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EXECUTIVE SUMI"IARY

Mar ine  Eco log i ca l  Consu l tan ts  (MEC)  has  conduc ted  mon i to r i ng

studies of  the p lankton communi ty  in  the v ic in i ty  o f  the San Onofre

Nuc lea r  Genera t i ng  S ta t i on  (SONGS)  on  beha l f  o f  t he  Mar ine  Rev iew

Commi t tee  (MRC)  s ince  L976 .  The  ma jo r  t h rus t  o f  t hese  s tud ies  s ince  7979

has  been  to  p red i c t ,  and  subsequen t l y  t o 'measure ,  t he  e f fec ts  o f  SONGS

Uni ts  2 and 3 on the p lankton (s tudies pr ior  to  L979 were largely

d i r ec ted  t owa rdmeasu r i ng  t he  e f f ec t s  o f  Un i t  1 ) .  Th i s  r epo r t  i s  MEC 's

Final  Repor t  to  the Mar ine Review Commit tee descr ib ing the resul ts  of

our  Uni ts  2 and 3 moni tor ing s tudies of  ichthyoplankton,

macrozooplankton,  and phytoplankton.

SONGS Uni ts  2 and 3 began commerc ia l  operat ions in  1983 and 1984,

resPec t i ve l y .  Un i t s  2  and  3  accoun t  f o r  85  pe rcen t  o f  t he  7800m3 /m ino f

coo l i ng  wa te r  used  by  the  th ree  SONGS un i t s .  Long  d i f f use rs  d i scha rge

the  coo l i ng  wa te r  !  t o  2 .5  km o f f sho re ,  whe re  i t  i s  d i l u t ed  s i x -  t o  t en -

fo ld  by entra ined ambient  water .  One of  the concerns or ig ina l ly  ra ised

dur ing the p lanning s tages of  Uni ts  2 and 3 was that  the use of  so much

cool ing water  ( the amount  wi thdrawn every day corresponds to  the vo lume

under  one sguare k i lometer  in  the v ic in i ty  o f  the in takes )  could lead to

la rge -sca1e  reduc t i ons  i n  t he  p lank ton ,  s ince  coo l i ng  wa te r  w i thd rawa l

and  d i scha rge  sub jec ts  p lank ton  to  dea th  i n  t he  i n take  sys tem,  to

entra inment  and of fshore t rans locat ion in  the d ischarge pIume,  and to

hab i t a t  a l t e ra t i ons  (wh i ch  can  be  f avo rab le - -e .g . ,  i n c reased .  f ood  o r

t he  c rea t i on  o f  f avo rab le  phys i ca l  cond i t i ons ,  o r  un favo rab le - -€ .g . ,

i nc reased  tu rb id i t y ,  a l t e red  phys i ca l  cond i t i ons  )  .  Th i s  repo r t

add resses  the  o r i g ina l  conce rn ,  and  a l so  cons ide rs  the  po ten t i a l  d , i r ec t

and  i nd i rec t  e f fec ts  o f  SONGS opera t i on .  The  repo r t  cons i s t s  o f  f i ve

ma jo r  t ex t  sec t i ons  and  a  separa te  vo lume o f  suppor t i ng  append ices .

vl- l- 1



MEC's  s tudy  was  des igned  to  mee t  t he  ob jec t i ves  o f  t he  MRC's

mon i to r i ng  p rog ram.  Ls  pa r t  o f  t he  pe rm i t t i ng  p rocess  fo r  SONGS,  - the

MRC was charged wi th  moni tor ing the ef fects  of  Uni ts  2 and 3.  This

moni tor ing was to  prov ide in format ion that  would enable the Cal i forn ia

Coas ta l  Commiss ion  to  eva lua te  the  impac ts  o f  SONGS Un i t s  2  and  3

operat ions.  The goals  of  the MRC Uni ts  2 an.d 3 moni tor ing s tudies were:

1)  to  predic t  the ef fects  of  Uni ts  2 and 3 operat ions on the mar ine

biota;  2)  to  measure the magni tude and extent  o f  any such changes;  and

3)  to  determine whether  the operat ion of  Uni ts  2 and 3 caused those

changes.  The MRC def ined a s ign i f icant  change as a 50 percent  increase

or  reduct ion in  abundance f rom what  would be expected in  the absence of

SONGS. The sampl ing programs were designed to deteet  such a change i f  i t

occu r red  ove r  an  a rea  o f  seve ra l  squa re  k i l ome te rs .

The planktonic communit ies near SONGS that the MRC monitored in

order  to  meet  these goals  were Ehe ichthyoplankton,  the

macrozoop lank ton ,  and  the  phy top lank ton .  MEC 's  mon i to r i ng  s tud ies

sought  to  determine whether  the operat ion of  SONGS had caused a marked

reduct ion in  the abundance of  ichthyoplankton,  or  marked changes in  the

abundances of  macrozooplankton and phytoplankton,  and whether  SONCS

operat ions caused changes in  the d is t r ibut ions of  the ichthyoplankton

and macrozooplankton.

Ichthyoplankton was sampled at  two locat ions:  an Impact  s i te

abou t  I - 3  km sou th  o f  SONGS ( t o  pe rm i t  t he  de tec t i on  o f  l a rge -sca1e

changes )  and  a  Con t ro l  a rea  abou t  18  km sou th  ( to  co r respond  w i th  the

MRC adu l t  f i sh  s tud ies  )  .  Samp les  were  co l l ec ted  w i th  towed  ne ts  f rom

the  neus ton ,  m idwa te r ,  and  ep iben thos  i n  f ou r  onshore /o f f sho re  b locks

be tween  the  5  and  45  m i soba ths  a t  each  s i t e  (wh ich  pe rm i t t ed

desc r i p t i ons  o f  changes  i n  d i s t r i bu t i on )  on  38  p reope ra t i ona l  ( I g7g

th rough  t 981 )  and  27  ope ra t i ona l  ( 1984  t h rough  1986 )  pe r i od  su rveys .

1X



The macrozooplankton and phytoplankton were sampled at  three

onsho re /o f f sho re  l oca t i ons  ( t he  8 ,  13 ,  and  30  m  i soba ths )  a l ong 'an

Impact  t ransect  o f f  Uni t  1 ,  and a long a Contro l  t ransect  about  12 krn

sou th "  Pumped  samp les  were  co l l ec ted  f rom the  su r face ,  f rom one  o r  two

midwater  s t ra ta,  depending on water  depth,  and f rom the epibenthos at

each locat ion.  This  arrangement  permi t ted descr ip t ions of  changes in

spa t i a l  d i s t r i bu t i ons .  Th i r t y - two  p reopera t i ona l  (1976  th rough  198 f )

and 23 operat ional  (1983 through 1985)  per iod surveys hrere taken.

The data were analyzed to  detect  changes in  abundance (us ing the

BACI - -Be fo re /A f te r ,  Con t ro l / Impac t - -app roach ) ,  and  changes  i n  spa t i a l

d is t r ibut ion (us ing MANOVA/ANOVA/Bonferroni  pat tern analyses)"  The

BACI  app roach  i s  desc r ibed  i n  de ta i l  i n  Sec t j -on  3 .7 "1 .  The  BACI  app roach

tests  whether  the d i f ference between abundances at  the Impact  and

Con t ro l  s i t es  i n  t he  Be fo re  (p reopera t i ona l )  pe r iod  was  d . i f f e ren t ,  on

average,  f rom the d i f ference between fmpact  and Contro l  abundances in

the  A f te r  (ope ra t i ona l )  pe r iod .  The  p r imary  tes t  i s  a  two -samp le  t - t es t

o f  means .  When  the  na tu re  o f  t he  da ta  d id  no t  pe rm i t  t he  use  o f  a  t - t esE  !

t he  t - t es t  rep laced  by  the  w i l coxon  rank  sum tes t ,  t he

au to reg ress i ve  e r ro r s  t - t es t ,  t he  b i nom ia l  t es t ,  and  reg ress ions  o f

SONGS ve rsus  Con t ro l  da ta .  These  secondary  tes ts  were  a l so  used  to

p rov ide  i ns igh t  i n to  the  da ta .  Add i t i ona l  secondary  tes ts  cons i s ted  o f

BACI  tes ts  pe r fo rmed  on  two  subse ts  o f  t he  A f te r  da ta ,  one  con ta in ing

sun'eys taken when the Impact  s i te  was in f luenced by the Uni ts  2 and 3

d i f f use r  p lume ( "P1ume"  su rveys ) ,  and  the  o the r  con ta in ing  su rveys

takenwhen  i t  was  no t  (Non -p1ume" ) .  These  t es t  r esu l t s  we re  used  t o  a i d

in  the  i n te rp re ta t i on  o f  t he  resu l t s  based  on  the  fu11  A f te r  da ta  se t .

The I 'L4.N0VA/AN0VA/Bonf erroni pattern analysis on each

ich thyop lank ton  and  macrozoop lank ton  taxon  compared  the  c ross -she1 f

pa t te rn  o f  abundance  ran l cs  a t  t he  l : npac t  s i t e  i n  t he  A f te r  pe r iod  w i th  a



compos i te  pa t te rn  o f  ranks  de r i ved  f rom the  d i s t r i bu t i ons  a t  SONCS in

the  Be fo re  pe r iod  and  a t  Con t ro l  i n  t he  Be fo re  and  A f te r  pe r iod .s .  The

pa t t e rn  ana l ys i s  i s  desc r i bed  i n  de ta i l  i n  Sec t i on  3 .7 .2 ,

S ta t i s t i ca l l y - s ign i f i can t  l a rge -sca le  genera l  reduc t i ons  i n

p lankton abundance r rear  SONGS were not  detected.  However ,

s ta t i s t i ca l l y  s ign i f i can t  reduc t i ons  i n  t he  re la t i ve  abundances  o f

t o ta l  l a r vae  ( i . e . ,  t he  sum o f  t he  deve lopmen ta l  s t ages )  we re  de tec ted

in the fu1 l  operat ional  data set  for  f ive of  the 19 ichthyoplankton taxa

tes ted  (o f  t he  app rox ima te l y  150  t ypes  i den t i f i ed  du r ing  the  SONGS

stud ies  ) .  I n  add i t i on ,  one  o r  more  deve lopmen ta l  s tages  o f  s i x  t axa

( inc lud ing  fou r  o f  t he  above  f i ve )  dec l i ned  s ign i f i can t l y  i n  re la t i ve

abundance .  I n  a l l ,  t he re fo re ,  seven  taxa  ( the  gob ies  C leve land ia  t lE ,

Qu ie tu la  y -cauda ,  and  I l ypnus  g i l be r t i .  t he ,queen f i sh  Ser iphus  po l i t us ,

the  ke lp  and  seabasses  Para lab rax  spp . ,  t he  j ac l csme l t  A the r inops i s

c-a l i forn iens is ,  and the nor thern anchovy Engraul is  mordax)  exhib i ted

re la t i ve  dec reases  i n  abundance ,  e i t he r  o f  t o ta l  l a r vae ,  o r  o f  va r i ous

deve lopmen ta l  s tages ,  o r  bo th .  One  taxon ,  t he  Ca l i f o rn ia  g run ion .  wou ld

have  been  shown  to  i nc rease  s ign i f i can t l y  had  we  done  two- ta i l ed  tes ts

ra the r  t han  the  l ower - ta i l  t es t s  tha t  were  used .  Th i s  means  tha t  f o r

one  o f  t he  19  i ch thyop lank ton  taxa  ana lyzed ,  ou r  a  p r i o r i  a l t e rna t i ve

hypo thes i s - - tha t  abundance  cou ld  on l y  dec rease - -was  wrong .  Two  o f  t he

re la t i ve  dec reases  i n  t o ta l  l a r vae  those  fo r  t he  shadow goby  and

cheekspot  goby were due to  smal ler  increases in  abundance at  S0NGS

than  a t  Con t ro l .  The  re la t i ve  dec rease  i n jacksme l t  l a r vae  was  due  to  a

g rea te r  dec rease  a t  SONGS than  a t  Con t ro l ' ,  and  the  re la t i ve  dec reases  i n

the abundances of  the arrow goby and the nor thern anchovy were due to

dec reased  abundances  a t  SONGS and  inc reased  abundances  a t  Con t ro l .

A  s i gn i f i can t  r e l a t i ve  i nc rease  was  de tec ted  i n  t he  f u t l

ope ra t i ona l  da ta  se t  f o r  one  (ba rnac le  l a rvae  )  o f  t he  s i x teen
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macrozooplankton taxa tested (of  the twenty taxa and categor ies counted

dur ing the SONGS studies )  ;  there were no s ign i f icant  re la t ive decreases

in the fu l l  data set  for  the macrozooplankton.  Two addi t ional  taxa

(Evadne nordmanni  and cyphonautes larvae)  increased in  re la t ive

abundance on p lume dates.  The phytoplankton s tanding crop!  measured as

chlorophyl l -a  concentrat ion,  showed no s ign i f icant  re la t ive change.

None of  the s ign i f icant  re la t ive changes detected for  the

ichthyoplankton and macrozooplankton could be ascr ibed soIe]y  to  the

operat ion of  SONGS Uni ts  2 and 3.  This  was because except  for  the

nearsho re  gob ies ,  es t ima ted  l osses  due  to  i n take  w i thd rawa l - - t he  on l y

SONGS mechanism known to operate--were too smal l  to  have accounted for

the s ign i f icant  re la t ive reduct ions detected,  and could not  have

produced  inc reases .  A l though  es t ima ted  l osses  cou ld  have  caused  the

changes in  the abundance of  gobies,  a l ternat ive mechanism could be

pos tu la ted .  SONGS opera t i ons  Bdy ,  however ,  . have  con t r i bu ted  to  the

s ign i f i can t  re la t i ve  reduc t i ons  tha t  were  de tec ted  among  the

ichthyoplankton,  and to  the three re la t ive increases detected among the

zooplankton taxa.  SONGS mechanisms that  vrere postu lated as contr ibutors

to the ichthyoplankton deereases inc luded in take wi thdrawal ,  secondary

en t ra inmen t  i n  t he  d i f f use r  p1ume,  and  l osses . to  p reda to rs  a t t rac ted  to

the  v i c in i t y  o f  t he  p1ume.  We h 'e re  unab le  to  pos tu la te  the  mechan is rn (s )

that  might  have produced the re la t  j -ve increases among the

macro  zoop  l ank ton .

The  Pa t te rn  ana lys i s  de tec ted  s ta t i s t i ca l l y  s ign i f i ca : r t ,  bu t

re la t i ve l y  m ino r ,  sh i f t s  i n  t he  d i s t r i bu t i on  o f  t o ta l  l a r vae  o f  t h ree

ichthyoplankton taxa,  and of  one of  the three l i fe  s tages of  an

add i t i ona l  f i ve  taxa .  The  sh i f t s  were  va r iab le  and  genera l l y  occu r red

in  a reas  o f  I ow  la rva l  abundance .  These  L re re  no r  cons ide red  SONGS

e f fec r s  "
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Tota l  macrozooplankton and four  macrozooplankton taxa

(cyphonau tes  l a rvae  and  the  copepods  Aca f t i a  t onsa ,  Corycaeus  ang l i cus ,

and  O i thona  p lum i fe ra )  a l so  d i sp layed  s ta t i s t i ca l l y  s ign i f i can t  sh i f t s

in  d is t r ibut ion.  These formed a re la t ive ly  coherent  pat tern which was

cons ide red  ev idence  o f  a  SONGS e f fec t ,  and  f rom wh ich  a  concep tua l  mode l

o f  SONGS- induced  c i r cu la t i on  was  de r i ved .  l he  ma jo r  e lemen ts  o f  t h i s

model  are a shoreward f low of  make-up water  requi red to  rep lace the

water withdrarrn at the intakes and entrained by the seaward-directed

discharge p lume.  The shoreward mot ion of  the make-up f low and the

seaward mot ion of  the p lume are mainta ined whenever  Uni ts  2 and 3

operate.  The model  was der ived f rom two pr inc ipa l  e lements of  the

macrozoop lank ton  pa t te rn  ana lys i s  resu lEs .  The  f i r s t  i nc luded  the

re lat ive decreases in  the mean ranks of  abundance seaward of  the Uni ts  2

and  3  o f f sho re  coo l i ng  s t ruc tu res ,  wh ich  were  i n te rp re ted  as  re f l ec t i ng

shoreward mot ion of  the make*up water  conta in ing lower concentrat ions

o f  t he  coas ta l  mac rozoop lank ton  spec ies ,  and  re la t i ve  i nc reases  i n  mean

ranks of  abundance in  midwater  and re la t ive decreases in  Ehe epibenthos

of  the depth zone encompassing the Uni ts  2 and 3 in takes and d i f fusers,

in terpreted as ref lect ing the combined ef fects  of  secondary entra inment

and shoreward malre-up f low.  Since these var ious pat tern sh i f ts  were

red i s t r i bu t i ons  w i th in  s t ra ta  no rma l l y  occup ied  by  the  taxa  i nvo l ved ,

and s ince they were urraccompanied by substant ia l  re la t ive decreases in

abundance ,  t hey  were  cons ide red  on l y  m ino r  SONGS e f fec ts .

BACI  tes ts  o f  ch lo rophy l l  da ta  f rom a1 I  s ta t i ons  and  f rom a  s ta t i on

that  was expected to  exper ience the maximum inf luence of  SONGS

opera t i ons  y ie laea  no  s ta t i s t i ca l l y  s ign i f i can t  i nd i ca t i ons  o f  an

e f f ec t  o f  SONGS ope ra t i on .

The fate of  p lan lc tonic  organisms wl thdrawn at  the Unj . ts  2  and 3

i n takes  i s  add ressed  i n  Sec t i on  5 .  Measu red  t h rough -p1an t  l osses  we re
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85-100% when the in take condui t  fou l ing communi ty  was wel l  establ ished,

and lower,  but  s t i l l  substant ia l ,  when the fou l ing communi ty  -was

reduced fo l lowing heat  t reatment .  There was no s ign i f icant  through-

p lan t  ga in  o r  l oss  o f  d i sso l ved ,  pa r t i cu la te ,  o r  t o ta l  o rgan ic  ca rbon .

A re lat ive ly  large (L50" / " )  and s ign i f icant  through-p1ant  increase of

inorganic  seston occurred which was only  par t ia l ly  a t t r ibutable to

inputs f rom the b iofoul ing communi ty .

Est imates of  the average annual  losses of  ic t r thyoplankton and

macfozooplankton to  Uni ts  2 and 3 wi thdrawal  are a lso presented in

Sec t i on  5  and  a re  compared  w i th  the  o r i g ina l  MRC p ro jec t i ons  o f  l osses .

Loss  es t ima tes  a re  p resen ted  fo r  ave rage  1981-1985  w i thd rawa l  vo lumes ,

for  wi thdravra l  a t  75" / "  o f  capaci ty  (c losely  approx imat ing the actuaL

1eve1  o f  ope ra t i on  du r ing  the  1983-1986  ope ra t i ona l  mon i to r i ng  pe r iod ) ,

and for  cont inuous fu l I -povrer  operat ion (100%).  Operat ion at  the 75%

1eve l  was  cons ide red  the  mos t  rea l i s t i c  es t ima te  o f  f u tu re  Un i t s  2  and  3

opera t i ons  and  was  used  i n  the  comp l r i sons .  The  f i na l  es t ima ted  l osses

of  species of  spor t  and commerc iaL f ishery va lue tended to be h lgher

than  the  o r i g ina l  p ro jec t i ons .  E ,s t ima ted  l osses  o f  f odder  f i sh ,  i n

con t ras t ,  t ended  to  be  much  lower  than  the  o r i g ina l  p ro jec t i ons .  Th i s

ref lected the lower abundances of  spor t  and eommerc ia l  species,  and

h ighe r  abundance  o f  f oc ide r  spec ies ,  i n  1978- - the  bas i s  f o r  t he  o r i g ina l

P ro jec t i ons - - t han  we re  f ound  i n  mos t  l a t e r  yea rs .  Es t ima ted  l osses  o f

to ta l  mac rozoop lank ton  were  nea r l y  one  and  one -haL f  t o  two  t imes  h ighe r

than  t he  o r i g i na l l y -p ro j ec ted  l osses ,  whe reas  es t ima ted  l osses  f o r

ind iv idual  taxa ranged f rom as 1ow as about  one-haI f  to  as h igh as about

th ree  and  one -haL f  t imes  the  ea r l i e r  p ro jec t i ons .  Mac rozoop lank ton

losses  were  es t ima ted  to  be  equ iva len t  t o  na tu ra l  mor ta l i t y  under  a

nea rsho re  a rea  o f  ocean  o f  abou t  4 .8  kmz .
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I .O INTRODUCTION

1.1  Overv iew

The  San  Ono f re  Nuc lea r  Genera t i ng  S ta t i on ,  I oca ted  on  the  coas t  o f

sou the rn  Ca l i f o rn ia  (F igu re  1 -1 ) ,  cons i s t s  o f  t h ree  un i t s ,  each  powered

by  a  p tessu r i zed  wa te r  reac to r .  Un i t  1 ,  ra ted  a t  456  megawat t s ,  began

opera t i on  i n  f 968 .  Un i t s  2  and  3 ,  each  ra ted  a t  1180  megawat t s ,  began

opera t i on  i n  1983  and  1984 ,  respec t i ve l y .

Al l  three uni ts  use seawater  for  once- through condenser  cool ing.

The  coo l i ng  wa te r  i n takes  a re  l oca ted  app rox ima te l y  0 .9  kn  o f f sho re ,  i n

about  9 m of  water  (F igure L-2) .  The maximum cool ing water  f low of  the

th ree  un i t s  i s  7 ,800  m3 /m in  (11 "2  m i l L i on  m3 ,  . o r  3  b i l l i on  ga l l ons '  Pe r

day) .  Note that  th is  vo lume of  water  roughly  corresponds to  the vo lume

con ta ined  unde r  1  kmz  o f  a  wa te r  co lumn  9  mdeep  (9  m i l l i onm3) .  Coo l i ng

water  passes through the Uni t  I  system approx imate ly  15 minutes,  and

takes 25 t .o  30 minutes to  pass through Uni ts  2 and 3.  The cool ing water

for  Uni t  1  is  d ischarged at  approx imateLy 2 m/sec f rom a s ing le large

por t  l oca ted  i n  8  m o f  wa te r  app rox ima teLy  0 .8  km f rom sho re .  Un i t s  2

and  3 ,  however ,  use  1ong ,  mu l t i p le -po r t  d i f f use r  p ipes ;  wa te r  i s

d i scha rged  a t  app rox ima te l y  4  m l  sec .  The  Un i t  2  d i f f use r  d i scha rges  i n

12  t o  15  m  o f  wa te r  i . 8  t o  2 .5  km o f f sho re !  and  Un i t  3  d i scha rges  i n  10  t o

12  m  o f  wa te r  1 .1  t o  1 .9  k rn  o f f sho re .  F i gu re  1 -3  shows  t he  h i s t o r y  o f

Un i t s  2  and  3  coo l i ng  wa te r  f l ow  th rough  1985 .  The  coo l i ng  wa te r .  i s

ra ised approx imate ly  12oC above ambient  dur ing normal  operat ions.  The

d ischa rged  wa te r  i s  d i l u ted  app rox ima te l y  s i x  t o  ten - fo1d  w i th  a rnb ien t

wa te r  t ha t  i s  en t ra ined  i n  the  d i scha rge  j e t s .  The  vo lume en t ra ined  pe r

day  rough ly  co r responds  to  the  wa te r  under  9  km2  ( i . e . ,  a  square  3  km.on

each  s i de )  o f  a  wa te r  co lumn  I0  m  deep .
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Power  p lan ts  tha t  use  once - th rough  condenser  coo l i ng  can  a f fec t  t he

aqua t i c  b io ta  i n  way i  t ha t  can  be  de t r imen ta l  and  bene f i c i a l .  The

wi thdrawal  o f  p lanktonic  organisms and the larvae of  f ish and benth ic

spec ies  i n  t he  coo l i ng  wa te r  resu l t s  i n  t he  dea th  o f  a  l a rge  P roPor t i on

o f  t hose  o rgan isms  (Ba rne t t  e t  a l . ,  L982 ,  f o r  Un i t  2  and  3  l osses  and  a

rev iew of  Uni t  1) ,  thus removing them f rom the system and reducing the i r

popu la t i ons .  The i r  ca rcasses ,  and  the  ca rcasses  o f  i nve r teb ra tes  tha t

l ive in the intake conduits and feed upon the material in the withdrawn

water ,  are d ischarged in to the envi ronment ,  and may serve as an

addi t ional  food source for  the surrounding animals.  Discharged

mater ia l  and animal-s  ent ra ined f rom the nearshore zone may be

transpor ted to  the faster  longshore currents  far ther  of fshote,  and thus

be lost  to  the inner  nearshore zone.  Sediments may be a l tered as a

resul t  o f  the t ranspor t  o f  water  h igh in  suspended mat ter  f rom inshore

to far ther  of fshore by the d ischar ' .  e  currents  .  Predator /Prey

interact ions may be a l tered as a resul t  o f  changes in  the abundances of

p reda to rs  o r  t he i r  p rey .  D ischa rges  o f  t he  b ioc ides ,  me ta l s ,  and

radionucl ides that  are present  in  low concentrat ions in  the ef f luent

may contr ibute to  any net  reduct ions in  abundance;  however ,  evaluat ions

o f  such  po ten t i a l  con t r j , bu t i ons  a re  ou ts ide  th i s  scoPe  o f  t he  SONGS

s tudy .

One of  the or ig ina l  concerns that  was ra ised when Uni ts  2 and 3 were

be ing  p lanned  was  tha t  t he  use  o f  so  much  coo l i ng  wa te r - - t he  amoun t

under  one square k i lometer  every day--and the entra inment  in  the

discharge of  waEer represent ing an average of  about  e ight  t imes that

vo lume cou ld  have  cumu la t i ve  e f fec ts  tha t  wou ld  l ead  Lo  l a rge -sca le

reduc t i ons  i n  t he  aqua t i c  b io ta ,  poss ib l y  ex tend ing  seve ra l  k j - l ome te rs

f rom SONGS "  An a l ternat ive v iew was that  the longshore currents  '  eddy
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d i f f us i v i t y ,  and  c ross -she1 f  c i r cu la t i on  wou ld  be  su f f i c i en t l y  s t rong

to  rap id . l y  d i l u te  the  e f fec ts  o f  SONGS to  be low  de tec tab le  l eve Is .

In  1974 ,  as  pa r t  o f  t he  pe rm i t t i ng  p rocess  fo r  t he  San  Ono f re  Nuc lea r

Genera t i ng  S ta t i on  Un i t s  2  and  3 ,  t he  Ca l i f o rn ia  Coas ta l  Zone

Conserva t i on  Commiss ion  (now the  Ca l i f o rn ia  Coas ta l  Commiss ion )  i ssued

Perm i t  No .  183 -73 .  The  pe rm i t  f o rmed  the  Mar ine  Rev iew  Commi t tee  (MRG) ,

an independent committee whose members were drawn from academia,

envi ronmenta l  groups,  and Southern Cal i forn ia Edison (SCE).  One of  the

charges to  the MRC was to moni tor  the ef fects  of  Uni ts  2 and 3,  p lac ing

emphasis  " .  .  .  on the p lankton and larva l  forms that  are the basis  of  the

ocean ' s  food  cha in  and  thus  o f  t he  ocean ' s  spo r t  and  commerc ia l

f isher ies .  .  "  " .  The purpose of  the MRC study was to  obta in in format ion

that  the Comrniss ion could use to  dec ide whether  or  not  changes in  the

cool ing system should be requi red in  order  to  prevent  or  reduce any

adve rse  e f fec ts  o f  Un i t s  2  and  3 .

The goals  of  the MRC studies were to  detect  s ign i f icant  changes in

the mar ine b iota,  to  determine the magni tude and extent  o f  those

changes,  and to  determine whether  the operat ion of  SONGS Uni ts  2 and 3

caused  the  changes .  I n  des ign ing  the  p rog ram,  the  MRC (1983)  de f i ned  a

s igni f icant  change to be a 507"  reduct ion or  increase between observed

abundances and the abundances that  would have been observed had SONGS

not  been operat ional .  The sampl ing program was desj -gned in  a way that

wou ld  pe rm i t  t he  de tec t i on  o f  such  a  change  i f  i t  occu r red  ove r  an  a rea

o f  seve ra l  squa re  k i l ome te rs  r  rep resen t i ng  a  ve ry  l a rge  zone  i n  wh ieh

b io log i ca l  commun i t i es  a re  seve re l y  a f fec ted .  To  ach ieve  tha t  goa l  t he

MRC had to dec ide how to s tudy the cornplex mar ine envi ronment  in  a

manageable but  meaningfu l  way.
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Two fundamenta l ly  d i f ferent  approaches to  impact  moni tor ing have

been  cons ide red  by  the  MRC.  The  f i r s t  i s  a  sequen t ia l  app roach .  The

avai lab le ef for t  is  f i rs t  devoted to  determin ing whether  there are

detectable and s ign i f icant  net  changes among the populat ions in  the

receiv ing water  species assemblages,  and whether  those changes can be

a t t r i bu ted  to  the  e f fec ts  o f  t he  po ten t i a l  d i s tu rbance  be ing  s tud ied "

I f  a  net  e f fect  can not  be determined,  then fu ture moni tor ing may be

cu r ta i l ed  o r  e l im ina ted .  I f  a  ne t  e f fec t  can  be  de tec ted ,  t hen ,

depending upon how impor tant  the ef fect  is  judged to be,  appropr ia te

i so la t i ng  s tud . i es  can  be  conduc ted  to  de te rm ine  the  spee i f i c  sou rce (s )

of  the observed change and the mechanism(s)  by which the change is

e f fee ted .  No te  tha t  i t  i s  poss ib le  tha t  t he  sum o f  t he  pos i t i ve  e f fec ts

and the negat ive ef fects  can resul t  in  a zero net  sum. Thus,  a  drawback

to  th i . s  app roach  i s  t ha t  t he re  cou ld  be  e f fec ts ,  bu t  t hey  m igh t  no t  be

iden t i f i ed  o r  measured .

The  second  app roach  i s  t o  des ign  each  o f  t he  mon i to r i ng  e lemen ts ,

Poss ib l y  i n  con junc t i on  w i th  con t ro l l ed  l abo ra to ry  and  f i e ld

exper iments,  in  such a way as to  make that  e lement  re la te speci f ica l ly

to  a  Pa r t i cu la r  sou rce  o f ,  and /o r  mechan ism fo r ,  po ten t i a l  e f f ec ts .

Negat ive resul ts  aI low one to remove that  source or  mechanism f rom

con t inued  sc ru t i ny .  Pos i t i ve  resu l t s  pe rm i t  a  more  rap id  de te rm i -na t i on

o f  e f fec ts  and  po ten t i a l  m i t i ga t i ons .  Th i s  app roach  i s  cos t l y  a t  a

fac i l i t y  such  as  SONGS,  4 t  wh ich  a  va r ie t y  o f  mechan isms  can  cause

changes in  many d i f ferent  mar ine populat ions.  Fur thermor€;  i t  may or

may  no t  be  poss ib le  to  i n teg ra te  the  resu l t s  o f  t he  va r ious  e lemen ts

a r i t hme t i ca l l y ,  s i nce  some  e f f ec t s  may  i n te rac t  syne rg i s t i ca l l y  t o

cause  an  impac t  f a r  d i f f e ren t  f rom the i r  a r i t hme t i c  sum.  These  cou ld

i nc l ude  oppos ing  e f f ec t s  t ha t  cance l  each  o the r .  Fo r  t hese  reasons !
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j " so la t i ng  spec i f i c  hypo thes i zed  mechan isms ,  even  w i th  the  suppor t  o f

l abo ra to ry  expe r imen ts ,  i s  d i f f i cu l t ,  and  i n  some cases  may  be

imposs ib l e .

In  genera l ,  the MRC has taken the f i rs t  approach in  des igning and

implement ing i ts  s tud ies.  The resul tant  moni tor ing Program, ca11ed

BACI  (an  ac ronym fo r  Be fo re lA f te r ,  Con t ro l / Impac t ) ,  has  been  the  MRC's

pr imary too l  for  invest igat ing SONGS net  ef fects .  The second approach,

i . e . ,  t he  s tudy  o fmechan isms ,  was  the  p r imary  app roach  to  the  s tudy  o f

the ke lp ,  and was a lso used to invest igate d i f ferences revealed by the

BACI approach.  Other  methods of  analys is  have been used to evaludte

SONGS '  l oca l  e f f ec t s .  Fo r  examp le ,  b i o l og i ca l  f ea tu res  a t  s t a t i ons

along a gradient  s t re tch ing outward f rom SONGS brave been examined,

various measures of changes in community structure and dominance

re lat ionships among the species assemblages being s tudied have been

appl ied,  and the spat ia l  and tAmporal  pat ter r ts  of  phys ica l  and chemical

va r iab les  have  been  rnon i to red  ove r  t he  cou rse  o f  t he  b io log i ca l

s tud ies .

The MRC studied the b io log ica l  communi ty  in  eaeh of  the major  mar ine

hab i ta t s  i n  t he  v i c in i t y  o f  SONGS.  i nc lud ing  the  p lank ton i c  hab i ta t .

P lank ton  has  been  ca tego r i zed  on  a  number  o f  c r i t e r i a ,  i nc lud ing

taxonomy and l i fe  h is tory .  The broad taxonomic grouPs are the

bac te r i op lank ton  ( the  bac te r i a ) ,  phy top lank ton  ( the  p lan ts  ) ,  and

zoop lank ton  ( the  an ima ls ) .  The  l i f e  h i s to ry  ca tego r ies  i nc lude  the

holoplanlc ton ( those organisms that  spend a l l  o f  the i r  l ives as

plankton)  and the meroplankton ( immature p lanktonic  s tages of  organisms

w i th  non -p lank ton i c  adu l t s ,  such  as  ba rnac le  naup l i i  and  ke lp  spo res  ) .

The  merop lank ton i c  s tage  t yp i ca l l y  l as t s  on  the  o rde r  o f  days  to  weeks

be fo re  the  o rgan ism se t t l es  f rom the  wa te r  co lumn to  the  ben thos  o r

i nc reases  i n  mob i l i t v  t o  become  a  member  o f  t he  nek ton .
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Two of  the communi t ies se lected by the MRC for  deta i led s tudy in

the p lanktonic  habi ta i  w"r"  the zooplankton and the ichthyoplankton.

The zooplankton is  composed of  smaI l  an imals suspended in  the water '

whose  d i s t r i bu t i on  i s  l a rge l y  de te rm ined  by  the  movemen t  o f  t he  wa te r .

The nearshore mar ine zooplankton is  dominated by crustaceans '

espec ia lS -y  copepods ,  c ladoce rans ,  and  the  l a rva1  s tages  o f  ba rnac les .

The major i ty  o f  these animals are herb ivores,  feeding on the minute

algae that  compr ise the phytoplankton,  and are,  in  turn,  fed uPon by

1arval  and adul t  f ish and other  p lankt ivores,  such as benth ic

suspens ion  feeders .  The  zoop lank ton  i s ,  t he re fo re ,  an  impor tan t  l i nk

between pr imary producers and h igher  t rophic  levels .  The zooplankton is

abundant  in  the s tudy area year- round,  and is  apparent ly  fa i r ly  s tab le

in  t ime and space (Barnet t  and Jahn,  1987) ,  which suggests that  the

assemb lages  shou ld  re f l ec t  any  added  s t resses  imposed  by  SONGS "  The

ich thyop lank ton  cons i s t s  o f  eggs  and  l a rvae  o f  f i sh ,  spec i f i ca l l y  f ree -

f l oa t i ng  eggs  and  l a rvae  co l l ec ted  i n  p lank ton  ne ts .  ? lank ton i c  ea r l y

deve lopmen ta l  s tages  a re  cha rac te r i s t i c  o f  mos t  mar ine  f i sh  spec ies .

Prominent members of the nearshore ichthyoplankton include

gob ies ,  c l i n ids ,  and  a the r in ids ,  as  we l I  as  o lde r  l a rvae  o f  t he

Cal i forn ia hal ibut ,  whi te  croaker ,  and nor thern anchovy.  Thus the

inner  nearshore area is  an impor tant  nursery atea for  1ocal  f ish,  and

factors that  a f fect  the surv iva l  o f  these larvae can have rePercuss ions

on  rec ru i tmen t  t o  the  popu la t i on  o f  adu l t s .  More  de ta i l ed  desc r ip t i ons

of  the p lankton and ichthyoplankton.  and of  the envi ronmenta l  set t ing

of  the s tudy area!  are presented in  Sect ion 2 and Appendix  A.  I .

SONGS was  though t  t o  be  l i ke l y  t o  a f fec t  t he  abundances  o f

zooplankton and ichthyoplankton near  the p lant  by k i l l ing ind iv iduals

w i thd rawn  in  the  coo l i ng  wa te r ,  wh ich  wou ld  resu l t  i n  a  dec rease  i n
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abundance in  the d is .charged waters;  by seaward t ranspor t  by the

d i f f use r  p lumes ,  w i th  poss ib le  a t tendan t  mor ta l i t y  f rom p reda t i on ;  e ind

by "d i lu t ion"  by the replacement  water ,  which could conta in fewer

ind i t ' iduals  of  the more nearshore species.  In  addi t ion,  the s tanding

crop of  phytoplankton (expressed as ch lorophyl l -a)  could increase in

the v ic in i ty  o f  SONGS in response to p lume- induced upwel l ing.

1 "  2  The Issues Addressed by l tar ine Ecologica l  Consul tants  Studies

Mar ine Ecologica l  Consul tants  (MEC) has s tudied zooplankton in  the

v i c in i t y  o f  SONGS s ince  L976 ,  and  i ch thyop lank ton  s ince  L977 .  The

ear l iest  zooplankton samples used in  the moni tor ing s tudies were

co l l ec ted  i n  1976 ;  i ch thyop lank ton  mon i to r i ng  s tud ies  began  in  L979 .

The fundamenta l  quest ions that  MEC's moni tor ing s tudy design asked

were :

1)  whether  power p lant  operat ions had caused rnarked changes in

the abundance of  f ish larvae,  zooplankton,  and ch lorophyl l ;

2) whether povrer plant operations had caused marked changes in

the spat ia l  d is t r ibut ion of  f ish la : rzae and zooplankters;  and

3)  how many ichthyoplanlc ton and macrozooplankton organisms are

lost  as a resul t  o f  wi thdrawal  and entra inment .

A11 of  the analyses of  zooplankton and ichthyoplankton addressed

indiv idual  taxa,  ra ther  than groups of  species or  measures of  communi ty

s t ruc tu re .  I nd i v idua l  t axa  were  s tud ied  fo r  t h ree  reasons .  F i r s t ,

d i rec t  e f fec ts  o f  t he  p lan t ,  name ly  remova l  o f  i nd i v idua ls ,  can  be

de tec ted  as  changes  i n  the  abundance  o f  a  spec ies  i f ,  t hose  e f fec ts  a re

su f f j - c i en t l y  l a rge .  Second ,  a l t e ra t i ons  t o  a  spec ies '  hab i t a t  may  be

revea led  as  a  red i s t r i bu t i on  o f  t he  popu la t i on  o f  t ha t  spec ie ' s .  Th i rd ,

changes  i n  i nd i v idua l  spec ies  a re ,  u l t ima te l y ,  t he  d r i v i ng  fo rce  beh ind
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aschanges  i n  l a rge r  g roups  o f  spec ies ,  such

commun i t i es .

funct ional  grouPs and

Groups of  species and communi ty  s t ructure were not  analyzed

because ,  un l i ke  the  case  i n  ben th i c  s tud ies ,  app l i cab le  and  genera l l y

aceepted theor ies and models  of  the ef fects  of  change on p lankton

assemblages have not  been developed.  There is  no agreement  on the

impl icat ions of  species composi t ion and dominance st ructure in

zoop lank ton  assemb lagbs ,  i n  pa r t i cu la r .  As  a  resu l t ,  t he re  a re  no

guidel ines for  establ ish ing measures of  the communi ty  or  for

i n te rp re t i ng  changes  i n  those  measures .

Much  o f  t he  bas i c  b io log i ca l  wo rk  a t  San  Ono f re  was  eonduc ted

dur ing  the  p reopera t i ona l  (p r i o r  t o  L982)  Pe r iod .  I t  se rved  to

es tab l i sh  a  base l i ne  desc r ip t i on  o f  t he  l oca ]  "unper tu rbed"  (by  Un i t s  2

and 3,  not  Uni t  1)  p lankton communi t ies and to  y ie ld  ins ight  in to the

re lat ionships between communi ty  s t ructure and envi ronmenta l  var iab les,

to  the extent  that  th is  could be done for  a  reasonable i r rvestment  of

t ime and money.  These basel ine s tudies were in tended to a id  in  the

in te rp re ta t i on  o f  t he  s tud ies  o f  SONGS e f fec ts .  More  impor tan t lY ,

however ,  t hey  were  to  p rov ide  da ta  fo r  t he  Be fo re  ce l l s  o f  t he  BACI

mat r i x .  A  synops i s  o f  pas t  s tud ies  o f  p lank ton  and  i ch thyop lank ton  a t

SONGS i s  p resen ted  i n  Sec t i on  2 .

1 .3  App roach

MEC's  app roach  to  the  gues t i ons  posed  i n  the  s tudy  des ign

cons i s ted  o f  co l l ec t i ng  samp les  a t  l oca t i ons  and  t i r nes  so  as  to  p rov ide

ce l l s  o f  t he  BACI  mode l  and  spa t i a l  cove rage  o f  t he  s tudy  a rea .  The

resu l t s  were  ana lyzed  us ing  a  su i te  o f  t es t s  tha t  wou ld  de tec t  changes

in  abundance  and  d i s t r i bu t i on ,  and  se rved  as  the  bas i s  o f  ca l cu la t i ons

o f  i n take  and  en t ra inmen t  l osses .
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1"3 .1  Synops i s  o f  Samp l i ng  Des ign

The  de ta i l s  o f ,  and  ra t i ona les  fo r ,  s ta t i on  l oca t i ons ,  samp l ing

schemes,  and sample analys is  procedures are presented in  Sect ion 3 and

Appendix  B.  This  sect ion presents an out l ine of  the sampl ing schemes

used in  the ichthyoplankton,  zooplankton and phytoplankton s tudies.

1 .  3 .  1 .  1  I ch thyop lank ton  Samp l ing

Ichthyoplankton were co l lected a long two t ransects ,  represent ing

the Contro l  and lmpact  areas in  the BACI modeI .  The Impact  r  o f  SONGS,

t ransec t  was  l oca ted  I  km downcoas t  ( sou theas t )  o f  t he  SONGS in takes ,

and  the  Con t ro l  t r ansec t  was  18 .5  km downcoas t  o f  SONGS.  Each  t ransec t

ran of fshore f rom 6 to  45 n depth (a d is tance of  approx imate ly  7 km),  and

was d iv ided in to four  cont iguous b locks on the basis  of  depth contours.

Th ree  samp les - -su r face ,  m id -wa te r ,  and  ep iben th i c - -were  co l l ec ted  i n

each  b l ock  on  each  da te .

Tnh fh *nn lank ton  were  samp led  on  a  to ta l  o f  70  occas ions :  38  t imes4 b r . L r . J  v F

dur ing  the  p reopera t i ona l  pe r iod  ( Ju Iy  L979  to  November  1981) ,  5  t imes

dur ing the in ter im per iod (March 1982 to June I983 )  ,  and 27 t imes dur ing

the  ope ra t i ona l  pe r iod  ( Ju1y  1983  to  Sep tember  1985) .  An  add i t i ona l  s i x

s tud ies  o f  i n take  l osses  were  conduc ted  t r iweek l y  be tween  Oc tobe r  1985

and  January  1986 .  I n  those  s tud ies ,  samp les  were  co l l ec ted  nea r  the

inta l ies.  but  not  a t  Contro1.  us ing the same gear  and methods as in  the

mon i to r i ng  su rveys .

1.  3 .  1 .  2  Zooplankton and Phytoplankton Sampl ing

Toop lank ton  were  co l l ec ted  a long  two  t ransec ts ,  co r resPond ing  to

the  Impac t  and  Con t ro l  ce l l s  i n  t he  BACI  mode l .  The  Impac t ,  o r  SONGS,

t ransec t  was  l oca ted  o f f  t he  SONCS in takes .  and  the  Con t ro l  t r ansec t  was
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l oca ted  app rox ima te l y  L2  km downcoas t  o f  SONGS.  Th ree  s ta t i ons ,

def  ined by depth,  were sampled on each t ransect  .  Samples f  or  ' the

analys is  of  zooplankton and ch lorophyl l  were co l lected by pumping f rom

three depths at  each stat ion.  Whole water  phytoplankton samples were

col lected and bnalyzed dur ing the preoperat ional  per iod,  but  not  dur ing

the operat ional  per iod,  so that  no BACI analyses of  phytoplankton ce1l

coun ts  a re  poss ib l e .

Zooplankton were sampled 51 t imes:  32 t imes in  the preoperat ional

per iod (August  1975 to November 1981) ,  6  t imes dur ing the in ter im per iod

(January L982 to June 1983) ,  and 23 t imes dur ing the operat ional  per iod

(Augus t  1983  t o  Sep tember  1986 ) .  I n  add i t i on ,  s i x  s t ud ies  o f  i n t ake

Iosses were conducted at  the same t ime as the ichthyoplankton in take

loss s tudies,  us ing the same gear  and . technS"ques as the moni tor ing

su rveys .

Ana ly t i ca l  Des ign

.1 Changes in Abundance

The d i f f icu l t ies inherent  in  at tempt ing to  determine the

d i f f e rences  be tween  po ten t i a l  SONCS e f fec ts  and  na tu ra l  va r i a t i on  i n  an

open mar ine system were apprec iated at  an ear ly  s tage by the MRC, the i r

consu l t an t s ,  t he i r  con t rac to r s ,  and  o the rs .  Acco rd ing l y ,  i n  1979  t he

BACI analys is  scheme was developed by the l {RC and i ts  consul tants .  The

BACI  ana l y t i ca l  p rocedu re  i s  desc r i bed  i n  de ta i l  i n  Sec t i on  3 .  B r i e f l y ,

however ,  samp les  a re  co l l ec ted  f rom Con t ro l  s i t es  and  f rom po ten t i a l

Impact  s i tes near  SONGS many t imes dur ing both the preoperat ional

(Be fo re )  and  ope ra t i ona l  (A f t e r )  pe r i ods .  On  each  occas ion  t he  resu l t s

o f  t he  Con t ro l  a re  sub t rac ted  f rom the  resu l t s  o f  t he  Impac t ,  y i e ld ing  a

se t  o f  Be fo re  d i f f e rences  and  a  se t  o f  A f t e r  d i f f e rences ,  o r  "De1 tas .  "

L.3  .2

L .3  "2

1 -  10



The mean of  the d i f ferences between the Impact  and Contro l  samples in

the  Be fo re  pe r iod - - the  Be fo re  De I tas - - i s  t hen  tes ted  aga ins t  t he  mean

o f  t he  A f te r  De l tas  by  a  two-samp le  t - t es t  t o  de te rm ine  whe the r  a

s ta t i s t i ca l l y  s ign i f i can t  change  occu r red .  A  s ign i f i can t  change  wou ld

imp ly  an  e f fec t  due  to  SONGS.

As a technique for  analyz ing moni tor ing measurements of  mar ine

organisms,  BACI has some def in i te  advantages.  Mar. ine populat ions

in teg ra te  e f fec ts  ove r  t ime  as  we l l  as  e f fec ts  a r i s i ng  f rom d i f f e ren t

s t resses or  enhancements.  Using the d i f ferences between Impact  and

Con t ro l  shou ld  e l i n ina te .  o r  a t  l eas t  m in im ize ,  t he  e f fec ts  o f  na tu ra l

changes in  t ime.  Therefore,  BACI analyses should detect  net  changes in

mar ine  popu la t i ons  occu r r i ng  ove r  l a rge  sca les .

MEC used the BACI approach as the primary means of analyzing changes

in the abundance of  both ichthyoplanlc ton and zooplankton taxa.  Nineteen

ichthyoplanic ton taxa were analyzed,  both ind iv idual ly  and by

deve lopmen ta l  s tage .  A  to ta l  o f  L7  i nd i v idua l  t axa  (usua I l y  spec ies )  o f

20 plankton were analyzed. The detai ls of which taxa lrere analyzed, and

of  the processes by wt i ich the number of  samples and the leve1 of

s ign i f i cance  o f  t he  BACI  tes ts  were  chosen !  a re  p resen ted  i n  Sec t i on

3 .4 .  I n  genera l ,  t he  taxa  chosen  compr i sed  the  mos t  abundan t  spec ies

and the ecologica l ly  rnost  impor tant  taxa represent ing a var ie ty  of

feed ing  t ypes .

The BACI t - tests  of  changes in  abundance were supplemented by the

Wi l coxon  rank  sum tes t ,  t he  b inomia l  t es t ,  and  reg ress ions  o f  SONGS vs .

Con t ro l  da ta .  These  o the r  t es ts  enab led  us  to  examine  the  da ta  i n

d i f ferent  r^ra] 's ,  thus increasing our  ins ight  in to the changes that  we

observed .  Fo r  examp le ,  t he  Wi l coxon  rank  sum tes t  compares  the  sum o f

the  ranks  o f  t he  De l ta  va lues ,  ra the r  t han  the  ac tua l  va lues ,  and  i s

r -  11



t he re fo re  l ess  sens i t i ve  to  ou t l i e r s .  I n  t he  reg ress ion  techn igue ,  t he

reg ress ion  o f  t he  Imp ic t  vs .  Con t ro l  da ta  i n  t he  Be fo re  pe r iod  can  be

compared to  the same regress ion for  the Af ter  per iod to  examine whether

the re la t ionship between Impact  and Contro l  has changed between the two

per iods ,  and  to  desc r ibe  the  na tu re  o f  t ha t  re la t i onsh ip .  These  o the r

tests  a lso served as the pr imary tests  when,  because the data d id not

f i t  t he  assump t i ons  o f  t he  t - t es t s ,  we  cou ld  no t  use  t he  t - t es t s .

Fur ther  BACI analyses were per formed incorporat ing the presence or

absence  o f  wa te r  f rom the  d i scha rge  p1ume.  The  ma jo r  e f fec t  o f  SONGS on

the macrozooplankton and ichthyoplankton was assumed to resul t  f rom

intake and entra inment  morta l i ty .  I f  such a mechanism was,  in  fact ,

a f fect ing a g iven species,  then water  largely  der ived f rom the p lume

could be expected to  conta in fewer ind iv iduals  of  that  species.  Once

that  water  was d i lu ted by the ambient  receiv ing water ,  the reduct ion in

abundance might  not  be detectable.  Dur ing the rout ine moni tor ing,  MEC

of ten sampled on dates when the p lume was advected away f rom the

sampl ing s tat ion,  or  when the hydrodynamic ' reg ime resul ted in

substant ia l  d i lu t ion of  the p lume by the t ime i t  reached the sampl ing

s ta t i on .  Ana lys i s  o f  t he  da ta  se t  as  a  who le  m igh t  no t ,  t he re fo re ,

detect  SONGS-induced changes in  abundance i f  they were not  as large as

50 , " ' .  on  ave rage .  By  ana lyz ing  "p lume"  da tes  separa te l y  - - i . e . ,  by  tak ing

a worse than average case - -  MEC hoped to determine whether  in take and

en t ra inmen t  mor ta l i t y  d id ,  i n  f ac t .  a f f ec t  t he  spec ies  tes ted  by  the

BACI  p rocedure ,  bu t  t o  a  l esse r  deg ree  than  5071  on  ave rage .

Plume dates were def ined as dates on which the waters over  the

s ta t i ons  a long  the  Lmpac t  t ransec t  were  compr i sed  o f  a  to ta l  a t  l eas t

5O i i  p lume wa te r  a t  t he  t ime  o f  samp l ing .  The  pe rcen tage  a t  each  s ta t i on

a long  the  t ransec t  was  es t ima ted  us ing  a  mode l  deve loped  by  ECO-M

L-  L2



(Re i t ze l  e t  a I . ,  ] 987 ) .  The  mode l  used  cu r ren t  ve loc i t y ,  PumP ing

volumes,  and eddy d i i fus ion recorded dur ing the two days pr ior  to

p lankton sampl ing to  backt rack the waEer at  the sampl ing s tat ion.  The

BACI tests  were then carr ied out  on both the p lume data set  and the

rema in ing ,  non -p lume,  da ta  se t .

Th i s  techn ique  resu l t s  i n  a  t rade -o f f .  ?he  number  o f  da ta  po in t s ,

and thus the degrees of  f reedom, is  reduced,  but  s ince the magni tude of

change being tested for  iS,  presumably,  increased in  the p lume date

subset  over  what  would occur  on average,  the l ike l ihood of  detect ing

change  i s  a l so  i nc reased .  MEC expec ted  to  f i nd  a t  l eas t  t hose  e f fec ts

tha t  were  de tec ted  us ing  the  fu11  da ta  se t ,  and  poss ib l y  f u r the r  e f fec ts

not  noted in  the fu l1  data set  "  Thus,  MEC employed the p lume/non-p lume

BACI analys is  as an extension of  the fu11 BACI analys is ,  not  as a

pr imary test  in  l ieu of  the BACI analys is  of .  the fu l l  data set"  However ,

i f  an ef fect  was observed in  the p lume dates subset  o f  data but  not  in

the  fu l I  da ta  se t ,  t hen  the  resu l t s  wou ld  be  i n te rp re ted  to  mean  tha t  an

effect had occur::ed, but at a level lower than the average 507" change

or ig ina l l y  de f i ned  as  se r ious .

L .3 .2 .2  Changes  i n  D i s t r i bu t i on

MEC st ructured the sampl ing scheme to permi t  the examinat ion of

changes  i n  the  spa t i a l  ( i nsho re /o f f sho re )  d i s t r i bu t i on  o f  t he  va r ious

taxa  ove r  t ime .  We though t  t ha t  t he  p lan t  cou ld  cause  red i s t r i bu t i ons

of  organisms wi thout  necessar i ly  changing the i r  overa l l  abundance"

Conversely ,  abundance could change everywhere,  wi thout  showing a

spa t i a l  change .  The  pa t te rn  ana lys i s  a l l owed  MEC to  de te rm ine  i n  each

ins tance  wh ich  o f  t he  two  a l t e rna t i ves  was  co r rec t ,  and  to  l oca l i ze  the

changes  i n  d i s t r i bu t i on .  Super f i c i a l l y ,  one  m igh t  expec t  t ha t  t he
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app l i ca t i on  o f  t he  BACI  mode l  t o  t he  pa t te rn  ana lys i s  wou ld  be

approp r ia te ,  i . e . ,  t ha t  IANOVAs  shou ]d  be  used  to  tes t  t he  fou r  ce l I s  o f

the  BACI  ma t r i x .  I n  f ac t ,  however ,  such  an  app roach  s imp ly  tes ts

whether  or  not  a  change in  d is t r ibut ion has occurred,  and does not

permi t  one to  locate that  change in  space.  MEC chose,  instead,  to  aPPly

a somewhat  d i f ferent  pat tern analys is  that  would permi t  us to  ident i fy

the locat ion of  any changes

MEC's  pa t te rn  ana lys i s  emp loyed  a  se r ies  o f  t h ree  tes ts  on  ranks  o f

abundances.  F i rs t ,  I ' IANOVA (mul t ivar ia te analys is  of  var iance)  was used

to determine whether  there were d i f ferences between a taxon 's

d i s t r i bu t i on  a t  SONGS in  the  A f te r  pe r iod  and  i t s  genera l  d i s t r i bu t i on

in the area.  Then,  ANOVA and the Bonferroni  t - test  were appl ied to

ident i fy  where in  the cross-shel f  the changes occurred.  For  each taxon,

the ANOVA and Bonferroni  t - tests  compared the mean ranks a long each

samp l ing  t ransec t  i n  t he  SONGS Be fo re  p lus  Con t ro l  i n  bo th  pe r iods  da ta

se t  t o  t he  same s ta t i s t i c  i n  t he  A f te r  pe r iod  a t  SONGS,  then  i den t i f i ed

which changes were s ign i f icant  and which points  were s tat is t ica l ly

ind is t inguishable f rom one another .

1 .3 .2 .3  Tn take  Losses

The  MRC w ished  to  ob ta in  es t ima tes  o f  l osses  i n  o rde r  t o  use  them

in  assessmen ts  o f  t he  poss ib le  impac ts  o f  such  l osses  on  popu la t i ons  c f

f ish and p lankton in  the s tudy area.  MEC used the abundance est i rnates

p roduced  in  the  cou rse  o f  t he  mon i to r i ng  s tud ies  to  es t ima te  how many

organisms can be expected to  be lost  by cool ing water  wi thdrawal  under

no rna l  ope ra t i ons  o f  SONGS.  These  es t ima tes  were  p roduced  by  comb in ing

va r j -ous  scenar ios  o f  coo l i ng  wa te r  pump ing  vo lumes  (ac tua l  ,  75 " / "

ope ra t i on ,  and  100% opera t i on )  w i th  the  abundances  o f  t he  spec ies  be ing
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considered.  The abundances were adjusted to  ref lect  the var ious

spa t i a l  and  tempora l  d i s t r i bu t i ons  o f  t he  spec ies  i n  re la t i on  to  the

Iocat ions of  the in takes and d i f fusers,  and were then expressed as J ,ong-

term averages.  The deta i ls  o f  which taxa were chosen,  and the

mathemat ica l  t reatments of  the abundances,  are g iven in  Sect ion 5.

Br ie f ly ,  there were two major  problems fac ing MEC in the

calcu lat ion of  in take losses.  The f i rs t  wa.s the nature of  the abundance

data.  Ideal ly ,  one wishes to  use abundance data f rom water  go ing in to

the  i n takes .  Th i s  wou ld  y ie ld  the  mos t  accu ra te  l oss  es t ima tes .

However .  abundance est imates were avai lab le only  f rom the Impact  and

Con t ro l  s i t es .  Us ing  da ta  f rom one  s i t e  o r  t he  o the r  as  an  es t ima te  o f

the number of animals available to be withdrawn would either

underest imate the potent ia l  impact  o f  SONGS by us ing data in f luenced by

the d ischarge p1ume,  or  overest imate the potent ia l  impact  o f  SONGS by

igno r ing  the  e f fec ts  o f  rec i r cu la t i on .  A  reasonab le  compromise  wou ld

be to  take an average of  the two s i tes,  and th is  was done for  most  o f  the

moni tor ing per iod.  However ,  there was per iod dur ing the operat ional .

phase when data were not  avai lab le f rom the Contro l  s i te ,  and i t  was

necessa ry  to  use  on l y  the  lmpac t  s i t e  da ta  ( see  Sec t i on  5  fo r  f u r the r

de ta i l  )  .

The second problem was that  species and l i fe  s tages vary in  the i r

suscepE ib i l i t y  t o  w i thd rawa l  because  they  have  d i f f e ren t  behav io rs  and

because they occupy d i f ferent  par ts  of  the water  co lumn and of  the

c ross -she1 f  d imens ion .  I n  add i t i on ,  i t  i s  no t  l i nown  f rom wha t  dep th

st rata the in takes wi thdraw water  under  the var ious current  and mis ing

cond i t i ons  tha t  ac tua l l y  occu r .  To  ove rcome th i s  p rob lem,  MEC

ca lcu la ted  i n take  l osses  on  the  bas i s  o f  w i thd rawa l  f rom m idwa te r  on l y

and f rom the ent i re  water  co lumn.  The abundances of  an imals at  the
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depth of  the in takes were weighted by the i r  ver t ica l  d is t r ibut ions to

arr ive at  the concentr i t ion of  an imals in  the wi thdrawn water

A  d i f f e ren t  se t  o f  l oss  es t ima tes  was  ca l cu la ted  to  suppor t

i n te rp re ta t i ons  o f  t he  BACI  ana lyses .  The  i n ten t i on  o f  t hese  es t ima tes

was to determine whether  in take and d i f fuset  losses could account  for

the changes in  abundanee detected by the BACI analyses.  These est imates

were produced in  much the same way as the est imates in  Sect ion 5,  but

d i f f e red  f rom them in  two  ma in  respec ts .  F i r s t ,  t he  da ta  base  on l y

included the period when the Unit 2 andl or Unit 3 pumps were operating

( i . e . ,  198 I  du r i ng  pump  tes t i ng  - -  t h rough  1986 ) .  Second ,  t he  l oss

es t ima tes  i nc luded  seve ra l  scenar ios  o f  mor ta l i t y  due  to  d i f f use r

entra inment ,  which could af fect  an imals d i rect ly ,  for  exarnple through

turbulent  shear ,  and ind i rect ly ,  for  example by moving them to

un favo rab le  a reas .  These  es t ima tes  a re  desc r ibed  i n  Sec t i on  3  and

p resen ted  i n  Sec t i on  4 "
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2 "O BACKGROUND

This sect ion is  in tended for  the reader  who is  not  fami l iar  wi th

the  MRC s tud ies  o f  SONGS.  In  add i t i on  to  i n fo rma t ion  on  the

env i ronmen ta l  se t t i ng  o f  t he  MRC s tud ies ,  i t  p resen ts  a  synoPs is  o f  t he

resul ts  of  prev ious p lankton s tudies in  the San Onofre area and in  the

Sou the rn  Ca l i f o rn ia  B igh t .  The  s tud ies  o f  SONGS e f fec ts  were  o f  two

k inds :  (1 )  s tud ies  o f  t he  e f fec ts  o f  Un i t  1  ope ra t i ons  on  the  p lank ton ;

and  (2 )  p red i c t i ve  s tud ies  o f  Un i t s  2  and  3  e f fec ts ,  wh ich  d rew uPon

both the Uni t  1  s tud ies and basel ine s tudies conducted ear ly  in  the

preoperat ional  per iod to  generate est imates of  the changes that  might

occu r .  Un i t  I  s tud ies  i nc luded  ana lyses  o f  pa tch iness ,  l oca1  changes  i n

abundance of  zooplankton,  and in take losses of  zooplankton and

i ch thyop lank ton  (Ba rne t t  and  Se r t i c ,  L975 ,  L977 ,  L978 ,  L979 ,  1980 ;

Te t ra  Tech ,  Lg77 ;  Ma r i ne  B io l og i ca l  Consu l t an t s ,  L979 i  Ba rne t t  e t  a I . ,

I 980a ,  1985) "  The  MEC and  Te t ra  Tech  s tud ies  were  conduc ted  fo r  t he

MRC, the MBC studies for  Southern Cal i forn ia Edison.  The overa l l

conc lus ions  o f  t he  va r ious  Un i t  I  s tud ies  o f  zoop lank ton  d i s t r i bu t j -on

and abundance were:  (1)  Uni t  1  does indeed have detectable,  but  very

l oca l i zed ,  e f f ec t s ;  and  (? )  t hese  e f f ec t s  a re  p robab l y  eco log i ca l l y

i ns ign i f i can t  (Ba rne t t  and  Ser t i c ,  1979) .  The  de tec tab le  e f fec ts

cons i s ted  o f  changes  i n  the  i n tens i t y  o f  pa tch iness  and  i n  the  ve r t i ca l

d i s t r i bu t i on  o f  some zoop lank te rs  w i th in  abou t  500  m f rom the

d i scha rge .

2 . L  T h e  E n v i r o n m e n t a l  S e t t i n g

T h e  i  r r e g u l a r  b o t t o m  t o p o g r a p h y  o f  t h e  S o u t h e r n  C a l i f o r n i a  B i g h t'  e r " J

s t rong ly  i n f l uences  i t s  c i r cu la t i on .  The  genera l  Pa t te rn  o f

c i r cu la t i on  w i th in  the  B igh t  i s  coun te rc lockw ise  i n  t he  no r th  and
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nor thward e lsewhere,  except  near  shore,  where the average f low is  to  the

souEh.  The major  components of  th is  pat tern are the souther ly- f lowing

Cal i forn ia Current  a long the wester : r  boundary of  the Bight ,  the

nor ther ly- f lowing Cal i forn ia Undercurrent  and Southern Cal i forn ia

Countercurrent  wi th in  the Bight ,  and the souther ly  coasta l  currents

(e .9 . ,  Re id  e t  31 " ,  1958 ;  H i ckey ,  L979 ) .  The  no r t he i l y  and  coas ta l

cu r ren ts  a re  seasona l  i n  i n tens i t y  and /o r  occu r rence  (e .9 . ,  H i ckey ,

L979 ;  Schwar t z l ose  and  Re id ,  L972 ;  Tsuch i ya ,  L980 ) .

Longshore coasta l  currents  tend to  f low in  the same d i rect ion

throughout  the water  co lumn,  par t icu lar ly  in  areas less than 60 rn deep,

and  to  be  s t ronges t  a round  the  60  m dep th  con tou r  ( Jackson ,  1986  )  .

Sho reward ,  t hese  coas ta l  cu r ren ts  a re  s lowed  by  bo t tom f r i c t i on  and

mod i f i ed  by  ke lp  beds  (e .g . ,  Jackson  and  W inan t ,  1983 ) .  C ross -she l f

currents .  on the other  hand,  tend to  reverse d i rect ion between sur face

and  bo t tom (Winan t  and  B ra tkov i ch ,  1981) .  The  c ross -she l f  cu r ren ts  a re

seasona l  and  tend  to  have  nea r - t i da1  pe r iod i c i t i es  ( Jackson ,  1985  )  .  The

ef fects  of  wind shear ,  in ternal  waves,  and bot tom topography add to the

complex i ty  of  1ocal  current  dr iv ing forces in  the SONGS area (MRC, L977;

USNRC,  I981 ) .  The  two  resu l tan t  ma jo r  f l o r ,q  pa t te rns  nea r  SONGS a re :  1 )

a f low that  a l ternates between upcoast  and downcoast ,  and that  has a net

downcoast  movement ,  and 2)  a  f low that  a l ternates between onshore and

of fshore,  and that  apparent ly  has a net  onshore movement  (MRC, L977'1 .  A

ten -yea r  s tudy  o f  cu r ren ts  nea r  SONGS (Re i t ze1  e t  a1 . ,  L987)  has  shown

that  mean longshore current  speed.s are rouginJy 2 to  5 cm/s€c. ,  tending

to  be  fas te r  i n  summer  than  w in te r .

Anomalous warming events occur  in  the Paci f ic  Ocean at  i r regular

i n te rva l s  on  a  sca le  o f  yea rs .  Fo r  examp le ,  even ts  o f  t h i s  t ype

occurred dur ing the MEC studies at  San Onofre in  L976 -  1977 and L982 -
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1984.  These warming events may resul t  f rom local  heat ing by so lar

rad ia t i on ,  bu t  a re  *o="  common ly  assoc ia ted  w i th  t rop i ca l  E I  N ino

events and/or  reg ional  wind- induced shoreward t ranspor t  o f  warm sur face

wa te r  (Mc la i n  e t  a l . .  1985 ) .  Bo th  o f  t hese  l a t t e r  two  p rocesses  resu l t

i n  an  i n tens i f i ca t i on  o f  t he  seasona l  po leward  f1ow.

The Cal i forn ia Current  and i ts  eddies br ing Iow-sal in i ty  subarct ic

water  in to the Bight  (Reid et  3 I .  ,  1958 )  ,  whi le  the water  moving

no r thwa rd  be low  250  rn  i s  mos t l y  o f  sou the rn  o r i g i n  ( e .g . ,  H i ckey ,  L979 ;

Jackson ,  1986) .  Above  the  the rmoc l i ne ,  l ower  sa l i n i t y  suba rc t i c  wa te r

f rom the nor th is  mixed in  the Cal i forn ia Current  wi th  sa l t ier  centra l

Nor th  Pac i f i c  wa te r .  Be low  the  the rmoc l i ne ,  sa l t i e r  equa to r i a l  Pac i f i c

water  moves in to the Bight  f rom the south.  In  the deep basins,  there is

a  m ix tu re  o f  suba rc t i c  and  equa to r i a l  Pac i f i c  wa te r  (Re id  e t  a I  "  ,  1958  )  .

l da te rs . f rom these  sou rces  a te  m ixed  by  the  va r ious  cu r ren ts  to  p roduce

the  wa te r  t ypes  obse rved  i n  the  B igh t .

The  wa te r  co lumn in  the  B igh t  i s  ve r t i ca l l y  s t ra t i f i ed .  and  i t s

p rope r t i es  t end tobe  mos t  va r i ab le  i n  t he  uppe r  100  m  ( Jackson ,  f 985 ) .

The nearshore water  co lumn tends to  be wel l  mixed dur ing the winter  but

becomes  s t ra t i f i ed ,  w i th  a  we l l -deve loped  the rmoc l i ne ,  i n  t he  summer

(B rown  and  Ca1dwe l l  e t  a l . ,  L979 ;  USNRC,  198 I :  Re i t ze l  andZab loud i l '

1982 :  Pc te r sen  e t  31 .  ,  1986  ;  Ba rne t t  and  Jahn ,  1987  )  .  Su r f ace
!  r v

t empera tu res  nea r  San  Ono f re  range  f rom abou t  Lzo  to  23oC (e .g . ,  USNRC,

1981 :  Re i t ze l  and  Zab loud i l ,  L IBZ ;  Re i t ze l  e t  31 . ,  1986 ;  Pe te r sen  e t

a I . ,  I 985 ) ;  ho r i zon ta l  t empe ra tu re  g rad ien t s  can  reach  1 .10C  pe r  I . 6  km

(USNRC,  1981) .  Sea  su r face  tempera tu res  a re  h ighes t  i n  summer  (Augus t -

Sep tember  ave rage :  190C)  and  l owes t  i n  w in te r  (December -March  ave raBe :

140C) .  Sa l i - n i t y  i n  t he  nea rsho re  San  Ono f re  v i c in i t y  ranges  f rom abou t

?3  t - n  i 4  nn r  (USNRC,  1981 ) ,  bu t  i s  gene ra l l y  be tween  33 .5  and  33 .6  pp t .r r -
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I t  va r i es  1 i t t 1e  be tween  seasons ,  bu t  t ends  to  be  s l i gh t l y  h ighe r

nea rsho re  (Re i t ze I  and '  Zab loud i l ,  1982 )  .

2 .2  The  P lank ton  o f  t he  S tudy  A rea

The p lankton near  SONGS resembles that  o f  the Bight  as a whole.  The

trans i t ional  nature of  th is  b iogeographic  reg ion,  4S descr ibed by

F lem inge r  ( 1954 ) ,  Va len t i ne  (1965 ) ,  B r i ggs  (Lg75 ) ,  Newman  (Lg7g ) ,  and

Horn  and  A1 len  (1978) ,  i s  demons t ra ted  by  the  fac t  t ha t  t empera te

species dominate the f lora and fauna,  but  taxa having subtropica l ,

t r op i ca l ,  o r  bo rea l  a f f i n i t i e s  a re  a l so  p resen t .

The p lankton of  the of fshore waters of  the Southern Cal i forn ia

Bight  have been extensive ly  s tud ied for  many years,  especia l ly  dur ing

the Ca1COFI surveys of  the last  four  decades.  The nearshore

ent ' i ronment ,  however ,  has been much less extensive ly  sampled;  the MRC

plankton s tudies at  San Onofre are among the f i rs t  in  the area.  P lankton

stud. ies in  shal low areas ,  inc lud. ing the MRC studies,  have shown that  the

shal low shel f  is  a  d is t inct  faunal  zone,  and have emphasized the unique

nature of  the very nearshore por t ion of  th is  zone-- the por t j .on

charac te r i zed  by  wa te r  dep ths  l ess  than  abou t  20 -30  rn .  Fo r  t h i s  reason ,

and because the pr inc ipa l  e f fect  expected of  SONGS on the p lankton would

occur  rna in ly  wi th in  the shal low nearshore zot te ,  the fo l lowing synopses

emphas ize  s tud ies  conduc ted  i n  nea rsho re  wa te rs ,  and  espec la I I y  t hose

conduc ted  nea r  San  Ono f re .

2 .? .1  P r ima ry  P roduc t i on

Ch lo rophy I l -a ,  t he  do rn inan t  pho tosyn the t i c  p igmen t ,  i s  a  eommon

measure  o f  phy top lank ton  s tand ing  s tock  and  has  been  used  to  es t ima te

p r imary  p roduc t i v i t y  (Epp ley  and  Ho lm-Hansen ,  1985) .  A l though  the
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chlorophyl l  content  may vary wi th  the s ize and type of  phytoplankton

being measured,  the composi te  ch lorophyl l  concentrat ion in  a sample is

s t rong ly  co r re la ted  w i th  such  measures  o f  phy top lank ton  b iomass  as

pa r t i cu l a te  o rgan i c  ca rbon  (POC)  (Ca r l ucc i  e t  31 . ,  f 985 ) .  Typ i ca l

ch lorophyl l  concentrat ions near  SONGS range f rom 0 to  5 vg lg- ,  a l though

va lues  as  h i gh  as  60ug /g  have  been  measu red  (Re i t ze l  e t  ?1 . ,  1986 ) .

Pr imary product ion in  the Bight  is  L i rn i ted by the avai lab i l i ty  o f

nu t r i en ts ,  espec ia l l y  n i t roB€D,  i n  t he  eupho t i c  zone .  The  mos t  l i ke l y

sources of  n i t rogen in  the San Onofre area dur ing non-upwel l ing per iods

are eddy d i f fus ion f rom below the thermocl ine/n i t rac l ine,  enhanced by

t ida l  s t i r r ing and in  s i tu  nut r ient  regenerat ion (Barnet t  and Jahn,

L987 ;  Epp ley  e t  a l . ,  1979 ) .  Longshore  advec t i on  toward  SONCS o f

nutr ients  f rom a more pers is tent  upwel l ing area may oceur  as weI I ,  but

the re  i s  no  ev idence  to  con f i rm  o r  re fu te  th i s  poss ib i l i t y .

The spat ia l  sca le of  nearshore phytoplankton b looms may be re la ted

to  t he  s t r uc tu re  o f  t he  coas ta l . cu r ren t s  (Goodman  e t  31 " ,  f 984 ) .

S tud ies  by  Ton t  ( Lg76 ) ,  Hend r i cks  (Lg77 ) ,  W inan t  ( 1983 ) ,  Epp ley  e t  a l .

(1984) ,  and  Goodman  e t  a I .  ( f 984 )  have  sugges ted  tha t  t he  l ongshore

pa tch  s i ze  o f  t he  phy top lank ton  i s  on  the  o rde r  o f  22 -27  l<nL .

2 .2 .2  Zoop lank ton

The zooplankton inc ludes p ro tozcan  (e .g .  ,  t i n t i nn ids ,

rad io la r i ans ,  f o ramin i fe rans )  and  me tazoan  (e .g . ,  l a r vae  o f  copepods

and benth ic  inver tebrates )  microzooplankton and macrozooplankton

(e .g . ' ,  chae togna ths ,  copepods ,  and  c l adoce rans ) .  M i c rozoop lank ton

b iomass  has  been  es t ima ted  to  be  abou t  10  -257 .  o f  t he  b i -omass  o f  t he

macrozoop lank ton  i n  bo th  nea rsho re  and  o f f sho re  wa te rs  o f  t he  B igh t

(Bee rs  and  S tewar t ,  L969 ,  1970 ) .  M i c rome tazoans  make  t he  l a rges t
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con t r i bu t i on  to  the  m ic rozoop lank ton  b iomass ,  a l t hough  the

microprotozoans are numer ica l ly  more impor tant  (Beers and Stewart ,

L967 ,  1959 ,  1970  )  "  S ince  the  mon i to r i ng  s tud ies  a t  SONGS have

concentrated on the macrozooplankton,  the microzooplankton wi l l  not  be

d i scussed  f u r t he r "

The macrozooplankton compr ises a large and d iverse group of  taxa

that  inc ludes such organisms as crustaceans (copepods and c ladocera) ,

c tenophores,  sa lps,  and other  ge lat inous p lankton,  and chaetognaths.

Copepods,  the best  known const i tuents of  the crustacean

macrozooplankton,  usual ly  dominate the nearshore macrozooplankton

assemblage of  the Southern Cal i forn ia Bight .  The ca lanoid copepods

Acartia tonsa and PaTacalanus pa:r/us are the dominant macrozooplankters

of f  San Onofre (Lockheed,  Lg78;  Barnet t  and Ser t ic  ,  lgTg)  and one or

bo th  domina te  i n  o the r  nea rsho re  a reas  o f  t he  B igh t  as  we l l  ( e .9 . ,

B rewere t  a l . , 1984 ;  MBC,  L976 ;  Sou le  and  Ogu r i ,  1977 ) .  O the r  abundan t

nearshore organisms inc lude the copepods Euterp ina acut i f rons,

Corycaeus angl icus,  the c ladocerans Podon polyphemoides and Peni l ia

av i rost r is ,  the chaetognath Sagi t ta  e_qngEi l igg,  and bryozoan larvae"

B iomass  o f  t he  to ta l .  mac rozoop lank ton  tends  no t  t o  va ry  i n  a

systemat ib  way wi th  d is tance f rom shore across the ent i re  Bight

( I l u11 in .  1986 ;  0 'Conne11 ,  1971 ) ,  a l t hough  a  b i omass  peak  has  been

repor ted  100  -200  km o f f sho re  o f  sou the rn  Ca l i f o rn ia  (Smi th ,  1971 ;

Berna l  and  McGowan ,  I 98 I ) .  I n  t be  nea rsho re  zone ,  b iomass  tends  to  be

pers i s ten t l y  h ighe r  i n  t he  reg ion  o f  t he  15  -  36  m dep th  con tou rs  than  a t

t he  75  m  con tou r  (Pe te r sen  e t  a1 . ,  1986 ) .  The  b i omass  max imurn  w i t h i n  t he

nearsho re  zone  tends  to  sh i f t  seaward  f rom 15  m to  36  m be tween  la te

winter  and ear ly  summer (Petersen et  a ' I .  ,  1986 ) .  Jahn and Lavenberg

( f985 )  repo r ted  tha t  a t  t he  7  m dep th  con tou r  o f f  Sea l  Beach ,
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zooplankton b iomass increased exponent ia l ly  wi th  depth in  the

bot tom 1 m,  meaning t f ,a t  the zooplankton was concentrated near  the

bo t t om.

Indiv idual  taxa are known to have pers is tent  d is t r ibut ional

pa t t e rns  i n  t he  nea rsho re  wa te rs  o f  t he  B igh t  ( e .g . ,  Ba rne t t '  L974 ;

Ba rne t t  e t  a l . ,  1980a ,  I 98 l ;  Ba rne t t  and  Jahn ,  1987 ) .  S tud ies  aE  San

ono f re  have  i den t i f i ed  Pe rs i s ten t  nea rsho re  ( ' 30  m dep th )  '

t rans i t ional ,  and of fshore ( t30 m depth)  p lankton faunas,  and have

emphasized the very nearshore af f in i t ies of  AcgrEie c laus i ,  Oi thona

ocu la ta .  ba rnac le  cyp r i s  l a rvae ,  and  the  copepod i te  s tages  o f  Aca r t i a

tonsa ,  Lab idoce ra  t r i sp inosa ,  and  Paraca lanus  pa rvus .  Ba rne t t  and  Jahn

(1987)  showed  tha t  t he  sma l l e r ,  younger  s tages  o f  c rus taceans  tend  to  be

most  abundant  c lose to  shore,  and speculated that  p lanktonic  b iomass

may turn over  more rapid ly  in  th is  area than far ther  of fshore,  where the

o lde r  s tages  tend  to  be  l oca ted .  A  mu l t i va r i a te  ana lys i s  o f  va r i ance

(MANOVA) on the abundances of  ind iv idual  species at  samples near  SONGS

and at  a  Contro l  t ransect  12 krn downcoast  showed no d i f ference between

the  two  a reas  (Ba rne t t  e t  a l . ,  1981 ) .  S ince  the  ana lys i s  was  sens i t i ve

to d i f ferences in  abundance pat terns,  3D average longshore coherence

sca le  o f  a t  l eas t  12  km can  be  i n fe r red .

2 .2 .3  I ch thyop lank ton

Near l y  150  taxa  o f  l a rva l  f i shes  were  co l l ec ted  du r ing  SONGS

moni tor ing s tudies.  Nor thern anchovy (Engraul is  mordax)  and the

sc iaen ids  Genyonemus  I i nea tus  (wh i te  c roake r )  and  Ser iphus  po l i t us

(queenf ish)  ranked one,  two,  and three in  abundance.  The remainder  of

t he  t op  f i f t een  t axa  wd re :  Sebas tes  spp .  ( r ock f i sh )  ,  Pa ra lab rax  sPP .

( ke lp  and  sandbasses ) ,  Pa ra l i ch thys  ca l i f o rn i cus  (Ca l i f o rn i a  ha l i bu t ) ,
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Hypsob lenn ius  spp .  (b lenn ies ) ,  C i tha r i ch thys  spp .  ( sanddabs ) ,

Stenobrachius leucopsarus ( lampf ish) ,  Ather in idae (grunion and

jacksme l t ) .  G ibbons ia  spp .  ( ke Ip  f i sh ) ,  Hypsopse t t a  gu t t u l a ta  ( d i amond

tu rbo t  ) ,  Geb te lex  rhessodon  (Ca l i f o rn ia  c l i ng f i sh ) ,  and  a  compos i te  o f

th ree  goby  spec ies .

