l f ,  w i thou t  an  i nc rease  i n  p roduc t ' i on ,  does  no t

cons t i t u te  m i t i ga t ' i on  fo r  l os t  resou rces  (Ambrose  1986) .

A r t i f i c i a l  r ee f s  obv ' i ous l y  a t t r ac t  f i shes ,  and  t he i r  a t t r ac t i veness  mus t

va ry  w i t , h  t he  l oca l  d i s t r i bu t i on  and  abundance  o f  o the r  ree f  hab i ta t  (Ambrose  1986
and  re fe rences  the re in ) .  The  m i t i ga t i ve  pqLgn t ia l  o f  an  a r t i f i c i a l  ree f  such  as
PAR a l so  obv ious i y  depends ,  i n  pa r t ,  on  ' i t s  a rea  as  we l l  as  t he  na tu re  o f  i t s
hab i t a t .  F i shes  appa ren t i y  concen t ra te  a t  g rea te r  dens i t i es  on  a r t i f i c i a l  r ee f s
(Bohnsack  and  Su the r land  i 985 ) ,  pe rhaps  s imp ' l y  because  they  a re  sma ' l l  ( and  a t t rac t
f i sh  f rom re la t i ve l y  l a rge  a reas )  ra the r  t han  because  they  a re  nove l  env ' i r onmen ts .
F i sh  dens i t i es  on  a r t i f i c i a l  r ee f s  canno t  be  s imp le ,  i nve rse  l i nea r  f unc t i ons  o f
ree f  s ' i ze  beyond  some (say ,  l a rge r  t han  PAR)  a rea l  t h resho ld ,  however .  I f  t hey

were ,  one  o f  t he  fo1 iow ing  shou ' l d  no t  have  occu r red :  (1 )  Dens i t i es  were  tw ice  as
g rea t  a t  PAR ( ' i n  i 98 i -82 )  as  a t  a  l oca l  na tu ra ' l  r ock  ree f  (Las  Pu lgas  Ree f ,  LPR:

LOSL 1983d ;  Jessee  e t  a l  .  1985b ,  F ig .  3 ) .  (Th i  s  .  assumes  tha t  LPR i  s

rep resen ta t i ve  o f  l oca l  na tu ra l  r ee f s  o f  i t s  s i ze  - -  15  ha ) .  ( 2 )  I f  f i sh  dens i t i es

were  I  ' i  nea r l y ,  i  nve rse i y  p ropo r t i  ona ' l  t o  a rea  a t  a l  I  r ee f  s i  zes ,  i t  i  s  un l  i  ke l y

that  densf t ies would have averaged over  three t imes greater  a t  PAR compared to  SOK
(113  ha )  i n  f a l ]  1985 ,  y€ t  abou t  t he  same as  SOK (88  ha )  i n  f a ' l ' l  1986  (Tab l  es  ?4 ,

25 ,34 ) .  And  f i sh  dens i t i es  a t  bo th  Las  Pu lgas  Ree f  and  San  Ono f re  Ke lp  bed  appea r

to  be  rep resen ta t i ve  o f  na tu ra l  ree fs  i n  sou the rn  Ca l i f o rn ia  (Ambrose  1987) .
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Based  on  t he  p reced ' i ng  resu l t s  and  i n te rp re ta t i ons ,  we  f ee l  i t  i s  poss ib l e  t o

rea l i s t i ca l l y  eva lua te  t he  m i t i ga t i ve  po ten t i a ' l  o f  PAR,  a t  l eas t  i n  t e rms  o f

compensa t i on  l o r  l oss  o f  f i shes  i n  San  Ono f re  Ke lp  bed .  A  sem iquan t i t a t i ve

a rgumen t  f o l l ows :  Even  ' i f  one  l i be ra l l y  assumes  t ha t  t he  en t i r e  a rea  o f  sand  p1a ' i n

encompass ing  PAR (3 .a  ha ) ' i s  enhanced  hab i t a t ,  t h i s  wou ' l d  r ep resen t  on l y  -  75% o f

the  a rea  w i th in  the  t , pcoas t ,  i nsho re  fou r th  o f  SOK ( -  25  ha )  t ha t  m ' i gh t  have  been

impac ted  by  the  SONGS d i f f use r  p lume (Sch roe te r  e t  a l .  1987 ;  Dean  e t  a l .  1987 ) .

And  the  t rans fo rma t ion  o f  ke lp  fo res t  t o  ke lp iess  cobb le  hab i ta t  o f f  San  0no f re

m igh t  resu l t  i n  a  th ree - fou r ths  reduc t i on  i n  f i sh  dens i t i es  w i th ' i n  t he  impac ted

a rea  (La rson  and  DeMar t i n i  1984 ;  t h i s  repo r t ,  Tab les  22 '25 ;  F ig .  4 ; ,Append ix  P ,

Tab les  1 -4 ) .  I f  one  e lec ts  to  use  fa l l  1985  da ta  - -  when  b iomass  dens i t i es  a t  PAR

were  ove r  t h ree  t imes  g rea te r  t han  a t  SOK - -  t he  re la t i ve  abundances  o f  f i shes  a t

PAR (650  kg )  and  a t  t he  upcoas t ,  o f f sho re  quadran t  a t  SOK (18 .1  t lT /4 )  a re  s t i l l

ve r y  d i ss im i l a r .  I f  t hese  1985  re l a t i ve  dens i t i es  a re  used ,  t he  ex i s t ' i ng

a r t i f i c i a l  r ee f  wou ld  on l y  m i t i ga te  t he  equ i va len t  o f  abou t  one - th i r d  ( 0 .15  x  0 .75

x  3 .2 )  o f  t he  max imum l i ke l y  l oss  o f  f i sh  b iomass  a t  S0K.  I f  f a l l  1986  da ta  a re

used  - -  when  b iomass  dens ' i t i es  a t  PAR and  a t  SOKwere  w i th in  -15% o f  one  ano the r  - -

PAR wou ld  m i t i ga te  <  10% (0 .15  x  0 .75  x  0 .85 )  o f  t he  max imum ' l i ke l y  l oss  a t  SOK.

There ' i  s  no pract ' i  ca1 so l  u t i  on (  "bu i  I  d  b i  gger"  )  to  the seem' i  ng ' ly  obv i  ous

shor t coming  o f  sma l l  a r t i f i c i a l  ree fs  a t  p resen t ,  because  we  do  no t  know the

re la t i onsh ip  be tween  f i sh  dens ' i t y  and  ree f  a rea  fo r  any  ree f  sys tem.  A

cha l  l eng ' i ng  nex t  s tep  i n  deve lop ' i ng  a r t i f i c ' i a l  hab i ta t s  f o r  m i t ' i ga t ' i on  i s  t he

des ign  and  imp lemen ta t i on  o f  l a rge -sca ' l e  f i e ld  expe r imen ts  tha t  s imu l taneous iy

eva lua te  the  e f fec ts  o f  (1 . )  a r t i f i c i a ' l  r ee f  a rea  and  (2 )  d i s tance  f rom ex i s t i ng

na tu ra l  r ee f s  on  f i sh  dens i t y .
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MIDWATER F ISHES:

TABLE 1

QUALITATIVE SUMMARY OF iMpAcT TESTS (AND CoNCLUSIoNS BASED
Rela t i ve  con f idence  in  the  eva lua t ' i onTHEREoN) FoR FiSHES SAMPLED By LAMPARA SEINE.

o f  SONGS impac t  i s  based  on  a  comb ina t i on  o f  assumpt ion  tes t  resu l t s  (Append ix  D ,
Tab le  1 ) ,  impac t  t es t  r esu l t s  (Append i x  E ,  Tab ie  1 ) ,  and  t he  magn i t ude  o f  na tu ra l
f l uc tua t i ons  i n  abundance  a t  a l l  l ongsho re  samp f  i ng  l oca t i ons  (Tab l  e  2 ) .
Presence, /absence of  i  mpact  i  s  eval  uated based on d ' i  spropor t i  onate changes i  n
numer i ca l  ca t ches  a t  t he  nea r f i e l d  samp f  i ng  l oca t ' i on .

Taxon Type  (Maqn i tude )  o f  Impac t

:

:

a t<

a t1

a t<

( t

( >

( t

I
I
I
T
I
I
I
I

Group l .  De f  in i te

QUEENFISH, YOY

QUEENFISH,  immature

CROAKER,  wh i tea

Presence of  Mean' inqfu l  S0NGS Ef fect

Dec l  i  ne

Dec l  i  ne

Dec l i ne

50%)
5o%)
sai()

L /?  kn  o f  i n takes

7 /2  kn  o f  i n takes

L /2  kn  o f  i n takes

Group  l ! .  De f i n i t e  P resence  o f  T r i v i a l  SONGS E f f ec t

No  cases

Group  l l l .  Sugges t i ve  (Bu t  I nconc lus i ve )  SONGS E f f ec t

QUEENFISH,  f ema le  Poss ib l e  dec l i ne  (>  50%)  a t

QUEENFISH,  ma le  Poss ib ' l e  dec ' l i ne  (>  50%)  a t

S ILVERSIDES,  spp .  Poss ib le  i nc rease  (>  50%)  I

l / 2  kn  o f  i n takes

l /2  kn  o f  i n takes

2 km downcoast

Group  lV .  De f i n i t e  Absence  o f  S0NGS E f fec t

BUTTERFISH,  Pac i f i c  No  change  due  to  SONGS

SILVERSiDES spp .  No  change  a t  I  l / 2  km o f  i n takes

I
I
I
I
t
I

aPr imar i i y  YOY (young-o f - yea r  o .n  Age  0 )  f i sh
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TABLE 4

BENTHIc FISHES: QUALITATIVE SUMMARY 0F IMPACT TESTS (AND CONCLUSIONS BASED
THERE0N)  FOR F iSHES SAMPLED BY 0TTER TRAWL.  Re la t i ve  con f i dence  i n  the  eva lua t i on
o f  SONGS impac t  i s  based  on  a  comb ina t i on  o f  assumpt ion  tes t  resu l t s  (Append ix  D ,
Tab le  3 ) ,  impac t  t es t  r esu i t s  (Append i x  E ,  Tab r l e  4 ) ,  and  t he  magn i t ude  o f  na tu ra l
f l uc tua t i ons  i n  abundance  a t  t he  S0NGS and  Con t ro l  l oca t i ons  (Tab ' l e  5 ) .
P resence /absence  o f  impac t  j s  eva lua ted  based  on  d i sp ropo r t i ona te  changes  ' i n

numer i ' ca l  ca tches  a t  t he  SONGS ioca t i on .