Pers is tent  onshore-of fshore pat terns of  abundance have been

documen ted  fo r  t he  i ch thyop lank ton  o f  t he  B igh t  (e .g . ,  Ah l s t rom,  1965 ;

Ba rne t t  e t  a I . ,  1984 ;  B rewer  e t  a l . ,  19811  Grube r  e t  a I . ,  L982 ;

Lavenbe rg  e t  a1 . ,  1986 ;  Loeb  e t  a I . ,  1983a ) .  A11  s tud ies  t ha t  samp led

nearshore waters have ident i f ied an inshore shal low-water  assemblage of

l a rva1  f i shes  tha t  i nc ludes  sc iaen ids ,  gob ies ,  c l i n ids ,  and  a the r in ids

(e "g . ,  Ba rne t t  e t  41 . ,  1984 ;  B rewer  e t  a l . ,  1981 ;  G rube r  e t  a I . ,  1982 ) .

B rewer  e t  a I .  ( 1981) ,  samp l ing  a long  a  se r ies  o f  nea rsho re  t ransec ts

f rom Point  Concept ion to  San Diego,  noted that  the abundances of  these

ned.rshore larvae were s t rongly  corre lated wi th  water  depth but  not  wi th

d i s tance  f r om sho re .  A t  San  Ono f re ,  Ba rne t t  e t  aL .  ( 1984 ,  1985 )

ident i f ied an inner  nearshore larva l  f ish assemblage consis t ing of

species most  abundant  wi th in  about  2 km (L2 m depth)  of  shore,  a

t rans i t i ona l  assemb lage ,  and  an  ou te r  nea rsho re /o f f sho re  assemb lage

most  abundant  seaward of  about  4 kn f rom shore (about  22 m depth) .  The

inne r  nea rsho re  assemb lage ,  o f  pa r t i cu la r  i n te res t  because  o f  i t s

po ten t i a l l y  h igh  suscep t i b i l i t y  t o  SONGS en t ra inmen t  e f fec ts ,

cons i s ted  o f  gob ies  (4  spec ies ) ,  gob iesoc ids  ( c l i ng f i sh ;  2  spec ies ) ,

c l i n i ds  (3  spec ies ) ,  s c i aen ids  (2  spec ies ) ,  a  p l eu ronec t i d  ( t he  d i amond

tu rbo t ) ,  and  a  cynog loss id  ( t ongue f i sh ) .  The  assemb lage  a l so  i nc l uded

a the r in ids  and  two  add i t i ona l  sc iaen id  spec ies  whose  d i s t r i bu t i ons

ex tended  o f f sho re  beyond  the  SONGS d i f f use rs  (Ba rne t t  e t  ? I .  ,  1985  )  .

Most  o f  the inner  nearshore taxa were most  abundant  in  the epibenthos
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(bo t tom-mos t  0 .5  m o f  t he  wa te r  co lumn)  .  The  t rans i t i ona l  zone

assemb lage  was  shown  to  be  mos t  abundan t  a t  m id -dep th ,  2 '  4  k rn  f rom

shore  (wa te r  dep ths  o f  LZ  -  22  m) ,  wh i l e  t he  g rouP  o f  o f f sho re  taxa  was

most  abundant  at  mid-depths seaward of  about  4 km f rom shore (Barnet t  e t

31 .  ,  1985  )  .  The  geograph ic  a f f i n i t i es  o f  t he  mos t  abundan t  spec ies

i den t i f i ed  by  Ba rne t t  e t  a1 .  ( 1984 ,  1985 ) ,  and  o f  add i t i ona l  spec ies

used  i n  the  BACI  ana lyses ,  a re  p resen ted  i n  Tab le  2 'L .  The  geograph ica l

af f in i t ies ref lect  the complete data set  '  and are thus somewhat

d i f f e ren t  f rom Barne t t  e t  a1 .  (1984 ,  1985) ;  t he  two  i nne r  nea rsho re

sc iaen ids  were  re -ass igned ,  on  the  bas i s  o f  t he i r  ea r l y  l a rvae ,  t o  t he

t rans i t i ona l  assemb lage ,  and  a  new asSemb lage ,  t e rmed  "b road ly

d i s t r i bu ted ,  "  was  es tab l i shed  "

2 .3  l n t ake  Losses

The  in take  l oss  s tud ies  i nd i ca ted  tha t  l osses  th rough  the  p lan t  o f

fou r  rep resen ta t i ve  zoop lank ton  spec ies  were  su f f i c i en t l y  c lose  to  1007(

to a1low the assumpt ion of  LOO' / "  morta l i ty  o f  a l l  ent ra ined organisms in

the  subseguen t  l oss  ca l cu la t i ons  .  ZoopLank ton  l osses  were  es t ima ted  to

be  equ i va len t  t o  10% o f  da i l y  na tu ra l  mo r ta l i t y  ( i . e . ,  a  l oss  o f  T% o f

the populat ion per  day)  wi th in  an area of  approx imate ly  80 km2 around

the  p1an t ,  o r  abou t  110  x  IOe  ind i v idua ls  k i l l ed  pe r  day .  Ana logous

ca l cu la t i ons  p l aced  i ch thyop lank ton  l osses  a t  abou t  3 .5  x  105

ind i v idua ls  pe r  day  (Ba rne t t  and  Ser t i c ,  Lg79) .

Desp i te  the  magn i tude  o f  t hese  es t ima ted  l osses ,  dep ress ions  i n

zooplankton abundance were not  detectable !  excePt  near  Uni t  1  on Some

occas ions  ,  dS  no ted  above  (Ba rne t t  and  Ser t i c ,  L979)  ,  Th i s  was

in te rp re ted  as  the  rap id  d i l u t i on  o f  Un i t  1  e f fec ts  by  m ix ing  w i th

ad jacen t  una f fec ted  wa te r .  Compensa to ry  mechan isms  such  as  i nc reased
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growth or  reproduct ion,  or  improved surv iva l  o f  the surrounding

popu la t i on .  were  assumed  to  ope ra te  as  we l l ,  a l t hough  on  a  l onger  t ime

sca1e .  The re fo re ,  m ix ing  was .  t hough t  t o  be  the  p r i nc ipa l  mechan ism

mask ing  the  de tec t i on  o f  Un i t  1  e f fec ts  (Ba rne t t  and  Ser t i c ,  L979) .

Uni ts  2 and 3 s tudies have inc luded predic t ive ext rapolat ion:  o f

in ta lce losses,  and the BACI moni tor ing s tudies.  Pre l iminary BACI

ana lyses  were  p resen ted  by  Barne t t  e t  a l .  ( 1986) ,  and  w i l l  no t  be

discussed fur ther .  Tota l  maximum intake and entra inment  losses to  SONGS

Un i t s  l ,  2  and  3  comb ined  ope ra t i ons  were  i n i t i a l l y  p red i c ted ,  on  the

bas i s  o f  p reopera t i ona l  da ta ,  t o  be  6257  x  lOe  zoop lan l t t e rs  and  340  x  105

ichthyoplankters per  day.  This  was considered about  equiva lent  to

natura l  mo.r ta l i ty  in  an area of  80 kmz around SONGS (Barnet t  and Ser t ic ,

L979) .  In take loss est imates for  zooplankton and ichthyoplankton were

recalcu lated in  1986 us ing a much larger  p lan lc ton abundance data base.

Losses  based  on  bo th  ac tua l  wa te r  vo lumes  w i thd rawn  by  Un i t s  2  and  3

f rom 1981  th rough  1985  and  on  pump ing  vo lumes  based  upon  100% opera t i ons

were  ca l cu la ted  (Ba rne t t  e t  31 . ,  1986 ) .  The  es t ima tes  o f  l osses  basedon

the actual  vo lume of  water  wi thdrawn by Uni ts  2 and 3 (equiva lent  to

opera t i on  a t  abou t  507"  o f  capac i t y )  t ended  to  be  abou t  t he  same as  o r  a

l i t t I e  l ower  than  the  ea r l i e r  p red i c t i ons ,  bu t  es t ima tes  assuming

opera t i on  a t  I 00% o f  capac i t y  (as  i n  t he  ea r l i e r  p red i c t i ons )  t ended  to

be much h igher  for  both ichthyoplankton and zooplankton than the

ea r l i e r  p red i c t i ons .

'  
I n  o rde r  t o  assess  the  eco log i ca l  s i gn i f i cance  o f  en t ra inmen t

losses  o f  t he  eBgs  and  }a rvae  o f  nea rsho re  pe lag i c -spawn ing  f i shes ,  a

comp lex  se t  o f  ca l cu la t i ons  was  used  to  es t ima te  the  number  o f  adu l t s

tha t  cou l -d  have  been  p roduced  f rom these  immatu re  s tages  had  SONGS been

absen t  (De l ' l a r t i n i  and  La rson ,  1980  )  .  These  es t ima tes  a re  be ing
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3 .0  METHODS

Ichthyoplankton and zooplankton were sampled at  locat ions that  are

cons ide red  as  Con t ro l  o r  Impac t  a reas  re la t i ve  to  SONGS.  The  co l l ec t i on

o f  samp les  spec i f i ca l l y  f o r  use  i n  t he  BACI  mode l  began  in  1980 ;

however ,  severa l  ear l ier  surveys taken for  o ther  purposes a lso matched

the BACI sampling plan and thus were incorporated in the monitoring

s tud ies .  By  i nc lud ing  these  ea r l y  su rveys  w i th  the  mon i to r i ng  s tud ies ,

sampl ing of  zooplankton could be considered to  have begun in  August  L975

and ichthyoplankton in  Ju ly  L979.  Both cont inued through September

1986.  This  sampl ing has encompassed the per iods when only  Uni t  1  was in

operat ion,  but  inc luded the t ime dur ing the construct ion of  Uni ts  2 ar , .d

3  (=  p reopera t i ona l  pe r iod ) ,  t es t  ope ra t i ons  o f  Un i t s  2  and  3  (=  i n te r im

per iod ) .  and  a t  l eas t  757"  o f  f u l l  capac i t y  ope ra t i on  o f  Un i t s  2  and  3  (=

ope ra t i ona l  pe r i od )  ( see  F igu re  1 -3 ) .

From October  1985 through January 1985 when ichthyoplankton l t td

p lankton moni tor ing surveys were not  conducted,  in take loss samples

were co l lected.  In  addi t ion,  one longshore gradient  survey was

conducted for  anchovy larvae (Mareh 1986 )  and one in take-d i f fuser

su rvey  was  conduc ted  fo r  zoop lank ton  (December  1986  )  .

Me thods  pe r t i nen t  t o  t he  f i e ld  co l l ec t i on  and  l abo ra to ry  ana lys i s

o f  t hese  samp les  a re  p resen ted  i n  the  fo l l ow ing  subsec t i ons .  Spec i f i c

mon i to r i ng  su rvey  p ro toco l s  a re  p resen ted  i n  Append ix  B .  Un less  s ta ted

o the rw ise ,  me thods  a re  s im i l a r  f o r  t he  p reopera t i ona l ,  i n te r im ,  and

opera t i ona l  phases  o f  t he  mon i to r i ng .

Survey  da tes  fo r  t he  mon i to r i ng  su rveys ,  t he  i n take  l oss  su rveys  r

and  the  l ongshore  g rad ien t  su rvey  a re  l i s ted  i n  Tab Ie  3 -1 .

1 -  I



3 .  I  I ch thyop lank ton  Mon i to r i ng

3 .1 .  I  F i e l d  Samp l i ng

Ich thyop lank ton  was  co l l ec ted  a long  two  t ransec t  l i nes :  an  Impac t

l i ne  I . 0  km downcoas t  o f  SONGS and  a  Con t ro l  l i ne  18 .5  km downcoas t  o f

SONGS (F igu re  3 -1 ) .  Each  t r ansec t  cons i s ted  o f  f i ve  con t i guous  b l ocks

in  the  i nsho re -o f f sho re  d i rec t i on r+ i th in  7 .2  km o f  sho re  (be tween  the  6

m and  75  m i soba ths ) .  The  o f f sho re  b locks  were  de f i ned  by  dep th

con tou rs ,  des igna ted  by  l e t t e r  as  f o l l ows :  (A )  6 -9  m ,  wh i ch  gene ra l l y

co r responded  t o  SONGS in take  l oca t i ons ;  (B )  g -LZ  m  and  (C )  L2 -22  m ,

wh ich  genera l l y  co r responded  to  d i f f use r  l oca t i ons ;  (D )  22 -45  m,  wh ich

corresponded to a faunal  break between inshore and coasta l  p lankton

assemb lages  (Ba rne t t  and  Se r t i c ,  1978 ) ;  and  (E )  45 -75  m ,  wh i ch  was

chosen  as  the  l i ke Iy  o f f sho re  ex ten t  o f  gO-g57 ,  o f  t henumbers  o f  i nsho re

f i sh  l a rvae  (Ba rne t t  and  Ser t i c ,  L979a ;  MRC,  L979a ,  Doc .  No ' .  79 -OL ,

Append ix  Tab le  2 ) .  These  b locks  ranged  as  fo l l ows  i n  d i s tance  f rom

sho re :  (A )  0 .5 -1 "1k rn ;  (B )  1 .1 -1 .9  km;  ( c )  1 .9 -3 .7  km;  (D )  3 .7 -5 .4  k rn ;

and  (E )  5 .4 -7 .2  km.

The p lacement  of  the Impact  s tudy s i te  I  krn downcoast  f rom SONGS

was  d i c ta ted  by  a  comb ina t i on  o f  f ac to rs r  i nc lud ing  ( I )  t he  l eng th  o f

tow requi red to  sample a target  vo lume of  400 m3 ( ranging f rom about  400

m in  the  ep iben thos  to  abou t  I . 4  km in  the  neus ton ) ,  (Z )  t he  bo t tom

topography ( rocky reefs  prec luded epibenth ic  sarnpl ing upcoast  near

SONGS.  as  d id  cons t ruc t i on  ac t i v i t y  w i th in  1  km downcoas t  du r ing  the

ear l y  P reopera t i ona l  pe r iod ) ,  and  (3 )  t he  des i re  to  samp l -e  as  nea r  the

SONGS d i f f use rs  as  cou ld  p ruden t l y  be  done .  The  Impac t  s i t e  1  km

downcoas t  was  the  nea res t  t ha t  samp les  cou ld  be  taken .  The  Con t ro l  s i t e

18 .5  km downcoas t  was  se lec ted  t o  be  nea r  (w i t i : i n  1km)  t he  Un i ve rs i t y

o f  Ca l i f o rn ia  a t  San ta  Barba ra  (UCSB)  Adu l t  F j . sh  p rog ram 's  Con t ro l
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s i te .  Th i s  s i t e  rep resen ted  a  hab i ta t  t ha t  was  s im i l a r  t o  t he  SONGS a rea

and  cou ld  be  sa rnp led ,  bu t  t ha t  was  fa r  enough  away  to  a1 low  a  reasonab le

exPec ta t i on  o f  i ndependence  f rom SONGS e f fec ts .  A f te r  t he  comp le t i on

o f  P reoPera t i ona l  mon i to r i rg ,  t es t s  o f  c ross -she1 f  abundance  and

dis t r ibut ional  pat terns of  ichthyoplankton at  the Impact  and Contro l

s i t es  revea led  s ign i f i can t  d i f f e rences  on l y  fo r  t he  bay  BobL

Lep idogob ius  l ep idus ,  and  fo r  t o ta l  l a r vae  (ne i the r  was  used  i n  the  BACI

ana lys i s ) .  Thus  the  Con t ro l  s i t e  appears  to  have  been  a  good  Con t ro l .

The  rmpac t  and  con t ro l  s i t es  se lec ted  a t  t he  beg inn ing  o f

PreoPerat ional  moni tor ing were mainta ined throughout  the subsequent

s tudy  "

each  o f  t he  f i ve  o f f sho re  samp l ing  b locks  a t  each  s i t e ,  a  dep th

con tou r  was  randomly  se lec ted  fo r  samp l ing  the  su r face  (neus ton i c ) ,

m idwa te r .  and  nea r -bo t tom (ep iben th i c )  l aye rs  o f  t he  wa te r  co lumn

(Append i x  B ,  Sec t i on  B " I . 1 ) .  A t  t he  SONGS t ransec t ,  pa r t s  o f  b l ocks  B

and  C  were  l oca ted  w i th in  the  San  Ono f re  Ke lp  (SOK)  bed  (F igu re  3 -1 ) .

S ince  towed  ne t  samp les  cou ld  no t  be  success fu l l y  comp le ted  i n  t hese

Parts  of  B locks B and C,  when the ke lp bed depths were randomly

se lec ted ,  samp l i ng  was  sh i f t ed  2 .5  km dovmcoas t  o f  t he  o the r  b l ocks

(F igu re  3 -1 )  i n  o rde r  t o  avo id  th i s  a tea .  Th i s  was  cons ide red  more

des i rab le  than  sh i f t i ng  the  en t i re  SONGS t ransec t  f a r the r  f rom the

d i f f use rs ,  t o  3 "5  km downcoas t .  Howeve r ,  t he  p resence  o f  t he  ke lp  bed

be tween  the  Impac t  samp l ing  s i t e  and  the  d i f f use rs  d id  ra i se  the

ques t i on  o f  whe the r  t he  ke lp  bed  wou ld  a f fec t  ou r  ab i l i t y  t o  measure  any

SONGS e f fec ts  i n  t he  po r t i ons  o f  B locks  B  and  C  tha t  were  sh i f t ed

downcoas t .  Fo r  exa rnp le .  i t  was  specu la ted  tha t  SOK m igh t  ac t  as  a

f j . l t e r r  o r  as  a  ba r r i e r  t o  t he  d i scha rge  p1ume .  E rdman  (L987  )  r epo r ted

tha t  SOK shows  ev idence  o f  bo th  p rope r t i es ,  d i ve r t i ng  the  d i scha rge

{ -  {



plume around the inner boundary of the kelp bed when downcoast currents

exceed  abou t  3  cm/ " " " ,  bu t  a l so  pass ing  some  f r ac t i on  o f  t he  wa te r

through t i re  ke lp bed at  a  s lower rate than in  the adjacent  open water .

In  an at tempt  to  determine whether  the ke lp bed would af fect  the

resu l t s  o f  t he  mon i to r i ng  s tudy ,  du r ing  the  p reopera t i ona l  pe r iod  we

compared ichthyoplankton abundances between samples taken in  Blocks B

and C a long the SONGS t ransect  and those sh i f ted downcoast .  No

s ta t i s t i ca l l y - s i gn i f i can t  d i f f e rences  we re  de tec ted  (Ba rne t t  e t  a1 . ,

f 984 ) .  A  second  ana lys i s  us ing  the  fuL l  p reopera t i ona l  and  ope ra t i ona l

da ta  se ts  was  done  a t  t he  end  o f  t he  mon i to r i ng  s tud ies  (Tab le  3 -3 ) .  I n

th i s  ana lys i s ,  t he  concen t ra t i on  i n  t he  wa te r  co lumn (number /400  m3)  o f

each  taxon  u t i l i zed  fo r  BACI  tes t i ng  was  compared  ( two - ta i l ed  t - t es t ,

eva lua ted  a t  s  =  0 .05  )  be tween  B lock  B  and  B lock  B  o f f se t ,  and  be tween

Block C and Block C of  f  set .  S ince ichthyoplankton are known . to  have

seasona l  abundance  cyc les  (e .g " ,  Wa l ke r  e t  41 . ,  1987 ) ,  t he  da ta  we re

ana lyzed  separa te l y  f o r  t he  warm-wa te r  and  coo l -wa te r  pe r iods  (as

de f i ned  i n  Sec t i on  3 .7 .3 ) .  A  t o taL  o f  85  sepa ra te  t - t es t s  we re

per fo rmed ;  t hese  wou ld  be  expec ted  to  y ie ld  fou r  o r  f i ve  s ign i f i can t

resu l t s  by  chance  a1one .  I n  fac t ,  on l y  one  s ign i f i can t  resu l t  was

ob ta ined ,  f o r  Ca l i f o rn ia  ha l i bu t ,  Pa ra l - i ch thys  ca l i f o rn i cus ,  i n  t he

summer  and  f a l l  o f  t he  A f t e r  pe r i od  ( f ewe r  l a r vae  i n  B lockB  o f f se t ) .  A

near l y -s ign i f i can t  resu l t  was  ob ta ined  fo r  no r the rn  anchovy ,  Engrau l i s

mordax ,  i n  t he  summer  and  f a l I  o f  t he  A f t e r  pe r i od  as  we l l  ( p=0 .054 ) .

These  resu l t s  sugges t  t ha t  t he  p resence  o f  t he  ke lp  bed  d id  no t  have  a

genera l  impac t  on  the  mon i to r i ng  s tud ies ,  a l t hough  the  resu l t  f o r  P .

ca l i f o rn i cus  does  sugges t  cau t i on  i n  i n te rp re t i ng  the  BACI  ana lys i s

resu l t s  f o r  t h i s  spec ies .
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Transect  l ines were sampled at  n ight  to  reduce the problem of

avo idance  o f  t he  samp l ing  gea r  by  l a rva l  f i sh  (Ba rne t t  e t  31 . ,  f 978 ) .

L igh ts  on  l and  p rov ided  v i sua l  re fe rence  fo r  l oca t i ng  t ransec t  l i nes ,

and  a  fa thomete r  was  used  to  l oca te  the  se lec ted  dep th  con tou r  w i th in

each  o f  t he  5  o f f sho re  b locks .  Dur ing  each  samp l ing  pe r iod ,  t he  t ransec t

of f  SONGS was sampled on the f i rs t  n ight  o f  a  survey and the Contro l

t ransect  was sampled f rom 1-3 n ights  1ater .  I f  weather  condi t ions

prevented complet ion of  the survey,  then both the Contro l  and Impact

t ransec ts  were  samp led  w i th in  the  nex t  poss ib le  4 -n igh t  pe r iod .

Samples of  about  400 m3 were taken in  each of  the three depth

s t ra ta  us ing  spec ia l l y  des igned  samp l ing  gea r .  A l l  samp le rs  were

f i t t ed  w i th  0 .333  mm mesh  N i tex  ne ts  and  ca l i b ra ted  f l owmete rs

(Append ix  B ,  Sec t i on  8 .1 . .1 ) .  Samp le rs  were  l aunched ,  t owed '  and

recovered wi th  the vessel  underway at  about  1 rn/sec.  Ichthyoplankton

tows  were  made  pa ra1 le1  to  sho re  and  each  o f f sho re  b lock  was  usua l l y

sampled in  the same d i rect ion (downcoast  a t  SONGS to avoid towing nets

in to the construct ion area dur ing the ear ly  preoperat ional  per iod and

in to  the  d i f f use rs  subsequen t l y ,  upcoas t  a t  Con t ro l  t o  avo id  tow ing

nets in to the area d i rect ly  o f f  the Santat ' { ra tgar i ta  River) .  I f  sampl ing

took  l onge r  t han  usua l  ( e .g . ,  i f  wea the r  cond i t i ons  we re  poo r ) ,  t he

ex t ra  t rans i t  t ime  requ i red  to  samp le  each  b lock  i n  t he  same d i rec t i on

was  no t  a lways  taken ,  and  con t i guous  b locks  were  sanp led  i n  oppos i te

d i rec t i ons  ( th i s  occu r red  on l y  ra re l y ) .  The  neus ton i c  and  ep iben th i c

s t ra ta  were  samp led  concu r ren t l y ;  m idwa te r  samp les  were  co l l ec ted  a f te r

a l l  t he  neus ton  and  ep iben th i c  samp les  were  taken  fo r  a  t ransec t  1 ine .

A Bror in  Manta net  (Brown and Cheng,  1981)  was used to sample the

neus ton  (F igu re  3 -2 ) .  The  samp le r  cons i s ted  o f  a  0 .333  mm mesh  ne t

a t tached  to  a  p l vwood-cove red  a lun inum f rame w i th  s ide -moun ted  f l oa ts
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made of  f iberg lass-covered styrofoam. The sampler  was launched and

recove red  o f f  t he  s ide  o f  t he  vesse l  by  means  o f  a  tag  l i ne .  A  3  m spa r

and asymmetr ica l  br id le  kept  the gear  outboard of  the bow wave.  A

weight  (32 ke)  suspended f rom the end of  the wi re held the br id le  below

the  sea -su r face ,  ou t  o f  t he  pa th  o f  t he  ne t .  The  ne t  had  an  88  cnw ide

mou th  ( to ta l  mou th  a rea  =  0 .14  mz)  and  f i shed  to  a  dep th  o f  15  cm.  The

f i l t e r i ng  ra t i o  (R  =  f i l t e r i ng  a rea lmou th  a rea )  o f  t he  ne t  was  8 .0 .

Both Tsurami-Seik i  (TSK) f lovmeter  and a Genera l  Oceanics (GO)

f lowmeter  were mounted in  the mouth of  the net .  The GO f lowmeter  se: r red

as  aback -up  fo r  t he  TSK,  wh ich  a t  t imes  fou led  w i thke lp  and  ee lg rass .

Two Manta nets  were towed s imul taneously ,  o f f  por t  and starboard,  for  20

minu tes  (abou t  1 .4  k rn )  t o  ob ta in  a  samp le  o f  abou t  400  m3 .  Deck  l i gh t i ng

of  the vessel  was min imized dur ing the neuston tows.

FoT midwater  sampl ing,  8D opening-c los ing 7L cm Brown-McGowan

bongo  ne t  was  used  (F igu re  3 - .2 ) .  The  bongo  ne t  cons i s ted  o f  0 .333  mrn

mesh nets at tached to two c i rcu lar  a luminum f rames connected to  each

other .  A G0 f lownreter  was mounted to  the s tarboard f rame.  The bongo net

was deployed and ret r ieved f rom the s tern of  the vessel  by means of  a

hydraul ic  winch.  A 60 kg weight  suspended below the f rarne mainta ined

the  P roPer  w i re  ang le  (abou t  450 ) .  W i re  was  pa id  ou t  ( scope  abou t  ZzL )

un t i l  t he  we igh t  bumped  the  bo t tom.  Dac ron  doo rs  f i t t ed  to  the  f ron t  o f

the f rames were then opened by wi re messenger ,  and a s tepped-obl ique tow

cons i s t i ng  o f  18 ,  30 -sec  s teps  was  made .  The  tw in  ne t s  o f  t he  bongo ,

w i t h  a  t o ta l  mou th  a rea  o f  0 .79  mz  and  f i l t e r i ng  ra t i o  o f  5 .6 ,  p rov ided  a

samp le  o f  abou t  425  m3 .

The  Aur iga  ne t ' k ,  used  to  samp le  the  ep iben thos ,  cons i s ted  o f  a

0 .333  mm mesh  ne t  a t tached  to  a  rec tangu la r .  ga l van lzed ,  me ta l  f r ame

: !  Des igned  by  Mar i ne  B io l og i ca l  Consu l t an t s ,  I nc .  ,  947  Newha l l  .S t ree t ,
Cos ta  Mesa ,  Ca l i f o rn i a .
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(0 .5  m h igh  and  2  m w ide )  equ ipped  w i th  a  pa i r  o f  s i de -moun ted ,  2  m

diameter  wheels  (F igu ie 3-2) .  The sampler  was launched and recovered

f rom the  s te rn  o f  t he  vesse l  by  means  o f  a  hyd rau l i c  w inch .  A  w i re  scope

o f  3 :  I  ensu red  tha t  t he  samp le r  ro l l ed  a long  the  bo t tom when  i t  was

towed  a t  a  vesse l  speed  o f  abou t  1  m/sec .  A  90  kg  we igh t  moun ted  a top  the

f rame mainta ined the or ientat ion (mouth of  net  or iented towards

d i rec t i on  o f  t ow)  o f  t he  samp le r  on  the  bo t tom and  a  se r ies  o f  p las t i c

ro l l e rs  (12  cm d iamete r )  a t tached  to  the  chas i s  be low  the  mou th  o f  t he

f rame helped prevent  the sampler  f rom digging in to the bot tom. Dur ing

sampl ing,  the mouth of  the net  was about  L7 cm above the bot tom. A

se r ies  o f  rec tangu la r  dac ron  f l aps  p ro tec ted  the  bo t tom o f  t he  ne t

w i thou t  res t r i c t i ng  the  f l ow  o f  wa te r  t h rough  the  ne t .  Bo th  TSK and  G0

f lowmeters were suspended wi th in  the net .  The Aur iga net ,  wi th  a mouth

a rea  o f  1  m2  and  f i l t e r i ng  ra t i o  o f  5 .9 ,  p rov ided  a  samp le  o f  abou t

400  m '  a f t e r  be ing  t owed  on  t he  bo t t om fo r  5 .5  m inu tes  "

A l though  the  Aur iga  ne t  i s  no t  an  open ing -c los ing  samp le r ,

contaminat ion f rom the midwater  was considered min imal .  Divers have

observed that  the mouth of  the net  assumes a hor izonta l  a t t i tude when

o f f  t he  bo t tom (M.  Sowby !  pe rs .  conm. :  Sou the rn  Ca l i f o rn ia  Reg iona l

Wate r  Qua l i t y  Con t ro l  Boa rd  -  Los  Ange les  Reg ion ) .  The re fo re ,  t he  ma in

comPonent  of  water  movement  is  across rather  than through the net  dur ing

launch  and  recove ry .

Upon  recove ry .  a l l  ne ts  were  washed  down  w i th  a  hose  to  condense

the  samp le  i n to  the  removab le  cod -end  o f  t he  ne t .  The  con ten ts  o f  t he

cod -endwere  t hen  r i nsed  i n to  a  sanp le  j a r ( s ) ,  wh i ch  was  l abe led  i ns i de

the  j a r  and  ou ts ide  on  the  1 id .  and  p rese rved  w i th  5 -L0 ' / ,  Fo rma l i n -

seawace r .
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3  . L .2  Labo ra to r y  Ana l ys i s

Samp les  were  so r ted  fo r  f i sh  l a rvae  and  eggs  to  ob ta in  coun ts  o f  a t

least  100 Iarvae other  than Engraul is  mgrdax (nor thern anchovy)  and 100

eggs  (append i x  B ,  Sec t i on  B .L .2 ) .  Samp les  w i t h  l a rge  numbers  o f  f i sh

la rvae  were  sp l i t  w i th  a  Fo1som p lank ton  sp l i t t e r  t o  y ie ld  subsamp les  o f

L lZ  to  L l32  f rac t i ons .  A t  l eas t  L /32  o f  t he  samp le  was  examined  and

add i t i ona l  subsamp les ,  as  necessa ry ,  we re  so r t ed  t o .ob ta i n  t he

speci f ied number of  f ish larvae.  Samples wi th  fewer than 100 non-

engraul id  larvae were examined in  the i r  ent i re ty .  Subsampl ing in  th is

way y ie lds acceptable est imates of  the abundances of  the more common

taxa ,  bu t  i s  l i ke l y  t o  resu l t  i n  h ighe r  va r iab i l i t y  i n  t he  es t ima tes  fo r

rarer  taxa.  However ,  searching a larger  f ract ion of  the sample for  the

rarer  taxa would involve a substant ia l  increase in  ef for t  and cost ,  and

i t  was concluded that  on balance the potent ia l  in format ion gain would

p robab l y  no t  o f f se t  t h i s  i nc reased  cos t "

F rac t i ons  were  so r ted  a t  5 - I2X  magn i f i ca t i on  us ing  a  d i ssec t i ng

microscope and a l l  f ish larvae were removed for  subsequent

ident i f icat ion and curat ion.  A second technic ian checked LO7" of  the

so r ted  f rac t i on  to  ensu re  tha t  a t  l eas t  90 " / "  o f  a l l  f i sh  l a : r rae  were

removed  (Append ix  B ,  Subsec t i on  B .1 .2 .8 )  "  On  those  ra re  occas i -ons  when

fewer than 9OZ of  the larvae were removed,  the sample was resor ted,  and

rechecked unt j - l -  a  90 iL ef f ic iency was at ta ined.

F i sh  eggs  were  so r ted  f rom the  same f rac t i on  examined  fo r ' f i sh

larvae.  Depending on the i r  abundance,  eggs were counted and removed

f rom 17 ,  57  o r  L07"  a l i quo ts  o f  t he  so r ted  f rac t i on .  A  m in imum o f  100  eggs

was  so r t ed  f r om the  a l i quo t s ,  i f  poss ib l e .  A  Hensen -S temp le  p i pe t t e  was

used  f o r  subsamp l i ng  f i sh  eggs
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Sort ing of  Aur iga net  samples was somet imes h indered by large

amounts of  sand and ddtr i tus.  When th is  was the case,  organisms were

removed f rom the sand by a swir l  and decant  technique and the sample was

c leaned  o f  t he  deb r i s  be fo re  so r t i ng  by  us ing  a  f l o ta t i on  techn ique

adap ted  f rom Lade l l  ( 1935) .  La rge  f i sh  and  deb r i s  were  r i nsed  and

removed f rom the sample,  then ichthyoplankton were f loated out  o f  the

samp le  us ing  a  so lu t i on  o f  40% MgSO, ,  ( spec i f i c  g rav i t y  =  L .2 ) .  The

f lo tat ion procedure involved a ser ies of  s teps whereby a smal l  vo lume

(abou t  100  m1)  o f  t he  samp le  was  tho rough ly  m ixed  w i th  abou t  3 ,500

4 .000  m l  o f  t he  MgSOu so lu t i on ,  t he  heavy  ma te r ia l  was  a l l owed  to  s ink ,

and the l ighter-weight  p lankton was poured f rom the top of  the so lut ion.

A f te r  t he  en t i re  samp le  was  p rocessed ,  t he  f l o ta t i on  p rocedure  was

repeated to  ensure adequate separat ion of  the p lankton f rom the sample.

The  f l oa ted  samp le  was  r i nsed  o f  MgSOu,  rehyd ra ted ,  so r ted ,  and  the

vo lume o f  t he  deb r i s  reco rded .  A  po r t i on  o f  t he  deb r i s  f rom each

f l oa ted  samp le  was  examined  to  ensu re  the  success  o f  t he  separa t i on .

F i sh  l a rvae  were  i den t i f i ed  to  the  l owes t  p rac t i cab le  taxon .  Eggs

were ident i f ied as Engraul is  mordax or  "other" .  A11 counts for  larvae

and eggs and subsample in format ion were entered in to the MRC data base

and standardLzed to number per  100 m3 by us ing the f lowmeter

in fo rma t ion .  Opera t i ona l  samp les  f rom B lock  E  were  no t  ana lyzed  w i th

the except ion of  20 midwater  samples which were analyzed for  anchovy

Ia rvae  on1y .  Consequen t l y ,  t he  samp les  used  i n  the  ana lyses  fo r  SONCS

e f fec t s  we re  t hose  co l l ec ted  f r om B locks  A -D .  be tween  t he  5  and  45  m

isoba ths .

Samples were curated and stored by MEC for  the MRC. The samples

were  i nven to r i ed  i n  t he  MRC Cura t i -on  Bo t t l e  I nven to ry  da ta  base .  So r ted

and  unso r ted  po r t i ons  o f  samp les ,  wh ich  had  been  sp l i t  by  Fo l som
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p lank ton  sp l i t t e r ,  we re  s to red  separa te l y .  F i sh  eggs  and  l a rvae  tha t

had  been  coun ted  and  i d ,en t i f i ed  were  s to red  i n  po l y -sea l  capped  v ia l s .

Per iod ic  checks of  the samples ensured that  the 10" / "  buf fered (sodium

bora te )  Fo rma l j . n -seawa te r  rema ined  w i th in  accep tab le  pH  l im i t s  (5 .5  -

7 .8 ) .

Representat ive specimens of  each ichthyoplankton taxon were

separate ly  curated in  a documented reference eol lect ion (Barnet t  e t

a l . ,  1982 ) .  The  t axonomic  qua l i t y  o f  t he  re fe rence  co l l ec t i on  has  been

assu red  by  MEC 's  ac t i ve  pa r t i c i pa t i on  i n  t he  L978-1980  Taxonomic

Qual i t -v  Assurance Program (TQAP) of  ichthyologis ts  per forming work on

Sou the rn  Ca l i f o rn ia  Ed ison  p ro jec ts  i n  sou the rn  Ca l i f o rn ia "

As par t  o f  the MEC qual i ty  assurance program, the prec is ion

assoc ia ted  w i th  subsamp l ing  i ch thyop lank ton  samp les  was  i nves t i ga ted .

The  mean  coe f f i c i en t  o f  va r i a t i on  assoc ia ted  w i th  d i v id ing  Lz

i ch thyop lank ton  samp les  i n  ha l f  w i th  the  Fo lsom p lank ton  sp l i t t e r  was

less  t han  57 "  (Append i x  B ,  Sec t i on  8 .1 .2 ) .  The  mean  coe f f i c i en t  o f

va r ia t i on  assoc ia ted  w i th  coun t i ng  90  L7 "  Hensen-S temp le  p ipe t te

subsamp les  f rom a  samp le  (w i th  rep lacemen t )  was  57 " .

3 .1 .3  F reguency  o f  Samp l i ng

The  i ch thyop lank ton  p reopera t i ona l  mon i to r i ng  da ta  base  cons i s t s

o f  5  su rveys  f rom Ju l y  to  Sep tember  1979 ,  30  su rveys  taken  a t  wee lc l y

in te rva l s  f rom 10  March  to  16  Oc tobe r  1980 ,  and  3  su rveys  taken  i n  Ju1y ,

Sep tember ,  and  November  1981  (Tab Ie  3 -1 ) .  The  i n te r im  da ta  base

cons i s t s  o f  5  su rveys  taken  i n  the  mon ths  o f  March ,  Ju l y ,  Augus t  and

November  Lg82 ,  and  March  1983 .  The  ope ra t i ona l  pe r iod  i s  cons ide red  to

have  begun  in  Ju l y  1983  when  pump ing  ope ra t i ons  a t  SONGS Un i t s  2  and  3

i nc reased  t o  a  t o ta l  o f  e i gh t  pumps  ( see  F igu re  I - 3 )  and  a t  l eas t  one  o f
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the two uni ts  was operat ing

ne i the r  un i t  was  ope ra t i rB ,

ope ra t i ons  res ta r ted .  The

surveys I  three taken in  Ju ly

taken in  L984,  n ine surveys

1986  (Tab le  3 -1 ) .

du r ing  mos t  o f  t he  pe r iod .  Genera l l y ,  i f

a  scheduled survey was postponed unt i l

ope ra t i ona l  da ta  base  cons i s t s  o f  27

,  Augus t ,  and  December  I983 ,  e igh t  su rveys

taken in  1985,  and seven surveys taken in

The c lose spacing of  the 1980 surveys was d ic tated by the

requi rement  for  c lose- in terva l  observat ions on the length- f requency

dis t r ibut ions of  larva l  queenf ish and whi te  croaker ,  to  be used in  the

UCSB Adu I t  F i sh  p rog ram 's  i du l t -equ iva len ts  Loss  ca l cu la t i ons

(DeMar t i n i  and  La rson ,  1980) .  The  1980  samp les  were  i n tended  to  se rve

the dual  purposes of  supply ing th is  length- f requency data as wel l  as

forming a large par t  o f  the preoperat ional  per iod BACI data base.  The

operat ional  surveys were taken at  longer  in terva ls  par t ly  d ic tated by

the  ope ra t i ona l  s ta tus  o f  Un i t s  2  and  3 ,  bu t  based  ma in l y  on  a

ca l cu la ted  ( f r om the  p reope ra t i ona l  da ta :  see  Ba rne t t  e t  a l . ,  I 983b ,

1985 )  min imum three-week in terva l  between surveys to  avoid potent ia l

p rob lems  w i th  se r ia l  co r re la t i ons  o f  t he  SONGS-Con t ro l  De l tas .

Power  o f  t es t  ana lyses  based  on  the  p reopera t i ona l  da ta  i nd i ca ted

that  38 surveys f rom each of  the preoperat ional  and operat ional  phases

o f  mon i to r i ng  were  necessa ry  to  a t ta in  an  0 .80  p robab i l i t y  o f  de tec t i ng

a  50% reduc t i on  i n  re la t i ve  c ross -she l f  abundance  w i th  a  Type  I  e r ro r  o f

5% fo r  5  o f  23  i ch thyop lank ton  taxa  (Tab1e  3 -4 ) .  App rox ima te l y  130  o the r

taxa  were  i den t i f i ed  du r ing  the  mon i to r i ng  s tud ies ;  mos t  o f  t hese

occurred in f requent ly  and the remain ing,  more common,  taxa were fsund

predominan t l y  we l l  seaward  o f  t he  SONGS o f f sho re  coo l i ng  s t ruc tu res .

I t  was  thus  cons ide red  mos t  un l i ke l y  t ha t  a  SONGS e f fec t  cou ld  be

iden t i f i ed  fo r  any  o f  t hese  ' o the r  t axa ,  and  they  were  no t  u t i l i zed  i n

the  ana l yses  f o r  r educ t i ons ' i n  r e l a t i ve  c ross -she1 f  abundance .
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1 .  2  Zooplankton Moni tor ing

.2 .1  F ie l d  Samp l i ng

Zoop lan l i t on  were  co l l ec ted  a long  two  t ransec t  l i nes :  an  Impac t

l ine d i rect ly  o f fshore of  SONGS and a Contro l  l ine approx imate ly  L2 km

downcoas t  o f  SONGS (F igu re  3 -3 ) .  The  l oca t i on  o f  t he  Impac t  s tudy  s i t e

of f  Uni t  1  was d ic tated by the desj " re to  sample as near  the Uni ts  2 and 3

di f fusers as could prudent ly  be done,  whi le  at  the same t ime avoid ing

the of fshore d i f fuser  construct ion act iv i ty  dur ing the ear ly

P reopera t i ona l  pe r iod .  The  Con t ro l  s i t e  was  p laced  abou t  L2  kn

downcoas t  on  the  bas i s  o f  a  SONGS d i scha rge  p lume s imu la t i on  s tudy  made

by TRW, Inc.  for  MEC in L978.  This  s tudy ind icated that  s i tes far ther

than l0 km downcoast would have less than a L7" chance of being

inf luenced by the pIume.  Thus the Contro l  s i te  L2 km downcoast  was

considered tar  enough away to a l1ow a reasonable expectat ion of

i ndependence  f rom SONGS e f fec ts .  Sa rnp l i ng  s i t es  se lec ted  a t  t he

beginning of  preoperat ional  moni tor ing were mainta ined throughout  the

subsequent  moni tor ing s tudies.  At  the end of  the preoperat ional

moni tor ing per iod,  a  compar ison of  macrozooplankton abundances and

abundance pat terns at  the Impact  and Contro l  s i tes ind icated that  for

the 15 most  abundant  taxa ( inc lud ing a l l  the taxa ut i l ized in  BACI

tes t i ng ,  excep t  t he  c ladoce ran  Podon  po l yphemo ides )  t he  two  a reas  were

no t  s i gn i f i can t l y  d i f f e ren t  (Ba rne t t  e t  31 . ,  I 981 ) .  Compar i son  o f

Phys i ca l  and  chemiea l  da ta  f rom the  two  t ransec ts  a l so  fa i l ed  to  revea l

mar l red  d i f f e rences  (Re i t ze l  and  Zab loud i l ,  1983  ) .

F i ve  s ta t i ons ,  l oca ted  on  t he  8  m ,  13  m ,  18  m ,  30  m ,  and  100  m  dep th

con tou rs .  we re  sa rnp led  a t  t he  Impac t  and  Con t ro l  t r ansec t  I i nes .  The

s ta t i ons  were  l oca ted  by  a  comb ina t i on  o f  dep th  con tou r ,  pe rmanen t

buoys ,  I andmarks ,  and  compass  head ings  (Append i x  B ,  Sec t i on  B .2 .1 ) .
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The  8  m s ta t i ons  co r resPonded  to  the  i soba th  m idway  be tween  the  i n takeand  d i scha rge  l oca t i o r i s  o f  soNGS un i t  r ,  t he  13  m s ta t i ons  co r respondedto  the  n idpo in t  o f  t he  d i f f use r  ' i nes ,  t he  rg  m s ta t i ons  were  500  mo f f sho re  o f  t he  end  o f  t he  d i f f use r  I i nes ,  t he  30  m s ta t i onscorresPonded to the faunal  break between inshore and coasta l  p lanktonassemb lages  (Ba rne t t  and  se r t i c  ,  LgTg) ,  and  p lank ton  cap tu red  a t  t he100 m stat ions were used to help def ine the of fshore bound.ary of  thernner  Nearshore populat ions '  s ince the rg m stat ions were not  sampledon  some o f  t he  su rveys  p r i o r  t o  r9g3 ,  da ta  f rom the  1g  m s ta t i ons  wereno t  i nc luded  i n  the  f i na l  ana lyses  fo r  soNGs e f fec ts .
Three st rata corresponding to  subsur face,  midwater ,  8nd,ep iben th i c  dep ths  were  samp led  a t  each  s ta t i on  (Append ix  B ,  sec t i onB '2 ' 1 ) '  The  subsu r face  samp les  we re  co l l ec ted  one  me te r  be low  the  seasur face '  one or  two midwater  d 'epths were co l lected depend, ing on thes ta t i on '  A t  t he  g  m s ta t i on ,  one  m idwa te r  dep th  a t  abou t  4  m wasco l l ec ted '  A t  t he  rema in ing  s ta t i ons ,  two  m idwa te r  dep ths  *e reselected in  an at tempt  to  sample above and be10w the thermocl ine.  Theep iben th i c  samp les  were  co l l ec ted  f rom 0 .5  m o r  1  m above  the  oceanbo t tom depend ing  on  whe the r  t he  bo t tom was  s i1 t y .  One  excep t i on  was  the100  m s ta t i ons :  i ns tead  o f  samp l ing  the  ep iben thos ,  samp les  wereco l l ec ted  to  a  dep th  o f  30  m,  wh ich  genera l l y  co r respond .s  to  the  l ower1 im i . t  o f  t he  eupho t i c  zone .

A  tempera tu re  p ro f i l e  o f  t he  wa te r  co lumn was  taken  p r i o r  EosamPl ing  a  s ta t i on  to  de te rm ine  the  p resence /absence  and  d .ep th  o f  t hethe rmocL ine  '  The  sea  su r face  tempera tu re  was  measured  w i th  atennpera tu re  p robe  and  ca l i b ra ted  bucke t  t he rmomete r ,  t hen  the  wa te rtemPera tu re  was  measured  a t  one  me te r  i n te rva rs  f rom the  su r face  to  thebo t t om '  o r  t o  a t  l eas t  30  m ,  w i t h  a  t empe ra tu re  p robe  (Append i x  B . .
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Sec t i on  8 .2 .  f ) .  Non - the rmoc l i ne  cond i t i ons  ex i s t ed  when  t he

tempera tu re  changed  less  than  1 .00C pe r  me te r  ove r  t he  en t i re  wa te r

co lumn" The midwater '  depths sampled dur ing non- thermocl ine condi t ions

were  as  fo l l ows :  8  m s ta t i on  -  4  rn  dep th ;  13  m s ta t i on  -  4  m and  8  rn

dep ths ;  18  m s ta t i on  -  8  m and  12  m dep ths ;  30  m s ta t i on  -  8  m and  20  m

depths;  and 100 m stat ion -  8  m and 20 m depths.  Dur ing thermocl ine

condi t ions,  midwater  depths were genera l ly  moved f ive meters or  less

(usua l l y  1 -2  me te rs )  f rom the  s tandard  non - the rmoc l i ne  dep ths .

Usual ly  three repl icate macrozooplankton samples and one

microzooPlankton sample were taken at  each of  the sur face,  midwater ,

and  ep iben th i c  dep ths  spec i f i ed  above  fo r  each  s ta t i on .  However ,  t he

number of  rep l icate macrozooplankton samples var ied f rom the above mode

dur ing the preoperat ional  per iod in  the fo l lowing ways:  ten were taken

between August  L976 and June L977,  f ive were taken between November L977

ai rd January 1979,  and three were taken af ter  October  L979.  One

mic rozoop lank ton  samp le  pe r  samp l ing  l oca t i on  was  co l l ec teC  on  mos t  o f

the preoperat ional  surveys and on the February Lg84 survey.

Surveys were conducted during daylight hours and both Impact and

Contro l  s ta t ions were sampled the same day.  Samples were taken wi th  a

cen t r i f uga l  pump w i th  a  7  .5  cm d iamete r  hose  (F igu re  3 -4 ) ;  a  68  kg

we igh t  he ld  the  hose  i n  the  ve r t i ca l  pos i t i on .  Samp les  were  pumped  a t  a

ra te  o f  app rox ima te l y  1 .0  m3 /m in  fo r  one  m inu te ;  t he  f l ow  ra te  was

ca l i b ra ted  p r i o r  t o  samp l i ng  each  s ta t i on  (Append i x  B ,  Sec t i on  8 .2 .L ) .

Mac rozoop lank ton  samp les  were  co l l ec ted  and  f i l t e red  th rough  0 .202  mrn

mesh  N i tex  ne ts .  A f te r  t he  samp le  was  taken ,  t he  ne t  was  washed  do r+n

w i th  a  hose  to  condense  the  samp le  i n to  the  removab le  cod -end  o f  t he

ne t .  ' The  con ten ts  o f  t he  cod -end  were  r i nsed  i n to  a  samp le  j a r ,  wh ich

was  l abe led  i ns ide  the  j a r ,  and  p rese rved  w i th  5 -L07"  bu f fe red  Fo rma l i n -

s  eawa t  e r  .

3- t4



3  .  2 .  2  Labora to ry  Ana lys i s

A  compos i te  samp le  cons i s t i ng  o f  one -ha l f  o f  each  o f  t he  th ree

repl icate macrozooplankton samples f rom each depth s t ratum f rom each

samp l i ng  s ta t i on  was  ana l yzed  (Append i x  B ,  Sec t i on  8 .2 .2 ) .  An

excep t i on  was  the  ope ra t i ona l  pe r iod  samp les  f rom the  100  m s ta t i ons ,

which were p laced in  s torage and not  analyzed.  Samples used in  the f ina l

ana lyses  fo r  SONGS e f fec ts  thus  were  those  co l l ec ted  a t  t he  8 ,  13 ,  and

30  m i soba ths .  Rep l i ca te  samp les  were  sp l i t  w i th  a  Fo l som p lank ton

spl i t ter  and one hal f  o f  each was randomly se lected for  the composi te

samp le .  The  th ree  rep l i ca te  ha l ves .  se lec ted  fo r  t he  compos i te  samp le

were  comb ined  i n to  one  samp le  j a r .  The  non -se lec ted  ha l ves  were  s to red

separa te l y  i n  j a rs  w i th  sod ium bo ra te -bu f fe red  (pH  7 .0 )  5 -L07"  Fo rma l i n -

seawa te r "  Dur ing  the  ea r l y  pa r t  o f  t he  p reopera t i ona l  pe r iod  (L976-

L979) ,  rep l i ca . te  samp les  were  ana lyzed  separa te l y ;  t he  mean  o f  t hose

rep l i ca tes  were  used  fo r  t he  comb ined  da ta  ana lys i s .

The composi te  sample was analyzed to  obta in counts of  40

indiv iduals  in  each of  27 key species or  taxa (Appendix  B,  Sect ion

8 .2 .2 ) .  The  abundan t  t axa  were  coun ted  f rom a t  l eas t  two  subsamp les

taken  w i th  a  Hensen-S temp le  p ipe t te .  The  coe f f i c i en t  o f  va r i a t i on

associated wi th  th is  subsarnpl ing technique was 1^8% for  the more

abundan t  t axa  (Append i x  B ,  Sec t i on  8 .2 .2 ) .  The  en t i r e  compos i t e  samp le

was counted for  rarer  taxa.  Samples were analyzed at  lzx  magni f icat ion

us ing  a  d i ssec t i ng  m ic roscope .

A11 counts for  ident i f ied taxa and subsample in format ion were

entered in to the MRC datd base and standard ized to  number per  m3 us ing

the  f l ow  ra te  and  l eng th  o f  samp le  i n fo rma t ion .

( rmn ]  oc  v7s3s  cu ra ted  and  s to red  by  MEC f  o r  t he  MRC.  The  samp les

were inventor i -ed in  the MRC Curat ion Bot t le  Inventorr r  data base.  Annual
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checks of  the sarnples ensured that  the 5-L0% Formal in-seawater  remained

a t  p rope r  s t r eng th  and 'pH  (5 .5 -8 .0  f o r  mac rozoop lank ton  and  7 .8 -9 .0  f o r

m i  c rozoop lank ton  samp les  )  .

As  pa r t  o f  t he  MEC qua l i t y  assu rance  p rog ram!  rep resen ta t i ve

specimens of  each zooplankton taxon were separate ly  .curated in  a

documen ted  re fe rence  co l l ec t i on  (Ba rne t t  e t  d I . ,  I 982 ) .  The  t axonomic

qua l i t y  o f  t he  re fe rence  co l l ec t i on  has  been  assu red  th rough

ver i f icat ion of  voucher  specimens by A.  F leminger  of  Scr ipps

Ins t  i t u t i on  o f  Oceanography .

3 .2 .3  F requency  o f  Samp l i ng

'The  
zoop lank ton  p reopera t i ona l  da ta  base  cons i s t s  o f  32  su rveys

f rom Augus t  T976  to  November  1981  (Tab le  3 -1 ) .  The  i n te r im  da ta  base

cons i s t s  o f  6  su rve l s ,  wh ich  were  taken  f rom January  L982  to  June  1983 .

The  ope ra t i ona l  pe r iod  was  cons ide red  to  have  begun  Ju l y  1 ,  1983 ,

co r respond ing  to  the  beg inn ing  o f  f a i r l y  cons i s ten t  ope ra t i ons  o f  Un i t s

2  and  3  ( see  F igu re  1 -3 ) .  The  ope ra t i ona l  da ta  base  cons i s t s  o f  23

surveys:  two were taken in  August  and December 1983,  seven surveys were

ta l - 'en in  1984,  e ight  in  1985 ,  and the remain ing s ix  surveys were taken

in  1986 .

Power  o f  t es t  ana lyses  based  on  p reopera t i ona l  da ta  (Ba rne t t  e t

41 . ,  1981 )  i nd i ca ted  t ha t  29  su rveys  f r om the  ope ra t i ona l  phase  o f

moni tor ing would be suf  f  ic ie_nt  f  or  detect ing a 507"  change in  the

abundance of  n ine taxa wi th  an 8071 probabi l i ty  and Type 1 error  o f  5%

(Tab Ie  3 -5  ) .
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3 .  3  Phy top lank ton  Mon i to r i ng

Water  samples taken for  the purpose of  making phytoplankton ceI1

coun ts  were  co l l ec ted  i n  bo th  the  p reopera t i ona l  and  ope ra t i ona l

moni tor ing per iods.  S ince,  however ,  they were only  analyzed dur ing the

p reopera t i ona l  pe r iod ,  t hey  a re  no t  d i scussed  i n  th i s  repo r t .  O the r

samples were co l lecte.d f  or  the determinat ion of  ch lorophyl l -a

concentrat ion,  3D ind i rect  measure of  phytoplankton s tanding crop.

These samples were co l lected dur ing each zooplankton moni tor ing survey

(see  Sec t i on  3 .2 .L )  and  ana lyzed  by  MEC du r ing  the  p reopera t i ona l

pe r iod  and  by  the  MRC phys i ca l / chemica l  con t rac to r  (Ecosys tems

Managemen t  Assoc ia tes ,  I nc .  )  subsequen t l y .

3 .3 .  f  F i e l d  Samp l i ng

The locat ions and f requency of  ch lorophyl l -a  water  sampl ing were

the  same  as  t hose  d .esc r i bed  f o r  zoop lank ton  mon i t o r i ng  (Sec t i on  3 .2 .1 ) "

Depths to  35 m were sampled for  ch lorophyl l -a  us ing a c leaned and purged

pumping system (L i t t le  Giant  Submers ib le  Pump).  Samples taken below 35

m depth were obta ined wi th  c lean Van Dorn bot t les or  a  large vo lume

wate r  pump.  A11  samp les  were  passed  th rough  c lean  0 .202  mm mesh  ne t t i ng

before fur ther  sh ipboard t reatment .  Chlorophyl l -a  and phaeopigment

samples wele f i l tered aboard sh ip onto e i ther  g lass-  f iber  (Whatme. . r . r

GF/C) or  membrane f i l ters  (Mi l l ipore Type AA) arrd f rozen instant ly  in

d ry  i ce .  Samp les  were  kep t  f rozen  ( -200C)  un t i l  ana l yzed  i n  the

labo ra to r y .

3 .3 .2  Labo ra to r y  Ana l ys i s

Ch lo rophy l l - a  and  phaeop igmen t

desc r ibed  i n  S t r i ck land  and  Parsons

were ana\yzed f luoronet ica l ly  as

(L972 )  du r i ng  t he  p reope ra t i ona l
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Per iod ,  and  by  a  mod i f i ca t i on  o f  t he  me thod  desc r ibed  by  Ho ln -Hansen  e t

a1 .  ( 1955 )  du r i ng  t he  ope ra t i ona l  pe r i od  ( " . g . ,  Re i t ze l  and  Zab loud i l ,

re82 )  "

3.4 Longshore Anchovy Gradient  Survey

At  the requesf  o f  the MRC, MEC conducted one longshore midwater

survey in  March 1986.  This  was designed to detect  a  gradient  in  anchowy

Iarval  abund.ance wi th  d is tance f  rom SONGS.

3 .4 .1  F ie l d  Samp l i ng

Four  rep l icate midwater  bongo samples were taken at  each of  seven

longshore  l oca t i ons  l oca ted  a long  the  18  m i soba th "  I he  samp l ing

s ta t i ons  were  l oca ted  downcoas t  o f  soNGS a t  0 -1kn r  l - 2  km,  4  km,  5  km,  8

km, 12 km , and 18 . 5 krn.

These midwater  samples were co l lected us ing the same techniques

and gear  as descr ibed above for  the ichthyoplankton midwater  moni tor ing

f i e l d  samp l i ng  ( see  Sec t i on  3 . f . 1 ) .  A t  each  s i t e ,  r ep l i ca tes  1  and  3

were taken towing upcoast ,  rep l icates 2 and 4 were taken towing

downcoas t .

3  . 4 .2  Labo ra to r y  Ana l ys i s

The longstrore gradient  samples were sor ted for  Engraul is  mordax

(nor thern anchovy)  larvae on1y.  The samples were analyzed to  obta in

coun ts  o f  a t  l eas t  100  l a rvae  fo l l ow ing  the  techn iques  desc r ibed  above

fo r  i ch thyop lank ton  mon i to r i ng  Iabo ra to ry  ana lys i s  ( see  Sec t i on

?  1  ? \
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3 .5  In take  -  D i f f use r  Su rvey

To  de te rm ine  th rough-p1an t  mac rozoop lank ton  l osses  o f  Un i t s  2  and

3 .  and  to  con f i rm  resu l t s  ob ta ined  f rom s im i l a r  s tud ies  done  in  1979  oa

Un i t  L ,  MEC conduc ted  one  i n take -d i f f use r  samp l ing  su rvey .  ( I t  was

assumed that  ichthyoplankton losses could only  be greater  than

zoop lank ton  l osses ,  and  wou ld  need  s tudy  on l y  i f  zoop lank ton  l osses

were  sma11) .  I n  o rde r  t o  documen t  t hese  t rans i t  l oss  p rocesses ,

macrozooplankton and chemist ry  samples were co l lected f rom the in takes

and one d i f fuser  por t  f rom each Uni t  to  est imate (1)  the amount  and

kinds of  macrozooplankton that  are a l tered in  t rans i t  through SONGS

in take -d i f f use r  sys tem,  ( 2 )  i n  wha t  phase  (d i sso l ved ,  pa r t i cu l a te ,

I iv ing or  dead)  mater ia l  ex i ts  the d i f fusers re la t ive to  how i t  enters

the in takes and (3)  how the mater ia l  ex i t ing the d i f fuser  a l ters  the

amb ien t  wa te r  cond i t i ons  nea r  the  d i f f use rs .

3 .5 .1  F ie l d  San rp l i ng

Samp les  were  co l l ec ted  on  5  December  1986  f rom s ta t i ons  nea r  the

in takes  o f  Un i t s  2  and  3 ,  f rom w i th in  a  d i f f use r  po r t  o f  each  un i t ,  a t  a

downcurrenE stat ior i  wi th in  the d ischarge p lume and at  an ambient

s ta t i on  2  km downcoas t  o f  t he  d i f f use r  l i nes .  Th i s  l as t  l oca t i on  was

upcur ren t  o f  t he  d i f f use rs  a t  t he  t ime  o f  samp l ing .

The  i n ta l ce  samp l ing  Ioca t i ons  were  pos i t i oned  a t  rn id -dep th  abou t  5

meters or  less away f rom the in take s t ructures and wi th in  the in f luence

o f  t he  i n takes .  The  d i f f use r  samp les  were  co l l ec ted  f rom w i th in  a

d i f f use r  po r t .  Con ta rn ina t i on  o f  d i f f use r  wa te r  by  amb ien t  wa te r  was

shown  to  be  neg l i g ib le  as  measured  by  a  Tu rne r  F luo romete r  du r ing  a

pre l iminary t r ia l  when rhodamine dye,  re leased by d ivers around the

d i f f use r  po r t ,  was  no t  obse rved  i n  the  pumped  samp le  wa te r .  The  p lume
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s ta t i on  was  se lec ted  t o  be  0 .5  km downcu r ren t  ( downcoas t )  o f  t heUn i t  2

d ischarge l ine at  about .  the 12 m depth contour  which was the inshore-

o f f sho re  m idpo in t  o f  t he  fu11  l eng ths  o f  bo th  d i f f use rs .  V i sua l

obse rva t i ons  by  t i r e  samp l ing  c rew o f  cu r ren t  d i rec t i on ,  h igh  tu rb id i t y

a t  t he  p lume s ta t i on  and  Iow  tu rb id i t y  upcoas t  o f  t he  d i f f use r  l i nes  a t

the  same i soba th  were  used  to  ensu re  the  s ta t i on  was  i n  the  d i f f use r

p1ume. The p lume was sampled at  the depth of  1  m.  Prev ious dye studies

per formed by ECO-M in May,  1986,  demonstrated that  p lume water  was

genera l ly  conf ined to  the upper  4 meters of  the water  co lumn.  Each Uni t

was  sa rnp led  separa te l y  f o r  i n take /d i f f use r  samp l ing "  Because  Un i t s  2

and  3  a re  mu l t i p le  po r t  d i f f use r  sys tems ,  t h rough-p lan t  l ag  t imes  fo r  a

parcel  o f  water  can vary wi th  Uni t  and por t .  Therefore the lag t imes

were determined empir ica l ly  for  the por t  in  quest ion on the dates of

sampl ing by in ject inB rhodamine dye in to the in take and t iming i ts

appearance  a t  t he  se lec ted  d i f f use r  po r t  as  de tec ted  by  a  Tu rne r

F luo romete r .  The  l ag  t imes .  de te rm ined  fo rUn i t  2  was  40  m inu tes ;  f o r

Un i t  3 ,  33  m inu tes .

To ta l  o rgan ic  ca rbon  (TOC) ,  ses ton  d ry  we igh t ,  pa r t i cu la te  o rgan ic

ca rbon  (POC) ,  d i sso l ved  o rgan ic  ca rbon  (DOC) ,  and  adenos ine

t r i phospha te  (ATP)  were  taken  a t  t he  fo l l ow ing  fou r  s ta t i ons :  1 )  Un i t  3

In ta } - . e .  2 )  Un i t  3  D i f f use r .  3 )  P1ume ,  and  4 )  Amb ien t .

A t  t hese  s ta t i ons ,  wa te r  was  pumpec l  con t i nuous l y  f rom dep th  i n to  a

seawa te r  rece i v ing  t rough .  A t  10 -m inu te  i n te rva l s ,  f o r  a  to ta l  o f  10

samp les ,  an  un f i l t e red  ,  4 -ga ! l on  samp le  was  removed  by  c lean  p las t i c

bucke t  f rom the  t rough .  F rom th i s  bucke t ,  a  4 - I i t e r  samp le  was

immed ia te l y  removed  us ing  a  4 -1 i t b r  g radua ted  cy l i nde r .  Th i s  samp le

was  m ixed  be fo re  remov ing  any  subsamp les  by  pou r ing  i t  i n to  ano the r  4 -

l i t e r  g radua ted  cy l i nde r  and  then  back  aga in .  A  l -1 i t e r  subsamp le  was
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then removed for  TOC analys is  and t ransferred in to an ac id c leaned

na lgene  samp le  bo t t l e .  Twen ty  d rops  o f  concen t ra ted  su l fu r i c  ac id  were

added ,  t he  bo t t l e  sea led ,  and  i nve r ted  seve ra l  t imes  to  tho rough ly  m ix

and  ac id i f y  t he  samp le .  A  second  1 - l i t e r  subsamp le  was  removed  fo r

ses ton  d ry  we igh t  and  f i l t e red  th rough  a  p re -we ighed  GF lC  f i l t e r .  A f te r

f i l t r a t i on  the  funne l  ang  f i l t e r  we re  r i nsed  w i th  de ion i zed  wa te r  t o

f l ush  a l l  r es idua l  ses ton  to  the  f i l t e r  and  remove  any  i no rgan ic  sa l t s .

The f i l ter  was removed and p laced in  a labeled petr i  d ish and f rozen on

dry ice.  A th i rd  l - l i ter  subsample was removed for  POC analys is  and

t rea ted  exac t l y  l i ke  the  ses ton  d ry  we igh t  subsamp le  w i th  the  excep t i on

tha t  a  p re -combus ted  GF/C  f i l t e r  was  used  i n  p lace  o f  a  p re -we ighed  GFIC

f i l t e r .  A  250  m l  subsamp le  o f  t he  f i l t r a te  co l l ec ted  f rom the  POC samp le

was removed for  DOC analys is .  This  subsample was p laced in  a nalgene

bo t t l e .  ac id i f i ed  w i th  5  d rops  o f  su l f u r i c  ac id ,  sea led  and  i nve r ted

seve ra l  t imes  t o  m ix .

Macrozooplankton samples were taken at  f ive s tat ions:  1)  Uni t  2

i n take ,  2 )  Un i t  2  d i f f use r ,  3 )  Un i t  3  i n t ake ,4 )  Un i t  3  d i f f use r ,  and5 )

p1ume. These samples were co l lected (between sampl ings for  chemist ry  at

chemis t r y  s ta t i ons  )  us ing  a  cen t r i f uga l  pump w i th  de l i ve ry  f l owra tes  o f

0 .85  to  f . 33  m3 /m inu te .  F lowra tes  were  de te rm ined  by  measur ing  the

t imes  necessa ry  to  f i l l  } : nown  vo lumes .  Twen ty  l -m inu te

macrozoop lan l c ton  samp les  were  co l l ec ted ,  one  eve ry  5  m inu tes  a t  Un i t  3

in take  and  d i f f use r  l oca t i ons ;  t en  1 -m inu te  samp les ,  one  eve ry  2

m inu tes ,  v le re  taken  a t  Un i t  2  i n take  and  d i f f use r  l oca t i ons  I  and  ten  1 -

m inu te  samp les  were  ta i i en  eve ry  2 .5  m inu tes  a t  t he  p lume loca t i on .

Samp les  we re  f i l t e red  t h rough  a  O .202  mm mesh  ne t .  Co l l ec ted  p l ank ton

were  p rese rved  i n  57 ;  f o rma l i n  seawa te r .  Fo rma l i n  so lu t i ons  were

bu f f e red  t o  pH  7 .0  p r i o r  t o  use .
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3 .5 .2  Labo ra to r y  Ana l ys i s

Ten ind iv idual  sarnples f rom each locat ion were analyzed for

zooplankton in  the same manner  as descr ibed for  moni tor ing samples (see

Sec t i on  3 "2 "2 )  w i th  the  fo l l ow ing  excep t i ons .  An  ave rage  o f  twen ty

ind iv iduals  f rom a min imum of  two subsamples were used for  the

est imates.  Taxa not  meet ing th is  cr i ter ion were considered rare and

were counted in .  the ent i re  sample.  Raw counts were conver ted to  numbers

pe r  cub i c  me te r .

TOC, POC and DOC samples were analyzed by non-d ispers ive in f rared

analyses on an Oceanography In ternat ional  Corporat ion Model  524l -  Carbon

System fo l lowing recommended methods of  the manufacturer  as out l ined in

MRC's  Da ta  S tandards  documen t  ( i n  p rep . ) .  The  on l y  mod i f i ca t i on  to

these  p rocedures  was  to  d i v ide  the  POC f i l t e rs  i n to  th i rds  fo r  ana lys i s .

F i l ter  b lanks were a lso d iv ided in to th i rds to  obta in an average b lank

va lue  f o r  a  t h i r d  o f  a  f i l t e r .  POC va lues  f o r  each  t h i r d ,  a f t e r

sub t rac t i ng  ou t  t he  ave rage  ca rbon  va lue  fo r  a  th i rd  o f  a  f i l t e r '  we re

summed to  ob ta in  the  to ta l  POC va lue  fo r  t he  who le  f i l t e r .

Seston dry weight  was determined by dry ing the f i l ters  and seston

sgmp les  to  a  cons tan t  we igh t  a t  650C,  we igh ing  the  samp les  and  then

sub t rac t i ng  t he  f i l t e r  we igh t .

3 .5  I n take  Loss  Su rveys

In take  w i thd rawa l  was  expec ted  to  be  one  o f  t he  ma jo r  e f fec ts  o f

SONGS.  F rom Oc tobe r  1985  th rough  January  1985  when  mon i to r i ng  su rveys

fo r  i ch thyop lank ton  and  zoop lank ton  were  no t  conduc ted ,  MEC co l l ec ted

samp les  spec i f i ca l l y  f o r  i n t ake  l osses .
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3 .5 .1  F requency  o f  Sa rnp l i ng

The in take loss surveYs

fo l l ow ing  t he  schedu le  used

(Tab Ie  3 -1 ) .

were  conduc ted  on  a  t r iweek l y  bas i s ,

for  ichthyoplankton moni tor ing surveys

3  . 6  . 2  F ie l d  Sa rnp l i ng

Co l l ec t i on  techn iques  were  i den t i ca l  t o  t hose  u t i l i zed  i n  t he

moni tor ing surveys.  The stat ions sampled were those SONGS moni tor ing

s ta t i ons  c loses t  t o  t he  i n take  dep th  (9  m) .  Ep iben thos '  m idwa te r ,  and

neus ton  i ch thyop lank ton  samp les  were  co l l ec ted  on  the  SONGS t ransec t

l ine I  km downcoast  o f  SONGS in e i ther  Block A or  B lock B,  whichever  had

a  randomly  se lec ted  samp l i ng  i soba th  c l oses t  t o  9  *  ( see  F igu re  3 - I ) .

Ep iben thos , midwater ,  .  and sur lace zooplankton samPl.es

(mac rozoop lank ton  and  m ic rozoop lan l c ton )  were  co l l ec ted  on  the  SONGS

l ine  d i rec r l y  o f f sho re  o f  SONGS a t  t he  8  m samp l ing  s ta t i on  ( see  F igu re

? - ? \

3 .5 .3  Samp le  Ana l ys i s

The  labo ra to ry  ana lys i s  t echn iques  were  i den t i ca l  t o  t hose

desc r ibed  above  fo - . ' t he  mon i to r i ng  samp les .

3 . 7  A n a l y t i c a l  M e t h o d o l o g y

We u t i l i zed  th ree  app roaches  to  i den t i f y  SONGS e f fec ts  on  the

i c h t h y o p l a n k t o n  a n d  m a c r o z o o p l a n k t o n .  T h e s e  w e r e  :

( 1 )  A p p l i c a t j - o n  o f  t h e  B A C I  p r o e e d u r e ,  w h i c h determines changes

o f  a  spec ies  w i t hin  the  re la t i ve  c ross -she1 f  abundance

respecE  to  l oca t i on  and  SONGS ope ra t i on ;
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(2 )  Ana lyses  o f  c ross -she l f  abundance  pa t te rns  to  i nves t i ga tewhe the r  sh i f t s  i n  a  spec ies '  d i s t r i bu t i on  occu r red  a f te rSONGS operat ion begani  and
(3)  The ca lcu lat ion of  in take wi thd. rawar losses dur ing the Af terper iod to  prov ide an est imate of  min imun soNGs ef fects  whichmay be qual i ta t ive ly  

l inked wi th  the resul ts  of  BACIana lyses '  Add i t i ona l l y ,  . po ten t i a l  bu t  unp roven  l 0sses  tha tcou ld  resu l t  f r o rn  d i f f use r  ac t i v i t y  were  ca l cu la ted .

3 .7  . L  BACr

To determi'ne whether there hrere changes in plankton abundancestha t  cou ld  be  assoc ia ted  w i th  soNcs  ope ra t i ons ,  t he  mon i to r i ng  s tud ieswere conducted accord ing to  the regui rements of  an analy t ica l  des. ignca1 led  BAcr ,  an  ac ronym fo r  Be fo re_A f te
and f ramework of  rhe BAcr  procedur"  , "  , r : : " " . " r t r : : -  

" . " : : : : : : : : : : t .

3  .  7  .  1 .  I  BACI  Mode l  Desc r ip t  j . on

The  ph i l osophy  o f  t he  BACI  p rocedure  i s  s imp le .  Synop t i cobse rva t i ons  a re  made  on  a  nu rnbe r  o f  spec ies  a t  bo th  an  , , rmpa6g , ,l 0ca t i on  c10se  to  the  power  p lan t  i n takes  and  d , i f f use rs  and  aE  a"con t ro l "  l 0ca t i on  fa r  enough  away  f rom the  power  p lan t  t o  no t  bei n f  l u e n c e d  b y  i t ,  b u t  c l o s €  e n n r r o , .  F ^  

s ' r s  P u r ^ / e r  P ' L a n t  t o  n o t

similar populario,," or 

-;ff:: 

^:":::"".":r""_; 
r:::r::_::r:

number  o f  t imes  , ,Be fo re , ,  
t he  power  p lan t  i s  ope ra t i ona l ,  and  aga in  anumber  o f  t imes  , ,A f te r , ,  

t he  power  p lan t
r i r ne  and  i ndependence  o f  obs " :_ " ' _ . ^ : : ' : t  

r s  ope ra t i ng .  p lan r  s ra r r -up
se rva t i ons  de te rm ine  the  number  o f  su rveysin  t he  Be fo re  pe r i od ;  i . . . ,  measu remen ts  canno t  be  t oo  c l ose  t oge the rbecause  t hey  a re  t hen  essen t i a l l y  dup l i ca te  obse rva t i ons .  A t  t he  

" r r a  
o f
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the Before per iod the number of  surveys requi red in  the Af ter  per iod to

y i e l d  t he  des i r ed  power  o f  t he  s ta t i s t i ca l  t es t  i s  ca l cu la ted  (and  hence

" f i xed " ) .  Th i s  i s  d i scussed  f u r t he r  be low .  Con t ro l  l oca t i ons  a re  chosen

w i th  ca re  to  m im ic ,  as  nea r l y  as  poss ib le ,  na tu ra l  changes  occu r r i ng  i n

populat ions at  the Impact  s i te  in  the Before per iod.  Thusr  any

d i f f e rences  i n  t he  Con t ro l / Impac t  re la t i onsh ip  i n  t he  A f te r  pe r iod

compared  to  the  Be fo re  pe r iod  can  be  a t t r i bu ted  to  SONGS un less

plaus ib le  a l ternat ive explanat ions are avai lab le.  Impact  minus Contro l

d i f f e rences ,  ca l l ed  De l tas ,  es t ima te  the  d i f f e rence  i n  popu la t i on  s i zes

between the two s i tes at  the t imes observed.  The average Del ta  in  the

Be fo re  o r  A f te r  pe r iod  es t ima tes  the  mean  d i f f e rence  i n  popu la t i on  s i ze

for  that  per iod.  A s ign i f icant  d i f ference between the average Del ta  in

the Before t ime per iod and the average Del ta  in  the Af ter  t ime per iod

would suggest  that  the power p lant  is  hav ing an ef fect  on the populat ion

a t  t he  Lnpac t  s i t e .

For  many species in  the s tudies the average Del ta  in  the Before

t ime per iod was zeto,  ind icat ing the populat ions at  the two s i tes hrere

o f  t he  same s i ze .  I f  t he  popu la t i ons  were  no t  o f  t he  same s i ze  i n  t he

Be fo re  pe r iod ,  w€  l ooked  fo r  a  con t i nua t i on  o f  t he  same re la t i ve

d i f f e rence  i n  the  A f te r  pe r iod .  I f  t he  ave rage  De l ta  i n  t he  A f te r  pe r iod

were  more  nega t i ve  than  the  Be fo re  De I ta ,  t h i s  wou ld  i nd i ca te  tha t  t he

PoPu la t i on  nea r  the  power  p lan t  had  dec reased  i n  s i ze  re la t i ve  to  the

Con t ro l  s i t e  popu la t i on .

No te  tha t  s ince  BACT ana lys i s  i s  pe r fo rmed  on  the  De l tas ,  wh ich  a re

a  measure  o f  t he  re la t i onsh ip  be tween  popu la t i on  s i zes  a t  t he  Impac t  and

Con t ro l  l oca t i ons .  va r i a t i ons  i n  popu la t i on  s i zes  i n  r esponse  t o

na tu ra l  phenomona  tha t  ac t  equa l l y  a t  bo th  l oca t i ons  do  no t  a f fec t  t he

ana l ys i s .  Theo re t i ca l l y  t hen ,  t he  des ign  a11ows  SONGS e f f ec t s  t o  be
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Spec ies  o f ten  do  no t  reac t  i n  an  add i t i ve  way  to  an  even t ,  bu t

i ns tead  behave  mu l t i p i i ca t i ve l y ,  f o r  examp le ,  by  doub l i ng  o r  ha l v ing .

In  th i s  case  the  BACI  mode l  mus t  be  exp ressed  i n  the  mu l t i p l i ca t i ve  fo rm

as  f o l l ows :

Impact Contro l

Be fo re

A f t e r

uxL

uxLxTxS uxT

Not i ce  tha t  t h i s  mode l  rep laces  the  p lus  s igns  o f  t he  add i t i ve

mode l  w i th  mu l t i p l i ca t i on  s igns .  I n  t he  mu l t i p l i c4 t i ve  mode l  t he

parameters L,  T,  and S are a l l  propor t ional  changes rather  than

d i f f e rences .  Fo r  examp le ,  L  =  L .2  i nd i ca tes  tha t  abundances  a t  t he

Impac t  l oca t i on  a re  L20% o f  abundances  a t  t he  Con t ro l  s i t e  ( i . e . ,  Impac t

abundance exceeds Contro l  abundance by 207.) .

To  pe r fo f i n  s ta t i s t i ca l  ana lyses  on  a  mu l t i p l i ca t i ve  mode l ,  i t  mus t

be  l i nea r i zed  ( i . e . ,  made  add i t i ve ) .  L i nea r i za t i on  i s  accomp l i shed  by

tak ing  l oga r i t hms  o f  t he  obse rva t i ons .  S ince  1og  (u  x  t  x  T  x  S )  =  1oB

( r . , )  *  l og  (L )  *  1og  (T )  *  1og  (S ) ,  we  now have  the  add i t i ve  mode l  a l ready

desc r ibed .  w i th  the  pa ramete rs  rep laced  by  1og  (pa ramete r ) .

I n  t he  mu l t i p l i ca t i ve  mode l ,  ave rages  o f  t he  obse rva t i ons  a re

ave rages  o f  1oB- t rans fo rmed  obse rva t i ons  and  es t ima tes  o f  t he

paramete rs  as  g i - ven  i n  the  add i t i ve  mode l  become es t ima tes  o f  1og -

t rans fo rmed  pa rane te rs .  Thus ,  f o r  t he  mu l t i p l i ca t i ve  mode1 ,  es t ima tes

o f  t he  pa ramete rs  a re  g i ven  by :

L  =  a n t i l o g  ( Y f g  -  Y C g )

T =  anr i l og ' (yca  -  ycg)

S  -  an t i l os  ( (Yra  -  Yca)  -  (Y rs  -  YcB)  )
g =  an t i log  (DELTAA -  DELTAB)
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where  the  Y ' s  a re  ave rages  o f  l og - t rans fo rmed  da ta  and  the  De l tas  a re

d i f f e rences  o f  ave rages  o f  1og - t rans fo rmed  da ta .  S ,  t he  SONGS e f fec t

parameter ,  represents a propor t ion appl ied to  the mean abundance that

would have been found at  the lmpact  locat ion i f  the power p lant  were not

there.  For  example,  i f  S = .$  i t  means that  the abundance of  organisms

at  the Impact  locat ion wi th  S0NGS present  was 50" / "  o f  the leve1 that

would have been measured there i f  the power p lant  were not  present .  Or ,

s ta ted  d i f f e ren t l y ,  t he  power  p lan t  has  caused  a  ( I  -  S )  =  40% reduc t i on

in the abundance of organisms "

We wish to  emphasize that  when a mul t ip l icat ive model  is  invoked

a I1  ana lyses  a re  pe r fo rmed  on  1og - t rans fo rmed  da ta .  Resu l t s  f rom log -

t ransformed data analyses can somet imes be d i f ferent  f rom what  one

would expect  by look ing at  the untransformed data.  We d iscuss below

bo th  how 'we  dec ided  whe the r  t o  use  an  add i t i ve  o r  a  mu l t i p l i ca t i ve

moc ie l ,  and  how we  a t tempted  to  reconc i l e  t he  d i f f e rences  be tween  these

two  ways  o f  l ook ing  a t  t he  da ta .

The  BACI  tes t  reduces  to  a  t - t es t  o f  t he  nu1 l  hypo thes i s ,

H :  DELTA^ -DELTA-=Q.
O A I J

The a l ternat ive hypothesis  can be e i ther  H. :  DELTAA I  DELTAB, which is

a  two- ta i l ed  tes t  (used  fo r  mac rozoop lank ton  and  ch lo rophy l l ) ,  o r  H . :

DELTAA <  DELTAB,  wh ich  i s  a  o r i e - ta i l ed  tes t  (used  fo r  i ch thyop lank ton ) .