Taxon Depth Type  (Masn i tude )  o f  Impac t

Group  l .  De f i n i t e  P resence  o f  Mean ing fu l  SONGS E f fec t

CROAKER,  wh j tea  30  m Inc rease  (>  600? i )  o f f -p1ume

Group  l l .  De f i n i t e  P resence  o f  T r i v i a l  S0NGS E f fec t

LIZARDFISH, Ca.  18 m Increase ( -  200%) of f -d ' i f fusers

LIZARDFISH, Ca.  30 m Increase (> 250i6)  o f f -p1ume

QUEENFISHT 30 r  Increase (> 2OO?{)  o f f -p ' lume

SANDDAB, speckl  ed 18 m Decrease (> 50 ' / . )  o f  f  -d i  f  f  users

S0LE,  fanta i l  30 m Increase (> 2gA%) of f -p1ume

Group  l l l .  Sugges t ' i ve  (Bu t  I nconc l  us ' i ve )  S0NGS E f  f ec t

CROAKER, whi tea

SANDDAB,  l ong f i n

Group  lV .  De f i n i t e  Absence  o f  S0NGSEffect

e ' i ther  depth of f  SONGS

( t

( -

CUSK.EEL ,

basketweave

QUEENF] SHA

SANDDAB,  l ong f i n

SANDDAB, Paci f ic

5KATE, Cal  i  forn ia

S0LE,  fan ta i  I

TURB0T,  hornyhead

18m

18m

18

30

18

30

30

30

18

18

m

m

m

m

m

m

m

m

Poss ib l e  i nc rease

Poss ib l  e  i  nc rease

No change at

No change of f

No change of f

No change of f

No change of f

No  change  o f f

No change of f

100%) off-d' i f  f  users

500%) off-diffusers

S0NGS di  f fusers

SONGS plume

S0NGS p' lume

SONGS plume

SONGS di  f fusers

S0NGS d i f f use rs

aPr ima r i l y  l a rge  adu l t  f i sh

T-4
t ' ,



I
I
I
I
I
I
I
I
I
I
I
I
I
T
I

TABLE 3

COASTAL PELAGIC FISHES: ESTIMATED PERCENTAGE CHANGES AT THE NEAR IMPACT, FAR

IMPACT, AND DISTANT CONTROL STATIONS FOR SELECT TAXA SAMPLED BY LAMPARA SEiNE.
' rPe rcen tage  change"  ca l cu la ted  as  (L l  -  LB) /LB ,  where  LO =  mean  se ' i ne  raw  da ta

(CPUE)  fo r  t he  "A f te r r rpe r iod  and  where  L ,  =  ana iogous  da ta  fo r  t he  I 'Be fo re r rpe r iod

a t  a  pa r t i cu l a r  samp l i ng  l oca t i on  and  dep th -b l ock .  See  Tab le  2  f o r  mean  se ine  CPUE

u d  u 6 .

PERCENT CHANGE PERCENT CHANGE PERCENT CHANGE

Taxon

BUTTERFISH,  Pac i f i c

CR0AKER,  wh i te

S ILVERSIDES spp .

QUEENFISH,  to ta l

QUFENFISH,  adu l t  f ema le

QUEENFISH,  immatu re

QUEENFISH,  adu ' l t  ma le

QUEENF iSH,  o l de r
j uven i ' l e  and  adq l t

QUEENFiSH,  young-o f
yea r

Deoth at  a t
(m)  Near  Impac t  Fa r  Impac t

O L

Contro ' l

5-10 m
11-16  m

5-10  m
11-16  m

5-10 m
11-16  m

5-10  m
11-16  m

5-10  m
11-16  m

5-10  m
11-16  m

5-10  m
11-16  m

5-10 r l
11 -16  m

5-10 m
11-15  m

-85
-89

-89
-88

-90
-75

-75
-66

-58
-qn

-85
-84

-43
-6?

-72
-64

-84
-92

-84
-91

-67
-98

+15
-60

-5?
-75

-65
-73

-45
-88

-52
-70

- t 5
-76

-3?
-90

-88
-81

-80
-90

-84
-50

-25
-39

+14
-57

-49
-35

+ 100
-44

" 5 5
-66

- 5 L

-25

I
I
I
T
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TABLE 6

BENTHIC FISHES: ESTIMATED PERCENTAGE CHANGES AT THE IMPACT (SONGS) STATIT]N AND AT

THE CONTROL (STUART MESA) STATiON FOR SELECT TAXA CAPTURED BY OTTER TRAWL.

"Percen tage  change  a t  SONGS"  ca l cu la ted  as  (LO -  LB) /LB ,  where  LO =  mean  t raw l  raw

da ta  (CPUE)  fo r  t he  I 'A f te r r r  pe r iod  and  where  L ,  =  ana logous  da ta  fo r  t he  ' rBe fo re "

pe r i od  a t  a  pa r t i cu l a r  samp l i ng  l oca t i on  and  dep th .  See  Tab le  5  f o r  mean  t r aw l  CPUE

da ta .

I
I
I
I
I
I
I
t
I
I
I
I
I
I
I
I

Taxon

CROAKER , wh'i  te

CUSK-EEL,  basketweave

HALIBUT ,  Cal  ' i  f  orn i  a

L IZARDFISH,  Ca l  i  f o rn i  a

QUEEN FI  SH

SANDDAB,  i ong f i n

SANDDAB,  Pac i f i c

SANDDAB, speckled

SEAPERCH,  p ink

SKATE,  Ca1  i  f o rn ia

S0l -E,  fanta i  I

TONGUEFISH, Cal  i  forn i  a

TURB0T, hornyhead

PERCENT CHANGE
at

Impact

-2r
-51

+73
+36

-80

+200
+175

+83
-6

' l

-13

-81

- 1 R

-1

-92

-53

+775
+75

+60
+33

-28
-5

PERCENT CHANGE
a l

Contro' l

-68
-89

+39
-28

-71

+33
-14

+ 1
-43

-70
-41

A ?- 6 3

+27
+$

-90

-80

+375
0

- ? q

+160 '  "

+15
-45

Depth
(m)

18m
30m

18m
30m

18m

18m
30m

18m
30m

18m
30m

30

18m
30m

18m

18m

18m
30m

18m
30m

18m
30m

I
I
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TABLE 5

BENTHIc SoFT-BoTToM FISHES: ARITHMETIC MEAN CPUE 0F SELECT SPECIES CAUGHT BY
mTER_i lRAWmTeTI0 l lT t ' toDEPTHDURINGTHEPRE0PERATI0NAL, INTERIM,AND
OPERATIONAL PERIODS THROUGH NOVEMBER 1986. Summary stat i  st i  cs are the grand
ar i thmet ' i c  ( raw)  mean numbers  per  t rawl  o f  se lec t  spec ies  o f  benth ic  f i shes  a t  18-m
and 30-m depths  a t  the  Impact  and Cont ro l  loca t ions .  A l l  zero  ca tches  are  inc luded.
Dashes ' ind ica te  t r j v ia l  occur rence ' in  t raw ls .  See  Append ix  A ,  Tab ' le  2  fo r  a  l i s t  o f
samp l ing  da tes  fo r  p reopera t iona i ,  i n te r im,  and  opera t iona ' l  pe r iods ,

PREOPERATIONAL I NTERIM OPERATIONAL
Depth

(m)  Impac t  Con t ro lSpec  i  es

CROAKER, whi te

CUSK-EEL ,  baske tweave

HALI BUT , Ca'l  ' i  f  orn i  a

L iZARDFISH,  Ca .

QUEEN FI  SH

SANDDAB,  i ong f i n

SANDDAB, Pac ' i f  i  c

SANDDAB, speckled

SEAPERCH,  p i nk

SKATE, Ca' l  ' i  f  orn i  a

S0LE,  fan ta i  I

TONGUEFISH,  Ca .

TURB0T,  hornyhead

27 .2  36 .6
38 .  5  67  .5

16 .0  20 .7
14 .5  14 .  1

Impac t Con t ro l

25.3  17 .3
?6 .7  ?4 .4

5 .0  6 .5
i0 .5  7 .7

Impact  Cont ro l

21 .5  11 .6
18 .9  7  .4

27  .7  28  "8
14 .3  10 .  1

4 .0 2 .40 .3

18
30

18
30

18
30

18
30

I 6

30

18
30

18
30

0.40.20.10 .4i .41 .0

18
30

18
30

18
30

18
30

18
30

18
30

0.2
0 .4

8 .7
7 .4

1 .5
8 .6

0 .6
n ?u . t

13.3
9 .2

5 .3
18 .  1

0 .1
2 .8

6 .6
o q ,

0.1
3 .4

0 .5
3 .2

6 .0
) . 1

0.5
5 .4

0 .6
1 .1

1 q  o

6.6

1 .4
1 . 3

0.8
0 .6

13  .4
5 .2

r .b
10 .6

t t .2

4 .4
8 .9

7 .8

4 .1
6 .4

4 .2

0 .6
l . . J

0.0

1 .5
1 .6

? .1

5 . O

8 .8

1.2

c , t

6 .9

50.3 24.2 t .7

0.8

0 .4
0 .8

0 .5
3 .9

i .8
1 .8

i .0

0"4
0 .8

t .7
8 .0

1 . 5

2.0

0 .2

0 .2
0 .7

0"5
1 .4

0 .4
1 .0

9 .2

0 .2
0 .7

0 .3
2 .7

0 .4
0 .9

0 .3

1 1

1.4

0 .8
5 .2

1"3
) ,  "7

0.2

i . 9
0 .8

f . i
10 .4

1 . 5

f . t

I
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TABLE 6

BENTHIC FISHES: ESTIMATED PERCENTAGE CHANGES AT THE iMPACT (S0NGS) STATITJN AND AT
THE CoNTRoL (STUART MESA) STATi0N FOR SELECT TAXA CAPTURED By OTTEq TRAWL.
r rPe rcen tage  change  a t  s0NGs"  ca l cu la ted  as  (Lo  -  LB) /LB ,  where  Lo  =  mean  t raw l  raw
da ta  (CPUE)  fo r  t he  ' rA f te r r r  pe r iod  and  where  L ,  =  ana logous  da ta  fo r  t he  ' rBe fo re t t

pe r i od  a t  a  pa r t i cu l a r  samp l i ng  l oca t i on  and  dep th .  See  Tab le  5  f o r  mean  t l . aw l  CPUE
da ta .