A  one - ta i l ed  t es t  was  used  t o  t es t  f o r  dec reases  i n  i ch thyop lank ton

abundance  because  no  mechan ism cou ld  be  env i s ioned ,  a  p r i o r i ,  by  wh ich

SONGS cou ld  cause  i nc reases  i n  abundance .  I n  the  end ,  on l y  one  taxon

showed  inc reases  tha t  wou ld  have  been  s ign i f i can t  had  a  two- ta i l ed  tes t

been  used .  A  two - ta i l ed  t es t  was  used  f o r  zoop lank ton  and  ch lo rophy l l

because  o f  t he  poss ib i l i t y  t ha t  SONGS- induced  hyd rog raph ic  changes

cou ld  s t imu la te ,  as  we l l  as  dep ress ,  phy top lank ton  p roduc t i on ,  and
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hence  zoop lank ton  popu la t i on  g row th .  I n  bo th  t es t s ,  a  t - s t a t i s t i c  i s

ca l cu la ted .  egua l  t o  t i r e  d i f f e rence  be tween  the  two  De l tas  d i v ided  by  an

es t ima te  o f  t he  poo led  s tandard  e ro r  o f  t ha t  d . i f f e rence .  Degrees  o f

f reedorn  fo r  t h i s  t - t es t  a re  2  l ess  than  the  to ta l  number  o f  su rveys

taken .

Any survey that  y ie lded an observat ion of  zero abundance at  both

s i tes for  a  par t icu lar  taxon was dropped f rom the analys is  for  that

taxon.  This  was done because no usefu l  in format ion is  added (some

organisms could have been present  but  the i r  abundances were below our

t i r reshho ld  o f  de tec t i on )  wh i l e  t he  va r iance  o f  t he  De l tas  i s

a r t i f i ca l l y  reduced ,  by  keep ing  the  ze ro -ze to  obse rva t i on .

Be fo re  the  t - s ta t i s t i c  was  ca l cu la ted ,  t he  va r iance  o f  t he  Be fo re

Del tas was compared to  the var iance of  the Af ter  Del tas by use of  an F-

tes t  eva lua ted  a t  o=0 .05 .  I f  t he  va r iances  were  equa l ,  t hen  the  t -

s taE is t i c  was  ca l cu la ted .  However ,  i f  t he  va r iances  were  unequa l ,  t hen

an  aPProx ima te  t - s ta t i s t i c  and  Sa t te r thwa i te ' s  deg rees  o f  f reedom were

used .  Th i s  t - s ta t i s t i c  uses  the  sum o f  va r i ances  o f  t he  means  ra the r

than the pooled var iance,  and Sat ter thwai te  adjusts  the degrees of

f reedom depending on the va lues of  the two est imated var iances "

A  p - va lue  was  ca l cu la ted  ( t he ' p - va lue  i s  t he  p robab i l i t y ,  unde r

the  nu I l  hypo thes i s  o f  no  d i f f e rence ,  o f  ge t t i ng  a  t - s t a t i s t i c  a t  l eas t

as  l a rge  as  the  one  ob ta ined  by  chance  a lone )  and  a  s ign i f i cance  l eve l

was  chosen  (e i t he r  0 .05  o r  0 .10 ;  see  Sec t i on

ra t i ona les ) .  I f  t he  p - va Iue  was  l ess  t han  o r  equa l

3.

to

7 .1 .4  f o r  cho i ce

the  s ign i f i cance

1eve1 ,  t he  nu11  hypo thes i s  was  re jec ted  and  a  SONGS e f fec t  was

ind i ca ted .  Pe r fo rm ing  the  BACI  tes t  t hus l y  means  tha t  t he re  was  a  0 .05

(o r  0 . r 0 )  Type  r  e r ro r  r a re ;  i . e . ,  a  0 .05  (o r  0 .10 )  chance  t ha t  t he  nu1 I

hypo thes i s  wou ld  be  i nco r rec t l y  r e j ec ted .
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The  power  o f  a  tes t  i s  t he  p robab i l i t y  o f  co r rec t l y  re jec t i ng  the

nu11  hypo thes i s .  The  MEC mon i to r i ng  p lan  was  des igned ,  us ing  a  se lec t

g roup  o f  spec ies ,  t o  a t t a i n  a  power  ( p robab i l i t y )  o f  0 .80  t o  de tec t  a

50% change  (o r  dec rease )  w i t h  a  s i gn i f i cance  l eve1  o f  0 .05 .  Whe the r  o r

not  th is  Iev€I  o f  power is  a t ta ined depends on the magni tude of  the

di f ference between the mean of  the Before Del tas and the mean of  the

Af ter  Del tas and on the amount  of  var iab i l i ty  in  the Before and Af ter

pe r iods .  The  power  o f  each  BACI  tes t  was  ca l cu la ted  and  repo r ted .

In  order  for  the s tated Type I  er ror  and power to  be c lose to  the

t rue  e r ro r  and  power ,  ce r ta in  assumpt ions  mus t  be  me t .  The  nex t  sec t i on

b r ie f l y  d i scusses  these  assumpt i -o i t s ,  how they  were  tes ted ,  how the i r

absence  cou ld  a f fec t  t he  tes t  resu l t s ,  and  how th i s  cou ld  be  co r rec ted

for .  For  a more complete exposi t ion of  the BACI model  and assumpt ions

see  S tewar t -Oa ten  (1986 ) .

3 .7  " I . 2  BACI  Assump t i ons  Desc r i p t i - on

In order that the BACI hypothesis of DELTAA

and that  the Type I  er ror  and power are va l id ,  the

on  t he  De l t as  mus t  be  me t :

= DELTAB is meaningful

fo l lowing assumpt ions

.  add i t i v i t y  i n  t he  Be fo re  t ime  pe r iod ,

'  1ac } :  o f  t r ends  w i th  t ime  in  the  Be fo re  t ime  pe r iod ,

'  l ack  o f  se r i a l  co r re la t i on  i n  bo th  t ime  pe r iods ,  and

'  no rma l l y  d i s t r i bu ted  e r ro rs  i n  bo th  t ime  pe r iods .

Each  o f  t hese  assumpt ions  w i l l  be  d i scussed  be low .  Append ix

Presen ts  the  p ro toco l  deve loped  to  examine  the  assumpt ions  tes ts

o rde r  t o  m in in i ze  sub jec t i ve  i n te rp re ta t i ons .

in
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The  Add i t i v i t y  Assumpt ion

A fundamenta l  as iumpt ion in  f raming the BACI hypothesis  is  that

the Del tas wi th in  each t ime per iod are observat ions f rom the same

d is t r i bu t i on ;  i n  pa r t i cu la r ,  t he  mean  De l ta  mus t  be  cons tan t  ove r  a l l

su rveys  w i th in  a  pe r iod .  Th i s  i s  a  res ta temen t  o f  t he  assumpt ion  fo r  a

t - t es t  t ha t  t he  obse rva t i ons ,  i n  t h i s  case  De1 tas ,  mus t  be  i ndependen t

and  i den t i ca l l y  d i s t r i bu red .

How is  th is  assumpt ion v io la ted? Consider  a species that  responds

to  even ts  i n  a  mu l t i p l i ca t i ve  manner ;  e .8 . ,  i n  response  to  an  even t ,  t he

PoPu la t i on  s i ze  e i t he r  ha l ves  o r  doub les .  Fo r  t he  f i r s t  su rvey ,  t he

t rue  PoPu la t i on  s i ze  a t  Con t ro l  i s  100  and  a t  Impac t  i t  i s  400 ,  y ie ld ing

a  De l ta  o f  300 .  Suppose  tha t  an  upwe l l i ng  even t  oceu rs  be fo re  the

second survey and the populat ions double;  now there are 200 at  Contro l

and 800 at  lmpact  f  or  a  De. l ta  of  500.  The " t rue"  mean Del ta  of  the

second  su rvey  does  no t  equa l  t he  " t rue "  mean  De l ta  o f  t he  f i r s t  su rvey .

t l  a  mu l t i p l i . ca t i ve  response ,  t he  mean  De l ta  w i l l  l a rge  when  the

abundances are large and the mean Del ta  wi l l  be smal l  when the

abundances are sma1l .  There is  not  a  s ing le mean Del ta  on which to  base

a  hypo thes i s .  Fo r  an  add i t i ve  response ,  t he  100  a t  Con t ro l  wou ld

inc rease  to  400 ,  Say ,  and  the  400  a t  Impac t  wou ld  i nc rease  to  700 ,

y ie ld ing  aDe l ta  o f  300 ,  t he  same as  the  ea r l i e r  su rvey .  No te  tha t  when

abu .ndances  ,  o r  concen t ra t i ons ,  a re  l ow  i t  i s  d i f  f  i cu l t  t o  d i s t i ngu i s l :

be tween  add i t i ve  and  mu l t i p l i ca t i ve  responses .  Fo r  examp le ,  i f  i n i t i a l

abundances are less than 10,  a  207.  decrease is  approx imate ly  the same as

a  dec rease  o f  1 .5  o rgan i sms .

The  tes t  f o r  a  cons tan t  rnean  De l ta

tes t .  I n  essence .  we  l ook  t o  see  whe the r

same s i ze  fo r  sma l l  and  l a rge  abundances .

ove r  t ime  i s  t he  add i t i v i t v

the  obse rved  De l tas  a re  o f  t he

The  sum o f  Con t ro l  +  Impac t  i s
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used as an ind icat ion of  abundance

the  sum;  i f  t he  reg rdss ion  l i ne

add i t i ve ,  o the rw ise  they  a re

c i r cums tances  desc r i bed  be1ow.

A  reg ress ion  i s  f i t  on  De I ta  ve rsus

has  ze ro  s Iope ,  t hen  the  De l tas  a re

non-add i t i ve ,  excep t  i n  ce r ta in

Lack  o f  add i t i v i t y  i nd i ca tes  tha t  we  do  no t  have  a  tes tab le

hypo thes i s .  Two  poss ib le  so lu t i ons  to  th i s  p rob lem a re  desc r ibed  he re .

One  i s  t o  check  the  add . i t i v i t y  reg ress ion  tes t  f o r  p rob lems  such  as

inf luence points  or  zeros which may lead to  an incorrect

i n te rp re ta t i on "  An  i n f l uence  po in t  i s  an  ou t l i e r ,  usua l l y  a t  e i t he r  end

o f  t he  reg ress ion  l i ne ,  whose  p resence  o r  absence  causes  a  l a rge  change

in  the  va lue  o f  t he  s1ope .  I n  add i t i on ,  i f  t he  abundances  o f  a  spec ies

conta in many zeroes at  one locat ion,  then the Del ta  (SONGS minus

Con t ro l )  ve rsus  sum (SONGS p lus  Con t ro l )  I i ne  app rox ima te l y  equa ls  r  45

degrees .  I n  t h i s  case .  t he  resu l t  i s  an  a r t i f ac t  o f  t he  add i t i v i t y  t es t

s t ruc tu re  and  the  tes t  i s  no t  app rop r ia te .

The  o the r  so lu t i on  i s  t o  i nvoke  the  mu l t i p l i ea t i ve  mode l  and  1og -

t rans fo rm the  abundance  da ta .  I f  abundances  a re  mu l t i p l i ca t i ve  (e "g . ,

2x ) ,  t hen  t ak i ng  t he  1og  l i nea r i zes  t hem (e .g . ,  l oe  (2x )  =  l oe  (2 )  *  l og

(x )  ) .  The  De l tas  a re  then  the  d i f f e rences  be tween  the  1og - t rans fo rmed

abundances .  No te  tha t  we  re fe r  l a te r  i n  t he  tex t  t o  l og - t rans fo rmed

De l tas ,  by  wh ich  we  mean  De1 tas  o f  t he  1og - t rans fo rmed  abundances .

Us ing  a  1og  t rans fo rma t ion  i n t roduces  a  new p rob lem:  the  abundance

da ta  o f ten  i nc lude  many  ze roes .  and  s ince  the  1og  o f  ze ro  i s  unde f i ned ,

ze ro  obse rva t i ons  do  no t  f i t  t he  mu l t i p l i ca t i ve  mode l .  Two  so lu t i ons  t o

th is  problem are (  I  )  to  eI  j -minate the surveys conta in ing a zeTo

obse rva t i on  and  pe r f onn  ana l yses  on  t he  sma l l e r  da ta  se t ;  o r  ( 2 )  t o

fo rce  a  mu l t i p l i ca t i ve  mode l  by  add ing  a  sma l I  cons tan t  amoun t  t o  a l l

obse rva t i ons  be fo re  1og - t r ans fo rm ing .  S ince  t he  mos t  app rop r i a te  s i ze
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of  the constant  to  be added is  unknown,  a number of  d i f ferent  constants

were  t r i ed  and  tes ted  i o r  a l l  BACI  assumpt ions

In  t he  s i t ua t i on 'whe re  one  ce l1  o f  obse rva t i ons  (e .9 . ,  Be fo re

SONGS) conta ins a preponderance of  zeta abundance values,  the s ize of

the constant  added to a l l  observat ions before 1og- t ransforming can

con t ro l  t he  resu l t s  o f  t he  BACI  tes t .  We  used  a  Ch iz  tes t  t o  i den t i f y

these cases.  When such c i rcumstances were shown to ex is t ,  the BACI

analyses were not  used as the pr imary tests ,  and were only  used as

co r robo ra t i ve  tes ts  when  more  than  one  1og (x+cons tan t )  t r ans fo rma t ion

passed  a l l  assump t i on  t es t s .

In  genera l ,  w€ found that  the resul ts  of  the BACI t - test  and

calcu lat ion of  percent  change obta ined by us ing log- t ransformed Del tas

depended on the size of the constant added to the abundances. There are

no unambiguous er i ter ia  for  se lect ing a consta: f t1  rather ,  a  range of

cons tan ts  can  be  found  wh ich  sa t i s f y  a l l  necessa ry  assumpt ions .

However ,  the order  of  surveys arranged f rom smal lest '  to  largest

untransformed Del ta  changed radieal ly  when the abundances were 1og-

t ransformed,  in  a way that  depended on the constant .  This ,  in  tur r t ,

somet imes  1ed  to  d i f f e ren t  resu l t s  i n  BACI  tes t i ng  and  even  to  d i f f e ren t

d i r ec t i ons  o f  e f f ec t s ;  i . e . ,  a  dec rease  i n  t he  re l a t i ve  abundance  us ing

untransformed data somet imes became an increase when we used log-

t rans fo rmed  da ta .

Tak ing  d i f f e rences  o f  1og - t rans fo rmed  da ta  causes  th i s

d i f f i cu l t y .  F igu re  3 -5  shows  how th i s  can  happen .  I n  th i s  f i gu re ,  t he

hor izonta l  ax is  is  unt ransformed abundance and the ver t ica l  ax is  is

1og- t ransformed abundance.  The curve is  a  logar i thm curve which

c rosses  t he  ho r i zon ta l  ax i s  a t  1  ( 1og  (1 )  =  0  f o r  a l l  bases ) ,  i s  nega t i ve

and  ve ry  s teep  fo r  abundances  l ess  than  1 ,  and  i s  pos i t i ve  and  l ess
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steep for  abundances greater  than I .  Abundances A,  and A,  are both less

than  I .  and  the  A  o f  1og - t rans fo rmed  da ta , .  ca l l ed  1og  A ,  on  the  f i gu re ,

is  much larger  than the A of  the untransformed data,  A1.  On the other

hand,  when abundances are larger  than 1,  as in  A,  and A4r  then the A of

the log- t ransformed abundances,  caLled loe A,  is  smal ler  than the A of"

the untransformed abundances,  AZ.  For  th is  s i tuat ion,  At  minus Al  is

pos i t i ve ,  i nd i ca t i ng  tha t  A ,  i s  l a rge r  t han  A1 ,  bu t  1og  A ,  m inus  1og  A t

is  negat ive.  I f  most  o f  the Before abundances were less than I  (a

s i t ua t i on  wh ich  can  happen  in  c ross -she1 f  da ta  s ince  these  "abundances"

are expressed as number/400 m3 for  ichthyoplankton and number/ l  m3 for

zooplanlc ton)  and most  of  the Af ter  abundances were greater  than 1,  our

resul ts  would ref lect  th is  graph.  Note that  adding a constant  before

rak ing a 1og sh i f ts  the abundances r ight  or  le f t  on the hor izonta l  ax is

and thus can maximize or  min imize th is  ef fect  but  can never  get  r i -d  of  i t

because of  the shape of  the logar i thm curve"  We found s i tuat ions in

whi .ch the untransformed data appear  to  ind icate a change in  one

di rect ion,  but  BACI resul ts  on log- t ransformed data showed a change in

the  oppos i t e  d i r ec t i on  (e .g . ,  I l ypnus  g i l be r t i  p re f l ex i on  s tage

la rvae ) .  I n  such  s i t ua t i ons ,  t he  d i ree t i on  o f  t he  change  ind i ca ted  by

the  BACI  tes t  was  the  d i rec t i on  we  d i scussed  i n  ou r  resu l t s .

Because  1og - t rans fo rmed  resu l t s  a re  more  d i f f i cu l t  t o  i n te rp re t

and understand,  we preferred to  per form BACI test ing on untransformed

da ta  rnhenever  poss ib le ,  and  to  use  1og  t rans fo rma t ions  on l y  when

necessa ry  to  mee t  t he  requ is i t e  BACI  assumpt ions .  We a l so  d i scussed

untransformed species abundance whether  or  not  BACI test ing was

per fo rmed  on  l og  t rans fo rma t ions .  The  pe rcen t  re la t i ve  change  in

abundance  va lues  i n  ou r  d i scuss ions  a re .  however .  based  on  t rans fo rmed
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da ta  when  BACI  tes t i ng  was  pe r fo rmed  on  t rans fo rmed  da ta .  Pe rcen t

re la t ive changes based on both t ransformed and untransformed data are

g i ven  i n  Append ix  D .

Tgg_n4s in the Before Time Period Assump_tion

For  a testable hypothesis  the Del tas cannot  exhib i t  a  t rend wi th

t ime  in  the  Be fo re  t ime  pe r iod .  I f  t he  De l tas  d id  t rend  w i th  t ime ,  f o r

example i f  they were increasing,  then the Contro l  s i te  populat ion would

not  be rn imick ing the Impact  s i te  populat ion changes.  In  other  words,  the

Con t ro l  s i t e  wou ld  no t  be  a  good  ma tch  fo r  t he  Impac t  s i t e  i n  t he  Be fo re

per iod.  I f  the two s i tes d id not  match in  the Before per iod,  dny change

in  the  A f te r  pe r iod  cou ld  no t  be  a t t r i bu ted  to  SONGS.

To test  for  t rends we per formed a regress ion on the Del tas wi th

t ime  and  l ooked  fo r  a  non -ze ro  s lope .  As  w i th  add i t i v i t y !  an  ou t l i e r  a t

e i t he r  end  o f  t he  reg ress ion  l i ne  can  cause  a  non -ze ro  s1ope .  A l so ,

no te  tha t  no l -add i t i v i t y  w i th  i nc reas ing  (o r  dec reas ing )  abundances

ove r  t ime  cou ld  a l so  appear  as  a  t rend  w i th  t ime ;  t he re fo re ,  a

l i nea r i z i ng  t r ans fo rma t i on  (1og (x ) ,  l og  ( x  +  C ) ,  i nve rse ,  squa re  roo t )

may  de t rend  a  da ta  se t .  I n  -genera l ,  ve ry  few  spec ies  had  the  p rob lem o f

t rends wi th  t ime once the data were t ransformed.  When t rends pers is ted

a f te r  t rans fo rma t ion .  t he  BAcr  t - t es t  cou ld  no t  be  pe r fo rmed .

T rends  i n  the  A f te r  t i r ne  pe r iod  cou ld  be  the  resu l t  o f  a  s low

resPonse  to  SONGS.  There fo re ,  t rends  i n  t he  A f te r  t ime  pe r iod  were

looked  f o r  and  no ted  as  a  poss ib l e  SONGS e f f ec t .

Se r i a I  Cc r re l a t i on  Assump t i on

A  necessa ry  assumpt io r r ,  t o  pe r fo rm a  t - t es t  i s  t ha t  t he  da ta  be

independen t l y  d i s t r i bu ted .  I f  t he  da ta  a re  se r i a l l y  co r re l a ted ,  t hen ,

3-35



i n  e f f e c t ,  t h e  i n v e s t i g a t o r  h a s  o b s e r v e d  t o o  f r e q u e n t l y .  T h e  p r o c e s s

be ing  observed has  no t  had enough t ime to  change.  The resu l t  i s  tha t  the

v a r j - a n c e  i s  u n d e r e s t i m a t e d ,  c a u s i n g  t h e  t - s t a t i s t i c  t o  b e  i n f l a t e d  a n d

t h e r e b y  r e j e c t i n g  t h e  n u l 1  h y p o t h e s i s  t o o  o f t e n .  S e r i a l  c o r r e l a t i o n  w a s

detec ted  by  use  o f  the  von Neumann tes t  fo r  ser j .a l  cor re la t ion  in

dev ia t ions  f rom the  mean.  Tab les  o f  s ign i f i cance v rere  taken f rom

A n d e r s o n  (  1 9 7 0 :  T a b l e  6 . 3  )  .

The so lu t ion  to  th is  p rob le rn  i s  to  incorpora te  the  ser ia l

cor re la t ion  in to  the  mode l ;  ins tead o f  independent  e r ro rs ,  the  er ro rs

a r e  a u t o r e g r e s s i v e .  T h e  d i f f e r e n c e  c a n  m o s t  e a s i l y  b e  s e e n  i n  a

s ta tement  o f  the  mode ls  invo lved"  For  the  independent  e r lo rs  BACI  t -

t e s t  t h e  m o d e l  i s :

D e l t a j k = u * D k S * . j k

where  k I  fo r  observa t ions  in  Ehe Before  per iod

2 fo r  observa t ions  in  the  Af te r  per iod

survey number within a period

Before  t ime per iod  mean De l ta

0  fo r  k  =  1 ,  Before  per iod  observa t ions

1 f  o r  k  =  2 ,  A f  te r  per iod  obse: r ra t ions

S O N G S  e f f e c t

t j k  =  i n d e p e n d e n t ,  n o r m a l  ( 0 , o t )  r a n d o m  e r r o r s

For  ser ia l l y  cor re la ted  da ta ,  on ly  the  er ro r  te f ln  in  the  above mode l

changes.  incorpora t ing  au toregress ive  te rms :

t j t  =  A r  t j - r , k  *  Az  t j - z , k  *  u j k

Az

V . :  r ,  = inc iependent  ,

=  c o e f f i c i e n t

=  c o e f f i c i e n t

l l

n
K

where  A, o f  f i r s t  o r d e r  a u t o r e g r e s s i v e  t e r m

o f  s e c o n d  o r d e r  a u t o r e g r e s s i v e  t e r m

normal  (0 ,  62)  random er rors
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Maximum l ike l ihood techniques are used to est imate a l l  the coef f ic ients

in  the autoregress ive errors  model"  Wi th 2 ext ra terms in  the model ,  A. ,
A

and Ar .  the  degrees  o f  f reedom now decrease by  2 . However ,  the  t rade o f f

i s  tha t  we have v ,  an  es t imate  o f  e r ro r  f ree  o f  au toregress ive

c o r r e l a t i o n ,  t o  b e  u s e d  a s  t h e  e r r o r  t e r m  ( M S E )  i n  t h e B A C I  t - t e s t .  T h e

p-va Iue  f rom the  au toregress ive  t - tes t  f .o r  the  BACI  e f fec ts  .  i s

a s y m p t o t i c a l l y  c o r r e c t ,  w i t h  v a l i d  r e s u l t s  f o r  s a m p l e  s i z e s  g r e a t e r

t h a n  3 0  w h e n  c o r r e l a t i o n s  a r e  s m a l l  ( F u I l e r ,  L 9 7 6 ) ,

F i t t ing  observa t ions  unequa l ly  spaced in  t ime to  a  cor re l -a ted

er rors  mode l  as  i f  they  were  equa l - l y  spaced can genera te  cor re la t ions  in

t h e  r e s i d u a l s . ,  F o r  e x a m p l e ,  c o n s i d e r  o b s e r v a t i o n s  c l o s e l y  s p a c e d  a t

the  beg inn ing  o f  a  ser ies ,  and.  w ide ly  spaeed a t  the  end o f  the  ser ies ,

with correlat ions at the beginning and independence at the end. Fi t t ing

a  cor re la ted  mode l  to  th is  da ta  cou ld  y ie ld  res idua ls  wh ich  are

u n c o r r e l a t e d  f o r  t h e  c l o s e l y  s p a c e d  o b s e r v a t i o n s ,  b u t  c o u l d  i n t r o d u c e  a

cor re la t ion  wh ich  d id  no t  ex is t  in  the  res idua ls  fo r  the  observa t ions

that are truly farther apart .  i^ ie looked for this phenomenon by

per fo rming  a  Durb in -Watson tes t  on  the  res idua ls  f rom the

a u t o c o r r e l a t e d  e r r o r s  m o d e l .  I n  a l l  c a s e s .  t h e s e  r e s i d u a l s  w e r e

i n d e p e n d e n t .

F o r  s e r i a l l y - c o r r e l a t e d  d a t a .  m o d e J - s  w e r e  o r i g i n a L l y  o v e r f i t  w i t h

th ree  au toregress ive  te rms in  the  er ro r  mode l .  The th i rd  o rder  mode l

was ra re ly  s ign i f i can t  and thus  the  f ina l  mode l  adopted  typ ica l l y

conta ined on ly  two au toregress ive  te rms.  We chose be tween the

s ign i f i can t  mode ls  on  the  bas is  o f  m in imiz ing  the  MSE,  A IC (Aka ike

I n f o r m a t i o n  C r i t e r i o n )  a n d  S B C  ( S c h w a r t z  I n f o r m a t i o n  C r i t e r i o n )  t e r m s

o f  t h e  m o d e I .  T h e  s i n g l e  m o s t  a p p r o p r i a t e  m o d e l  w a s  u s e d  i n  t h e  B A C I

t a c { '
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There  were  t imes when the  au toregress ive  er ro rs  p rocedure

i n d i c a E e d  t h a t  s e r i a l  c o r r e l a t i o n  w a s  n o t  p r e s e n t  i n  t h e  f u I 1  d a t a  s e t

( i . e . ,  n o n e  o f  t h e  m o d e l s  w a s  s i g n i f i c a n t ) .  W h e n  t h i s  o c c u r r e d ,  w e  u s e d

t h e  r e s u l t s  o f  t h e  B A C I  t - t e s t .

Norma l I y  D is t r i bu ted  E i ro rs

Along w i th  independent ,  iden t ica l l y  d is t r ibu ted  observa t ions ,  a

t - tes t  assumes tha t  the  observa t ions  are  normal ly ,  o !  Gauss ian ,

d is t r ibu ted .  S ince  the  t - tes t  i s  known to  be  robus t  aga ins t  th is

a s s u m p t i o n ,  m e a n i n g  t h e  e r r o r  l e v e l s  a r e  s t i l l  a c c u r a t e  e v e n  i f . t h e  d a t a

are  non-normal ,  we d id  no t  exp l i c i t l y  tes t  fo r  normal i t y .  However ,  as

an a id  in  choos ing  a  cons tan t  w i th  the  1og- t rans format ion ,  we per fo rmed

Gupta 's  tes t  f  o r  symmet ry  (Ant i l le  e t  41 ,  ,  L9 .82)  whenever  a

t rans format ion  was necessary .  Th is  tes t  was  used to  avo id  the  very

skewed d is t r ibu t ions  tha t  the  log  (x  +  c )  t rans for -na t ion  can produce"

3 . 7 .  I . 3  S e c o n d a r y  T e s t s

I n  p l a c e  o f ,  o r  a s  a  c o n f i r m a t i o n  o f ,  t h e  B A C I  t - t e s t s ,  s e v e r a l

o t h e r  a n a l y s e s  w e r e  p e r f o r m e d .  T h e s e  p r o c e d u r e s ,  a l l  o f  w h i c h  a r e

d i s c u s s e d  b e 1 o w ,  w e r e :  W i l c o x o n  r a n k  s u m  t e s t s ,  a  S O N G S  v e r s u s  C o n t r o l

r e g r e s s i o n  p r o c e d u r e ,  a n d  a  b i n o m i a l  S O N G S  e f f e c t  t e s t .  I n  a d d i t i o n ,

the  BACI  t - tes ts  o r  Wi lcoxon rank  sum tes ts  were  per fo rmed on two

subsets  o f  the  Af te r  da ta ,  represent ing  surveys  taken when the  Impact

s i te  was es t imated to  be  under  the  in f luence o f  the  d ischarge p lume

( P l u m e  d a t e s )  a n d  s u r v e y s  t a k e n w h e n  i t  w a s  n o t  ( n o n - p l u m e  d a t e s ) .  T h e s e

t e s t s  w e r e  u s e d  t o  a i d  i n  t h e  i n t e r p r e t a t i o n  o f  t h e  p r i m a r y  B A C I  t e s t

b a s e d  o n  t h e  f u 1 1  A f t e r  d a t a  s e t .
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Wilcoxon Rank Sum Test

.  
We used the resui ts  of  the nonparametr ic  BACI Wi lcoxon rank sum

tes t  as  a  subs t i t u te  fo r  t he  BACI  t - t es t  when  in f l uence  po in t s

(v io la t ing the addi t iv i ty  assumpt ion)  were found.  Because averages are

sensi t ive t6  out l iers ,  the i r  presence could s t rongly  af fect  the BAGI t -

test  resul ts .  The Wi lcoxon rank sum test  was used for  corroborat ion of

BACI  t - t es t  resu l t s  when  no  ou t l i e r s  were  p resen t .

We appl ied the Wi lcoxon rank sum test  to  the Del tas.  Assuming the

dis t r ibut ions of  the Del tas in  the two t ime per iods grere ident ica l

excep t  f o r  a  poss ib le  Sh i f t  i n  t he i r  med ian  pos i t i on ing ,  L ,  t he  nu l l

hypothes is  i s  tha t  LA -  LB -  0 ,  w i th  e i ther  a  two- ta i led  a l te rna t ive

h y p o t h e s i s ,  L l  -  L B  I  0  ( f o r  m a c r o z o o p l a n k t o n ) ,  o r  a  o n e - t a i l e d

al ternat ive hypothesis ,  Le -  LB < 0 ( for  ichthyoplankton) .  A l l  the

Del tas  were  ordered and ranked.  Under  the  nu l l  hypothes is ,  the  ranks

shou ld  be  randomly  d is t r ibu ted  be tween the  two per iods .  We computed the

sum o f  the  ranks  o f  the  De l tas  w j - th in  the  t ime per iod  w i th  the  smal les t

number  o f  surveys .  We then ca lcu la ted  the  p- leve l ,  wh ich  ind ica ted  the

probab i l i t y ,  under  the  nu l l  hypothes is ,  o f  ob ta in ing  the  sum o f  ranks

observed or  a  sum ind ica t ing  a  less  random d is t r ibu t ion  o f  ranks .

Occas iona l l y  the  Wi lcoxon rank  sum tes t  and the  BACI  t - tes t  gave

d i f f e r e n t  r e s u l t s  ( e . g . .  E v a d n e  n o r d m a n n i ) .  T h e s e  d i v e r g e n c e s  c a n  b e

e: :p la ined in  te rms o f  the  s ize  o f  the  numbers  and the i r  var iab i l i t ies .

F o r  e x a m p l e ,  s u p p o s e  t h a t  t h e  B e f o r e  D e l t a s  w e r e  m o s t l y  p o s i t i v e  w i t h  a

f e w  l a r g e  p o s i t i v e  D e l t a s  a n d  s o m e  n e g a t i v e  D e l t a s ,  a n d  t h e  A f t e r  D e l t a s

we le  a I1  negat ive  bu t  very  smal1  in  magn j - tude.  As  a  resu l t  o f  the  la rge

v a r i a b i l i t y .  t h e  B A C I  t - t e s t  w o u l d  f i n d  n o  s i g n i f i c a n t  d i f f e r e n c e s ,  b u t

t h e  l { i l c o x o n  t e s t  w o u l d  f i n d  a  s i g n i f i c a n t  c h a n g e  f r o m  m o s t l y  p o s i t i v e

D e l t a s  t o  a l l  n e g a t i v e  D e l t a s .  C o n v e r s e l y ,  o n e  e x t r e m e l y  l a r g e  p o s i t i v e

3-40



Del ta  in  the  Before  per j .od  and another  ex t remely  la rge  negat ive  De1ta  in

t h e  A f t e r  p e r i o d  ( b o t h  o u t l i e r s )  c o u l d  c a u s e  t h e  B A C I  t - t e s t  t o  f i n d

s i g n i f i c a n t  d i f f e r e n c e s  b e c a u s e  i t  i s  i n f l u e n c e d  b y  t h e  s i z e  o f  t h e

o u t l i e r s .  T h e  W i l c o x o n  t e s t ,  h o w e v e r ,  l o o k s  o n l y  a t  t h e  r a n k s  o f  t h e

De1tas  and,  no t  be ing  in f luenced by  the  s ize  o f  the  ou t l ie rs ,  f ,3Y f ind

n o  d i f f e r e n c e s .  W e  e n c o u n t e r e d  b o t h  o f  t h e s e  s i t u a t i o n s .

S O N G Sversus Contro l  Regress ions

Plo ts  o f  SONGS versus  Cont ro l  va lues  prov ide  a  v isua l  a id  in

u n d e r s t a n d i n g  p o s s i b l e  S O N C S  e f f e c t s .  T h i s  a n a l y s i s  w a s  u s e d  t o

i n t e r p r e t  c o n f l i c t i n g  a d d i t i v i t y  t e s t  r e s u l t s ,  t o  l o o k  f o r  n o n - I i n e a r

SONGS ef fec ts ,  and as  a  cor robora t ion  o f  BACI  and b inon ia l  (see  be low)

t e s t  r e s u l t s .  S O N G S  e f f e c t s  c . a n  b e  t e s t e d  b y  f i t t i n g  v a r i o u s  f u n c t i o n s

t o  t h e  S O N G S / C o n t r o l  r e l a t i o n s h i p  a n d  t e s t i n g  f o r  n o n - z e r o

c o e f f i c i e n t s .

I f  the  SONGS-Cont ro l  De l tas  a re  add i t i ve ,  then S -  C =  d  o r  S  =  d  +

( f  x  C ) .  I n  o t h e r  w o r d s ,  t h e  S O N G S  v e r s u s  C o n t r o l  g r a p h  w i l l  b e  a  4 5

d e g r e e  l i n e  ( s l o p e  =  1 )  w i t h  a n  i n t e r c e p t  a t  d .  T h e  S O N G S / C o n t r o l

r e l a t i o n s h i p  i n  t h e  A f t e r  p e r i o d  w i t h  a  S O N G S  e f f e c t  w o u l d  a l s o  b e  a  4 5

d e g r e e  l i n e  w i t h  a  d i f f e r e n t  i n t e r c e p t ,  d l ,  w h i c h  w o u l d  b e  l e s s  t h a n d .

T h i s  g r a p h  w o u l d  c o n s i s t  o f  t w o  p a r a I 1 e l , 4 5  d e g r e e  l i n e s  s e p a r a t e d b y  a

c o n s t a n t  a m o u n t  e q u a l  t o  d  -  d I '  t h e  s o N c s  e f f e c t .

W e  f i t  a  s t r a i g h t  l i n e  r e g r e s s i o n  m o d e l  t o  t h e  S O N G S / C o n t r o I  d a t a

f o r  e a c h  p e r i o d  s e p a r a t e l y .  l ^ i e  t h e n  l o o k e d  f o r  e q u a l i t y  o f  s l o p e s  a n d

i n t e r c e p t s .  I f  t h e  s l o p e s  w e r e  e g u a l  b u t  t h e  i n t e r c e p t s . w e r e  n o t ,  t h a t

was ta l len  as  ev idence o f  a  SONGS ef  f  ec t  equa l  to  the  change in

i n t e r c e p t s .  I f  t h e  s l o p e s  o f  t h e  B e f o r e  a n d  A f t e r  r e g r e s s i o n s  w e r e  n o t

e g u a l ,  t h e n  S O N G S  m a y  h a v e  h a d  a  m o r e  c o m p l i c a t e d  e f f e c t .  N o t e  t h a t

s l o p e s  n o t  e q u a l  t o  o n e  i m p l y  a  m u l t i p l i c a t i v e  m o d e l  i n  t h e  D e l t a s .
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We a lso  f i t  curved l ines  to  the  SONGS versus  Cont ro l  da ta .  Data  to

wh ich  curved l ines  cou ld  be  f i t  exh ib i t  a  more  compl ica ted  fo rm o f

m u l t i P l i c a t i v i t y .  I f  t h e  r e g r e s s i o n  f i t  t w o  p a r a l l e 1  c u r v e d  l i n e s  t o

the  da ta ,  then the  in te rpre ta t ion  was tha t  the  re la t ionsh ip  be tween

SONGS and Control  abundances was the same in both t i rne periods, but the

Ieve1 of abundance changed in the After t ime period. I f  two di f ferent

curved.  l ines  were  f i t  to  the  da ta ,  then the  SONGS/Cont ro l  reLat ionsh ip

in  the  Before  t ime per iod  d i f fe red  f rom tha t  in  the  Af te r  t ime per iod .

Th is  regress ion  procedure ,  l i ke  a l l  regress ion  ana lyses ,  was

s e n s i t i v e  t o  i n f l u e n c e  p o i n t s .  v e r y  o c c a s i o n a l l y  w e  d e l e t e d  o n e  o r  t w o

such po in ts  to  see resu l ts  w i thout  the i r  in f luence.

B i n o m i a l  S O N G S  E f f e c t  T e s t

A b inomia l - fo rm tes t  was  deve loped fo r  those spec ies  tha t  were  no t

amenab le  to  BACI  t - tes t ing  as  a  resu l t  o f  lack  o f  add i t i v i t y  o r  t rends

i n  t h e  B e f o r e  d a t a  ( e . g . ,  H y p s g p s e t t a  g u t t u l a t a  p r e f 3 . e x i o n  s t a g e

la rvae) .  L inear  t rends  w i th  t ime imp ly '  tha t  the  Cont ro l  s i te  i s

inadequate  fo r  a  g iven spec ies ,  bu t  ser ia l  cor re la t ion  can be

incorpora ted  in to  a  b inomia l  mode1.  I f  the  SONGS minus  Cont ro l

d i f fe rences  do  no t  have a  cons tan t  mean (non-add i t i v i t y  o f  the

u n t r a n s f o r m e d  D e l t a s ) ,  o r  i f  t h e  S O N G S / C o n t r o l  r a t i o  d o e s  n o t  h a v e  a

cons tan t  mean (non-add i t i v i t y  o f  log- t rans formed De l tas) ,  perhaps  the

propor t ion  o f  o rgan isms a t  SONGS re la t i ve  to  the  sum o f  SONGS and

Cont ro l  i s  cons tan t .  Fo l low ing  th is  l ine  o f  thought  led  to  deve lopment

o f  t h e  b i n o m i a l  t e s t  o n  t h e  e s t i m a t e d  p r o p o r t i o n s .  T h e  b i n o m j - a l  t e s t

examined whether  the  propor t ion  o f  the  abundance o f  an  organ ism a t  SONGS

re la t i ve  to  i t s  abundances  a t  SONGS and Cont ro l  was  cons tan t .  l . le  made

t w o  f u n d a m e n t a l  a s s u m p t i o n s  f o r  t h i s  b i n o m i a l  t e s t :  ( 1 )  F o r  e a c h
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i nd iv idua l  o rgan ism found a t  e i ther  SONGS or  Cont ro l  on  a  g iven da te ,

the  probab i l i t y  tha t  i t r i s  o rgan ism came f rom SONGS was independent  o f

t h e  s a m e  p r o b a b i l i t y  f o r  a l l  o t h e r  i n d j . v i d u a l s ,  a n d  ( 2 )  t h e  p r o b a b i l i t y

tha t  an  organ ism came f rom the  SONGS s i te  was cons tan t  over  t ime.

Incorpora t ing  these two assumpt ions  in to  s tandard  b inomia l  tes ts  lead

to  a  mod i f ied  b inomia l  tes t  o r l .  Z  =  S /  (S  +  C)  where  S equa ls  the  sum o f

abundances found over al l  surveys at the Impact locat ion within one t ime

period, and C equals the sum of al l  abundances found over al l  sunzeys at

the  Cont ro l  s i te  w i th in  the  same t ime per iod .  The b inomia l  tes t

comPares  th is  es t imated  Z  in  the  Before  per iod  to  the  es t imated  Z  in  the

A f t e r  p e r i o d  a n d  i s  e v a l u a t e d  a t  c = 0 . 0 5 .

P lume /Non-p1ume Ana lyses

BACI  ana lyses  were  made on subsets  o f  the  opera t iona l  da ta

c l a s s i f i e d  b y  t h e  p r e s e n c e  o r  a b s e n c e  o f  p l u m e  w a t e r  ( p 1 u m e / n o n - p 1 u m e ) .

The ra t iona le  fo r  do ing  th is  was tha t  the  pr inc ipa l  SONGS.  e f fec ts  on

ichthyoplankton and zooplankton were thought to be intake withdrawal

and en t ra inment  in  the  d ischarge p lume.  S ince  bo th  o f  these shou ld  be

detec tab le  as  abundance changes in  the  p Iume,  l im i ta t ion  o f  the  BACI

ana lys is  to  A f te r  surveys  when the  p lume was present  shou ld  y ie ld  an

e s t i m a t e  o f  t h e  w o r s t - c a s e  s c e n a r i o .  T h e s e  a n a l y s e s  w e r e  c o n d u c t e d  i n

o r d e r  t o  h e l p  i n t e r p r e t  t h e  p r i n c i p a l  B A C I  t e s t  r e s u l t s .

The determinat ion of whether or not a survey was a "plume" su:: \zey

was based uPon the  percentage o f  the  pas t  48  hours  tha t  p lume waters

were  present  a t  the  SoNGs sampl ing  s ta t j -ons  (B locks  A-D fo r

i c h t h y o p l a n k t o n .  a n d  t h e  8 ,  1 3 ,  a n d  3 0  m  z o o p l a n k t o n  s t a t i o n s ) .  r f  t h e

s u m  o f  t h e  v a l u e s  a t  a l l  s t a t i o n s  e q u a l l e d  o r  e x c e e d e d  5 0 % ,  t h e n  t h e

survey  was a  p lume survey .  The summat ion  c r i te r ion  was used because the

3-43



Plume cou ld  e i ther  re ta in  i t s  in tegr i t y  and s tay  near  one s ta t ion ,  o r

spread ou t  and occur  a t  severa l  s ta t ions .  The percentage o f  t ime tha t

p lume water  was a t  a  s ta t ion  was de termined by  the  use  o f  a  mode l

( R e i t z e l  e t  a l . ,  1 9 8 7 )  t h a t  u s e d  c u r r e n t  s p e e d ,  c u r r e n t  d i r e c t i o n ,  p u m p

opera t ing  leve l  ( f ro rn  the  MRC databases  DBWT and BSONGS) , 'and eddy

d i f fus ion . to  back t rack  the  water  tha t  was  a t  the  sampl ing  s ta t ion .  Water

a t  the  s ta t ion  was c lass i f ied  as  p lume water  i f  i t  had  le f t  the

d i f fusers  w i th in  the  prev ious  48  hours .  The mode l  de termines  presence

or  absence o f  p lume water  fo r  each hour .  The percentage o f  t ime tha t  the

p lume was present  can be  ca lcu la ted  by  add ing  up  the  number  o f  hours

during which the plume was present and dividing by the length of the

per iod .  For  our  c r i te r ion ,  the  presence/absence record  fo r  the

prev ious  48  hours  was used

Th is  c lass i f i ca t ion  does  no t  d is t ingu ish  be tween water  tha t

c rossed the  d . i f fusers  more  recent ly ,  and tha t  wh ich  c rossed less

recent ly .  w i th in  the 'p rev ious  48  hours .  Between the  d . i f fusers  and the

SONGS s ta t lon ,  p lume water  mixes  w i th  ambien t  water ;  the  longer  the

t r a n s i t  t i m e ,  t h e m o r e m i x i n g  w i l l  o c c u r .  I f  t h e  c u t - o f f  a g e  w e r e  t a k e n

a s  2 4  h o u r s  i n s t e a d  o f  4 8 ,  t h e  f r a c t i o n  o f  h o u r s  c l a s s i f i e d  a s  p l u m e

shou ld  be  smal le r ,  bu t  the  s t rength  o f  the  p lume in  those hours  shou ld

be grea ter .  The 48  hour  cu t -o f f  may lead to  inc lus ion  o f  some very

d i lu te  p lume waters  in  the  p lume ca tegory ,  bu t  th is  w i l l  no t  genera l l y

resu l t  in  overes t imat ing  e i ther  the  magn i tude or  the  s ta t i s t i ca l

s i g n i f i c a n c e  o f  a n y  p l u m e  e f f e c t s  d e t e c t e d  ( R e i t z e l  e t  a l . ,  L g 8 7 ) .  T h e

c l a s s i f i c a t i o n  a l s o  d o e s  n o t  d i s t i n g u i s h  t h e  l o c a t i o n  o f  t h e  p l u m e  i - n

the  v la te r  co lumn a t  any  s i te .  s ince  we in tended to  use  the

c l a s s i f i c a t i o n  o n l y  a s  a n  i n d e x  o f  p l u m e  p r e s e n c e  o r  a b s e n c e ,  t h i s  w a s

n o t  c o n s i d e r e d  a  s e r i o u s  d r a w b a c k .
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A11 surveys  taken when p lume water  (as  de f ined above)  was present

a t  the  SONGS t ransec t  were  tagged as  p lume surveys ;  o ther  surveys  hrere

cons idered non-p1ume surveys .  Separa te  BACI  ana lyses  were  per fo :med on

both  the  p lume and non-p Iume co l lec t ions  o f  surveys .  In  the  p lume group,

we have in some sense maximized the plume effect with a concomitant

decrease o f  degrees  o f  f reedom.  In  th is  g roup we expec t  to  f ind  a t  the

leas t  those SONGS ef fec ts  seen in  the  fu I l  da ta  base,  and may f ind

o thers  no t  seen in  the  fu l l  da ta  base.  On the  o ther  hand,  SONGS ef fec ts

assoc ia ted  w i th  the  p lume shou ld  be  d i f f i cu l t  to  de tec t  w i th  the  non-

p l u m e  s e t  o f  s u r v e y s .

The plume and non-plume analyses are used in interpret ing the

r e s u l t s  o f  t h e  p r i n c i p a l  B A C I  t e s t s  o n  t h e  f u I l  d a t a  s e t .  F o r  e x a m p l e ,

i f  tes ts  on  the  fu l l  da ta  se t  and the  p lume subset  revea l  an  e f fec t ,  th is

i s  c o n s i d e r e d  t o  b e  a  S O N G S  e f f e c t  u n l e s s  a  p l a u s i b l e  a l t e r n a t i v e

e x p l a n a t i o n  i s  a v a i l a b l e .  A n  e f f e c t  d e t e c t e d  i n  t h e  p l u m e  s u b s e t  b u t  n o t

in  the  fu11 da ta  se t  i s  in te rpre ted  as  a  SONGS ef fec t  be low the

d e t e c t i o n  l e v e l -  o f  t h e  p r i n c i p a l  t e s t  o n  t h e  f u I I  d a t a  s e t .  T h i s  m a y

r e f l e c t  a  s m a I 1  e f f e c t ,  o !  l o w  p o w e r  o f  t h e  p r i n c i p a l  t e s t ,  o r  b o t h "  I f

a n  e f f e c t  i s  d e t e c t e d  i n  b o t h  t h e  f u l l  d a t a  s e t  a n d  t h e  n o n - p I u m e

s u b s e t ,  t h i s  i s  n o t  c o n s i d e r e d  a  S O N G S  e f f e c t .

3 . 7 . L . 4  M E C ' s  A p p l i c a t i o n  o f  t h e  B A C I  P r o c e d u r e

The BACI  p rocedure  is  a  ma jor  approach to  assess  whether  SONGS

e f f e c t s  o c c u r .  O v e r  t h e  c o u r s e  o f  M E C ' s  m o n i t o r i n g  o f  S a n  O n o f r e  f o r

the  MRC,  the  genera l -  approach,  assumpt ions ,  and procedure  o f  BACI  have

r e c e i v e d  i n t e n s i v e  c r i t i c a l  s c r u t i n y .  T h e  B A C I  p r o c e d u r e  t h a t  h a s

e v o l v e d  o u t  o f  t h e s e  d i s c u s s i o n s  i n c l u d e s  b o t h  t e s t i n g  a n d  d e s c r i p t i v e

a p p l i c a t i o n s .  T h e  d e s c r i p t i v e  a p p l i c a t i o n s  i n c l u d e  e x a m i n i n g  t h e  d a t a
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fo r  con formi ty  w i th  BACI  assumpt ions ,  and compar ing  t - tes t  resu l ts  and

n o n - p a r a m e t r i c  t e s t  r e s u l t s  f o r  c o n s i s t e n c y  a m o n g  s e v e r a l

t rans format ions  o f  the  da ta .  However ,  a t  the  core  o f  the  BACI  approach

i s  a  s i n g l e  t e s t  p e r  s p e c i e s ,  o r  d e v e l o p m e n t a l  s t a g e  o f  a  s p e c i e s ,  f o r

the  s ign i f i cance o f  d i f fe rences  be tween Before  and Af te r  De l tas .

S ince  the  mul t ip le  tes t ing  used in  the  a  pos ter io r i  descr ip t i ve

examinat ions  rnay  inva l ida te  the  resu l ts  o f  the  BACI  tes t ,  we deve loped a

pro toco l  (Append ix  C)  to  separa te  the  BACI  tes t ing  f rom the  fu r ther

d e s c r i p t i o n .  F i r s t ,  B A C I  r e s u l t s  w e r e  r e p o r t e d  f o r  o n e  s e l e c t e d  d a t a

t rea tment  (un t rans formed data  whenever  appropr ia te ) .  Second,  the

resu l ts  fo r  o ther  t rans format ions  were  examined to  ga in  ins igh t  in to

cons is tency  among t rans format ions ,  fo r  cor robora t ion  o f  the  pr imary

s ta t i sE ica l  tes t ,  and fo r  any  fu r ther  in fo rmat ion  tha t  migh t  be

C o n t a i n e d  i n  t h e  d a t a .

Whenever  poss ib le  we pre fer red  to  use  the  un t rans formed data .  The

low abso lu te  va lues  o f  most  o f  our  da ta  suggest  tha t  add. i t i ve  mode ls  a re

a p p r o p r i a t e ;  i n  f a c t  ,  e x t e n s i v e  t r i a l s  w i t h  o t h e r  t r a n s f o r m t i o n s  ( e . 9 .  ,

1 o g ( x ) ,  l o g ( x + c ) ,  i n v e r s e ,  a n d  s q u a r e  r o o t )  d i d  n o t  s u b s t a n t i a l l y

improve the  degree to  wh ich  the  da ta  were  amenab le  to  s ta t i s t i ca l

a n a l y s i s  o r  o u r  a b i l i t y  t o  i n t e r p r e t  t h e  d a t a .  F i n a l l y ,  i n  m o s t  c a s e s

w h e r e  t h e r e  w e r e  z e t o  o b s e r v a t i o n s ,  t h e  1 o g ( x  "  c )  t r a n s f o r m a t i o n s ,

i n i t i a l l y  t h o u g h t  t o  b e  m o s t  d e s i r a b l e ,  w e r e  t o o  s e n s i t i v e  t o  t h e  v a l u e

o f  t h e  c o n s t a n t ,  c .  T h u s .  w e  d i d  a l l  t h a t  w e  r e a s o n a b l y  c o u l d  i n  o u r

a n a l y t i c a l  p r o t o c o l  t o  a c c e p t  u n t r a n s f o r m e d  d a t a  b e f o r e  r e s o r t i n g  t o

t h e  i r n p o s i t i o n  o f  a  t r a n s f  o r m a t i o n .
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D e s c r i p t i o n  o f  C h a n g e

The number  o f  s . rw.ys  to  be  taken in  the  Af te r  t ime per iod  was

ca lcu la ted  on  the  bas is  o f  the  req 'u i rement  tha t  the  power  (p robab i l i t y )

Eo de tec t  a  50 'A  change in  abundance be  a t  leas t  80%.  The 50% change in

abundance was est imated by assuming that abundance levels at the

Control  s i te vlould remain constant and that abundance levels at the

SONGS s i te  wou ld  doub le  o r  decrease by  ha l f .  For  th is  repor t  we w ished

to  re ta in  th is  perspec t ive  and there fore  ca lcu la ted  a  percent  change

which  cou ld  be  compared to  tha t  used in  es t imat ing  sample  s ize .

A s  d i s c u s s e d  i n  S e c t i o n  3 . 7 " 1 . 1 ,  w i t h i n  a n  a d d i t i v e  m o d e l ,  D e l t a O

e s t i m a t e s  t h e  l o c a t i o n  e f f e c t ,  a n d  D e l t a "  e s t i m a t e s  t h e  l o c a t i o n  e f f e e t

and the  SONGS ef fec t .  Thus ,  De l taO -  De l ta "  es t imates  on ly  the  SONGS

ef fec t ,  S ,  o r  the  nurnber  o f  o rgan isms los t  due to  the  presence o f  the

pIan t .  We have taken th is  number  and expressed i t  as  a  percent  re la t i ve

to the average number of organisms found at SONGS in the Before t ime

per iod .  I t  i s  repor ted  as  the  percent  change in  abundance o f  the

o r g a n i s m .

When the  mul t ip l i ca t i ve  mode l  was  invoked,  i t  became more

d i f f i c u l t  t o  e s t i r n a t e  p e r c e n t  c h a n g e .  B A c r  t e s t i n g  f o r  t h e

m u l t i P l i c a t i v e  m o d e l  i s  p e r f o r m e d  o n  D e l t a s  o f  1 o g - t r a n s f o r m e d  d a t a ,  a

t r a n s f o n n a t i o n  w h i c h  i s  n o n - l i n e a r  a n d  n o n - m o n o t o n i c .  T h u s ,  i t  i s  n o t

s u r p r i s i n g  t h a t  ( 1  -  S ) ,  w h i c h  e s t i m a t e s  t h e  p r o p o r t i o n a l  l o s s  d u e  t o

SONGS re la t i ve  to  the  abundanee wh ich  wou ld  have been a t  SONGS i f  the

P o w e r  p l a n t  w e r e  n o t  t h e r e !  c a n n o t  b e  e a s i l y  r e l a t e d  t o  t h e

unt rans formed data .  I f  a  measure  o f  the  abundance a t  the  Impact  s i te  in

t h e  A f t e r  t i m e  p e r i o d  w i t h o u t  t h e  p r e s e n c e  o f  S O N G S  w e r e  a v a i l a b l e ,  w e

c o u l d  s i m p l y  m u l t i p l y  t h i s  a b u n d a n c e  b y  ( S  -  1 )  t o  e s t i m a t e  t h e  n u m b e r

o f  o rgan isms los t  and then d iv ide  by  the  average a t  SONGS in  the  Before
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t ime per iod  to  ob ta in  a  percent  change comparab le  to  tha t  o f  the

a d d i t i v e  m o d e 1 .  H o * u v . r ,  s i n c e  t h i s  c o u l d  n o t  b e  d o n e ,  d S  a n

a l te rna t ive ,  we es t imated the  abundance a t  the  Af te r  Impact  s i te  in  the

absence o f  the  power  p lan t ,  and the  number  o f  o rgan isms los t  to  the

SONGS ef fec t ,  in  the  fo l low ing  manner .  Mean abundances  in  the  four

loca t ion /per iod  ce l l s  o f  the  BACI  mode1,  Y IB,  YCB,  YLA,  and YaO as  in

S e c t i o n  3 . 7 . 1 . 1 ,  w e r e  e s t i m a t e d  u s i n g  u n t r a n s f o r m e d  d a t a .  U s i n g  a

m u l t i p l i c a t i v e  m o d e l ,  w e  e s t i m a t e d  t h e  p a r a m e t e r s  L  ( l o c a t i o n  e f f e c t ) ,

T  ( t i m e  e f f e c t  )  ,  a n d  S  ( S O N G S  e f f e c t :  s e e  S e c t i o n  3 . 7 .  I .  l )  a s :

T =YcA/Ycg

= YrB / Yca

T=YIA /Y fg

= (s  x  T)  lT  =  (Yra  lYrB)  /  (Yca /  Ycs)

SONGS change fac to r

x L = abundance at the Impact Site in the After t ime

per iod  w i thout  the  power  p lan t

YCB *  T  x  L  x  (S  -  f )  =  abundance los t  a t  the  Impact  S i te

in  the  Af te r  per iod  due to  SONGS

7 l  R e l a t i v e  C h a n g e  =  1 0 0  ( Y C g  x  T  x  L  x  ( S  -  1 ) )  /  Y f S .

Once T ,  L ,  and S have been es t imated,  S  -  1  represents  the

e s t i m a t e d  p r o p o r t i o n  o f  o r g a n i s m s  a t  S O N G S  l o s t  d u e  t o  t h e  p r e s e n c e  o f

the  power  p lan t .  Th is  p ropor t ion  is  re la t i ve  to  the  number  o f  o rgan isms

that  wou ld  havb been found a t  the  Impact  s i te  i f  the  power  p lan t  were  no t

P r e s e n t .  T h u s ,  t o  e s t i n a t e  t h e  n u m b e r  o f  o r g a n i s m s  l o s t  d u e  t o  t h e

P r e s e n e e  o f  t h e  p o w e r  p 1 a n t ,  w e  n e e d  t o  e s t i m a t e  t h e  n u m b e r  o f  o r g a n i s m s

that  wou ld  have been observed in  the  absence o f  the  power  p lan t .  Th is

number  j -s  es t imated  as  the  average abundance a t  the  Cont ro l  s i te  j -n  the

B e f o r e  p e r i o d ,  t i m e s  t h e  p r o p o r t i o n a l  i n c r e a s e  ( o r  d e c r e a s e )  d u e  t o

L

Sx

s

s-.

Y^*
L,,l1
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l oea t ion ,  t imes the  p . ropor t iona l  change due to  t ime,  o r  Ya"  x  L  x  T .

Mul t ip ly ing  YCB *  L  x  T  by  (S  -  1 )  y ie lds  the  number  o f  o rgan isms los t

due to  the  presence o f  the  power  p1ant .  D iv i .d ing  th is  number  by  the

average abundance a t  the  Impact  s i te  in  the  Before  t ime per iod  y ie lds  a

percent  change comparab le  to  tha t  ca lcu la ted  w i th  the  add i t i ve  mode l .

Because th is  es t imate  o f  percent  change is  based on  ar i thmet ic

means app l ied  to  a  mul t ip l i ca t i ve  mode l ,  the  percentage found may

d i f f e r  i n  s i g n  f r o m  t h a t  f o u n d  u s i n g  g e o m e t r i c  m e a n s  ( i . e . ,  m e a n s  o f

1 o g - t r a n s f o r m e d  d a t a ) ,  w h i c h  j . s  w h a t  t h e  f u l l y  m u l t i p l i c a t i v e  m o d e l

u s e s .  F u r t h e r m o r e ,  t h i s  m e t h o d  o f t e n  y i e l d s  r e l a t i v e  d e c r e a s e s  o f  m o r e

than L00 ' / " .  A l though th is  seems counter in tu i t i ve ,  what  these la rge

decreases  mean is  tha t  measured abundance decreased a t  the  Impact  s i te

whereas  in  the  absence o f  the  povrer  p lan t  i t  wou ld  have been expec ted  to

i n c r e a s e .

BACI T e s t i n g

T h e  I e v e I  o f  s i g n i f i c a n c e  ( a - l e v e 1 )  f o r  t h e  B A C I  t e s t  w a s  s e l e c t e d

t o  b e  e i t h e r  0 . 0 5  o r  0 . 1 0 ;  t h e  p o w e r  o f  t h e  B A C I  t - t e s t  w a s  u s e d  a s  t h e

s e l e c t i o n  c r i t e r i o n  ( r e c a l l  t h a t  t h e  p o w e r  o f  t h e  B A C I  t e s t  i s  t h e

probab i l i t y  o f  de tec t ing  a  5O% decrease or  inc rease when such a  change

has t ru ly  occur red) .  When the  sampl ing  p lan  fo r  mon i to r ing  was

es tab l i shed,  the  number  o f  surveys  to  be  taken in  the  Af te r  Per iod  was

based on  po l re r  ana lyses  o f  the  Before  da ta .  The number  o f  A f te r  Surveys

for  zoop lank ton  and ich thyop lank ton  were  se lecEed to  a t ta in  a  power  o f

807 i  to  de tec t  a  SAiL  re la t i ve  change (decrease fo r  i ch thyop lank ton)  in

the  popu la t ions  o f  some o f  the  most  abundant  spec ies  and some o f  the

o t h e r  t a x a  ( T a b l e s  3 - 4 ,  3 - 5 ) .  T h e  r e m a i n i n g  s p e c i e s  w e r e  m o r e  v a r i a b l e
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than  th is  g roup and as  a  resu l t  the  powers  o f  the i r  BACI  t - tes ts  were

lower  than 807" .  For  these ' remain ing  spec ies ,  w€ fe l t  tha t  a

s i g n i f i c a n c e  l e v e l  o f  0 . 1 0  w a s  a p p r o p r i a t e .  A d d i t i o n a l l y ,  s o m e  o f  t h e

spec ies  tha t  we pred ic ted  wou ld  have su f f i c ien t  power  on  the  bas is  o f

the  Before  per iod  da ta ,  d id  no t  because the  SONGS-Cont ro I  De l tas  in  the

Af te r  Per iod  da ta  were  more  var iab le  than an t ic ipa ted .  There fore ,  fo r  a

g iven leve1 o f  e f fo r t  e i ther  a  lower  power  cou ld  be  accepted  or  the  a-

l e v e l  c o u l d  b e  i n c r e a s e d  t o  r e t a i n  s o m e ,  i f  n o t  a l l ,  t h e d e s i r e d p o w e r .

We chose to  do  the  la t te r "  For  spec ies  or  taxa  w i th  power  o f  less  than

807/ .  we used the  0 .  10  s ign i f  i cance leve1.  Th is  inc reased our  chance o f

recogn iz ing  an  e f fec t  i f  one  had occur red ,  bu t  a t  the  same t ime i t

inc reased the  l i ke l ihood ( to  10%)  tha t  we wou ld  dec la re  an  e f fec t  when

i n  f a c t  t h e r e  w a s  n o n e .

Once the  s ign i f i cance 1eve l  was  se lec ted  and the  p-1eve l  fo r  the

B A C I  t - t e s t  r + a s  p r o d u c e d ,  d  p - I e v e l  l e s s  t h a n  o r . e q u a l  t o  t h e  s e l e c t e d

s i g n i f i c a n c e  l e v e 1  c a u s e d  r e j e c t i o n  o f  t h e  n u I 1  h y p o t h e s i s  o f  n o

re la t i ve  change in  De l tas .  A11 o ther  p -  leve ls ,  regard less  o f  how near  to

t h e  s e l e c t e d  s i g n i f i c a n c e  l e v e l ,  d i d  n o t  a l 1 o w  u s  t o  r e j e c t  t h e  n u l 1

h y p o t h e s i s .  T h i s  p - l e v e I  c r i t e r i o n  w a s  a l s o  a p p l i e d  t o  t h e  W i l c o x o n

r a n k  s u m  t e s t s  a n d  t o  t h e  a u t o r e g r e s s i v e  e r r o r s  t - t e s t .  F o r t h e  l i n e a r

r e g r e s s i o n s  a n d  b i n o m i a l  t e s t s ,  t h e  s i g n i f i c a n c e  l e v e L  w a s  s e t  a t

o = 0 . 0 5 .

3 . 7  . 2  P a t t e r n  A n a l y s e s

Three ana lyses  were  per fo rmed to  search  fo r  changes in  the  spat i -a l

d i s t r i b u t i o n  o f  a b u n d a n c e  t h a t  c o u l d  b e  a t t r i b u t e d  t o  S O N G S  o p e r a t i o n s .

T h e  f  i r s t  w a s  a  M u l t i v a r i a t e  A n a l y s i s  o f  V a r i a n c e  ( I A N O V A ) ,  f  o l l o w e d  b y

an Ana lys is  o f  Var iance (ANOVA)  on  ranks ,  and f ina l l y  a  Bonfer ron i  t -

t e s t .
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To rev iew br ie f l y .  samples  used in  the  f ina l  ana lyses  fo r  SONGS

e f f e c t s  w e r e  t a k e n  i n  f o u r  B l o c k s  ( A - D )  f o r  i c h t h y o p l a n k t o n ;  A - b l o c k

w a s  c l o s e s t  t o  s h o r e  a n d  D - b l o c k  f a r t h e s t  f r o m  s h o r e  ( S e e  S e c t i o n  3 . 1

f o r  d e t a i l ) .  W i t h i n  e a c h  b l o c k ,  t h r e e  p a r t s  o f  t h e  w a t e r  c o l u m n  w e r e

sampled:  neus ton ,  midwater ,  and ep ibenthos .  Each sur r rey  thus  cons is ted

of  samples  taken in  twe lve  s t ra ta  (4  b locks  x  3  depth  in te rva ls  per

b lock)  a t  SONGS and a t  Cont ro l .  For  macrozoop lank ton ,  da ta  were  f rom

t h r e e  s t a t i o n s :  a t  t h e  8  m ,  1 3  m ,  a n d  3 0  r n  i s o b a t h s  ( s e e  S e c t i o n  3 . 2  f o r

de ta i l ) .  A t  8  m,  th ree  depths  were  sampled :  sur face ,  midwater ,  near -

bo t tom.  A t  the  re rna in ing  s ta t j -ons ,  h igh  and 1ow midwater  samples  (above

and be low Ehe thermoc l ine ,  when i t  was  present  )  were  co l lec ted  as  we l l

as  the  sur face  and near -bo t tom samples .

For  the  pa t te rn  ana lys is ,  a l l  Be fore  obse: r ra t ions ,  (bo th  SONGS and

Cont ro l )  and the  Af te r -Cont ro l  observa t ions  were  combined in to  one

g r o u p  ( h e r e a f t e r  c a I 1 e d  " B e f o r e - o r - C o n t r o 1 " )  t o  b e  c o m p a r e d  w i t h  t h e

Af te r -SONGS group.  Combin ing  Before-SONGS wi th  Before-Cont ro l  and

Af te r -Cont ro l  g roups  s imp l i f ies  the  ana lys is  wh i le  pu t t ing  any

d i f fe rences  be tween those th ree  ca tegor ies  in to  the  er ro r  var iance.

T h i s  i n  t u r n  c a u s e s  t h e  a n a l y s i s  t o  b e  m o r e  c o n s e : i v a t i v e  ( i . e . ,  m a k e s  i t

harder  to  f ind  d i f fe rences  )  ,  bu t  i t  has  the  v i r tue  o f  bu i ld ing  a

scandard  based on  a l1  cond i t ions  unaf fec ted  by  SONGS Uni ts  2  and 3

o p e r a t i o n s .

I f  the MANOVA was performed on untransformed abundance data, the

techn ique might  be  sens i t i ve  to  an  overa l l  change in  abundance.  That

i s ,  s i g n i f i c a n t  d i f f e r e n c e s  m i g h t  b e  f o u n d  a t  a I 1  s t r a t a  d u e  t o  a  c h a n g e

in  abundance everywhere  in  the  Af te r -SONGS group.  There fore ,  the

Pat te rn  ana lys is  was per fo rmed us ing  abundance ranks  fo r  each s t ra tum

w i t h i n  e a c h  s u r v e y  a s  a  v e c t o r  v a r i a b l e .  I n  t h i s  a n a l y s i s  o n l y  t h e

r e l a t i v e  c h a n g e s  b e t w e e n  t h e  s t r a t a  w e r e  i m p o r t a n t .
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The MANOVA procedure for ichthyoplankton considers the rank for

each s t ra tum wi th in  the  c ross-she l f  to  be  an  observa t ion  on  a  comPonent

o f  a  t w e l v e - d i m e n s i o n a l . v e c t o r .  F o r  z o o p l a n k t o n  t h e  v e c t o r  i s  e l e v e n -

d imens iona l .  These vec tors  have been obse: r red  in  the  Before-or -Cont ro l

and Af te r -SONGS t ime/ loca t ion  per iods .  The nu I I  hypothes is  tha t  there

was no  d i f fe rence be tween the  vec tor  o f  means (o f  ranks)  in  the  two

t ime/ loca t ion  groups  was tes ted  versus  an  aL terna t ive  hypothes is  tha t

there were di f ferences. I f  the MANOVA revealed signi f icant

d i f fe rences ,  then a  un ivar ia te  ANOVA tes t  fo r  each s t ra tum was used to

ident i f y  the  s t ra ta  tha t  had changed.

For  th is  ANOVA,  24  leve ls  (12  s t ra ta  each fo r  the  two t ime/ loca t ion

groups  )  were  tes ted  fo r  s ign i f i can t  d i f fe rences  in  ranks  by  a  one-way

m o d e 1 .  M u l t i p l e  c o m p a r i s o n  t e s t i n g  ( B o n f e r r o n i  t - t e s t )  w a s  u s e d  t o  s e e

how the  t ime/ loca t ion  Ieve ls  g rouped.  For  macrozoop lank ton  the  number

o f  s t ra ta  were  1 I  o r  15  (as  d iscussed above)  in  the  MANOVA and ANOVA

p r o c e d u r e s .

Pattern analyses were performed on al l  taxa and developmental

s tages  regard less  o f  BACI  ou tcomes.  A  sh i f t  in  spat ia l  d is t r ibu t ion  as

denonstrated by a change in abundance ranks might occur without changes

in  to ta l  abundance,  o r  changes in  to ta l  abundance cou ld  occur  equa l ly  in

a l l  s t r a t a ,  r e s u l t i n g  i n  n o  s p a t i a l  e h a n g e s .  F o r  t h e s e  r e a s o n s ,  w €

c o n s i d e r e d  t h e  r e s u l t s  o f  b o t h  a n a l y s e . s .

T h e  p a t t e r n  a n a l y s i s  r e s u l t s  i l l u s t r a t e d  i n  S e c t i o n  4  ( F i g u r e s  4 - 4

through 3-6)  show the  ANOVA resu l ts  - {a r rows ind ica te  the  d i rec t ion  o f

change in  s t ra ta  where  s ign i f i can t  o r  near ly -s ign i f i can t  resu l ts  were

obta ined)  fo r  those taxa  hav ing  s ign i f i can t  MANOVA resu l ts .  Th is

p r e s e n t a t i o n  d i f f e r s  f r o m  t h e  p a t t e r n  a n a l y s i d  r e s u l t s  i l l u s t r a t e d  i n

A p p e n d i x  D .  T h e  l a t t e r  s h o w  s c h e m a t i c  r e p r e s e n t a t i o n s  o f  c r o s s - s h e l f
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abundance pa t te rns  in  the  Af te r -SONGS and Before-or -Cont ro l  da ta  se ts

fo r  a l l  taxa  and s tages .  These pa t te rns  are  represented  by  shad ing ;  the

shad ing  is  based on  a  sub jec t ive  in te rpre ta t ion  o f  the  Bonfer ron i  t -

tes t  resu l ts ,  wh ich  are  g iven be low each f igure  fo r  the  conven ience o f

the reader who wishes Eo make an independent interpretat ion of the

pat te rns .  The va lue  shown fo r  each s t ra tum on each f igure  is  the  mean

abundance in that stratum. Mean abundances do not always ref lect the

pat te rns  based on  the  tes ts  on  abundance ranks .

3 . 7  . 3  I n t a k e  W i t h d r a w a l  L o s s e s  a n d  P o t e n t i a l  D i f f u s e r  I n d u c e d  L o s s e s

In take  w i thdrawal  losses  and d i f fuser  induced losses  were

e s t i m a t e d  a n d  u s e d  i n  o u r  a  p r i o r i  a s s e s s m e n t  o f  p o s s i b l e  e f f e c t s  d u e  t o

S O N G S  o p e r a t i o n s .  L o s s e s  o f  t a x a ,  s p e c i e s ,  a n d  d e v e l o p m e n t a l  s t a g e s  o f

spec ies  were  cons idered re la t i ve  to  each o ther  and re la t i ve  to  the  s ize

o f  changes Ehe mon i to r ing  program was des igned to  de tec t .  H igh

e s t i m a t e d  l o s s  v a l u e s  ( e . g . ,  5 A ' A )  w o u l d  s u g g e s t  t h a t  o r g a n i s m s  a r e m o r e

l i ke ly  to  exh ib i t  a  s ign i f i can t  re la t i ve  changes in  abundance leve ls

( i . e .  ,  B A C I  e f f e c t s ,  a s  d e s c r i b e d  i n  S e c t i o n  3 . 7 . 1 )  .

E s t i m a t e d  i n t a k e  w i t h d r a w a l  l o s s  a n a l y t i c a l  m e t h o d o l o g y ,  r e s u l t s ,

and d iscuss ions  presented  in  th is  sec t ion  are  d i f fe ren t  than those

p r e s e n t e d  i n  a  l a t e r  s e c t i o n  ( S e c t i o n  5 . 0 ) .  T h e  p u r p o s e  o f  t h e  l a t t e r

w a s  t o  p r o j e c t  f u t u r e  a n n u a l  i n t a k e  l o s s e s ,  w i t h  c o n f i d e n c e  l i r n i t s .

C o n s e q u e n t l y ,  t h o s e  p r o j e c t i o n s  w e r e  b a s e d  o n  d a t a  f r o m  l o n g  t e r m

abundance records  f rom 1976-1980 and f rom L982-1985.  In  the  fo rmer

a n a l y s i s  w e  w e r e  i n t e r e s t e d  i n  e s t i m a t i n g  t h e  l o s s e s  t h a t  a c t u a l l y

occur red  dur ing  the  per iod  when f ie ld  mon i to r ing  fo r  e f fec ts  was

underway.  There fore  the  l -osses  were  based on  abundance records  fo r  the

o p e r a t i o n a l  m o n i t o r i n g  p e r i o d  a l o n e  .
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S a m p l e s  u s e d  f o r  t h i s  a n a l y s i s  o f  i n t a k e  l o s s e s  w e r e  c o l l e c t e d

f r o m  J u l y  1 9 8 3  t o  S e p t e m b e r  1 9 8 5 .  S i n c e  m a c r o z o o p l a n k t o n  a n d  i c h t h y o -

p lank ton  are  knor i rn  to  have seasona l  abundance cyc les  (e .g . ,  Barnet t  and

J a h n .  1 9 8 6 :  w a l k e r  e t  4 1 . ,  1 - 9 8 7 ) ,  l o s s e s  w e r e  f i r s t  c a l c u r a t e d  o n  a

seasona l  bas is  and then averaged over  seasons and years .  Th is  p rocedure

re f lec ted  more  prec ise ly  the  match  o f  coo l ing  sys tem opera t ion  leve1s

(vo lume o f  water  c i rcu la ted)  and p lank ton  abundances .  Fg t

ichthyoplankton, the warm season rrras taken as June - November whi le the

c o o l  s e a s o n  w a s  D e c e m b e r  -  M a y  ( w a l k e r  e t  a 1 . ,  1 9 8 7 ) ;  f o r  z o o p l a n k t o n

the  respec t ive  seasons were  March  -  August  and September  -  February

(Barnet t  and Jahn,  1986 )  .

The da ta  used fo r  the  loss  es t imates  were  based on  samples  taken a t

the  Cont ro l  t ransec t  on  a l l  opera t iona l  mon i to r ing  per iod  surveys .  We

assumed tha t  da ta  f rom the  Cont ro l  a rea  more  c lose ly  re f lec ted  source

water  cond i t ions  than wou ld  da ta  f rom the  SONGS t ransec t  durJ -ng  the

o p e r a t i o n a l  p e r i o d ,  w h i c h  w o u l d  h a v e  r e f l e c t e d  b i o t i c  c o n d i t i o n s  a f t e r

be ing  sub jec ted  to  SONGS coo l ing  opera t ions .  However ,  use  o f  Cont ro l

da ta  ignores  longshore  cur ren t  reversa ls  and the  poss ib i l i t y  o f

mu l t ip le  exposure  o f  a  water  parce l  and i t s  o rgan isms to  w j - thdrawal ,  and

t h e  e s t i m a t e s  p r e s e n t e d  i n  s e c t i o n  3  m a y  t h u s  b e  s l i g h t l y  t o o  h i g h .

Es t i rna ted  losses  c lue  to  in take  w i thdrawal  were  ca lcu la ted  as  a

P e r c e n t a g e  o f  t h e  n u m b e r s  f o u n d  i n  t h e  c r o s s - s h e 1 f  ( b l o c k s  A  E h r o u g h  D ) .

T o  c a l c u l a t e  t h e  c r o s s - s h e l f  a r e a  a f f e c t e d  b y  i n t a k e  w i t h d r a w a l ,  w e

f o l l o w e d  a  m e t h o d o l o g y ,  d e s c r i b e d  b e I o w ,  p r o v i d e d  b y  J .  R e i t z e l  o f  E c o -

M  ( p e r s o n a l  c o m m .  ) .

T h e  m e a n  c r o s s - s e c t i o n  a r e a  e x p o s e d

w a s  m o d e l e d  a s  t h e  m e a n  o f  Q / S t ,  i n

en t ra inment  ra te ,  and St l '  was  some measure

to  the  in takes .  and d i f fusers

which a was the intake and

of  a rnb ien t  longshore  cur ren t .
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N e i t h e r  t h e  c u r r e n t  s p e e d  n o r  i t s  v e l o c i t y  w a s  a  f u l l y  s a t i s f a c t o r y

measure :  tak ing  the  s ieed essent ia l l y  t rea ted  each cur ren t  reversa l  as

a  c o m p l e t e l y  f r e s h  e x p o s u r e  o f  a  p o p u l a t i o n ,  w h i l e  t a k i n g  v e l o c i t y

cance led  ou t  a l l  cur ren t  reversa ls ,  As  an  in te rmed ia te  measure ,  we took

S '?  to  be  the  excurs ion-speed,  de f ined as  the  d is tance be tween ex t remes

of  longshore  d isp lacement  in  a  t ime in te rva l  T ,  d iv ided by  T .  Th is  S*

f e I 1  o f f  a  l i t t l e  w i t h  i n c r e a s i n g  T :  i t s  m e a n  f r o m  J u l y  1 9 8 3  t o

S e p t e m b e r  1 9 8 5  f e I l  s m o o t h l y  f r o m  2 , 2 7 5  m a t  T  =  1 2 h o u r s  t o  2 , 0 0 0 m a t  T

=  I 2 0  h o u r s .

To f ind  a  measure  o f  the  excurs ion  speed,  we ac tua l l y  computed the

mean o f  L l  S 'k  fo r  success ive  per iods  o f  T  =  12  hours .  The inverse  o f  th is

m e a n  w a s  3 . 1  c m / s e c  o r  2 , 7 0 2  r n / d a y .  F o r  t h e  s a m e  p e r i o d  J u l y  1 9 8 3

through September  1985 the  mean speed was 5 ,56L mlday  and the  mea l r

ve loc i r -v  was L746 mlday .  The average in take  vo lume in  eub ic  meters  per

day  was ca lcu la ted  us ing  the  vo lumes in  the  MRC database DBSONGS,  fo r

t h e  J u l y  1 9 8 3  t h r o u g h  S e p t e m b e r  1 9 8 5  o p e r a t i o n a l  p e r i o d .  T h e  t o t a l

number  o f  p lank ters  w i thdrawn f rom a  one meter  w ide  ( longshore)  band was

t h e n  c a l c u l a t e d  a s  f o l l o w s :

/l Withdrawn = (v /L) ( zL /H)

where V

N

E

i .=L

x  (D i )

I

7

't

= average in take  vo lume in  cub ic  meters  per  day

c a l c u l a t e d  f r o m  t h e  D B S O N G S  d a t a  b a s e

= average longshore  f low in  meters  per  day  (2702 m/day)

=  depth  in  meters  o f  the  sampl ing  s t ra tum i
=  dens i ty  as  number  o f  an ima ls  per  cub ic  meter

in  s t ra tum i
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number of  s t ra ta in  the b lock conta in ing the

intakes or  d i f fusers (3 for  ichthyoplankton;

for  zooplankton,  4  at  the d i f fusers and 3

at  the in takes)
= Average height  in  meters of  the water  co lumn (9 n

fo r  i n takes ,  11  m fo r  Un i t  3  d i f f use r ,  13  m fo r

Un i t  2  d i f f use r ) .

Each sampl ing  da te  w i thdrawal  es t imate  was ass igned to  a  season

category ,  the  seasona l  mean number  w i thdrawn was ca lcu la ted ,  and

f ina l l y  the  mean over  seasons was computed.  Th is  mean over  seasons

represented  the  mean loss  dur ing  the  opera t iona l  per iod .

The number  o f  o rgan isms in  the  c ross-she1f  p lane ( the  pLane no : :na l

to  bo th  the  sur face  and the  coas t l ine)  was ca lcu la ted  by  rnu l t ip ly ing  the

dens i ty  per  s t ra tum by  the  c ross-she l f  a rea  per  s t ra tum and summing

these Produc ts  fo r  a l l  s t ra ta  on  each da te .  The seasona l .means and mean

over  seasons were  then ca lcu la ted  to  g ive  a  mean c ross-she l f  nurnber

dur ing  the  opera t iona l  per iod .

The percentage o f  p lank ters  in  the  c ross-she l f  p lane tha t  was  los t

to  in take  w i thdrawal  dur ing  the  opera t iona l  per iod  was then ca lcu la ted

b y :

%  l o s s  =  1 0 0  x  ( m e a n  l o s s )  /  ( m e a n  c r o s s - s h e l f  n u m b e r )

F o r  i n t a k e  l o s s e s .  i c h t h y o p l a n k t o n  d e n s i t i e s  f r o m  s u r f a c e ,  m i d w a t e r ,

a n d  n e a r - b o t t o m  s a m p l e s  f r o m  B l o c k  A  w e r e  u s e d .  F o r  z o o p l a n l c t o n ,

dens i t ies  f rom the  th ree  r^ ra te r  co lumn leve Is  f rom the  8  m s ta t ion  were

u s e d .  I t  w a s  a s s u m e d  t h a t  o r g a n i s m s  i n  a I 1  t h r e e  s t r a t a  w e r e  e q u a l l y

s u s c e p t i b l e  t o  w i t h d r a w a l  a n d  w o u l d  t h u s  b e  L o s t  i n  p r o p o r t i o n  t o  t h e

vo lume o f  water  w i thdrawn f rom each s t ra tum.  Th is  migh t  have resu l ted
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i n  an  overes t imate  o f  unknown magn i tude o f  the  losses  o f  the  s t rong ly

e p i b e n t h i c  o l d e r  l a r v a l  s t a g e s  o f  a  f e w  f i s h  s p e c i e s  ( e . e . ,  t h e  g o b i e s ) .

The po ten t ia l  losses  to  d i f fuser  induced en t ra inment  were

ca lcu la ted  in  a  s imi la r  manner ,  except  tha t  9  t imes the  average in take

vo lume was used as  the  es t imate  o f  the  water  vo lume ent ra ined by  the

d i s c h a r g e s  ( M R C ,  1 9 8 3 ) .  F o r  i c h t h y o p l a n k t o n ,  d e n s i t i e s  i n  s a m p l i n g

b lock  C were  used to  es t imate  the  number  o f  la rvae en t ra ined by  the

d ischarge o f  Un i t  2  and dens i t ies  in  b lock  B were  used to  es t imate  those

ent ra ined by  the  d ischarge o f  Un i t  3 .  For  zoop lank ton ,  the  13  n  s ta t ion

was used to  es t imate  en t ra ined numbers  fo r  bo th  un i ts .  Three es t imates

of  po ten t ia l  d i f  fuser  losses  were  made:  LO%,  25 ' / " ,  and 50% of  those

ent ra ined.  Each o f  these loss  es t imates  was added to  the  in take  losses

and the  percentage loss  o f  the  c ross-she l f  numbers  w i rs  ca lcu la ted  as

a b o v e .
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Tab ' l e  3 -1 .  L i s t  o f  su rvey  da tes  and  desc r ip t i ons  app l i ed  to  them in  th i s
repo r t .  De f i n i t i ons  o f  desc r ip t i ve  te rms  can  be  found  i n
Sec t  i  on '  3 .  1  t h rouqh  3 .6 .

I  ICHTHYOPLANKTON I  ZOOPLANKTON I -  DESCRIPTIONS
|  24  Ju1  1979  |  ?5  Aug  1976  I

22 Aug 7979
23 Aug 1979
20 Sep 1979
21  Sep  1979
10 Mar 1980
17 Mar 1980
24 Mar 1980

26 Aug 1976
15 Sep 1975
17 Sep 1976
04 Nov 1976
11  Jan  1977
13 Jan 1977
?3 tlar 1977
u t  J u n  t J t  /
09  Jun  1977
02 Nov 1977
20 Jan 1978
31 May 1978
27 Ju1 i978
24 Aug 1978
15 Sep 1978
10  Jan  1979
27 Nov 1979
20 Dec 1979
24 Jan 1980
25 Feb 1980
23 Mar 1980
29 Apr  1980
29 May i980
29 Jun 1980
31 Ju]  1980
31 Aug 1980
25 Sep 1980
29 Oct  i980
24 Jun 1981
05 Aug i98 i
05  Nov  1981

Preoperat iona ' l  surveys

04
1 A
I T

05
t2

zo
02
no
1 ?
L I

L . r

07
14
21
28
04
11
t 6

01
08
22

U b
t (

v t

t ?

Apr 1980
Aor 1980
Apr  1980
May 1980
May 1980
May 1980
May 1980
Jun  1980
Jun  1980
Jun  1980
Jun 1980
Jun  1980
Ju' l  1980
Ju' l  1980
L J U  I  l Y d U

Ju l  1980
Aug 1980
Aug 1980
Aug 1980
Aug 1980
Sep i980
Sep 1980
Sep 1980
Sep 1980
Sep 1980
Oct  1980
Oct  1980
Ju l  1981
Sep  1981
Nov 1981



Tab ' l e  3 -1  (  con t ' d )  .  L ' i  s t  o f  su rvey  da tes  and  desc r ip t i  ons  app l  i  ed  to  them i  n
th i  s  repo r t .

I  ICHTHYOPLANKTON I ZOOPLANKTON I DESCRIPTIONS I
|  09 Mar 1982 |  27 Jan 1982 |  |

18 Jun 1982
24 Aug 1982
21 Dec 1982
15 Feb 1983

Inter im surveys

|  |  21  Jun  1983  |
I  19  Ju l  1983  |  |

23 Aug 1983
13 Dec 1983
13 Mar 1984
07 May 1984
30 May 1984
19  Jun  1984
23 Aug 1984
13 Sep 1984
4 Oct  1984

20 Dec 1984
21  Jan  1985
22 Apr  1985
13 May 1985
4  Jun  1985

25  Jun  1985
l y  J U  |  1 y 6 f ,

6 Aug 1985
26 Aug 1985
t /  \ 6 h  t g x \

17 Feb 1985
5 Mar 1986
1 Apr 1985

30 Apr  1985
21  Ju l  1986

?  S a n  1  Q Q A
r  e v /  . J v v

Opera t i  ona l  su rveys

t r
I J  JU  I  1 : J6 I

26 Aug 1982
10 Dec 1982
12 Mar 1983

1  Nov  1985
21  Nov  1985
13 Dec 1.985
2  Jan  1986

18 Aug 1983
05 Dec 1983
07 Feb 1984
11 May 1984
08 Jun 1984
31 Aug 1984
28 Sep 1984
18 Oct  1984
14 Dec 1984
i8 Jan 1985
25 Mar 1985
19 Apr  1985
16 May 1985
7  Jun  1985
2 Jul  1985

30  Ju ]  1985
30 Aug 1985
11 Feb 1985
9 Mar 1986
9 May 1986
3 Jun 1986
3  Ju ]  1986

11 Sep 1986

I  Nov  1985
22 Nov 1985
14 Dec 1985

5  J a n  l v d b

|  259ee1e86 |  |  |
|  11 Oct 1985 I  11 Oct 1985 I  intake Loss Surveys I

I  2 l  Jan  1985  I  22  Jan  1986  |  |
|  7  Mar  1986  |  |  Anchovy  Grad ien t  Su rvey  I
|  |  5  Dec  1986  |  I n take  D j f f use r  Su rvey  I
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Tab le  3 -2 .

T.nner nearshore taxa
Atherinidae
Genyonemus l ineatus
G ibbons ia  t ype  A
GETesox rhessodon
EEEeros t iAff i  s tratus

Transi t ional  taxa
Engraul is  mordax
Hypsob lenqrge spp.

Resu l ts  o f  MANoVA and t - tes ts  on  ich thyop lank ton  c ross-
shelf  abundance and abundance patterns. Taxa are grouped
b y  t h e i r  a b u n d a n c e  p a t t e r n s  ( B a r n e t t  e t  4 1 . ,  f 9 8 4 ) .  V a l u e s
of  p  >  0 .05  ind ica te  no  d i f fe rence be tween SONGS and the
C o n t r o l  a r e a .

I.{ANOVA t  -  t es t

S e r i p h u s  p o l i t u s
Tota l  la rvae minus  Engrau l i s moroax

P

.52

. t l

.25
< .01

.26

.44

.0 i_

"2L
< .01_

.003

.59
< . 0 1

.25

.43

.29

.76

.67

.45

.35

P

.94

.07

.20

.10

.07

.28

.06

.L7
"82

<  .01
.75
.05
.32
.22

.70

.49

.3r

. 88

.60

Lep idogob ius  lep idus
Para l i ch thys cal i forn icus
Tota l  larvae
To ta I  f i sh  eggs
Unident i f ied ( round)  eggs

Outer  nearshore taxa
Pleuronichthvs r i t ter i
@

O f f s h o r e  t a x a
CiEhar ieh thys  spp.
CnoEracEG ll lcopsaurus

" C o a s t a l t t  t a x o n
Engrau l i s  mordax  eggs
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Tab le  3 -4 . Summary  o f  resu l ts  o f  BACI  power  tes t ing  on  ich thyop lank ton
taxa.  Exeept  as  no ted  under  the  co lumn ent i t led  "Before
! r " ,  power  tes ts  were  run  on  the  38  PreoPera t iona l  surveys
( n )  o r  a  s u b s e t  o f  t h e s e  s u r v e y s ,  a n d  a n  a s s u m e d  3 8  o P e r a -
t i o n a l  s u r v e y s  ( N ) .

Befo re N  fo r Power at
Taxon n  Power  c=  '  05

l o E a r  l a r v a e  L L  z L  > . 9 9

Engrau l i s  mordax

Non-engrau l id  la rvae

Unident i f ied  egg

S e r i p h u s  p o l i t u s

H y p s o b l e n n i u s  s p p .

Genyonemus l ineatus

P a r a l a b r a x  s p p "

AEher in idae

Ment ic i r rhus  undu la tus

Para l i ch thys  ca l i f o rn i cus

Engraulis mq!44x egg

P leu ron ich thys  ve r t i ca l i s

Gob iesox  rhessodon

H y p s o p s e t t a  g u t t u l a t a

Media luna ca l i f  o rn iens is

P l e u r o n i c h t h y s  r i t t e r i

C i thar ich thy_q spp.

G o b i i d a e  t y p e  a

G i b b o n s i a  s p .  A

S e b a s t e s  s p p .

S t e n o b r a c h i u s  l e u c o p s a r u s

Sphyraena argentea

Parophrys  ve tu lus

G i r e L l a  n i g r i c a n s

38 38

2L  ZL

>  .99

.97

.89

.85

.85

.81

"69

"67
.53

.50

.46

.38

"35
.36

.33

.31

"30
.30

.28

"26
.25

.24
' l q

< . 1 1

38
38
38
38
23
38
16
38
38
38
38
38
38
38
38
38
38
38
38
23
zo
38

38
38
38
38
z3
38
16
38
38
38
38
38
38
38
38
38
38
38
38
z3
20
38
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Tab Ie  3 -5 . Summary of  resul ts
taxa .  Tes ts  were
(n)  and an assumed

of BACI power
based  on  the  32

29  ope ra t i ona l

test ing on zooplankton
preoperational su:iveys
su rveys  (N) .

Before N for  Power at
Taxon  n  power  ,  c= .05

Corycaeus  ang l i cus  32  29  > .99

S a g i t t a  e u n e r i t i c a

Paracalanus parvus

Pen i l ia  av i ros t r i s

0 i thona p lumi fe ra

Evadne nordmanni

Cyphonautes larvae

A c a r t i a  t o n s a

U n i d e n t i f i e d  f i s h  e g g s

Cypris larvae

Evadne sp in i fe ra

L a b i d q c e r a  t r i . s p i n o s a

C a l a n u s  s p p .

Podon po lyphemoides

A c a r t i a  c l a u s i

O i t h o n a  o c u l a t a

Engraul is mordqx eggs

32
32
32
32
32
32
32
32
32
32
32
25
3Z
32
32
32

29
29
29
29
z9
29
29
29
29
29
29
z5
29
2g
29
29

. 99

.96

.94

.94

.93

.90

.86

.84

.75

.73

.68

.65

.59

.44

.4 t
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4.0 ASSESSMENT OF SONGS EFFECTS

4 .1  Synops i s

MEC's pr imary goals . in  th is  f ina l  analys is  of  the ichthyoplankton

and macrozooplankton were :

(1) to determine if  the abundances of the ichthyoplankton and

macrozooplankton taxa or  l i fe  s tages of  taxa were s ign i f icant ly

d i f ferent  (1ower,  for  ichthyoplankton)  at  SONGS dur ing the

oPerational period from what would have been expected on the basis

of abundances observed at the Control atea; this determination was

based  on  the  BACI  ana lys i s ;

(2)  to  determine i f  the cross-shel f  pat tern of  d is t r ibut ion of  any

taxon or l i fe stage was different at SONGS during the operational

per iod re la t ive to  the pat tern establ ished by combin ing

Preoperat ional  d is t r ibut ions at  SONGS and Contro l  wi th  the

o p e r a t i o n a l  d i s t r i b u t i o n at  Cont ro l ;  th is  $ ras  the

I ' tANOVA/AN0VA/Bonferroni pattern analysis on ranks of abundance in

t h e  c r o s s - s h e l f  s t r a t a ;  a n d

(3)  to  de termine i f  changes de tec ted  in  the  abundance o f  a  taxon a t

SONGS could be related to a known SONGS mechanism intake

wi thdrawal ;  th is  was a  qua l i ta t i ve  comp-ar ison  o f  ca lcu la ted  losses

wi th  re la t i ve  changes in  SONGS-Cont ro l  abundances  (De l tas) .

N ine teen o f  the  approx imate ly  150 types  o f  la rva I  f i sh  ident i f ied

dur ing  the  SONGS s tud ies ,  and seventeen o f  the  20  macrozoop lank ton  taxa

and compos i te  g roups  enumera ted  dur ing  these s tud ies  were  u t i l i zed  in

the  f ina l  ana lyses .  These taxa  were  ca tegor ized  in to  four  b road groups

b a s e d  o n  t h e i r  o n s h o r e - o f f s h o r e  d i s t r i b u t i o n s :  i n n e r  n e a r s h o r e  ( s e v e n

ich thyop lank ton  and 2  macrozoop lank ton  taxa) ,  nearshore / t rans i t iona l

4 -L



(n ine  ich thyop lank ton  and four  macrozoop lank ton  taxa) ,  b road ly

d is t r ibu ted  ( th ree  ic f r tnyop lank ton  and n ine  macrozoop lank ton  taxa) ,

a n d  o f f s h o r e  ( o n e  m a c r o z o o p l a n k t o n  s p e c i e s ) .  T h e  r i s k  o f  i n t a k e

wi thdrawal  losses  (and thus  dep le t ion  near  SONGS)  was expeeted  to  be

h ighes t  fo r  the  inner  nearshore  taxa .  The nearshore / t rans i t iona l  zone

taxa and the 'b road ly -d is t r ibu ted  taxa  w i th  abundance centers  nearer

shore  were  expec ted  to  be  suscept ib le  to  bo th  in take  w i thdrawal  and to

ent ra inment  in  the  d ischarge p lume ( resu l t ing  in  pa t te rn  sh i f t s ,  and

poss ib ly  in  dep le t ion  near  SONGS) ,  wh i le  the  o f fshore  taxa  and the

broad ly -d is t r ibu ted  taxa  w i th  abundance centers  fa r ther  f rom shore  were

expected  to  be  re la t i ve ly  immune to  bo th  mechan isms.

For  the  ich thyop lank ton ,  the  abundance o f  a l l  la rva l  s tages  o f  a

spec ies  combined ( to ta l  Larvae)  and o f  th ree  la rva1 s tages  separa te ly

( p r e f l e x i o n .  f l e x i o n .  a n d  p o s t f l e x i o n )  w e r e  t e s t e d .  T h e  r e s u l t s  f o r  t h e

inner  nearshore  ich thyop lank ton  taxa  were :

o  S ta t i s t i ca l l y  s ign i f i canE changes were  de tec ted  among th ree

of  the  inner  nearshore  spec ies .  The BACI  tes ts  showed tha t

re la t i ve  abundances  o f  to ta l  and f lex ion-s tage la rvae o f  a l l

t h r e e  s p e c i e s  o f  g o b i e s  i n  t h i s ' g r o u p ,  o f  t h e  p o s t f l e x i o n

s t a g e  o f  t h e  a r r o w  g o b y  ( C l e v e l a n d i a  i o s ) ,  a n d  o f  t h e

p r e f l e x i o n  s t a g e  o f  t h e  s h a d o w  g o b y  ( Q u i e t u l a  y - c a u d a ) ,  w e r e

s ign l f i can t ly  lower  near  SONGS than a t  Cont ro l  dur ing  the

opera t iona l p e r i o d . The p lume/non-p lume ana lys is

c o r r o b o r a t e d  t h e s e  r e s u l t s .  N o n e  o f  t h e  f o u r  o t h e r  i n n e r

n e a r s h o r e  t a x a  e x h i b i t e d  s t a t i s t i c a l l y  s i g n i f i c a n t  c h a n g e s

i n  r e l a t i v e  a b u n d a n c e  i n  t h e  f u I 1  A f t e r  d a t a  s e t .

T h e s e  r e l a t i v e  d e c r e a s e s  w e r e  d u e  t o  s m a l l e r  i n c r e a s e s  i n

abso lu te  abundance a t  SONGS than a t  Cont ro l  fo r  the  shadow
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r n e

were :

goby and cheekspot  goby  ( I l ypnus  g i lber t i ) ;  the  ar row goby

dec l ined in  abso lu te  abundance a t  SONGS whi le  inc reas ing  a t

Cont ro l .  F ive  o f  the  seven inner  nearshore  spec ies  inc reased

in  abso lu te  abundance a t  SONGS and Cont ro l  be tween the  two

moni to r ing  per iods

Pat te rn  ana lys is  ind ica ted  s ta t i s t i ca l l y  s ign i f i can t  sh i f t s

i n  c r o s s - s h e l f  d i s t r i b u t i o n s  n e a r  S O N G S  f o r  o n e  o r  m o r e

s tages ,  inc lud ing  to ta l  la rvae,  o f  s ix  o f  the  seven inner

nearshore  spec ies ,  bu t  the  sh i f t s  were  a l l  smal l  and d id  no t

c o n s t i t u t e  c l e a r  e v i d e n c e  o f  r e d i s t r i b u t i o n  d u e  t o

entrainment in the S0NGS discharge plume.

Ca lcu la ted  losses  due to  w i thdrawal  in  the  Un i ts  2  and 3

intakes and entrainment in the discharge plume were large

enough to  have produced the  observed re la t i ve  decreases ;  the

nature of the changes in abundances aE SONGS and Control

cou ld  be  in te rpre tbd  as  c ropp ing  o f  la rva I  p roduc t ion  by

intake and entrainment mortal i ty,  but s ince equal ly

p laus ib le  a l te rna t j "ve  mechan isms cou ld  be  pos tu la ted ,  the

c h a n g e s  c o u l d  n o t  b e  a s c r i b e d  s o l e I y  t o  S O N G S  o p e r a t i o n .

resu l ts  fo r  the  nearshore / t rans i t iona l  i ch thyop lank ton  taxa

Sign i f i can t  changes in  re la t i ve  abundance were  de tec ted

among th ree  o f  the  n ine  nearshore / t rans i t iona l  taxa"

! {os t  o f  the  taxa  decreased in  abso lu te  abundance a t  bo th

SONGS and Cont ro l  be tween the  two mon i to r ing  per iods .  The

excepEions  were  b lack  c roa lcer  (Che i lo t rema sa turnum)  !  wh ich

l n c r e a s e d  a t  b o t h  s i t e s ,  k e l p  a n d  s a n d  b a s s e s  ( P a r 4 1 4 ! g 4 x
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s p p . ) ,  w h i c h  i n c r e a s e d  a t  C o n t r o l ,  a n d  C a l i f o r n i a  g r u n i o n

( L e u r e s t h e s  t e n u i s ) ,  w h i c h  i n c r e a s e d  a t  S O N G S .

BACI  tes t ing  showed tha t  to ta1 ,  p re f lex ion ,  and f lex ion

l a r v a e  o f  j a c k s m e l t  ( A t h e r i n o p s i s  c a l i f o r n i e n s i s ) ,

p re f lex ion  and f lex ion-s tage la rvae o f  the  ke lp  and sand

basses ,  and pre f lex ion-s tage la rvae o f  queenf j -sh  (Ser iphus

po l i tus )  decreased s ign i f i can t ly  in  re la t i ve  abundance

between the  preopera t iona l  and opera t iona l  per iods .

Ana lys is  o f  the  p lume dates  and non-p lume dates  da ta  se ts

cor robora ted  the  resu l ts  o f  the  pr imary  tes ts  fo r  to ta l  and

pre f lex ion  jacksmel t  la rvae and pre f lex ion  queenf ish  la rvae,

bu t  no t  fo r  Para labrax  la rvae.  SONGS opera t ion  cou ld  have

cont r ibu ted  to  a l l  o f  these changes "

Pat te rn  ana lyses  de tec t .ed  smal l  red is t r ibu t ions  near  SONGS

of  two wh i te  c roaker  (Genyonemus l inea tus  )  s tages  and

f lex ion-s tage la rvae o f  queenf ish ,  bu t  these changes were  no t

cons idered to  be  eco log ica l l y  impor tan t  because they

invo lved re la t i ve ly  few la rvae.

Es t imaEe{  o f  in take  and en t ra inment  losses  suggest  tha t  the

changes in  re la t i ve  abundance cou ld  no t  be  due so Ie ly  to

c o o l i n g  w a t e r  w i t h d r a w a l ,  b u t  h a d  t o  i n c l u d e  t h e  e f f e c t s  o f  a

su i te  o f  o ther ,  unknown,  mechan isms opera t ing

s i m u l t a n e o u s l y .

R e s u l t s  f o r  t h e  b r o a d l y  d i s t r i b u t e d  i c h t h y o p l a n k t o n  t a x a  w e r e :

o  The most  abundant  i ch t i ' r yop lank ton  spec ies  in  the  s tudy

area - -nor thern  anchovy  (Engrau l i s  mordax)  - -  decreased 557.

i n  r e l a t i v e  a b u n d a n c e  n e a r  S O N G S .  T h i s  w a s  s t a t i s t i c a l l y
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s ign i f i can t .  The p lume dates  ana lys is  ind ica ted  tha t  in

add i t ion  to  to ta l  nor thern  anchovy  la rvae,  pos t f lex ion-s tage

la rvae a lso  dec l ined s ign i f i can t ly  in  re la t i ve  abundance-

The absolute abundance of total  northern anchovy larvae

decreased by 35"/"  at  SONGS and increased by 20"/ .  at  Control

be tween the  two mon i to r ing  per iods ;  pos t f lex ion-s tage la : r rae

decreasedby 577"  a t  SONGS and by  37% at  Cont ro l .

No s ta t i s t i ca l l y  s ign i f i can t  changes in  re la t i ve  abundance

were  de tec ted  fo r  the  remain ing  broad ly -d is t r ibu ted  taxa- -

sanddabs (C i thar ich thys  sp .  )  and b lenn ies  (HypsobLenn ius

s P " ) .

The pa t te rn  ana lyses  d id  no t  de tec t  any  red is t r ibu t ions  among

the broad ly  d is t r i .bu ted  taxa .

Ca lcu la ted  in take  and en t ra inment  mor ta l i t y  was  c lear ly

insu f f i c ien t  to  resu l t  in  de tec tab le  changes in  the  abundance

of  any  o f  the  th ree  taxa ;  SONGS opera t ion  aPParent ly  ac ted  on

anchovies in a manner not fu1ly ident i f ied by the monitor ing

Program.

The resu l ts  fo r  the  inner  nearshote  macrozoop lank ton  were :

o  B A C I  t e s t s  d i d  n o t  i d e n t i f y  s t a t i s t i c a l l y  s i g n i f i c a n t

changes in relat ive abundanee.

o  B o t h  t a x a  - - O i t h o n a  o c u l a t a  a n d  A c a r t i a  c l a u s i  - -  d e c r e a s e d

in  abso lu te  abundance a t  bo th  SQNGS and Cont ro l ;  the  dec l ine

o f  A c a r t i a  c l a u s ' i  w a s  e s p e c i a l l y  m a r k e d  ( 8 4 - 9 4 % )  -

o  P a t t e r n  a n a l y s e s  d i d  n o t  i d e n t i f y  s t a t i s t i c a l l y  s j - g n i f i c a n t

r e d i s t r i b u t i o n s  o f  e i t h e r  s p e c i e s .
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Al though ca lcu la t ions  o f  in take  and en t ra inment  mor ta l i t y

suggested  tha t  SONGS opera t ion  cou ld  have produced an  e f fec t

de tec tab le  by  BACI  tes t ing ,  the  la rge  reg iona l  dec l ine  in

abundance and the high var iabi l i ty of  the data Prevented such

e f f e c t s ,  i f  t h e y  o c c u r r e d ,  f r o m  b e i n g  d e t e c t e d .

The resul ts  for  the nearshore l t rans i t ional  macrozooplankton taxa were:

o BACI test ing ident i f ied a relat ive increase in the abundance

of  barnac le  naup l i i  a t  SONGS as  s ta t i s t i ca l l y  s ign i f i can t ;

the  p lume/non-p1ume ana lyses  cor robora ted  th is  resu l t .

o  The re la t i ve  changes fo r  the  remain ing  th ree  taxa  - -  barnac le

cypr id  la rvae,  Acar t ia  tonsa,  and Podon po lyphemoides  - -  were

n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  .

The most  abundant  macrozoop lank ter  in  the  s tudy  area .  Acar t ia

!94sa.  as  we l l  as  barnac le  cypr id  la rvae,  changed l i t t1e  in

abso lu te  abundance a t  bo th  SONGS and Cont ro l  be tween the  two

monitor ing periods. The cladoceran Podon Pg-bPtr@ and,

espec ia l l y ,  barnac le  naup l i i  decreased in  abundance a t  bo th

l o e a t i o n s .

o Although the abundance of Acart ia tonsa did not change

s i g n i f i c a n t l y ,  p a t t e r n  a n a l y s i s  i n d i c a t e d  t h a t  t h e  s p e c i e s

decreased in  the  ep ibenthos  a t  the  8  m s ta t ion  and increased

in  the  midwater  s t ra ta  a t  the  13  m s ta t ion .  These changes are

a t t r i b u t e d  t o  S O N C S - i n d u c e d  c h a n g e s  i n  1 o c a 1  p a t t e r n s  o f

w a t e r  c i r c u l a t i o n .

o  Ca lcu la ted  in take  and en t ra inment  losses  were  no t  su f f i c ien t

' t o  
h a v e  c a u s e d  s t a t i s t i c a l l y  d e t e c t a b l e  d e c r e a s e s  i n

abundance a t  SONGS,  wh ich  conforms to  the  resu l ts  o f  the  BACI

l - a Q F c
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R e s u l t s  f o r  t h e  c r o s s - s h e l f  m a c r o z o o p l a n k t o n  t a x a  v r e r e :

o  The changes '  in  re la t i ve  abundance fo r  the  n ine  c ross-she1f

taxa  ranged f rom -49% to  +104%" The pr inc ipa l  BACI  tes ts  d id

not  iden t i f y  any  o f  these changes as  s ta t i s t i ca l l y

s ign i f i can t "  The ana lys is  o f  p lume dates ,  however ,  showed

that the relat ive increases in the abundances of Evadne
' 

nordmanni and cyphonautes la:rrae were stat ist ical ly

s i g n i f i c a n t ,  s u g g e s t i n g  a  p o s s i b l e  S O N G S  e f f e c t  s m a l l e r  t h a n

.  expec ted  de tec t ion  leve ls .  Mechan isms by  wh ich  SONGS cou ld

"  c a u s e  t h e s e  c h a n g e s  c o u l d  n o t  b e  p o s t u l a t e d .

o  F o u r  o f  t h e  n i n e  c r o s s - s h e l f  t a x a  i n c r e a s e d  i n  a b s o l u t e

abundance at both SONGS and Control ,  and three decreased at

bo th  loca t ions .  The c ladoceran Pen i l ia  av i ros t r i s

essent ia l l y  d isappeared f rom the  s tudy  area  be tween the  two

moni to r ing  per iods .  Cyphonautes  la rvae near ly  doub led  in

abundance a t  SONGS whi le  dec l in ing  somewhat  a t  Cont ro l .

o  Pat te rn  ana lyses  ind ica ted  s ta t i s t i ca l l y  s ign i f i can t  changes

in  the  c ross-she l f  d is t r ibu t ions  o f  cyphonautes  la : r rae  and

the  copepods Corycaeus ang l icus  and Oi thona p lumi fe ra .  These

changes are  a t t r ibu ted  to  SONGS- induced changes in  loca I

p a t t e r n s  o f  w a t e r  c i r c u l a t i o n .

o  Ca lcu la ted  losses  f rom in take  and en t ra inment  were

insu f f i c ien t  to  cause de tec tab le  changes in  abundance,  wh ich

c o n f o r m s  t o  t h e  r e s u l t s  o f  t h e  B A C I  a n a l y s e s .

T h e  r e s u l t s  o f  t h e  o t h e r  m a c r o z o o p l a n k t o n  c a t e g o r i e s  w e r e :

o  The o f fshore  copepod Ca lanus  pac i f i cus  showed

s E a t i s t i c a l l y  s i g n i f i c a n t  c h a n g e s  i n  r e l a t i v e  a b u n d a n c e

no

o r
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cross-sheI f  d is t r ibut ion,  ind icat ing that  there were no

de tec tab i .e  i oucs  e f fec ts  on  tha t  speb ies .

The re la t i ve  abundance o f  to ta l  zoop lank ton  d id  no t  change

s ign i f i can t ly .  The pa t te rn  ana lys is  de tec ted  a  sh i f t  in

d is t r ibu t ion  s imi la r  to ,  and probab ly  la rge ly  d r iven  bY,  tha t

of  Acaqt j4  lense.  This  red is t r ibut ion was probably

at t r ibu tab le  to  SONGS- induced changes in  loca l  c i rcu la t ion .

The resul ts  for  the phytoplankton were:

o  Ch lo rophy l l  a t  t he  30  m s ta t i on  and  ave rage  c ross -she l f

ch lo rophy l l  concent ra t ion  showed no s ta t i s t i ca l l y

s ign i f i can t  changes,  ind ica t ing  tha t  there  was no  de tec tab le

S O N G S  e f f e c t .

4 . 2  I c h t h y o p l a n k t o n  R e s u l t s  a n d  D i s c u s s i o n

As a  way o f  o rgan iz ing  the  presenta t ion  o f  the  resu l ts  o f  the  f ina l

BACI and }4ANOVA analyses on the ichthyoplankton, MEC grouped the taxa

ana lyzed in to  th ree  ca tegor ies  cor respond ing  to  the  c ross-sheI f

d i s t r i b u t i o n s  o f  t h e i r  l a r v a e .  T h e s e  c a t e g o r i e s ,  t h e  i n n e r  n e a r s h o r e

t a x a  ( S e c t i o n  4 . 2 . L ) ,  t h e  i n n e r  n e a r s h o r e / t r a n s i t i o n a L  z o n e  t a x a

( S e c t i o n  4 . 2 . 2 ) ,  a n d  t h e  b r o a d l y  d i s t r i b u t e d  t a x a  ( S e c t i o n  4 . 2 , 3 )  w e r e

e s t a b l i s h e d  i n d e p e n d e n t l y  o f  a n y  e c o l o g i c a l  c r i t e r i a  o t h e r  t h a n  c r o s s -

s h e l f  l a r v a l  d i s t r i b u t i o n  b e c a u s e  o u r  a  p r i o r i  e x p e c t a t i o n  w a s  t h a t  t h e

s t rength  o f  any  e f fec ts  resuJ . t ing  f rom SONGS Uni ts  2  and 3  coo l ing

oPera t j -ons  wou ld  la rge ly  be  a  func t ion  o f  la rva l  p rox imi ty  to  the

o f f s b o r e  c o o l i n g  s t r u c t u r e s .  T h e  t a x a  a n a l y z e d  w e r e  c h o s e n  b e c a u s e

t h e y  h a d  h i g h  B A C I  p o w e r  ( H y p s o b l e n n i u s ,  S e r i p h u s ,  E n g r a u l i s ,

Genyonemus )  ,  o r  because they  v rere  commerc ia l l y  va luab le  (Ment ic i r rhus ,
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Para labrax ,  Para l i ch thys) ,  o r  because they  were  abundant  in  the  s tudy

area ( the  remainder ) .

Each o f  the  fo l low ing  th ree  sec t ions  s ta r ts  w i th  a  b r ie f

in t roduc t ion  to  the  taxa  (more  de ta i led  synopses  o f  the  b io logy  fo r  each

t a x o n  a r e  g i v e n  i n A p p e n d i x  A " 1 ) ,  f o l l o w e d  b y  a  s h o r t  d i s c u s s i o n  o f  s o m e

of the ways SONCS operat ions might have affected them during the

opera t iona l  per iod .  Th is  i s  fo l lowed by  more  de ta i led  taxon-by- taxon

accounts  o f  the  tes t  resu l ts .  The f i rs t  paragraph o f  each ind iv idua l

account  summar izes  MEC's  resu l ts .  A f te r  the  ind iv idua l  accounts ,  r r€

recap i tu la te  the  s ign i f i can t  resu l ts  fo r  each group and,  where

poss ib le ,  a t tempt  to  in te rpre t  them in  te rms o f  poEent ia l  con t r ibu t ing

mechan isms.

Va lues  o f  mean abundance are  presented  in  Tab le  4 -1 ,  tes t  resu l ts

i n T a b l e s  4 - 2 , 4 ' 3 ,  a n d  4 - 4 ,  p e r c e n t  c h a n g e s  i n  a b u n d a n c e  i n  T a b l e  4 - 5 ,

and in take  Losses  in  Tab le  4 -6 .  The pro toco l  fo r  examin ing  assumpt ion

tes t ing  and BACI  tes t ing  is  p resented  in  a  separa te  vo lume as  Append ix

C.1 .  Examples  app ly ing  the  pro toco l  to  a  spee ies  showing a  s ign i f i can t

e f fecE (C leve1ary l :La  ios )  and a  spec ies  showing no  e f fec t  (Gob iesox

r h e s s o d o n )  f o r m  A p p e n d i e e s  C . 2  a n d  C , 3 ,  r e s p e c t i v e l y .  T h e  m a i n  b o d y  o f

f igures  suppor t ing  th is  chapter  a re  p rov ided in  Append ix  D.  For  each

taxon and deve lopmenta l  s tage d iscussed,  there  are  s ix  k inds  o f

f igures :  ( t )  a  f igure  summar iz ing  the  BACI  assumpt ions  tes t  resu l ts l

(2 )  a  f igure  summar iz ing  the  BACI  tes t  resu l ts  and g iv ing  the  percent

change in mean abundance at SONGS and Control  and the percent change in

re laE ive  abundance;  (3 )  a  f igure  showing preopera t iona l  and opera t iona l

p e r i o d  D e l t a  v a l u e s  p l o t t e d  t o g e t h e r  o n  a  o n e - y e a r  t i m e '  s c a l e  t o

f a c i l i t a t e  b e t w e e n - p e r i o d  c o m p a r i s o n ;  Q )  a  f i g u r e  s h o w i n g  D e l t a  v a l u e s

through t ime;  (5 )  a  f igure  showing abundance va lues  a t  SONGS and a t
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Cont ro l  p lo t ted  th rough t ime;  and (6 )  a  f igure  summar iz ing  the  pa t te rn

a n a l y s i s  r e s u l t s  a n d  g i v i n g  s c h e m a t i c  r e p r e s e n t a t i o n s  o f  c r o s s - s h e I f

abundance pa t te rns  a t  SONGS in  the  opera t iona l  per iod  and in  a  "Before-

o r - C o n t r o l "  d a t a  s e t .

4 " 2 . L  I n n e r  N e a r s h o r e  T a x a

In  a  p rev ious  ana lys is  o f  i ch thyop lank ton  c ross-she l f

d i s t r i b u t i o n  p a t t e r n s  n e a r  S O N G S ,  B a r n e t t  e t  a l .  ( 1 9 8 5 )  i d e n t i f i e d

e leven spec ies  as  inner  nearshore  taxa .  These were  spec ies  la rge ly

r e s t r i c t e d  t o  t h e  z o n e  w i t h i n  a b o u t  3 . 8  k n  f r o m  s h o r e  ( t o  a  d e p t h  o f  2 T

m)  and occur r ing  in  g rea tes t  abundance w i th in  about  2  km f rom shore  ( to

a  depth  o f  12  m) .  N ine  o f  the  e leven inner  nearshore  taxa  were  se lec ted

for  th is  f ina l  BACI  ana lys is ;  the  remain ing  two,  an  un ident i f ied

c l ing f ish  and the  Ca l i fo rn ia  tonguef ish ,  were  no t  ana lyzed because

the i r  la rvae were  ra re  near  SONGS.  Two o f  the  n ine  taxa  (queenf ish  and

whi te  c roaker )  a re  t rea ted  in  th is  repor t  a long w i th  the

nearshore / t rans i t iona l  zone ich thyop lank ton  because a l though the i r

o lder  la rva I  s tages  are  la rge ly  res t r i c ted  to  the  very  nearshore  zone,

t h e i r  y o u n g e r  s t a g e s  h a v e  a  b r o a d e r  c r o s s - s h e 1 f  d i s t r i b u t i o n .

The remain ing  seven taxa  are  t rea ted  in  th is  sec t ion ,  s ince  they

a l l  ma j -n ta in  inner  nearshore  d is t r ibu t ions  th roughout  la rva I  l i fe .

T h e s e  t a > : a  i n c l u d e  t h r e e  g o b i e s :  C i e v e l a n d i a  i o s  ( a r r o w  g o b y ) ,

Q u i e t u l a  y - c a u d a  ( s h a d o w  g o b y ) ,  a n d  I l y p n u s  g i l b e r t i  ( c h e e k s p o t  g o b y ) ;

th ree  c l in ids :  Parac l inus  in t_ggr . i i -p inn is .  ( ree f  f inspot ) ,  G ibbons ia  spp.

( k e ] - p f i s h ) ,  a n d  H e t e r o s t i c h u s  r o s t r a t u s  ( g i a n t  k e l p f i s h ) ;  a n d  o n e

c l i n g f i s h ,  G o b i e s o x  r h e s s o d o n  ( C a l i f o r n j - a  c l i n g f i s h ) .  A L I  s e v e n

s p e c i e s  s h a r e  l i f e  h j . s t o r y  c h a r a c t e r i s t i c s  i n  a d d i t i o n  t o  l a r v a I

d i s t r i b u t i o n ;  f o r  e x a m p l e ,  a l l  s p a w n  a d h e s i v e  e g g s  i n  n e s t s  g u a r d e d  b y  a

4-  r0



parent  (usua l ly  the  male) ,  a l l  have a  long incubat ion  per iod  (  t  one

week) ,  and the  la rvae o f  a l l  a re  re la t i ve ly  la rge  and we l l  deve loped a t

ha tch ing .

4 " 2 . L " L  P o t e n t i a l  S O N G S  E f f e c t s

These inner  nearshore  taxa  hrere  expec ted ,  a  p r io r i ,  to  fo rm the

grouP most  l i ke ly  to  show e f fec ts  o f  SONGS Uni ts  2  and 3  opera t ions

because the i r  c ross-sheI f  loca t ion  rough ly  co inc ided w i th  tha t  o f  the

SONGS Uni ts  2  and 3  in takes  and d i f fusers ,  and the  SONGS ef fec ts  on  f i sh

la rvae were  expec ted  to  resu l t  la rge ly  f rom in take  w i thdrawal .  and

ent ra inment  in  the  d ischarge p lume.  These e f fec ts  were  expec ted  to  be

negat ive ,  because most  la rvae w i thdrawn a t  the  in takes  w i l l  d ie  in

Passage th rough the  coo l ing  sys tems and those en t ra ined in  the  d i f fuser

d ischarge p lume may be  sub jec t  to  inc reased predat ion  and/or  may be

t ranspor ted  seaward ,  beyond the i r  normal  range,  where  su : r r i va l  may be

r e d u c e d .

Because these f i shes  are  nearshore ,  ma in ly  demersa l  spec ies ,  SONGS

Uni ts  2  and 3  opera t ions  migh t  be  expec ted  to  a f fec t  the  adu l ts  as  we l l

a s  t h e  l a r v a e .  E f f e c t s  c o u l d  b e  p o s i t i v e  o r  n e g a t i v e :  f o r  e x a m p l e ,  t h e

d ischarge o f  dead or  in ju red  organ isms (zoop lank ton ,  mys ids ,  f i sh

l a r v a e ,  e t c . )  c o u l d  p r o v i d e  a  f o o d  r e s o u r c e  n e a r  t h e  d i f f u s e r s  t h a t

rn igh t  d i rec t l y  o r  ind i rec t l y  suppor t  la rger  popu la t ions  o f  these

f ishes .  A l te rna t ive ly ,  the  tu rb id  d ischarge p lume n igh t  reduce the

l o c a l  b e n t h i c  a 1 g a l  c o v e r  a s  a  r e s u l t  o f  r e d u c e d  l i g h t  E r a n s m i t t a n c e ,

thus  render ing  the  hab i ta t  subopt ima l  fo r  those spec ies  s t rong ly

a s s o c i a t e d  w i t h  a l g a l  c o v e r  ( f o r  e x a m p l e ,  s h a d o w  g o b y  a n d  s p o t t e d

k e l p f i s h ) .  S u c h  e f f e c t s .  h o w e v e r ,  s h o u l d  o c c u r  o n  a  r e l a t i v e l y  s m a l 1

s p a t i a l  s c a l e  a r o u n d  S O N G S .  B e c a u s e  t h e  h a b i t a E s  o f  t h e  a d u l t s  c o v e r  a
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nuch larger  area in  the San Onofre reg ion.  local  decreases or  increases

in  l a rva l  p roduc t i on  w lu ld  p robab ly  no t  be  a t t r i bu tab le  to  adu l t  l osses

or  immigrat ion a1one.  Any such loca1 change in  larva l  product ion would

tend  to  be  obscu red  as  a  resu l t  o f  t he  b road  d i spe rs ion  o f  t he  younger

larvae by coasta l  currents .  S imi lar ly ,  a  s ign i f icant  impact  on local

larva1 product ion as a resul t  o f  adul t  losses v ia  impingement  or

entrapment  is  a lso un1ike ly .  The benth ic  habi . ta t  o f  the adul ts  of  these

nearshore species should make them re lat ive ly  immune to such ef fects ,

and  i n  fac t  t hey  a re  ra re  i n  i np lan t  samp les  (e .9 " ,  DeMar t i n i  e t  a1 . ,

I e87 ) .

Tirus, s igni f icant changes in larval  abundance near S0NGS in the

Af te r  per iod  wou ld  p resumably  have resu l ted  main ly  f rom la rva l

w i thdrawal  and en t ra inment  and,  perhaps ,  f rom increased predat ion  i f

p l a n k t i v o r o u s  f i s h e s  w e r e  a t t r a c t e d  t o  t h e  v i c i n i t y  o f  t h e  d i s c h a r g e

p lume I  the  BACI  tes ts  shou ld  have ident i f ied  these as  negat ive  e f fec ts  "

MEC es t imated the  percentages  o f  la rvae in  the  c ross-she l f  p lane

that were ki l led as a result  of  withdrawal and entrainment during Ehe

opera t iona l  per iod  to  de termine wheEher  these e f fec ts  cou ld  have

produced s i -gn i f i can t  BACI  resu l ts .  In take  w i thdrawal  a lone probab ly

k i l l e d  a b o u t  1 0 - 3 6 %  o f  t h e  i n n e r  n e a r s h o r e  l a r v a e  i n  t h e  c r o s s - s h e l f

p 1 a n e .  d e p e n d i n g  o n  t h e  s p e c i e s  ( T a b 1 e  4 - 6 ) .  E s t i m a t e d  l o s s e s  o f

i n d i v i d u a l  s t a g e s  r a n g e d  f r o m  a s  l o w  a s  2 %  o f  t h e  p o s t f l e x i o n - s t a g e

g i a n t  k e l p f i s h  l a r v a e  t o  a s  h i g h  a s  6 7 %  o f  t h e  p o s t f l e x i o n - s t a g e  l a r v a e

o f  G i b b o n s i a  s p .  A .  I n  g e n e r a l ,  h o w e v e r ,  i n t a k e  v r i t h d r a w a l  a l o n e

probab ly  d id  no t  1 : i11  enough la rvae to  have produced a  507"  decrease in

c t o s s - s h e 1 f  a b u n d a n c e ,  w h i c h  i s  t h e  l e v e 1  o f  e f f e c t  t h e  B A C I  a n a l y s e s

w e r e  i n t e n d e d  t o  d e t e c t .  I f  l a r v a e  . s e c o n d a r i l y  e n t r a i n e d  i n  t h e

d i s c h a r g e  p l u m e  w e r e  s u b j e c t  t o  a d d i t i o n a l  m o r t a l i t y  a s  a  r e s u l t  o f

4 -  L2



l ess  even i f  i t  d id  occur .  l , Je  d id  no t  tes t  fo r  re la t i ve  inc reases  and

see no  compel l ing  t " " "on  to  suPPose tha t  the  inc rease no ted  above

represents  a  rea l  e f fec t .  T - tes ts  and Wi lcoxon rank  sum tes ts  o f  the

o t h e r  a c c e p t a b l e  d a t a  t r e a t m e n t s  ( a l l  1 o g  ( x  +  C )  t r a n s f o r m a t i o n s )  a l s o

y ie lded nons ign i f i can t  resuLts  (Tab le  4 '2 ) ,  and the  b inomia l  tes t

indicated that the proport ion of G. rhessodon larvae at SoNGS in the

opera t iona l  per iod  d id  no t  d i f fe r  f rom the  ProPor t ion  in  the

p r e o p e r a t i o n a l  p e r i o d  ( T a b I e  4 ' 4 ) .

Resu l ts  o f  the  pr inc ipa l  BACI  t - tes t  on  un t rans formed s tage-

spec i f i c  da ta  were  a lso  nons ign i f i can t  in  re la t i ve  abundance,  and

acceptab le  da ta  t rea tments  conf i rmed the  pr inc ipa l  tes t  resu l ts  (TabIe

4 - 2 ,  F i g u r e s  D - 7 1 ,  D - 7 6 ,  D - 8 1 ) .  T h e  b i n o m i a l  t e s t  f o r  e a c h  s t a g e

ind ica ted  tha t  the  propor t ion  o f  Larvae a t  SONGS in  the  opera t iona l

per iod  v tas  r - ro t  d i f fe ren t  f rom the  ProPor t ion  in  the  P. reoPera t iona l

p e r i o d  ( a 1 1  v a l u e s  o f  p  >  0 . 1 0 ;  T a b l e  4 - 4 ) .  P r e f l e x i o n  a n d  f l e x i o n

s tages  inc reased in  mean abundance a t  bo th  SONGS and Cont ro l  (Tab le  4 -

1) ,  bu t  mean abundances  were  a lways  h igher  a t  SONGS in  bo th  mon i to r ing

per iods .  Mean abundances  o f  pos t f lex ion  la rvae '  on  the  o ther  hand,  were

e s s e n t i a l l y  t h e  s a m e  a t  b o t h  l o c a t i o n s  i n  b o t h  p e r i o d s  ( a  s i n g l e  v e r y

la rge  ca tch  on  23  August  1984 t rans la ted  in to  a  la rge  inc rease in  mean

abundance a t  SONGS in  the  opera t iona l  per iod ;  w i thout  th is  da te '  mean

abundance a t  SONGS d i f fe red  l i t t le  f rom mean abundance a t  Cont ro l ) .  The

r a t i o s  o f  p o s t f l e x i o n  t o  p r e f l e x i o n - s t a g e  a b u n d a n c e s  d i f f e r e d  l - i t t L e

between mon i to r ing  per iods  a t  bo th  loca t ions  (when the  23  August  L984

d a r u m  w a s  e x c l u d e d ) ;  t h e  r a t i o  a t  C o n t r o l . w a s  l a r g e r  t h a n  t h a t  a t  S O N G S

i n  b o t h  p e r i o d s ,  s u g g e s t i n g  t h a t  a n  a P P r e c i a b l e  f r a c t i o n  o f  t h e  l a r v a e

in  the  Cont ro l  a rea  cou ld  have dr i f ted  there  f rom the  rock ie r  a reas  to

t h e  n o r t h ,  w h i l e  t h o s e  a t  S O N G S  m a y  h a v e  b e e n  p r o d u c e d  1 o c a } l y  ( i ' e '  '  i n

t h e  S a n  M a t e o  -  S a n  O n o f r e  r e g i o n ) .
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I f  the  la rvae a t  SONGS h 'e re  o f  loca1 or ig in ,  and i f  w i thdrawal  and

ent ra inment  e f fec ts  were  ac tua l l y  impor tan t  fo r  th is  spec ies ,  w€ might

exPect  to  see s ign i . f i can t  reduc t ions  in  re la t i ve  abundance dur ing  p lume

d a t e s .  R e s u l t s  o f  t h e  t - t e s t s  o n  u n t r a n s f o r m e d  p l u m e  d a t e s  d a t a  ( T a b l e

4 - 3 )  w e r e  n o n s i g n i f i c a n t  ( p  t  0 . 1 0 )  e x c e p t  f o r  p r e f l e x i o n - s t a g e  I a : r r a e

( p  =  0 . f 0 ) .  P r e f l e x i o n - s t a g e  l a r v a e  d e c l i n e d  i n m e a n  a b u n d a n c e  a t  S O N G S

whi le  inc reas ing  a t  Cont ro l  on  the  p lume dates ;  the  o lder  deve lopmenta l

s tages  and to ta l  G.  rhessodon la rvae increased a t  bo th  loca t ions .  On

n o n - p l u m e  d a t e s ,  t - t e s t  r e s u l t s  w e r e  a l l  n o n s i g n i f i c a n t  ( p  >  0 . 1 0 ) "  T h e

p l u m e  d a t e s  r e s u l t  f o r  p r e f l e x i o n - s t a g e  l a r v a e ,  c o u p l e d  w i t h  t h e

ehanges in mean abundance, are what would be expected from SONGS

wi thdrawal  and en t ra inment  e f fec ts ;  we may no t  have ob ta ined s imi la r

resu l ts  fo r  the  o ther  s tages  because they  may be  capab le  o f  o r ien ted

behav io r  tha t  a l lows them to  res is t  t ranspor t  e f fec ts "  The i r  more

e p i b e n t h i c  n i g h t t i m e  d i s t r i b u t i o n  s h o u l d  a l s o  t e n d  t o  r e d u c e

e n t r a i n m e n t  e f f e c t s .  A l t e r n a t i v e l y ,  t h e  l a c k  o f  e f f e c t s  f o r  f l e x i o n

and pos t f lex ion-s tage la rvae may imp ly  tha t  the  s ign i f i can t  p lume dates

resu l t  fo r  p re f lex ion-sEage la rvae was jus t  a  chance occur rence.  We

c a n n o t  s e p a t a t e  t h e s e  p o s s i b i l i t i e s  o n  t h e  b a s i s  o f  t h e  e x i s t i n g  d a t a .

D is t r ibu t iona l  pa t te rns  a lso  were  compared be tween mon i to r ing

l o c a t i o n s  a n d  p e r r o d s .  T h i s  p a t t e r n  a n a l y s i s  s h o w e d  a  s i g n i f i c a n t

s h i f t  i n  c r o s s - s h e l f  d i s t r i b u t i o n s  o f  f l e x i o n - s t a g e  l a r v a e  d u r i n g  t h e

opera t iona l  per iod  a t  SONGS.  These la rvae exper ienced a  re la t i ve

i n c r e a s e  i n  t h e  B l o c k  C  e p i b e n t h o s  ( F i g u r e  D - 6 9 ) ;  t h e  c e n t e r  o f

a b u n d a n c e  d i d  n o t  s h i f t .
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4 . 2 . L . 2 . 5  P a r a c l i n u s  i n t e g r i p j - n n i s  ( R e e f  f  i n s p o t  )

A11 s tages  o f  ree f  f inspot  except  p re f lex ion  la rvae increased in

abundance a t  bo th  locar ions ,  bu t  more  a t  Cont ro l .  Pre f lex ion  1a : r rae

d e c r e a s e d  a t  b o t h  l o c a t i o n s " .  B A C I  t e s t s  o f  t h e  a b u n d a n c e  o f  t o t a l

la rvae and o f  a l l  s tages  were  nons ign i f i can t ,  as  were  a l l  bu t  one o f  the

secondary  tes ts .  The p lume/non-p lume ana lys is  and the  pa t te rn  ana lyses

a l s o  f a i l e d  t o  y i e l d  c l e a r  e v i d e n c e  o f  a  S O N G S  e f f e c t .  W h e n  o n e  d a t e  o n

which unusual ly large numbers of larvae were caught at SONGS was deleted

f rom the  da ta  se t ,  the  BACI  tes ts  o f  to ta l  and pre f lex ion  la rvae were

s i g n i f i c a n t .  H o w e v e r ,  s i n c e  t h o s e  d a t a  r e f l e c t  n a t u r a l  v a r i a b i l i t y ,

t h e r e  i s  n o  v a l i d  j u s t i f i c a t i o n  f o r  d e l e t i n g  t h a t  d a t e .  W e  c o n c l u d e ,

there fore ,  tha t  SONGS opera t ions  had no  de tec tab le  e f fec t  on  the  ree f

f i n s p o t  p o p u l a t i o n "

T h e  B A C I  r e s u l t s  o f  a l l  o f  t h e  t - t e s t s  ( u s i n g  u n t r a n s f o r m e d  d a t a

f o r  t o t a l  l a r v a e  p r e f l e x i o n ,  a n d  p o s t f l e x i o n - s t a g e  l a r v a e ,  a n d  t h e  1 o g

( x  *  0 . 1 )  t r a n s f o r m a t i o n  f o r  f l e x i o n - s t a B e  l a r v a e )  w e r e  n o n s i g n i f i c a n t

( T a b 1 e  4 - 2 ;  a l l  v a l u e s  o f  p  >  0 . 1 0 ) .  T h e  b i n o m i a l  t e s t  ( T a b l e  4 - 4 )

showed tha t  the  propor t ions  o f  ! .  in tegr ip inn is  la rvae ( to ta l  la rvae

and a l l  th ree  s tages  )  a t  SONGS in  the  opera t iona l  per iod  were  no t

d i f fe ren t  f rom the  expec ted  propor t ions  based on  preopera t iona l  per iod

d a t a  ( a J - I  v a l u e s  o f  p  >  0 . 1 0 ) .  S e c o n d a r y  B A C I  t e s t s  ( t r a n s f o r m a t i o n s ,

W i l c o x o n  r a n k  s u m  t e s t )  c o n f i r m e d  t h e  r e s u l t s  o f  t h e  p r i m a r y  t e s t s ,

e x c e p t  t h a t  t h e  t - t e s t  o n  1 o g  ( x  +  1 )  a n d  l o g  ( x  +  0 . I ) - t r a n s f o r m e d  t o t a l

3 .  i n t e g r i p i n n i s  l a r v a e  d a t a  i n d i c a t e d  a  s i g n i f i c a n t  ( p  <  0 . 1 0 )

decrease in  re la t i ve  abundance.  .  Th is  lack  o f  agreement  occur red

b e c a u s e  t h e  a n a l - v s i s  o f  u n t r a n s f o r m e d  d a t a  w a s  c o n t r o l l e d  b y  a  s i n g l e

v e r y  l a r g e  c o l l e c t i o n .
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The power  o f  the  BACI  p rocedure  to  de tec t  a  change in  re la t i ve

a b u n d a n c e  w a s  l o w  ( a l i  <  0 . 3 5  a t  o  =  0 . 1 0 ) ,  s o  t h a t  a  r e a l  c h a n g e  w o u l d

h a v e  h a d  t o  b e  v e r y  l a r g e  t o  b e  s t a t i s t i c a l l y  r e c o g n i z e d .  T h e  r e L a t i v e

changes o f  to ta l  and f lex ion-s tage la rvae were  ra ther  la rge  (Tab1e 4-

5  ) ,  a l though Rot  as  la rge  as  the  decreases  recogn ized as  s ign i f i can t  fo r

the  gob ies .  Pos t f lex ion-s tage la rvae decreased in  mean abundance a t

b o t h  S O N G S  a n d  C o n t r o l ;  a l l  o t h e r s  i n c r e a s e d  a t  b o t h  l o c a t i o n s .  T h e

percentage increases  were  much la rger  a t  Cont ro l  than a t  SONGS ( t  L307"

a t  Cont ro l  vs .  <  607"  a t  SONGS) ,  a l though abundances  o f  a l l  th ree  la rva1

s tages  remained genera l l y  h igher  a t  SONGS than a t  Cont ro l  in  bo th

m o n i t o r i n g  p e r i o d s .

The nons ign i f i can t  BACI  resu l ts  fo r  to ta l  la rvae and fo r  the

p r e f l e x i o n - s t a g e  l a r v a e  w e r e  a t t r i b u t a b l e  t o  a  s i n g l e  s u r v e y  m a d e  o n  1 9

Ju ly  I983.  when la rge  numbers  o f  young ree f  f inspot  la rvae were

co l lec ted  in  the  midwater  and ep ibenthos  near  shore  a t  SONGS.  These

c o l l e c t i o n s  l e g i t i m a t e l y  r e f l e c t e d  t h e  n a t u r a l  h i g h  v a r i a b i l i t y  o f  t h e

oPen coas ta l  sys tem,  and the  BACI  resu l ts  tha t  inc lude th is  survey

s h o u l d  b e  r e g a r d e d  a s  t h e  b e s t  e s t i m a t o r  o f  a n y  o v e r a l l  e f f e e t ,

However .  i t  i s  in te res t ing  to  no te  tha t  exc lud ing  th is  su :a /ey  y ie lded

s i g n i f i c a n t  ( p  <  0 . 1 0 )  B A C I  r e s u l t s  b o t h  f o r  t o t a l  l a r v a e  a n d  f o r

pre f lex ion-s tage la rvae.  The mean abundance o f  to ta l  la rvae a t  SONGS

dec l j -ned about  5O7"  ( ra ther  than inc reas ing  about  2771 w i th  the  19  Ju ly

1 9 8 3  d a t u m ) .  b u t  t h e  j - n c r e a s e  a t  C o n t r o l  r e m a i n e d  l a r g e r  t h a n  1 O O % .

T h e  B A C I  a n a l y s i s  o f  E h e  p l u m e  d a t e  d a t a  ( T a b 1 e  4 - 3 )  y i e l d e d

s i g n i f i c a n t  r e s u l t s  ( p  =  0 . 0 5 ;  t - t e s t  o n  u n t r a n s f o r m e d  d a t a )  f o r  t o t a l

E .  i n t e g r i p i n n i s  l a r v a e ,  p r o b a b l y  b e c a u s e  t h e  L 9  J u l y  1 9 8 3  d a t u m  w a s

n o t  i n c r u d e d  i n  t h i s  s u b s e t .  H o w e v e r ,  r e s u l t s  f o r  t h e  t h r e e

d e v e 1 o p m e n t a 1 S t a g e S a 1 1 r e m a i n e d n o n s i g n i f i c a n t ( a I 1 v a I u e s o f P >
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0. f0 ) "  S ince  w i thdrawal  and en t ra inmenL e f fec ts  shou ld  have been most

v i s i b l e  i n  t h i s  d a t a  s u b s e t ,  t h e  l a c k  o f  s i g n i f i c a n t  r e s u l t s  s u g g e s t s

e i ther  tha t  these e f fec ts  were  no t  impor ran t  fo r  lanra1  3 .

in tegr ip inn is  dur ing  the  1983 -  1986 opera t iona l  per iod ,  o r  tha t  the

var iab i l i t y  o f  the  ca tch  da ta  was too  h igh  to  a l1ow detec t ion  o f  such

e f f e c t s ,  o r  b o t h .

T h e  p a t t e r n  a n a l y s i s  r e s u l t s  ( F i g u r e  D - 9 0 )  c o u l d  b e  i n t e r p r e t e d  a s

agree ing  w i th  the  BACI  resu l ts  o f  the  tes ts  run  w i thout  the  19  Ju ly  I983

datum in  tha t  s ign i f i can t  (p

d is t r ibu t ions  were  recogn ized fo r  bo th  to ta l  la rvae and the  pre f lex ion-

s tage la rvae.  Inspec t ion  o f  the  abundance pa t te rns  d id  no t  revea l  a

s t r i k ing  sh i f t  in  d is t r ibu t ion ,  a l though to ta l  la rvae d id  show a

re la t i ve  inc rease in  the  B lock  A ep ibenthos  and a  re la t i ve  decrease in

the  B loc l r  B  midwater  a t  SONGS in  the  opera t iona l  per iod  re la t i ve  to  the

B e f o r e - o r - C o n t r o l  d a t a  s e t .  T h e . p r e f l e x i o n - s t a g e  l a r v a e  s h o w e d  a

re la t i ve  inc rease in  the  B lock  A ep ibenthos .  These re la t i ve  changes may

i n d i c a t e  a  S O N G S - i n d u c e d  r e d i s t r i b u t i o n .

4  . 2  " 1 . 2  "  6  G i b b p l s i a  s p .  A  ( K e 1 p f  i s h )

The abundances  o f  G ibbons ia  sp .  A  (p robab ly  g .  e legans ,  the

s p o t t e d  k e l p  f i s h ;  s e e  A p p e n d i x  A . 1 )  c h a n g e d  t r e r ]  1 i t t I e  a t  b o t h  s i t e s .

The BACI  tes ts  were  nons ign i f i can t  and were  cor robora ted  by  the

s e c o n d a r y  t e s t s .  T h e  p a t t e r n  a n a l y s i s  f a i l e d  t o  i d e n t i f y  a  c l e a r

r e d i s t r i b u t i o n  o f  k e l p f i s h  l a r v a e .  T h u s ,  S O N G S  o p e r a t i o n s  h a d  n o

d e t e c t a b l e  e f f e c t  o n  t h e  k e l p f i s h  p o p u l a t i o n  n e a r  S O N G S .

T h e  W i l c o x o n  r a n k  s u m  t e s t  ( t h e  t - t e s t  w a s  i n a p p r o p r i a t e  b e c a u s e

a n  i n f l u e n c e  d a t e  w a s  d e l e c t e d  t o  o b t a i n  a d d i t i v i t y )  o n  t h e

u n t r a n s f o r m e d  d a t a  f o r  t o t a l  G i b b o n s i a  s p .  A  l a r v a e  w a s  n o n s i g n i f i c a n t
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( T a b l e  4 - 2 ;  p  >  0 . I 0 ) .  T h i s  w a s  d u e  t o  t h e  f a c t  t h a t  r e l a t i v e  a b u n d a n c e

( T a b l e  4 - 5 )  i n c r e a s e d  o n l y  s t i g h t l y  ( t 5 % ) ,  r e f l e c t i n g  a  s l i g h t  i n c r e a s e

in  mean abundance a t  SONGS (L2" / " )  together  w i th  a  s l igh t  decrease a t

C o n t r o l  ( 1 I i 1 ) .  C o r r o b o r a t i v e  t - t e s t s  o n  t r a n s f o r m e d  d a t a  l i k e w i s e

y i e l d e d  n o n s i g n i f i c a n t  r e s u l t s ,  T i m e  p l o t s  o f  c r o s s - s h e l f  a b u n d a n c e s

(F igure  D-  110 )  and De l tas  (F igure  D-  109 )  showed cons iderab le

var iab i l i t y  and over lapp ing  o f  va lues ,  bu t  no  ev idence o f  an  e f fec t ,

Regress ions  o f  SONGS abundance on  Cont ro l  abundance d id  no t  d i f fe r

be tween mon i to r ing  per iods ,  s t rengthen ing  the  in te rpre ta t ion  o f  "no

e f f e c t " .  T h e  b i n o m i a l  t e s t  ( T a b l e  4 - 4 )  i n d i c a t e d  t h a t  t h e  p r o p o r t i o n  o f

la rvae a t  SONGS in  the  opera t iona l  per iod  d id  no t  d i f fe r  f rom the

p r o p o r t i o n  a t  S O N G S  i n  t h e  p r e o p e r a t i o n a l  p e r i o d  ( p  =  0 " 5 3 ) .  B A C I  a n d

b inomia l  ana lyses  o f  the  deve lopmenta l  s tages  (Tab l "e  4 -2)  gave

n o n s i g n i f i c a n t  r e s u l t s  ( a 1 1  p  >  0 . 1 0 )  a s  w e I 1 ,  a n d .  a s  i n  E h e  c a s e  o f

to ta l  la rvae,  showed no ev idence o f  a  sh i f t  i .n  abundance re la t ionsh ips

between mon i to r ing  per iods  in  the  var ious  p lo ts  o f  abundance and De l ta

v a l u e s  "

The p lume/non-p1ume BACI  ana lyses  (Tab le  4 -3)  gave nons ign i f i can t

r e s u l t s  f o r  t o t a l  G i b b o n s i a  l a r v a e  a n d  a l l  t h r e e  s t a g e s  ( a l 1  v a l u e s  o f  p

>  0 . 1 0 ) .  s u p p o r t i n g  t h e  p r i m a r y  t e s t  r e s u l t .

The Pat te rn  ana lys is  (F igure  D- I11)  conf i rmed tha t  la rvae v rere

most  abundant  near  shore ,  bu t  d id  no t  d is t ingu ish  be tween abundance

P a t t e r n s  i n  t h e  S O N G S  o p e r a t i o n a l  a n d  B e f o r e - o r - C o n t r o l  d a t a  s e t s ,

e x c e P t  f o r  f l e x i o n - s t a g e  l a r v a e .  I n s p e c t i o n  o f  t h e  p a t t e r n s  f o r

f l e x i o n - s t a g e  l a r v a e  d i d  n o t  s h o w  a  s t r i k i n g  s h i f t ,  a n d  w e  d o  n o t  r e g a r d

t h i s  r e s u l t  a s  e v i d e n c e  o f  a n  e f f e c t  o f  S O N G S  o p e r a t i o n .
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4  "2  "L .2 .  7  He te rosE jchus  ros t l g !g_1  (G ian t  ke lp f  i sh )

The re la t i ve  abundance o f  a l l  bu t  the  pre f lex ion  la rvae o f  g ian t

ke lp f i sh  inc reased a t  SONGS.  The BACI  tes ts  and the  cor robora t ive  tes ts

were  a l l  nons ign i f i can t .  Pa t te rn  ana lys is  suggested  a  red is t r ibu t ion

of  f lex ion-s tage la rvae away f rom the  b lock  c loses t  to  shore .  The

cons is ten t ly  nons ign i f i can t  resu l ts  o f  the  BACI  tes ts ,  however ,  means

tha t  SONGS opera t ions  had no  de tec tab le  e f fec t  on  the  g ian t  ke lp f i sh

p o p u  1 a t  i o n .

The t - tes ts  on  the  un t rans formed data  fo r  to ta l  H .  ros t ra tus

la rvae and the  th ree  la rva I  s tages  y ie lded nons ign i f i can t  resu l ts

( T a b l e  4 - 2 ;  a l l  v a l u e s  o f  p  >  0 " 1 0 ) .  R e l a t i v e  a b u n d a n c e  o f  a l l  b u t  t h e

p r e f l e x i o n - s t a g e  l a r v a e  i n c r e a s e d  ( T a b l e  4 - 5 ) .  P r e f l e x i o n  l a r v a e

s h o w e d  a  n o n s i g n i f i c a n t  ( p  r  O . 1 0 )  d e c r e a s e .  T h e  s e c o n d a r y  B A C I  t e s t s

were  a lso  nons ign i f i can t .  Mean abundance o f  to ta l  La : :vae  and

pre f lex ion-s tage la rvae increased a t  bo th  SONGS and Cont ro l ,  the  mean

abundance o f  f l6x ion-s tage la rvae decreased a t  bo th  loca t ions ,  and the

mean abundance o f  pos t f lex ion-s tage la rvae increased a t  SONGS but

d e c r e a s e d  a t  C o n r r o l  ( T a b l e  4 - 1 ) .  T h e  b i n o m i a l  r e s r  ( T a b I e  4 - 4 )

ind ica ted  tha t  the  propor t ions  o f  to ta l  la rvae and o f  a l l  deve lopmenta l

s tages  a t  SONGS in  the  opera t iona l  per iod  were  no t  d i f fe ren t  f rom the

p r o p o r t i o n s  i n  t h e  p r e o p e r a t i o n a l  p e r i o d  ( a l 1  v a l u e s  o f  p  >  0 . 0 5  )  .

A n a l y s e s  o f  t h e  p l u m e  d a t e s  a n d  t h e  n o n - p I u m e  d a t e s  ( T a b 1 e  4 - 3 )

y i e l d e d  n o n s i g n i f i c a n t  ( a 1 1  v a l u e s  o f  p  >  0 . 1 0 )  r e s u l t s  f o r  t h e  p l u r n e

dates  subset ,  when a  w i thdrawal /en t ra inment  e f fec t  wou ld  be  expec ted  to

b e  m o s t  a p p a r e n t ,  b u t  a  s i g n i f i c a n t  ( p  =  0 . 0 9 )  r e d u c t i o n  i n  t h e  r e l . a t i v e

abundance o f  f lex ion-s tage la rvae in  the  non-p1ume dates  subset ,  when a

w i t h d r a w a l / e n t r a i n m e n t  e f f e c t  s h o u l d  h a v e  b e e n  l e a s t  a p p a r e n t .  S i n c e

t h e r e  w e r e  o n l y  f o u r  n o n - p 1 u m e  o b s e r v a t i o n s  f o r  f l e x i o n - s t a g e  l a r v a e ,

w e  a r e  i n c l i n e d  t o  d i s c o u n t  t h i s  r e s u l t .
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T h e  p a t t e r n  a n a l y s i s  ( F i g u r e  D - 1 3 2 )  i n d i c a t e d  a  s i g n i f i c a n t  ( p  .

0 . 0 1 )  s h i f t  o f  f l e x i o n - s t a g e  l a r v a e  a t  S O N G S  i n  t h e  o p e r a t i o n a l  p e r i o d .

I n s p e c t i o n  o f  t h e  d i s t r i b u t i o n a l  p a t t e r n s  s h o w e d  a  r e l a t i v e  d e c r e a s e  i n

the  B lock  A (most  nearshore)  ep ibenthos  a t  SONGS in  the  apera t iona l

per iod .  Because th is  was an  area  o f  h igh  la rva l  abundance in  the  Before-

or -Cont ro I  da ta  se t ,  the  MANOVA suggests  an  impor tan t  red is t r ibu t ion .

HOWeVer . even i f th is red is t r ibu t ion  d id represent

wi thdrawal /en t ra inment  e f fec ts ,  those e f fec ts  were  no t  la rge  enough to

have produced s ign i f i can t  reduc t ions  in  re la t i ve  abundance.

T h e  B A C I  a n d  p a t t e r n  a n a l y s i s  r e s u l t s  f o r  p o s t f l e x i o n - s t a g e  l a r v a e

s h o u l d  p r o b a b l y  b e  d i s c o u n t e d ,  s i n c e ,  o w i n g  t o  t h e i r  b e h a v i o r  ( i . e . ,

schoo l ing  around g ian t  ke lp  p lan ts ) ,  these la rvae were  probab ly  no t

a d e q u a t e l y  s a m p l e d ,  e s p e c i a l l y  a t  t h e  C o n t r o l  s i t e ,  w h i c h  i s  a b o u t  8  k m

downcoast  f rom the  neares t  ke lp  bed (Barn  Ke lp) .  The more  p lank ton ic

younger  la rvae cou ld  d r i f t  to  the  Cont ro l  s i te  f rom the  v ic in i ty  o f  the

Barn  Ke lp  w i th in  about  2 -5  days  (assuming a  mean southward  dr i f t  in  the

r a n g e  o f  2 - 5  c m / s ,  R e i t z e l  e t  a l . ,  L 9 8 7 ) ,  s o  f o r  t h e s e  t h e  C o n t r o l  s i t e

may rePresent  a  more  adeguate  cont ro l ,  a l though the  demise  o f  Barn  Ke lp

makes tha t  assumpt ion  ques t ionab le  as  we11.  Both  t l .  abundance and

r e s u l t i n g  D e l t a  v a L u e s  w e r e  q u i t e  v a r i a b l e  f o r  t h e  p r e f l e x i o n - s t a g e

l a r v a e  ( F i g u r e s  D - I I 5 ,  D - 1 1 4 )  a n d ,  t o  a  l e s s e r  e x t e n t  f o r  t h e  f l e x i o n -

s t a g e  l . a r v a e  ( F i g u r e  D - I 1 9 ) ;  c o n s e q u e n t l y  t h e  p o w e r  t o  d e t e c t  a  r e a l

c h a n g e  i n  r e l a t i v e  a b u n d a n c e  w a s  l o w  f o r  b o t h  s t a g e s  ( T a b 1 e  4 - z ) .

N e v e r t h e l e s s ,  w e  s e e  n o  r e a s o n  t o  d i s c o u n t  t h e  B A C I  a n d  p a t t e r n  a n a l y s i s

r e s u l t s  a n d  w e  t h e r e f o r e  c o n c L u d e  t h a t  f o r  H .  r o s t r a t u S  t h e r e  w a s  n o

d e t e c t a b l e  e f f e c t  o f  S O N G S  o p e r a t i o n ,  o r  a t  m o s t  o n l y  a  m i n o r

r e d i s t r i b u t i o n  i n  c r o s s - s h e 1 f  p o s i r i o n  a t  S O N G S  i n  t h e  1 9 8 3 - 1 9 8 6

o p e r a t i o n a l  p e r i o d .
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4 . 2 " L . 2 " 8  I n n e r  N e a r s h o r e  T a x a :  D i s c u s s i o n

The genera l  pa t te rn  fo r  the  inner  nearshore  taxa  was,  w i th  two

except ions ,  an  inc rease in  abundance dur ing  the  opera t iona l  per iod  a t

bo th  the  Impact  and Cont ro l  s i tes .  Inc reases  were  smaL ler  a t  SONGS for

four  spec ies ,  bu t  Gob iesox  rhessodon increased more  a t  SONGS.  On1y the

ar row goby ,  C leve land ia  ios  ,  dec l ined in  abundance a t  SONGS,  and on ly

the  ke lp f  i sh ,  G ibbons ia  sp .  A ,  dec l ined a t  Cont ro . I .  Changes in

abundance were somewhat more var iable for the individual developmental

s t a g e s  o f  e a c h  s p e c i e s  a l t h o u g h  t h e s e ,  t o o ,  t e n d e d  t o  f o I l o w  t h e  g e n e r a l

Pat te rn  o f  inc reases  in  abundance a t  bo th  s i tes .  These changes in

abundance were  ident i f ied  as  e f fec ts  fo r  one or  more  o f  the

deve lopmenta l  s tages  o f  a l l  th ree  goby  spec ies ,  bu t  no t  fo r  any  o f  the .

o ther  inner  nearshore  demersa l  taxa .  The p lume/non-p lume ana lys is

s u g g e s t e d  a n  e f f e c t  s m a l l e r  t h a n  t h e  d e t e c t i o n  l e v e 1  o f  t h e  t e s t s  o n  t h e

f u I 1  A f t e r  d a t a  s e t  f o r  t h e  p r e f l e x i o n - s t a g e  l a r v a e  o f  C a l i f o r n i a

c l i n g f i s h  ( G o b i e s o x  r h e s s o d o n )  .

Th is  lack  o f  s ign i f i can t  BACI  resu l ts  in  the  fu11 opera t iona l  da ta

s e t  f o r  f o u r  o f  t h e  s e v e n  s p e c i e s  t h o u g h t ,  a  p r i o r : l ,  t o  b e  m o s t  l i k e l y  t o

show an e f fec t  i f  there  was one,  rndy  re f lec t  the  h igh ly  var iab le  na ture

o f  t h e  d a t a ,  m a y  s u g g e s t  t h a t  a n y  " e f f e c t s "  u r e r e  m i n o r ,  o r  b o t h ,  A 1 1  o f

the  inner  nearshore  taxa  were  qu i te  var iab le  in  occur rence,  w i th  the

r e s u l t  t h a t  t h e  v a r i a n c e s  o f  t h e  D e l t a s  u s e d  i n  t h e  B A C I  t e s t i n g

p r o c e d u r e  w e r e  h i g h  a n d  t h e  t e s t s  h a d  t o o  l i t t l e  p o w e r  t o  r e c o g n i z e  a n y

but  very  la rge  changes in  re la t i ve  abundance as  s ign i f i can t .  I t  i s  no t

c e r t a i n  t h a t  w e  c o u l d  e v e r  s t a t i s t i c a l l y  i d e n t i f y  a  c h a n g e  i n  r e l a t i v e

a b u n d a n c e  f o r  s o m e  o f  t h e s e  s p e c i e s ,  e v e n  i f  a  r e a l  c h a n g e  d i d  o c c u r .
'  

On the  o ther  hand,  s ince  e f fec ts  in  the  inner  nearshore  group

o c c u r r e d  o n l y  a m o n g  t h e  g o b i e s ,  t h r e e  g u e s t i o n s  i m m e d i a t e l y  c o m e  t o
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mind:  "how do the  gob ies  d i f fe r  eco log ica l l y  f rom the  o ther  inner

n e a r s h o r e  t a x a ? " ;  " h o w  d o  t h e s e  d i f f e r e n c e s  r e s u l t  i n  e f f e c t s ? " ;  a n d

"are  these impor tan t  SONGS ef fec ts?" .  We can prov ide  s t ra igh t fo rward

answers  on ly  to  the  f i rs t  gues t ion ,  bu t  v re  can use those answers  to  fo rm

a  b a s i s  f o r  s p e c u l a t i o n s  o n  t h e  o t h e r  t w o  q u e s t i o n s .

I n  a n s w e r  t o  t h e  f i r s t  g u e s t i o n ,  a l t h o u g h  w e  p r e v i o u s l y  s t r e s s e d

the  genera l  s im i la r i t y  in  the  na tura l  h is to r ies  o f  the  inner  nearshore

demersa l  taxa ,  another  b road genera l i za t ion  is  tha t  the  gob ies  d i f fe r

f rom the  o thers  in  hab i ta t  p re fe rence.  The gob ies  are  thought  to  res ide

pr inc ipa l l y  on  in te r t j -da l  mudf la ts  and on  the  mud and sand bo t tom in

s h a l l o w  w a E e r s  o f  b a y s ,  e s t u a r i e s ,  a n d  h a r b o r s  ( l i t t I e  i s  k n o w n  o f  t h e i r

d is t r ibu t ion  or  abundance in  open coas ta l  waters ;  to  da te  on ly  r l ypnus

g i lber t i  has  been repor ted  to  have popu la t ions  a long the  open eoas t ,

a l t h o u g h  t h e  o t h e r s  p r o b a b l y  d o  o c c u r  t h e r e  a s  w e l l ) .  T h e  o t h e r  i n n e r

nearshore  demersa l  taxa  occur  p r inc ipa l l y  on  rocky  ree fs  and around

l :e lp  beds  a long the  open coas t .  LarvaL d is t r ibu t ions  are  s i rn i la r  fo r

a l l  the  inner  nearshore  demersa l  taxa ,  except  tha t  the  goby  la rvae tend

to  be  centered  a  l i t t le  nearer  shore  and nearer  the  bo t tom than the

o t h e r s .

lde  suggest  tha t  the  answer  to  the  second gues t ion  l ies  in  the  more

benth ic  hab i t  o f  goby  la rvae.  The th ree  pr inc ipa l  ways  we imag ined tha t

SONGS might  p roduce a  de tec tab le  change in  the  re la t i ve  abundance o f  the

i n n e r  n e a r s h o r e  f i s h  l a r v a e  w e r e :  ( 1 )  d i r e c t l y ,  b y  w i t h d r a w a l  a n d l o r

en t ra inment  o f  the  p lank ton ic  la rvae i  Q)  ind i rec t l y ,  by  inc reased

p r e d a t i o n  i f  p l a n k t i v o r o u s  f i s h e s  w e r e  a t t r a c t e d  t o  t h e  v i c i n i t y  o f  t h e

d i s c h a r g e  p I u m e ,  a n d  ( 3 )  i n d i r e c t l y ,  b y  p r o d u c i n g  s o m e  h a b i t a t  c h a n g e

tha t  wou ld  lead to  a  change in  the  s ize  or  cond i t ion  o f  the  spawning

p o p u l a t i o n s .  I f  a n y  o f  t h e s e  " m e c h a n i s m s "  a r e  i m p o r t a n t .  t h e  f a c t s  t h a t
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goby la rvae are  found c loser  to  shore  than the  o ther  nearshore  taxa  and

tha t  the  adu l ts  have d i f fe ren t  hab i t 'a t  p re fe rences  f rom the  o ther

nearshore  taxa  migh t  expec ted  to  resu l t  in  a  d i f fe ren t  in tens i t ies  o f

SONGS ef fec ts  than wou ld  be  Ehe case w i th  fo r  the  o ther  inner  nearshore

t a x a .