I
I
I
I

Taxon

CR0AKER,  wh i te

CUSK-EEL ,  baske tweave

HAL IBUT ,  Ca l  i f o rn i a

L IZARDFISH,  Ca l  i  f o rn ia

QUEENFI SH

SANDDAB,  l ong f i n

SANDDAB,  Pac i f i c

SANDDAB, speckled

SEAPERCH,  p ink

SKATE,  Ca i  i f o rn i a

SO[ -E ,  f an ta ' i l

TONGUEFISH,  Ca l  i f o rn ia

TURB0T,  hornyhead

Depth
(m)

18m
30m

18m
30m

18m

18m
30m

18m
30m

18m
30m

30

18m
30m

18m

18m

18m
30m

18m
30m

18m
30m

PERCENT CHANGE
at

Impact

-2r
-51

+73
+36

-80

+200
+175

+83
-6

- /
-13

-81

-18
-1

-92

- b 5

+175
+75

+60
+33

-28
-6

PERCENT CHANGE
at

Con t ro l

- b 6

-89

+39
-28

-7t

+33
-74

+ l
-43

-70
-41

-85

+27
+8

-90

-80

+375
n

- ? R

+160

+15
-45

I
I
I
I
I
I
t
I
t
T
I
t
I
l
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TABLE 9

MlDWATER FISHES: QUALITATIVE RESULTS AND BIOLOGICAL INTEKPRETATIONS OF LOCAT]ON-
mD-TFRT0D:-[ffip[p150Ns 0F THE sIZE-FREQUENcy DrsrRrBUTroNS 0F FivE srzE AND MATURTTv
CATEGORIES 0F QUEENFISH AND 0F WHITE CROAKER (0F ALL BODY'SIZES).  Eva" luat ion is
based  gn  (1 )  sub jec t i ve  i n te rp re ta t ' i on  o f  s i x -pane1  h i s tog rams  (Be fo re  -  Near  Impac t ,
Be fo re  -  Fa r  Impac t ,  Be fo re  -  Con t ro l ,  A f te r  -  Near  Impac t ,  A f te r  -  Fa r  Impac t ,
A f t e r  -  Con t ro l )  (Append i x  E ,  F i gu res  47 -52 ) . ( 2 )  P lo t s  a re  c ross - re fe renced  aga ins t
the  respec t ' i ve  two-samp le  K -S  tes t  resu l t  (Append ' i x  E ,  Tab les  8 -10 ) .

Mean i  ng fu l  D i  f f e rence?

Among  Loca t i ons Between Per iods

Spec i  e  s /Taxon
(5 -  t o  10 -m Dep ths ) P reop .  0p . N I

CROAKER,  wh i te

QUEENFISH,  to ta l
adu l t  f ema le
adu l t  ma le
i  mmature
V N V
l u l

yes yes

--  see immature - -
no  yes  -

yes  yes
yes  yes
yes  yes

no

no
no
no
R O

yes  yes

yes  yes
yes  yes

no  no
no  no

I
I
I
I
I
I
I
t
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TABLE 1O

BENTHIC FISHES: QUAL]TATIVE RESULTS AND BIOLOGICAL INTERPRETATIONS 'JF LOCATION-
ANffiIOo:' go-mplSoNS 0F THE sizE-FREQUENcy orsrnraurloNs 0F sIX sELEcT spEcIES
SAMPLED BY OTTER TRAWL.  Eva lua t i on  i s  based  on  (1 )  sub jec t i ve  i n te rp re ta t i on  o f
fou r -pane1  h i s tog rams  (Append ix  E ,  F igu res  56 -64 )  and  (2 )  t he  respec t i ve  K -S  tes t
resu l t i  (Append i x  E ,  Tab les  11  and  i 2 ) . -  See  cap t ' i on  t o  Tab le  9  f o r  de ta i l s .

Mean i  no fu l  D i  f f e rence?

Between Locat ions Between Per i  ods

Spec ies Depth Preop . SONGS Cont ro  I

I
I
I
I
I
I
I
I
I
I
I
I

0p.

CR0AKER,  wh i te

SANDDAB,  l ong f i n

SANDDAB, Paci  f ic

SANDDAB, speckled

S0LE,  fan ta i  I

IURBOT, hornyhead

18m
30m

18m
30m

yes
yes

no
yes

no

no

yes

no
yes

yes
yes

yes
yes

yes

no

yes

no
no

yes
yes

yes
yes

yes

yes

yes

yes
yes

no
no

no
no

30

18

30 no

no
yes

no

18m
30m

I
t
T
I
I
I
I1. '  T -10
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TABLE 1 I

SONGS ENTRAPMEi, IT:  SUMMARY 0F ENTRAPMENT ESTIMATES FOR SONGS UNITS 1,2,  AND 3
FOF-TFE-E:M0Tf f iD MAY 1983-AUGUST 1986.  Annuat ized (12-mo) est imares are
p rov ided  fo r  t he  numbers  and  b iomass  o f  each  o f  e igh t  ma jo r  f i sh  taxa  and  fo r  t o ta l
f i shes .  Es t ima tes  rep resen t  t o ta ' l  en t rapmen t  as  the  sum o f  12 -mo  no rma l  f l ow
es t ima tes  (Append ix  G ,  Tab les  1 -9 )  and  7? /39 - ths  o f  39 -mo  o f  hea t  t rea tmen t  coun ts
(Append i x  G ,  Tab les  10 -15 ) .

ANNUALiZED ESTiMATE

Numbers B i  omass  (  kq )

Spec i  es Un' i  t  1 Uni ts  2  &  3 un i t i  Un i t s2&3

QUEENFI SH

CROAKER, whi t,e

SURFPERCH,  wa l ' l eye

RAY,  Pac .  e l ec t r i c

SEAPERCH,  wh i te

BUTTERFISH,  Pac"

S ILVERSIDES spp"

ANCH0VY, nor thern

TOTAL FISHES

1 ,  125  ,508

l?4 ,071o , "  "'  ' .  I  u

!2 ,47 !

135

5 ,324

l? ,970

33 ,958

4 ,  178  ,858

t r  q o o  A l l
J  t J J J , V & L

34 ,  913

798

2 ,2 lg

116

109

49

526

2894

48,530

592

8

58

r ,231

2
I

I

50

2a

3,834

14,226

e e q

1 0 J

1 ,336

214

4 ,279

4 ,799

36 ,869

ova lues  fo r  no r the rn
es t ima tes  because  o f
through the 5, /8- ' inch

anchovy  a t  Un i t  1  a re  g ross  under -
ex t rus i on  o f  t h ' i s  f r ag i l e ,  s l ende r  f i sh
mesh  t r ave i i ng  sc reens  a t  Un i t  1 .

T-  11



TABLE I2

SONGS ENTRAPSry,I: 
.SUI'IMARY -OF PERCENT NUMBERS AND BIOMASS DIVERTED, BYSFECIR'-FoTEFTSEs nipnii'Er'rrro aif zo rH'oivrDUALs rN pATRED TMpTNGEMENT ANDDIVERSI0N SAMPLEs AT sor'rts- ur.rr is 

-z-n]io "i .  
Estimates are based on ar rquan t i t a t i ve  samp les  (n=191 )  a t  e i t he r  new  un i l  _ou r i ng  t he  pe r i od  May  25 ,1gg3 -Augus t  27 "1996 .  F i s f r  t p " . i . t  i " .  

" . nked  
by  to ta r  we igh t  en t rapped  (kg ) .

Tota l  Percent  Tota l  percenr
Number Number Wei ght tdei ght

Entrapped Returned Entrapped Returned
Spec ies

I
I
I
I
I
I
t
I
I
I
I

QUEENFISH 457,522 72 5,530.3 79
Sl8lSillitnorthern es8;t-a ?l i,ioi.s 7s
Fl?1ii:i ve,,owrin I:3i3 'ii "8ii 3 ,3i
PERCH, zebracnonkinl-''i,,it. , ,_ -- 6 r,'r3l tl3 

386:l tl8
t l l l$lttt*, shovetnose _ gl sz 273.0 eetrI' l,- c 154 9g ?n2 n

liiil-;r;'"'vl"c ifi i! ffi
:TI!gR4Y, "ound._._ 2qi ff ffii:3 zz

?6 -_goL86
T'PSMELT r-
pryqiHnouND, sray '23 'rtr 

?1.1 ;;BUTTERFISH,  P ic i f i c  4 ,811  iq  69 .3  59
, r  g1

168BASS , bamed sand z4g 80 E8:H ;tCR0AKER, spotfi n 176 97 4g.7 98ANCHOVY,  s l  oueh 
, . .  l l  ,0 lS  27  46  .7  Zs

46.4 53

I
Jur r rc ,Kun,  wa l  leyg  3 ,
I l?:II l l ' !AN, speckl ef i  n rs2 16 3s. e 20SEAPERCH ,  whi  te 1 ,7gg 62 30. 3 83
999i.1:!.r. spi ny - j: _ 44 34 z3.t 33

I
T

PERCH,  p i l e
SCORPiONFISH,  Ca l  i f o rn ia
CR0AKER, b lack

45
150
78

520
279
109
83

96
2t
99

18.  4
14 .3
12.7

9 .9
9 .4
7 .9
5 .8

100
30

100

70
32
? q

98

I
I
T

r t r r Ln .  u racK  g3  1 i . 3  
- t a

MACKEREL.  . iack t r rn  ^ ,

PERCH.  b l ack

I ' IRUKEREL, jack
K E L P F I S H .  o i a n,  g i an t
TURBOT, spotted
BLACKSMITH

34
22
41
98

I
I

T-t2
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PERCH.  sh ine r  611  44  5 .1  53

SARDINE,  Pac i f i c
PIPEFI  SH
CUSK-EEL, spotted

150 75

2.9 27
WRASSE.  rock  Zg  46  Z .Z  63
)uL r ,  ran ra l  |  33  4?  1 .5  62
SCULPIN ,  Pac i f i c  s t agho rn  ZO 5  0 .8  I z

Spec i  es

HALFMOON
GRUNION

h r h  r  I
T E K U H .  K E  I  D
SANDDAB,  speck led
CUSK-EEL.  basketweave

BLENNY spp.

i 39  0
? A
J '  J 5

TABLE l2  ( con t i nued)

To ta l  Pe rcen t  To ta l  Pe rcen t
Number Number l ,Je i  ght  We' ight

Entrapped Returned Entrapped Returned

27 100 5.6 100
187 55 5 .4  56

4 .3  55
3 .8  0

21, 52
43 19

a"7 78
0"6  6

t
I

No.  o f  Taxa  w i th  N

Sub to ta l  No .  F i sh

% No .  Re tu rned  (55

% Wetght  Retur  ned

> 20 Entrapped:  55

En t rapped  (55  taxa ) :

t axa )  =

(55  t axa )  =

1,269,275

1,269 ,275/ I ,542,563 =  82  "3?(

10,703 .0 /13  ,602 "3  =  78  "7%
I
I
I
I
I
I
I
I
I
I
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TABLE 13

SONGS ENTRAPMENT: SUMMARY 0F PERCENT EFFICIENCY DATA FOR THE UNtTs 2
I\NIDT ETFTETTffi_SYSTEM. Eff ic ' iency ca' lculated as the producr of biomass
percen t  d i ve rs ion  and  numer i ca l  pe rcen t  su rv ' i vo rsh ip  o f  f i shes  tha t  a re
d ' i ve r t ed .  Spec ies - spec i f i c  e f f i c i ency  was  es t ima ted  on l y  f o r  f i shes  f o r  wh i ch
es t ' ima tes  o f  bo th  pe rcen t  d i ve rs ion  and  pe rcen t  su rv i vo rsh ip  were  deemed
su f f i c ' i en t  ( see  Me thods .  Sec t i on  2 .2 .2 ) .  Es t ima tes  f o r  sma l l - bod ied ,  med ium-
s i zed ,  and  l a rge -bod ied  f i shes  we re  based  on  a ] l  ava i l ab le  pe rcen t  d i ve rs i on
andpercen t  su rv i vo rsh ' i p  da ta  fo r  a l l  i axa  o f  f i shes  tha t  ave raged  j  30  g ,  30 -
199  g ,  and :  200  g  body  we igh t ,  respec t i ve ' l y  (Append ix  H ,  Tab ' l  e -Z ) .