I n  S e c t i o n  4 . 3  o f  t h i s  r e p o r t  w e  d e s c r i b e  a  c o n c e p t u a l  m o d e l  o f

SONGS- induced c i rcu la t ion ,  based pr inc ipa l l y  on  the  resu l ts  o f  the

macrozooplankton pattern analyses, by which withdrawal and entrainment

around the  Un i ts  2  and 3  o f fshore  coo l ing  s t ruc tu res  migh t  p roduce

s ign i f i can t  e f fec ts  on  the  p lank ton ,  espec ia l l y  fo r  the  inner  nearshore

t a x a .  B r i e f l y ,  t h e  m a j o r  c o m p o n e n t s  o f  t h i s  m o d e l  a r e :

(1) planktonic organisms entrained at the intakes are consumed by

the intake conduit  foul ing community or are ki l led during

passage th rough the  condenser  and s ink  shor t l y  a f te r

d i s c h a r g e ;

(2 )  water  w i thdrawn a t  the  in takes  is  rep l -aced (conserva t ion  o f

mass  requ i res  th is )  by  water  tha t  comes predominant ly  f rom

seaward; and

( 3 )  s o m e  f r a c t i o n  o f  t h e  w a t e r  i n  t h e  v i c i n i t y  o f  t h e  d i f f u s e r s  i s

en t ra ined by  the  d i f fuser  p lume and t ranspor ted  sur faceward

and seaward ,  perhaps  v r i th  some assoc ia ted  mor ta l i t y  to  the

p lank ton  in  tha t  water  resuS. t ing  f rom tu rbu len t  shear  o r

p r e d a t i o n .

Accord ing  to  th is  mode l ,  dur ing  per iods  o f  con t inuous  p lan t

opera t ion  ind iv idua ls  o f  the  inner  nearshore  taxa  wou ld  be  w i thdrawn a t

t h e  i n t a k e s  a n d  l o s t  t o  t h e  s y s t e m  ( e x c e p t  a s  d e t i r i t u s ) ;  a t  t h e  s a m e

t ime the  f rac t ion  o f  the  water  tha t  was  drawn f rom fa r ther  o f fshore  to

r e p l a c e  t h e  w i t h d r a w n  w a t e r  w o u l d ,  t o  s o m e  d e g r e e ,  d i l u t e  t h e
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coneent ra t ion  o f  the  remain ing  inner  nearshore  taxa  (s inee these taxa

are  less  abundant  in  the  "o f fshore  water "  )  .  Organ isms ent ra ined and

t ranspor ted  seaward  by  the  d i f fuser  p lume might  su f fe r  some add i t iona l

losses  o f  unknown magn i tude,  par t i cu la r ly  i f  they  are  unab le  to  surv ive

o f fshore  or  to  re tu rn  to  the  nearshore  env i ronment  (whether  e i ther

would occur is unknown). On the other hand, improved lanral  survival

near  the  d i f fuser  p lume rn igh t  be  an t ic ipa ted  fo r  f i sh  la : rzae ab le  to

avo id  be ing  en t ra ined (p robab ly  the  la rger ,  be t te r -deve loped

p o s t f l e x i o n - s t a g e  l a r v a e ) ,  p r o v i d e d  t h a t  o t h e r  o r g a n i s m s  d i s c h a r g e d .

and en t ra ined are  su i tab le  as  food fo r  those la rvae and are  perce ived as

such.  However ,  any  such improvement  in  loca l  la rva l  feed ing  cond i t ion

might  be  counterba lanced by  inc reased predat ion  i f  mob i le  p redators  a re

a t t rac ted  to  the  d ischarge area .  In  fac t ,  there  is  some ev idence tha t

such predators  have been a t t rac ted  to  the  d ischarge area :  the

ather in ids  have increased s ign i f i can t ly  in  re la t i ve  abundance a t  the

UCSB F ish  Pro jec t  Far  Impact  S i te ,  wh ich  is  near  the  MP.C lch thyop lank ton

I m p a c t  S i E e ,  d u r i n g  t h e  o p e r a t i o n a l  p e r i o d  ( D e M a r t i n i  e t  a I . ,  1 9 8 7 ) .

These p lank t ivores  probab ly  do  consume f i sh  la rvae,  and may have

cont r ibu ted  to  the  observed e f fec ts  by  c ropp ing  la rvae in  the  SONGS

v i c i n i t y .

The observed e f fec t  fo r  the  nearshore  taxa  resu l t ing  f rom

wi thdrawal /en t ra inment  and 1oca l  p redat ion  on  la rvae wou ld  be  a

r e l a t i v e  d e p l e t i o n  a t  S O N G S .  I f  s u c h  m e c h a n i s m s  a c t u a l l y  o p e r a t e ,  t h e

wi thdrawal /en t ra inment  aspec ts  o f  the  e f fec t  shou ld  be  most  apparent

f o r  p l a n k E o n i c  t a x a  w i t h  t h e  m o s t  n e a r s h o r e  d i s t r i b u t i o n s i  i . e . ,  t h e

g o b i e s .  O u r  e s t i r n a t e s  o f  m o s t  1 i k e 1 y  i n t a k e  l o s s e s  o f  g o b y  l a r v a e  d i d

t e n d  t o  b e  s o m e w h a t  l a r g e r  t h a n  t h e  e s t i m a t e d  l o s s e s  f o r  m o s t  o f  t h e

o t h e r  i n n e r  n e a r s h o r e  t a x a  ( T a b 1 e  4 - 6 ) ,  b u t  d i d  n o t ,  i n  g e n e r a l ,  s e e m
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l a rge  enough to  have a lone produced a  BACI  e f fec t .  I f  as  many as  ha l f  the

la rvae a t  r i sk  to  secondary  en t ra inment  in  the  d ischarge p lume were  a lso

k i l led ,  the  most  I i l ce1y  to ta l  losses  o f  goby  Ia : r rae  cou ld  have become

substan t ia l . .  exceed ing  50" / "  o f  the  to ta l  number  in  the  c ross-she1f

p lane.  However ,  these es t imated  losses  were  a lso  no t  la rge  enough to

t rave  a lone produced the  observed s ign i f i can t  re la t i ve  changes,  a l l  o f

wh ich  were  a t  leas t  four  t imes la rger  than the  es t imated

wi thdrawal /  en t ra inment  losses  .

S ince  the  goby  la rvae (as  we l l  as  those o f  a l l  the  o ther  inner

nearshore  taxa)  a re  we l l -deve loped a t  ha tch ing ,  they  may deve lop  the

a b i l i t y  t o  r e s i s t  t r a n s p o r t  e f f e c t s  e a r l y  i n  l a r v a l  l i f e .  C e r t a i n l y ,

t h i s  m u s t  b e  t r u e  o f  t h e  p o s t f l e x i o n - s t a g e .  I n  o u r  l o s s  e s t i m a t e s  w e

assumed tha t  a l l  la rvae o f  a l l  s tages  are  s t r i c t l y  p lank ton ic  and have

no ab i l i t y  to  make or ien ted  movements  tha t  wou ld  reduce such e f fec ts .

Th is  was probab ly  a  fa i r  assumpt ion  to  make fo r  the  younger  la rvae o f

the  p lank ton ic  spawrrers ,  bu t  may we l l  have been unrea l i s t i c  fo r  the

inner  nearshore  taxa .  The assumpt ion  was made fo r  two reasons :  (1 )

young larvae do have rather l imited swimming abi l i ty and cannot

e f f e c t i v e l y  r e s i s t  c u r r e n t s  o f  c e n t i m e t e r s  p e r  s e c o n d  e x c e p t  b y

ad jus t ing  the i r  ver t i ca l  pos i t ion  to  ieve ls  where  cur ren t  speeds are

lower ;  and (2 )  no  da ta  were  ava i lab le  tha t  wou ld  a l low us  to  quant i f y

the  ab i l i t y  o f  the  inner  nearshore  la rvae to  make or ien ted  movements

s u c h  t h a t  t r a n s p o r t  e f f e c t s  w o u l d  b e  r e d u c e d .  H u n t e r  ( L g 7 2 )  e s t i m a t e d

tha t  la te  p re f lex ion-s tage anchovy  la rvae can c ru ise  on  the  order  o f

o n e - h a l f  b o d y  l e n g t h  p e r  s e c o n d .  T h i s  n i g h t  b e  a  r e a s o n a b l e  e s t i m a t e  t o

a P p l y  t o  p r e f l e x i o n - s t a g e  g o b y  l a r v a e ,  b u t  w o u l d  u n d o u b t e d l y

underes t imate  the  swimming ab i l i t y  o f  o lder  la rvae.  Swimming a t  an

a v e r a g e  o f  o n e - h a l f  b o d y  l e n g t h  p e r  s e c o n d  ( r o u g h l y  I - 3  m m / s ) ,
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p r e f l e x i o n - s t a g e  g o b y  l a r v a e  w o u l d  h a v e  l i t t l e  a b i l i t y  t o  r e s i s t

t ransPor t  by  coas ta l  cur ren ts  mov ing  on  the  order  o f  a  few cent imeters

Per  second,  except  by  mov ing  toward  the  bo t tom,  where  cur ren t  speeds are

lower and r^rhere transport  ef fects are thus reduced. The largely

ep ibenth ic  d is t r ibu t ion  o f  the  goby  la rvae shou ld  serve  to  reduce

longshore  t ranspor t  e f fec ts ,  and these la rvae migh t  there fore  have a

longer  res idence t ime in  the  v ic in i ty  o f  the  SONGS in take  and d ischarge

s t ruc tures  than wou ld  be  expec ted  fo r  s t r i c t l y  p lank ton ic  o rgan isms

mov ing  w j - th  the  mean cur ren t .  I f  goby  res idence t ime ac tua l l y  i s

longer ,  SONGS wi thdrawal  and en t ra inment  e f fec ts  migh t  have had longer

to  work  on  these la rvae,  and i t  i s  a t  leas t  conce ivab le  tha t  la rger

cumula t ive  e f fec ts  than we pred ic ted  cou ld  have resu l ted .  0n  the  o ther

h a n d .  t h e . p r e s u m e d  g r e a t e r  a b i l i t y . o f  t h e  o l - d e r  l a r v a e  t o  r e s i s t

t r a n s p o r t  e f f e c t s  s h o u l d  w o r k  j u s t  a s  w e l l ,  i f  n o t  b e t t e r ,  i n  t h e

v e r t i c a l  a n d  o f f s h o r e  d i r e c t i o n s  a s  i n  t h e  a l o n g s h o r e  d i r e c t i o n ,  a n d

th is  ma,v  serve  to  reduce the i r  suscept ib i l i t y  to  w i thdrawal  and

ent ra inment .  [ . le  cannot  es t imate  the  re la t i ve  cont r ibu t ions  o f

P o t e n t i a l l y  r e d u c e d  s u s c e p t i b i l i t y  a n d  i n c r e a s e d  e x p o s u r e  t o  t h e s e

e f f e c t s .

However ,  the  reduced abundance o f  C leve land ia  ios  la rvae a t  SONGS.

and the  smal le r  inc reases  a t  SONGS o f  the  o ther  la rva l  gob ies  (and o f

r e e f  f i n s p o t  a n d ,  p o s s i b l y ,  g i a n t  k e l p f i s h  l a r v - a e )  r a y  w e l l  r e f l e c t

some cont r ibu t ion  f rom these w i thdrawal /en t ra inment  e f fecEs.  The lack

o f  r e l a t i v e  r e d u c t i o n s  o f  t h e  o t h e r  k e l p f i s h  a n d  o f  C a l i f o r n i a

c l ing f ish  la rvae a t  SONGS may be  a t t r ibu tab le  to  inputs  o f  la rvae f rom

t h e  r o c k y  a r e a s  o f f  S a n  M a t e o  P o i n t ,  j u s t  t o  t h e  n o r t h  o f  S O N G S .

Cl ing f ish  and ke lp f i sh  la rvae were  shown to  be  most  abundant  near  rocky

b o t t o m  i n  t h e  M E C  s p e c i a l  h a b i t a t s  s t u d y  ( B a r n e t t  a n d  S e r t i c ,  1 9 7 9 b ) ,
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and on  a  s ing le  da te  when bo th  the  San Mateo and San Onof re  a reas  were

surveyed.  bo th  ke lp f i sh  and c l ing f ish  la rvae were  much more  abundant

o f f  San Mateo than o f f  San Onof re .  I t  i s  conce ivab le  tha t  inpu ts  f rom

the area of higher abundance to the north may have masked any cropping

ar  soNcs.

In  add i t ion  to  the  expec ted  negat ive  BACI  e f fec t ,  i t  fo l lo$rs  f rom

the c i rcu la t ion  mode l  tha t  a  seaward  sh i f t  in  d is t r ibu t ion  shou ld  be

observed a t  SONGS dur ing  the  opera t iona l  per iod .  For  the  most  par t ,

cen ters  o f  abundance d id  no t  sh i f t  a t  a1 I  fo r  the  inner  nearshore  taxa ;

ins tead,  ra ther  subt le  sh i f t s .  no t  a lways  seaward  or  sur faceward ,  were

detec ted  in  s t ra ta  where  la rvae tend to  occur  less  o f ten  and in  lower

n u m b e r s .

As  no ted  above.  the  inner  nearshore  taxa  may deve lop  the  ab i l i t y  to

r e s i s t  t r a n s P o r t  e f f e c t s  r e l a t i v e l y  e a r l y  i n  l a r v a l  l i f e ,  c e r t a i n l y  b y

t h e  p o s t f l e x i o n - s t a g e "  T h e i r  p r i n c i p a l l y  e p i b e n t h i c  d i s t r i b u t i o n s

s h o u l d  a l s o  s e r v e  t o  m i n i m i z e  t r a n s p o r t  e f f e c t s ,  p a r t i c u l a r l y  i f  t h e

la rvae ac t ive ly  se lec t  the  ep ibenth ic  a rea .  I f  these la rvae are  capabLe

of  such or ien ted  behav io r ,  then we wou ld  no t  necessar i l y  expec t  to  see

the  k inds  o f  pa t te rn  sh i f t s  tha t  more  p lank ton ic  o rgan isms shou ld  show.

The th i rd  gues t ion  we posed was whether  the  e f fec ts  on  the  gob ies

were  impor tan t  SONGS ef fec ts .  The fac ts  tha t  the  pro jec ted  pa t te rn

sh i f ts  were  no t  par t i cu la r ly  ev ident  and tha t  the  expec ted  BACI  resu l - ts

vJere  observed on ly  fo r  the  most  nearshore ,  ep ibenth ic  spec ies  among the

inner nearshore taxa does not mean that withdrawal and entrainment

e f fec ts  were  absent ,  bu t  i t  does  i rnp ly  tha t  w i thdrawal ,  en t ra inment ,

and d i lu t ion  fo rmed on ly  one component  o f  a  su i te  o f  rnechan isms tha t

m u s t  h a v e  b e e n  o p e r a t i n g  f o r  t h i s  g r o u p .  F o r  e x a m p l e ,  i n  a d d i t i o n  t o  a n y

i n t a k e  w i t h d r a w a l  e f f e c t  f o r  t h e  m o s t  n e a r s h o r e  s p e c i e s ,  S O N G S  U n i t s  2
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and 3  opera t ions  migh t  have been expec ted  to  have loca l i zed ,  p robab ly

sma1l ,  e f fec ts  on  the  adu l ts  and juven i les  o f  a l l  the  inner  nearshore

d e : n e r s a l  t a x a .  S u c h  e f f e c t s  c o u l d  h a v e  b e e n  p o s i t i v e  o r  n e g a t i v e ,

depend ing  upon the  juven i le /adu l t  hab i ta t  and the  na ture  o f  the  hab i ta t

change near SONGS. lor the rocky reef species (rnainly reef f inspot and

Cal i fo rn ia  c l ing f ish)  the  r ip  rap  around the  in takes  and d i f fusers  may

have prov ided a  smaI l  amount  o f  new hab i ta t .  However ,  s ince  any

resu l t ing  inc rease in  the  spawning  popu la t ions  wou ld  have been smal l

and very  loca l i zed ,  and the i r  newly  ha tched la rvae h ieh ly  suscept ib le

t o  e n t r a i n m e n t  e f f e c t s ,  i t  i s  d i f f i c u l t  t o  i m a g i n e  t h i s  r e s u l t i n g  i n . a

detec tab le  inc rease in  la rva l  abundance.

The inner  nearshore  demersa l  taxa  s t rong ly  assoc ia ted  w i th  ke lp

and benth ic  a lgae ( the  ke lp f i shes  and shadow goby)  cou ld  have been

negat ive ly  a f fec ted  by  SONGS Uni ts  2  and 3  opera t ions  i f  the  tu rb id

d ischarge p lume caused a  reduc t ion  in  the  loca1 macrophy te  cover  v ia

shad ing  (decreased l igh t  t ransmi t tance) .  In  fac t  the  San Onof re  Ke lp

bed d id  become smal le r  dur ing  the  opera t iona l  per iod ,  suggest ing  the

Poss ib i l i t y  o f  a  reduc t ion  in  a t tached macrophy te  cover .  The r ip  rap

around the intakes and discharges rnight have compensated somewhat for

s u c h  a  p o t e n t i a l  h a b i t a t  l o s s  f o r  t h e  k e } p f i s h e s  ( G i b b o n s i a )  a n d  s h a d o w

g o b y  ( Q u i e t u l a ) ,  a l t h o u g h  t h i s  w o u l d  p r o b a b l y  h a v e  b e e n  o f  r a t h e r

I i rn i ted  impor tance.  and the  inc reased abundance o f  benth ic  a lgae such

as  Acrosor ium dur ing  E l  N ino  migh t  a lso  have temporar i l y  compensated

f o r  a n y  s u c h  l o s s  f o r  t h e s e  t w o  s p e c i e s .  E v e n  i f  s h a d i n g  d i d  u l t i m a t e l y

render  the  area  in  the  v ic in i ty  o f  the  d ischarge subopt ima l  fo r

G i b b o n s i a  a n d  Q u i e t u l a ,  t h e  e f f e c t  w o u l d  b e  l o c a l i z e d ,  a n d  a n y

resu l t ing  dec l ine  in  the  spawning  popu la t ions  probab ly  wou ld  no t

p r o d u c e  a  s t a t i s t i c a l l y  d e E e c t a b l e  l o c a l  r e d u c t i o n  i n  l a r v a l  a b u n d a n c e .
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Reduct ion  o f  the  San Onof re  Ke lp  bed due to  shad ing  migh t  have more

impor tan t  negat ive  e f iec ts  on  the  g ian t  ke lp f i sh ,  s ince  a  la rge  par t  o f

the  l i fe  cyc le  o f  tha t  f i sh  i s  in t imate ly  invo lved w i th  g ian t  ke lp  and

the  a lga l  unders to ry .  I f  the  San Onof re  Ke lp  bed.  wh ich  in  the  la te

1970s accounted  fo r  rough ly  one- th i rd  o f  the  ke lp  a rea  be tween Dana

P o i - n t  a n d  t h e  S a n t a  M a r g a r i t a  R i v e r  ( e . g . ,  D e a n ,  L 9 7 9 ) ,  w e r e  t o  b e

s i g n i f i c a n t l y  r e d u c e d  a s  a  r e s u l t  o f  S O N G S  o p e r a t i o n s  ( e . g . ,  M R C ,

1980) ,  the  loss  o f  hab i ta t  m igh t  t rans la te  in to  a  s rna l le r  spawning

popu la t ion  and a  loca l  reduc t ion  in  the  produc t ion  o f  g ian t  ke lp f i sh

la rvae.  As  no ted  above,  the  San Onof re  Ke lp  bed d id  decrease in  s ize

dur ing  the  opera t iona l  per iod ,  bu t  a t  the  same t ime the  nearby  San Mateo

Ke lp  bed expanded,  p robab ly  cornpensat ing  fo r  any  hab i ta t  loss  in  the  San

Onof re  Ke1p.  Thus ,  a  de tec tab le  reduc t ion  in  g ian t  ke lp f i sh  la rva I

abundance near  S0NGS shou ld  no t  have been expec ted  in  the  1984- "1986

o p e r a t i o n a l  p e r i o d  a s  a  r e s u l t  o f  a l t e r a t i o n  o f  t h e  a d u l t  h a b i t a t .

F o r  t h e  s o f t - b o t t o m  i n n e r  n e a r s h o r e  d e m e r s a l  s p e c i e s  ( t h e  g o b i e s ) ,

hab i ta t  a l te ra t ions  around the  in takes  and/or  d i f fusers  resu l t ing  f rom

SONGS opera t ions  (e  "8 . ,  4  change in  g ra in  s ize  resu l t ing  f rom d ischarge

of  she11s o f  fou l ing  organ isms,  suspended sed iment  en t ra ined a t  the

in takes ,  te r res t r ia l  mater ia l  d ischarged th rough the  p lan t  coo l ing

s y s t e m ,  e t c .  )  c o u l d  h a v e  h a d  e i t h e r  p o s i t i v e  o r  n e g a t i v e  e f f e c t s  o n  t h e

r e s i d e n t  a d u l t  p o p u l a t i o n  a n d / o r  l o c a 1  r e c r u i t m e n t  o f  j u v e n i l e s ,

depend ing  on  the  na ture  o f  the  changes.  Such e f fec ts  shou ld  have been

l o c a l i z e d  n e a r  S O N G S ,  b u t  p r o b a b l y  w e r e  s m a 1 1  a n d  w o u l d  n o t  n e c e s s a r i l y

be  expec ted  to  be  de tec tab le  v ia  an  ich thyop lank ton  survey .

For  a I1  the  inner  nearshore  demersa l ,  taxa  ( la rvae th rough adu l ts ,

e x c e p t  p e r h a p s  t h e  j u v e n i l e s  a n d  a d u l t s  o f  g i a n t  k e l p f i s h ) ,  t h e

d i s c h a r g e  o f  i n j u r e d  o r  d e a d  o r g a n i s m s  ( e . 8 . ,  m y s i d s ,  m a c r o z o o p l a n k t o n )
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tha t  passed th rough the  Un i ts  2  and 3  coo l ing  sys tems may have had a

d i r e c t  p o s i t i v e  e f f e c t  b y  p r o v i d i n g  a  s u p p l e m e n t a l  f o o d  r e s o u r c e .

Juven i les  and adu l ts  cou ld  have fu r ther  benef i ted  i f  the  inc reased

organ ic  input  resu l ted  in  inc reased loca1 produc t ion  o f  benth ic

e p i f a u n a  ( e . g . ,  m y s i d s )  o r  i n f a u n a .  I n  f a c t ,  s t a n d i n g  s t o c k s  o f

epifauna and some components of the infauna did appear to increase

dur ing  the  Af te r  per iod ,  a l though these changes were  no t  c lear ly  l inked

wi th  SONGS opera t ions  (Barnet t  e t  41 . ,  T987) .  Any  inc rease in  la rva l

p roduc t ion  resu l t ing  f rom a  loca1 increase in  the  spawning  popu la t ion

or  improvement  in  spawner  cond i t ion  wou ld  no t  necessar i l y  be  expec ted

to  be  seen in  an  ich thyop lank ton  mon i to r ing  survey .

Adult  entrapment and impingement effects should have been

un impor tan t  fo r  the  inner  nearshore  taxa  s ince  the i r  benth ic  hab i ta t

shou ld  have rendered them re la t i ve ly  immune to  such e f fec ts .  They  occur

o n l y  r a r e l y  i n  i m p i n g e m e n t / e n t r a p m e n t  s a m p l i n g  ( e . g . ,  D e M a r t i n i  e t  a l . ,

1985,  r987) "

The opera t iona l  per iod  began dur ing  the  1982 -L984 E l  N ino ,  and i t

i s  qu i te  poss ib le  tha t  the  i .nc reases  in  abundance no ted  fo r  most  o f  the

inner  nearshore  demersa l  taxa  l re re  re la ted  to  th is  phenomenon.  For

example .  the  mean abundance o f  shadow goby  (Qu ie tu la  y -cauda)  la rvae a t

SONGS d i f fe red  l i t t le  be tween the  E l  N ino  and non-E l  N ino  opera t iona l

s u r v e y s ,  b u t  i n c r e a s e d  s u b s t a n t i a l l y  a t  C o n t r o l  d u r i n g  E l  N i n o  ( l a U l e

4 - 7 ) .  T h i s  i s  s u g g e s t i v e  o f  a n  E I  N i n o  e f f e c t  t h a t  o p e r a t e d  m o r e

s t r o n g l y  a t  c o n t r o l  t h a n  a t  s o N G S .  I f  a n  e f f e c t  d i d  o c c u r ,  s u c h

l o c a l i z a t i o n  w o u l d  s u g g e s t  t h a t  t h e  e f f e c t  o p e r a t e d  m o s t  s t r o n g l y  o n

t h e  r e l a t i v e l y  s t a t i o n a r y  a d u l t  p o p u l a t i o n  ( i n c r e a s e d  l a r v a l

p r o d u c t i o n )  o r  j u v e n i l e s  ( i n c r e a s e d  l o c a l  r e c r u i t m e n t ) .  T h e  l a r g e r

i -ncreases  in  abundance o f  p re f lex ion  and f lex ion  shadow goby  la rvae
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during El Nino might be taken to mean that larval  product ion increased

m o r e  t h a n  1 o c a l  r e c r u i t m e n t .

A  way in  wh ich  EI  N ino  n igh t  have had a  s t ronger  e f fec t  a t  Cont ro l

t h a n  a t  S O N G S  i s  m o s t  e a s i l y  v i s u a l i z e d  f o r  C l e v e l a n d i a  i o s ,  w h o s e

pr inc ipa l  sources  o f  la rvae in  coas ta l  waters  may be  to  the  nor th  and

south  o f  SONGS in  es tuar ies  and bays ,  where  adu l ts  a re  known to  be

abundant .  The neares t  such s i tes  to  SONGS are  the  Santa  Margar i ta  R iver

and Oceanside Harbor to the south, and Dana Harbor and Newport Bay to

the  nor th .  The Cont ro l  s i te  i s  about  I  km nor th  o f  the  Santa  Margar i ta

R iver .  and SONGS is  another  18  k rn  fa r ther  nor th .  As  a  resu l t ,  inc reased

product ion near the Santa l ' largari ta River should be more apparent at

Cont ro l  than a t  SONGS,  s ince  the  longshore  f low near  shore  in  the  San

Onof re  reg ion  a l te rna tes  in  the  upcoas t  and downcoast  d i rec t ions ,  bu t

w i th  a  ne t  downcoast  mot ion .  The upcoast  mot ion  wou ld  have to  be

main ta ined on  the  order  o f  one-ha l f  to  one t ida l  cyc le  fo r  la rvae

produced a t  the  Santa  Margar i ta  R iver  to  reach the  Cont ro l  s i te

(assuming a  cur ren t  o f  2 -5  cmls ) .  e t  the  same mean cur ren t  speed o f2-5

e m / s  ( R e i t z e I  e t  a 1 . ,  1 9 8 7 ) ,  p l a n k t o n i c  l a r v a e  t r a v e l i n g  s o u t h  f r o m

Newpor t  Bay  wou ld  requ i re  on  the  order  o f  10-30  days  to  reach SONGS

(perhaps  longer ,  s ince  the i r  la rge ly  ep ibent i r i c  d is t r ibu t ion  shou ld

s e r v e  t o  m i n i m i z e  t r a n s p o r t  e f f e c t s ) ;  t e n  t o  t h i r t y  d a y - o I d  l a r v a e

s h o u l d  h a v e  d e v e l o p e d  t o  t h e  f l e x i o n  a n d  p o s t f l e x i o n - s t a g e s .  L a r v a e

t ranspor ted  south  f rom Dana Harbor  wou ld  a r r i ve  a t  a  younger  s tage,

P o s s i b l y  l a t e  p r e f l e x i o n  o r  f l e x i o n  ( a b o u t  4 - I 0  d a y s  t r a v e l l i n g  a t  2 - 5

c m / s ) .  I f  t h e  p r i n c i p a l  l a r v a l  s o u r c e s  a r e  i n d e e d  e s t u a r i e s ,  b a y s ,  a n d

h a r b o r s .  t h e n  r e L a t i v e l y  f e w  l a r v a e ,  o n  a v e r a g e ,  a n d  t h o s e  m o s t l y  o l d e r

s t a B e s .  r n i g h t  b e  e x p e c t e d  t o  r e a c h  S O N G S  f r o m  t h e s e  a r e a s  a s  a  r e s u l t  o f

t r a n s P o r t  b y  c o a s t a l  c u r r e n t s .  A t  l e a s t  s o m e  1 o c a l  r e p r o d u c t i o n  m u s t
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occur  near  San Onof re  as  weI l ,  s ince  young pre f lex ion-s tage la rvae do

occur  there  in  modest  numbers .

The la rge  i -ncreases  in  lanra l  abundance a t  Cont ro l  cou ld  re f lec t

an  E l  N ino  e f fec t .  fo r  example  i f  the  inc reased runof f  resu l t ing  f rom

the EI  N ino  per iod  s to rms a l te red  the  bo t tom type in  the  v ic in i ty  o f  the

Santa  Margar i ta  R iver  mouth  in  a  way tha t  favored C.  ios ,  and i f  tha t

c h a n g e  p e r s i s t e d  a t  l e a s t  t h r o u g h  1 9 8 6  ( t h e  s i l t  f r a c t i o n  o f  t h e  b o t t o m

sed iment  cou ld  have increased as  a  resu l t  o f  te r res t r ia l  runof f ;  no  da ta

a r e  a v a i l a b l e  t o  e v a l u a t e  t h i s ) .  S i n c e  C .  i o s  i s  a  c o l o n i z L n g  s p e e i e s ,

iE  shou ld  be  capab le  o f  rap id ly  exp lo i t ing  any  su i tab le  new hab i ta t

( e . g . ,  s i l t  o r  s i l t y - s a n d  b o t t o n ) .  T h e  i n c r e a s e d  l a r v a l  a b u n d a n c e

cou ld  thus  re f lec t  a  la rger  1ocaI  popu la t ion  o f  spawners  and/or

pre feren t ia l  recru i tment  to  the  Cont ro l  a rea  i f  the  inc rease in  s i l t  and

c l a y  w a s  l a r g e r  a n d  s o o n e r  t h e r e ,  o r  i f  C .  i o s  i s  i n d e e d  r e s t r i c t e d  t o

es tuar ine ,  harbor  and bay  hab i ta ts  as  repor ted  in  the  l i te ra tu re .

I n c r e a s e d  s p a w n i n g  n e a r  t h e  C o n t r o l  s i t e  w o u l d  ' s u g g e s t  h i g h e r

abundances  o f  p re f lex ion-s tage la rvae,  wh ich  was no t  observed fo r  C.

ios .  A  s izeab le  f rac t ion  o f  these la rvae cou ld  have been exe luded f rom

Ehe ana l -vs is  because they  were  c lass i f ied  w i th  the  "Gob i idae"  and

" I l y p n u s / C l e v e 1 a n d i a "  c a t e g o r i e s  o w i n g  t o  t h e  d i f f i c u l t y  o f

d i s t i n g u i s h i n g  p r e f l e x i o n  C .  i o s  f r o m  l l v p n u s  g i l b e r t i .  H o w e v e r ,  e v e n

i f  a l l  t h e  l a r v a e  i n  t h e  " G o b i i d a e "  a n d  " I l y p n u s / C l e v e l a n d i a "

c a t e g o r i e s  w e r e  a s s u m e d  t o  b e  C .  i o s ,  t h e r e  w o u l d  s t i l l  b e  f a r  t o o  f e w

p r e f l e x i o n - s t a B e  l a r v a e  a t  t h e  C o n t r o l  s i t e  t o  a c c o u n t  f o r  t h e  n u m b e r  o f

f l e x i o n  a n d  p o s t f l e x i o n - s t a g e  l a r v a e .  T h e r e f o r e ,  i f  c h a n g e s  a t  t h e

C o n t r o l  s i t e  w e r e  i m p o r t a n t  i n  p r o d u c i n g  t h e  B A C I  r e s u l t s ,  t h e s e  m u s t

h a v e  c o n s i s t e d  l a r g e l y  o f  i m m i g r a t i o n  o f  o l d e r  p o s t f l e x i o n  l a r v a e

a n d / o r  p r e f e r e n t i a l  s e t t l i n g  o f  y o u n g e r  ( f l e x i o n  a n d  p o s t f l e x i o n )
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l a rvae in  the  Cont ro l  v ic in i ty .  Bro thers  (L975)  po in ted  ou t  tha t  o lder

g .  ios  la rvae tend to  loca l i ze  near  the  areas  where  they  w i l l

subsequent ly  recru i t  as  juven i les .  A t  San Onof re ,  the  combina t ion  o f

inc reased loca1 predat ion  and in take  w i thdrawal  losses  may have

exceeded the  combina t ion  o f  l in i ted  loca1 reproduc t ion  p lus  la rvaL

transPort f rom the more important areas to the north and south during

th is  t ime,  resu l t ing  in  the  observed decrease in  abundance dur ing  the

o p e r a t i o n a l  p e r i o d .

I f  inc reased se t t l ing  and/  o r  immigra t ion  o f  la rva l  C leve land ia  iqs

near  the  Santa  Margar i ta  R iver  dur ing  and fo l low ing  E1 N ino  ac tua l l y

occur red ,  the  in i t ia l  h igh  negat ive  SONGS-Cont ro l  De l ta  va lues  n igh t

have appeared as  ear ly  as  the  spr ing  and summer  o f  1983;  De l ta  va lues  in

Ju ly  and August  o f  1983 were  negat ive  bu t  no t  espec ia l l y  la rge"  The

large  negat ive  De l tas  were  f i rs t  observed one ( f i sh)  genera t ion  la te r ,

in  1984.  An E1 N ino  e f fec t  a t  Cont ro l ,  coup led  w i th  c ropp ing  o f  la rvae

at  SONGS,  wou ld  be  cons is t .en t  w i th  many,  bu t  no t  a l l ,  o f  the  l i fe

h i s t o r y  c h a r a c t e r i s t i c s  a n d  B A C I  r e s u l t s  o b s e r v e d  f o r  C .  i o s ,  b u t

cannot  be  unequ ivoca l l y  demonst ra ted  on  the  bas is  o f  the  ava i lab le  da ta

a l o n e .

The above exp lanat ion  a lso  does  no t  account  fo r  the  la rge

increases  in  abundance o f  most  o f  the  o ther  inner  nearshore  taxa  a t  the

Cont ro l  s i te .  For  example ,  Ia rva1 abundance o f  a l l  th ree  goby  spec ies

increased subs tan t ia l l y  a t  the  Cont ro l  s i te  dur ing  the  opera t iona l

p e r i o d .  W e  h a v e  s h o w n  o n e  w a y  E h a t  t h i s  c o u l d  h a p p e n  f o r  C " i o s ;

h o w e v e r ,  f o r  Q .  y - c a u d a  a n d  I .  g i l b e r t i  a l s o  t o  i n c r e a s e  v i a  a  s i m i l a r

mechan ism!  one wou ld  p red ic t  tha t  the  amounts  o f  bo th  open sandy  bo t tom

a n d  a l g a e  c o v e r  i n c r e a s e d  i n  t h e  C o n t r o l  v i c i n i t y  ( i n  f a c t ,  t h e  r e d

a l g a e  A c r o s o r i u m  d i d  i n c r e a s e  s u b s t a n t i a l l y  n e a r  t h e  S O N G S  a n d  C o n t r o l
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s i tes  in  1984)  "  Owing to  the  somewhat  d i f fe ren t  mic rohab i ta t

p r e f e r e n c e s  o f  t h e  t w o  s p e c i e s ,  t h e  r a t i o s  o f  p o s t f l e x i o n - s t a g e  g o b y

la rvae might  suggest  whether  a  sh i f t  in  bo t tom type d id  occur ,  s ince

these la rvae shou ld  be  mov ing  in to  a reas  where  they  w i l l  subsequent ly

r e c r u i t  t o  t h e  b e n t h i c  j u v e n i l e - a d u l t  h a b i t a t  ( B r o t h e r s ,  L 9 7 5 ) .

Presumably ,  recru i tment  w i l l  be  to  a  p re fe r red  hab i ta t  whenever

P o s s i b l e .  T h e  r a t i o s  o f  p o s t f l e x i o n - s t a g e  C .  i o s  t o  I .  g i l b e r t i  l a r v a e

were  s imi la r  a t  SONGS and Cont ro l  dur ing  the  preopera t iona l  per iod ,  and

a t  C o n t r o l  d u r i n g  t h e  o p e r a t i o n a l  p e r i o d  ( r a n g e  0 . 7 - 0 . 9  )  ,  b u t  w e r e  v e r y

m u e h  l o w e r  a t  S O N G S  i n t h e  o p e r a t i o n a l  p e r i o d  ( 0 . 2 ) .  T h i s  s u g g e s t s  t h a t

ra ther  than a  change a t  Cont ro l ,  i t  was  SONGS tha t  became an un favorab le

l o c a t i o n  f o r  o l d e r  l a r v a e  o f  c .  i o s ,  r e l a t i v e  t o  I .  e i l b e r t i .  T h e

ra t io  o f  the  abundance o f  pos t f lex ion  C.  ios  la rvae to  the  abundance o f

Pos t f lex ion  Qu ie tu la  y -cauda la rvae l i kewise  showed l i t t Ie  change a t

C o n t r o l  b e t w e e n  m o n i t o r i n g  p e r i o d s  ( 5 . 2  p r e o p e r a t i o n a l  ,  7  . 3

o p e r a t i o n a l  p e r i o d ) ,  b u t  a n  o r d e r  o f  m a g n i t u d e  d e c l i n e  a t  S O N G S  ( f r o m

2 4 . 0  -  2 . 1 ) ,  a g a i n  s u g g e s t i n g  t h a t  t h e r e  w a s  l i t t l e  c h a n g e  a t  C o n t r o l ,

b u t  t h a t  S O N G S  b e c a m e  l e s s  f a v o r a b l e  t o  c .  i o s  t h a n  t o  9 .  y - c a u d a .  I f

t h e  P o s t f l e x i o n - s t a g e  r a t i o s  a r e  a c t u a t l y  s o m e  m e a s u r e  o f  s u b s e q u e n t

recru i tment  to  a  p re fe r red  hab i ta t ,  the  in fe rence wou ld  be  tha t  the

SONGS hab i ta t .  ra ther  than the  Cont ro l  hab i ta t ,  changed dur ing  the

o p e r a t i o n a l  p e r i o d .

In  summary .  MEC detec ted  s ign i f i can t  BACI  e f fec ts  fo r  the  th ree

m o s t  n e a r s h o r e .  e p i b e n t h i c  s p e c i e s .  T h e s e  r e s u l t e d  f r o m  l a r g e  a b u n d a n c e

i n c r e a s e s  a t  C o n t r o l ,  a n d  m u c h  s r n a l l e r  i n c r e a s e s ,  o r  i n  t h e  c a s e  o f  C .

i o s  a  d e c r e a s e .  a t  S 0 N G S .  T h e  o v e r a l l  p a t t e r n  o f  c h a n g e  f o r  t h e  i n n e r

nearshore  taxa  was a  genera l  inc rease in  abundance 'dur ing  the

o P e r a t i o n a l  p e r i o d ,  p a r t i c u l a r l y  a t  t h e  C o n t r o l  s i t e .  W e  h a v e
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i den t i f ied  a  number  o f  mechan isms tha t  cou ld  have cont r ibu ted  to  these

observed changes;  howe. rer ,  we do  no t  be l ieve  tha t  any  one mechan ism

alone cou ld  have produced the  observed s ign i f i can t  resu l ts .  The

s i g n i f i c a n t  c h a n g e s  t h a t  w e  i d e n t i f i e d  a s  e f f e c t s  m a y  b e  a s s o c i a t e d

wiEh withdrawal at the Units 2 and 3 intakes and/or entrainment near the

d i f f u s e r s ,  w i t h  p r e d a t i o n  a t  S a n  O n o f r e ,  w i t h  E I  N i n o  e f f e c t s ,  w i t h

S O N c s - r e l a t e d  l o c a I  h a b i t a t  a l t e r a t i o n s ,  o r  w i t h  o t h e r ,  u n i d e n t i f i e d ,

mechan isms.  These o ther  mechan isms cou ld  inc lude such th ings  as  d i rec t

m o r t a l i t y  o r  d e b i l i t a t i o n  ( a n d  t h e r e f o r e  i n c r e a s e d  s u s c e p t i b i l i t y  t o

predat ion  or  s ta rva t ion)  o f  f i sh  la rvae in  the  d ischarge rece iv ing

water  resu l t ing ,  fo r  example ,  f rom ch lo r ina t ion  or  the  re lease o f  o ther

b ioc ides  or  o f  rad ionuc l ides .  We have no  way to  eva lua te  the  po ten t ia l

con t r ibu t ions  o f  such mechan isms to  the  obse: r red  resu l ts ,  and thus

mere ly  no te  tha t  they  rn igh t  ex is t .  The na ture  o f  the  mon i to r ing  survey

data  are  such tha t  opera t ive  mechan isms cannot  be  unegu ivoca l l y

i d e n t i f i e d ,  n o r  e v e n  u n e q u i v o c a l l y  l o c a E e d ,  a t  S O N G S  o r  C o n t r o l .  T h e r e

are  a lso  p laus ib le  exp lanat ions  o f  why  most  non-goby  la rvae fa i led  to

show s ign i f i can t  re la t i ve  decreases  a t  SONGS in  the  Af te r  per iod .  These

are  re la ted  to  adu l t  hab i ta t  changes away f rom SONGS,  fo r  example  a t  the

San Mateo Ke lp  bed,  dur ing  the  opera t iona l  per iod .

4 . 2 . 2  I n n e r  N e a r s h o r e / T r a n s i t i o n a l  Z o n e  T a x a

The n ine  taxa  ca tegor ized  as  nearshore / t rans i t iona l  zone spec ies

a r e  c h a r a c t e r i z e d  b y  b r o a d  c r o s s - s h e I f  l a r v a l  d i s t r i b u t i o n s ,  b u t  w i t h

h ighes t  abundance dur ing  a t  leas t  par t  o f  the i r . lanra l  l i fe  nearshore ,

w i th in  the  depth  zone encompass ing  the  SONGS Uni ts  2  and 3  in takes  and

d i f f u s e r s .  B a r n e t t  e t  a l .  ( f 9 8 5 )  i d e n t i f i e d  t h e  l a r v a e  o f  t h e s e  t a x a  a s

b e i n g  c o m p o n e n t s  o f  f o u r  d i f f e r e n t  s p a t i a l  g r o u p s  d i s t i n g u i s h e d  b y  t h e
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ver t i ca l  and c ross-sheI f  loca t ions  o f  the i r  h ighes t  abundance w i th in

the  nearshore  zone.  Two o f  the  spec ies  inc luded in  the

n e a r s h o r e / t r a n s i t i o n a l  z o n e ,  q u e e n f i s h  a n d  w h i t e  c r o a k e r ,  w e r e

o r i g i n a l l y  c l a s s i f i e d  w i t h  t h e  i n n e r  n e a r s h o r e  g r o u p  ( B a r n e t t  e t  a l . ,

1985 ) ,  ow ing  la rge ly  to  the  very  nearshore  ep ibenth ic  hab i ta t  o f  the i r

la te r  Ia rva I  s tages .  However ,  the i r  younger  la rva l  s tages  have a

broader  c ross-she l f  d is t r j .bu t ion ,  ex tend ing  seaward  beyond the  Un i ts  2

and 3  d i f fusers .  Two o ther  c roakers ,  the  b lack  c roaker  and the

Cal i fo rn ia  corb ina ,  a lso  are  abundant  in  the  nearshore  ep ibenthos ,  bu t

are  more  abundant  in  the  midwater  s t ra ta  seaward  o f  the  Un i ts  2  and 3

d i f f u s e r s .  T h e s e  t w o ,  t o g e t h e r  w i t h  t h e  s i m i l a r l y  d i s t r i b u t e d  l a r v a e

of  the  Ca l i fo rn ia  ha l ibu t  and d iamond tu rbo t ,  were  c lass i f ied  in  a

n e a r s h o r e / t r a n s i t i o n a l  z o n e  g r o u p  b y  B a r n e t t  e t  a ! .  ( 1 9 8 5 ) .  K e l p  a n d

s a n d  b a s s  l a r v a e  w e r e  c l a s s i f i e d  a s  t r a n s i t i o n a l  z o n e  s p e c i e s ,  w i t h

h ighes t  abundance in  the  neus ton  and midwater  seaward  o f  the  L2  m

i s o b a t h  ( B a r n e t t  e t  a l . ,  I 9 8 5 ) ,  w h i l e  l a r v a e  o f  t h e  C a l i f o r n i a  g r u n i o n

and jacksmel t  were  no t  charac ter ized .  Both  spec ies  occupy  an  a lmost

exc l -us ive ly  neus ton ic  hab i ta t  tha t  i s  no t  shared by  any  o ther  nearshore

t a x o n .

The taxa  inc luded in  the  nearshore / t rans i t iona l  zone ca tegory  a re

a  he terogeneous group as  adu l - ts ,  rang ing  f rom the  Large ly  ep ibenth ic

a n d  s o l i t a r y  f l a t f i s h e s  t o  t h e  n e u s t o n i c ,  s c h o o l i n g  a t h e r i n i d s .  A d u I t s

ranBe in  s ize  f rom on ly  a  few cent imeters  to  tens  o f  ce l t imeters ;

f e e d i n g  h a b i t s  r a n g e  f r o m  b e n t h i c  g e n e r a l i s t s  t o  p i s c i v o r e s .  S e v e r a l

o f  t h e s e  t a x a .  i n c l u d i n g  t h e  C a l i f o r n i a  g r u n i o n ,  w h i t e  c r o a k e r ,

C a l i f o r n i a  c o r b i n a ,  k e l p  a n d  s a n d  b a s s e s ,  a n d  C a l i f o r n i a  h a l i b u t .  a r e

o f  m o d e r a t e  t o  c o n s i d e r a b l e  s p o r t  o r  c o m m e r c i a l  f i s h e r y  v a l u e .  A 1 1  b u t

the  a ther in ids  (g5un ion  and jacksmel t )  a re  un i ted  in  spawning  smal l
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p l a n k t o n i c  e g g s  t h a t  h a t c h  r e r a t i v e l y  s o o n  ( a b o u t  r  -  3  d a y s )  a f t e r

s p a w n i n g .  A l l  e x c e p t  t h e  a t h e r i n i d s  b e g i n  l a r v a l  l i f e  a s  s m a I 1 ,  p o o r l y -

deve loped,  la rge ly  inac t ive  yo lksac  s tage la rvae tha t  a re  l i t t le  more

than p lank ton ic  embryos .  The a ther in ids ,  on  the  o ther  hande spawrr

l a r g e ,  a t t a c h e d  o r  b u r i e d  e g g s  t h a t  h a t c h  a s  l a r g e ,  a c t i v e ,  w e l l -

deve loped la rvae fo l low ing  a  re la t i ve ly  long incubat ion  per iod .  Most  o f

the  nearshore / t rans i t iona l  zone taxa  move to  sha l low nearshore  waters

by  the  la te  la rva I  o r  ear ly  juven i le  s tage.

4 " 2 . 2 . L  P o r e n t i a l  S O N G S  E f f e c r s

SONGS Uni ts  2  and 3  opera t ions  cou ld  be  expec ted  to  a f fec t  bo th  the

adu l ts  and la rvae o f  the  Eaxa in  th is  g roup.  D i rec t  negat ive  e f fec ts  on

the adults would have been pr incipal ly entrapment and impingement;  the

n a g n i t u d e  o f  t h e s e  e f f e c t s  i s  a  f u n c t i o n  o f  a d u l t  s i z e .  b e h a v i o r ,  a n d

" r o b u s t n e s s n "  a n d  o f  t h e  e f f i c a c y  o f  t h e  S O N G S  f i s h  r e t u r n  s y s t e m .  S o m e

o f  t h e  s p e c i e s  i n  t h e  n e a r s h o r e / t r a n s i t i o n a l  z o n e  g r o u p ,  f o r  e x a m p l e

gueenf ish  and wh i te  c roaker ,  a re  c lear ly  a t  cons iderabLe r i sk  to  these

e f f e c t s  ( e . g . ,  D e M a r t i n i  e t  a l . ,  1 9 8 5 ,  L 9 8 7 ) .  T h e  d i s c h a r g e  o f  d e a d  o r

in ju red  macrozoop lank ton  may have prov ided a  food resource  near  the

d i f f u s e r s  t h a t  c o u l d  h a v e  d i r e c t l y  b e n e f i t e d  f i s h e s  s u c h  a s  t h e

p lank t ivorous  a ther in ids  and queenf ish ,  o r  ind i rec t l y  benef i ted

benth ic  genera l i s ts  such as  wh i te  c roaker ,  i f  the  inc reased organ ic

i n p u t  r e s u l t e d  i n  L o - c a 1 1 - y  i n c r e a s e d  p r o d u c t i o n  o f  b e n t h o s .  O f  t h e

v a r i o u s  p o t e n t i a l  S o N G S  e f f e c t s  o n  a d u l t  f i s h e s ,  w e  d i d  n o t  e x p e c t  a n y

to  have caused la rge  enough changes in  reproduc t ion  to  have been

detec ted  v ia  the  BACI  p rocedure  as  a  1oca1 reduc t ion  o f  la rva l  abundance

d u r i n g  t h e  o p e r a t i o n a l  p e r i o d .  O n  t h e  o t h e r  h a n d ,  i f  p l a n k t i v o r o u s

f i s h e s  w e r e  a t t r a c t e d  t o  t h e  v i c i n i t y  o f  t h e  d i - s c h a r g e  p l u m e  ( a n d  t h e r e
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i s  some ev idence tha t  th is  happened,  s ince  a ther in ids  have become

re la t i ve ly  more  abundant  2 -3  km downcoast  o f  SONGS in  the  opera t iona l

p e r i - o d :  D e M a r t i n i  e t  a I . ,  f 9 8 7 ) .  i n c r e a s e d  l o c a l  p r e d a t i o n  c o u l d  h a v e

resu l ted  in  a  loca l  depress ion  o f  la rva1 abundance.  We have no t

measured and there fore  cannot  es t imate  the  mign i tude o f  such an

ind i rec t  e f fec t  on  the  ich thyop lank ton .

Owing to  the  c ross-sheLf  d is t r ibu t ions  o f  the  la rvae,  Barnet t  e t

a 1 .  ( 1 9 8 5 )  p r e d i c t e d  t h a t  d i s c h a r g e  p l u m e  e n t r a i n m e n t  e f f e c t s  ( i . e . ,

seaward  t ranspor t )  wou ld  p robab ly  be  re la t i ve ly  minor  bu t  tha t  in take

wi thdrawal  cou ld  be  impor tan t ,  except  perhaps  fo r  the  a ther in ids .

Es t ina tes  o f  the  magn i tudes  o f  these e f fec ts  based on  the  s tand ing

s tocks  o f  the  la rvae dur ing  the  1983 -  1986 opera t iona l  per iod  are  now

ava i lab le  (Tab1e 4-6) .  Es t imated in take  w i thdrawal  losses  L /e re  sma11

f o r  a l l  n i n e  s p e c i e s .  F o r  o n l y  t h r e e  s p e c i e s - - d i a m o n d  t u r b o t  ( 2 A % ) ,

j a c k s r n e l t  ( 1 3 % ) ,  a n d  C a l i f o r n i a  g r u n i o n  ( 1 0 i 4 ) - - w e r e  t h e  l o s s e s

e q u i v a l e n t  t o  m o r e  t h a n  3 7  o f  t h e  t o t a l  n u m b e r  i n  t h e  c r o s s - s h e l f  p l a n e .

I f  larvae at r isk of secondary entrainment in the discharge plume lrere

sub jec t  to  any  add i t iona l  mor ta l i t y  as  a  resu l - t  o f  hav ing  been

e n t r a i n e d ,  e s t i m a t e d  l o s s e s  c o u l d  h a v e  i n c r e a s e d  c o n s i d e r a b l y .  F o r

example ,  i f  ha l f  the  la rvae a t  r i sk  to  en t ra inment  were  k i l led ,  the

combined w i thdrawal  and en t ra inment  losses  wou ld  have been equ iva len t

to  more  than 207^  o f  the  to ta l  number  in  the  c ross-she l f  p lane fo r  f i ve  o f

the  n ine  taxa :  queenf ish  (217" ) ,  ca l i fo rn ia  corb ina  (23" / " ) ,  d iamond

t u r b o t  ( 6 7 i 1 ) ,  j a c k s m e ] - : -  ( 4 1 % ) .  a n d  C a l i f o r n i a  g r u n i o n  ( 3 1 7 / , ) .  T h e  o l d e r

la rvae o f  some o f  the  spec ies  cou ld  have been more  a t  r i sk  o f  w i thdrawal

and/or  en t ra inment  e f fec ts  than the  younger  la rvae.  For  example ,

w i thdrawal  o f  queenf ish  la rvae may have k i l led  the  equ iva len t  o f  a t

l e a s t  3 4 %  o f  t h e  p o s t f l e x i o n - s t a g e  l a r v a e  i n  E h e  c r o s s - s h e l f  p 1 a n e ,  b u t
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on ly  about  3Z o f  the  pre f lex ion-s tage la rvae in  the  c ross-she l f  p lane

( T a b 1 e  4 - Z )  "  T h e  l a r g e s t  e s t i m a t e d  l o s s e s  f o r  t h e  i n n e r

nearshore / t rans i t iona l  zone taxa  were  main ly  among the  pos t f lex ion-

s tages ,  wh ich  is  the  most  va luab le  s tage in  te rms o f  subsequent

recru i tment .  The es t imated combined w i thdrawal /en t ra inment  losses ,

assuming tha t  ha l f  o f  the  la rvae en t ra ined were  k i l led ,  cou ld  have

exceeded ha l f  the  to ta l  number  o f  la rvae in  the  c ross-she1f  p lane fo r

jacksmel t  and a l l  o f  the  c roaker  spec ies  except  Ca l i fo rn ia  corb ina

( T a b J . e  4 - 6 ) .  H o w e v e r ,  i t  i s  p o s s i b l e  t h a t  t h e s e  a r e  o v e r e s t i m a t e s  f o r

t h e  p o s t f l e x i o n - s t a g e  l a r v a e ,  s i n c e  w e  m a d e  n o  a l l o w a n c e  f o r  t h e i r

a b i l i t y  t o  r e s i s t  t r a n s p o r t  e f f e c t s .  T h e  m a g n i t u d e s  o f  t h e  e s t i m a t e d

Iosses  were  such tha t  we wou ld  no t  necessar i l y  expec t  s ign i f i can t  BACI

r e s u l t s  a t t r i b u t a b l e  s o 1 e l y  t o  w i t h d r a w a l ,  b u t  i f  5 0 %  l o s s e s  o f

en t ra ined la rvae a lso  occur red ,  then ax  leas t  the  o lder  la rvae o f

severa l  spec ies  wou ld  be  reduced by  the  50" / "  1eve l  tha t  the  BACI  was

i n t e n d e d  t o  d e t e c t .

4 . 2 " 2 . 2  T e s E  R e s u l t s

S ign i f i can t  decreases  in  re la t i ve  abundance were  de tec ted  fo r

t o t a 1 ,  p r e f l e x i o n .  a n d  f l e x i o n - s t a g e  j a c k s m e l t  l a r v a e ,  f o r  t h e

pre f lex ion-s rage la rvae o f  gueenf ish ,  and fo r  the  pre f lex ion  and

f l e x i o n - s t a g e  l a r v a e  o f  t h e  k e l p  a n d  s a n d  b a s s e s .  A  s i g n i f i c a n t

reduc t ion  in  re la t i ve  abundance was de tec ted  fo r  p re f lex ion  s tage wh i te

croaker  la rvae when the  BACI  ana lys is  was l im i ted  to  the  p lume dates

subset  o f  the  opera t iona l  da ta ,  in  wh ich  any  w i thdrawal  and en t ra inment

e f fec ts  shou ld  have been most  apparent .  The p lume/non-p lume ana lys is

f o r '  k e l p  a n d  s a n d b a s s  l a r v a e  y i e l d e d  n o n s i g n i f i c a n t  r e s u l t s  f o r

p r e f l e x i o n - s t a g e  l a r v a e ,  c a s t i n g  d o u b t  o n  t h e  r e s u l t s  o b t a i n e d  f r o m  t h e
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f u l l  d a t a  s e t .  T h u s ,  o f  t h e s e  v a r i o u s  B A C I  r e s u l t s ,  o n l y  t h o s e  f o r  t h e

Eota l  and pre f lex io r r i s tag .  jacksmel t  la rvae and pre f lex ion  queenf ish

la rvae prov ided c lear  ind ica t ions  o f  an  e f fec t  o f  SONGS opera t ions  "

P a t t e r n  s h i f t s  w e r e  d e t e c t e d  o n l y  f o r  t o t a l  a n d  p r e f l e x i o n - s t a g e  w h i t e

croaker  la rvae and the  f lex ion-s tage la rvae o f  queenf ish"  A l though

these sh i f t s  w i th in  s t ra ta  were  cons is ten t  w i th  the  c i rcu la t ion  mode l

d e s c r i b e d  i n  S e c t i o n  4 . 3  o f  t h i s  r e p o r t ,  t h e y  l r e r e  r e l a t i v e l y  m i n o r  i n

e x t e n t .

Un l ike  the  resu l ts  fo r  the  inner  nearshore  taxa ,  the

nearshore / t rans i t iona l  zone taxa  genera l l y  dec l ined in  abundance a t

bo th  SONGS and Cont ro l .  In  the  few cases  where  mean abundance d id

increase.  the  inc rease usua l ly  occur red  on ly  a t  Cont ro l ,  o r  was  much

l a r g e r  a t  a t  C o n t r o l  t h a n  a t  S O N G S  ( T a b 1 e  4 - 5 ) .  A  n o t a b l e  e x c e p t i o n  t o

th is  pa t te rn  was the  Ca l i fo rn ia  g run ion ,  wh ich  inc reased subs tan t ia l l y

a t  S O N G S  w h i l e  d e c r e a s i n g  a  l i t t l e  a t  C o n t r o l  ( a  t w o - t a i l e d  B A C I  t e s t

w o u l d  h a v e  r e v e a l e d  t h i s  a s  a  s i g n i f i c a n t  r e l a t i v e  i n c r e a s e ) .

In summary, there i .s evidence of a general  decl ine in abundance for

most  o f  the  nearshore / t rans i t iona l  zone taxa ,  bu t  s ign i f i can t  decreases

in  re la t i ve  abundance fo r  on ly  four  and a  sh i f t  in  c ross-she l f  pa t te rn

fo r  on ly  two o f  those four .  Our  es t imates  o f  w i thdrawal  and po ten t ia l

en t ra inment  losses  dur ing  the  opera t iona l  per iod  suggest  tha t  the  BACI

e f f e c t s  w e r e  n o t  a t t r i b u t a b l e  t o  t h e s e  m e c h a n i s m s  a 1 o n e ,  b u t  i n s t e a d

p r o b a b l y  r e s u l t e d  f r o m  a  s u i t e  o f  m e c h a n i s m s  o p e r a t i n g  s i m u l - t a n e o u s l y .

T a x o n - b y - t a x o n  d e s c r i p t i o n s  o f  r e s u l t s  o f  t h e  B A C I ,  b i n o m i a l ,  a n d

Pat te rn  ana lyses  foL low.  The f i rs t  paragraph o f  each ind iv idua l

a c c o u n t  s u m m a r i z e s  M E C ' s  r e s u L t s  a n d  c o n c l u s i o n  f o r  t h a t  t a x o n .  R e a d e r s

i n t e r e s t e d  o n l y  i n  g e n e r a l  s u m m a r i e s  o f  r e s u l t s  s h o u l d  s k i p  t o  S e c t i o n

4 . 2 . 3 ,  w h e r e  t h e  b r o a d l y : d i s t r i b u t e d  t a x a  a r e  p r e s e n t e d .
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4 . 2 . 2 . 2 .  I  S e r i p h u s  p o l i t u s  ( Q u e e n f i s h )

BACI  resu l ts  fo r  p re f lex ion  la rvae showed a  s ign i f i can t  re la t i ve

d e c r e a s e  ( n o t  c o n f i r m e d  b y  s e c o n d a r y  t e s t s  )  ,  b u t  r e s u l t s  f o r  t o t a I ,

f lex ion ,  and pos t f lex ion  gueenf ish  la rvae showed no s ign i f i can t  e f fec ts

( T a b l e  4 - 2 ) .  T h e  p l u m e / n o n - p l u m e  a n a l y s i s  ( T a b l e  4 - 3 )  r e v e a l e d

s ign i f i can t  decreases  o f  to ta l  and pre f lex ion  la rvae on  p lume dates .

The Pat te rn  ana lys is  showed thar  on ly  f lex ion-s tage la rvae were

red is t r ibu ted ,  bu t  s ince  tha t  s tage was no t  abundant ,  i t  i s  un l i ke ly

thaE the  resu l ts  were  mean ing fu l .  Thus ,  SONGS opera t ions  may have had

an e f fec t  on  the  youngest  la rvae tha t  was  near  the  l im i t  o f  de tec t ion  o f

the  BACI  tes t ing  on  the  fu1 I  A f te r  da ta  se t ;  the  h ieh  var iab i l i t y  o f  the

data ,  and the  consequent  Low power  o f  the  tes ts ,  p revented  c lear

d e t e c t i o n  o f  a n  e f f e c t

A t  bo th  SONGS and Cont ro l .  the  abundance o f  queenf ish  la rvae

decreased in  the  opera t iona l  per iod  by  477 a t  S0NGS and 16% at  Cont ro l ,

y i e l d i n g  a  r e l a t i v e  d e c r e a s e  o f  3 2 7 1  ( T a b l e  4 - 5 ) .  T h i s  r e l a t i v e  d e c r e a s e

was smal le r  than the  leve1 o f  change tha t  the  s tudy  was des igned to

d e t e c t ,  a n d  r e s u l t  o f  t h e  t - t e s t  o n  u n t r a n s f o r m e d  d a t a  w a s  n o t

s i g n i f i c a n t  ( p  =  0 . 2 9 ) .  S e c o n d a r y  t e s t s  c o n c u r r e d  w i t h  t h e  p r i m a r y

i e s t .  I n  c o n t r a s E ,  t h e  b i n o m i a l  t e s t  r e s u l t  ( T a b l e  4 - 4 )  i n d i c a t e d  t h a t

the  proporE ion  o f  to ta l  queenf ish  la rvae a t  SONGS in  the  opera t iona l

per iod  was lower  than the  propor t ion  in  the  preopera t iona l  per iod  (p  .

0 . 0 1 ) .  E x a m i n a t i o n  o f  t h e  t i m e  p l o t  o f  D e l t a  v a l u e s  ( F i g u r e  D - 1 5 0 )

revea led  cons iderab le  over lap  in  Before  and Af te r  De l ta  va lues  and no

s t r i k i n g  s h i f t  i n  D e l t a s  b e t w e e n  m o n i t o r i n g  p e r i o d s .  T h e  l a r g e

negat ive  De l tas  observed dur ing  the  opera t iona l  per i -od  in  the  summer  o f

1 9 8 5  w e r e  n o t  r e p e a t e d  i n  1 9 B 6  ( F i g u r e  D - 1 5 1 ) .  T e s t s  o n  t h e

u n t r a n s f o r m e d  p l u m e  d a t a  d i d  i n d i c a t e  a  s i g n i f i c a n t  r e l a t i v e  r e d u c t i o n ,
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wh i le  the  non -p lume tes t  resu l t s  were  no t  s ign i f i can t  (Tab Ie  4 -3 ) .  Th i s

suggests that  there was an ef fect ,  but  one that  was smal ler  than the

de tec t i on  l eve l  o f  t he  tes t  on  the  fu I l  da ta  se t .

Queenf ish  la rvae were  present  in  h igh  concent ra t ions ,  w i th  la rge

v a r i a b i l i t i e s  t h a t  m a s k e d  p o s s i b l e  r e a l  d i f f e r e n c e s  i n  r e l a t i v e

a b u n d a n c e  ( T a b l e  4 - 1 ) .  A l s o ,  s i n c e  q u e e n f i s h  l a r v a e  m o v e  i n s h o r e  a n d

toward  the  bo t tom wi th  age,  the  po ten t ia l  magn i tude o f  any  SONGS ef fec ts

wou ld  d i f fe r  among the  d i f fe ren t  l i fe  s tages .  Th is  d i f fe rence wou ld

confound the  e f fec ts  o f  the  o ther  s tages  and thereby  inc rease bo th  the

var iance o f  the  number  o f  to ta l  la rvae and the  d i f f i cu l ty  o f  f ind ing

e f f e c t s  e v e n  i f  t h e y  d i d  o c c u r .  F o r  t h e s e  r e a s o n s ,  i t  w a s  o f  i n t e r e s t  t o

inves t iga te  whether  SONGS had an  e f fec t  on  the  ind iv idua l  la rva l

s E a g e s ,

The youngest  (p re f lex ion-s tage)  la rvae were  found in  a l l  b locks  in

a l l  par ts  o f  the  water  co lumn,  bu t  were  most  abundant  in  the  ep ibenthos

and rn idwate t  o f  inshore  A and B B locks .  A l though the  mean abundance o f

p r e f l e x i o n - s t a B e  l a r v a e  i n c r e a s e d  s l i g h t l y  a t  t h e  C o n t r o l  s i t e  ( 8 7 " ) ,

the  mean abundance a t  SONGS decreased 4L7" ,  y ie ld ing  a  s ign i f i can t

r e l a t i v e  d e c r e a s e  o f  4 8 %  ( p  =  0 . 0 6 ,  a t  s  =  0 . I 0 ,  a n d  p o w e r  =  0 . 5 8 ) .  T h e

BACI  tes t ing  was per fo rmed on the  un t rans formed data ,  wh ich  met  a l l

r e q u i s i t e  a s s u m p t i o n s  o f  t h e  B A C I  m o d e l .  T h e  s e c o n d a r y  t e s t s ,  o n  i o g -

t rans formed data .  a l l  showed no s ign i f i can t  changes be tween Before

D e l t a s  a n d  A f t e r  D e l t a s ,  t h u s  f a i l i n g  t o  c o n f i r m  t h e  r e s u l t s  o f  t h e

p r i m a r y  t e s t .  I n s p e c t j . o n  o f  t h e  t i m e  p l o t  o f  D e l t a  v a l u e s  ( F i g u r e  D - f 5 5 )

revea led  tha t  a l though there  was cons iderab le  over lap  in  va lues  be tween

m o n i n t o r i n g  p e r i o d s .  t h e  h i g h  p o s i t i v e  v a l u e s  o b t a i n e d  d u r i n g  t h e

P r e o P e r a t i o n a l  p e r i o d  w e r e  n o t  r e p e a t e d  i n  t h e  o p e r a t i o n a l  p e r i o d .

P r o b a b l y  a s  a  r e s u l t  o f  t h i s ,  t h e  b i n o m i a l  t e s t  ( T a b 1 e  4 - 4 )  i n d i c a t e d
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tha t  the  propor t ion  o f  to ta l  p re f lex ion-s tage la rvae a t  SONGS dur ing

the  opera t iona l  per iod  r , ras  s ign i f i can t ly  lower  than dur ing  the

p r e o p e t a t i o n a l  p e r i o d  ( p  .  0 . 0 1 ) .

As  the  lee iphus  pre f lex ion  la rvae matured  to  the  f lex ion-s tage,

the large abundances in the inshore A and B Blocks epibenthos became

more  pronounced,  poss ib ly  inc reas ing  the  suscept ib i l i t y  o f  the  la rvae

to  in take  w i thdrawal  and d i f fuser  en t ra inment  e f fec ts .  The f lex ion :

stage larvae decl ined in mean abundance by 73% at SONGS and 70% at

Cont ro l  be tween the  preopera t iona l  and the  opera t iona l  t ime per iods

(Tab les  4-1 ,  4 -5) .  The resu l t ing  L7 ' / ,  dec l ine  in  re la t i ve  abundance was

not  s ign i f i can t  by  Ehe BACI  t - tes t  on  un t rans formed data  (Tab le  4 -2)  "

The resu l ts  were  cor . robora ted  by  the  resu l ts  o f  secondary  tes ts  on  1og-

t rans formed data ,  and the  Wi lcoxon rank  sum tes t .  The t ime p lo t  o f  De l ta

v a l u e s  ( F i g u r e  D - 1 6 1 )  r e v e a l e d  n o  c l e a r  d i f f e r e n c e  b e t w e e n  m o n i t o r i n g

p e r i o d s ,  a n d  t h e  b i n o m i a l  t e s t  ( T a b 1 e  4 - 4 )  i n d i c a t e d  t h a t  t h e

propor t ion  o f  f lex ion-s tage queenf ish  la rvae a t  SONGS in  the

oPera t iona l  per iod  was no t  lower  than the  propor t ion  a t  SONGS in  the

P r e o p e r a t i o n a l  p e r i o d  ( p  =  0 . 3 5  )  .

T h e  B A C I  a n a l y s i s  o n  u n f r a n s f o r m e d  d a t a  f o r  p o s t f l e x i o n - s t a g e

la rvae was nons ign i f i can t  (TabLe 4-2) .  Mean abundance decreased by  277"

a t  the  Cont ro l  s i te  bu t  by  on ly  2 ' / .  a t  SONGS.  y ie ld ing  a  44"A re la t i ve

i n c r e a s e  ( T a b l e  4 - 5 ) .  A g a i - n ,  t h e  t i m e  p l o t  o f  D e l t a  v a l u e s  ( F i g u r e  D -

1 6 5  )  s h o w e d  c o n s i d e r a b l e  v a r i a b i l i t y  b u t  n o  d i f f e r e n c e  b e t w e e n

m o n i t o r i n g  p e r i o d s .  T h e  b i n o m i a l  t e s t  ( t a b 1 e  4 - 4 )  I i k e w i s e  i n d i c a E e d

n o  d e c r e a s e  i n  t h e  p r o p o r t i o n  o f  p o s t f l e x i o n - s t a g e  q u e e n f i s h  l a r v a e  a t

S O N G S  i n  t h e  o p e r a t i o n a l  p e r i o d  ( p  =  0 . 7 7  )  .

T h e  p l u m e / n o n - p l u m e  B A C I  a n a l y s e s  y i e l d e d  n o  s i g n i f i c a n t  B A C I

r e s u l t s  f o r  a n y  o f  t h e  l a r v a l  s t a g e s  i n  E h e  n o n - p l u m e  d a t e s  g r o u p .
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Analys is  o f  p lume dates  us ing  un t rans formed data  y ie lded s ign i f i can t

B A C I  r e s u l t s  ( p  =  0 . 0 ! )  f o r  t o t a l  q u e e n f i s h  l a r v a e  a s  n o t e d  a b o v e  a n d

f o r  p r e f l e x i o n - s t a g e  l a r v a e .  H i g h  ( p o s i t i v e )  p r e o p e r a t i o n a l  p e r i o d

D e l t a  v a l u e s  w e r e  n o t  r e p e a t e d  i n  t h e  o p e r a t i o n a l  p e r i o d .

The pa t te rn  ana lys is  on  to ta l  queenf ish  la rvae (F igure  D- I53)

r e v e a l e d  n o  c r o s s - s h e 1 f  s h i f t s  i n  l a r v a l  l o c a t i o n  a t  S O N G S ,  s u g g e s t i n g

no de tec tab le  o f fshore  t ranspor t  as  a  resu l t  o f  en t ra inment  in  the

d ischarge p lume.  Queenf ish  la rvae were  found in  a l l  par ts  o f  the  water

co lumn a t  a l l  dep ths ,  a l though they  were  more  abundant  in  the  inshore

ep ibenthos  and less  abundant  in  the  o f fshore  ep ibenthos .  The | IANOVA

revea led  no  changes in  spat ia l  d is t r ibu t ions  fo r  p re f lex ion  la rvae,

ind ica t ing  tha t  the  Af te r -SONGS decrease no ted  in  the  BACI  tes t ing

o c c u r r e d  e q u a l l y  i n  a l l  t h e  c r o s s - s h e 1 f  s t r a t a .  I n t e r e s t i n g l y ,  t h e

p a t t e r n  a n a l y s i s  i n d i c a t e d  a  s i g n i f i c a n t  ( p  =  0 . 0 t )  s h i f t  i n t h e  s p a t i a l

d i s t r i b u t i o n  o f  t h e  f l e x j . o n - s t a g e  l a r v a e  ( F i g u r e  D - 1 5 3 ) :  i n  t h e

oPera t iona l  per iod  the  re la t i ve  abundance decreased in  the  midwater  o f

B l o c k  A - - t h e  b l o c k  c l o s e s t  t o  s h o r e  a n d  n e a r  t h e  i n t a k e s - - p e r h a p s

ind ica t ing  an  in take  w i thdrawal  e f fec t  on  th is  la rva l  s tage.  We a lso

d e t e c t e d  a  s i g n i f i c a n t  r e l a t i v e  i n c r e a s e  i n  t h e  A -  a n d  B - B 1 o c k  n e u s t o n .

However .  the  number  o f  o rgan isms found in  these loca t ions  was very  smal l

compared to  the  midwater  and ep ibenth ic  par ts  o f  the  water  co lumn;  an

i n c r e a s e  f r o m  0 . 4 0 / m 3  t o  0 . 4 3 / m 3  o c c u r r e d  i n  t h e  n e u s t o n  w h e r e a s  t h e

m e a n  a b u n d a n c e  d e c r e a s e d  f r o m  L 2 . 5 9  t o  4 . 7 7 1 m 3  i n  t h e  A - b l o c k  m i d w a t e r .

A l t h o u g h  t h i s  d i f f e r e n c e  i n  t h e  n e u s t o n  w a s  s t a t i s t i c a l l y  s i g n i f i c a n t ,

i t  p r o b a b l y  w a s  n o t  e c o l o g i c a l l y  i m p o r t a n t .

P o s t f l e x i o n - s t a g e  l a r v a e  o c c u r r e d  p r e d o m i n a n t l y  i n  t h e  A  a n d  B

B l o c k  e p i b e n t h o s .  w i t h  o n l y  a n  o c c a s i o n a l  i n d i v i d u a l  f a r t h e r  f r o m  s h o r e

o r  n e a r e r  t h e  s u r f a c e .  T h e  s p a t i a l  p a t t e r n  d i d  n o t  d i f f e r  b e t w e e n  t h e

s . e t  o f  " B e f o r e - o r - c o n t r o 1 "  a n d  t h e  " A f t e r - s o N G S "  d a t a  ( F i g u r e  D - 1 5 3 ) .
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4 . 2 . 2 . 2 . 2  G e n y o n e m u s  l i n e a t u s  ( W h i t e  c r o a k e r )

BACI  ana lyses  o f  wh i te  c roaker  la rva l  abundances  d id  no t  revea l

any  s ign i f i can t  changes except  fo r  p re f lex ion  la rvae on  p lume dates .

Th is  was par t l y  due to  the  fac t  tha t  s ince  re la t i ve ly  few surveys  were

conducted  dur ing  the  w in te r -spr ing  spawning  season,  the  power  o f  the

tes ts  to  de tec t  changes was 1ow"  Pat te rn  ana lys is  suggested  an

ent ra inment  e f fec t  on  pre f lex ion  la rvae.  The we igh t  o f  ev idence

suggests ,  bu t  does  no t  con f i rm,  tha t  SONGS opera t ions  a f fec ted  the

abundance and d is t r ibu t ion  o f  young wh i te  c roaker  la rvae.

The BACI  ana lys is  on  un t rans formed c ross-she l f  abundance (Tab1e 4-

2)  o f  wh i te  c roaker  la rvae showed a  nons ign i f i can t  447,  decrease in

re la t i ve  abundance assoc ia ted  w i th  a  la rger  decrease in  mean abundance

a t  S O N G S  ( 6 9 7 " )  t h a n  a t  C o n t r o l  ( 3 0 % :  T a b l e  4 - 5 ) .  T h e  s e c o n d a r y  t e s t s

l i k e w i s e  f a i l e d  t o  d i s t i n g u i s h  t h e  d e c r e a s e  i n  m e a n  D e l t a  f r o m  z e r o .

The ana lyses  on  p lume and non-p1ume data  se ts  bo th  y ie lded

n o n s i g n i f i c a n t  r e s u l t s  ( T a b 1 e  4 - 3 ) .

The preopera t iona l  per iod  sampl ing  was la rge ly  d i rec ted  toward

queenf ish, and secondari ly toward some of the more abund'ant nearshore

p l a n i : t o n i c  s p a w n e r s  o f  s p o r t  o r  c o m m e r c i a l  v a l u e .  M o s t  o f  t h e s e  s p e c i e s

are  summer  spawners ,  whereas  wh i te  c roaker  a re  w in te r -spr ing  spawrrers .

Thus  the  t im ing  o f  sampl ing  in  the  preopera t iona l  per iod  was no t

par t i cu la r ly  appropr ia te  fo r  wh i te  c roaker :  about  L97"  o f  the

PreoPera t iona l  surveys  and 387"  o f  the  opera t iona l  surveys  were  taken

dur ing  the  major  par t  o f  the  wh i te  c roaker  spawning  season,  Dur ing  the

spawning  season,  la rva l  abundance o f ten  was orders  o f  magn i tude h igher

than i t  was  when most  o f  the  preopera t iona l  and opera t iona l  surveys  were

c o n d u c t e d  ( e . g . ,  F i g u r e  D - 1 7 3 ) .
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When re la t i ve ly  few la rvae are  ava i lab le  fo r  ana lys is ,  i t  i s  no t

t o o  s u r p r i s i n g  t o  f i n d  n o  e f f e c t .  O n  t h e  o t h e r  h a n d ,  t h e  h i g h

v a r i a b i l i t y  d u r i n g  s p a w n i n g  s e a s o n  ( e . g . ,  F i g u r e  D - 1 7 I )  s e r v e d  t o

reduce BACI  power  so  tha t  even i f  an  e f fec t  d id  occur  i t  m igh t  no t  be

s t a t i s t i c a l l y  r e c o g n i z a b l e  v i a  t h e  B A C I  p r o c e d u r e l  t h e  p o w e r s  o f  a l l

p r i m a r y  B A C I  a n a l y s e s  o f  w h i t e  c r o a k e r  w e r e  l e s s  t h a n 0 . 5 0  ( T a b l e s  4 - 2 ,

4 - 3 ) .  T h e  r e g i o n a l  d e c r e a s e  i n  a b u n d a n c e  o f  w h i t e  c r o a k e r  n o t e d  e a r l i e r

was smal l  compared to  the  d i f fe rence be tween "spaw: r ing  season"  surveys

and "o f f  season"  surveys  (1ess  than an  order  o f  magn i tude fo r  the

reg iona l  dec l ine  vs .  rough ly  two orders  o f  magn i tude fo r  the  seasona l

d i f f e r e n c e ) ,  a n d  i s ,  t h e r e f o r e ,  u n l i k e l y  t o  h a v e  a c c o u n t e d  f o r  t h e

nons ign i f  i can t  BACf  resu l ts  .

A l though the  BACI  tes t ing  procedures  fa i led  to  de tec t  a

s i g n i f i c a n t  e f f e c t ,  t h e  b i n o m i a l  t e s t  ( T a b I e  4 - 4 )  i n d i c a t e d  t h a t  t h e

propor t ion  o f  wh i te  c roaker  la rvae a t  SONGS in  the  opera t iona l  per iod

w a s  s i - g n i f  i c a n t l y  l o w e r  t h a n  e x p e c t e d .

When the  BACI  ana lyses  were  app l ied  to  the  Larva l  s tages ,  the

r e s u l t s  w e r e  n o n s i g n i f i c a n t  f o r  a l l  t h r e e  s t a g e s  ( T a b 1 e  4 - 2 ) .  T i m e

p l o t s  o f  D e l t a v a l u e s  ( F i g u r e s  D - L 7 7 ,  D - 1 8 2 ,  D - 1 8 7 )  o f  t h e  t h r e e  s t a g e s

revea led  h igh  var iab i l i t y  dur ing  spawning  season and l i t t1e  var iab i l i t y

dur ing  the  o f f  season,  when very  few la rvae were  taken.  bu t  no  obv ious

d i f f e r e n c e s  b e t w e e n  m o a i t o r i n g  p e r i o d s .  M e a n  a b u n d a n c e  d e c l i n e d  f r o m

t h e  P r e o p e r a t i o n a l  t o  t h e  o p e r a t i o n a l  p e r i o d  f o r  a l l  t h r e e  s t a g e s  a E

b o t h  S O N G S  a n d  C o n t r o l  ( T a b l e  4 - 1 ) .  T h e  d e c l i n e  w a s  m u c h  l a r g e r  a t  S O N G S

f o r  p r e f l e x i o n  l a r v a e ,  a  l i t t 1 e  l a r g e r  a t  S O N G S  f o r  f l e x i o n - s t a g e

l a r v a e .  a n d  6 s s e n t i a l l y  t h e  s a m e  a t  b o t h  I o c a t i o n s  f o r  p o s t f l e x i o n -

s t a g e  l a r v a e .  A c c o r d i n g l y ,  r e l a t i v e  a b u n d a n c e  d e c r e a s e d  5 5 %  f o r

p r e f l e x i o n - s t a g e  l a r v a e ,  i n c r e a s e d  5 7 "  f o r  f l e x i o n - s t a g e  l a r v a e ,  a n d
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i n c r e a s e d  4 L 7 "  f o r  p o s t f l e x i o n - s t a g e  l a r v a e  ( T a b l e  4 - 5 ) .  P r e f l e x i o n -

s t a g e  a n d  f l e x i o n - s t a g e  l a r v a e  a l s o  s h o w e d  a  s i g n i f i c a n t l y  l o w e r

p r o p o r t i o n  t h a n  e x p e c t e d  a t  s O N G s  i n  t h e  o p e r a t i o n a l  p e r i o d  ( p  <  0 . 0 1

a n d  P  =  0 . 0 2 ,  r e s p e c t i v e l y ) .  T h e  r e l a t i v e  d e c r e a s e  f o r  p r e f l e x i o n -

staBe larvae was about the leve1 of change that the study was intended

t o  d e t e c t ,  b u t  s i n c e  t h e  p o w e r  o f  t h e  t - t e s t  w a s  m o d e r a t e l y  l o w ,  t h e

l i k e l i h o o d  o f  s t a t i s t i c a l l y  r e c o g n i z i n g  a  5 0 %  d e c r e a s e  a s  s i g n i f i c a n t

w a s  a l s o  1 o w .

The p lume/non-p lume BACI  ana lyses  (Tab le  4 -3)  y ie lded

n o n s i g n i f i c a n t  ( p  >  0 . 1 0 )  r e s u l t s  f o r  a l l  b u t  t h e  p r e f l e x i o n - s t a g e

l a r v a e  o n  p l u m e  d a t e s ,  w h i c h  d e c l i n e d  s i g n i f i c a n t l y  ( p  =  0 . I 0 )  i n

re la t i ve  abundanee.  Mean abundance o f  p re f lex ion-s tage la rvae dec l ined

57"/"  at  SONGS whi le increasing 497. at Control  in this subset of the

o P e r a t i o n a l  p e r i o d  d a t a .  T h u s ,  t h e r e  w a s  s o m e  s u g g e s t i o n  o f  a n  e f f e c t ,

b u t  o n e  b e l o w  t h e  d e t e c t i o n  l e v e l  o f  t h e  t e s t  o n  t h e  f u I l  d a t a  s e t ,  f o r

E h i s  s t a g e "  S u c h  a  m i n o r  e f f e c t ,  i f  i t  t r u e l y  o c c u r r e d ,  i s  u n l i k e l y  t o

have been o f  impor tance to  the  wh i te  c roaker  popu la t ion  s ince  the

probabi l i ty that a larva wi l l  survive to recrui tment from the

p r e f l e x i o n - s t a g e  i s  v e r y  1 o w ,  e v e n  u n d e r  p u r e l y  n a t u r a l  c o n d i t i o n s .

The pa t te rn  ana l -ys is  on  to taL  la rvae (F igure  D-L74)  ind ica ted  a

s ign i f i can t  sh i f t  in  pa t te rn  a t  SONGS in  the  opera t iona l  per iod

r e l a t i v e  t o  t h e  p a t t e r n  i n  t h e  B e f o r e - o r - C o n t r o l  d a t a  s e t .  H o w e v e r ,

examinat ion  o f  the  abundance pa t te rn  d id  no t  reveaL a  s t r i k ing  change:

larvae may have been shif ted away from the midwater shoreward of the

in takes  and s l igh t ly  upward  in io  the  water  co lumn in  the  depth  ranBe

cor resPond ing  approx imate ly  to  the  Un i t  3  d i f fuser .  The MANOVA a lso

s h o w e d  a  s i g n i f i c a n t ,  b u t  n o t  s t r i k i n g !  p a t t e r n  s h i f t  ( F i g u r e  D - L 7 4 )

f o r  t h e  p r e f l e x i o n - s t a g e  l a r v a e .  T h e  l o c a t i o n  o f  h i g h e s t  a b u n d a n c e  d i d
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not  change,  bu t  the  reg ion  o f  secondary  abundance a t  SONGS sh i f ted

upward  in to  the  neus ton  in  the  depth  zone encompass ing  the  Un i ts  2  and 3

d i f fusers  dur ing  the  opera t iona l  per iod .  Th is  cou ld  be  in te rpre ted  as

re f lec t ing  a  d i f fuser  en t ra inment  e f fec t ,  w i th  la rvae t ranspor ted

upward  f rom a  pre fer red  hab i ta t  lower  in  the  v ra te r  co lumn.  Such an

ef fec t  shou ld  have been most  apparent  fo r  p re f lex ion-s tage la : r rae ,

s ince  these have the  most  l im i ted  swimming ab i l i t ies .  I f  the  young

larvae were entrained in the discharge p1ume, they do not appear to have

been t ranspor ted  seaward  to  any  apprec iab le  degree and,  owing  to  the i r

b r o a d  c r o s s - s h e l f  d i s t r i b u t i o n ,  p r o b a b l y  w o u l d  n o t  b e  s e v e r e L y

adverse ly  a f fec ted  by  such t ranspor t  even i f  they  had been.  Losses  o f

la rvae in  the  d ischarge p lume probab ly  d id  occur  as  a  resu l t  o f

t u r b u l e n t  s h e a r  s t r e s s  ( t h i s  e f f e c t  i s  t h o u g h t  t o  b e  o f  m i n o r

i m p o r t a n c e l  € . 8 . ,  M R C ,  1 9 8 0 )  a n d  p r e d a t i o n  ( r e s u l t i n g  p e r h a p s  f r o m

disor ien ta t ion  o f  the  en t ra ined la rvae,  o r  inc reased predator  abundance

i n  t h e  v i c i n i t y  o f  t h e  d i s c h a r g e  p l u m e ,  o r  b o t h )  b u t  t h e s e  e f f e c t s  d i d

not  resu l t  in  a  la rge  enough dec l ine  in  re la t i ve  abundance to  have been

s t a t i s t i c a l l y  r e c o g n i z e d  i n  t h e  B A C I  t e s t i n g .

4 .2 .2 .  2 .  3  Che i l o t rema sa tu rnun  (B1ack  c roake r )

L a t e r - s t a g e  b l a c k  c r o a k e r  L a r v a e  w e r e  v e r y  r a r e l y  c o l l e c t e d  ( T a b 1 e

4 - 1 ) ,  s o  o n l y  t o t a l  a n d  p r e f l e x i o n  l a r v a e  w e r e  t e s t e d .  P r i m a r y  a n d

secondary  BACI  tes ts  and p lume/non-p1ume BACI  tes ts  were

n o n s i g n i f i c a n t .  P a t t e r n  a n a l y s e s  f a i l e d  t o  r e v e a l  a n y  e v i d e n c e  o f

r e d i s t r i b u t i o n .  T h e r e f o r e ,  S o N G S  o p e r a t i o n  h a d  n o  d e t e c t a b l e  e f f e c t  o n

b l a c k  c r o a k e r  l a r v a e .

T h e  B A C I  r e s u l t s  ( T a b l e  4 - 2 )  b a s e d  o n  u n t r a n s f o r m e d  d a t a  w e r e

n o n s i g n i f i c a n t  f o r  t o t a l  a n d  p r e f l e x i o n - s t a g e  l a r v a e  ( t o o  f e w  f l e x i o n
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a n d  p o s E f l e x i o n - s t a g e  l a r v a e  w e r e  c o l l e c t e d  t o  a n a l y z e  s t a t i s t i c a l l y ) .

T i m e  p l o t s  o f  D e l t a  v a l u e s  f o r  t o t a l  b l a c k  c r o a k e r  l a r v a e  a n d  p r e f l e x i o n

s t a g e  l a r v a e  ( F i g u r e s  D - L 9 2 ,  D - 1 9 8 )  s h o w e d  n o  o b v i o u s  d i f f e r e n c e s

between per iods .  Mean abundance o f  la rvae increased a t  bo th  SONGS and

Cont ro l  dur ing  the  opera t iona l  per iod ,  as  d id  re la t i ve  abundance (Tab le

4-5) .  The increase in  abundance a t  Cont ro l  was  la rger  (about  160%)  than

the increase at SONGS (about 947.) owing to especial ly high abundance oq

the  24-24 August  igg l  survey  (F igure  D-194) .  The secondary  BACI  tes ts

(F igures  D-192.  D-197)  and the  b inomia l  tes t  (Tab le  4 -4)  conf i r rned the

pr imary  BACI  tes t  in  showing no  s ign i f i can t  d i f fe rences  in  the

abundances  or  p ropor t ions  o f  Eota l  o r  p re f lex ion-s tage la rvae a t  SONGS

between the  preopera t iona l  and opera t iona l  per iods .  Resu l ts  o f  the

BACI  ana lys is  o f  the  p lume dates  subset  o f  opera t iona l  da ta  were  a lso

nons ign i f i can t .  The pa t te rn  ana lys is  (F igure  D-195 )  showed no ev idence

o f  a  s h i f t  i n  c r o s s - s h e l f  d i s t r i b u t i o n  a t  S O N G S  d u r i n g  t h e  o p e r a t i o n a l

p e r i o d ,  s u p p o r t i n g  t h e  B A C I  a n d  b i n o m i a l  t e s t  r e s u l t s .

Since most of the C. saturrrum taken during the ichthyoplankton

moni to r ing  s tudy  were  pre f lex ion-s tage la rvae,  i t  i s  no t  surpr is ing

t h a t  B A C I ,  b i n o m i a l ,  a n d  p a t t e r n  a n a l y s i s  r e s u l t s  f o r  t h e  p r e f l e x i o n -

s tage la rvae mi r ro red  those shown fo r  to ta l  la rvae.  Ne i ther  f lex ion  nor

p o s t f l e x i o n - s t a g e  l a r v a e  o c c u r r e d  a t  b o t h  m o n i t o r i n g  l o c a t i o n s  o n  t h e

same date ,  and g iven th is  var iab i l i t y  the  power  to  de tec t  an  e f fec t

would have been very 1ow even i f  enough non- zero observat ions elere

ava i lab le  to  war ran t  ana lys is .  Mean abundance o f  f lex ion-s tage la rvae

d e c l i n e d  a t  b o t h  S O N G S  a n d  C o n t r o l ,  w h i l e  p o s t f l e x i o n - s t a g e  l a r v a e

d e c l i n e d  o n l y  a t  S O N G S  ( T a b I e  4 - 1 ) .  H o w e v e r ,  b e c a u s e  s o  f e w  i n d i v i d u a l s

w e r e  i n v o l v e d ,  t h e s e  c h a n g e s  m a y  n o t  r e f l e c t  a c t u a l  p o p u l a t i o n  c h a n g e s .

I n s t e a d ,  t h e  r e s u l t s  o f  t h e  a n a l y s e s  l e a d  u s  t o  c o n c l u d e  t h a t  t h e r e  w a s

n o  e f f e c t  o f  S O N G S  o p e r a t i o n  o n  C h e i l o t r e m a  s a t u r n u m  l a r v a e

4 -  63



4 . 2 . 2 .  2 . 4  M e n t i c i r r h u s  u n d u l a t u s  ( C a l i f o r n i a  c o r b i n a )

B A C I  t e s t s ,  t h e  b i n o m i a l  t e s t ,  p l u m e / n o n - p l u m e  t e s t s  a n d  p a t t e r n

a n a l y s i s  f o r  a l l  y i e l d e d  n o n s i g n i f i c a n t  r e s u l t s .  T h i s  i n d i c a t e s  t h a t

SONGS opera t ion  had no  de tec tab le  e f fec t  on  the  la rvae o f  Ca l i fo rn ia

c o r b i n a .

The BACI  t - tes ts  on  un t rans formed data  y ie lded nons ign i f i can t

resu l ts  fo r  to ta l  corb ina  la rvae and fo r  the  pre f lex ion  and f lex ion

s t a g e s  ( T a b l e  4 - 2 ) .  P o s t f l e x i o n - s t a g e  l a r : v a e  o c c u r r e d  t o o  i n f r e q u e n t l y

( o n l y  o n c e  i n  t h e  o p e r a t i o n a l  p e r i o d )  t o  a 1 l o w  s t a t i s t i c a l  a n a l y s i s "

The secondary  tes ts  cor robora ted  the  pr imary  tes t  fo r  to ta l  and

p r e f l e x i o n - s t a g e  l a r v a e ,  a n d  t h e  t i m e  p l o t s  o f  D e l t a  v a l u e s  r e v e a l e d  n o

s t r i k ing  d i f fe rences  be tween mon i to r ing  per iods  (F igures  D-203,  D-

2 0 9 ) .  F o r  t h e  f l e x i o n - s t a g e  l a r v a e ,  h o w e v e r .  s e c o n d a r y  t e s t s  ( t - t e s t

on  1og- t rans formed data  and the  Wi lcoxon rank  sum tes t  on  un t rans formed

d a t a )  g a y e  s i g n i f i c a n t  ( p  <  0 . 1 0 )  r e s u l t s ,  c o n t r a d i c t i n g  t h e  p r i r n a r y

t e s t .  T h i s  d i s c r e p a n c y  w a s  p r o b a b l y  d u e  t o  t h e  v e r y  s m a l l  s a m p l e  s i z e

(seven PreoPera t iona l  and four  opera t iona l  surveys) ,  wh ich  suggests

tha t  th is  BACI  resu l t  i s  more  re f lec t i ve  o f  na tura l  var iab i l i t y  than o f

a  SONGS ef fec t .  The p lume/non-p1ume ana i .yses  y ie lded nons ign i f i can t

r e s u l t s  f o r  b o t h  s u b s e t s  ( T a b l e  4 - 3 ) ,  s u p p o r t i n g  t h e  i n t e r p r e t a t i o n  o f

n o  e f f e c t .

The mean abundance o f  to ta l  corb ina  la rvae and o f  the  pre f lex ion

a n d  f l e x i o n - s t a g e s  d e c r e a s e d  a t  C o n t r o l  i n  t h e  o p e r a t i o n a l  p e r i o d

( a b o u t  7 0 7 " ) ;  t h e  a b u n d a n c e s  o f  t o t a l  a n d  p r e f l e x i o n - s t a g e  l a r v a I

decreased to  a  smal le r  degree a t  SONGS (about  30%)  wh i le  the  abundance

o f  f l e x i o n - s t a g e  l a r v a e  i n c r e a s e d  a t  s o N G S  b y  8 6 7 ,  ( T a b l e s  4 - ] - , 4 - 5 ) "

C o n s e q u e n t l y ,  r e l a t i v e  a b u n d a n c e  i n c r e a s e d  f o r  t o t a l  l a r v a e  a n d  b o t h

s t a g e s  ( T a b I e  4 - 5 ) .  T h e  p r o p o r t i o n  o f  e a c h  o f  t h e s e  c a t e g o r i e s  a t  S O N G S
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in  the operat ional  per lod was not  s ign i f icant ly  lower  than i ts

respec t i ve  p ropo r t i on  a t  SONGS in  the  p reopera t i ona l  pe r iod  (Tab Ie  4 -

4 ) .

The in terpretat ion of  no ef fect  is  suppor ted by the nonsigni - f icant

resu l t s  o f  BACI  t - t es t s  o f  un t rans fo rmed  da ta  no ted  above  fo r  t o ta l

larvae.  and for  pref lex ion-stage corb ina larvae,  on p lume dates (Table

4 -3 ) .  The  pa t te rn  ana lys i s  (F igu re  D-206)  i nd i ca ted  no  s ign i f i can t

ove ra l l  sh i f t s  i n  c ross -she l f pa t t e rn  (a i 1  va lues  o f  p  >  0 .05  f o r  t o ta l

l a rvae ,  p re f l ex ion ,  and  f l ex ion -s tages  )  .

4 .2 .2 .2 "5  ?3E" }_ab rax  Spec ies  (Ke lp  Bass  and  Sandbasses )

Resu l ts  o f  the  BACI  tes ts  o f  the  abundance o f  to ta l  Larvae we_re  no t

s j - g n i f i c a n t .  S i g n i f i c a n t  r e s u l E s  f o r  p r e f l e x i o n  a n d  f l e x i o n - s t a g e

la rvae were  a t t r ibu ted  to  the  e f fec ts  o f  two very  la rge  co l lec t ions  in

t h e  o p e r a t i o n a l  p e r i o d ,  b u t  c o u l d  n o t  b e  e n t i r e l y  d i s m i s s e d .  T h e

P a t t e r n  a n a l y s e s  r e v e a l e d  n o  s i g n i f i c a n t  r e d i s t r i b u t i o n s .  B e c a u s e  o f

t h e  e q u i v o c a l  r e s u l t s  o f  t h e  a n a l y s e s ,  M E C  c a n  n e i t h e r  a c c e p t  n o r  r e j e c t

the  conc lus ion  tha t  SONGS had an  e f fec t  on  pre f lex ion  and f lex ion-s tage

l a r v a e ,  b u t  w e  c o n c l u d e  t h a t  S O N G S  o p e r a t i o n  h a d  n o  d e t e c t a b l e  e f f e c t  o n

t o t a l  a n d  p o s t f l e x i o n  l a r v a e .

T h e  p o w e r s  o f  a l l  o f  t h e  t e s t s  w e r e  l o w  ( T a b l e  4 - 2 ) ,  s o  t h a t  o n l y

very  la rge  changes in  the  abundance o f  Para labrax  la rvae cou ld  be

detec ted .  The pr imary  BACI  tes t  o f  un t rans formed data  on  to ta l  la rvae

(Tab le  4 -2)  ind ica ted  tha t  the  LL} " i "  decrease in  re la t i ve  abundance

( T a b 1 e  4 - 5 )  w a s  n o t  s i g n i f i c a n t .  T h e  s e c o n d a r y  t e s t s  ( t - t e s t s  o n  1 o g  ( x

*  C )  -  t r a n s f o r m e d  d a t a )  J - i k e w i s e  y i e l d e d  n o n s i g n i f i c a n t  r e s u l t s

( F i g u r e  D - 2 1 3 ) ,  c o n f i r m i n g  t h e  p r i m a r y  t e s t  r e s u l t .  T h e  b i n o m i a l  t e s t ,

o n  t h e  o t h e r  h a n d ,  g a v e  a  s i g n i f i c a n t  r e s u l t  ( T a b 1 e  4 - 4 ) ,  s u g g e s t i n g
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tha t  the  propor t ion  o f  to ta l  Para labrax  spp.  la rvae aE SONGS in  the

opera t iona l  per iod  was lower  than the  propor t ion  a t  SONGS in  the

P r e o P e r a t i o n a l  p e r i o d .  E x a m i n a t i o n  o f  a  t i m e  p l o t  o f  D e l t a  v a l u e s

( F i g u r e  D - 2 L 4 ) .  h o w e v e r ,  c a s t  d o u b t  o n  t h e  r e s u l t  o f  t h e  b i n o r n i a l  t e s t :

a l l  bu t  four  va lues  o f  De l ta  were  grouped around a  mean o f  zero ,  and

showed no obv ious  d i f fe rence be tween mon i to r ing  per iods .  The p lume

d a t e  a n a l y s i s  y i e l d e d  a  n o n s i g n i f i c a n t  r e s u l t  ( T a b I e  4 - 3 ) ,  s u p p o r t i n g

t h e  i n t e r p r e t a t i o n  o f  n o  e f f e c t .

The ana lyses  were  re run  on  the  la rva l  s tages  because the  o lder

s tages  are  d j .s t r ibu ted  somewhat  nearer  shore  than the  younger  la rvae

and consequent ly  may have been more  I i ke Iy  to  show e f fec ts .

Surpr is ing ly ,  the  BACI  t - tes t  on  un t rans formed data  fo r  p re f lex ion-

sEage la rvae (TabIe  4-2)  ind ica ted  tha t  the  L}L% decrease in  re la t i ve

abundance was s ign i f i can t ,  desp i te  the  broad d is t r ibu t ion  o f  the  Ia : r rae

and the  low power  o f  the  tes t .  Some secondary  tes ts  conf i rmed the

p r i n c i p a l  r e s u l t ,  o t h e r s  d i d  n o t .  I n s p e c t i o n  o f  t h e  t i m e  p l o t  o f  D e l t a

va lues  (F igure  D-22L)  cer ta in ly  d id  no t  suggest  a  s t rong e f fec t ,  bu t  d id

suggest  tha t  the  s ign i f i can t  resu l ts  based on  un t rans formed data

s temmed la rge ly  f rom two surveys  in  the  opera t iona l  per iod ,  on  23  August

1 9 8 3  a n d  1 2  S e p t e m b e r  1 9 8 5 .  w h e n v e r y  l a r g e  c o l l e c t i o n s  w e r e m a d e  a t  t h e

c o n t r o l  s i t e .  T h e s e  r e p r e s e n t  v a l i d  d a t a ,  a n d  a l t h o u g h  t h e y  a r e

out l ie rs  there  i . s  no  reason to  d iscount  them.  Mean abundance dec l ined

b y  3 6 ' / "  a t  S O N G S  b u t  i n c r e a s e d  b y  7 O %  a t  C o n t r o l  ( T a b 1 e  4 - 5 ) .  S u c h  a

pat te rn  o f  changes in  abundance.might  be  expec ted  i f  a  t rue  SONGS ef fec t

h a d  o c c u r r e d ;  h o w e v e r ,  m e a n  a b u n d a n c e  e x c l u s i v e  o f  t h e  2 3  A u g u s t  1 9 8 3

and 12  September  1985 da tes  decreased a t  Cont ro l  by  an  amount  comparab le

t o  t h e  d e c l i n e  a t  S O N G S ,  s o  t h i s  p a t t e r n , ' t o o ,  r e s u l t e d  f r o m  o n l y  t w o

surveys  .
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B A C I  t - t e s t  r e s u l t s  f o r  f l e x i o n - s t a g e  l a r v a e  ( T a b l e  4 - 2 )  w e r e

s i g n i f i c a n t  !  a n d  w e r e  c o r r o b o r a t e d  b y  t h e  s e c o n d a r y  t e s t s  ( F i g u r e  D -

224) .  The b inomia l  tes t  ind ica ted  tha t  a  smal le r  than expec ted

propor t ion  o f  the  f lex ion-s tage la rvae occur red  a t  SONGS dur ing  the

opera t iona l  per iod  (Tab le  4 -4) .  Mean abundance decreased 42% at  SONGS

whi le  inc reas ing  3747 a t  Cont ro l ,  and re la t i ve  abundance decreased by

4 L 6 %  ( T a b l e  4 - 5 ;  s e e  S e c t i o n  3 . 7 . 1 . 4  f o r  a n  e x p l a n a t i o n  o f  w h y  r e l a t i v e

abundance can d i f fe r  f rom the  va lues  tha t  one wou ld  expec t  on  the  bas is

o f  a b s o l u t e  a b u n d a n c e ) .  C o n c o r d a n c e  o f  a  s u i t e  o f  r e s u l t s  n i g h t  b e  t a k e n

as s t ronger  ev idence o f  an  e f fec t  than in  the  case o f  the  pre f lex ion

l a r v a e .  I n s p e c t i o n  o f  t h e  t i m e  p l o t  o f  D e l t a  v a l u e s  ( F i g u r e  D - 2 2 6 )  ,

however ,  revea led  tha t  th is  resu l t ,  too ,  was  dr iven  by  two surveys ,  th is

t ime w i th  a  much la rger  ca tch  a t  SONGS in  the  preopera t iona l  per iod  on  7

J u l y  1 9 8 1  ( y i e l d i n g  a  l a r g e  p o s i t i v e  D e l - t a )  a n d  a  m u c h  l a r g e r  c a t c h  a t

C o n t r o l  d u r i n g  t h e  o p e r a t i o n a l  p e r i o d  o n  2 3  A u g u s t  1 9 8 3  ( y i e l d i n g  a

l a r g e  n e g a t i v e  D e l t a  v a l u e ) .  E x c l u s i v e  o f  t h o s e  t w o  d a t e s !  m e a n

abundance dec l ined a t  bo th  SONGS and Cont ro l ,  bu t  much more  so  a t  SONGS

( - 9 8 7 "  a t  S O N G S  v s .  ' 3 4 7 "  a t  C o n t r o l ) ,  A g a i n ,  t h o s e  t w o  d a t e s  a r e  v a l i d

d a t a  P o i n t s ,  a n d  t h e r e  i s  n o  v a l i d  r e a s o n ,  a p a r t  f r o m  t h e i r  s t a t u s  a s

o u t l i e r s .  t o  d i s c a r d  t h e m .

T h e  p r i m a r y  B A C I  t e s t  o f  d a t a  o n  p o s t f l e x i o n - s t a g e  l a r v a e  y i e l d e d

a  n o n s i g n i f i c a n t  r e s u l t  ( T a b l e  4 - 2 )  t h a t  w a s  c o r r o b o r a t e d  b y  t h e

s e c o n d a r y  t e s t s  ( F i g u r e  D - 2 2 9 ) .  T h e  b i n o m i a l -  t e s t  d . i d  i n d i c a t e  t h a t  t h e

p r o p o r t i o n  o f  p o s t f l e x i o n - s t a g e  l a r v a e  a t  S O N G S  i n  t h e  o p e r a t i o n a l

per iod  was s ign i f i can t ly  lower  than the  preopera t iona l  per iod

P r o P o r t i o n  ( T a b I e  4 - 4 ) .  H o w e v e r .  i n s p e c t i o n  o f  t h e  t i m e  p l o t  o f  D e l t a

v a l u e s  ( F i g u r e  D - 2 3 0 )  a g a i n  s h o w e d  t h a t  t h e  o n l y  m a r k e d  d i f f e r e n c e

b e t w e e n  p e r i o d s  w a s  t h e  v e r y  l a r g e  p o s i t i v e  p r e o p e r a t i o n a l  p e r i o d  v a l u e
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r e s u l t i n g  f r o m  a  l a r g e  c o l l e c t i o n  a t  S O N G S  o n  7  J u l y  1 9 8 1  a n d  t h e  l a r g e

negat ive  De1ta  dur ing  the  opera t iona l  per iod  resu l t ing  f rom a  la rge

c o l l e c t i o n  a t  C o n t r o l  o n  2 3  A u g u s t  1 9 8 3 .  S i n c e  i n c l u s i o n  o f  t h e s e  p o i n t s

shou ld  have increased the  l i ke l ihood o f  f ind ing  an  e f fec t ,  i t  i s

reasonab le  to  accept  the  nons ign i f i can t  BACI  resu l t .

The BACI  tes t  o f  da ta  on  to ta l  la rvae on  the  p lume dates ,  as  no ted

a b o v e ,  g a v e  a  n o n s i g n i f i . c a n t  r e s u l t  ( T a b l e  4 - 3 ) ,  s u g g e s t i n g  t h a t  t h e r e

was no effect of  SONGS. Mean abundance decreased by 67% at SONGS and 387"

a t  Cont ro l  in  th is  subset .  The tes ts  o f  the  da ta  on  pre f lex ion  and

p o s t f l e x i o n - s t a g e  l a r v a e  a l s o  y i e l d e d  n o n s i g n i f i c a n t  r e s u l t s .  T h e

p lume dates  subset  o f  opera t iona l  da ta  conta ined on ly  a  s ing le

observa t ion  fo r  f lex ion-s tage la rvae and cou ld  no t  be  ana lyzed"

A l though s ign i f i can t  resu l ts  were  ob ta ined fo r  the  non-p lume dates ,

s u c h  r e s u l t s  d o  n o t  i n d i c a t e  a  S O N G S  e f f e c t  ( S e c t i o n  3 . 7 . f . 3 ) .

F ina l l y .  the  IAANOVA for  changes in  abundance pa t te rn  (F igure  D-

2 L 7 )  i n d i c a t e d  n o  s i g n i f i c a n t  s h i f t s  i n  c r o s s - s h e 1 f  d i s t r i b u t i o n  a t

SONGS dur ing  the  opera t iona l  per iod  fo r  to ta l  la rvae and a l l  th ree

s tages ,  in  conformance w i th  the  bu lk  o f  the  o ther  resu l ts  on  Para labrax

I a r v a e .

4  " 2 . 2 . 2 .  6  H y p s o p s e t t a  g u t t u l a t a  ( D i a n o n d  t u r b o t )

M E C ' s  a n a l y s e s  d e t e c t e d  n o  e f f e c t s  o f  S O N G S  o p e r a t i o n s  o n  d i a m o n d

turbo t  la rvae.  The pr imary  BACI  tes t  ( incorpora t j -ng  an  au toregress ive

er rors  mode l )  o f  to ta l  la rvae ind ica ted  tha t  the  4 i  dec l ine  in  re la t i ve

a b u n d a n c e  w a s  n o n s i g n i f i c a n t  ( T a b l e  4 - 2 ) .  T h i s  r e s u l t  w a s  s u p p o r t e d  b y

t h e  n o n s i g n i f i c a n t  r e s u l t s  o f  t h e  s e c o n d a r y  t e s t s  ( F i g u r e  D - 2 3 4 ) .  A

t r e n d  i n  t h e  p r e o p e r a t i o n a l  p e r i o d  D e l t a  v a l u e s  o f  p r e f l e x i o n - s t a g e

l -a rvae d isappeared when a  s ing le  daEe was de le ted ,  permi t t ing  the  use  o f
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t he  t - t es t .  The  au to reg ress i ve

pref  lex ion-  s tage larvae that  d , id

nons ign i f i can t  resu l t  (Tab1e  4 -Z ) ,

t es t  r esu l t  (Tab1e  4 -4 ) .

er rors  BACI t - test  o f  data on

not  incLude th is  date y ie lded a

which was confirmed by the binomial

Flex ion  and pos t f lex ion-s tage d iamond tu rbo t  la rvae occur red  too

rare ly  in  the  opera t iona l  per iod  ( in  3 '  surveys  and I  survey ,

r e s p e c t i v e l y )  t o  w a r r a n t  s t a t i s t i c a l  a n a l y s i s  ( T a b 1 e  4 - 1 ) .  B o t h  o f

these s tages ,  l i ke  p re f lex ion 'and to ta l  d iamond tu rbo t  la rvae,  dec l ined

in abundance at both SONGS and Control  f rom the preoperat ional to the

o p e r a t i o n a l  p e r i o d .  T h e s e  d e c l i n e s  a t  b o t h  l o c a t i o n s  w e r e  o n  t h e  o r d e r

o f  8 0 %  f o r  t o t a l  a n d  p r e f l e x i o n - s t a g e  l a r v a e  a n d  5 0 - 1 0 0 %  f o r  t h e  o l d e r

l a r v a e  ( T a b 1 e  4 - 5 ) .

The p lumelnon-p lume ana lys is  y ie lded a  nons ign i f i can t  resu l t  fo r

t o t a l  l a r v a e  ( T a b l e  4 - 3 ) .  I n s u f f i c i e n t  d a t a  w e r e  a v a i l a b l e  f o r  t h e

a n a l y s i s  o f  o t h e r  s t a g e s

T h e  a n a l y s i s " o f  c r o s s - s h e I f  p a t t e r n  o f  d i s t r i b u t i o n  r e v e a l e d  n o

sh i f ts  a t  SONGS in  the  opera t iona l  per iod  (F igure  D-237)  and no  changes

in  re la t i ve  abundance w i th in  any  s t ra tum,  suppor t ing  the  negat ive

r e s u l E s  o f  t h e  B A C I  a n d  b i n o m i a l  t e s t s .

The lack  o f  s ign i f i can t  resu l ts  fo r  d iamond tu rbo t  la rvae was

r e l a t e d .  a t  l e a s t  i n p a r t ,  t o  t h e  s m a l l  s a m p l e  s i z e s ,  h i g h  v a r i a b i l i t y ,

a n d  t r e n d s  i n  t h e  d a t a .  S i n c e ,  h o w e v e r ,  i n s p e c t i o n  o f  t h e  p l o t s  o f  D e l - t a

v a l u e s  o t r ' e r  t i m e  ( F i g u r e s  D - 2 3 5 ,  D - 2 4 L ,  D - 2 4 6 )  r e v e a l e d  n o  o b v i o u s

d i f f e r e n c e s  b e t w e e n  m o n i t o r i n g  p e r i o d s ,  t h e  n o n s i g n i f i c a n t  r e s u l t s

a p p e a r  t o  b e  v a l i d .
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4 .2  "2 .2 .7  Pa ra t i cn l l f  ca l i f o rn i cus  (Ca l i f o rn ia  ha l i bu t  )

The re la t i ve  abundance o f  Ca l i fo rn ia  ha l ibu t  la rvae a t  SONGS

decreased by  20% between the  two mon i to r ing  per iods .  However ,  the

pr i -mary  BACI  tes t  and most  o f  the  secondary  tes ts  y ie lded

nons ign i f i can t  resu l ts .  Resu l ts  o f  the  p lume/non-p lume ana lys is  were

a lso  nons ign i f i can t .  The pa t te rn  ana lys is  revea led  no  s ign i f i can t

red is t r ibu t ions .  ! ' IEC conc ludes  tha t  SONGS opera t ion  had no  de tec tab le

e f fec t  on  the  abundance and d is t r ibu t ion  o f  ha l ibu t  la r :vae .

Ser ia l l y  cor re la ted  un t rans formed De l ta  va lues  in  the

PreoPera t iona l  per iod  mandated  the  use  o f  the  au toregress ive  er ro rs

procedure  ins tead o f  the  s tandard  BACI  t - tes t .  Wi th  the  second order

a u t o c o r r e l a t i o n  m o d e l e d ,  a  n o n s i g n i f i c a n t  d e c r e a s e  ( 2 A % )  i n  r e l a t i v e

a b u n d a n c e  w a s  r e v e a l e d  ( T a b _ l e s  4 - 2 ,  4 - 5 ) .  T h e  r e s u l t s  o f  t h e  s e c o n d a r y

t e s t s  c o n f i r m e d  t h e  p r i m a r y  t e s t  r e s u l t  ( F i g u r e  D - 2 5 0 ) .  M e a n  a b u n d a n c e

d e c r e a s e d  a  l i t t I e  m o r e  a t  S O N G S  ( - 6 A " / " )  t h a n  a t  C o n t r o l  ( - 4 9 % )  f r o m  t h e

P r e o P e r a t i o n a l  t o  t h e  o p e r a t i o n a l -  p e r i o d ,  a n d  t h e  b i n o m i a l  t e s t

i d e n t i f i e d  t h i s  a s  a  s i g n i f i c a n t  d e c r e a s e  i n  t h e  p r o p o r t i o n  o f  t o t a l

ha l ibu t  la rvae a t  soNcs dur ing  the  opera t iona l  per iod  (Tab le  4 -4) .

E x a m i n a t i o n  o f  t h e  t i m e  p l o t  o f  D e l t a  v a l u e s  ( F i g u r e  D - . 2 5 f )  r e v e a l e d

much h igher  var iab i l i t y  in  the  preopera t iona l  per iod  when abundances

w e r e  h i g h e r ,  b u t  n o  o t h e r  o b v i o u s  d i f f e r e n c e s  b e t w e e n  m o n i t o r i n g

p e r i o d s  .

T h e  o l d e r  l a r v a e  w e r e  o f  p a r t i c u l a r  i n t e r e s t  i n  t h e  a n a l y s e s  o f

S O N G S  e f f e c t s  b e c a u s e  t h e y  t e n d  t o  c o n c e n t r a t e  n e a r  s h o r e  a n d  t h u s  m a y

be more  suscept ib le  to  w i thdrawal  and en t ra inment .  The pr imary  BACI

r e s u l t s  f o r  a l l  s t a g e s  w e r e  n o n s i g n i f i c a n t  ( T a b I e  4 - 2 ) .  o f  t h e

s e c o n d a r y  t e s t s ,  o n l y  t h e  b i n o m i a l  t e s t  r e s u l t s  f o r  p r e f l e x i o n  a n d

p o s t f l e x i o n - s t a g e  l a r v a e  w e r e  s i g n i f i c a n t  ( T a b I e  4 - 4 ;  F i g u r e s  D - 2 5 5 ,
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D 2 6 l  ,  D - 2 6 5  ) ,  i n d i c a t i n g  t h a t  f o r  b o t h  s t a B e s  t h e  p r o p o r t i o n  a t  S O N G S  i n

t i re  opera t iona l  per i ia  was lower  than the  respec t ive  propor t ion  a t

S O N G S  d u r i n g  t h e  p r e o p e r a t i o n a l  p e r i o d  ( b o t h  v a l u e s  o f  p  <  0 . 0 1 ) .

I n s p e c t j " o n  o f  t h e  t i m e  p l o t  o f  D e l t a  v a l u e s  ( F i g u r e  D - 2 5 7  )  s u g g e s t e d

tha t  the  s ign i f i can t  b inomia l  fo r  p re f lex ion  la : rzae was caused by  on ly

very  few preopera t iona l  surveys  when par t i cu la r ly  la rge  ca tches  were

m a d e  a t  C o n t r o l .

The BACI  ana lys is  on  the  p lume dates  subset  o f  opera t iona l  da ta ,  y ie lded

a nons ign i f i can t  resu l t  fo r  to ta l  la rvae (Tab le  4 -3) ,  eonf i rm ing  tha t

fo r  to ta l  Ca l i fo rn ia  ha l ibu t  la rvae there  was no  SONGS ef fec t  dur ing  the

o p e r a t i o n a l  m o n i t o r i n g  p e r i o d .  T h e  B A C I  t - t e s t s  o n  d a t a  f r o m  a l l  t h r e e

l a r v a l  s t a g e s  a l s o  y i e l d e d  n o n s i g n i f i c a n t  r e s u l t s  ( T a b t e  4 - 3 ) .

The MANOVA showed no s ign i f i can t  sh i f , t s  in  c ross-she l f

d is t r ibu t ion  and no  re la t i ve  changes in  any  s t ra tum fo r  to ta l  l -a rvae and

a l l  th ree  s tages  a t  SONGS dur ing  the  opera t iona l  per iod  re la t i ve  to  the

p a t t e r n  i n  t h e  B e f o r e - o r - C o n t r o l  d a t a  s e t  ( F i g u r e  D -  2 5 4 )  "

4 .2 .2 .  2 .  I  a t be r i nops i s  ca l i f o rn i ens i s  ( Jacksme l t )

Jacksrnelt  larvae decl ined in relat ive abundance at SONGS by 437"

between the  two mon i to r ing  per iods .  BACI  ana lyses  showed tha t  th is

change was s ign i f i can t ,  and a lso  showed s ign i f i can t  changes in  the

a b u n d a n c e s  o f  t h e  p r e f L e x i o n  a n d  f l e x i o n  s t a g e s ,  a l t h o u g h  t h e  l a t t e r

w a s  u n c o r r o b o r a t e d  b y  s e c o n d a r y  t e s t s .  T h e s e  r e s u l t s  a l l  s e e m  t o  h a v e

had a  seasona l  component .  w i th  a  la rger  d i f fe rence be tween mon i to r ing

per iods  dur ing  the  spawning  season.  when la rvae were  more  abundant ,

t h a n  d u r i - n g  t h e  " o f f  s e a s o n " .  T h e  p a t t e r n  a n a l y s i s  d i d  n o t  r e v e a l  a

s h i f t  i n  c r o s s - s h e 1 f  d i s t r i b u t i o n  f o r  a n y  s t a g e .  S O N G S  o p e r a E i o n s

a P P e a r  t o  h a v e  a f f e c t e d  p r e f l e x i o n  a n d  t o t a l  l a r v a e ,  i l a y  h a v e  a f f e c t e d

f l e x i o n - s t a B e  l a r v a e ,  a n d  d i d  n o t  a f f e c t . p o s t - f l e x i o n  l a r v a e .
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T h e  a u t o r e g r e s s i v e  e r r o r s  p r o c e d u r e  o n  1 o g  ( x  *  0 . 1 ) - t r a n s f o r m e d

d a t a  f o r  t o t a l  j a c k s m e l t  l a r v a e  ( r e q u i r e d  b e c a u s e  t h e  o p e r a t i o n a l

p e r i o d  D e l t a  v a l u e s  w e r e  s e r i a l l y  c o r r e l a t e d )  i n d i c a t e d  a  t h i r d  o r d e r

a u t o c o r r e l a t i o n ,  a n d  y i e l d e d  a  s i g n i f i c a n t  B A C I  r e s u l t  ( T a b l e  4 - 2 )  "

T h i s  c o u l d  n o t  b e  c o r r o b o r a t e d  b y  s e c o n d a r y  t - t e s t s  b e c a u s e  a l l  o t h e r

da ta  t rea tments  except  the  log  (x )  t rans format ion  (use  o f  wh ich  wou ld

have resu l ted  in  de le t ion  o f  about  33% o f  the  Before  surveys  and 207"  o f

the  Af te r  surveys)  were  nonadd i t i ve .

The b inomia l  Ees t  ind ica ted  tha t  the  propor t ion  o f  to ta l  jacksmel t

la rvae a t  SONGS in  the  opera t iona l  per iod  was lower  than the  propor t ion

in  the  preopera t iona l  per iod  (Tab le  4 -4) ,  and the  p lume/non-p1ume

a n a l y s e s  y i e l d e d  a  s i g n i f i c a n t  r e s u l t  o n  t h e  p l u m e  d a t e s ,  b u t  n o t  f o r

t h e  n o n - p l u m e  s u b s e t  ( T a b 1 e  4 - 3 ) .  T h u s  a n  e f f e c t  i s  s u g g e s t e d .  T h e  m e a n

abundance o f  jacksrne l t  la rvae dec l ined more  a t  'SONGS ( -79%)  than a t

C o n t r o l  ( - 3 5 7 { ) ,  y i e l d i n g  a  4 3 7 "  d e c l i n e  i n  r e l a t i v e  a b u n d a n c e  ( T a b 1 e  4 -

< \

I n s p e c t i o n  o f  t h e  t i m e  p l o t  o f  D e l t a  v a l u e s  ( F i g u r e  D - 2 7 2 )

suggests  tha t  dur ing  the  spawning  season,  De l ta  va lues  may have been

h i g h e r  i n  t h e  p r e o p e r a t i o n a l  p e r i o d ,  b u t  t h e r e  w a s  I i t t l e  d i f f e r e n c e

between per iods  in  the  "o f f  season, "  when fewer  la rvae occur red  and when

the  major i t y  o f  surveys  were  taken.  Larva l  abundance was near ly  a lways

much h igher  dur ing  "spawning  season"  surveys  than dur ing  "o f f  season"

s u r v e y s ,  e x c e p t  i n  t h e  s p r i n g  o f  1 9 8 0  ( F i g u r e  D - 2 7 4 ) ,  w h e n  b o t h  c o o l

water  and h igh  abundances  o f  jacksmel t  la rvae pers is ted  longer  than

u s u a l

F o r  t h e  s t a g e  a n a l y s e s ,  y o l k s a c  a n d  p r e f l e x i o n - s t a g e  l a r v a e  w e r e

p o o l e d  a s  " p r e f l e x i o n "  s t a g e .  S i n c e  y o l k s a c  s t a g e  l a r v a e  a r e  l a r g e  a n d

v i g o r o u s ,  h a v e  e s s e n t i a l l y  t h e  s a m e  d i s t r i b u t i o n  a s  p r e f l e x i o n - s t a g e
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l a rvae,  and are  f reguent ly  d i f f i cu l t  to  d is t ingu ish  f rom pre f lex ion-

s t a g e  l a r v a e ,  t h i - s  
" " . * ,  

j u s t i f i e d .  T h e  a u t o r e g r e s s i v e  e r r o r s  B A C I  t -

tes t  on  the  pre f lex ion-s tage da ta  ind ica ted  tha t  the  48% dec l ine  in

re la t i ve  abundance was s ign i f i can t  (Tab le  4 -2)  "  The b inomia l  tes t  a lso

i n d i c a t e d  t h a t  t h e  p r o p o r t i o n  o f  t o t a l  p r e f l e x i o n - i t a g .  j a c k s m e l t

larvae at SONGS in the operat ional per iod was lower than the

p r e o p e r a t i o n a l  p r o p o r t i o n  ( T a b l e  4 - 4 ) .  T h e  a u t o r e g r e s s i v e  e r r o r s  t -

tes t  on  p lume dates  y ie lded a  s ign i f i can t  resu l t ,  wh i le  tha t  on  non-

p lume dates  d id  no t  (Tab le  4 -4)  r  suppor t ing  the  in te rpre ta t ion  o f  an

e f f e c t .  M e a n  a b u n d a n c e  d e c l i n e d  a t  b o t h  S O N G S  a n d  C o n t r o l .  b u t  m o r e  s o

a t  S O N G S  ( - 8 1 %  v s .  - 3 2 %  a t  C o n t r o l ) .

I n s p e c t i o n  o f  t h e  t i m e  p l o t  o f  D e l t a  v a l u e s  ( F i g u r e  D - 2 7 8 )  f o r

pre f lex ion-s tage la rvae revea led  a  b road zone o f  over3 .ap  be tween

Preopera t iona l  and opera t iona l  per iod  De l tas  dur ing  spawning  season,

bu t  w i th  a  tendency  fo r  the  preopera t iona l  per iod  va lues  to  be  h igher

(mean unt rans formed De l ta  +9  "44)  than the  opera t iona l  per iod  va lues

( m e a n  u n t r a n s f o r m e d  D e 1 t a  - 1 . 0 7 ) .  D u r i n g  t h e  " o f f  s e a s o n , "  t h e

Preopera t iona l  va lues  were  smal le r  fo r  the  most  par t  (mean

u n t r a n s f o r m e d  D e l t a  * 3 . L 2 ) ,  b u t  r e m a i n e d  h i g h e r  t h a n  o p e r a t i o n a l  p e r i o d

v a l u e s  ( m e a n  u n t r a n f o r m e d  D e l t a  - 0 . 0 1 )  .

R e s u l t s  o f  t h e  p r i m a r y  B A C I  t e s t  o n  d a t a  f o r  f l e x i o n  s t a g e  l a r w a e ,

l i i c e  t h e  r e s u l t  f o r  p r e f l e x i o n  l a r v a e ,  w a s  s i g n i f i c a n t  ( T a b l e  4 - 2 ) ,

even though the decl ine in relat ive abundance vras or- i ry 7' /" .  The decl ine

in  mean abundance d i f fe red  l i t t le  be tween SONGS and Cont ro l  ( -67" / "  a t

S O N G S ,  - 5 9 2  a E  C o n t r o l ) .  T h e  s e c o n d a r y  t e s t s  w e r e  d i v i d e d :  t h e  o t h e r

t - t e s t s  a n d  t h e  b i n o m i a L  y i e l d e d  D o n s i g n i f i c a n t  r e s u l t s ,  b u t  t h e

W i l c o x o n  r a n l ' .  s u m  t e s t s  y i e l d e d  s i g n i f  i c a n t  r e s u l t s  ( T a b 1 e  4 - 4 ,  F i g u r e

D - 2 8 2 ) .  T h e  p l u m e / n o n - p 1 u m e  r e s u l t s  w e r e  b o t h  n o n s i g n i f i c a n t  ( T a b l e  4 -
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3 ) .  E x a m i n a t i o n  o f  t h e  t i m e  p l o t  o f  D e l t a  v a l u e s  ( F i g u r e  D - 2 8 3 )  d i d

l i t t I e  t o  r e s o l v e  t h e s e  c o n f l i c t i n g  r e s u l t s .  D e l t a  v a l u e s  f r o m  t h e

spawning  season d id  appear  to  be  genera l l y  lower  dur ing  the  opera t iona l

per iod  than dur ing  the  preopera t iona l  per iod ,  bu t  the  d i f fe rence in

va lues  be tween spawning  season and the  "o f f  season"  was much smal le r

than in the case of the younger Larrrae

The pr imary  BACI  tes t  fo r  pos t f lex ion-s tage l -a rvae y ie lded.  a

nons ign i f i can t  resu l t  (Tab1e 4-2) ,  and was cor robora ted  by  the

secondary  tes ts  (F igure  D-287) .  The dec l ine  in  mean abund,ance was

n e a r l y  i d e n t i c a l  a t  b o t h  S O N G S  a n d  C o n E r o l  ( - 9 0 i i  a t  S O N G S ,  - 9 2 7 "  a t

C o n t r o l ) ,  b u t  y i e l d e d  a n  i n c r e a s e  i n  r e l a t i v e  a b u n d a n c e  ( T a b l e  4 - 5 ) .

Exarn ina t ion  o f  Ehe t ime pLot  o f  De l ta  va lues  (F igure  D-288)  l i kewise

revea led  no  d i f fe rence be tween mon i to r ing  per iods  as ide  f rom lower

var iab i l i . t y  dur ing  the  opera t iona l  per iod ,  when abundance was

s u b s t a n t i a l l y  r e d u c e d  a t  b o t h  S O N G S  a n d  C o n t r o l .  S O N G S  c l e a r l y  h a d  n o

d e t e c t a b l e  e f f e c t  o n  p o s t f l e x i o n - s t a g e  j a c k s m e l t  l a r v a e .  T h e

p lume/non-p1ume dates  ana lyses  were  nons ign i f i can t .

The pa t te rn  ana lys is  (F igure  D-275)  d id  no t  revea l  a  sh i f t  in

c r o s s - s h e 1 f  d i s t r i b u t i o n  a t  S O N G S  i n  t h e  o p e r a t i o n a l  p e r i o d  f o r  t o t a l

j a c k s m e l t  l a r v a e  o r  a n y  o f  t h e  l a r v a L  s t a g e s  ( a 1 1  v a l u e s  o f  p  >  0 . 0 5 ) .

B a r n e t t  e t  a 1 .  ( 1 9 8 6 )  s p e c u l a t e d  t h a t  a  r e l a t i v e  i n c r e a s e  o f  a t h e r i n i d

la rvae in  the  seaward  sampl ing  bLocks  a t  SONGS might  occur  dur ing  the

oPera t iona l  per iod  as  a  resu l t  o f  seaward  t ranspor t  in  the  d ischarge

p lume,  bu t  such an  e f fec t  was  no t  apparent  in  the  pa t te rn  ana lys is  on

j a c k s m e l t  l a r v a e .
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4 .2 .2 .2  "  9  Leu res thes  t enu i s  (Ca l i f o rn i a  g run ion )

Grunion larvae sl iowed a relat ive increase of nearly 3007". Al l  BACI

t e s t s  o f  a l l  s t a g e s  a n d  o f  t h e  p l u m e / n o n - p l u m e  d a t a  s u b s e t s  y i e l d e d

nons ign i f i can t  resu l ts ,  and the  pa t te rn  ana lys is  revea led  no

s ign i f i can t  changes in  the  d is t r ibu t ion  o f  g run ion  la rvae.  SONGS

o p e r a t i o n  c l e a r l y  h a d  n o  d e t e c t a b l e  e f f e c t  o n . t h e  a b u n d a n c e  ( i . e . ,

there  was no  reduc t ion  in  abundance)  o r  d is t r ibu t ion  o f  la rva l

L e u r e s t h e s  t e n u i s .

The BACI  t - tes t  on  to ta l  la rvae da ta  y ie lded a  nons ign i f i can t

r e s u l t  ( T a b l e  4 - 2 ) ,  r e f l e c t i n g  t h e  i n c r e a s e  i n  m e a n  a b u n d a n c e  ( 2 4 L % )  a t

SONGS and concur ren t  decrease (4L" / " )  a t  Cont ro l ,  wh ich  produced a  la rge

increase in  re la t i ve  abundance (282%;  Tab le  4 -5) .  Th is  inc rease wou ld

h a v e  b e e n  s t a t i s t i c a l l y  s i g n i f i c a n t  h a d  i t  b e e n  t e s t e d  f o r ,  w h i c h

i n d i c a t e s  t h a t  f o r  t h i s  s p e c i e s  u s e  o f  a  o n e - t a i l e d  t e s t  w a s

i n a p p r o p r i a t e . T h e s e c o n d a r y t e s t s a 1 s o y i e 1 d e d n o n s i g n i f i c a n t ( p >

0 . 1 0  )  r e s u l t s  .  c o n f i r m i n g  t h e  p r i n c i p a l  t e s t  r e s u l t  ( F i g u r e  D - 2 9 2 )  .  T h e

b inomia l  tes t  ind ica ted  tha t  the  propor t ion  o f  to ta l  Ca l i fo rn ia  g run ion

la rvae a t  SONGS in  the  opera t iona l  per iod  was no t  lower  than the

p r o p o r t i o n  i n  t h e . p r e o p e r a t i o n a l  p e r i o d  ( T a b l e  4 - 4 ) .  E x a m i n a t i o n  o f

t h e  t i r n e  p l o t  o f  D e I t a  v a l u e s  ( F i g u r e  D - 2 9 3 )  r e v e - a 1 e d  l i t t l e  d i f f e r e n c e

between mon i to r ing  per iods ,  o r  perhaps  a  tendency  fo r  opera t iona l

p e r i o d  v a l u e s  t o  b e  a  1 i t t l e  h i g h e r  t h a n  p r e o p e r a t i o n a l  v a l u e s  d u r i n g

s p a w n i n g  s e a s o n .  I n  e i t h e r  c a s e  t h e r e  w a s  c l e a r l y  n o  i n d i c a t i o n  o f  a

decrease in  re la t i ve  abundance dur ing  the  opera t iona l  per iod  and thus

no e f fec t .  In  v iew o f  the  abundance decrease a t  Cont ro l  and the  very

s i m i l a r  1 a r v a l  l i f e  h i s t o r i e s  o f  t h e  g r u n i o n  a n d  j a c k s m e l t  ( w h i c h

d e c r e a s e d  e v e r y w h e r e :  S e c t i o n  4 . 2 . 2 . 2 . 8 ) ,  i t  i s  d i f f i c u l t  t o  u n d e r s t a n d

how the  grun ion  la rvae cou ld  have increased in  abundance near  SONGS

e x c e P t  b y  a s s u m i n g  l n c r e a s e d  s p a w n i n g  a l o n g  t h e  S a n  O n o f r e  b e a c h e s .
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The nons ign i f i can t  resu l ts  fo r  toEa l  Ca l i fo rn ia  g run ion  la rvae

w e r e  r e f l e c t e d  i n  t h e  n o n s i g n i f i c a n t  r e s u l t s  f o r  t h e  d e v e l o p m e n t a l

s tages ,  a l l  o f  wh ich  inc reased in  re la t i ve  abundance dur ing  the

o p e r a t i o n a l  p e r i o d  ( T a b l e s  4 - 1 ,  4 - 4 ) .  I n  t h e s e  a n a l y s e s  t h e  y o l k s a c  a n d

pre f lex ion-s tages  were  combined as  "p re f lex ion"  fo r  the  same reasons  as

in  the  ana lyses  o f  A ther inops is .  Both  the  pr imary  and secondary  BACI

tes ts  and the  b inomia l  tes ts  l re re  nons ign i f i can t  fo r  a l l  s tages  (Tab les

4 - 2 ,  4 - 4 ,  F i g u r e s  D - 2 9 8 ,  D - 3 0 3 ,  D - 3 0 8 ) .

The p lume/non-p1ume ana lyses  o f  a l l  s tages  y ie lded nons ign i f i can t

r e s u l t s  ( T a b l e  4 - 3 ) .

The MANOVA d id  no t  show a  sh i f t  in  c ross-she l f  d is t r ibu t ion

(F igure  D-296)  a t  SONGS dur ing  the  opera t iona l  per iod  fo r  to ta l

C a 1 i f o r n i a g r u n i o n 1 a r v a e o r f o r a n y o f t h e s t a g e s ( a 1 1 v a 1 u e s o f P >

0 " 0 5 ) !  n o r  d i d  i t  i n d i c a t e  r e l a t i v e  c h a n g e s  i n  a n y  p a r t i c u l a r  s t r a t a .

4 . 2 . 2 . 2 . L 0  I n n e r  N e a r s h o r e / T r a n s i t i o n a l  Z o t e  T a x a :  D i s c u s s i o n

The general  pattern observed among the inner nearshore/

t r a n s i t i o n a l  z o n e  t a x a  w a s ,  w i t h  f e w  e x c e p t i o n s ,  a  d e c r e a s e  i n

abundance dur ing  the  opera t iona l  per iod  a t  bo th  the  Impact  and Cont ro l

s i t e s  ( T a b 1 e  4 - 4 ) .  T h e s e  d e c r e a s e s  t e n d e d  t o  b e  o f  s i m i l a r  m a g n i t u d e  a t

b o t h  s i t e s ,  o r  l a r g e r  a t  S O N G S .  O n l y  C a L i f o r n i a  c o r b i n a  d e c r e a s e d  m o r e

at  Ehe Cont ro l  s i te  than a t  the  Impact  s i te .  0n1y  b lack  c roaker  la rvae

i n c r e a s e d  i n  m e a n  a b u n d a n c e  a t  b o t h  s i t e s  ( m o r e  s o  a t  C o n t r o l ) .

Ca l i fo rn ia  g run ion  la rvae increased a t  SONGS whi le  decreas ing  a t

C o n t r o l ,  a n d  l a r v a l  k e l p  a n d  s a n d  b a s s e s  s h o w e d  e x a c t l y  t h e  o p p o s i t e

pat te rn ,  decreas ing  in  mean abundance a t  SONGS whi le  inc reas ing  a t

C o n t r o l .
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Few of these changes in abundance were large enough to have

p r o d u c e d  s i g n i f i c a n t  ; A C I  r e s u l t s ,  w h i c h  i s  n o t  v e r y  s u r p r i s i n g  g i v e n

t h e  g e n e r a l l y  1 o w  p o w e r  o f  t h e  B A C I  t e s t s  f o r  t h e s e  t a x a  ( T a b l e s  4 - 2  a n d

4 - 3 ) .  T h e  f a c t  t h a t  s i g n i f i c a n t  c h a n g e s  w e r e  d e t e c t e d  f o r  o n e  o r  m o r e

1arva1 s tages  o f  on ly  th ree  o f  these taxa  in  the  fu I l  opera t iona l  da ta

se t  and fo r  on ly  one add i t ionaL spec ies  in  the  p lume dates  suggests  tha t

the  overa l l  e f fec t  o f  SONGS was minor ,  a l though these resu l ts

undoubted ly  a lso  re f lec t  the  h igh ly  var iab le  na ture  o f  the  ca teh  da ta .

The e f fec t  fo r  to ta l  queenf ish  la rvae appears  to  have been la rge ly

d r i v g n  b y  t h e  p r e f r e > : i o n - s t a g e  r e s u l t .  T h i s ,  t o g e t h e r  w i t h  t h e

P o s s i b l e  m i n o r  e f f e c t  f o r  p r e f l e x i o n - s t a g e  w h i t e  c r o a k e r  ( d e t e c t e d  o n l y

i n  t h e  p l u m e  d a t e s  a n a l y s i s ) ,  i s  p r o b a b l y  o f  l i t t l e  i m p o r t a n c e  t o  t h e

respec t ive  PoPula t ions  as  a  who le  s ince  the  probab i l i t y  tha t  a  la rva l

f i sh  w i l l  surv ive  f rom the  pre f lex ion-s tage to  recru i tment  i s  very

s m a 1 1 .

f t  i s  d i f f i cu l t  to  imag ine  a  s ing le  mechan ism tha t  cou ld  account

fo r  bo th  the  s ign i f i can t  and nons ign i f i can t  resu l ts  fo r  the  inner

nearshore / t rans i t iona l  zone taxa ;  cer ta in ly  no  s ing le  SONGS mechan ism

(e '  g .  .  en t raPment / in rp ingement  o f  adu l ts  o r  w i thdrawal /en t ra inment  o f

l a r v a e )  n o r  a n y  s i n g l e  e c o l o g i c a l  m e e h a n j - s m  ( e . g . .  1 o c a l  p r e d a t i o n ,

l o c a l  c h a n g e s  i n  l a r v a l  p r o d u c t i o n ,  g r o w t h ,  o r  s u r v i v a l ,  e t c . )  c a n  b e

invo l :ed  tha t ,  opera t ing  un i fo rmly ,  wou ld  have accounted  fo r  a l l

r e s u l t s .  T h e  l o c a t i o n  o f  l a r v a e  v e r y  n e a r s h o r e  i n  t h e  e p i b e n t h o s  s e e m e d

to  be  impor tan t  fo r  recogn iz ing  wh ich  o f  the  inner  nearshore  taxa  wou ld

s h o w  a n  e f f e c t ;  h o w e v e r ,  t h i s  w a s  n o t  t h e  c a s e  f o r  t h e  i n n e r

n e a r s h o r e / t r a n s i t i o n a l  z o n e  E a x a .  A m o n g  t h e  f o u r  t a x a  s h o w i n g  e f f e c t s ,

t w o  ( q u e e n f i s h  a n d  w h i t e  c r o a k e r )  t e n d  t o  b e  p r e d o m i n a n t l y  e p i b e n t h i c ,

b u t  t h e  o t h e r  t w o  ( j a c k s m e l t  a n d  P a r a l a b r a x )  o c c u r  l a r g e l y  i n  t h e  u p p e r
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water  co lumn.  The o1der ,  more  nearshore  la rvae o f  severa l  o f  the  inner

n e a r s h o r e / t r a n s i t i o n a i  z o n e  t a x a  w e r e  e i t h e r  t o o  r a r e  t o  t e s t

s t a t i s t i c a l l y  o r  e l s e  s h o w e d  n o  e v i d e n c e  o f  a n  e f f e c t .

Two spec ies  pa i rs  inc luded in  the  inner  nearshore / t rans i t iona l

zone grouP d i f fe red  in  te rms o f  BACI  tes t  resu l ts .  Both  menbers  o f  one

pa i r ,  queenf ish  and wh i te  c roaker ,  showed some ev idence o f  an  e f fec t ,  a t

leas t  dur ing  the  pre f lex ion-s tage when,  owing  to  the i r  smal l  s ize  and

weak swimming ab i l i t y ,  they  shou ld  have beenmost  a t  r i sk  to  w i thdrawal

and/or  en t ra inment  e f fec ts "  The o ther  spec ies  pa i r ,  jacksmel t  and

C a l i f o r n i a  g r u n i o n ,  s h o w e d  o p p o s i n g  r e s u l t s :  j a c k s m e l t  d e c l i n e d  i n

re la t i ve  abundance,  whereas  grun ion  wou ld  have shown a  s ign i f i can t

i n c r e a s e  h a d  a  t w o - t a i l e d  t e s t  b e e n  u s e d .  B o t h  a r e  s i m i l a r l y

d i s t r i b u t e d .  b o t h  a r e  e s s e n t i a l l y  n e u s t o n i c  a n d  b o t h  d e c r e a s e d  i n  m e a n

abundance s imi la r ly  a t  Cont ro l .  The dec l ines  a t  Cont ro l  may represent  a

genera l  dec l ine  in  a ther in id  abundance dur ing  the  opera t iona l  per iod

and the  add i t iona l  decrease o f  jacksmel t  la rvae near  SONGS was thought

to  inc lude a  SONGS in f luence,  
.perhaps  

re la ted  to  p redat ion  in  the

v ic in i ty  o f  the  p1ume,  o !  to  a  reduc t ion  o f  adu l t  spawning  hab i ta t

( e . g . ,  t h e  r e d u c t i o n  o f  t h e  s a n  o n o f r e  K e l p  b e d ) ,  f o r  e x a m p l e .  H o w e v e r ,

the  very  la rge  inc rease o f  g run ion  la rvae near  SONGS is  a i f f i cu l t  to

unders tand except  by  invok ing  inc reased spawning  a long the  beaches in

t h e  S a n  O n o f r e  v i c i n i t v .

T n  c h a r t -  - ,  M E C  a i a  a " t . c t  e v i . d e n c e  o f  a  B A C I  e f f e c t  f o r  f o u r  o f  t h e

n ine  inner  nearshore / t rans i t iona l  zone taxa .  The mechan isms tha t  wou ld

a c c o u n t  f o r  t h e s e  r e s u l t s .  h o w e v e r .  a r e  n o t  k n o w n .
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4 . 2 . 3  B r o a d l y - D i s t r i b u t e d  T a x a

Three taxa  are  inc luded here  in  a  g roup whose la rvae occur

t h r o u g h o u t  t h e  c r o s s - s h e I f  p l a n e  f r o m v e r y  n e a r  s h o r e  t o  w e l l  s e a w a r d  o f

the  75  m isobath .  These th ree  taxa ,  the  nor thern  anchovy  (Engrau l i s

mordax) ,  sanddabs (C i thar ich thys  spp.  ) ,  and b lenn ies  (Hypsob lenn ius

s p p . . ) r  w e r e  c l a s s i f i e d  b y  B a r n e t t  e t  a I .  ( 1 9 8 5 )  i n t o  t w o  g r o u P s

d is t ingu ished main ly  by  the i r  ver t i ca l  pos i t ion  in  the  water  co lumn:

the norEhern anchovy group (which also included four of the nine taxa

Ereated in Ehe inner nearshore/transi t ional zot, :^e group) was

charac ter ized  by  h ighes t  abundance in  midwater  th roughout  the  c ross-

she l f  p lane and in  the  ep ibenthos  nearshore ,  wh i le  the  sanddab/b lenny

group was character ized by highest abundance in the neuston and

m i d w a t e r  a c r o s s  t h e  c r o s s - s h e l f  p 1 a n e .

T h e  b r o a d  c r o s s - s h e 1 f  d i s t r i b u t i o n s  o f  t h e i r  l a r v a e  i s  t h e  o n l y

f e a t u r e  t h a t  u n i t e s  t h e  b r o a d l v - d i s t r i b u t e d  t a x a .  T h e  a d u l t s  f o r m  a

ver ) '  he terogeneous group,  rang ing  f rom the  smal1 ,  schoo l ing

p lank t ivorous  nor thern  anchovy  to  the  so l i ta ry ,  benth ic  genera l i s t

sanddabs.  Adu l ts  o f  a l l  th ree  spec ies  typ ica l l y  a re  most  abundant  in

t h e  c o a s t a l  z o n e  ( b l e n n i e s  a r e  r e s t r i c t e d  t o  t h e  s h a l l o w  w a t e r s  a l o n g

the  coas t  and around the  o f fshore  is lands) ,  bu t  the  sanddabs and,

espec ia . l l y ,  the  anchov ies  may range fa r  ou t  to  sea as  we l l .  Anchov ies

and sanddabs spav ,Tr  smal1  p lank ton ic  eggs  f rom wh ich  smaI1 ,  poor ly

d e v e l o p e d .  a n d  l a r g e l y  i n a c t i v e  y o L k s a c  s t a g e  l a r v a e - h a t c h ,  w h i l e  t h e

b lenn ies  spawn adhes ive  eggs  in  nes ts  guarded by  an  adu l t ,  and ha tch  as

s m a l 1  b u t  r e l a t i v e l y  w e l l - d e v e l o p e d  a n d  a c t i v e  l a r v a e .
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4 " 2 . 3 . L  P o r e n r i a l  s o N G S  E f f e c t s

S O N G S  e f f e c t s  o n  a d u l t s  o f  t h i s  g r o u p  v a r y  d e p e n d i n g  o n  t h e  s p e c i e s

cons idered.  For  example ,  la rge  numbers  o f  nor thern  anchov ies  are  los t

to  imp ingement  (DeMar t in i  e t  41 .  ,  1 -985 )  ,  bu t  adu l t  sanddabs and

b lenn ies  are  la rge ly  i rnmune to  imp ingement  e f fec ts  because o f  the i r

b e n t h i c  h a b i t

Because most northern anchovy larvae near San Onofre appear to

c o m e  f r o m o u t s i d e  t h e  1 o c a l  a r e a  ( B a r n e t t  e t  a 1 . ,  1 9 8 4 ) ,  i t  i s  u n l i k e l y

tha t  any  reduc t j .on  in  loca l  p roduc t ion  resu l t ing  f rom the  la rge  numbers

o f  a d u l t s  i m p i n g e d  ( e . g . "  D e M a r t i n i  e t  a l . ,  1 9 8 5 )  w o u l d h a v e  r e s u l t e d  i n

any  de tec tab le  change in  locaL la rva l  abundance dur ing  the  opera t iona l

per iod .  On the  o ther  hand,  the  p lank t ivorous  adu l ts  may be  a t t rac ted  to

t h e  v i c i n i t y  o f  t h e  d i s c h a r g e  p l u r n e ;  i f  s o ,  t h e y  c o u l d  h a v e  I o c a 1 l y

reduced the  abundance o f  eggs  and/or  la rvae v ia  p redat ion ,  Such an

e f f e c t  w o u l d  n o , t  n e c e s s a r i l y  b e  d i s t i n g u i s h a b l e  f r o m  a  l o c a 1  r e d u c t i o n

c a u s e d .  f o r  e x a m p l e .  b y  i n t a k e  w i t h d r a w a l .

Any  e f fec ts  de tec tab le  as  decreases  in  the  re la t i ve  abundance o f

la rvae shou ld  have been those tha t  ac ted  upon the  la rvae a1one.  These

ma.w have inc luded the  d i rec t  e f  f  ec ts  o f  w i thdrawal  and en t ra inment ,  as

w e l l  a s  t h e  i n d i r e c t  e f f e c i  o f  p r e d a t i o n  c a u s e d  b y  p l a n k t i v o r o u s

f i s h e s .  A l t h o u g h  t h e  m a g n i t u d e  o f  s u c h  p o t e n t i a l  p r e d a t i o n  e f f e c t s

cannot  be  d i rec t l y  es t imated .  w i thdrawal  and en t ra inment  e f fec ts  have

b e e n  e s t i m a t e d .  L o s s e s  o f  l a r v a e  c a u s e d  b y  w i t h d r a w a l  a t  t h e  i n t a k e s

dur ing  the  opera t iona l  per iod  were  probab ly  equ iva len t  to  less  t ! ; .an  27"

o f  t h e  r e s p e c t i v e  t o t a l s  i n  t h e  c r o s s - s h e l f  p l a n e  f o r  e a c h  o f  t h e  t a x a

c o n s i d e r e d  h e r e  ( T a b 1 e  4 - 5 ) ,  r e f l e c t i n g  t h e i r  b r o a d  c r o s s - s h e 1 f

d i s t r i b u t i o n s .  I f  l a r v a e  a t  r i - s k  o f  e n t r a i n m e n t  i n  t h e  d i s c h a r g e  p l u m e

w e r e  s u b j e c t  t o  a d d e d  m o r t a l i t y  a s  a  r e s u l t  o f  b e i n g  e n t r a i n e d ,  t h e
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to ta l  losses  fo r  th is  g roup o f  taxa  wou ld  s t i l l  have remained smal l :

MEC's  es t imates  showei  tha t  i f  as  many as  ha t f  the  la rvae a t  r i sk  o f

en t ra inment  dur ing  the  opera t iona l  per iod  were  k i l Ied ,  the  combined

entrainment and withdrawal mortal i ty would not have exceeded about 13%

o f  t h e  t o t a l  i n  t h e  c r o s s - s h e l f  p l a n e  f o r  a h y  o f  t h e s e  t a x a .  T h e  o l d e r

larvae of blennies and northern anchovy may have been at greater r isk to

both  v r i thdrawal  and en t ra inment  e f fec ts  (Tab le  4 -5)  owing  to  the i r .

t e n d e n c y  t o  b e  m o r e  c o n c e n t r a t e d  n e a r e r  s h o r e  ( e . g . ,  B a r n e t t  e t  a I . ,

1 9 8 4 ) ,  b u t  t h e  l a r g e s t  e s t i m a t e d  l o s s e s  f o r  t h i s  s t a g e  s t i 1 l  b a r e l y

e x c e e d e d  t h e  e q u i v a l e n t  o f  2 6 7 "  o f  t h e  r e s p e c t i v e  t o t a l  p o s t f l e x i o n -

s t a g e  l a r v a e  i n  t h e  c r o s s - s h e l f  p l a n e .  T h u s ,  t h e s e  e s t i m a t e s  s u g g e s t

that withdrawal or entrainment alone would not have caused signi f icant

B A C I  r e s u l t s .

4  " 2 . 3  . 2  T e s t  R e s u l t s

'  The f ina l  ana lys is  o f  da ta  revea led  no  generaL pa t te rns  o f  changes

in  abundance among the  broad ly -d is t r ibu ted  group;  the  th ree  taxa

d i s p l a y e d  t h r e e  d i f f e r e n t  p a t t e r n s  ( T a b 1 e  4 - 5 ) .  T h e  f i n a l  B A C I

a n a l y s e s  f a i l e d  t o  y i e l d  s i g n i f i c a n t  r e s u l t s  f o r  t h e  b l e n n i e s  a n d

sanddabs,  bu t  d id  revea l  an  e f fec t  in  the  case o f  to ta l  anchovy  la rvae

(Tab le  .4 -2) ,  wh ich  dec l ined in  abundance a t  SONGS whi le  inc reas ing  a t

Cont ro l .  The p lume/non-p1ume ana lys is  conf i rmed tha t  resu l t  and

i n d i c a t e d  a n  e f f e c t  f o r  p o s t f l e x i o n  l a r v a e  a s  w e 1 1 .  T h e  n o r t h e r n

anchovy  was the  on ly  i ch thyop lank ton  taxon fo r  wh ich  the  power  o f  the

B A C I  t e s t  r e a c h e d  t h e  d e s i r e d  O . 8 0  I e v e l .  N o n e  o f  t h e  p a t t e r n  a n a l y s e s

w e r e  s i g n i f i c a n t .  i n d i c a t i n g  t h a t  n o  r e d i s t r i b u t i o n s  o c c u r r e d  i n  t h e

o p e r a t i o n a l  p e r i o d .
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In  summary,  an ef fect  was observed for  one of  the three broadly-

d i s t r i bu ted  taxa ,  even  though  we  d id  no t  pa r t i cu la r l y  expec t  t o  de tec t

an ef fect  for  any of  them. This  ef fect  may have been re lated,  a t  least

i n  pa r t ,  t o  t he  ope ra t i on  o f  SONGS Un i t s  2  and  3 .

Spec ies -by -spec ies  synopses  o f  t he  BACI  and  assoc ia ted  ana lyses

for  the broadly  d is t r ibuted taxa are presented in  the next  three

sect ions,  fo l lowed by a summary d iscuss ion.  The f i rs t  paragraph of  each

indiv idual  account  summar izes MEC's resul ts  and conclus ion for  that

taxon.  The reader  in terested only  in  the genera l  summar ies of  resul ts

may  w i sh  Eo  sk i p  t o  Sec t i on  4 .3 .

4 . 2 . 3 . 2 .  I  E n g r a u l i s  m o r d a x  ( N o r t h e r n  a n c h o v y )

The reLat ive  abundance o f  to ta l  nor thern  anchovy  la rvae decreased

at  SONGS by  55" / " ;  a l l  s taBes decreased in  re la t i ve  abundance as  we l I .

B A C I  t e s t s  s h o w e d  t h a t  t h e s e  d e c r e a s e s  w e r e  s t a t i s t i c a l l y  s i g n i f i c a n t

f o r  t o t a l  l a r v a e ,  b u t  n o t  f o r  a n y  s t a g e .  T h e  p o w e r  o f  t h e ' t e s t  f o r  t o t a l

l a r v a e  e x c e e d e d  0 . 8 0 .  P l u m e / n o n - p l u m e  a n a l y s i s  s h o w e d  a  s i g n i f i c a n t

e f f e c t  f o r  t o t a l  a n d  p o s t f l e x i o n  l a r v a e ,  a n d  n o  e f f e c t  f o r  t h e  o t h e r  t w o

s t a g e s .  M E C  c o n c l u d e s  t h a t  S O N G S  o p e r a t i o n  a f f e c t e d  t h e  a b u n d a n c e  o f

to ta l  and pos t f lex ion  anchovy  la rvae bu t  no t  o f  p re f lex ion  and f lex ion-

s t a g e  l . a r v a e .

The pr imary BACI test on data for total  northern anchovy larvae

y i e l d e d  a  s i g n i f i c a n t  r e s u l t  ( t a b 1 e  4 - 2 ) .  U n l i k e  t h e  B A C I  t e s t s  f o r  a l l

o t h e r  i c h t h y o p l a n k t o n  t a x a ,  t h i s  t e s t  h a d  h i g h  p o w e r  ( 0 . 9 7  a t  c  =  0 . 0 5 ) .

T h e  s e c o n d a r y  t e s t s - - W i l c o x o n  r a n k  s u m  t e s t s  u s i n g  o t h e r  v a l i d

t r a n s f o r m a t i o n s  ( 1 o e  ( x  *  0 . 1 ) ,  1 o g  ( x  *  1 ) ) - - a l s o  h a d  h i g h  p o w e r  ( b o t h

0 . 9 7  a t  c  =  0 . 0 5  )  a n d  y i e l d e d  s i g n i f i c a n t  r e s u l t s ,  c o n f i r m i n g  t h e

p r i n c i p a l  r e s u l t  ( F i g u r e  D - 3 1 3 ) .  T h e  m e a n  a b u n d a n c e  o f  a n c h o v y  l a r v a e

4 -82



decreased 357.  a t  SONGS whi le  inc reas ing  20% at  Cont ro l  (y ie ld ing  a  55%

r e l a t i v e  d e c r e a s e ;  T a b l e  4 - 5 ) ,  a n d  a s  o n e  m i g h t  p r e d i c t ,  t h e  b i n o m i a l

tes t  ind ica ted  tha t  the  propor t ion  o f  nor thern  anchovy  la rvae a t  SONGS

in  the  opera t iona l  per iod  was s ign i f i can t ly  lower  than the  propor t ion

at  SONGS in  the  preopera t iona l  per iod  (Tab le  4 -4) .  Examinat ion  o f  the

t i m e  p l o t  o f  D e l t a  v a l u e s  ( F i g u r e  D - 3 1 4 )  r e v e a l e d  a  b r o a d  z o n e  o f

over lap  be tween opera t iona l  and preopera t iona l  De1tas ,  w i th  a  poss ib le

tendency  fo r  opera t iona l  per iod  va lues  to  be  s l igh t ly  lower  than

PreoPera t iona l  va lues .  There  was a lso  a  smal l  g roup o f  much h igher

preopera t iona l  va lues  dur ing  the  pr inc ipa l  spawning  season.  As  an

e x e r c i s e ,  t h e  B A c r  t e s t  w a s  r u n  o n  t h e  l o g ( x ) - t r a n s f o r m e d  d a t a

exc lus ive  o f  the  17  March  1980 survey  to  see whether  the  la rge  ca tches

at  SONGS on tha t  da te  fo rced the  s ign i f i can t  tes t  resu l ts  descr ibed

above.  They  appear  to  have been in f luent ia l :  the  t - tes t  gave a

n o n s i g n i f i c a n t  r e s u l t  ( p  =  0 . 0 5 ) ,  a l t h o u g h  t h e  W i l c o x o n  r a n k  s u m  E e s t

r e s u l t  r e m a i n e d  s i g n i f i c a n t  ( p  =  0 . 0 2 ) .  E x c l u s i v e  o f  t h e  1 7  M a r c h  I 9 8 O

survey'  mean abundance decl ined L3% at SONGS whi le increasj-ng 46"/"  at

C o n t r o l - .  A s i d e  f r o m  i t s  o u t l i e r  s t a t u s ,  t h e r e  w a s  n o  r e a s o n  t o  d e l e t e

the  17  March  1980 survey ,  and the  BAcr  resur t  us ing  the  fu l l

p r e o p e r a t i o n a l  d a t a  s e t  i s ,  t h e r e f o r e .  v a l i d .  T h e  a n a l y s e s  o n  t h e

p l u m e / n o n - p l u m e  d a t a  s e t s  y i e l d e d  a  s i g n i f i c a n t  r e s u l t  o n  p l u m e  d a t e s

a n d  a  n o n s i g n i f i c a n t  r e s u l t  o n  n o n - p l u m e  d a t e s  ( T a b I e  4 - 3 ) ,  s u p p o r t i n g

t h e  p r i m a r y  t e s t  o n  a l l  d a t e s .

T h e  B A C I  t - t e s t  o n  p r e f l e x i o n - s t a g e  d a t a  h a d  m u c h  l o w e r  p o w e r

( 0 . 5 9  a t  s  =  0 . I 0 )  t h a n  d i d  t h e  t e s t  f o r  t o t a l  a n c h o v y  l a r v a e ,  a n d  i t

y i e l d e d  a  n o n s i g n i f i c a n t  r e s u l t  ( T a b 1 e  4 - 2 )  t h a t  w a s  c o r r o b o r a t e d  b y

t h e  s e c o n d a r y  E e s t s  ( F i g u r e  D - 3 1 8 ) .  M e a n  a b u n d a n c e  d e c l i n e d  3 5 " A  a t

S O N G S  b u t  i n c r e a s e d  4 %  a t  C o n t r o l .  E x c l u s i v e  o f  t h e  1 7  M a r c h  1 9 8 0  d a t a
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po in t ,  mean abundance dec l ined on ly  77"  a t  SONGS but  inc reased 38" / ,  a t

C o n t r o l .  T h e  b i n o m i a l  t e s t  i n d i c a t e d  t h a t  t h e  p r o p o r t i o n  o f  t o t a l

p r e f l e x i o n - s t a g e  l a r v a e  a t  S O N G S  i n  t h e  o p e r a t i o n a l  p e r i o d  w a s

s ign i f i can t ly  lower  than the  propor t ion  a t  SONGS in  the  preopera t iona l

p e r i o d  ( T a b I e  4 - 4 ) ,  b u t  t h e  a n a l y s i s  o n  p l u m e  d a t e s  y i e l d e d  a

n o n s i g n i f i c a n t  r e s u l t  ( T a b 1 e  4 - 3 ) ,  s u p p o r t i n g  t h e  p r i m a r y  B A C I  t e s t  o n

a l l  d a t e s .  I n s p e e t i o n  o f  t h e  t i m e  p l o t  o f  D e l t a  v a l u e s  ( F i g u r e  D - 3 2 0 )

d id  no t  revea l  a  s t r i k ing  d i f fe rence be tween mon i to r ing  per iods  except

fo r  a  sma1 l  g roup o f  very  h igh  preopera t iona l  De l ta  va lues  dur ing  the

m a j o r  s p a w n i n g  s e a s o n .