ESTi I ' IATED AVERAGE

I
I
I
I
I
I
I
t
I
I
I
t
I
t
I
I
I
I
I

x

x

x

x

x

Spec i  es lTaxon

ANCH0VY, deepbody

ANCHOVY, nor therna

ANCH0VY , s' l  ough

CROAKER, whi te

CROAKER, ye l  lowf in

PERCH, wa1 1 eye

PERCH,  wh i te

QUEENFI SH

SALEMA

SMALL FISHES (LESS ANCHoVY)b

ALL MEDIUM-SiZED FISHESC

ALL LARGE-BOOIED FISHESd

% D ive rs i on
(tt/ t)

% Surv i vo rsh ip
(#s )

87 x75

97x50

% Et f l c i ency

? E

38

0

?2
>99

68

58

40

89

38

63

84

53

79

25

60

100

92

83
79

99

77

70

85

0

48x
>99 x

98x

93x

58

100

66

100

100

75

i00

75

75

75

90

75

90

99

For  no r the rn  anchovy ,  t he  p robab i ' l i t y  o f  su rv i v ing  FRS t ranspor t  was
es t ' ima ted  based  on  expe r " imen ta i  pen  da ta  on ]y  ( see  Apper rd i x  H ,  Tab le  3 ) .

For  a l  I  smal  
' l  

f  i  shes (  exc l  ud ' ing nor thern anchovy)  ,  FRs t ranspor t  sur" '
v ' i vo rsh ip  was  es t ima ted  based  on  the .we igh ted  mean  (66? ! )  o f  emp i r i ca l
obse rva t i ons  fo r  queen f i sh  and  wh i te  c roake r .  The  cond i t ' i ona l  p robab i -
l i t y  o f  su rv i v ing  p reda t i on  upon  d i scha rge ,  i f  su rv i v ing  t ranspor t ,
was the arb i t rary  va ' lue of  7571 (Appendix  F,  par t  2) .

Fo r  a l I  med ium-s i zed  f i shes ,  FRS t ranspor t  su rv i vo rsh ip  was  es t ' ima ted
as  100?6  based  on  emp i r i ca l  da ta  fo r  sa lema and  7  o the r  spec ies .  P reda -
t i on  su rv i vo rsh ip  was  a rb i t ra r i l y  se t  a t  90% (Append ix  F ,  pa r t  2 ) .

Fo r  a l1  l a rge -bod ied  f i shes ,  FRS t ranspor t  su rv i vo rsh ip  was  es t ima ted
as  100% based  on  emp ' i r i ca l  da ta  fo r  ye l l ow f in  c roake r  and  9  o the r
spec ' i es .  A  p reda t i on  su rv i vo rsh ip  va ' l ue  o f  9976  was  ass igned  (Append ix  F ,
pa r t  2 )
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TABLE 14

SONGS ENTRAPMENT: SUMMARY OF PAIRED T-TEST RESULTS COMPARiNG THE MAGNITUDE OF
EN-TmFfiENTfF uffi l  AND AT EITHER oF THE Tttro NEw uNtrs. The nutt hypothesis
tes ted  was whether  en t rapment  a t  e i ther  new un i t  was  equa i  to  2 .5  t imes concur ren t
en t rapment  a t  Un i t  1 .  0n1y  concur ren t  da ta  a t  Un i+"  1  and one or  bo th  new un i ts
were  used in  the  ana lys is .  Data  were  t rans formed to  logs  pr io r  to  ana lys is  to
reduce sca t te r  and to  normal ' i ze  d is t r ibu t ' ions .  A  two- ta i led  a l te rna t ive
hypothes i  s  (  i  .e .  ,  new un ' i t  no t  equa l  to  2 .5  t imes Un i t  1 )  was  tes ted .  These
f tVP-o theses  are  based on  the  pred ic t ions  o f  DeMar t in i  and Larson ( i980) .
Probab i l i t i es  assoc ia ted  w i th  t - s ta t i s t i c  a re  no ted  as  fo l l ows :  * * *  -  P  <  0 .001 .* *  =  P  <  0 .01 i  NS =  P  >  0 .05 .  See  Append ix  G,  Tab le  16  fo r  back -up  s ta t i s t i cs .

Average 24-Hr Sanple
(  Numbers )

Average 24-Hr Samp'le
(B iomass ,  kg )

Spec i  es lTaxon Un i t  1 New Un i t Un i t  l New Un i t

CRoAKER, white * '( ' t

QUEENFISH:

To ta l  * * *

Smal  I  ***

Large ***

SALEMA **

SURFPERCH , wa'l  1 eye NS

TOTAL FiSHES (m' inus

nor thern anchovy)  ***

TOTAL F ISHES (m inus

a l l  anchovy  spp . )  * * *

TOTAL FISHES *T*

116

62

54

2

11

618

1530

t23r
399

35

11

2560

2249

5t47

.03

7 .3

1 0

0.4

1 .5

.03

.27

7 , 2

'19, ?

6 .8

i1 .4

1 ' l

.18

? O A

38.  5

44 .  1

i48

t42

149

7.2

7"3

I
I
I
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TABLE 15

KELP gq)  F ISHES:  L IST OF SIGNIFICANT BACI .TEST RESULTS FOR coMPoNENT L IFE
STIGEsItr  l f f i [Ecr TAXA. Rezu]ts are based-on t-resrs or Binomial  tests,  as
lpq l i cab le ,  tes ted  a t  a  two- ta i led  a lpha  o f  0 .05  o r  0 .10  ( the  la t t ,e r  i f  power  i s  <
0 .80 ;  t - tes ts  on ly ) .  Percen t  change  i s  es t imated  fo r  the  mu l t ip l i ca i i ve  ( fog -
I  i  near )  mode l  .

SIGNIF ICANT CHANGES

I
I
I
I
I
I
I
I
I
I
I
I
I

Li fe

Staoe

AO
JUV
SAD
TOTAL

JUV

SAD
TOTAL

SAD
TOTAL

TOTAL

SADA.

SAD

AO

JUV
sA0
TOTAL

sA0
TOTAL

A0

S ign

M ' inus
M i  nus
M i  nus
M i  nus

M i  nus

P ' l us
P l  us

M i  nus

% Chanqe

99
98
79
83

45(ns )

300b
275

81b

Mi  nus
M i  nus
M i  nus
M i  nus

M i  nus

M i  nus

92
99
97
87

82

80(ns )

SOKU Versus SMK SOKU Versus SOKD

Taxon

BASS, barred sand

BASS,  ke lp

HALFMOON

PERCH,  b l ack

PERCH,  ke lp

SEAPERCH, ra inbow

SEAPERCH, whi te

SENORITA

SHEEPHEAD,  Ca l  i f .
SILVERSIDES

WRASSE, rock

S iqn  % Chanqe

- -  i n t rac tab le  - -

i  n t ractabl  e- -

i  n t ractabl  e- -

Mi nus

M' inus

P ' lus

P l  us
P ' lus
P l  us

Mi  nus

P l  us

gtb (ns )

15(ns )

360

1400
5700

420

94(  ns )

590

Mi  nus
M i  nus

f'1i nus

M i  nus

M i  nus

M i  nus

P l  us
M ' inus
M i  nus

M i  nus

P l  us

M i  nus

95
77

92
g5a

96

77

tb (  ns )
81(  ns )
76

90

120b
, i0 i ; r : . )

- -  i n t rac tab le  - -

aS ign i f i cance  
o f  change  fo r  SA0  ra inbow pe rch  ques t i onab le ;

magn i tude  o f  dec l i ne  dec reases  to  . i ns ign i f i cance  a t  l a rge r
va lues  o f  t he  cons tan t ,  , , c , r '  added  to  l he  dens i t y  es t im i te
p r io r  t o  l og  t rans fo rma t ' i on .

h-Percent  
change in  average propor t ionate abundance at  Impact

I  ocat i  on ;  as gauged by B ' inomi  a l  test .

T-  16
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TABLE 15

KELP EED F ISHEJ :  L IST  OF TNSIGNIF ICANT BACI -TEST RESULTS FOR COMPONENT L IFE
5 lAGES 0F  15  SELECT TAXA.  Resu ' l t s  a re  based  on  t - t es t s  o r  B inomia l  t es t s ,  as
l pP ' l ' i cab le ,  t es ted  a t  a  two - ta i l ed  a l pha  o f  0 .05  o r  0 .10  ( t he  l a t t e r i f  power i s  <
0 "80 ;  t - t es t s  on ' l y ) .  Pe rcen t  change  i s  es t ima ted  f o r  t he  mu l t i p f i ca t i ve  ( l og -
f  i nea r )  mode l  "

INSIGNIF iCANT CHANGES

Li  fe

Stage

AD

OJ

SAD

YOY

JUV

TOTAL

AD

JUV

SAD

TOTAL

AD

AD

AD

TOTAL

T0ThL

.luv

SAD

TOTAL

P ' lus

P l  us

Mi nus

700

220

244

S0KU Versus SMK SOKU Versus SOKD

Taxon

BASS,  ke lp

BLACKSMITH

HALFMOON

KELPF ISH,  g i an t

PERCH,  b l ack

PERCH,  p i  1  e

SEAPERCH, ra inbovr

SEAFERCH, ru5!;rer1 i  p

SHEEPHEAD,  Ca1  i f .

WRASSE, rock

Siqn % Chanqe

-- intractab' le --

M inus  27

Mi  nus  67

Minus  44

P ' lus  800

S ign  % Chanqe

Mi  nus  80
- -  i n t rac tab le  - -

- -  i n t rac tab le  - -

P l  us  41

-- too few data --

M i  nus  58a

Pl  us 1 J

Mi  nus  114
-- too few data --

524

57

- -  i n t rac tab le  - -

M i  nus  44

s7
g4.a

38

- -  i n t rac tab le  - -

M i  nus 16

Mi  nus  114

l4 i  nus 374

--  i  n t ractabl  e- -

Pl  us 650

-- too few data --

Mi  nus  80

P l  us  154

Pl  us  34

Pl us 1.704

P l  us 240

Mi  nus

Mi  nus

f"l i  nus

Mi nrrs

Mi  nus

aPercent  
change i  n  average propor t i  onate

l oca t i on ;  as  gauged  by  B inom ia l  t es t .