The un t rans formed data  fo r  f lex ion-s tage la rvae d id  no t  f i t  the

add i t i ve  mode l ;  however ,  the  1og (x )  t rans format ion  d id  resu l t  in

a d d i t i v i t y ,  r e q u i r i n g  t h e  d e l e t i o n  o f  o n l y  a  s i n g l e  p r e o p e r a t i o n a l

survey  when no  f lex ion-s tage la rvae were  taken a t  Cont ro l .  The BACI  t -

t e s t  y i e l d e d  a  n o n s i g n i f i c a n t  r e s u l t  ( T a b l e  4 - 2 ) .  H o w e v e r ,  u n l i k e  t h e

r e s u l t s  f o r  p r e f l e x i o n - s t a g e  a n d  t o t a l  n o r t h e r n  a n c h o v y  l a r v a e ,  t h e

Wi lcoxon rank  sum tes t  gave a  s ign i f i can t  resu l t ,  con t rad ic t ing  the

p r i n c i p a l  t - t e s t  r e s u l t .  O t h e r  s e c o n d a r y  t e s t s  u s i n g  v a l i d  d a t a

t r e a E m e n t s  ( 1 o g  ( x  *  C )  t r a n s f o r m a t i o n s )  y i e l d e d  v a r i a b l e  r e s u l t s ,

s h o w i n g  t h a t  t h e  r e s u L t s  o f  t h e  t - t e s t  w e r e  c o n t r o l l e d  b y  t h e  c o n s t a n t

app l ied  in  the  1og t rans format ion ,  and tha t  the  more  cons is ten t

W i l c o x o n  r a n k  s u m  t e s t  r e s u l t s  m a y  h a v e  b e e n  m o r e  r e l i a b l e .  T h e  B A C I

p l u m e  d a t e s  t - t e s t  f o r  f l e x i o n - s t a g e  l a r v a e  y i e l d e d  a  n o n s i g n i f i c a n t

r e s u l t  ( T a b 1 e  4 - 3 ) .  H o w e v e r ,  s o m e  o f  t h e  s e c o n d a r y  p l u m e  d a t e s  t e s t s

were  s ign i f i can t  and thus  fa i led  to  cor roboraEe the  pr imary  tes t

r e s u l t .  T h e  c o n f l i c t i - n g  r e s u l t s  a r e  d i f f i c u l t  t o  i n t e r p r e t  I  t h e

d i f f e r e n t  t - t e s t  a n d  W i l c o x o n  r a n k  s u m  t e s t  r e s u l t s  i n d i c a t e  t h a t

c h a n g i n g  t h e  c o n s t a n t  s e l e c t e d  f o r  u s e  w i t h  t h e  1 o g  ( x  *  C )
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t rans format ions  by  an  order  o f  magn i tude cou ld  change the  ou tcome o f  the

E e s t .  w h i c h  c a l l s  i n t o  q u e s t i o n  t h e  n o n s i g n i f i c a n t  r e s u l t s  o f  t h e

pr imary  tes ts .  0n  the  o ther  hand,  the  changes in  mean abundance on

pJ-ume dates  d i f fe red  l i t t le  be tween SONCS and Cont ro l ,  suppor t ing  the

nons ign i f i can t  resu l ts  o f  the  pr imary  tes ts .  The non-p1ume dates

ana lys is  y ie lded nons ign i f i can t  resu l ts  (Tab le  4 -3) .  Mean abundance o f

f lex ion-s tage la rvae in  the  fu l1  da ta  se t  dec l ined 37 ' / "  a t  SONGS whi le

increas ing  837"  a t  Cont ro l ,  y ie ld ing  a  LLz ' / .  re la t i ve  decrease (TabIe  4-

5 ) .  I n s p e c t i o n  o f  t h e  t i m e  p l o t  o f  D e l t a  v a l u e s  ( F i g u r e  D - 3 2 5 )  s h o w e d  a

Pat te rn  much l i ke  tha t  o f  to ta l  anchovy  la rvae,  w i th  a  band o f  De l ta

va lues  rang ing  be tween about  +  100 tha t  con ta ined most  o f  the

PreoPera t iona l  and opera t iona l  va lues  (w i th  no  obv ious  d i f fe rence

between per iods  )  ,  toge ther  w i th  a  sma1 l  g roup o f  h igh  preopera t iona l

va lues  and a  smal l  g roup o f  1ow opera t iona l  va lues  dur ing  the  pr inc ipa l

spawning  season.  The b inomia l  tes t  ind ica ted  tha t  the  propor t ion  o f

f lex ion-s tage la rvae a t  soNcs in  the  opera t iona l  per iod  was

s ign i f i can t ly  lower  than the  propor t ion  a t  SONGS in  the  preopera t iona l

per iod  (Tab le  4 -4) ,  wh ich  agreed w i th  the  BACI  Wi lcoxon rank  sum tes ts

r e s u l t s  b u t  c o n f l i c t e d  w i t h  t h e  p r i n c i p a l  t - t e s t  a n d  p L u m e  d a t e s  t e s t

r e s u l t s .

T h e  B A C I  t - t e s t  o n  u n t r a n s f o r m e d  d a t a  f o r  p o s t f l e x i o n - s t a g e  i a r v a e

y ie lded a  nons ign i f i can t  resu l t  (Tab1e 4-2)  t lna t  was  conf i rmed by  a l1  o f

t h e  s e c o n d a r y  t e s t s  ( F i g u r e  D - 3 2 9  ) .  M e a n  a b u n d a n c e  o f  p o s t f l e x i o n - s t a g e

l a r v a e  d e c l i n e d  a t  b o t h  S O N G S .  a n d  C o n t r o l ,  b u t  m o r e  s o  a t  S O N G S  ( - 5 7 %

v s .  - 3 7 " / "  a t  C o n t r o l ) ,  r e s u l t i n g  t n  a  L 7 1 L  d e c l i n e  i n  r e l a t i v e  a b u n d . a n c e

( T a b I e  4 - 5 ) .  I n s p e c t i o n  o f  t h e  t i m e  p l o t  o f  D e l t a  v a l u e s  ( F i g u r e  D - 3 3 0 )

r e v e a l e d  c o n s i - d e r a b l e  v a r i a b i l i t y  i n  b o t h  m o n i t o r i n g  p e r i o d s ,  b u t  n o

o b v i o u s  d i f f e r e n c e  b e t w e e n  p e r i o d s .  T h e  b i n o m i a l  t e s t  d i d  i n d i c a t e  a
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s i g n i f i c a n t l y  l o w e r  p r o p o r t i o n  o f  t o t a l  p o s t f l e x i o n - s t a g e  l a r v a e  a t

SONGS in  Ehe opera t iona l  per iod  than in  the  preopera t iona l  per iod

( T a b 1 e  4 - 4 ) ,  b u t  a s i d e  f r o m  o n e  e s p e c i a l l y  l a r g e  p r e o p e r a t i o n a l  p e r i o d

Del ta  va lue  on  14  Apr i l  1980,  the  p lo t  o f  De l ta  va lues  d id  no t  show why

t h i s  r e s u l t  w a s  o b t a i n e d .

Resu l ts  o f  the  BACI  tes t  on  the  p lume dates  fo r  pos t f lex ion  la : rzae

w e r e  s i g n i f i c a n t  ( T a b 1 e  4 - 3 ) ,  a n d  w e r e  c o r o b o r a t e d  b y  t h e  o t h e r  t e s t s ;

Mean abundance o f  pos t f lex ion  la rvae on  p lume dates  dec l ined by  62% at

SONGS and by  L7% at  Cont ro l .  Resu l ts  o f  the  BACI  ana lys is  o f  the  non-

p l u m e  d a t a  s u b s e t  w e r e  n o n s i g n i f i c a n t  ( T a b 1 e  4 - 3 ) ,  s u g g e s t i n g  t h a t

SONGS opera t ions  may have been invo lved in  the  s ign i f i can t  resu l ts

o b t a i n e d  f o r  p o s t f l e x i o n - s t a g e  l a r v a e .

The MANOVA did not reveal a shi f t  in abundance pattern (Figure D-

317)  a t  SONGS dur ing  the  opera t iona l  per iod  fo r  to ta l  nor thern  anchovy

la rvae or  fo r  any  o f  the  1arva l  s tages .

A single prel iminary survey was made during the operat ional per iod

o n  7  M a r c h  1 9 8 6  t o  a s s e s s  w h e t h e r  t h e  a l o n g s h o r e  s p a t i a l  s c a l e  o f  t h e

s i g n i f i c a n t  e f f e c t s  o n  t h e  t o t a l  a n d  p o s t f l e x i o n - s t a g e  l a r v a e  c o u l d  b e

determined.  The regress ions  o f  la rva l  abundance on  d is tance dor . rncoas t

f rom SONGS were  nons ign i f i can t  owing  to  h igh  var iab i l i t y  and smal l

s a m p l e  s i z e ;  h o w e v e r .  t h e  p l o t  o f  a b u n d a n c e  v s .  d i s t a n c e  ( F i g u r e  4 - 1 )

fo r  to ta l  nor thern  anchovy  la rvae ind ica ted  tha t  abundances  were  lowest

6 - 8  k m  d o w n c o a s t .  A m o n g  t h e  m u l E i t u d e  o f  p l a u s i b l - e  ( a n d  e n t i r e l y

s p e c u l a t i v e )  s c e n a r i o s  t h a t  m i g h t  a c c o u n t  f o r  t h i s  p a t t e r n ,  o n e  i s  a

S O N G S  e f f e c t ,  w i t h  d e p r e s s e d  a b u n d a n c e s  e x t e n d i n g  u p  t o  8  k m  d o w n c o a s t ,

b u t  n o t  a s  f a r  a s  1 2  k m  d o w n c o a s t .

C o n f l i c t i n g  B A C I  r e s u l t s  w e r e  o b t a i n e d  f o r  p r e f l e x i o n  a n d  f l e x i o n -

s t a g e  l a r v a e ;  a c c e p t i n g  t h e  p r i n c i p a l  B A C f  t e s t  r e s u l t s  a t  f a c e  v a l u e
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sugBests  tha t  Ehese s tages  showed no ev idence o f  an  e f fec t .  However ,

s ince  the  da ta  t rea tment  fo r  bo th  o f  these s tages  seems to  have

c o n t r o l l e d  t h e  o u t c o m e  o f  t h e  t e s t s ,  t h e  p r i n c i p a l  r e s u l t s  s h o u l d  b e

a c c e p E e d  w i t h  s o m e  r e s e r v a t i o n s .

4 . 2 . 3 . 2 . 2  Q i ' q h a r i c h t h y s  s p p .  ( S a n d d a b s )

Young sanddab larvae showed large relat ive increases at SONGS;.

o l d e r  l a r v a e  w e r e  r a r e l y  c o l l e c t e d  ( T a b l e  4 - 1 ) .  B A C I  t e s t s  o f  t h e w h o l e

d a t a  s e t  a n d  o f  t h e  p l u m e / n o n - p l u m e  s u b s e t s  h a d  v e r y  l o w  p o w e r  ( < 0 . 2 5 )

t o  d e t e c t  c h a n g e s .  R e s u l t s  o f  a l l  t e s t s  w e r e  n o n s i g n i f i c a n t ,

ind ica t ing  tha t  SONGS opera t ion  had no  de tec tab le  e f fec t  on  the

abundance and d is t r ibu t ion  o f  sanddab la : r rae .

The BACI  t - tes ts  on  to ta l  and pre f lex ion  C i thar ich thys  spp.  la rvae

revea led  nons ign i f i can t  changes in  re la t i ve  abundance (Tab le  4 -2) ;  they

had very  l i t t le  power  to  de tecE a  change even i f .one had occur red .  The

s e c o n d a r y  t e s t s  l i k e w i s e  y i e l d e d  n o n s i g n i f i c a n t  r e s u l t s ,  c o n f i r m i n g

t h e  p r i n c i p a l  t e s t  r e s u l t  ( F i g u r e s  D - 3 3 4 ,  D - 3 3 9 ) .

C i thar ich thys  spp.  la rvae co l lec ted  dur ing  the  MRC s tudy  were

p r e d o m i n a n t l y  y o l k s a c  a n d  p r e f l e x i o n - s t a g e s ;  t o o  f e w  f l e x i o n  a n d

P o s t f l e x i o n - s t a g e  l a r v a e  h r e r e  t a k e n  t o  a n a l y z e  s e p a r a t e l y .  T h e  r e s u l t s

o f  the  ana lyses  on  to ta l  sanddab la rvae thus  la rge ly  re f lec ted  the

r e s u l t s  f r o m  t h e  p r e f l e x i o n - s t a g e  l a r v a e .

Mean abundance o f  to ta l  la rvae inc reased a t  bo th  SONGS and

C o n t r o l ,  b u t  m u c h  m o r e  s o  a t  S O N G S  ( 2 6 8 % )  t h a n  a t  C o n t r o l  ( 3 % ) ,

r e s u l t i n g  i n  a  r e l a t i v e  i n c r e a s e  o f  2 6 5 7 "  ( t a U I e  4 - 5 ) .  P r e f l e x i o n  l a r v a e

s h o w e d  a  r e l a t i v e  i n c r e a s e  o f  3 3 7 7 " .  I n s p e c t i o n  o f  t h e  t i m e  p l o t  o f

c r o s s - s h e 1 f  a b u n d a n c e  ( F i g u r e  D - 3 3 7 )  r e v e a l e d  t h a t  t h e s e  l a r g e

increases  a t  SONGS vrere  a t t r ibu tab le  to  two very  la rge  ca tches  a t  S0NGS
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i n  the  opera t iona l  per iod .  Exc lus ive  o f  these two da tes ,  mean abundance

dur ing  the  opera t j -ona l  per iod  was v i r tua l l y  iden t ica l  a t  bo th  SONGS and

Cont ro l ,  suppor t ing  the  in te rpre ta t ion  o f  no  d i f fe rence be tween

m o n i t o r i n g  p e r i o d s .  T h e  t i m e  p l o t  o f  D e l t a  v a l u e s  ( F i g u r e  D - 3 3 5 )

revea led  cons iderab le  var iab i l i t y ,  bu t  no  obv ious  d i f fe rence be tween

the  preopera t iona l  and opera t iona l  per iods .  The b inomia l  tes t  y ie lded

a nons ign i f i can t  resu l t  (TabIe  4-4) ,  as  expec ted  g iven tha t  abundance

increased more  a t  SONCS than a t  Cont ro l .

The BACI  t - tes ts  on  p lume/non:p lume abundance da ta  y ie lded

nons ign i f i can t  resu l ts .  The I ' IANOVA d id  no t  revea l  an  overa l l  sh i f t  in

c r o s s - s h e l f  a b u n d a n c e  p a t t e r n s  ( F i g u r e  D - 3 3 8 )  a t  S O N G S  d u r i n g  t h e

o p e r a t i o n a l  p e r i o d "

4 . 2 . 3 . 2 .  3  H y p s o b l e n n i u s  s p p .  ( B l e n n i e s  )

None o f  the  tes ts  o f  the  abundance or  d is t r ibu t ion  o f  b lenny  la rvae

y i e l d e d  s i g n i f i c a n t  r e s u l t s ,  i n d i c a t i n g  t h a t  S O N G S  o p e r a t i o n  h a d  n o

d e t e c t a b l e  e f f e c t s  o n  l a r v a e  o f  H y p s o b l e n n i u s  s p p .

The BACI  t - tes t  on  un t rans formed data  fo r  to ta l  Hypsob lenn ius  spp.

l a r v a e  y i e l d e d  a  n o n s i g n i f i c a n t  r e s u l t  ( T a b 1 e  4 - 2 ) ,  a s  d i d  t h e  t e s t s  o n

l o g  ( x ) - t r a n s f o r m e d  d a t a  f o r  p r e f l e x i o n - s t a g e  l a r v a e ,  u n t r a n s f o r m e d

d a t a  f o r  t h e  - f l e x i o n - s t a B e  l a r v a e ,  a n d  1 o g  ( x  +  0 . 1 )  t r a n s f o r m e d  d a t a

f o r  t h e  p o s t f l e x i o n - s t a g e  l a r v a e  ( T a b l e  4 - 2 ) .  S e c o n d a r y  t e s t s  c o n f i r m e d

E h e  p r i n c i p a l  B A C I  t e s t  r e s u l t s  "  T i m e  p l o t s  o f  D e l t a  v a l u e s  ( F i g u r e s  D -

3 4 6 ,  D - 3 5 2 ,  D - 3 5 7 ,  D - 3 6 2 )  r e v e a l e d  c o n s i d e r a b l e  v a r i a b i l i t y  f o r

p r e f l e x i o n  a n d  f l e x i o n - s t a g e  l a r v a e ,  b u t  l i t t l e  e v i d e n c e  o f  a

d i f fe rence be tween mon i to r ing  per iods  fo r  to ta l  la rvae or  any  o f  the

s t a g e s .  T h e  b i n o m i a l  t e s t s  c o n f i r m e d  t h i s  l a c k  o f  a  d i f f e r e n c e  b e t w e e n

p e r i o d s  ( T a b 1 e  4 - 4 ) .  T h e  r e s u l t s  o f  t h e  p l u m e / n o n - p l u m e  B A C I  a n a l y s e s

a l s o  d i d  n o t  s h o w  a n y  s i g n i f i c a n t  c h a n B e s  i n  r e l a t i v e  a b u n d a n c e .
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The MANOVA did not reveal

o p e r a E i o n a l  p e r i o d  r e i a t i v e  t o  t h e

la rvae or  any  o f  the  s tages  (F igure

a pat tern sh i f t  a t  SONGS in the

Be fo re -o r -Con t ro l  da ta  se t  f o r  t o ta l

D -e4 ) .

4  " 2  " 3  . 2 . 4  B r o a d l y - D i s t r i b u t e d  T a x a :  D i s c u s s i o n

BACI  e f fec ts  were  no t  par t i cu la r ly  an t ic ipa ted  fo r  the  broad ly -

d is t r ibu ted  taxa ,  except  perhaps  nor thern  anchovy ,  owing  to  the i r

c ross-she l f  d is t r ibu t ions  and the  re la t i ve  immuni ty  o f  the  adu l ts  to

SONGS ef fec ts .  AduI t  nor thern  anchovy  are  h igh ly  suscept ib le  to

imp ingement  mor ta l i t y  a t  SONGS Uni ts  2  and 3 ,  bu t  any  resu l t ing  loca l

reduc t ion  in  spawning  s tock  shou ld  no t  have led  to  a  de tec tab le  loca l

reduc t ion  in  la rva l  s tand ing  s tock  because most  la rvae a t  San Onof re

a p p a r e n t l y  d o  n o t  o r i g i n a t e ' i n  t h e  L o c a l  v i c i n i t y  ( B a r n e t t  e t  a l . ,

1984) .  However ,  s ince  la rvae apparent ly  do  move in to  the  nearshore  San

Onof re  a rea .  and the  o lder  la rvae seem to  concent ra te  near  the  bo t tom in

the  very  nearshore  zone encompass ing  the  Un i ts  2  and 3  o f fshore  coo l ing

s E r u c t u r e s t  i t  w a s  p o s s i b l e  t h a t  l o s s e s  o f  l a r v a e  n e a r  S O N G S  ( e . g . ,

w i t h d r a w a l ,  i n c r e a s e d  l o c a l  p r e d a t i o n ,  e t c . )  m i g h t  h a v e  r e s u l t e d  i n  a

detecEab le  e f  f  ec t .  l i o r thern  anchovy  la : r rae  were  the  on ly

ich thyop lank ton  taxon w i th  h igh  BACI  power ;  th is  enhanced MEC's  ab i l i t y

to  recogn ize  the  modera te  decrease in  re la t i ve  abundance as  a

s i g n i f i c a n t  e f f e c t .  T h e  p o s s i b l e  e f f e c t  o n  t h e  p o s t f l e x i o n - s t a g e

la rvae seen in  the  ana lys is  on  p lume dates  in  no tewor thy  because these

o lder  la rvae shou ld  have a  re la t i ve ly  h igh  l i ke l ihood o f  surv iv ing  to

recru i tment  under  pure ly  na tura l  cond i t ions .  Add i t iona l  losses  here

cou ld  be  i rnpor tan t ,  a l though g iven the  vas t  range over  wh ich  nor thern

a n c h o v i e s  o c c u r  s u c h  l o s s e s  p r o b a b l y  a r e  i n c o n s e q u e n t i a l .
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The es t imate  o f  the  most  l i ke ly  losses  o f  anchovy  la rvae due to

wi thdrawal  dur ing  the  opera t iona l  per iod  was very  smal1 ,  even fo r  the

la rger ,  more  nearshore  la rvae.  The es t imate  was based on  the  assumpt ion

tha t  a l l  la rvae are  s t r i c t l y  p lank ton ic  and move w i th  the  water "

However ,  phys io log ica l  and behav io ra l  changes in  the  anchovy  1arvae

dur ing  the  la te  f lex ion  and ear ly  pos t f lex ion-s tages  improve the i r

ab i l i t y  to  regu la te  pos i t ion  to  the  ex ten t  tha t  they  become.

funcEiona l ly  schoo l ing  mic ronek ton  ra ther  than ich thyop lank ton .  I t  i s

a t  leas t  conce ivab le  tha t  such schoo l ing  mic ronek ton  migh t  be  ab le  to

r e m a i n  s e l e c t i v e l y  i n  t h e  v i c i n i t y  o f  s o N G S ,  f o r  e x a m p l e  i f  t h e

d ischarged dead or  in ju red  macrop lank ton  in  the  p lume were  perce ived as

a Patch  o f  food.  Schoo l ing  wou ld  serve  to  inc rease the  voLume o f  water

searched fo r  food and thus  inc rease the  l i ke l ihood tha t  the  ou t fa l l  f ro rn

t h e  p l u m e  o r  t h e  p l u m e  i t s e l f  c o u l d  b e  p e r c e i v e d  a s  a  " p a t c h "  o f  f o o d .

I f  t ! t .  res idence t ime o f  the  o lder  la rvae near  SONGS ac tua l l y  d id

increase.  SONGS wi thdrawal  wou ld  have more  t ime to  work  on  these la rvae

than was a l lowed in  our  loss  mode l ,  and resu l - t ing  losses  cou ld  have been

Iarger ,  a l though by  how much wou ld  be  very  d i f f i cuL t  to  es t imate .

P r e d a t i o n  b y  l a r g e r  p l a n k t i v o r o u s  f i s h e s  a t t r a c t e d  t o  t h e  p l u m e  ( e . g . ,

a ther in ids .  wh ich  d id  show a  re la t i ve  inc rease 2-3  kn  downcoast  o f

S O N G S .  n e a r  t h e  i c h t h y o p l a n k t o n  I m p a c t  s i t e )  c o u l d  a l s o  a c t  t o  r e d u c e

the  1oca1 abundance o f  anchovy  (and presumably  a l l  o ther )  la rvae

whether  the  la rvae remained near  SONGS or  s imp ly  passed by .  I f ,

however .  the  o lder  la rvae ac tua l l y  d id  remain  near  SONGS a re la t i ve

d e p l e t i o n  m i g h t  b e  m o r e  l - i k e I y  t o  o c c u r .  T h e  d i f f e r e n t  B A C I  r e s u l t s

u s i n g  p l u m e  d a t e s  ( s i g n i f i c a n t )  a n d  n o n - p 1 u m e  d a t e s  ( n o n s i g n i f i c a n t )

s u b s e t s  o f  t h e  o p e r a t i o n a l  d a t a  f o r  n o r t h e r n  a n c h o v y  m i g h t  b e  t a k e n  t o

s u g B e s t  t h a t  d i r e c t  s o N G S  e f f e c t s  ( e . g . ,  w i t h d r a w a l )  w e r e  m o r e
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impor tan t  than secondary  e f fec ts  such as  inc reased predat ion ,  un less

the  p lank t ivorous  f i s tes  were  very  c lose ly  assoc ia ted  w i th  the  p lume

ra ther  than s imp ly  re la t i ve ly  more  abundant  in  the  genera l  a rea .

P l a n k t i v o r o u s  f i s h e s  ( e . g . .  b l a c k s m i t h )  a s s o c i a t e d  w i t h  k e l p  b e d s  h a v e

been observed to  concent ra te  near  the  ups t ream end o f  the i r  ke lp .  bed,

and to move to the other end when the alongshore current reverses, so i t

may be  poss ib le  tha t  p lank t ivorous  f i shes  do  fo l Iow the  p lume

Pre f lex ion-s tage and ear ly  f lex ion-s tage nor thern  anehovy  la rvae

presumably  wou ld  no t  be  ab le  to  re rna in  near  SONGS,  se lec t ive ly  and our

e s t i m a t e s  o f  l o s s e s  m i g h t  b e  m o r e  a p p l i c a b l e  f o r  t h e m .  H o w e v e r ,  t h e s e

l a r v a e  s h o u l d  b e  a t  l e a s t  a s  s u s c e p t i b l e  t o  p l a n k t i v o r e s  a s  t h e  o l d e r ,

schoo l ing  la rvae,  and thus  they  may s t i1 l  su f fe r  subs tan t ia l  mor ta l i t y .

Because anchovy  la rvae are  re la t i ve ly  la rge  in  the  la te  p re f lex ion  and

e a r l y  f l e x i o n - s t a g e s  ( a b o u t  5 - 1 0  R D ,  a  s i z e  r a n g e  w h e r e  m o s t  o f  t h e

other  taxa  cons idered in  th is  repor t  pass  th rough the  f lex ion-s tage to

the  pos t f lex ion  s tage or  beyond,  and thus  ga in  the  benef i t s  o f  improved

PercePt ive  and swimming ab i l i t y ,  as  weJ- I  as  in  many cases  en ter ing  a  new

hab i ta t  )  ,  they  may be  se lec t ive ly  taken by  p lank t ivorous  f i shes .

Our  d iscuss ion  o f  the  BACI  resu l ts  fo r  nor thern  anchovy  la rvae is

l a r g e l y  a  s e r i e s  o f  s u p p o s i t i o n s ,  e a c h  o n e  o f  w h i c h  i s  a t  l e a s t

p l a u s i b l e ,  a n d  w h i c h  i n  t o t a l  a t  L e a s t  d o  n o t  r e f u t e  t h e  o b s e r v e d  B A C I

resu l ts .  However ,  whether  the  mechan isms we have suggested  are

ac tua l l y  in  fo rce  cannot  be  demonst ra ted  f rom the  mon i to r ing  survey

r e s u l t s .  b u t  m u s t  b e  m e a s u r e d  d i r e c t l y .

In  summary ,  among the  broad ly -d is t r ibu ted  taxa ,  on ly  nor thern

anchovy .  wh ich  was a lso  the  on ly  i ch thyopt ran l i ton  taxon w i th  h igh  power ,

s h o w e d  a n  e f f e c t .  T h i s  e f f e c t  m a y  h a v e  b e e n  a s s o c i a t e d  e i t h e r  d i r e c t l y

o r  i n d i r e c t l y  w i t h  S O N G S  o p e r a t i o n s .
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4 . 3  M a c r o z o o p l a n k t o n  R e s u l t s  a n d  D i s c u s s i o n

4 . 3 . I  S u m m a r y  o f  R e s u l t s  a n d  D e s c r i p t i o n  o f  a  P o s s i b l e  S O N G S  M e c h a n i s m

I n  t h e i r  o r i g i n a l  p r e d i c t i o n s  o f  S O N G S  e f f e c t s  o n  t h e  p l a n k t o n ,

Barnet t  e t  a I .  (L979a)  s ta ted  tha t  the  macrozoop lank ton  were  expec ted

to  be  dep le ted  in  the  nearshore  zone as  a  resu l t  o f  w i thdrawal  by  the

SONGS Uni ts  2  and 3  coo l ing  sys tems,  wh i le  the  o f fshore  sur face  waters

were  expec ted  to  be  enr iched w i th  nearshore  bo t tom waters  v ia  the .

d ischarge p lumes.  The enr ichment  o f  o f fshore  sur face  water  was

pred ic ted  to  induce a  ne t  inc rease in  p r imary  p roduc t ion  o f f  San Onof re .

I n  g e n e r a l ,  t h e s e  p r e d i c t e d  e f f e c t s  w e r e  n o t  o b s e r v e d :  t h e r e  w a s  n o

ev idence fo r  a  dep le t ion  o f  the  macrozoop lank ton  and no  ind ica t ion  o f  an

increase in  the  phy top lank ton  s tand ing  c rop  (p roduc t ion  ra tes  were  no t

s t u d i e d ) .  T h e r e  w e r e .  h o w e v e r ,  s h i f t s  i n  t h e  d " i s t r i b u t i o n s  o f  a  f e w

t a x a ,  w h i c h  w e  i n t e r p r e t e d  a s  S O N G S  e f f e c t s .

W e  e s t i m a t e d  t h e  p e r c e n t a g e  o f  t h e  c r o s s - s h e l f  a b u n d a n c e  o f  e a c h

taxon tha t  was  los t  dur ing  the  opera t iona l  mon i to r ing  per iod  as  a  resu l t

o f  ( l )  w i thdrawal  a t  the  in takes ,  and (2 )  secondary  en t ra inment  by  the

Uni ts  2  and 3  d ischarge p lumes.  Mechan ism ( I )  i s  known to  opera te l

m e c h a n i s m  ( 2 )  h a s  n o t  b e e n  d e m o n s t r a t e d ,  b u t  c o u l d  p o t e n t i a l l y  c a u s e

l a r g e  l o s s e s  o f  s o m e  t a x a  i f  i t  d i d  o p e r a t e .  E s t i m a t e d  i n t a k e

wi thdrawal  losses  a l -one genera l l y  accounted  fo r  less  than 47"  o f  t lne

c r o s s - s h e l f  a b u n d a n c e  o f  a n y  t a x o n ,  w e L l  b e l o w  t h e  l e v e 1  t h a t  t h e

moni to r ing  program was d ,es igned to  de tec t .  When the  add i t iona l

p o t e n t i a l  m o r t a l i t y  r e s u l t i n g  f r o m  s e c o n d a r y  e n t r a i n m e n t  ( e . g . !  s h e a r

s t r e s s '  p r e d a t i o n  i n  t h e  d i s c h a r g e  p l u m e )  w a s  a l s o  i n c l u d e d ,  t h e  t o t a l

l o s s  e s t i m a t e s  g e n e r a l l y  r e m a i n e d  b e l o w  t h e  5 0 %  l e v e I  o f  e f f e c t  t h a t  t h e

B A C I  a n a l y s e s  w e r e  i n t e n d e d  t o  d e t e c t .  O n l y  A c a r t i a  c l a u s i  a n d  0 i t h o n a

o c u l a t a  w e r e  e s t i m a t e d  t o  s u f f e r  s u b s t a n t i a l  l o s s e s ,  b u t  b o t h  E a x a
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exper ienced reg iona l  dec l ines  in  abundance tha t  began be fore  the

oPera t iona l  per iod .  Thus !  even though the  dec l ines  cont inued th rough

t h e  o p e r a t i o n a l  p e r i o d ,  t h e y  c o u l d  n o t  b e  s h o w n  t o  b e  a s s o c i a t e d  w i t h

S O N G S  o p e r a t i o n s .

The BACI  tes t  resu l ts  on  the  fu11 mon i to r ing  da ta  bases  conf i rmed

that  substant ia l  decreases in  re la t ive abundance d id not  occur .  There

was some ev idence of  s ign i f icant  increases in  the re la t ive abundances

of  c i r r iped naupl i i ,  cyphonautes larvae,  and the c ladoceran Evadne

nordmann i .  MEC cons idered these to  be  minor  SONGS ef fec ts ,  bu t  cou ld

n o t  p o s t u l a t e  t h e  o p e r a t i v e  m e c h a n i s r n ( s ) .

MANOVA and ANOVA techn igues  were  used to  de tec t  s ign i f i can t  sh i f t s

w i t h i n  s o m e  o f  t h e  c l o s s - s h e l f  s t r a t a  i n  t h e  d i s t r i b u t i o n  o f  t o t a L

zooplankton and of four individual taxa: cyphonautes larvae and the

c o p e p o d s  A c a r t i a  t o n s a ,  C o r J r c a e u s  g l g i i c u s ,  a n d  O i t h o n a  p l u m i f e r a .

T h e s e  s h i f t s  w e r e  c o n s i d e r e d  t o  b e  S O N G S  e f f e c t s ,  a l b e i t  m i n o r  o n e s

s i n c e  t h e y  w e r e  n o t  a s s o c i a t e d  w i t h  s i g n i f i c a n t ' r e d u c t i o n s  i n  r e l a t i v e

c r o s s - s h e l f  a b u n d a n c e .  T h e  d i s t r i b u t i o n a l  s h i f t s  d i d  f o r m  a  r e a s o n a b 3 . y

coherent  pa t te rn ,  f rom wh ich  a  conceptua l  (and hydrodynamica l l y

p l a u s i b l e )  m o d e l  o f  S O N G S - i n d u c e d  c i r c u l a t i o n  w a s  d e r i v e d .  W e  p r o p o s e

th is  mode l  as  a  poss ib le  SONGS mechan ism.  bu t  remind the  reader  tha t  i t

i s  s t r i c t l y  a n  e m p i r i c a l  m o d e l .  b a s e d  o n  a  e o m b i n a t i o n  o f  z o o p l a n k t o n

( a n d  t o  a  l e s s e r  e x t e n t ,  i c h t h y o p l a n k t o n )  r e s u l t s  a n d  a  g e n e r a l

d e s c r i p t i o n  o f  t h e  p r o b a b l e  S O N G S - i n d u c e d  f l o w  f i e l d  ( R e i t z e 1 ,  1 9 8 0 ) ;

t h e  m o d e l  h a s  n o t  b e e n  t e s t e d .

I n  t h i s  m o d e l ,  m a c r o z o o p l a n k t e r s  ( i n c l u d i n g  i c h t h y o p l a n k t o n )  a r e

wi thdrawn by  the  SONGS in takes  and "s t ra ined"  f rom the  coo l ing  water

( e . g . .  a n i m a l s  a r e  c o n s u m e d  b y  t h e  i n t a k e  c o n d u i t  f o u l i n g  c o m m u n i t l r  o r

are  k i l led  dur ing  passage th rough the  p lan t  and s ink  qu ick ly  a f te r  be ing
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d ischarged) ,  so  tha t  the  d ischarged water  i s  re la t i ve ly  empty  o f

p l a n k t o n i c  o r g a n i s m s  ( s e e  S e c t i o n  5 . 1 ) .  C o n s e r v a t i o n  o f  m a s s  r e q u i r e s

tha t  the  water  w i thdrawn by  the  in takes  be  rep laced;  th is  rep lacement

water  i s  d rawr r  inward  toward  SONGS f rom a l l  d i rec t ions ,  bu t

predominant ly  f rom o f fshore  in  the  absence o f  an  a longshore  cur ren t .

Both  the  SONGS- induced shoreward  f low and the  seaward-d i rec ted

d ischarge are  super imposed on  the  a longshore  cur ren t  reg ime (e .8 . :

F igure  4-2) .  Because the  rep lacement  water  has  some o f fshore  component ,

i t  shou ld  conta in  fewer  inner  nearshore  organ isms,  on  average,  than

" p u r e "  n e a r s h o r e  w a t e r  ( i . e . ,  t h e  i n n e r  n e a r s h o r e  p l a n k t o n

c o n c e n t r a t i o n  s h o u l d  b e  d i l u t e d ) .  I n  a d d i t i o n ,  s o m e  f r a c t i o n  o f  t h e

d ischarge p lume water ,  a lso  conta in ing  few nearshore  organ isms,  i s

l i ke ly  to  be  rec i rcu la ted  in to  the  inner  nearshore  zone,  cont r ibu t ion

to  the  d i lu t ion  o f  the  nearshore  p lank ton  concent ra t ion .  Thus ,  dur ing

per iods  o f  con t inuous  p lan t  opera t ion ,  the  taxa  w i th  the  most

r e s t r i c t e d  n e a r s h o r e  d i s t r i b u t i o n s  s h o u l d  b e c o m e  r e l a t i v e l y  d e p l e t e d

inshore  near  SONGS.

S ince the  o f fshore  f rac t ion  o f  the  rep lacement  water  w i l l  con ta in

o f fshore  taxa ,  fo r  these a  re la t i ve  enr ichment  near  shore  a t  SONGS

shou ld  occur  dur ing  per iods  o f  con t inuous  p lan t  opera t ion .  Taxa w i th

b r o a d  .  c r o s s - s h e l f  d i s t r i b u t i o n s  r  o D  t h e  o t h e r  h a n d ,  w o u l d  b e

t ransPor ted  f rom an area  o f  one 1eveI  o f  abundance (h igh  or  Iow)  to  an

area o f  p robab ly  s imi la r  abundance,  and a  pa t te rn  sh i f t  m igh t  thus  be

d i f f i c u l t  t o  d e r e c r .

P lank ton ic  o rgan isms in  the  water  co lumn over  the  d i f fusers  shou ld

be secondar i l y  en t ra ined in  the  d ischarge p lume and on  average moved

upward and seaward (note that dur ing periods of strong therrnal

s t la t i f i ca t ion  the  p lume may remain  in  the  lower  5  m o f  the  water  co lumn
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and dur ing  per iods  o f  s t rong downcoast  fLow iE  may be  re ta ined

n e a r s h o r e :  E r d m a n ,  1 9 8 7 ) ,  r e s u l t i n g  i n  r e l a t i v e  o f f s h o r e  e n r i c h m e n t  o f

n e a r s h o r e  g r o u P  t a x a  a n d  a  r e l a t i v e  d e p l e t i o n  ( d i l u t i o n )  o f  m o r e

o f f s h o r e  t a x a "

MEc lacked the  da ta  necessary  to  quant i f y  the  re la t i ve

cont r ibu t ions  to  the  nearshore  rep lacement  r . ra te r  f rom i ts  var ious

p o t e n t i a l  s o u r c e s ,  b u t  w e  c o u l d  g e n e r a l i z e  a s  f o l l o w s  a b o u t  w a t e r

movements ,  based on  the  s ign i f i can t  changes seen in  the  spat ia l

d i s t r i b u t i o n s  o f  t a x a :

(1 )  abundance ranks  decreased th roughout  the  water  co lumn a t  30

m,  bu t  more  so  in  the  upper  b ra te r  co lumn as  water  f rom fa r ther

o f fshore  (and conta in ing  fewer  o f  the  coas ta l  zoop lank ters )

was drawn shoreward to replace 30 m water that had been drawn

f  a r ther  inshore .  The p lan lc ton-depLeted  d ischarge pJ-ume

water  shou ld  have cont r ibu ted  to  Ehe observed abundance rank

d e c r e a s e s .

(2 )  abundance ranks  inc reased in  the  t3  m midwater  s t ra ta  fo r

some o f  the  c ross-she l f  and more  o f fshore  taxa  as  water  was

drawn from upcurrent and offshore regions having higher

concent ra t ions ,  to  rep lace  the  secondar i l y  en t ra ined nearer -

.  shore  midwater .

(3 )  abundance ranks  inc reased fo r  some taxa  in  the  13  m midwater

s t ra ta  as  8  m and 13  m ep ibenth ic  water  was secondar i l y

en t ra ined and,  together  w i th  i t s  h igher  abundances  o f  those

taxa,  mixed upward  in to  the  13  m midwater  s t ra ta .

(4 )  abundance ranks  decreased in  the  8  m ep ibenthos  as  the

ep ibenth ic  water  was r t i thdrawn a t  the  in takes ,  perhaps

secondar i l y  en t ra ined to  some ex ten t  and t ranspor ted
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seaward ,  and was rep laced by  a  mix tu re  o f  13  m ep ibenth ic

water ,  8  m midwater  and perhaps  sha l lower  ep ibenth ic  $ ra te r

and recyc led  d . i scharge p lume water .  The complex  hyd . rodynamic

regime of the very nearshore zorre made this region most

d i f f i c u l t  t o  m o d e l .

A l though no  s ing le  taxon showed a l l  o f  these re la t i ve  sh i f t s

w i th in  s t ra ta ,  the  compos i te  o f  a l l  s ign i f i can t  changes exh ib i ted  a

r e a s o n a b l y  c o m p l e t e  p i c t u r e  o f  t h e  m o d e l  ( F i g u r e  4 - 3 ) .  N e a r l y -

s i g n i f i c a n t  c h a n g e s  ( 0 . 0 5  <  p  <  0 . 1 0 )  w e r e  g e n e r a l l y  i n  a c c o r d  w i t h  t h e

s i g n i f i c a n t  c h a n g e s  ( F i g u r e  4 - 3 ) .  V a r i o u s  p a r t s  o f  t h e  p a t t e r n  w e r e

d e m o n s t r a t e d  f o r  a  n e a r s h o r e / t r a n s i t i o n a l  z o n e  t a x o n  ( A c a r t i - a  t o n s a ) ,

fo r  th ree  c ross-she1f  laxa  ( the  copepods Corycaeus ang l icus  and Oi thona

p lumi fe rg ,  and the  bryozoan cyphonautes  la rvae) ,  and fo r  to ta l

z o o p l a n k t o n  ( F i g u r e  4 - 4 )  .

T h e  r e s u l E s  f o r  t h e  m o s t  a b u n d a n t  z o o p l a n k t e r ,  A c a r t i a  t o n s a ,

prov ide  an  example  o f  the  der iva t ion  o f  the  c i rcu la t ion  mode l  f rom the

P a t t e r n  a n a l y s i s  r e s u l t s .  4 .  t o n s a  d i s p l a y e d  a  s i g n i f i c a n t  r e l a t i v e

decrease in  mean abundance rank  in  the  8  m ep ibenEhic  s t ra tum;  th is

cou ld  have resu l ted  i f  the  h igh  abundance water  f rom th is  s t ra tum was

withdrawn by the intakes and replaced with water drawn in part  f rom

lower  abundance s t ra ta  seaward  (13  m ep ibenthos  and midwater )  and

sur faceward  (8  m midwater ) .  These cont r ibu t ions  shou ld  have served to

" d i l u t e "  t h e  8  m  e p i b e n t h o s  s t r a t u m  w i t h  r e s p e c t  t o  A .  t o n s a ,  y i e l d i n g

the  observed decrease.  The s ign i f i can t  inc reases  in  ranks  o f  abundance

tha t  were  de tec ted  in  the  13  m lower  midwater  and h igh  midwater  s t ra ta

cou ld  be  in te rpre ted  as  resu l t ing  f rom secondary  en t ra inment  and upward

t ransPor t  in  the  d ischarge p lume f rom the  nearshore  ep ibenthos  and

lower  midwater  where  abundance was h igher ,  in to  the  13  m midwater  s t ra ta
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where  abundance was sornewhat  lower  (see F igures  4-4 ,  D-382) .  In  th is

case,  inpu ts  in to  the  midwater  f rom secondary  en t ra inment  wou ld  have

been la rger  than the  cont r ibu t ions  f rom the  presumably  empty  pure  p lume

water  and the  lower  abundance o f fshore  rep lacement  h ra te r ,  in  o rder  to

have produced the  observed resu l ts  "

The nearshore  pa t te rn  changes demonst ra ted  fo r  to ta l  zoop lank ton

probab ly  were  s t rong ly  in f luenced by  A.  tonsa,  s ince  i t  was  the

dominant  taxon.  These changes fo r  to ta l  zoop lank ton  inc luded a  decrease

in mean rank of abundance in the I  m epibenthos, which we interpreted as

resu l t ing  f rom wi thdrawal  a t  the  in takes  and rep lacement  f rom ad jacent

e p i b e n t h i c  w a E e r s  c o n t a i n i n g  f e w e r  o r g a n i s m s ,  o n  a v e r a g e  ( e . g . ,  F i g u r e

4-4) .  Inc reased predat ion  migh t  a lso  have cont r ibu ted  to  the  decrease

in  the  8  m ep ibenth ic  s t ra tum.  Tota l  zoop lank ton  showed a  re la t i ve

increase in mean abundance rank in the lower midwater stratum at 13 m;

th is  r+ ras  in te rpre ted  as  re f lec t ing  rep lacement  f rom the  more  seaward

zone o f  h igher  abundance,  and poss ib ly  some cont r ibu t ion  f rom secondary

entrainment from the higher abundance 8 m epibenthos. The decrease

detec ted  in  the  upper  midwater  s t ra tum a t  30  m was thought  to  re f lec t

movement  in to  the  30  m b lock  by  water  (con ta in ing  fewer

macrozoop lank ters  )  d rawn f rom fa r ther  o f fshore .

Cyphonautes  la rvae showed a  s ign i f i can t  re la t i ve  inc rease in  mean

rank of abundance in the 8 m midwater and, along with the copepods

Corycaeus ang l icus  and Oi thona p lumi fe ra ,  inc reases  in  the  13  m

midwater .  These increases  v rere  in te rpre ted  as  resu l t ing  f rom the

shoreward  movement  o f  rep lacement  water  d rawn f rom' the  h igher  abundance

area fa r ther  seaward .  Re la t i ve  decreases  in  mean ranks  o f  abundance

w e r e  d e t e c t e d  i n  v a r i o u s  s t r a t a  a t  3 0  m  f o r  c y p h o n a u t e s  a n d  q .

p l u m i f e r a  ( F i g u r e  4 - 4 ) ;  t h e s e  w e r e  i n t e r p r e t e d  a s  r e s u l t i n g  f r o m  t h e
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shoreward  movement  o f  v ra te r  d rawn in to  the  30  rn  b lock  to  rep lace  water

drawn fa r ther  shoreward  f rom tha t  b lock .  Water  d rawn f rom seaward  o f

t h e  3 0  m  i s o b a t h  i s  a s s u m e d  t o  c o n t a i n  f e w e r  o f  t h e s e  t a x a .

Corycaeus ang l icus  a lso  showed a  s ign i f i can t  re la t i ve  decrease in

mean rank  o f  abundance in  the  nearshore  ep ibenthos .  S ince  C.  ang l i cus

had lower ranks of abundance in the nearshore epibenthos than in the

more  seaward  midwater  reg ions ,  accord ing  to  our  c i rcu la t ion  mode l -  i - t

m igh t  have been expec ted  to  d isp lay  a  re la t i ve  inc rease in  the  nearshore

ep ibenthos .  However ,  i f  the  rep lacement  water  came f rom shoreward

(presumably  lower  abundance)  reg ions ,  dS weL l  as  f rom the  seaward

ep ibenthos ,  and i f  th is  copepod exper ienced increased predat ion  ( fo r

example ,  f rom ich thyop lank ters  such as  gob ies  or  c l in ids ,  wh ich

increased in  mean abundance in  th is  a rea) ,  we cou ld  perhaps  account  fo r

the  observed decrease in  the  nearshore  ep ibenthos .  As  no ted  above,  the

most  nearshore  zone is  complex ,  and no t  a l l  pa t te rn  ana lys is  resu l ts

f rom th is  zone can be  f i t  comfor tab ly  in to  a  s imp le  c i rcu la t ion  mode l .

T h i s  d o e s  n o t  n e c e s s a r l l y  i n v a l i d a t e  t h e  m o d e 1 ,  b u t  i t  d o e s  s e r v e  t o

demonst ra te  Ehat  the  mode l  i s  no  more  than a  f i rs t  o rder  approx imat ion .

Va l j .da t ion  and re f inement  o f  the  mode l  wou ld  requ i re  d i rec ted  phys ica l

oceanograph ic  s tud ies  .

4 . 3 . 2  f n d i v i d u a l  T a x a

The macrozoop) -ank ton  taxa  are  organ ized in to  four  b road ca tegor ies

c o r r e s p o n d i n g  t o  t h e i r  c r o s s - s h e l f  d i s t r i b u t i o n s  i n  t h e  f o l l o w i n g

s e c t i o n s .  T h e s e  c a t e g o r i e s  a r e :  t h e  i n n e r  n e a r s h o r e  t a x a  ( S e c t i o n

4 . 2 . 2 . L ) ,  t h e  n e a r s h o r e / t r a n s i t i o n a l  t a x a  ( S e c t i o n  4 . 2 . 2 . 2 ) ,  t h e

c r o s s - s h e l f  t a x a  ( S e c t i o n  4 . 2 . 2 . 3 ) ,  a n d  t h e  o f f s h o r e  t a x a  ( S e c t i o n

4 . 2 . 2 . 4 ) .  I n  e a c h  o f  t h e s e  f o u r  s e c t i o n s ,  w e  g i v e  a  b r i e f  i n t r o d u c t i o n
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to  the  taxa  (more  de ta i led  synopses  o f  the  b io logy  fo r  each taxon are

g i v e n  i n  A p p e n d i x  A . 1 ) ,  f o l l o w e d  b y  a  b r i e f  s t a t e m e n t  o f  o u r  a  p r i o r i

e x P e c t a t i o n  o f  S O N G S  e f f e c t s .  T h i s  i s  f o l l o w e d  b y  m o r e  d e t a i l e d  t a x o n -

b y - t a x o n  a c c o u n t s  o f  t e s t  r e s u l t s .  T h e s e  t e s t s  w e r e  p e r f o r m e d  f o r  t h e

fu l l  se t  o f  Un i ts  2  a r rd  3  p reopera t iona l  (=  Before)  and opera t iona l  (=

Af te r )  mon i to r ing  da ta ;  anc i l la ry  BACI  tes ts  were  per fo rmed on the

p l u m e  a n d  n o n - p l u m e  ( S e c t i o n  3 . 7 . I )  s u b s e t s  o f  t h e  A f t e r  d a t a . a s  w e I I .

The da ta  tes ted  were  c ross-she l f  abundances  and De l tas  fo r  each

taxonomic  ca tegory  and deve lopmentaL s tage.

I n  a d d i t i o n  t o  t h e  t e s t s  f o r  c h a n g e s  i n  c r o s s - s h e l f  a b u n d a n c e ,  w e

P r e s e n t  r e s u l t s  o f  t h e  p a t t e r n  a n a l y s i s  u s e d  t o  d e t e c t  c h a n g e s  i n  c r o s s -

she l f  d is t r ibu t ion .  The pa t te rn  ana lyses  were  per fo rmed on the  fu1 l  se t

o f  Before  and Af te r  da ta  us ing  abundance va lues  fo r  each taxonomic

c a t e g o r y  a n d  d e v e l o p m e n t a l  s t a g e  c o l l e c t e d  a t  t h r e e  t o  f o u r .  l e v e l s  i n

t h e  w a t e r  c o l u m n  ( s e e  s e c t i o n  3 . 2 . L )  a t  s t a t i o n s  l o c a t e d  a t  8  m ,  1 3  m ,

a n d  3 0  m  d e p t h s .

The mean c ross-she l f  abundances  and s tandard  dev ia t ions  fo r  each

taxon a t  SONGS and Cont ro l  in  each mon i to r ing  per iod  are  g iven in  Tab le

4 - 8 .  R e s u l t s  o f  t h e  B A c r  r e s t s  a r e  s h o w n  i n  T a b l e s  4 - 9  a n d  4 - r 0 .

B i n o m i a l  t e s t  r e s u l t s  a r e  g i v e n  i n  T a b l e  4 - 1 I .  T a b l e  4 - L 2  p r e s e n E s  t h e

p e r c e n t  r e l a t i v e  c h a n g e  i n  a b u n d a n c e s  ( i . e . ,  t h e  c h a n g e s  i n  c r o s s - s h e I f

abundances  a t  SONGS re la t i ve  to  the  c ross-sheI f  abundances  tha t  wou ld

h a v e  b e e n  s e e n  i f  S O N G S  d , i d  n o t  e x i s t ) .  E s t i m a t e s  o f  w i t h d r a w a l  a n d

e n t r a i n m e n t  l o s s e s  d u r i n g  r h e  A f t e r  p e r i o d  a r e  p r e s e n t e d  i n  T a b l e  4 - 1 3 .

R e s u l t s  o f  t h e  a s s u m p t i o n  t e s t s  a n d  t h e  B A C I  t e s t  r e s u l t s  f o r  a l l

t r a n s f o r m a t i o n s  a r e  p r e s e n t e d  i n  A p p e n d i x  D .  A l s o  p r e s e n t e d  i n

Append ix  D are  f igures  o f  p reopera t j -ona l  and opera t iona l  De l tas  p lo t ted

o n  a  I - y e a r  t i m e  s c a l e  a s  w e l l  a s  E h r o u g h  t i m e ,  a b u n d a n c e  v a l u e s  a E

S O I * J G S  a n d  C o n t r o l  p l o t t e d  t h r o u g h  t i m e ,  a n d  c r o s s - s h e 1 f  d i s t r i b u t i o n s . '
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4 . 3 . 2 . L  I n n e r  N e a r s h o r e  T a x a

Inner  nearshore  taxa  are  those genera l l y  found in  h ighes t

abundance around the  8  m isobath  (Barnet t  and Jahn,  1987) .  On ly  two o f

the  macrozoop lank ton  taxa  inc luded in  th is  ana lys is  fo r  SONGS ef fec ts ,

the  copepods Acar t ia  c laus i  and Oi thona ocu la ta ,  a re  inner  nearshore

taxa

Owing to  the i r  nearshore  d is t r ibu t ions ,  these taxa  were  cons idered

t h e  m o s t  l i k e l y  t o  b e  a f f e c t e d  b y  S O N G S  o p e r a t i o n s .  F o r  e x a m p l e ,

es t imates  o f  in take  w i thdrawal  losses  ind ica ted  tha t  about  65% o f  A"

c l a u s i  a n d  2 8 7 "  o f  9 .  o c u l a t a  i n  t h e  c r o s s - s h e 1 f  p l a n e  a t  S O N G S  w o u l d  b e

k i 1 l e d  b y  t h i s  m e c h a n i s m  a l o n e  ( T a b I e  4 - 1 3 ) .  L o s s e s  o f  t h i s  m a g n i t u d e ,

f o r  4 .  c l a u s i  a t  l e a s t ,  m i g h t  r e a s o n a b l y  b e  e x p e c t e d  t o  h a v e  r e s u l t e d

in  a  BACI  e f fec t .  However ,  ne i ther  spec ies  demonst ra ted  changes in

abundance tha t  cou ld  be  cons idered reLated  to  SONGS opera t ions ,  owing

t o  a  c o m b i n a t i o n  o f  r e g i o n a l  d e c r e a s e s  i n  a b u n d a n c e ,  h i g h  v a r i a b i l i t y ,

a n d  s p o r a d i c  o c c u r r e n c e .  R e s u l t s  f o r  e a c h  s p e c i e s  a r e  b r i - e f l y

descr ibed be low.  The f i rs t  paragraph in  each account  summar izes  our

i n t e r p r e t a t i o n  o f  t h e  t e s t  r e s u l t s  f o r  t h a t  s p e c i e s .  T h e  r e a d e r

in te res ted  on ly  in  summar ies  o f  resu l ts  fo r  each group may w ish  to  tu rn

t o  S e c t i o n  4  .  3  . 2 . 2  N e a r s h o r e / T r a n s i t i . o n a l  T a x a .

4 . 3  . 2 .  1 .  1  A c a r t i a  c l a u s i

4 .  c l a u s i  n e a r l y  d i s a p p e a r e d  f r o m  b o t h  S O N G S  a n d  C o n t r o l ,

beg inn ing  be fore  the  opera t iona l  mon i to r ing  per iod .  Th is  ieg iona l

d e c l i n e  w a s  n o t  a t t r i b u t e d  t o  S O N G S  a c t i v i t i e s .  T h e  b a s e s  f o r  t h e s b

s t a t e m e n t s  a r e  a s  f o l l o w s .

Abundance a t  SONGS dec l ined 847" ,  f rom a  mean o f  341m3 in  the  Before

p e r i o d  t o  6 l m '  i n  t h e  A f t e r  p e r i o d .  C o n t r o l  a b u n d a n c e  s i m u l t a n e o u s l y
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u n d e r w e n t  a  9 4 " / ,  d e c l i n e ,  f r o m  a  m e a n  o f  L 2 / m 3  t o  l e s s  t h a n  1 / m 3 ,  y i e l d i n g

a 47"  teLat ive  inc rease (Tab le  4 -L2) .  Th is  w idespread abundance dec l ine

a c t u a l l y  b e g a n  p r i o r  t o  t h e  A f t e r  p e r i o d :  o c c u r r e n c e s  w e r e  r e l a t i v e l y

r a r e  a f t e r  A p r i l  1 9 8 0  ( F i g u r e  D - 3 6 9 ) .  D u r i n g  t h e  2 3  A f t e r  s u : r r e y s ,  A , .

c l a u s i  o c c u r r e d  a t  b o t h  S O N G S  a n d  C o n t r o l  l o c a t i o n s  o n  o n l y  3  d a t e s ;  o n

an add i t iona l  l1  surveys  i t  was  found a t  onry  one o f  the  s i tes .

I t  thus  aPpears  tha t  4 "  c laus i  dec l ined reg iona l l y ,  beg inn ing

before  the  Af te r  per iod ,  and tha t  th is  dec t ine  was more  no t iceab le  a t

SONGS where abundances were much higher in the earLy preoperat ional

per iod  than they  were  a t  Cont ro l .

Ref lec t ing  th is  reg iona l  dec l ine  in  abundance,  the  Before  De l tas

r a n g e d  f r o m  - 7 5 / m 3  t o  + 2 5 0 / m 3  w h i l e  t h e  A f t e r  D e l t a s  ( b a s e d  o n  g e n e r a l l y

1ow to  zero  abundances  a t  bo th  loca t ions  )  were  c lose  to  zero  except  fo r

t h r e e  p o s i t i v e  D e l t a s  r a n g i n g  f r o m  1 5 i m 3  t o  2 5 1 m 3 .  T h e  n o n s i g n i f i c a n t

( p  =  0 . 3 3 ;  s  =  0 . 1 0 )  p r i r n a r y  B A C I  t - t e s t  r e s u l t  w a s  c o n f i r m e d  b y  a l l

s e c o n d a r y  t e s t  r e s u l t s  b a s e d  o n  o t h e r  v a l i d  d a t a  t r e a t m e n t s  ( 1 o g

t r a n s f o r m a t i o n s ,  W i l c o x o n  r a n k  s u m  t e s t ,  S O N G S  v s .  C o n t r o l  r e g r e s s i o n s  )

a n d  b y  t h e  a n a l y s i s  o n  p l u m e  d a t e s  a l o n e  ( T a b l e  4 - 1 0 ) .  N o  s i g n i f i c a n t

s h i f t s  i n  t h e  s p a t i a l  d i s t r i b u t i o n  o f  A .  c l a u s i  w e r e  f o u n d  w i t h  t h e

p a t t e r n  a n a l y s e s

4  . 3  . 2 .  1 . 2  O i t h o n a  o c u l a t a

N o  e v i d e n c e  o f  a  S O N G S  e f f e c t  w a s  d e t e c t e d  f o r  - 4 .  o c u l a t a .

R e s u l t s  o f  a l l  t e s t s  o n  c r o s s - s h e 1 f  a b u n d a n c e  w e r e  n o n - s i g n i f i c a n t ,  a n d

t h e  P a t t e r n  a n a l y s i s  s h o w e d  n o  s i g n i f i c a n t  c h a n g e  i n  d i s t r i b u t i o n .

A E  S O N G S ,  a v e r a g e  c r o s s - s h e l f  a b u n d a n c e  d e c r e a s e d  f r o m  7 . 6 3 1 m 3

( B e f o r e )  t o  6 . 4 5  l m 3  ( a f t e r ) ,  a  L 6 7 .  l o s s ;  c o n t r o l  a b u n d a n c e

s i m u l t a n e o u s l y  d e c l i n e d  8 7 ' / "  f  r o m  4 . 6 2 1 m 3  t o  0 . 6 3 / m 3 .  T h i s  1 a r g e r
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d e c l i n e  a t  C o n t r o l  r e s u l t e d  i n  a  3 6 7 "  r e l a t i v e  i n c r e a s e  ( T a b l e  4 - L 2 ) ;

however .  the  resu l ts  o f  t f t .  p r imary  BACI  tes t  on  un t rans formed d .a ta  and

t h e  s e c o n d a r y  t e s t s  ( 1 o g  t r a n s f o r m a t i o n s ,  W i l c o x o n  r a n k  s u m  t e s t )  w e r e

a l l  nons ign i f i can t  (F igure  D-372) .  Tes ts  on  the  p lume and non-p lume

s u b s e t s  o f  t h e  A f t e r  d a t a  l i k e w i s e  y i e l d e d  n o n s i g n i f i c a n t  r e s u l t s

( T a b l e  4 - 1 0 ) .  T h e  p o w e r  o f  t h e  p r i m a r y  B A C I  t e s t  w a s  1 o w  ( T a b l e  4 - 9 ) ,

ind ica t ing  h igh  var iab i l i t y  in  the  Oi thona ocu la ta  De l tas

SONGS vetsus  Cont ro l  regress ions  f i t  one  l ine  w i th  a  s lope less

than one to  da ta  f rom both  mon i to r ing  per iods .  Th is  agreed w i th  the

n o n s i g n i f i c a n t  B A C I  r e s u l t s ,  b u t  a l s o  i n d i c a t e d  a  p o s s i b l e  p r o b l e m  w i t h

nonadd i t i v i t y  o f  the  un t rans formed data .

P a t t e r n  a n a l y s i s  r e s u l t s  a g r e e d  w i t h  a l l  o t h e r  a n a l y s e s :  n o

d i f f e r e n c e s  w e r e  d e t e c t e d  b e t w e e n  t h e  A f t e r / S O N G S  s p a t i a l  d i s t r i b u t i o n

a n d  t h e  " a 1 1  o t h e r s "  s p a t i a l  d i s t r i b u t i o n .

4  .  3  . 2 . 2  N e a r s h o r e / T r a n s i t i o n a l  T a x a

The nearshore / t rans i t iona l  taxa  are  cons idered to  be  those tha t

occur  p redominant ly  be tween Ehe 8  m and Ehe 30  m isobaths  (Barnet t  and

J a h n .  1 9 8 7 ) .  A t  S a n  O n o f r e ,  t h e s e  i n c l u d e d  o n e  c o s m o p o l i t a n  c o p e p o d ,

A c a r t i a  t o n s a ,  t h e  E w o  l a r v a 1  f o r m s  ( n a u p l i i  a n d  c y p r i s )  o f  b a r n a c l e s ,

and the  c ladoceran Podon po lyphemoides  "

S O N G S  w a s  e x p e c t e d  t o  d i r e c t l y  a n d  i n d i r e c t l y  a f f e c t  t h e s e

organ isns  th rough w i thdrawal  and secondary  en t ra inment .  Es t imated

losses  due to  in take  w i thdrawal  a lone were  genera l l y  1ow ( .  4 " / " :  Tab le  4 -

1 3 ) ,  r e f l e c t i n g  t h e  b r o a d  c r o s s - s h e 1 f  d i s t r i b u t i o n s  o f  t h e s e  t a x a .  T h e

h igh  abundance o f  the  pre-se t t lement  cypr is  s tage barnac le  la : r rae  in

t h e  n e a r s h o r e  e p i b e n t h o s  y i e l d e d  h i g h e r  w i t h d r a w a l  l o s s  e s t i m a t e s :

a b o u t  2 0 " / .  o f  t h e  n u m b e r s  i n  t h e  c r o s s - s h e l f .  L o s s  e s t i m a t e s  f o r  t h e
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nearshore/  t rans i t ional  taxa increased to about  L4-38 ' / "  i f  a  50" / "

morta l i ty  f rom secondary entra inment  in  the d ischarge p lume was assumed

(Tab le  4 -  13  )  "

B e c a u s e  t h e s e  e s t i m a t e d  l o s s e s  w e r e  r a t h e r  m o d e s t ,  M E C  d i d  n o t

e x P e c t  t o  d e t e c t  s i g n i f i c a n t  r e d u c t i o n s  i n  r e l a t i v e  c r o s s - s h e l f

abundance result ing from withdrawal and entrainment aIone, and in fact

none were  de tec ted .  However ,  a  s ign i f i can t  re la t i ve  inc rease was

d e t e c t e d  f o r  b a r n a c l e  n a u p l i i  ( n o t e  t h a t  t h e  D e 1 t a s  v a l u e s  t e s t e d  b y  t h e

B A C I  p r o c e d u r e  - -  s e e  F i g u r e  D - 3 8 4  - -  i n d i c a t e d  a  r e l a t i v e  i n c r e a s e  e v e n

t h o u g h  t h e  c a l c u l a t i o n  b a s e d  o n  l o g - t r a n s f o r r n e d  a b u n d a n c e s  - -  s e e  T a b l e

4 - L Z  s h o w e d  a  r e l a t i v e  d e c r e a s e  o f  0 . 1 0 7 1 :  S e c t i o n  3 " 7 . I . 4  e x p l a i n s

h o w  s u c h  a  d i s c r e p a n c e  e a n  o c c u r ) .

A  c h a n g e  i n  c r o s s - s h e l f  d i s t r i b u t i o n ,  p e r h a p s  r e f l e c t i n g  S O N G S -

i n d u c e d  c i r c u l a t i o n ,  w a s  n o t e d  f o r  A c a r t i a  t o n s a .  T h i s  c h a n g e  i n c l u d e d

a re la t i ve  decrease in  the  mean rank  o f  abundance in  the  ep ibenthos  a t  8

m and relat ive increases in mean ranks of abundanee in in Ehe two

n i d w a t e r  s t r a t a  a t  1 3  m .  A l t h o u g h  w e  c o n s i d e r  t h i s  r e d j - s t r i b u t i o n  t o  b e

a  S O N G S  e f f e c t ,  i t  p r o b a b L y  i s  o f  l i t t I e  i m p o r t a n c e  t o  A .  t o n s a  s i n c e  i t

r e P r e s e n t s  o n l y  a  s m a l l - s c a 1 e  s h i f t  w i t h i n  t h e  z o n e  n o r m a l l y  o c c u p i e d

b y  t h i s  s p e c i e s .

R e s u l t s  o f  a n a l y s e s  f o r  e a c h  t a x o n  a r e  b r i e f l y  d e s c r i b e d  b e 1 o w .

The f i rs t  Paragraph in  each account  g ives  our  in te rpreEat ion  o f  the  tes t

r e s u l t s  f o r  t h a t  s p e c i e s .  T h e  r e a d e r  i n t e r e s t e d  o n l y  i n  s u m m a r i e s  o f

r e s u l t s  f o r  e a c h g r o u p  m a y  w i s h  t o  t u r n  t o  S e c t i o n  4 . 3 . 2 . 3  C r o s s - S h e l f

T a x a .
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4 .3  . 2 .2 .  I  Aca r t i a  t onsa

T h e  r e l a t i v e  c r o s s - s h e 1 f  a b u n d a n c e  o f  4 .  t o n s a  d i d  n o t  c h a n g e

s i g n i f i c a n t l y  a s  a  r e s u l t  o f  S O N G S  o p e r a t i o n s .  H o w e v e r ,  t h e  c r o s s - s h e l f

d i s t r i b u t i o n  o f  t h e  s p e c i e s  d i d  c h a n g e  s i g n i f i c a n t l y  i n  t h e  A f t e r

p e r i o d ,  a n d  t h i s  c h a n g e  w a s  c o n s i d e r e d  a  S O N G S  e f f e c t ,  p o s s i b l y

r e f l e c t i n g  S O N G S - i n d u c e d  c i r c u l a t i o n .  T h e  b a s e s  f o r  t h e s e  s t a t e m e n t s

a r e  g i v e n  b e l o w .

At  San Onof re ,  Acar t ia  to l rsa  c ross-she1f  abundances  var ied  f rom a

min imun o f  I0 /m3 to  a  max imurn  o f  7581/mt .  Genera l l y ,  1ow abundances

o c c u r r e d  f r o m  O c t o b e r  t h r o u g h  F e b r u a r y  ( F i g u r e  D - 3 8 f ) .  C r o s s - s h e I f

a b u n d a n c e s  i n c r e a s e d  r e g i o n a l l y  i n  t h e  A f t e r  p e r i o d ,  w i t h  a  s l i g h t l y

l a r g e r  i n c r e a s e  a t  C o n t r o l  ( T a b l e  4 - 1 2 ) :  S O N G S  a b u n d a n c e  i n c r e a s e d  L L %

from 15051m3 to  L779 lm3 whereas  abundance a t  Cont ro l  went  up  307.  f rom

1 . 1 8 9 / m ' t o  l ' . 5 4 5 / m 3 .  T h i s  y i e l d e d  a  r e l a t i v e  d e c r e a s e  o f  1 9 % ,  w h i c h  w a s

n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  ( p  =  0 . 9 5 ;  c  =  0 , 0 5 ) ,  a s  s h o v m  b y  t h e

p r i m a r y  B A C I  t - t e s t  o n  l o g  ( x ) - t r a n s f o r m e d  d a t a  ( T a b l e  4 - 9 ) .  O t h e r

a p p r o p r i a t e  B A C I  t - t e s t s  o n  1 o g  ( x  +  C ) - t r a n s f o r m e d  d a t a ,  W i l c o x o n  r a n k

sum tes ts ,  and SONGS versus  Cont ro l  regress ions  agreed w i th  the  pr imary

B A C I  r e s u l t  ( F i g u r e  D - 3 7 8 ) .  S e p a r a t i n g  t h e  o p e r a t i o n a l  d a t a  i n t o  p l u m e

dates  and non-p lume dates  subsets  aga in  conf i rmed the  nons ign i f i can t

r e s u l t s  b a s e d  o n  c r o s s - s h e I f  a b u n d a n c e  ( T a b 1 e  4 - I 0 ) .

T h e  p a t t e r n  a n a l y s i s  s h o w e d  a  s i g n i f i c a n t  ( p  =  0 . 0 1 )  d i f f e r e n c e

b e t w e e n  t h e  S O N G S - A f t e r  p a t t e r n  a n d  t h e  B e f o r e - o r - C o n t r o l  p a t t e r n  o f

ranks of abundance. The mean rank of abundance in the 8 m epibenthic

s t ra tum decreased.  wh i le  in  the  13  m n idwater  s t ra ta  mean ranhs

i n c r e a s e d .  T h i s  c h a n g e  i n  p a t t e r n  w a s  i n t e r p r e t e d  a s  a  S O N G S  e f f e c t

c o n s i s t i n g  o f :  ( 1 )  i n t a k e  w i t h d r a w a l  a n d  d ^ i l u t i o n  b 1 '  r e p l a c e m e n t  w a t e r

d e c r e a s i n g  t h e  a b u n d a n c e  i n  t h e  8  m  e p i b e n t h i c  s t r a t u m ,  a n d  ( 2 )

4-  L04



secondary entrainment and upward transport  in the SONGS discharge plume

l e a d i n g  t o  i n c r e a s e s  i n  t h e  1 3  m  m i d w a t e r  s t r a t a .  S i n c e  t h e s e  c h a n g e s

r e P r e s e n t  r e d i s t r j - b u t i o n s  w i t h i n  s t r a t a  n o r m a l l y  o c c u p i e d  b y  A .  t o n s 4 ,

i t  i s  no t  surpr is ing  tha t  they  fa i led  to  p roduce a  s ign i f i can t  change in

c r o s s - s h e l f  a b u n d a n c e .  N o t e ,  h o w e v e r ,  t h a t  t h e  1 9 7 r "  r e l a t i v e  d e c r e a s e

observed is  s i rn i la r  to  the  es t imated  22% loss  assuming 50% mor ta l i t y  o f

e n E r a i n e d  O .  t o n s a  ( T a b l e  4 - 1 3 )

4  " 3 . 2 . 2 . 2  C i r r i p e d  N a u p l i i

A  s i g n i f i c a n t  r e l - a t i v e  i n c r e a s e  i n  c r o s s - s h e l f  a b u n d a n c e  a n d  a

n e a r l y - s i g n i f i c a n t  ( p  =  0 . 0 6 )  p a t t e r n  s h i f t  w e r e  d e t e c t e d  f o r  t h e

b a r n a c l e  n a u p l i i .  T h e  r e l a t i v e  i n c r e a s e  w a s  c o n s i d e r e d  a  S O N G S  e f f e c t ,

a l t h . o u g h  t h e  m e c h a n i s m  c o u l d  n o t .  b e  i d e n t i f i e d .  T h e  p o s s i b l e

red" is t r ibu t ion  cou ld  be  in te rpre ted  as  resu l t i .ng  f  rom SONGS-  induced

c i r c u l a t i o n "  b u t  a n  e f f e c t  c o u l d  n o t  b e  d e c l a r e d  s i n c e  t h e  p - l e v e 1  o f

the  tes t  was  la rger  than the  a  leve l  a t  wh ich  i t  was  eva lua ted .

C i r r iped naup l i i  were  found o f f  San Onof re  on  a l l  surveys ,

predominant ly  in  the  midwater  a reas  o f  the  13  m,  18  m,  and 30  m s ta t ions

( F i g u r e  D - 3 8 8 ) .  T h e y  o c c u r r e d  o n l y  r a r e l y  i n  r h e  1 8  m  o r  3 0  m

e p i b e n t h o s .

Average abundance a t  SONGS dec l ined 5871,  f rom 30/m3 in  the  Before

p e r j - o d  t o  1 3 / m 3  i n  t h e  A f t e r  p e r i o d .  A  5 8 7 "  r e d u c t i o n  a l s o  o c c u r r e d  a t

C o n t r o l ,  f r o m  1 8 / m 3  t o  7 1 m 3 ,  y i e l d i n g  a  r e l a t i v e  d e c r e a s e  o f  0 . 1 %  ( T a b 1 e

4 - L Z ) .  V e r y  h i g h  a b u n d a n c e  o n  o n e  d a t e  ,  2 3  M a r c h  1 9 8 0 .  s t r o n g l y

i n f l u e n c e d  t h e  B e f o r e  m e a n  a b u n d a n c e s .  e x c l u s i o n  o f  t h i s  d a t e  r e s u l t e d

r n  a n  a v e r a g e  B e f o r e  a b u n d a n c e  a t  S O N G S  o f  1 6 / m 3  a n d  a t  C o n t r o l  o f  ! 4 1 m 3 ,

w h i c h  y i e l d e d  a  r e l a t i v e  i n c r e a s e  b e c a u s e  S O N G S  a b u n d a n c e  t h e n

d e c r e a s e d  o n l y  t 9 i (  w h i l e  c o n t r o r  a b u n d a n c e  d e c r e a s e d  b y  4 3 " / , .
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B A C I  t - t e s t  r e s u l t s  o n  l o g  ( x ) - t r a n s f o r m e d  d a t a  s h o w e d  a

s i g n i f i c a n t  ( p  =  0 . 0 5 1  s  =  0 . 1 0 )  r e l a t i v e  i ' c r e a s e .  A l t h o u g h  T . a b l e  4 - L 2

i d e n E i f i e d  a  s l i g h t  d e c r e a s e ,  t h e  t - t e s t  a c t u a l l y  u s e s  v a l u e s  o f  D e I t a ,

wh ich  showed a  re la t i ve  inc rease in  abundance.  Th is  was cor robora ted  by

the  Wi lcoxon rank  sum tes t  and the  SONGS versus  Cont ro l  regress ions .

Tes ts  us ing  the  p lume and non-p lume subsets  o f  the  opera t iona l  da ta

y i e l d e d  s i g n i f i c a n t  r e s u l t s  f o r  t h e  p l u m e  d a t e s  a l o n e  ( T a b l e  4 - 1 0 ) ,

wh ich  suggested  tha t  the  main  tes t  d id  indeed ind ica te  a  SONGS ef fec t .

E x a m i n a t i o n  o f  t h e  D e l t a s  p l o t t e d  a g a i n s t  t i m e  ( F i g u r e  D - 3 8 5 )  d i d  n o t

r e v e a l  a  c l e a r  B e f o r e - A f t e r  d i f f e r e n c e ,  b u t  d i d  s h o w  t h a t  t h e  B e f o r e

Del tas  tended to  be  lower  than the  Af te r  De l tas  dur ing  the  sumrner .

The pa t te rn  ana lys is  y ie lded a  near ly -s ign i f i can t  resu l t  (p  =

0 .05  )  in  the  compar ison o f  the  SONGS-Af te r  pa t te rn  o f  ranks  o f  abundance

w i t h  t i r e  B e f o r e - o r - C o n t r o l  p a t t e r n  o f  . r a n k s .  T h i s  n e a r l y - s i g n i f i c a n t

s h i f E  h a d  t w o  c o m p o n e n t s :  ( 1 )  a  d e c r e a s e . i n  t h e  1 3  m  e p i b e n t h o s ,  a n d  ( 2 )

an  inc rease in  the  13  m upper  midwater .  A l though an  e f fec t  cou ld  no t  be

d e c l a r e d  o n  t h e  b a s i s  o f  t h e  t e s t  r e s u l t ,  i t  i s  c o n c e i v a b l e  t h a t  t h e r e

was a  Pat te rn  change,  and i f  so  th is  rn igh t  have been in te rpre ted  as  a

S 0 N G S  e f f e c t  c o n s i s t i n g  o f :  ( 1 )  s e c o n d a r y  ( d i f f u s e r )  e n t r a i n m e n t  f r o m

t h e  1 3  m  e p i b e n t h o s .  w i t h  d i l u t i o n  p r o p o r t i o n a l  t o  t h e  f r a c t i o n  o f  t h e

rep lacement  water  d rawn f rom near  the  bo t tom seaward  o f  the  nearshore

z o n e  ( r e s u l t i n g  i n d e c r e a s e d  a b u n d a n c e  i n  t h e  1 3  m  e p i b e n t h o s ) ,  a n d  ( 2 )

re la t i ve  enr ichment  o f  the  13  m upper  midwater  resu l t ing  f rom inputs  o f

secondar i l y -en t ra ined naup l i i  and  add i t ions  f rom the  rep lacement  water

drawn shoreward  f rom the  upper  water  co lumn fa r ther  o f fshore ,  and

c o n t a i n i n g  h i g h e r  a b u n d a n c e s  o f  n a u p l i i  ( s e e  F i g u r e  D - 3 8 8 ) .

T h e  s i g n i f i c a n t  i n c r e a s e  i n  r e l a t i v e  c r o s s - s h e 1 f  a b u n d a n c e  o f

c i r r i p e d  n a u p l i i ,  w h i c h  r e s u l t e d  f r o m  a  g r e a t e r  d e c r e a s e  a t  C o n t r o l
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t h a n  a t  S O N G S ,  m e t  o u r  c r i t e r i a  f o r  d e c l a r i n g  a  S O N G S  e f f e c t  ( i . e . ,  a

s i g n i f i c a n t  r e l a t i v e  c h a n g e  i n  t h e  f u 1 1  o p e r a t i o n a l  d a t a  s e t ,

c o r r o b o r a t e d  b y  s e c o n d . a r y  t e s t  r e s u l t s ,  a n d  a l s o  d e t e c t e d  i n  t h e  p l u m e

d a t e s  o p e r a t i o n a l  s u b s e t  b u t  n o t  i n  t h e  n o n - p l u m e  s u b s e t ) .  T h e

oPera t ive  mechan ism(s)  i s  unknown.  There  shou ld  have been a  loca l

inc rease in  ava i lab le  hab i ta t  fo r  adu l t  barnac les  in  the  fo rm o f  the

Units 2 and 3 intakes and surrounding r ip rap. I f  more barnacles did

se t t le  1oca l1y ,  and i f  they  surv ived long enough to  reproduce,  th is

cou ld  have cont r ibu ted  to  the  observed e f fec t .

4 . 3  . 2  " 2 . 3  C y p r i s  L a r v a e

SONGS opera t ions  had no  de tec tab le  e f fec ts  on  the  cypr is  s tage o f

barnac le  la rvae.  Cypr is  la rvae,  the  o lder  p re-se t t lement  s tage o f

barnac les ,  were  found onevery  survey .  H ighes t  abundances  were  in  the  8

m and 13  m ep ibenthos  and secondar i l y  in  the  8  m midwater  (F igure  D-

3e4)  .

SONGS and Cont ro l  s i tes  had ident ica l  average c ross-she l f

a b u n d a n c e s  o f  9 . 4 2 1 m 3  i n  t h e  B e f  o r e  p e r i o d  ( T a b J . e  4 - 8  ) .  c o n t r o l

a b u n d a n c e  d e c r e a s e d  b y  3 5 %  t o  6 . 6 9  l m 3  i n  t h e  A f r e r  p e r i o d  w h i l e  S O N G S

a b u n d a n c e  r e m a i n e d  r e l a t i v e l y  c o n s t a n t  a t  9 . o 2 1 m 3 .  T h e  p e r c e n t

r e l a t i v e  i n c r e a s e  w a s  t h u s  3 4 " / "  ( T a b 1 e  4 - 1 2 ) .  T h e  B A C I  t - t e s t  r e s u l t  o n

u n t r a n s f o r m e d  d a t a  w a s  n o t  s i g n i f i c a n t  ( p  =  0 . 4 2 ;  s  =  0 . 1 0 ) .  T h i s

r e s u l t  w a s  c o n f i q m e d  b y  t e s t s  o n  a 1 l  1 o g  t r a n s f o r m a t i o n s  ( F i g u r e  D - 3 9 0 )

a n d  b y  t h e  S O N G S  v s .  C o n t r o l -  r e g r e s s i o n s .  H o w e v e r ,  t h e  B A C I  t e s t i n g  o f

t h e  p l u m e  d a t e s  s u b s e t  d i d  y i e l d  s i g n i f i c a n t  r e s u l t s  f o r  b o t h  t h e  t - t e s t

( p  =  0 . O I )  a n d  t h e  W i l c o x o n  r a n k  s u m  t e s t  ( p  =  0 . 0 1 ) ,  w h i l e  t h e  n o n - p 1 u m e

d a t e s  t e s t  r e s u l t s  w e r e  n o n s i g n i f i c a n t  ( T a b l e  4 - 1 0 ) .  T h i s  c o u l d

i n d i c a t e  a n  e f f e c t  b e l o w  t h e  d e t e c t i o n  I e v e 1  o f  t h e  t e s t s  o n  t h e  f u 1 I
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A f t e r  d a t a  s e t ,  a l t h o u g h  i n s p e c t i o n  o f  t h e  p l o t  o f  D e l t a  v a l u e s  ( F i g u r e

D - 3 9 f )  s u g g e s t s  t h a t  t h e r e  w a s  n o  e f f e c t .  T h e  p a t t e r n  a n a l y s i s  y i e l d e d

a  n o n s i g n i f i c a n t  r e s u l t  ( T a b l e  4 - 9 .  F i g u r e  D - 3 9 0 ) .