T -17
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TABLES 17  AND 18

KELP BED FISHES: RAW (ARITHMETIC) MEAN DENSITIES OF COMPONENT LIFE STAGES OF 15
SEdr-TRA-frOFN FoR'PoTENTIAL [tsE IN BAcI IMpAcr rEsrs. The retevant stases
l i s t ed  a re  adu l t  (AD) ,  i uven i l e  ( JUV) ,  subadu l t  (SAD) ,  and  T0TAL  (a l l  s t a !es
poo i  ed )  ;  

' i n  add i  t i  on  ,  ke1  p -bass  j uven i  I  es  a re  subd ' i v i ded  i  n to  young-o f - the -y6a r
(YOY)  and  o l de r  i uven i l es  ( 0J ) .  Dens i t i es  a re  exp ressed  as  numbers  p -e r  1000  m1*3 ,
and  a re  we ' i gh ted  fo r  t he  con tn ' i bu t i on  o f  a l  I  r e levan t  wa te r - co l  umn s t ra ta .  The
re levan t  s t ra ta  d j f f e r  among  spec ies  (Append ix  M,  Tab le  1 ) .  Samp ' l e  s i zes  (Ns )  a re
numbers  o f  samp l  i  ng  da tes  tha t  a re  po ten t i  a ' l  1y  su ' i t ab ' l e  f o r  BACI  ana lyses .uP reope ra t i ona l r r  =  (Fa11  1980  +  Fa l l  i g8 t ) ;  " 0pe ra t ' i ona l t r  =  (Fa ' l l  1985  +  Fa l l
1986) .  Fo r  t he  SOK-SMK compar i son  o f  Tab le '17 ,  SOKUou t  i s  used  i n  the  Opera t i ona l
pe r iod .  Fo r  t he  SOKU-SOKD compar i son  o f  Tab ' l e  18 ,  SOKUjn  and  SOKDou t  a re  used
du r i ng  t he  ope ra t i ona l  pe r i od  ( see  Append i x  J ,  Tab le  2 ) .  See  Append i x  L ,  Tab les  1 -
I  f g " .  dens ' i t y  pe r  1000  m**3 ,  ca ' l cu la ted  us ing  a1 ' l  quan t i t a t i ve  samp ' l es .  Append ix
L ,  Tab les  i - 3  a l so  l i s t  t he  pe rcen tage  con t r i bu t i on  o f  j uven i ' l e s ,  subadu l t s ,  and
adu l  t s  t o  t o ta l  s .

I
I
t
I
I

NOTE

Est imated means excl  ude rrdoubl  e-zerot ,
for  component l iE- i lEles,  therefore,
' 'TOTAL. I I

I
observa t i ons  ;  es t ima tes
do  no t  necessa r i  1y  sum to I

t
I
I
I
,l

I
I
I
I
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TABLE 17

KELP BED ARITHMETIC I ' iEAN DENSITIES

PREOPERATIONAL OPERATIONAL

BASS, barred sand

Spec i  es Matur j  ty

AD
JUV
SAD
TOTAL

SOKU

2.152
1"1s2
4.223
6  .897

N

28
21,
29
30

o

. t 5

. t J

0"106
0 .  165
0 .851
1 .037

0 .713  1  .591
1 .1 i9  1 .053
4 .477  2 .272
6 .025  4 .280

BASS,  ke ip AD
JUV
OJ
SAD
TOTAL
YOY

23 0 .26s
25  3 .004
10  3"817
25  8 .72r
?5  11 .968
i0  0 .421

0 .  158
2"313
3 .  033
4 .554
7 .011
0 .6?2

11
i F

1 5

14

0 .266  0 .380
? .34 t  2 .876
r  .778  2 .212
? .a75  1  .  658
4 .611  4 .752
0  .603  g  .647I

1

;I BLACKSMITH JUV
SAD
TOTAL

0.731

0  .731

3 .  175

3 .  175

9
1

9

0.691  1 .364
0 .000  0 .  i 09
0 .69 i  t .376

39
a

39
I HALFMOON AD

SAD
TOTAL

2.671
0 .  150
2 .702

3 .888
0 .  75 i
4  "042

i0
7

9 .370  2 .057
0 .228  0 .  109
6 .353  1 .42?

7
8
6

16

AU

JUV
SAD

I
I

KELPFISH ,  g ' i an t

TOTAL

0 .060
0.  079
0 .045
0 .083

0 .045
0 .084
0 .  149
0"118

1
8

13
1 ?

0.000  0 .  109
0 .1 i3  0 .193
a  "072  0  .27  4
0 .141  0 .401

22
1

?3

AD
SADI

OPALEYE

TOTAL

0.  059
0 .000
0 .056

3 "252
0"148
3"117

0 .08 i  0  "  253

0 .081  0 .253

I PERCH,  b l ack AD
JUV
SAD
TOl AL

24 14.937
1  0 .494

17  1 .830
25  15 .504

2 .  53 i
0 .  000
1  .685
3 .575

13  2 .24 t
4  0 .000

i5  0 .461
15 2  .40 ' r

1 .292
1  .605
r. .71.5
t r .66 ' l

I PERCH,  ke lp AD
TOTAL

39
39

10.076  32 .896
10 .076  32  "896

0"915  3"687
0 .915  3 .687

18
18

AD
JUV
SAD
TOT

I PERCH,  p i  1  e 25
2

16
27

1 .758
0 .247
3"055
3  .457

1"896
o "247
2"901
3 .493

0.988
0 .000
u .  1 b f ,
0 .760

0 .3?9
0 .988
2"798
7 .747

9
3
5

I 5I
I
I
I
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TABLE 17  ( con t i nued )

I
I
I
I
I

SMK

KELP BED ARITHMETIC MEAN DENSITIES

PREOPERAT]ONAL OPERATIONAL

Spec i  es Maturi ty

AD
JUV
SAD
TOTAL

SOKU

I .877
0 .000
0 .  494
1  .399

SOKUSMK

SEAPERCH,  ra inbow 1 n
J.U

I
13
18

0 .591
0 .  494
1  .443
1 .454

3
1

7

0 .329  0 .494
0 .000  0 .494
0 .296  1 .383
0 .353  t .?7A

SEAPERCH, rubber l  i  p AD
SAD
TOTAL

1.350
0 .  593
t .547

1  .350
1  .086
t .7 t2

1 q

15
I3

3
1.317  0 .000
2 .469  3 . t27
2 .272  i  .876

SEAPERCH,  wh i te ?5 6 .141
5  0 .327

19  8 .558
?5  t2 .7 r0

0 .937  0 .091
0 .  109  0 .000
0 .677  0 .188
1 .439  0 .253

AD
JUV
SAD
TOTAL

3.207
0 .  305
0 .  933
3 .977

t2
1

t (

l 4

I
I

SENORiTA AD
JUV
SAD
TOTAL

25 t2 .Z8 t  t9  .372
21  0 .+24  4 .076
25  0 .362  1 .455
25 12 .999 24 .251

15  33 .343  14  .324
13  2 .7  46  L .823
15  4 .354  3 .744
15  40 .077  19 .649

I
SHEEPHEAD,  Ca i  i  f . 0.370  0 .494

3 .527  r .799
0 .575  0 .90s
3  .852  2 .535

AD
JUV
SAD
TOTAL

28 2 .804
30  6 .535
30  12 .888
30 22 .040

0 .  529
2 .634
5 .119
8 .247

4
14
I2
15

I
I

SILVERSiDES spp. AD
TOTAL

q  l q R

3 . _ t f , 3

12.  108
12 .  108

1"415
1  . 415

4 .786
4 .786

25
25

T2
72

WRASSE, rock AD
JUV
SAD
TOTAL

0.937
0 .000
0 .  i41
1  .005

3 .899
0 .494
0 .  952
4 .376

29
1

14
?9

15 9  .547 t2 .378
10  0  .7  4 l  L  .679
15  12 .312  ?? .676
i5  22 .353  36 .114

I
I
I
I
I
I
I
I
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TABLE 18

KELP BED ARiTHMETIC MEAN OENSITIES

PREOPERATIONAL OPERATIONAL

Spec ies Matur i  ty

AD
JUV
SAD
TOTAL

!

5 J

26
5 5

34

t2
14
16
I b

SOKU SOKD

BASS, barred sand 1 .885
0 .  969
4 .085
b .  ) 5 b

i  . 003
0 .456
? .484
J .  / J J

0.700
0 .247
r .204
1.944

1  .564
5"714
4 .753

70.926

I
I

BASS,  ke ' l p AD
JUV
UJ

SAD
TOTAL
YOY

0.212
3 .482
5 .129
8 .  687

12 .351
0 .396

0 .440
? .788
0 .989
8 .308

11 .473
2 .643

0 .132
1  .814
L252
0 .933
2 .84 I
0 .656

0 .390
5 .240
4 .615
4 .942

10 .460
a .729

24
28
t2
28
28
T2

1 n
14
T4
l4
1 A

72

o
I

7

I
I

BLACKSMITH l n
NU

JUV
SAD
TOTAL

0.853
0 .000
0 .731

o. sso
0.327
0"518

a

i

0.000  0  "  568
0 .145  0 .000

0 .109 0 .334

I HALFMOON AD
SAD
TOTAL

3.843
0"200
3 .777

3 "729
0 .373
3 .  689

11
5

t2

36
6

3 l

7 "657 5 "299
0 .  162  0 .097
7  .087  4 .898

I KELPFISH ,  9 ' i an t A n
NU

JUV
SAD
TOTAL

0.047
0"080
0 .09 i
0 .088

0 .055
0 .055
0 .066
0 .072

1

o

1 R

1

11
I

11

0 .  000  0 .094
0 .090  0"080
0  .000  0 .303
0  .090  0 .336I

OPALEYE AD
TOTAL

0.259
0 .259

a.B2
0"132

16
16

I
i

0.000  0  "233
0 .000  0  "  233I

I
PERCH ,  b ' l ack AD

JUV
SAD
TOTAL

33 10 .893  i8 .  525
4  0 .123  1 .481

23  i .438  7 .987
33  11 .911  24 .27 t

9 .228 \  242
0 .000  0 .988
0 .2+7  9"065
0 .401  12 .376

3
i4
15

I PERCH,  ke lp 11.050
11  .050

AD
TOTAL

7.851
7 .851

8
I

46
46

0.0 i6  4 . t24
0"015  4" t24

PERCH,  p ' i  1e AD
JUV
SAD
TOTAL

1 .664
0 .  165
z  "334
?  ? ? 7

3"109
0 .494
2 "402
4 .768

10
1

L?
15

27
?

2?
29

0.099  L .679
0 .000  2 .963
0 .082  7  "942
0 .  132  7  .671

I
I
I
I
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TABLE 18  ( con t i  nued ) I

KELP BED ARITHMETIC MEAN DENSITIES

IPREOPERATIONAL OPERATIONAL

Spec i  es Matur i  ty

AD
JUV
sA0
TOTAL

N

28
2

19
30

SOKU SOKD SOKD I
SEAPERCH, ra i  nbow 0.747

0 .000
0 .  364
0 .922

3  .421
0 .74r
3 .  171
3 .  Z b t

q

i
9

0.  000

0 .000
0 .  000

] . J 6 J

z .  / 0 3
2.304 I

SEAPERCH ,  rubber l  ' ip AD
SAD
TOTAL

23
6

23

0.  902
0 .494
i  .031

5"368
3 .868
b . J / o

1
5

4

0 .494
0  .000
0 .123

0 .000
19.917
14 .  938

I
SEAPERCH,  wh i te AD

JUV
SAD
TOTAL

22 8 .409
6  0 .345

17  9 .917
23  15 .464

4 .850
0 .  000
q  n ? q

6 .  J b U

8

10
10

0.053  0 .680

0 .180  0 .490
0 .223  1 .034

I
I

SENORITA AD
JUV
SAD
TOTAL

28
16
20
28

t t .7? r  10 .337
1  .006  ? .250
0 .495  0 .277

12.649 r r  .778

t4  t2 .046  30 .  979
13  1 .201  ? .630
13  0 .  488  ? .755
14  13 .513  35 .980

I
SHEEPHEAD,  Ca l  i  f . AD

JUV
SAD
TOTAL

33
34
34
34

?.768
6 .158

t2 .926
2 t .771

1 .706
5 .229

10 .980
17 .864

J

16
I J

16

0.329
1 .451
0.228
1 .697

U . 5 1 Y

I  " 6 3 2
0.  455
2 .284

I
I

SILVERSIDES spp. AD
TOTAL

34
34

4.605
4 .605

5 .729
5 .729

10
10

11.  123  0 .  153
1 1  1 2 ?  n  t q ?

WRASSE, rock
I

AD
JUV
sA0
TOTAL

32
2

10
32

1 .049
0 .494
0 .  198
1 .742

1 .960
0 .247
1 .037
2 .299

16 4 .753 I I . I42
10  0 .494  3 .210
16  17 .098  18 .240
l  6  2? . .160  31 .387 I

t
I
I
I
I

T -1?
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TABLE

KELP BED FISHES: ESTIMATED PERCENTAGE CHANGES AT SAN MATEO KELP BED (SMK),  SAN

oNoFRE KELP BED DoWNCoAST (S0KD), AND SAN oNoFRE KELP BED UPCoAST (SoKU) FoR

COMP0NENT STAGES 0F 15 SELECT TAXA. Percentage change calcu lated as (LA-LB)/LB,

where  LO =  raw  mean  dens i t y  da ta  fo r  t he  i lA f te r r rpe r iod  and  where  L ,  =  ana ' l ogous

da ta  f o r  t he  r rBe fo re ! '  pe r i od  a t  a  pa r t i cu l a r  samp f i ng  I oca t i on .  Du r i ng  t he

opera t i ona l  pe r iod ,  S0KUin  and  SOKDou t  were  the  s ta t ' i ons  used  fo r  t he  S0KU-SOKD

compar i son .  See  Tab ' l es  17  and  18  fo r  mean  dens i t y  da ta .

PERCENT CHANGE

19

At  S ta t i ons  Used  in
SOK-SMK Compar i  sons

SOKUout  SMK

At  S ta t ' i ons  Used  i  n
SOKU-D Compar i  sons

S0KDout

BASS, barred sand

Taxon
Li fe
Staqe

AD
JUV
SAD
TOTAL

SOKU i n

- o J

-75

- 7 n

-67
- 5

-6
-13

+1400
+  5JU
+ !67
+  < t <

+56
+1  153
+91
+  193

I
I

BASS,  ke lp AD
JUV
OJ
SAD
TOTAL
YOY

0-zz
-53
-76
-61
+43

+ 141
+22
-?7
-64
-32
+4

- 38
-48
-76
-89

+66

-  1 1
+88
+  5 0 /
-41
-9
- 77.

BLACKSMITH JUV
TOTAL

-57
-57

- 100
- J b-5

-83
-85I

I
HALFMOON AD

SAD
TOTAL

+  251
+52
+  135

-47
-85

+99
-19
+ 8 8

+42
-  74
J .  ? ?

I KELPF ISH,  g i an t JUV
SAD
TOTAL

+43
+60
+70

+ 130
+84
+ 240

+ l z
-  100
+2

+45
+  350
+ 367

-98
-83
-97

I PERCH,  b l ack AD
SAD
TOTAL

-85
-75
-85

-49
+ !44
+58

-72
+13
-49

I PERCH.  ke lp TOTAL -91 - 89 -100 -47

-  83  -94
-  4  - 96
-  50  -96I AD

SAD
TOTAL

-44
-95
-78

-46
+ 231
+  b l

PERCH,  p i i e

T -23I
I
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TABLE 19  ( con t i nued ) I

PERCENT CHANGE

IAt  S ta t i ons  Used  i n
S0K-SMK Comaor i  sons

A t  S ta t i ons  Used  i n
S0KU-D Compar i  sons

SOKUi n S0KDoutTaxon
Li fe
Stage

AD
SAD

S0KUout SMK I
SEAPERCH, ra inbow -8?

-40
-75

-29
-4
-13

- i00
-100
-  100

-60
-  t J
-56T A T A  I

I V I A L I
SEAPERCH. rubber l  i  o TOTAL +47 +10 -88 +  134

SEAPERCH,  wh i te AD
SAD
TOTAL

-85
-92
- 89

-97
-80
-94

-99
-98
-99

-86
-90
-88

I
SENORITA AD

JUV
SAD
TOTAL

I+172
+548

+1  103
+ 208

' a o
-55
+ 157
-  r v

+ l
+19
-z
+ $

+ 200
+  r l
+ i 170
+ 205 I

SHEEPHEAD, Cal  i  forn ' ia  JUV
SAD
TOTAL

-46
-96

- 5 1

-82
- o 5

-76
-98
-92

- 0 3

- 96
-87 I

S I LVERS IDES TOTAL -73 -60 +142 -97 I
WRASSE, rock AD

SAD
TOTAL

+ 920
+8600
+2720

+ 217
+2280
+ 725

+353
+8540
+1840

+ 468
+1200
+1265 I

I
I
I
I
I
I
I
I

T -24
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TABLE 20

KELP BED FTSHES: A POSTERIORI LOCATION CONTRASTS IN THE DENSITIES OF GIANT KELP

AT SAN MATEo KELP BED (SMK) AND AT SAN oNoFRE KELP BED (SoK) DURING EACH 0F FOUR

FALL  PERIODS (1980 ,  1981 ,  1985 ,  AND 1986) .  Bon fe r ron i  con t ras ts  v {e re  made

fo11ow ' i ng  1 -way  AN0VAs  f o r  l oca t i on  d i f f e rences  w i t h i n  each  yea r .  Dens i t i es  a re

the  number  o f  I j u ven i ' l e -o r -o l de r "  p l an t s  ( i . € . ,  1  m  o r  t a l l e r :  Dean  1980 )  p resen t

on r .andom bel t  t ransects  of  225 m2,  s tandard ized to  number per  100 m2.

LOCATION CONTRASTS -- BY YEAR

(# p lan ts  per  tOO nZ)

18"4
1980 :

SMK

68.2
1981 :

SMK

^ ^  {
a a  I

1985 :

58.  1

1986:

l <  \  t t  \

SOKU SOKD

41 .9 t2  "2

SOKU

22.0  =  21 .4

SMK >  SOKDou t=SOKUou t SOKDin  =  SOKUin  >  Cobb ' l eU

10.5  =  8 .5 0 .5

I
I
I
I
I
I

13.5  =  10 .5  =  10 .4

SMK > SOK' inbetw = SOKUout  = SOKDout  > S0KDin = S0KUin = CobbleU = CobbleD

T -?5
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TABLE 22

KELP BED FTSHES:  ESTIMATED NUMERICAL ABUNDANCES OF 15  SELECT F ISH SPECIES
b/ ITHIN REGIONS OF VARIOUS KELP DENSITY AT SAN ONOFRE KELP BED (SOK) DURING FALL
1985 .  Numer i ca l  abundances  a re  es t ima ted  as  the  c ross -p roduc ts  o f  numer i ca l  f i sh
dens i t i es  and  the  a rea l  ex ten t  o f  ke lp  w ' i t h i i t  t he  de f i ned  ' i sop le th  o f  ke lp
dens i t y .  F i  sh  dens i t ' i es  ' i n  modera te - ,  

' l ow- ,  
and  spa rse -dens i t y  ke lp  a re  es t ima ted

us ing  canopy ,  m idwa te r ,  and  bo t t om da ta  a t  f i ve  s ta t i ons t ;  f i sh  dens i t i es  i n
moddra te -  and  l ow-dens i t y  ke lp  based  on  ana ' l ogous  da ta  a t  f ou r  s ta t i onsD.  A reas
were  es t ima ted  by  e lec t ron i c  p ian ime t ry  ( see  Me tho r j s  sec t i on )  o f  EC0sys tems  sonar
cha r t s  f o r  Down ' l ook ing  Survey  7 .  Ha l f -w id ths  o f  t he  95?6  con f i dence  i n te rva l s  o f
the  abundance  es t ima te  a re  exp ressed  as  a  pe rcen tage  o f  t he  es t ' ima te .

I
I
I
I
I
I

I
I
I
I
I
I
I
I

49
45
72

r22
103
46
83
85

166
r67
49
45
4r

1;i . i
3U

tL2
70
72

r22
92
55
83
87

162
167
116
42
44

I .  IJ

34

FALL r98s ESTIMATEDRFTSHNNUMERTCAL ABUNpANCES I

Spec' ies/Taxon

BASS, barred sand
BASS,  ke1  p
BLACKSMITH
HALFMOON
KELPFISH,  g ian t
PERCH,  b l ack
PERCH,  ke l  p
PERCH,  p i ' l e
SEAPERCH, ra ' inbow
SEAPERCH, rubber l  ip
SEAPERCH,  wh i te
SENORiTA
SHEEPHEAD,  Ca l i f .
SI  LVERSIDTIS spp.
WRASSE. rock

To ta l  F i  shesc

Moderate- ,  Low-,  and

Sparse -Dens i t y  Ke l  pa

Numbers ct/2
(%\

Moderate-  and
h

Low-Den si ty Ke'lp"

Numbers cI/z
(%\

6 ,795
10  ,609

629
646
?60
678
10

739
177
94

7,523
14 1  ,973

3,.1.67
3,934.

2 ! ,020

225,126

1  ,403
4 ,668

529
546
190
328
10

390
37
94

884
13?,577

6,4.2
.- t ,934
9 ,908

183,I2?337! 39%

aF ive  SOK s ta t ' i ons  used  to  es t ima te
moderate-  (SOKUout ,  S0KDout) ,  low-
ke lp  dens i t ' i e s .

f i sh  abundances  w i t h i n  r eg ions  o f
(SOKUin ,  SOKD' |n ) ,  and  spa rse -  (Cobb leU) I

I
I
I

h

"Fou r  SOK s ta t i ons  used  to  es t ima te  f j sh  abundances  w i th in  reg ions  o f
modera te -  (S0KUou t ,  SOKDou t )  and  l ow-  (S0KUin ,  SOKDin )  ke lp  dens ' i t i es .

tA l  I  spec ' i  es ,  i  nc ' lud i  ng the 15 se l  ect  I  i  s ted above.

T- 28
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TABLE 23

KELP BED F lsHEs:  ESTIMATED NUMERICAL ABUNDANCES 0F 15 SELECT FISH'SPECIES
WiTHIN REGIONS OF VARIOUS KELP DENSITY AT SAN ONOFRE KELP BED (SOK) DURING FALL

i986 .  Numer i ca l  abundances  a re  es t ima ted  as  the  c ross -p roduc ts  o f  numer i ca l  f i sh

dens i  t i  es  and  the  a rea l  ex ten t  o f  ke ' l p  w i  t h i  n  t he  de f  i  ned  ' i  sop l  e th  o f  ke l  p

dens i t y .  F i sh  dens i t i es  i n  l ow - ,  ve r y  l ow - ,  and  spa rse -dens i t y  ke lp  a re  es t ' ima ted

us ing  canopy ,  m jdwa te r ,  and  bo t t om da ta  a t  seven  s ta t i on r t ;  f i sh  dens i t i es  i n  l ow -

and  ve ry ' l ow -dens i t y  ke lp  a re  es t ima ted  us ing  ana logous  da ta  a t  f i ve  s ta t ' i onsD .

Areas  were  es t ima ted  by  e lec t ron i c  p lan ime t ry  ( see  Me thods  sec t i on )  o f  ECOsys tems

sonar  cha r t s  f o r  Down look ing  Survey  9 .  Ha l f -w id ths  o f  t he  95? !  con f i dence

in te rva l s  o f  t he  abundance  es t ima te  a re  exp ressed  as  a  pe rcen tage  o f  t he  es t ima te .

FALL 1986 ESTJMATED FISH NUMERICAL ABUNDANCES
IN REGIONS OF

Spec' ies/Taxon

Low-,  Very Low-,  and

Sparse -Dens i t y  Ke lpa

ct/2
(%\

35
34
93
48
42
34
41

119
J,  IJ

119
61
56
25
85
4?

39%

Low- and Very

Low-Den{-Ly Kshb

cI/z
(?{\

39
35
o ?

49
4?
25
41

r rv
I L 5

119
61
5 t
30
a q

34

40%

Numbers Numbers

BASS, barred sand
BASS,  ke ip
BLACKSMITH
HALFMOON
KELPF ISH,  g i an t
PERCH,  b l ack
PERCH,  ke ip
PERCH,  p i l e
SEAPERCH,  ra inbow
SEAPERCH, rubber l  i  p
SEAPERCH,  wh i te
SENORiTA
SHEEPHEAD,  Ca l  i f .
.S1 ' l  VER.SiDFS spp.
ro/RLS S L_r_roc_l__

To ta l  F i  shesc

4.592
26,814

50
18,225

2t6
2 ,278
1  ,587

88i
244
72

2 ,968
215 ,685

2 ,556
13  ,  811
26 ,306

396 ,609

2 ,491
26, r2 l

50
18  ,093

?t6
1  ,915
1  ,587

88i
244
72

? ,968
21 i ,366

1  ,433
13  ,811
16,923

377,347

I
I
I
I
I

as .uen  SOK s ta t i ons  used  to  es t ima te  f i sh  abundances  w i th in  reg ' i ons  o f
l ow-  (SOKUou t ,  SOKDou t ,  S0K inbe tween) ,  ve ry  l ow-  (SOKUin ,  SOKDin ) ,  and
spa rse -  (Cobb leU ,  Cobb leD)  ke lp  dens i t i es .

bF iu .  SOK s ta t i ons  used  to  es t ima te  f i sh  abundances  w i th in  reg ' i ons  o f
l ow-  (SOKUou t ,  S0KDou t ,  S0K inbe tween)  and  ve ry  1ow-  (S0KUin ,  SOKDin )
ke l  p  dens ' i t i  es

tA l  I  spec i  es ,  i  nc ' l  ud i  ng  the  15  se l  ec t  I  i  s ted  above .
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TABLE 24

IELP BED FISHES:  ESTIMATED BIOMASS ABUNDANCES 0F 15 SELECT F iSH SPECIES WITHIN
REGi0NS 0F VARI0US KELP DENSITY AT SAN ON0FRE KELP BED (S0K) DURING FALL 1985.
B iomass abundances  are  es t imated  f rom numer ica l  abundances  (Tab ' l  e  22)  and the
observed average length  (and es t imated we igh t )  o f  component  l ' i fe  s tages  o f  the
respec t i ve  f i sh  spec ies  (see  Append ix  T ,Tab les  1  and  3 ) .

FALL 1985 ESTIMATED FiSH BIOMASS ABUNDANCES
IN REGIONS OF

I
I
I
I
I
I
I
I
t
I
I
I
I

Speci  es lTaxon

BASS, barred sand
BASS,  ke lp
B|jCKSMITH
HALFMOON
KELPF ISH,  g i an t
PERCH,  b l ack
PERCH,  ke lp
PERCH,  p i  l e
SEAPERCH, ra inbow
SEAPERCH, rubber l  i  p
SEAPERCH,  wh i te
SENORiTA
SHEEPHEAD,  Ca l  i  f .
S ILVERSIDES spp .
VJRASSE " rock

To ta l  F i  shesc

Moderate- ,  !o*- ,  and

Sparse -Dens i t y  Ke lpa

cr/2
(7(\

96
79

119
143
r25
80
83
86

179
i55
1 ? R

48
119
113
39

32%

Moderate-  and

Low-Dens i t y  Ke lpb

B i  omass
( rgt
.  ? ?  F

L  ,  r J v

r ,667
3

118
6

77
<1
6?
28
11

620
9,529
1 ,117

i04
2 ,083

1g ,  157

B iomass
(  kq )

405
598

118
2

29
<1.
40
3

11
59

8, 1.76
86

104
790

cI /2
(7'.)

6 i

119
143
98
43
83
78

1 5 /
155
43
50
52

1 1 ?

30

39%12,600

' F i ve  SOK s ta t i ons  used  to  es t ima te  f i ' sh  abundances  w i th in  reg ions  o f
modera te -  (S0KUou t ,  SOKDou t ) ,  l ow-  (SOKUin ,  SOKDin ) ,  and  spa rse -  (Cobb leU)
ke ' l  p  dens i  t i  es .

bFour^  SOK s ta t i ons  used  to  es t ima te  f i sh  abundances  w i th in  reg ions  o f
modera te -  (S0KUou t ,  SOKDou t )  and  l ow-  (SOKUin ,  S0KD ' !n )  ke lp  dens i t i es .

cAl  I  speci  es,  i  nc ' l  ud i  ng the 15 se ' l .ect  I  i  s ted above.
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40
43
q ?

49
69
25
41

104
110
I  t {

78
58
34
85
25

4A%

cr/2
(7!)

I
t
I
I
I
I
I
I
I
I
I
I
I

TABLE 25

KELP BED FISHES: ESTIMATED BIOMASS ABUNDANCES 0F 15 SELECT FISH SPECiES WITHiN
REGIoNS 0F VARIoUS KELP DENSITY AT SAN oNoFRE KELP BED (S0K) DURiNG FA|_L 1986.

B iomass  abundances  a re  es t ima ted  f rom numer i ca l  abundances  (Tab1e  23 )  and  the

obse rved  ave rage  l eng th  (and  es t ima ted  we igh t )  o f  componen t  l l f e  s tages  o f  t he

respec t i ve  f  i sh  spec ' i es  ( see  Append ' i x  T ,Tab les  1  and  3 ) .

FALL 1986 ESTIMATED FISH BIOMASS ABUNDANCES
IN REGIONS OF

Low-,  Very 1ow-,  and

Sparse -Dens i  t y  Ke l  pa

Low- and Very

Low-Densi ty Kqllb

cI /2
(%\

Spec ' i es /Taxon

BASS, barred sand
BASS,  ke lp
BLACKSMITH
HALFMOON
KELPF ISH,  g i an t
PERCH,  b l ack
PERCH,  ke ip
PERCH,  p i  ' l e

SEAPERCH, ra inbow
SEAPERCH, rubber i  i  p
SEAPERCH, wh' i te
SENORITA
SHEEPHEAD,  Ca l  i  f .
S i LVERSIDES spp .
WRASSE. rock

Tota ' l  F i  shesc

B' iomass
(kq)

1  ,394
4 ,277

< 1
4, !78

A
t

324
49

150
29
22

?25
14,007

568
664

2,7 ! r

38 ,899

B ' iomass
(kg ) -

634
4 ,059

<1
4 ,  154

9
252
49

150
?9
z?

225
i .3 ,665

257
664

L,737

36,265

36
4t
o ?

49
69
42
41

i04
110
113
78
55
23
A E

43

38?i

os"u"n SOK stat jons usecl  to  est i . rna l : 'e  f  i  c l r  abundances wi th in  reg i  ons
low-  (SOKUou t ,  S0K l l ou t ,  SOK ' inbe tween) ,  r , e ' r y ' l ow-  (S0KUin ,  S0KDin ) ,
spa rse -  (Cobb1eU,  Cobb leD)  ke lp  dens ' i t i e s .

bF iu .  SOK s ta t i ons  used  to  es t ima te  f i sh  abundances  w ' i t h in  reg ions  o f' l ow-  (SOKUou t ,  SOKDou t ,  S0K inbe tween)  and  ve ry  1ow-  (50KUin ,  S0KDin )
ke1  p  den  s ' i t i  es .

c l l ' l  spec ies ,  i nc ' l ud ing  t he  15  se lec t  l i s t ed  above .

o f
a nelI

I
I
I
I
I
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TABLE 26

KELP BED FISHES: SUMMARY 0F QUALITATIVE CONCLUSIONS REGARDING PRESENCE/ABSENCE
ND-- t tFURf-0FJoues IMPACT. Conclus ions are based on two factors:  ( i )
S ' i gn i f i cance  o f  BAC i  impac t  t es t s  (Tab ' l es  15 ,  16 ;  Append i x  N ,  Tab les  1 . ,  3 )  ana  (2 )
p l aus ib l e  l i n k  be tween  g ian t - ke lp  dens i t y  and  t he  dens i t y  o f  t ha t  spec jes  and  l j f e
s tage  o f  f i sh  (Tab le  2 ! ;  Append i x  0 ,  Tab les  6 -9 ) .  A  2  i nd i ca tes  s i gn i f i can t  BACI
tes t  resu l t s  f o r  bo th  SOKU-SMK and  S IJKU-SOKD comoar i sons .

SIGNIFICANT BACI TEST RESULT

I
I
I
I
I
I
I
I
t
I
t
I
I
t
I
T
I
I
I

2x

Taxon

BASS, barred sand

BASS , ke' l  p

HALFMOON

PERCH,  b l ack

PERCH,  ke lp

SEAPERCH,  ra inbow

SEAPERCH,  wh i te

SENORITA

SHEEPHEAD,  Ca1  i  f .

SI  LVERSIDES

WRASSEroc k

Li fe
Stage( s )

AD

JUV

SAD

JUV

SAD

SAD

TOTAL

SAD

SAD

AO

JUV

SAD

SAD

1'OTAL

AD

Strong 1 y
Exp l  ' i cab l  e

X

1 X

cx

x

Weak ly
Exp l i cab le  I nexp l ' i cab le

^a/.x

2x
2x

x

102

d i  I  u ted  dens ' i t i  es  a t

TOTALS

aAt t ract ion to  the S0NGS di f fuser  r iprap may have
SOKU du r ing  the  ope ra t i ona l  pe r iod .

h- 0pe ra t ' i ona1  pe r i od  change  i n  r e l a t i ve  dens i t i es  a t  SOK and  SMK i s  l i ke l y
to  be  mos t l y  a  SONGS p iume e f fec t  on  f i sh  d i s t r i bu t i on .

-SONGS p iume e f fec t  i s  a  l i ke l y  con t r i bu to r  t o  t he  ope ra t i ona l  pe r iod
change  i n  r e l a t i ve .dens i t i es  a t  SOK and  SMK.
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TABLES 31-32

JUVENILE-ADULT FISHES AT PAR:  ESTIMATED (RANK)  NUMERICAL DENSITY,  FOR

EACH LIFE STAGE (AND PooLED LIFE STAOES) I{ITHIN A TAXoN, ENC0UNTERED 0N SURVEYS

DURING FALL  1985-86 .  Taxa  i nc lude  each  spec ies  encoun te red ,  p lus  to ta l  f i shes

(a11  spec ies )  "  Dens ' i t y  es t ' ima tes  a r ' e  we igh ted  by  the  a rea l  con t r i bu t i on  o f

componen t  s t ra ta  tha t  were  re levan t  t o  the  es t ' ima te  ' i n  t he  pa r t ' i cu la r  f a l l  season

(1985 :  C res t ,  S ' l ope ,  Eco tone  (Dec  on l y ) ; 1986  a l l  su r veys :  C res t ,  S1ope ,

Ecotone
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I
TABLES 33.36

JUVENILE .ADULT  F ISHES AT  PAR:  EST iMATED ABUNDANCE (NUMBERS AND
BIoMASS),  FoR EACH LIFE STAGE (AND PO0LED LIFE STAGES) WITHIN A TAXON,
ENCOUNTERED 0N SURVEYS DURING FALL 1985-86.  Taxa j  nc l  ude each speci  es
encoun te red ,  p l us  t o ta l  f i shes  (a11  spec ies ) .  Abundance  es t ' ima tes  a re  t he  sum o f
s t ra tum sub to ta l s  we igh ted  by  the  a rea l  con t r i bu t i on  o f  t he  respec t i ve  s t ra tum.

In  1985 ,  t he  es t ' ima te  i s  based  on  Rock  (Cres t ,  S lope )  p lus  Eco tone  s t ra ta .  I n
1986 ,  t he  es t ima te  i s  based  on  Rock ,  Eco tone ,  and  Ad jacen t  sand  s t ra ta .
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TABLES 37.38

YoY-oJ FIS-H-LS AT PAR: ESTIMATED (RANK) NUMERICAL DENSITY, FOR EACH LIFE
STAGE (AND PooLED LiFE STAGES) WITHIN A TAXoN, ENCoUNTERED 0N SURVEYS DURING FALL
1985-86 .  Taxa  inc lude  each  spec ies  encoun te red ,  p lus  to ' ca l  f i shes  (a11  spec ies )
and to ta l  f i shes  (minus  b lacksmi th ) .  Dens i ty  es t imates  are  we igh ted  by  the  area l
cont r ibu t ion  o f  component  s t ra ta  (bo th  years :  Cres t ,  Per imeter ) .
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I
TABLES 39.40 I

YOY-OJ  F ISHES AT  PAR:  ESTIMATED NUMERICALABUNDANCES,  FOR YOY,  OLDER

IJUVENILE (AND POOLED JUVENiLE STAGES) ENCOUNTERED ON SURVEYS DURING FALL 1985.86.

Taxa  i nc l ude  each  spec ies  encoun te red ,  p l us  t o ta l  f i shes  (a11  spec ' i es )  and  t o ta l

f i  shes  (m inus  b lacksmi th ) .  Abundance  es t ima tes  a re  we igh ted  by  the  a rea l

con t r i bu t i on  o f  componen t  s t ra ta  (bo th  yea rs :  C res t ,  Pe r ime te r ) .
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F IGURE 4

KELP_ BED FISHES: SCATTERPLOT 0F THE RELATI0N BETWEEN THE (A)  NUMERIcAL AND (B)

BiOMASS DENSITIES OF FISHES VERSUS THE DENSITY OF GIANT KELP AT SAN ONOFRE.KELP

BED DURING FALL  1985  AND FALL  1986 .  F i sh  dens i t ' i es  rep resen t  t he  sum o f  a l ' l  pos t -

r ec ru i t  s t ages  o f  14  ma jo r  spec ies .
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I
F IGURE 5

PAR FISHES: PLOT OF MEAN NUMERICAL DENSITY VERSUS DISTANCE FROM THE PAR MODULES
mR-dlemF FouR MAJoR spEclEs AND FoR ToTAL FisHEs IN DEcEMBER 198s. sampte
s i zes  a re  numbers  o f  f i sh  t a l l i ed .  Juven i l e -adu l t  l i f e  s t ages  a re  poo led  i n  a l l
cases .  Dens i t i es  a t  0  -  3  m  d i s tance  a re  es t ima ted  based  on  December  1985' rEco tone r r  t r ansec t s .  Dens i t i es  a t  success i ve  d i s t ances  a re  based  on  t he  f o l l ow ing
segmen ts  o f  t he  December  1985 ' r r ad ia l i l  t r ansec t s  ( f i r s t  10  m :  4  -  72  m ,  second  10
m:  13  -  22  n ,  t h ' i r d  10  m :  23  -  32  m ,  

' l a s t  
45  m :  33  -  78  m) .  See  Append i x  Q ,  Tab les

2 ,3 ,  F i gs .  ! , 2  f o r  de ta i l s .
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T
F ]GURE 6

PAR F ISHES:  PLOT OF MEAN BODY WEIGHT PER F ISH INDIV IDUAL VERSUS MICROHABITAT
ATOF,IND-DTSTANCE FRoM, THE PAR M0DULEs IN DEcEMBER 198s.  sampte s ' izes are
numbers  o f  f i sh  t a l l ' i ed .  A l l  ( i uven i l e -adu1 t )  l i f e  s t ages  a re  poo ' l ed .  Dens ' i t i e s
a t  0  -3  m d ' i s tance  a re  es t ima ted  based  on  December  1985  r 'Eco tone"  t ransec ts .
Dens i t i es  a t  success i ve  d i s t ances  a re  based  on  t he  f o1 ' l ow ' i ng  segmen ts  o f  t he
December  1985  r r r ad ia l "  t r ansec t s  ( f i r s t  10  m :  4  -  12  n ,  second  10  m :  13  -  22  n ,
t h ' i r d  10  m :  23  -  32  m ,  l as t  45  m :  33  -  78  m) .  See  Append i x  Q ,  Tab les  2 ,  3 ;  F i gs .  1 ,
2  f o r  de ta i l s .
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I
F IGURE 7

PAR FISHES: PLOT OF MEAN NUMERICAL DENSITY VERSUS DiSTANCE FROM THE PAR MODULES
FOR-ETmTtrFouR MAJoR sPEciEs AND FOR ToTAL FISHES iN FALL 1986. sample si ies
a re  numbers  o f  f i sh  t a l l i ed .  Juven i l e -adu l t  l i f e  s t ages  a re  poo led ' i n  a l l  cases .
Dens i t i es  a t , 0  -  3  m  d i s tance  a re  es t ima ted  based  on t rEco tone "  t r ansec t s  f o r  a l l
t h ree  (November  1985-January  1987)  su rveys .  Dens i t i es  a t  success ' i ve  d i s tances  a re
based  on  the  fo l l ow ' i ng  segmen ts  o f  t he  November  1986-January  1987  t t rad ia l r r
t r ansec t s  ( f i r s t  5  m :  4  -  8  m ,  second  5  m :  9  -  13  m ,  second  10  m :  14  -  23  m ,  l as t  10
n :  24  -  33  m) .  See  Append i x  Q ,  Tab les  2 ,  3 ;  F j gs .  1 ,2  f o r  de ta i l s .
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F IG IJRE 8

PA8 EISHES: PLOT OF MEAN BODY VJEIGHT PER FISH INDiVIDUAL VERSUS MICROHABITAI
ATOF,-AND-TTSrANCE FRoM, THE PAR MoDULES IN FALL 1986.  sample s izes are numbers
o f  f i sh  t a l I i ed .  A l l  ( j uven i l e -adu l t )  I i r ' e  s t ages  a re  poo led .  Dens i t i es  a t  0  -  3
m d i s tance  a re  es t ' ima ted  based  on r rEco tone"  t ransec ts  fo r  a l l  t h ree  November  1986-
January  1987)  su rveys .  Dens i t i es  a t  success i ve  d i  s tances  a re  based  on  the
fo l I ow jng  segmen ts  o f  t he  November  1986-January  1987  " rad ia l "  t r ansec ts  ( f i r s t  5
m:4 -8m,  second5m:9 -  13m,  second10m:14 -23m,  l as t10m:24 -33  m) .  See
Append i x  Q ,  Tab ' l es  2 ,  3 ;  F i gs .  1 ,  2  f  o r  de ta i l s .
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