4  " 3  . 2  "  2 . 4  P o d o n  p o l y p h e m o i d e s

S O N G S  e f f e c t s  w e r e  n o t  d e t e c t e d  f o r  P o d o n  p o l y p h e m o i d e s .  P .

po lyphemoides  was tempora l l y  pa tchy  w i th  many ze to  occur rence.s .

t h r o u g h o u t  E h e  S O N C S  s t u d y  ( F i g u r e  D - 3 9 9 ) .  C r o s s - s h e l f  a b u n d a n c e s

t y P i c a l l y  w e r e  b e l o w  1 5 0 / m 3 ,  a n d  m o s t  w e r e  b e l o w  1 0 / m 3 .  T h e  m a x i m u m

c r o s s - s h e 1 f  a b u n d a n c e  o f  5 9 7 0 1 m 3  o c c u r r e d  a n  2 9  M a y  1 9 8 0 .  A t  S O N G S  t h e

cross-she l f  average abundance dec l ined 207" ,  f rom 297 /m3 in  the  Before

p e r i o d  t o  2 3 8 1 m 3  i n  t h e  A f t e r  p e r i o d .  C o n t r o l  s t a t i o n  a v e r a g e s

s i m u l t a n e o u s l y  f e l l  2 L 7 ,  f r o m  3 0 4 / r n 3  t o  2 3 7  l m 3 .  T h e  p e r c e n t  r e l a t i v e

c h a n g e  w a s  t h u s  * 2 2  ( T a F l e  4 - 1 2 ) .

BACI  t - tes t ing  on  un t rans formed data  y ie lded a  nons ign i f i can t

r e s u l t  ( p  =  o . 9 7 i  e  =  . 1 0 ) ,  a s  d i d  t h e  w i r c o x o n  r a n k  s u m  t e s t  o n

u n t r a n s f o r m e d  d a t a  ( p  =  0 . 6 4 ;  c  =  . 1 0 ) .  T h e s e  n o n s i g n i f i c a n t  r e s u l t s

w e r e  c o r r o b o r a t e d  b y  t h e  t e s t s  o n  l o g - t r a n s f o r m e d  d a t a  ( F i g u r e  D - 3 9 6 ) .

Tes ts  on  bo th  the  p lume and non-p lume subsets  o f  the  Af te r  da ta  l i kewise

y i e l d e d  n o n s i g n i f i c a n t  r e s u l t s  ( T a b 1 e  4 - 1 0 ) .

A l t h o u g h  t h e  S O N G S  v s .  C o n t r o l  r e g r e s s i o n  f i t  t w o  s t r a i g h t  i i n e s

t o  t h e  b e f o r e  a n d  A f t e r  d a t a ,  t h e s e  r e g r e s s i o n s  w e r e  u n d o u b t e d l y

in f luenced by  four  surveys  when abundances  were  ex t remely  h igh ,  and

t h u s  w e  d o  n o t  c o n s i d e r  t h i s  r e s u l t  a n  i n d . i c a t i o n  o f  a  S O N G S  e f f e c t .

T h e  P a t t e r n  a n a l y s i s  y i e l d e d  n o  s t a t i s t i c a l l y  s i g n i f i c a n t

r e s u l t s .  M E C  c o n c l u d e d .  t h e r e f o r e ,  t h a t  t h e r e  w a s  n o  S O N G S  e f f e c t  f o r

l .  p o l y p h e m o i d e s .
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4  . 3  . 2 . 3  C r o s s  -  s h e l f  T a x a

Cross-she1f  taxa  are  de f ined as  those taxa  tha t  a re  abundant

a e r o s s  t h e  c o a s t a l  z o n e ,  o u t  t o  1 0 0  m  d e p t h .  A t  S a n  O n o f r e  t h e s e  t a x a

inc luded the  copepods Corycaeus ang l icus ,  Lab idocera  t r i sp :Lnqre ,

Oi thor ia  p lumi fe ra ,  and le . raca lanus  parvus ,  the  ar row worm Sag i t ta

euner i t i ca ,  the  c ladocerans  Evadne nordmann i ,  E .  sp in i fe ra ,  and

Pen i l ia  av i ros t r i s ,  and the  cyphonautes  la rva l  s tages  o f  b ryozoans:

Except  fo r  the  merop lank ton ic  cyphonautes ,  a l l  o f  t t rese  taxa  are

wide ly -  d i  s t r ibu ted  ho  lop lank ters  .

G i v e n  t h e  b r o a d  c r o s s - s h e l f  d i s t r i b u t i o n s  o f  t h e s e  t a x a ,  w e  d i d

n o t  e x p e c t  t o  d e t e c t  e f f e c t s  o f  S O N G S  o p e r a t i o n s "  I n  f a c t ,  t h e

ca lcu la ted  losses  f rom in take  w i thdrawal  were  less  than 47"  fo r  a l l

members  o f  th is  g roup;  even w i th  the  add i t ion  o f  the  max imum es t imated

losses  due to  secondary  en t ra innent .  the  to ta l  loss  es t imates  remained

wel l  be low the  507"  leve l  tha t  the  BACI  ana lyses  were  in tended to  de tec t

( T a b l e  4 - 1 3 ) .  A s  e x p e c t e d ,  w €  d i d  n o t  d e t e c t  s i g n i f i c a n t  r e d u c t i o n s

wi th  the  BACI  ana lyses  (Tab1e 4-9) .  On the  o ther  hand,  the  secondary

BACI  ana lyses  d id  de tec t  a  s ign i f i can t  re la t i ve  inc rease in  the

abundance o f  Evadne nordmann i .  Based on  the  we igh t  o f  ev idence,  w€

cons idered th is  inc rease to  be  a  minor  SONGS ef fec t .  We do no t  know why

t h i s  s i g n i f i c a n t  r e l a t i v e  i n c r e a s e  o c c u r e d .  A  s i g n i f i c a n t  r e l a t i v e

increase in  cyphonautes  abundance was de tec ted  in  the  ana lys is  on  the

p l u m e  d a t e s  s u b s e t  o f  t h e  o p e r a t i o n a l  d a t a  ( T a b l e  4 - 1 0 ) ,  b u t  n o t  i n  t h e

f u l l  A f t e r  d a t a  s e t  ( T a b l e  4 - 9 )  "  T h i s  w a s  a l s o  c o n s i d e r e d  a  m i n o r

e f f e c t .  b e l o w  t h e  l e v e 1  o f  d e t e c t i o n  f o r  t h e  t e s t s  o n  t h e  f u 1 l  A f t e r

d a t a  s e t .  T h e  o p e r a t i v e  m e c h a n i s m ( s )  c o u l d  n o t  b e  p o s t u l a t e d .

W e  n o t e d  s i g n i f i c a n t  c h a n g e s  i n  c r o s s - s h e I f  d i s t r i b u t i o n s ,  w h i c h

w e  i n t e r p r e t e d  a s  p r o b a b l y  r e f l e c t i n g  S O N G S - i n d u c e d  c i r c u l a t i o n ,  f o r
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th ree  o f  the  e igh t  taxa :  Corycaeus ang l icus ,  cyphonautes  la rvae,  and

O i t h o n a  p l u m i f e r a .  T h e s e  w e r e  c o n s i d e r e d  S O N G S  e f f e c t s .

R e s u l r s  o f  t h e  a n a l y s e s  f o r  e a c h  o f  t h e  c r o s s - s h e l f  t a x a  a r e

d e s c r i b e d  b e I o w .  O u r  i n t e r p r e t a t i o n  o f  t h e  t e s t  r e s u l t s  i s  s u m m a r i z e d

in  the  f i rs t  paragraph o f  each spec ies  account .  Readers  in te res ted  on ly

in  g 'enera l  summar ies  o f  resuLts  fo r  each group may w ish  to  tu rn  to

S e c t i o n  4 . 3 . 2 . 4  O f f s h o r e  T a x a

4 .3  .2 .3  .  I  Evadne  no rdmann i

Evadne nordmann i  d isp layed a  s ign i f i can t  re la t i ve  inc rease in  most

o f  t h e  s e c o n d a r y  t e s t s  o n  c r o s s - s h e l f  a b u n d a n c e ,  b u t  n o t  i n  t h e  m a i n

B A C I  t - t e s t ,  B a s e d  o n  t h e  w e i g h t  o f  e v i d e n c e ,  w €  i n t e r p r e t e d  t h e s e

var ious  resu l ts  as  ind ica t ing  a  SONGS ef fec t .  No s ign i f i can t  changes in

c r o s s -  s h e l f  p a t t e r n  w e r e  d e t e c t e d .

E.  nordmar :n j -  was  present  on  most  surveys ,  usua l ly  in  low numbers .

and most ly  in  the  13  m and 18  m midwater  and sur face  s t ra ta  (F igure  D-

4 0 5 ) .  C r o s s - s h e l f  a b u n d a n c e s  r a n g e d  f r o m  0  t o  1 6 0 0 / r n t ;  t h e  o c c a s i o n a l

very  h igh  abundances  occur red  in  spr ing .  Cross-she l f  abundances

g e n e r a l l y  i n c r e a s e d  f r o m  t h e -  B e f o r e  E o  t h e  A f t e r  t i m e  p e r i o d .  S O N G S

a b u n d a n c e  i n c r e a s e d  1 0 8 % ,  f r o m  5 0 / m ]  t o  1 0 5 / m 3 ,  w h i l e  C o n t r o l  a b u n d a n c e

w e n t  u p  1 5 7 % ,  i r o m 7 6 l m 3  t o  L 9 9 l m 3 .  T h i s  y i e l d e d  a  r e l a t i v e  d e c r e a s e  o f

4911 (Tab1e 4-L2) .  However ,  the  number  o f  surveys  on  wh ich  the  SONGS

c r o s s - s h e 1 f  a b u n d a n c e  e x c e e d e d  t h e  C o n t r o l  a b u n d a n c e  ( p o s i t i v e  D e 1 t a s )

increased f rom 37" / .  in  the  Before  per iod  to  64" i "  in  the  Af te r  per iod

( F i g u r e  D - 4 0 4 ) .

T h e  B A C I  t - t e s t  o n  l o g  ( x ) - t r a n s f o r m e d  d a t a  d i d  n o t  y i e l d  a

s i g n i f i c a n t  r e s u l t  ( p  =  0 . 1 2 ;  a  =  0 . 1 0 ) ,  p r o b a b l y  b e c a u s e  o f  t h e  l a r g e

v a r i a b i l i t y  i n  t h e  d a t a .  O n  t h e  o t h e r  h a n d ,  E h e  W i l c o x o n  r a n k  s u m  t e s t
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on 1og (x ) - t rans formed data  d id  ind ica te  a  s ign i f i can t  inc rease (p  =

0 . 0 3 7 ) .  M o s t  s e c o n d a r y  t e s t s  b a s e d  o n  o r h e r  l o g  t r a n s f o r m a t i o n s  a g r e e d

w i t h  t h e s e  r e s u l t s :  W i l c o x o n  r a n k  s u m  t e s t  r e s u l t s  w e r e  s i g n i f i c a n t

( e x c e p t  1 o g  ( x  *  1 0 ) ) ,  B A C I  t - t e s t  r e s u l t s  w e r e  n o n s i g n i f i c a n t  ( F i g u r e

D - 4 0 2  )  "

The regress ions  o f  SONGS versus  Cont ro l  abundances  f i t  one  l ine  to

data  f rom both  mon i to r ing  per iods ,  ind ica t ing  no  SONGS ef fec t .  The

s lope o f  th is  l ine  was no t  equa l  to  one,  conf i rm ing  the  nonadd i t i v i t y  o f

the  un t rans formed De l tas  .

tdhen the  p lume dates  and non-p lume dates  subsets  o f  A f te r  da ta  were

t e s t e d  s e p a r a t e l y  u s i n g  t h e  1 o g  ( x ) - t r a n s f o r m e d  d a t a ,  b o t h  t h e  B A C I  t -

tes t  and the  w i lcoxon rank  sum tes t  resu l ts  fo r  the  p lume surveys

i n d i c a t e d  a  s i g n i f i c a n t  i n c r e a s e  ( p  =  0 . 0 7  a n d  0 . 0 0 5 ,  r e s p e c t i v e l y ;  s  =

0 . f 0 ) .  T h e  t e s t s  o n  n o n - p l u m e  s u r v e y s  s h o w e d  n o  s i g n i f i c a n t  r e s u l t s

( T a b 1 e  4 - 1 0 ) .  T h e  p l u m e / n o n - p I u m e  a n a l y s e s  m a y  b e  v i e w e d  a s  s u p p o r t i n g

t h e  W i l c o x o n  r a n k  s u m  t e s t  r e s u l t  o n  t h e  f u l 1  A f t e r  d a t a  s e t "

Based on  the  we igh t  o f  ev idence,  we in te rpre ted  the  resu lEs  o f  the

var ious  tes ts  on  c ross-she l f  abundance as  marg ina l  ev idence o f  a  SONGS

e f  f  e c t .  w * e  c a n n o t  p o s E u l a t e  t h e  o p e r a t i v e  m e c h a n i s m ( s  )  .

No s ign i f i can t  change in  spat ia l  d is t r ibu t ion  was found in  the

P a t t e r n  a n a l y s i s  ( [ A , N O V A  p  =  0 . 1 1 ) :

4 . 3 . 2 .  3 .  2  E v a d n e  s p i n i f e r a

W e  d e t e c t e d  n o  S O N G S  e f f e c t s  o n  E v e d n e  s p i n i f e r a .  E .  s p i n i f e r a

o c c u r r e d  s p o r a d i c a l l y  ( F i g u r e  D - 4 I 1 ) ,  p r i n c i p a l l y  a b o v e  t h e  b o t t o m  a t

1 3  m .  1 8  m .  a n d  3 0  m .  T h e y  w e r e  r a r e l y  f o u n d  a t  8  m  o r  i n  e p i b e n t h i c

samples  a t  any  depth  (F igure  D-4LZ) .
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C r o s s - s h e l f  a b u n d a n c e s  r a n g e d  f r o m  0  t o  a s  h i g h  a s  2 1 5 / m 3 .  A v e r a g e

c r o s s - s h e 1 f  a b u n d a n c e  a t  S O N G S  f e l l  f r o m  1 8 / m 3  i n  t h e  B e f o r e  p e r i o d  t o

1 1 / m '  i n  t h e  A f t e r  p e r i o d ,  a  3 7 %  d e c l i n e " .  A t  C o n t r o l  a v e r a g e  c r o s s -

she l f  abundance s imu l taneous ly  decreased 44% f ram 4L lm3 to  23 lm3.  Th is

y i e l d e d  a  r e l a t i v e  i n c r e a s e  o f  6 %  ( T a b l e  4 - L 2 ) .

T h e  B A C I  t - t e s t  o n  1 o g  ( x ) - t r a n s f o r m e d  d a t a  ( o n 1 y  t h e  l o g  ( x )  a n d

L o g  ( x  +  0 . 1 )  t r a n s f o r m a t i o n s  s a t i s f i e d  a l l  B A C I  a s s u m p t i o n s )  y i e l d e d  a

n o n s i g n i f i c a n t  r e s u l t  ( p  =  0 . 1 8 ;  a  =  0 . 1 0 ) ,  b u t  t h e  W i l c o x o n  r a n k  s u m

tes t  us ing  the  same t rans format ion  ind ica ted  a  s ign i f i can t  re la t i ve

i n c r e a s e  ( p  =  0 . 0 7 )  ( F i g u r e  D - 4 0 8 ) .  B o t h  t h e  t - t e s t  a n d  W i l c o x o n  r a n k

s u m  t e s t  o n  l o g  ( x  *  0 . 1 ) - t r a n s f o r m e d  d a t a  a l s o  y i e l d e d  s i g n i f i c a n t

r e s u l t s  ( p  =  0 . 0 3  a n d  0 . 0 7 ,  r e s p e c t i v e l y ;  e  =  0 . 1 0 ) .  H o w e v e r ,  r e s u l t s

o f  t e s t s  o n  t h e  p l u m e  d a t e s  s u b s e t  o f  l o g  ( x - t r a n s f o r m e d  d a t a  w e r e

n o n s i g n i f i c a n t  ( p  =  0 . 1 9  a n d  p  =  0 . 1 5  f o r  t h e  t - t e s t  a n d  W i l c o x o n  r a n k

s u m t e s t ,  r e s p e c E i v e l y i  c  =  0 . 1 0 ) ,  w h i l e  t h e  n o n - p 1 u m e  s u r v e y s  d i d  s h o w

s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  m o n i t o r i n g  p e r i o d s  ( p  =  0 . 0 0 5  a n d  0 " 0 5 ,

r e s p e c t i v e l y ,  f o r  t h e  t - t e s t  a n d  W i l c o x o n  r a n k  s u m  t e s t  o n  l o g  ( x ) -

t r a n s f o r m e d  d a t a ;  d  =  0 . 1 0 ) .  W e  i n t e r p r e t  s i g n i f i c a n t  r e s u l t s  o n  n o n -

p l u m e  d a t e s ,  a n d  n o n s i g n i f i c a n t  r e s u l t s  o n  p l u m e  d a t e s ,  a s  i n d i c a t i n g

n o  S O N G S  e f f e c t .  T h e  m a r g i n a l  i n d i c a t i o n  o f  a n  e f f e c t  d e t e c t e d  i n  t h e

f u 1 1  A f . t e r  d a t a  s e t  i s  t h u s  n o t  c o n s i d e r e d  a  S O N G S  e f f e c t .

T h e  S O N G S  v e r s u s  C o n t r o l  r e g r e s s i o n  f j - t  o n e  s t r a i g h t  l i n e  t o  b o t h

m o n i t o r i n g  p e r i o d , s .  s u p p o r t i n g  t h e  i n t e r p r e t a t i o n  o f  n o  e f f e c t .

Nonadd i t i v i t y  o f  the  un t rans formed data  was conf i rmed by  the  s lope o f

t h e  r e g r e s s i o n  l i n e  n o t  e g u a l l i n g  o n e .

T h e  p a t t e r n  a n a l y s i s  i n d i c a t e d  t h a t  t h e  s p a t i a l  d i s t r i b u t i o n  d i d

n o t  c h a n C e  ( p  =  0 . 5 3 ) .
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4 .3 .2 "  3 .  3  Pen i l i a  av i r os t r i s

Peni l ia  av i rosEr is  exper ienced a  marked reg iona l  dec l ine  in

a b u n d a n c e ,  b e g i n n i n g  b e f o r e  t h e  A f t e r  p e r i o d .  R e s u l t s  o f  s t a t i s t i c a l

t e s t s  w e r e  c o n s i d e r e d  t o  b e  o f  d o u b t f u l  v a l i d i t y  a n d  w e r e  n o t  e v a l u a t e d

w i t h  r e s p e c t  t o  p o s s i b l e  S O N G S  e f f e c t s .

B .  av i ros t r i s  was  most  abundant  in  summer  and fa11,  espec ia l l y  in

L976 and 198I .  Abundances  were  1ow f rom L977 t } r r rough L979.  In  1980,  an4

dur ing  the  en t i re  A f te r  per iod ,  on ly  a  few were  found (F igure  D-417) .

Mean c ross-she l f  abundance a t  SONGS thus  p lummeted f rom 308/m3 in  the

B e f o r e  p e r i o d  t o  0 . 3 I / m 3  i n  t h e  A f t e r  p e r i o d .  A b u n d a n c e s  a t  C o n t r o l

l i k e w i s e  f e l I  f r o m  4 8 2 / m 1  i n  t h e  B e f o r e  p e r i o d  t o  0 . 3 1 / m 3  i n  t h e  A f t e r

p e r i o d  ( T a b l e  4 - 8 ) .  D u r i n g  t h e  A f t e r  p e r i o d ,  P .  a v i r o s t r i s  o c c u r r e d  a t

bo th  SONGS and Cont ro l  on ly  tw ice .  and a t  one s i te  o r  the  o ther  on ly

th ree  add iE iona l  t imes.  Th is  apparent  reg iona l  dec l ine  in  l .

av i ros t r i s  abundance was B igh t -w ide  in  ex ten t ,  3s  shown by  an

e x a m i n a t i o n  o f  s a m p l e s  c o l l e c t e d  a t  t h e  8  m  a n d  3 6  m  i s o b a t h s  i n  1 9 8 1  a n d

r983 f rom San onof re ,  sea l  Beach,  oxnard  Beach,  and Praya de l  Ray  ( these

samples were provided by the Los Angeles County Museurn of Natural

H i s t o r y ) .  B e c a u s e  s o  f e w  a n i m a l s  w e r e  c o l l e c t e d  i n  t h e  A f t e r  p e r i o d ,  t h e

r e s u l t s  o f  s t a t i s t i c a l  a n a l y s e s  w e r e  c o n s i d e r e d  t o  b e  o f  d o u b t f u l

v a l i d i t y  a n d  a r e  n o t  d i s c u s s e d .

4 . 3 . 2 .  3 . 4  C o r y c a e u s  a n g l i c u s

M E C  d e t e c t e d  n o  S O N G S - r e l a t e d

a b u n d a n c e  o f  C o r y c a e u s  a n g l i c u s .

p a t t e r n  t h a t  w e r e  c o n s i d e r e d

r e d i s t r i b u t i o n .

c h a n g e s  i n  t h e  r e l a t i v e  c r o s s - s h e l f

There  v rere  changes in  the  spat ia l

t o  b e  l a r g e l y  a  S O N G S - i n d u c e d
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Corycaeus ang l icus  occur red  in  a l l  s t ra ta  on  every  mon i to r ing

survey .  More  were  found in  the  13  m,  18  m,  and 30  m midwater  s t ra ta  than

i n  t h e  s u r f a c e  o r  b o t t o m  s t r a t a  o f  t h o s e  a r e a s  o r  a t  8  m  ( F i g u r e  D - 4 2 4 ) .

A b u n d a n c e  v a r i e d  s e a s o n a l l y ,  p a r t i c u l a r l y  i n  t h e  B e f o r e  p e r i o d ,  w i t h

higher abundances during sunmer and lowest abundances from November

th rough January  (F igure  D-423) .  Abundance genera l l y  inc reased a t  bo th

t h e  S 0 N G S  a n d  t h e  C o n t r o l  s i t e s  i n  t h e  A f t e r p e r i o d  ( T a b 1 e 4 - 8 ) .  C r o s s - .

she l f  abundances  var ied  f rom a  min imum of  10 /m3 to  as  h igh  as  1993 lm3 ,

b u t  r a n g e d  m a i n l y  b e t w e e n  a b o u t  I 0 0 / m 3  a n d  5 0 0 / m 3 .  E x c e p t i o n a l l y  h i g h

a b u n d a n c e s  t h a t  s t r o n g l y  i n f l u e n c e d  t h e  s t a t i s t i c a l  t e s t  r e s u l t s

o c c u r r e d  o n  t w o  d a t e s :  3 l  J u l y  1 9 8 0 ,  w h e n  v e r y  l a r g e  c o l l e c t i o n s  w e r e

made a t  SONGS,  and 9  May 1986,  when the  la rge  co l lec t ions  were  made a t

C o n t r o l .

Mean c ross-she1f  abundance a t  SONGS increased 72%,  f rom 24L lm3 Ln

t h e  B e f o r e  p e r i o d  t o  4 1 3 / m 3  i n  t h e  A f t e r  p e r i o d .  A t  t h e  s a m e  t i m e ,

abundance a t  Cont ro l  inc reased L4O7" ,  f rom 206 lm3 to  495/m3.  Th is  y ie lded

a re la t i ve  decrease o f  48% (Tab le  4 -LZ) .  The Wi lcoxon rank  sum tes t  on

unErans formed data  ( the  tes t  o f  p re fe rence because an  in f luenCe date

w a s  d e l e t e d  t o  o b t a i n  a d d i t i v i t y )  a n d  a l 1  t e s t s  o n  1 o g - t r a n s f o r m e d  d a t a

i n d i c a t e d  t h a t  t h i s  w a s  n o t  a  s i g n i f i c a n t  c h a n g e  ( a I I  t - t e s t  v a l u e s  o f  p

>  0 . 1 5 ,  a l l  W i l c o x o n  r a n l :  s u m  t e s t  v a l u e s  o f  p  >  0 . 7 0 ;  a  =  0 . 1 0 :  s e e

F i g u r e  D - 4 2 0 ) .  B o t h  t h e  t - t e s t  a n d  W i l c o x o n  r a n k  s u m  t e s t  o n

unt rans formed data  f rom the  p lume dates  and non-p lume dates  subseEs

l i k e w i s e  y i e l d e d  n o n s i g n i f i c a n t  r e s u l t s  ( a I 1  p  >  0 . 3 0 ;  a  =  0 . 1 0 ) .

The regress ions  o f  SONGS abundance .on  Cont ro l  abundance f i t  two

d i f f e r e n t  s t r a i g h t  l i n e s  f o r  t h e  t w o  m o n i t o r i n g  p e r i o d s ;  n e i t h e r  h a d  a

s l o p e  o f  o n e .  T h e s e  E w o  1 i n e s ,  h o w e v e r ,  w e r e  s t r o n g l y  i n f l u e n c e d  b y  t h e

3 I  J u l y  1 9 8 0  a n d  9  M a y  1 9 8 6  o u t l i e r s .  W i t h o u t  t h e s e  t w o  p o i n t s ,  t h e
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ana lys is  wou ld  p robab ly  have f i t  one  s t ra igh t  l ine  w i th  a  s lope o f  one,

i n d i c a t i n g  a d d i t i v i t y  a n d  n o  S O N G S  e f f e c t .

T h e  p a t t e r n  a n a l y s i s  i n d i c a t e d  a  s i g n i f i c a n t  s h i f t  ( p  =  0 . 0 3 )

cons is t ing  o f  a  decrease inmean rank  o f  abundance i .n  the  I  m ep ibenthos

a n d  a n  i n c r e a s e  i n  1 3  m  l o w e r m i d w a t e r  ( F i g u r e  4 - 5 ) .  N e a r l y  s i g n i f i c a n t

( 0 . 0 5  <  p  <  0 " 1 0 )  c h a n g e s  a l s o  o c c u r r e d  i n  o t h e r  s t r a t a ,  i n c l u d i n g  a n

increase in  the  8  m midwater  and decreases  in  the  30  rn  ep ibenthos  and

sur face  s t ra ta .  The s ign i f i can t  pa t te rn  changes were  in te rpre ted  as

r e f l e c t i n g ,  a t  l e a s t  i n  p a r t ,  S O N G S - i n d u c e d  r e d i s t r i b u t i o n .  T h e

n e a r l y - s i g n i f i c a n t  s h i f t s  c o u l d  b e  s i m i l a r l y  i n t e r p r e t e d .  F o r  e x a m p l e ,

the  s ign i f i can t  inc rease in  mean rank  o f  abundance in  the  13  m lower

midwater  s t ra tum and the  near ly -s ign i f i can t  decreases  in  the  30  m

ep ibenthos  and sur face  s t ra ta  cou ld  resu l t  f rom rep lacement  water  be ing

drawn Eowards SONGS from seaward and upcurrent.  Water drawn into the 13

m area wou ld  conta in  h igher  numbers  o f  C.  ang l i cus ,  wh i le  the  water

drawn in to  the  30  m area  f rom fa r ther  o f fshore  wou ld  conta in  fewer  C.

ang l icus .  The s ign i f i can t  decrease in  mean rank  o f  abundance in  the  8  m

ep ibenthos  apparent ly  cannot  be  fu l l y  accounted  fo r  in  te rms o f  SONGS-

induced red is ' t r ibu t ion ,  bu t  may re f  lec t  inc reased predat i .on  f  rom

ich thyop lank ters  as  we l l  as  rep lacement  f rom 1ow abundance ep ibenth ic

w a t e r s .  s h o r e w a r d .  T h e  n e a r l y - s i g n i f i c a n t  i n c r e a s e  i n  m e a n  r a n k  o f

abundance in  the  8  m midwater  s t ra tum might  have re f lec ted  rep lacement

water  d rawn f rom seaward  and ups t ream,  and conta in ing  h igher  numbers  o f

g "  a n g l i c u s  ( e . g . ,  F i g u r e  4 - 4 ) .

4 . 3 . 2 . 3  . 5  C y p h o n a u t e s  L a r v a e

A  p o s s i b l e  S O N G S  e f f e c t  w a s  d e t e c t e d  i n  t h e  a n a l y s j . s  o f  p l u m e  d a t e s

c r o s s - s h e I f  a b u n d a n c e  o n  p l u m e  d a t e s .  M E C  i n t e r p r e t e d  t h i s  a s  a  m i n o r
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e f f e c t  b e l o w  t h e  d e t e c t i o n  l e v e 1  o f  t h e  t e s t s  o n  E h e  f u l 1  A f t e r  d a t a

s e t .  T h e  o p e r a t i v e  m e c h a n i s m ( s )  c o u l d  n o t  b e  p o s t u l a t e d .  A  s i g n i f i c a n t

P a t t e r n  s h i f t  w a s  a l s o  d e t e c t e d ;  t h i s  w a s  i n t e r p r e t e d  a s  r e f l e c t i n g

S O N G S - i n d u c e d  r e d i s t r i b u t i o n .

AE San Onof re ,  cyphonautes  la : rzae were  found in  a l l  s t ra ta  on  a l l

surveys .  The h ighes t  abundances  were  cons is ten t ly  in  the  30  m midwater

s t ra ta ,  w i th  s l igh t ly  lower  abundance in  the  13  m and 18  m midwat .e r

s E r a t a  ( F i g u r e  D - 4 3 0 ) .  T h e  8  m  e p i b e n t h o s  a t  S O N G S  i n  t h e  B e f o r e  p e r i o d

had h igh  mean abundance due to  a  few ex t remely  la rge  co l lec t ions  in

w i n t e r  a n d  s p r i n g  o f  L 9 7 7 .  C o n t r a r y  t o  Y o s h i o k a ' s  ( L 9 7 3 )  f i n d i n g  t h a t

abundance was h ighes t  in  w in te r ,  the  cyphonautes  Larvae in  the  SONGS

study  d id  no t  show win ter  peaks  o f  abundance (F igure  D-429)  ,  In  fac t ,

the  h ighes t  abundances  occur red  in  the  summer  o f  1985.

C r o s s - s h e I f  a b u n d a n c e s  r a n g e d  f r o m  7  l m 3  t o  6 7 O l m 3 .  A t  S O N G S ,  m e a n

c r o s s - s h e l f  a b u n d a n c e  i n c r e a s e d  8 3 7 1  f r o n  8 2 1 m 3  i n  t h e  B e f o r e  p e r i o d  t o

1 5 1 , / m 3  i n  '  t h e  A f  t e r  p e r i o d .  C o n t r o l  a b u n d a n c e s  c h a n g e  I i t t 1 e ,

decL in ing  or t l y  4% f rom 113/m3 to  108/m3.  Th is  y ie lded an  87% re la t i ve

i n c r e a s e  ( T a b I e  4 - L Z ) .  D u r i n g  t h e  B e f o r e  p e r i o d  1 3  o f  3 1  s u r v e y s  ( 4 2 % )

had pos i t i ve  De l tas ,  whereas  14  o f  the  23  Af te r  surveys  (6L" ,L )  had

p o s i t i v e  D e l t a s  ( F i g u r e  D - 4 2 8 ) .  T h i s  w o u l d  s u g g e s t  t h a t  a  s i g n i f i c a n t

r e l a t i v e  i n c r e a s e  h a d ,  i n  f a c t ,  o c c u r r e d .  H o w e v e r ,  t h e  p r i m a r y  B A C I  t -

t e s t  o n  l o g  ( x ) - t r a n s f o r m e d  d a t a  i n d i c a t e d  t h a t  t h i s  w a s  n o t  a

s i g n i f i c a n t  c h a n g e  ( p  =  0 . 2 0 i  a  =  0 . 0 5 ) .  S i m i l a r l y ,  t h e  W i l c o x o n  r a n k

s u m  t e s t  a l s o  y i e l d e d  a n o n s i g n i f i c a n t  r e s u l t  ( p  =  0 . 1 0 ;  c  =  0 . 0 5 ) .

A 1 1  t - t e s t  r e s u l t s  u s i n g  o t h e r .  1 o g  t r a n s f o r m a t i o n s  w e r e

n o n s i g n i f i c a n t  ( p  =  0 . 1 2  t o  0 . 2 0 :  e  =  0 . 0 5 ) ,  a s  w e r e  t h e  l { i l c o x o n  r a n k

s u m  t e s t  r e s u l t s  ( p  =  0 . 0 5  t o  0 .  1 0 ;  c  =  0 . 0 5  )  .  T h e s e  r e s u l t s  a l l

c o n c u r r e d  w i t h  t h e  p r i m a r y  B A C I  t e s t  r e s u l t s  ( F i g u r e  D - 4 2 6 ) .
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S O N G S  v e r s u s  C o n t r o l  r e g r e s s i o n s  f i t  t w o  s t r a i g h t  l i n e s ,  o n e  f o r

the  Before  per iod  w i th  a  s lope no t  equa l  to  one,  and another  fo r  the

A f t e r  p e r i o d  w i t h  a  s l o p e  t h a t  w a s  n o t  d i f f e r e n t  f r o m  o n e .  T h e  s l o p e

d i f fe ren t  f rom one ind ica ted  nonadd i t i v i t y  o f  the  un t rans formed Before

data ,  and thus  conf i rmed the  resu l t  o f  the  add i t i v i t y  tes t "  The s lope

for  the  Af te r  regress ion  l ine  was s ign i f i can t ly  d i f fe ren t  f rom the

s lope fo r  the  Before  l ine ,  ind ica t ing  a  d i f fe rence be tween per iods ,  and

the  s ign  o f  the  d i f fe rence was pos i t i ve ,  ind ica t ing  tha t  SONGS

abundance increased re la t i ve  to  Cont ro l  abundance in  the  Af te r  per iod ,

c o n t r a r y  t o  t h e  B A C I  t e s t  r e s u l t s .

B A C I  t - t e s E  a n d  W i l c o x o n  r a n k  s u m  t e s t  r e s u l t s  u s i n g  t h e  1 o g  ( x ) -

t rans formed data  f rom the  p lume dates  subset  were  bo th  s ign i f i can t  (p  =

0 . 0 5  a n d  0 . 0 4 .  r e s p e c t i v e l y i  . t  =  0 . 1 0 ) ,  b u t  t h e y  w e r e  n o t  s i g n i f i c a n t

f o r  t h e  n o n - p l u m e  d a t e s  s u b s e t  s u r v e y s  ( p  =  0 . 8 5  a n d  0 . 7 5 ,  r e s p e c t i v e l y ;

s  =  0 . f 0 ) .  T h i s  s u g g e s t s  t h e  p o s s i b i l i r y  o f  a  S O N G S  e f f e c t ,  b u t  o n e

b e l o w  t h e  d e t e c t i o n  l e v e 1  o f  t h e  B A C I  t e s t s  o n  t h e  f u 1 1  A f t e r  d a t a  s e t .

The mechan ism fo r  such an  e f fec t  i s  unknown.

In  the  Before  per iod  San Onof re  and San Mateo Ke lp  were  major

sources  o f  Mernbran ipora  cyphonautes  la rvae in  the  SONGS area,  and Barn

K e l p  w a s  a  s o u r c e  f o r  t h e  c o n t r o l  a r e a .  B a r n  K e l p  d e c r i n e d

s u b s t a n t i a l l y  d u r i n g  t h e  s t u d y ,  l e a v i n g  S a n  O n o f r e  a n d  S a n  M a t e o  K e I p  a s

the  on ly  ma jor  loca1 sources  o f  Mernbran ipora  cyphonautes  la rvae.  San

Onof re  ke lp  dec l ined dur ing  the  Af te r  per iod  wh i le  San Mateo Ke lp

p r o s p e r e d ;  t h u s  i f  t h e  c y p h o n a u t e s  B A C I  r e s u l t s  r e f l e c t e d  o n l y

| ' lembran ipora  produc t ion  we shou ld  have seen s ign i f i can t  resu l ts  on  non-

p l u m e  d a t e s  a n d  n o n s i g n i f i c a n t  r e s u l t s  o n  p l u m e  d a t e s ,  o p p o s i t e  t h e

r e s u l t s  o b t a i n e d .
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Cyphonautes  la rvae exh ib i ted  a  s ign i f i can t  (p  =  0 .03  )  change in

t h e  s p a t i a l  p a t t " r t  o i  r a n k s  o f  a b u n d a n c e  i n  t h e  S O N G S - A f t e r  d a t a  s e t .

Re la t i ve  inc reases  in  the  8  rn  and 13  m midwater  s t ra ta  (above the

d i f fusers  )  were  accompan ied  by  a  decrease in  the  lower  midwater  s t ra tum

at  30  m.  These inshore  inc reases  and the  o f fshore  decrease were

i n t e r p r e t e d  a s  a  S O N G S  e f f e c t .  A  p o s s i b l e  m e c h a n i s m  f o r  t h i s  e f f e c t  i s

a  SONGS- induced c i rcu la t ion  pa t te rn  in  wh ich  water  w i thdrawn a t  the .

in takes  and secondar i l y  en t ra ined and t ranspor ted  seaward  is  rep laced

by water  d rawn toward  SONGS f rom seaward .  The observed pa t te rn  sh i f t

cou ld  thus  have resu l ted  f rom rep lacement  waEer  conta in ing  h igher

concent ra t ions  o f  la rvae be ing  drawn in to  the  8  and 13  m b locks  f rom

seaward  ( reca l1  tha t  abundance was h ighes t  in  the  30  m midwater  s t ra ta ) ,

wh i le  the  decrease a t  30  m cou ld  have resu l ted  f rom water  conta in ing

lower  concent ra t ions  o f  la rvae be ing  drawo in to  tha t  b lock  f rom fa r ther

s e a w a r d .

4 .3  . 2 .  3  .  6  Lab idoce ra  t r i ' sp i nosa

No ev idence of  a  SONGS ef fect  was detected for  Labidocera

E r 1  s p ] - n o s a .

A t  S a n  O n o f r e .  L .  t r i s p i n o s a  a d u l t s  a n d  l a t e  c o p e p o d i d s  w e r e  f o u n d

predominant ly  a t  the  sur face  a t  the  8  m isobath ,  and Lower  in  the  water

c o l u m n  f a r t h e r  o f f s h o r e  i n  t h e  B e f o r e  p e r i o d  ( F i g u r e  D - 4 3 5  ) .  r n  t h e

A f t e r  p e r i o d .  a b u n d a n c e s  w e r e  g e n e r a l l y  l o w e r  e v e r y w h e r e  ( e . g . ,  T a b l e

4-8) ,  bu t  w i th  re la t i ve ly  h igher  numbers  o f  o rgan isms found ne .ar  the

b o t t o m  a t  t h e  8  m  i s o b a t h .  A t  S O N G S ,  a b u n d a n c e s  w e r e  g e n e r a l l y  h i g h e r

t h a n  a t  t h e  C o n t r o l  s i t e .  C r o s s - s h e l f  a b u n d a n c e s  v a r i e d  f r o m  a  1 o w  o f

l e s s  t h a n  I / m ' ;  w i t h  h i g h e s t  a b u n d a n c e s  i n  t h e  s u m m e r  a n d  f a l l  o f  1 9 8 1

( F i g u r e  D - 4 3 5 ) .  M e a n  c r o s s - s h e 1 f  a b u n d a n c e  a t  t h e  C o n t r o l  s i t e  d r o p p e d
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3 6 i 1 ,  f r o m  3 3 / n r  i n  t h e  B e f o r e  p e r i o d  t o  2 1 l m 3  i n  t h e  A f t e r  p e r i o d .  T h e

mean c ross-she l f  abundance a t  SONGS s imu l taneous ly  d ropped 267,  f rom

5 4 1 m 3  t o  4 7  l m 3 ,  y i e l d i n g  a  r e l a t i v e  p e r c e n t  i n c r e a s e  o f  L O %  ( T a b l e  4 -

L Z )  "  T h e  p l o t s  o f  t h e  B e f o r e  a n d  A f t e r  D e l t a s  v s .  t i m e  ( F i g u r e  D - 4 3 3 ,  D -

434)  revea led  no  s t r i k ing  sh i f t s  be tween the  mon i to r ing  per iods .

BACI  tes ts  were  per fo rmed on log  (x ) - t rans formed data ,  wh ich  met

a l l  the  requ is i te  assumpt ions  (un t rans formed data  hrere  no t  add i t i ve  and

t h u s  c o u l d  n o t  b e  t e s t e d ) .  T h e  t - t e s t  r e s u l t s  w e r e  n o n s i g n i f i c a n t  ( p  =

0 . 3 6 ;  c  =  0 . I 0 ) "  T h e  W i l c o x o n  r a n k  s u m  t e s t  r e s u l t  c o n f i r m e d  t h e

p r i m a r y  t - t e s t  r e s u l t  ( p  =  0 . 5 0 ;  c  =  0 . 1 0 ) .  A 1 1  1 o g  ( x  +  C ) - t r a n s f o r m e d

d a t a  t e s t i n g  l i k e w i s e  y i e l d e d  n o n s i g n i f i c a n t  r e s u l t s  ( F i g u r e  D - 4 3 2 ) ,

a g a i n  c o n f i r m i n g  t h e  p r i n c i p a l  t e s t  r e s u l t .  B A C I  t - t e s t  r e s u l t s  f o r  t h e

ana lyses  on  p lume dates  and non-p lume dates  were  a lso  nons ign i f i can t  (p

=  0 . 4 2  a n d  0 . 3 5 ,  r e s p e c t i v e l y i  e  =  0 . 1 0 )  a s  w e r e  t h e  W i l c o x o n  r a n k  s u m

t e s t  r e s u r t s  ( p  =  0 . 4 4  a n d  0 . 6 6 r  r e s p e c t i v e r y ;  a  =  0 . 1 0 ) .  w e  t h t r s

c o n c l u d e d ,  o n  t h e  b a s i s  o f  t h e  n o n s i g n i f i c a n t  p r i m a r y  t e s t  r e s u l t  a n d

c o n f i r m a t i o n  b y  a l l  s e c o n d a r y  t e s t s ,  t h a t  t h e r e  w a s  n o  S O N G S  e f f e c t

m e a s u r a b l e  a s  a  c h a n g e  i n ' c r o s s - s h e l f  a b u n d a n c e .

S O N G S  v e r s u s  C o n t r o l  r e g r e s s i o n s  f i t  t w o  c u r v e d  l i n e s ,  i n d i c a t i n g

both  nonadd i t i v i t y  o f  the  un t rans formed data  and suggest ing  a  SONGS

e f f e c t .  H o w e v e r ,  t h e  a n a l y s e s  a p p e a r e d  t o  b e  d o m i n a t e d  b y  3  o u t l i e r s :

2 4  J u n e  1 9 8 1 ,  5  N o v e m b e r  L 9 8 1  a n d  3 1  A u g u s t  1 9 8 4 .  D e l e t i n g  t h e s e  3

p o i n t s  a n d  r e r u n n i n g  t h e  t e g r e s s i o n s  y i e l d e d  a  s i n g l e  w i t h  a  s l o p e  o f  1

f i t  t o  b o t h  t h e  B e f o r e  a n d  A f t e r  d a t a  s e t s .

T h e  a n a l y s i s  o f  s p a t i a l  d i s t r i b u t i o n s  s h o w e d  n o  d i f f e r e n c e  ( p  = .

0 . 2 4  )  b e t w e e n  t h e  p a t t e r n  o f  r a n k s  o f  a b u n d a n c e  a t  S O N G S  i n  t h e  A f t e r

p e r i o d  a n d  t h e  B e f o r e - o r - C o n t r o l  p a t t e r n  o f  r a n k s .

4 -119



4  "3  . 2 .3 .7  O i t hona  p l um i fe ra

The re la t i ve  abundance o f  O i thona p lumi fe ra  d id  no t  change

s i g n i f i c a n t l . y  a s  a  r e s u l t  o f  S O N G S  o p e r a t i o n s .  H o w e v e r ,  t h e  c r o s s -

s h e l f  d i s t r i b u t i o n  o f  0 .  p l u m i f e r a  d i d  c h a n g e  s i g n i f i c a n t l y ,  a n d  t h i s

c h a n g e  w a s  i n t e r p r e t e d  a s  a  S O N G S  e f f e c E ,  p o s s i b l y  r e f l e c t i n g  a ' p a t t e r n

o f  S O N G S  -  i n d u c e d  c i r c u l a t i o n .

Oi thona p lumi fe ra  was present  in  a l l  surveys ,  p redominant ly  a t  the

3 0  m  i s o b a t h  i n  t h e  m i d w a t e r  s t r a t a  ( F i g u r e  D - 4 4 2 ) .  C r o s s - s h e l f

a b u n d a n c e s  r a n g e d  f r o m  . l / m t  t o  1 , 2 0 0 / m 3 ,  w i t h  m o s t  B e f o r e  o b s e r v a t i o n s

< 1 0 0 / m 3 .  A b u n d a n c e s  g e n e r a l l y  i n c r e a s e d  i n  t h e  A f t e r  p e r i o d  ( F i g u r e  D -

4 4 1 ) ,  s o  t h a t  m a n y  c r o s s - s h e l f  a b u n d a n c e s  w e r e  b e t w e e n  1 0 0 / m 3  a n d

3 5 0 i  m 3 .  T h e  a v e r a g e  c r o s s - s h e l f  a b u n d a n c e  a t  S O N G S  i n c r e a s e d  1 3 3 % ,  f r o m

6 4 1 m 3  i n  t h e . B e f o r e  p e r i o d  t o  L 4 g l m t  i n  t h e  A f t e r  p e r i o d .  A t  C o n t r o l ,

t h e  i n c r e a s e  w a s  o n l y  2 8 7 i ,  f r o m  8 8 / m 3  t o  1 1 3 / m 3 .  T h e  r e l a t i v e  i n c r e a s e

w a s  t h u s  L O 4 7  ( T a b l e  4 - L 2 ) .  H o w e v e r ,  e x a m i n a t i o n  o f  t i m e  p l o t s  o f  D e 1 t a

v a l u e s  ( F i g u r e  D - 4 3 9 ,  D - 4 4 0 )  r e v e a l e d  t h a t  m o s t  D e l t a s  w e r e  c l o s e  t o

zero  )  ind ica t ing  cons iderab le  s imi la r i t y  be tween the  two areas  in  bo th

t i m e  p e r i o d s .

T h e  B A C I  t - t e s t ,  p e r f o r m e d  o n  1 o B  ( x ) - t r a n s f o r m e d  D e l t a s

(un t rans for rned da ta  were  no t  add j . t i ve  and thus  cou ld  no t  be  used) ,

s h o w e d  a  n o n s i g n i f i c a n t  r e s u l t  ( p  =  O " 4 9 ;  c !  =  0 . 0 5 ) .  A l t h o u g h  t h e

B e f o r e  D e l t a s  w e r e  s e r i a l l y  c o r r e l a t e d ,  w h e n  t h e  B A C I  t - t e s t  w a s

m o d e l e d  w i t h  a u t o r e g r e s s i v e  e r r o r s ,  w e  n o t e d  t h a t  t h e  f u I 1  d a t a  s e t  d i d

n o t  h a v e  a n y  a u t o - c o r r e l a t i o n .  W e  t h u s  u s e d  t h e  t - t e s t  w i t h o u t

a u t o r e g r e s s i v e  e r r o r s .  T h e  n o n s i g n i f i c a n t  I . { i l c o x o n  r a n k  s u m  t e s t

r e s u l t  ( p  =  0 . 5 1 ;  q  =  0 . 0 5 )  c o n f i r m e d  t h e  p r i r n a r y  t - E e s t  r e s u l t ,  a s  d i d

a l l  t e s t s  o n  l o g  ( x  +  C ) - t r a n s f o r m e d  d a t a  t h a t  m e t  t h e  B A C I  a s s u m p t i o n s

( F i g u r e  D - 4 3 8  ) .  N o n s i g n i f i c a n t  r e s u l t s  w e r e  a l s o  o b t a i n e d  f o r  t h e  E -
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t e s t s  o n  t h e  l o g  ( x ) - t r a n s f o r m e d  p l u m e  a n d  n o n - p l u m e  d a t a  ( p  =  0 . 5 8  a n d

0 " 8 8 .  r e s p e c t i v e l y ;  a  =  0 . 0 5 ) "  T h e  r e s u l t s  o f  t h e  W i l c o x o n  r a n k  s u m

t e s t s  w e r e  s i m i l a r l y  n o n s i g n i f i c a n t  ( p  =  0 . 5 1  a n d  O . 9 9 ,  r e s p e c t i v e l y ) .

We thus  in te rPre ted  the  BACI  tes t  resu l ts  as  ind ica t ing  no  e f fec t .

Two d i f fe ren t  s t ra igh t  l ines  were  f i t  to  the  SONGS versus  Cont ro l

regress ions .  The s lope in  the  Defore  per iod  d id  no t  equa l  one,

conf irming nonaddit iv i ty of the untransformed data. The slope in the

Af te r  per iod  was s ign i f i can t ly  la rger  than the  s lope in  the  Before

per iod ,  i .nd ica t ing  an  inc rease a t  SONGS compared to  Cont ro l .  A  change

in  the  re la t ionsh ip  be tween SONGS and Cont ro l  in  the  d i f fe ren t

m o n i t o r i n g  p e r i o d s  ( i . e . ,  t w o  d i f f e r e n t  s t r a i g h t  l i n e s )  c o u l d  b e  a n

ind ica t ion  o f  a  SONGS ef fec t ,  bu t  we d id  no t  in te rpre t  i t  as  one s ince

t h e  B A C I  t e s t s  w e r e  n o t  s i g n i f i c a n t .

Pat te rn  ana lyses  revea led  a  s ign i f i can t  (p  =  0 .03  )  change be tween

the  SONGS-Af te r  and Before-or -Cont ro l  ranks  o f  abundance.  Un ivar ia te

ANOVAs fo r  each s t ra tum ind ica ted  the  fo l l -ow ing  changes:  (1 )  a  near ly -

s i g n i f i c a n t  ( 0 . 0 5  <  p  <  0 . 1 0 )  d e c r e a s e  i n  m e a n  r a n k  o f  a b u n d a n c e  i n  t h e  8

m ep ibenthos  '  (2 )  a  s ign i f i can t  inc rease in  mean rank  in  the  13  m h igh

midwater  s t ra tum,  and (3 )  s ign i f i can t  decreases  in  the  30  m h igh

midwater  and 30  m sur faee s t ra ta .  These changes were  cons idered SONGS

e f f e c t s ,  p o s s i b l y  r e f l e c t i n g  a  S O N G S - i n d u c e d  c i r e u l a t i o n  p a t t e r n  ( s e e

S e c t i o n  4 . 3 . 1 ) .  T h u s .  t h e  s i g n i f i c a n t  i n c r e a s e  i n  m e a n  r a n k  o f

abundance in  the  13  m h igh  midwater  s t ra tum may have re f lec ted  the

incurs ion  o f  more  o f fshore  water  conta in ing  a  h igher  abundance o f  0 .

p l u m i f e r a  ( e . g . ,  F i g u r e  4 - 4 )  d r a w n  s h o r e w a r d  t o  r e p l a c e  t h e

secondar i l y -en t ra ined nearshore  midwater .  The s ign i f i can t  decreases

in  mean ranks  a t  30  m may have re f lec ted  incurs ions  o f  p lank ton-dep le ted

water  f rom the  p lume,  and water  conta in ing  fewer  O.  p lumi fe ra  d rawn
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i n to  the  30  m b lock  f rom fa r ther  o f fshore .  The near ly -s ign i f i can t

decrease in  mean rank  in  the  8  m ep ibenEhos cou ld  have re f lec ted ,  a t

leas t  in  par t ,  a  combina t ion  o f  d i lu t ion  f rom rep lacement  water  d rawn

f rom the  more  seaward  ep ibenthos  (wh ich  conta ins  fewer  0 .  p lumi fe ra ,  on

a v e r a g e ) ,  a n d  p o s s i b l y  r e c i r c u l a t i o n  o f  p l u m e  w a t e r  d e p l e t e d  o f

p l a n k t o n

4  " 3  " 2 .  3 .  8  P a r a c a l a n u s  p q r v u s

Nei ther  the  re la t i ve  abundance nor  the  c ross-she1f  d is t r ibu t ion  o f

Paraca lanus  parvus  changed s ign i f i can t ly  as  a  resu l t  o f  SONGS

o p e r a t i o n s .

! . p a r v u s  o c c u r r e d  i n  a l l  s t r a t a  o n  a l l  s u r v e y s ,  w i t h  s l i g h t l y

higher abundances in the high midwater stratum at 13 m and lower

a b u n d . a n c e s  i n  a l l  8  m  s t r a t a  ( F i g u r e  D - 4 4 8 ) .  C r o s s - s h e l f  a b u n d a n c e s

w e r e  h i g h l y  v a r i a b l e ,  r a n g i n g  f r o m  4 9 1 m 3  t o  5 , 5 0 0 / m 3 .  C r o s s - s h e l f

a b u n d a n c e  g e n e r a l l y  i n c r e a s e d  i n  t h e  A f t e r  p e r i o d  ( e . g . ,  T a b l e  4 - 8 ) .

Abundance at SONGS increased 29%, from an average of 839/m3 in the

B e f o r e  p e r i o d  t o  1 , 0 7 8 / m 3  i n  t h e  A f t e r  p e r i o d .  A b u n d a n c e  a t  C o n t r o l

s i m u l t a n e o u s l y  i n c r e a s e d  6 9 i 1 ,  f r o m  a n  a v e r a g e  o f  5 3 6 1 m 3  i n  t h e  B e f o r e

p e r i o d  t o  1 .  0 7  6  l m 3  i n  t h e  A f t e r  p e r i o d .  T h i s  y i e l d e d  a  r e l a t i v e  d e c r e a s e

o f  4 L %  ( T a b l e  4 - L Z ) .  T h e  D e l t a s  s h o w e d  a n  i n d i c a t i o n  o f  s e a s o n a l i t y ,

b u t  n o  d i f f e r e n c e  b e t w e e n  m o n i t o r i n g  p e r i o d s  ( F i g u r e  D - 4 4 5 ) .

T h e  B A C I  t - t e s t  o n  l o g  ( x ) - t r a n s f o r m e d  D e l t a s  ( u n t r a n s f o r m e d  d a t a

were  nonadd i t i ve  and thus  cou ld  no t  be  used)  y ie lded a  nons ign i f i can t

r e s u l t  ( p  =  0 . 9 1 ;  o  =  0 . 0 5 ) .  T h i s  p r i n c i p a l  t e s t  r e s u l t  w a s  c o n f i r r n e d  b y

t h e  W i f c o x o n  r a n l :  s u m  t e s t  ( p  =  0 . 8 5 ;  c  =  0 . 0 5 ) .  T e s t s  o n  l o g  ( x  +  0 . I ) ,

l o g  ( x  *  1 ) ,  a n d  1 o g  ( x  *  I 0 )  t r a n s f o r m a t i o n s  a l s o  a l l  a g r e e d  w i t h  t h e

p r i m a r y  B A C I  r e s u l t  ( F i g u r e  D - 4 4 4 ) .  S p l i t t i n g  t h e  A f t e r  d a t a  i n t o  p l u m e
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da tes  and  non -p lume da tes  y ie lded  s im i l a r  resu l t s :  t he  t - t es t s  on  1og

(x ) - t r ans fo rmed  da ta  we re  no t  s i gn i f i can t  ( p  =  0 .56  and  0 .42 ,

respec t i ve l y ;  e  =  0 .10 ) .  The  resu l t s  o f  t he  l . l i l coxon  rank  sums  tes ts

were  l i kew ise  nons ign i f i can t  (p  =  0 .80  and  0 .64 ,  respec t i ve l y ;  e  =

0.r0) .

SONCS versus  Cont ro l  regress ions  f i t  two s t ra igh t  l ines ;  the

Before  per iod  l ine  had a  s lope no t  d i f fe ren t  f rom 1 ,  ind ica t ing  tha t  the

unt rans formed data  were  add i t i ve ,  in  cont ras t  to  the  resu l t  o f  the

spec i f i c  tes t  fo r  add i t i v i t y .  The Af te r  regress ion  l ine  had a  smal le r

s lope than the  Before  l ine ,  ind ica t ing  a  d i f fe ren t  re la t ionsh ip  be tween

SONGS and Cont ro l  abundances  in  the  Af te r  per iod ,  in  cont ras t  to  the

BACI  resu l ts .  However ,  the  presence o f  an  in f luence po in t  on  7  June

L977 ion t ro l led  the  f i t  o f  the  Before  l ine .  A  re run  o f  the  regress ion

ana lys is  w i thout  th is  po in t  resu l ted  in  on ly  one s t ra igh t  l ine  f i t  to

the  da ta  f rom both  mon i to r ing  per iods

The pa t te rn  ana lys is  revea led

Af te r  paEtern  o f  ranks  o f  abundance

o f  r a n k s  ( p  =  0 . 8 9 ) .

no  d i f fe rence be tween the  SONGS-

and the  Before-or -Cont roJ .  pa t te rn

4 . 3 . 2 .  3 .  9  S a g i t t a  e u n e r i t i c a

S O N G S  e f f e c t s  w e r e  n o t  d e t e c t e d  f o r  S a g i t t a  e u n e r i t i c a .  -

A t  S a n  O n o f r e .  S .  e u n e r i t i c a  w e r e  f o u n d  i n  a l l  s t r a t a  o n  a l l

surveys ,  p redominant ly  in  the  ep ibenthos  and midwater  s t ra ta  a t  the  13

and 30  m isobaths .  Abundances  were  low a t  I  m and on  the  sur face

t h r o u g h o u t  t h e  s t u d y  a r e a  ( F i g u r e  D - 4 5 4 ) .  A  s l i g h t  s e a s o n a l i t y  w a s

apparent in that abundances were lower in January and higher from March

t h r o u g h  J u 1 y .
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Cross-she1f  abundances  ranged f rom a  low o f  10 /m3 to  a  h igh  o f

L2321m3.  Mean c ross- " f t " f t  abundance a t  SONGS changed very  l i t t1e ,

r e m a i n i n g  n e a r  1 7 0 / m 3  d u r i n g  b o t h  m o n i t o r i n g  p e r i . o d s  ( T a b l e  4 - 8 ) .  A t

the  Cont ro l  s i te  the  mean c ross-she l f  abundance increased L0%,  f rom

159 lm3 in  the  Before  per iod  to  L74 lm3 in  the  Af te r  per iod .  These changes

r e s u l t e d  i n  a  r e l a t i v e  d e c r d a s e  o f  9 7 "  ( T a b l e  4 - L Z ) .

The BACI  t - tes t  on  un t rans formed data  y ie lded nons ign i f i can t

r e s u l t s  ( p  =  0 . 7 3 ;  a  =  0 . 1 0 ) .  T h e  u n t r a n s f o r m e d  D e l t a s  w e r e  s e r i a l l y

cor re la ted  in  the  Af te r  per iod ,  bu t  when the  au toregress ive  er to rs

p r o c e d u r e  w a s  a p p l i e d .  s e r i a l  c o r r e l a t i o n  w a s  n o t  d e t e c t e d  i n  t h e  f u 1 1

data  se t .  There fore ,  BACI  tes t ing  was per fo rmed on un t rans formed data

us ing  the  s tandard  t - tes t  w i th  independent  e r ro rs .  Resu l ts  o f  the

Wi lcoxon rank  sum tes t  on  un t rans formed data  suppor ted  the  t - tes t

r . F e , r ' l t  / n  =  O  4 0 ;  s  =  0 . 1 0 ) .  E x a m i n a t i o n  o f  t h e  D e l t a s  p l o t t e d  a g a i n s t\ r

the  t i rne  o f  year  (F igure  D-451)  showed l i t te  d i f fe rence be tween the  two

moni to r ing  per iods ,  fu r ther  suppor t ing  the  nons ign i f i can t  BACI  tes t

r e s u l t .  F i n a 1 1 y ,  t e s t s  u s i n g  o t h e r  1 o g  t r a n s f o r m a t i o n s  ( F i g u r e  D - 4 0 5 )

and the  anc i l la ry  tesEs on  the  p lume dates  and non-p lume dates  subsets

a l l  y i e l d e d  n o n s i g n i f i c a n t  r e s u l t s  ( f i g u r e  D - 4 5 0 ;  T a b l e  4 - I 0 ) ,

c o n f i r m i n g  t h e  c o n c l u s i o n  o f  n o  e f f e c t .

The SONGS versus  Cont ro l  regress ions  f i t  two d i f fe ren t  curved

I ines .  ind icaEing  nonadd i t i v i t y  in  the  un t rans formed Before  dara  and a

d i f fe ren t  re la t ionsh ip  be tween SONGS and Cont ro l  abundances  in  the  two

t i m e  p e r i o d s .  G i v e n  t h a t  t h e s e  w e r e  t h e  o n l y  s i g n i f i c a n t  r e s u l t s  b a s e d

on c ross-shet f  abundance,  we accepted  the  pr imary  BACI  resu l t  wh ich

ind ica ted  tha t  there  was no  s ign i f i can t  re la t i ve  change in  abundance o f

S a g i t t a  e u n e r i t i c a  a t t r i b u t a b l e  t o  S O N G S  o p e r a t i o n s .
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The pat te rn  ana lys is  revea led  no  s ign i f i can t  sh i f t  in  spat ia l

p a t t e r n  o f  r a n i c s  o f  a b u n d a n c e  b e t w e e n  t h e  E w o  d a t a  s e t s  ( p  =  0 . 1 3 )

4  " 3  " 2 . 4  0 f  f  s h o r e  T a x a

Of fshore  taxa  are  those tha t  a re  most  abundant  seaward  o f  the  30  n

isobath and occur only infrequent ly or in much lower abundance Dearer

s h o r e .  O n e  o f f s h o r e  t a x o n ,  C a l a n u s  p a c i f i c u s ,  w a s  u t i l i z e d  f o r  t h e  B A C I

a n a l y s e s .  O w i n g  t o  i t s  o f f s h o r e  d i s t r i b u t i o n ,  S O N G S  e f f e c t s  w e r e  n o t

a n t i c i p a t e d  f o r  t h i s  s p e c i e s  ( e . g . ,  m a x i m u m  e s t i m a t e d  i n t a k e  a n d

d i f f u s e r  l o s s e s  w e r e  l e s s  t h a n  4 ' / "  o f  a v e r a g e  c r o s s - s h e l f  a b u n d a n c e :

T a b l e  4 - 1 3 ) ,  a n d  n o n e  w e r e  d e t e c t e d  ( e . g . ,  F i g u r e s  D - 4 5 6 ,  D - 4 6 0 ) ,  a s

d e s c r i b e d  b e l o w

4 . 3 . 2 . 4 .  I  C a l a n u s  p a c i f i c u s

W e  d e t e c t e d  n o  e v i d e n c e  o f  a  S O N G S  e f f e c t  o n  C q l g r r g s  p a c i f i c u s .

I n  t h i s  s t u d y  C .  p a c i f i c u s  w e r e  f o u n d ' p r i m a r i l y  o f f s h o r e ,  i n  t h e

midwater  s t ra ta  a t  the  30  m isobath  (F igure  D-460) .  Abundance was low

in late fal I  Ehrough early winter months and very high in May through

J u l y  ( F i g u r e  D - 4 5 9  ) .  E v e r y  s u r v e y  c o n t a i n e d  a t  l e a s t  a  f e w  i n d i v i d u a l s .

Cross  -  she l f  abundances  rang 'ed  f  rom less  than 1 /mt  to  L052/m3,  bu t

t y p ! c a l 1 y  w e r e  l e s s  t h a n  2 O 0 l m 3 .  L a r g e  i n c r e a s e s  i n  c r o s s - s h e l f

a b u n d a n c e s  o c c u r r e d  a t  b o t h  S O N G S  a n d  C o n t r o l  a f t e r  A p r i l  1 9 8 5 ,  w i t h

v a l u e s  t y p i c a l l y  i n  t h e  m i d - h u n d r e d s  ( F i g u r e  D - 4 5 9 ) .  C r o s s - s h e 1 f

abundance a t  SONGS increased by  2487" ,  f rom an average o f  40 /m3 in  the

B e f o r e  p e r i o d  t o  a n  a v e r a g e  o f  1 4 0 / r n 3  i n  t h e  A f t e r  p e r i o d .  A t  C o n t r o l

t h e  i n c r e a s e  w a s  L 5 9 % ,  f r o m  3 l / m 3  t o  8 l / m 3 .  T h i s  y i e l d e d  a  r e l a t i v e

i n c r e a s  e  o f  L 2 5 7 "  ( T a b 1 e  4 - L 2 )  .
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Al though th is  seems l i ke  a  la rge  re la t i ve  change,  none o f  the

s t a E i s t i c a l  a n a l y s e s  i d e n t i f i e d  i t  a s  s i g n i f i c a n t  ( F i g u r e  D - 4 5 6 ) .  T h e

pr imary  BACI  t - tes t  on  un t rans formed De1tas ,  wh ich  'had very  low power

( 2 0 " / .  a t  c  =  0 . 1 0 :  F i g u r e  D - 4 5 5 ) .  y i e l d e d  a  n o n s i g n i f i c a n t . r e s u l t  ( p  =

0 . 2 9 ;  s  =  0 . 1 0 ) ,  a s  d i d  t h e  W i l c o x o n  r a n k  s u m  t e s t  o n  u n t r a n s f o r m e d

D e l t a s  ( p  =  0 . 8 6 ;  c =  0 . 1 0 ) .  E x c e p t  f o r t w o v e r y  l a r g e A f t e r v a l u e s ,  t h e

Del ta  va lues  fo r  the  two per iods  were  s i rn i la r  (F igure  D-457 ) .  A l though.

t h e  p o w e r  o f  t h e  B A C I  t - t e s t  i n c r e a s e d  t o  7 7 7 "  ( o  =  0 . 1 0 )  f o r  l o g  ( x ) -

t r a n s f o r m e d  D e l t a s ,  t h e  t e s t  r e s u l t  r e m a i n e d  n o n s i g n i f i c a n t  ( p  =  0 " 8 3 ) ,

a s  d i d  t h e  W i l c o x o n  r a n k  s u m  t e s t  r e s u l t  ( p  =  0 . 8 9 ) .  S i r n i l a r l y ,  a l l  1 o g

(x  *  C)  t rans format ions  y ie lded h igher  poh 'e r  (F igure  D-455)  and

nons ign i f i can t  tes t  resu l ts  (F igure  D-455) ,  con f i rm ing  the  pr imary

r e s u l t .

Regressions of SONGS abundance on Control  abundance f i t  one

s t ra igh t  l ine  to  the  da ta  f rom both  mon i to r ing  per iods ,  fu r ther

conf i rming  tha t  there  was no  SONGS ef fec t .  The s lope o f  the  l ine  was

one,  conf i rm ing  add i t i v i t y  o f  the  un t rans formed De l tas .

BACI  t - tes ts  on  un t rans formed De l tas  us ing  the  p lume dates  and

non-p lume dates  revea led  no  s ign i f i -can t  d i f fe rences  be tween mon i to r ing

p e r i o d s  ( p  =  0 . 2 4  a n d  O . 2 0 ,  r e s p e c t i v e l y l  s  =  0 . L 0 ) .  T h e  W i l c o x o n  r a n k

s u m  t e s t  r e s u l t s  w e r e  s i m i l a r l y  n o n s i g n i f i c a n t  ( p  =  0 . 5 I  a n d  0 . 5 6 ,

r e s p e c t i v e l y ;  a  =  0 . 1 0 ) .  T h u s  a l l  s e c o n d a r y  t e s t s  o n  c r o s s - s h e l f

abundance conf i rmed the  pr imary  tes t  resu l t  and the  in te rpre ta t ion  o f

n o  e f f e c t .

S p a t i a l  d i s t r i b u t i o n s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  ( p  =  0 . 1 1 )

b e t w e e n  t h e  S O N G S - A f t e r  a n d  t h e  B e f o r e - o r - C o n E r o l  d a t a  s e t s .  f u r t h e r

c o n f i r m i n g  t h a t  t h e r e  w a s  n o  e f f e c t .
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4 . 3  . 2 . 5  T o t a l  Z o o p l a n k t o n

L i t t le  ev iden" "  o f  a  SONGS ef fec t  was  ob ta ined in  the  BACI  tes t ing

of  c ross-she l f  abundances  o f  ind iv idua l  taxa .  However ,  be fore

conc lud ing  tha t  zoop lank ton  c ross-she l f  abundances  were  la rge ly

unaf fec ted  by  SONGS,  we examined Tota l  Zoop lank ton  abundances  to  see

whether  there  migh t  have been an  overa l l  e f fec t  on  the  zoop lank ton

communi ty  tha t  we missed in  the  tes t ing  o f  i t s  component  par ts .  I ^ le

found no  ev idence o f  an  e f fec t  in  the  BACI  tes t ing ,  bu t  d id  de tec t  a

pat te rn  change la rge ly  re f lec t i ve  o f  the  resu l t  ob ta ined fo r  the

dominant  zoop lank ter .  Acar t ia  tonsa.  Th is  was in te rpre ted  as  a  SONGS

ef fec t  tha t  migh t  have resu l ted  f rom a  pa t te rn  o f  SONGS- induced

c i r c u  l a t i o n .

Cross-she l f  abundances  o f  to ta l  zoop lank ton  were  la rge  and

v a r i a b l e .  r a n g i n g  f r o m  7 . 5 0 1 m 3  t o  1 9 , 0 0 0 / m 3  ( F i g u r e  D - 4 6 5 ) .  T h e r e  w e r e

n o  s u r v e y s  w i t h  c o u n t s  o f  z e r o  f o r  t o t a l  z o o p l a n k t o n .  C r o s s - s h e l f

a b u n d a n c e  i n c r e a s e d  l 5 7 i  a t  S O N G S ,  f r o m  a  m e a n  o f  a b o u t  4 , 6 0 0 / m 3  i n  t h e

B e f o r e  p e r i o d  t o  a  m e a n  o f  a b o u t  5 , 4 0 0 / m 3  i n  t h e  A f t e r  p e r i o d .

S i m u l t a n e o u s l y ,  a t  C o n t r o l  c r o s s - s h e 1 f  a b u n d a n c e  i n c r e a s e d  L 7 % ,  f r o m

a b o u t  4 , 2 1 0 l m 3  t o  a b o u t  4 , 9 0 0 / m 3  ( t a b 1 e  4 - 8 ) .

W i n t e r  D e l t a s  h a d  a  s m a l l e r  r a n g e  ( - 2 , 0 0 0 i m 3  t o  * 1 , 0 0 0 / m 3 )  t h a n

s u m m e r  ( A p r i 1  t h r o u g h  S e p t e m b e r )  D e l t a s  ( - 6 , 0 0 0 / m 3  t o  * 8 , 0 0 0 / m 3 ,  w i t h

m o s t  b e t w e e n  - 4 , 0 0 9 , r p r  a n d  * 4 . 0 0 0 / m 3  )  ( F i e u r e  D - 4 6 3  )  .  A l t h o u g h  t h e r e

w a s  s o m e  i n d i c a t i o n  o f  a  s e a s o n a l  p a t t e r n  i n  t h e  D e l t a s ,  t h e  v a l u e s  f o r

bo th  mon i to r ing  per iods  genera l l y  showed a  grea t  dea l  o f  var j .ab i l i t y

a r o u n d  a  m e a n  o f  z e r o  ( F i g u r e  D - 4 6 3  ) .

T h e  B A C I  t - t e s t  o n  u n t r a n s f o r m e d  D e l t a s  y i e l d e d  a  n o n s i g n i f i c a n t

r e s u l t  ( p  =  0 . 9 9 ,  e  =  0 . 0 5 )  i n d i c a t i n g  t h a t  t h e  n u l 1  h y p o t h e s i s  o f  n o

d i f f e r e n c e  b e t w e e n  B e f o r e  a n d  A f t e r  D e l t a s  c o u l d  n o t  b e  r e j e c t e d  ( T a b l e

4-e)"
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AI1  secondary  t - tes ts  us ing  1og t rans format ions  agreed w i th  the

p r i m a r y  r e s u l t  b a s e d  o n  u n t r a n s f o r m e d  d a t a  ( a 1 1  v a l u e s  o f  p  >  0 . 6 0 ;  d  =

0 . 0 5  :  s e e  F i g u r e  D - 4 6 2 )  .  T h e  W i l c o x o n  r a n k  s u m  t e s t  r e s u l t s  a l s o

c o n f i r m e d  t h e  p r i m a r y  B A C I  t - t e s t  r e s u l t  ( a l l  v a l u e s  o f  p  b e t w e e n  0 . 5 9

a n d  0 . 8 6  ) .  R e s u l t s  o f  B A C I  t e s t s  u s i n g  u n t r a n s f o r m e d  d a t a  f r o m  p l u m e

d a t e s a n d n o n - p 1 u m e d a t e s a 1 s o w e r e n o n s i g n i f i c a n t ( a 1 1 v a 1 u e s o . f P >

0 . 2 0 ;  a  =  0 . 0 5 ) .

SONGS versus  Cont ro l  regress ions  on  the  fu11 da ta  se ts  f i t  one

s t r a i g h t  l i n e  t o b o t h s e t s ,  w i t h  a  s l o p e  o f  1 ,  i n d i c a t i n g  a d d i t i v i t y  o f

t h e  u n t r a n s f o r m e d  d a t a  a n d  n o  S O N G S  e f f e c t .

P a t t e r n  a n a l y s e s  r e v e a l e d  a  s i g n i f i c a n t  c h a n g e  ( p  =  0 . 0 1 )  i n  t h e

spat ia l  d is t r ibu t ion  o f  abundance ranks  o f  zoop lank ton  in  the  SONGS-

L i t e r  d a t a  s e t  a s  c o m p a r e d  t o  t h e  B e f o r e - o r - C o n t r o l  s e t .  S i g n i f i c a n t  ( p

<  0 .05  )  re la t i ve  decreases  in  mean ranks  o f  abundance were  no ted  in  the

8 m ep ibenthos  and in  the  h igh  midwater  s t raCum at  30  m,  w i th  an

accompanying increase in mean rank in the low midwater straEum at 13 m

(F igure  4-5) .  We be l ieve  tha t  these spat ia l  changes represent  a

compos i te  o f  the  s ign i f i can t  changes no ted  fo r  the  ind iv idua l  taxa ,

par t i cu la r ly  the  dominant  taxon Acar t ia  tonsa.  We ident i f ied  these

sh i f ts  fo r  the  ind iv idua l  taxa  as  SONGS ef fec ts  and suggested  tha t  a

p a E t e r n  o f  S O N G S - i n d u c e d  c i r c u l a t i o n  w a s  a  p o s s i b l e  m e c h a n i s m  t h a t

cou ld  have la rge ly  accounted  fo r  the  observed Pat te rns  "  Th is

i n t e r p r e t a t i o n  a p p l i e s  t o  t o t a l  z o o p l a n k t o n  a s  w e l l .

4 . 4  P h y t o p l a n k t o n

Al though phy top lan l : ton  samples  v rere  co l lec ted  on  each zoop lank ton

moni to r ing  survey ,  ce l1  counts  were  no t  made dur ing  the  Af te r  per iod  and

t h u s  B A C I  t e s t i n g  o n  c e I l  c o u n t s  w a s  n o t  P o s s i b l e .  H o w e v e r ,
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ch lo rophy l l -a  concent ra t ion ,  an  index  o f  phy top lan lc ton  s tand ing  c rop ,

was a lso  measured d , . r r ing  the  mon i to r ing  surveys ,  by  MEC in  the  Bef  o re

p e r i o d  ( s e e  S e c E i o n  3 . 3 ) ,  a n d  b y  t h e  M R C  p h y s i c a l / c h e m i c a l  c o n t r a c t o r

( E c o s y s t e m s  M a n a g e r n e n t  A s s o c i a t e s ,  I n c "  )  s u b s e g u e n t l y .  C h l o r o p h y l l - a

concent ra t ions  were  Ehus ana lyzed as  a  sur rogate  fo r  phy top lank ton  ce l l

c o u n t s

The SONGS Uni ts  2  and 3  d ischarges  were  or ig ina l l y  p red ic ted  to .

cause a  1oca l  upwel l ing  wh ich  wou ld  resu l t  in  a  1oca l  inc rease in

p h y t o p l a n k t o n  p r o d u c t i o n  ( B a r n e t t  a n d  S e r t i c ,  1 9 7 9 a ) .  H o w e v e r ,  i f  s u c h

an increase in  p roduc t ion  d id  occur ,  : l t  was  no t  measurab le  as  a

s ign i f i can t  inc rease in  phy top lank ton  s tand ing  c rop .  In  o ther  words ,

no  ev idence fo r  a  SONGS ef fec t  was  de tec ted  in  the  ch lo rophy l l -a  da ta .

C r o s s - s h e 1 f  c h l o r o p h y l l - a  c o n c e n t r a t i o n s  r a n g e d  f r o m  a b o u t  0 . 1 8

v g l s  t o  a s  h i g h  a s  2 7 . 5 0  v g / ? -  d u r i n g  t h e  c o u r s e  o f  t h e  m o n i t o r i n g

s tud ies .  Average concent ra t ions  inc reased a t  bo th  SONGS and Cont ro l

f r o m  t h e  B e f o r e  t o  t h e  A f t e r  p e r i o d  ( e . g . ,  T a b l e  4 - 1 4 ) .  T h e  i n c r e a s e  a t

S O N G S  w a s  L 2 2 % ,  f r o m  a  m e a n  o f  2 . 8 6  v e l g  i n  t h e  B e f o r e  p e r i o d  t o  6 . 3 6  u g l g -

i n  t h e  A f t e r  p e r i o d .  T h e  i n c r e a s e  a t  C o n t r o l  w a s  s m a l l e r -  - 6 2 % ,  f r o m

2 . 7 4  p g / e  t o  4 . 4 3  v e l L .

The BACI  t - tes t  on  un t rans formed De l tas  ind ica ted  tha t  th is

r e l a t i v e  i n c r e a s e  w a s  n o t  s i g n i f  i c a n t  ( p  - -  A . 2 7  ;  e  =  0 .  1 0  )  '  a n d  t h e

s e c o n d a r y  t { i l c o x o n  r a n k  s u m  t e s t  o n  u n t r a n s f o r m e d  D e l t a s  ( p  =  0 . 8 2 ;  c  =

O . I O )  a n d  a l l  t e s t s  o n  l o g - t r a n s f o r m e d  d a t a  ( a 1 L  p  >  O . 3 0 i  a  <  O . 1 0 )

conf i rmed the  nons ign i f i can t  p r imary  tes t  resu l t  (Tab1e 4-L4) .  The

r e g r e s s i o n s  o f  S O N G S  c r o s s - s h e l f  c h o r o p h y l - 1 - a  c o n c e n t r a t i o n s  o n

Cont ro l  concent ra t j -ons  ind ica ted  tha t  a  s ing le  s t ra igh t  l ine  w i th  a

s l o p e  n o t  d i f f e r e n t  f r o m  o n e  f i t  t h e  d a t a  f r o m  b o t h  m o n i t o r i n g  p e r i o d s ,

conf i rm ing  tha t  the  un t rans formed data .were  add i t i ve  and tha t  there  was

n o  e v i d e n c e  o f  a  S O N G S  e f f e c t .
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In  o rder  to  de termine whether  a  s ign i f i can t  inc rease in  s tand ing

crop  migh t  have occur red ,  bu t  was  masked by  our  use  o f  average c ross-

s h e l f  c h l o r o p h y l l - a  c o n c e n t r a t i o n s ,  w e  a l s o  t e s t e d  d a t a  f r o m  t h e  3 0  m

sta t ion  a lone,  where  we expec ted  an  e f fec t  to  be  most  apparent  i f  there

w a s  o n e .  T h e  t - t e s t  o n  l o g  ( x ) - t r a n s f o r m e d  d a t a  ( u n t r a n s f o r m e d  d a t a

w e r e  n o t  a d d i t i v e  ( T a b l e  4 - 1 5 )  a n d  c o u l d n o t  b e  u s e d  i n t h i s  c a s e , . a g a i n

y i e l d e d  a  n o n s i g n i f i c a n t  r e s u l t  ( p  =  0 . 3 0 ;  o  =  0 . 0 5 ) ,  w h i c h  w a s

conf i rmed by  the  secondary  Wi lcoxon rank  sum tes t  on  log  (x ) -

t r a n s f o r r n e d  d a t a  ( p  =  O . 2 5 ;  o  =  0 . 0 5 )  a n d  t h e  t e s t s  o n  1 o g  ( x  *  0 " 1 ) -

t r a n s f o r m e d  d a t a  ( p , 0 . 2 5 ;  a  =  0 . I 0 ) .  T h e  r e g r e s s i o n s  o f  c h l o r o p h y l l - a

concent ra t ions  a t  the  30  m isobath  a t  SONGS on concent ra t ions  a t  30  m a t

Cont ro l  ind ica ted  tha t  a  s ing le  s t ra igh t  l ine  f i t  the  da ta  f rom both

moni to r ing  per iods ,  aga in  conf i rm ing  tha t  there  was no  ev idence fo r  a

S O N G S  e f f e c t .
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Tab le  4 -4 .  Resu l t s  o f  b inomia l  t es t s  on  SONGS/ (SOt lCS*Con t ro I )
cross-shel f  abundance rat ios for  ichthyoplankton.  The
tes t s  we re  l owe r - t a i l ed ,  eva lua ted  a t  e=0 .05 .  Va lues
o f  p<0 .05  a re  s ta t i s t i ca l l y  s i gn i f i can t .

TAXON STAGE TEST STATISTIC

Cleve land ia  ios

Q u i e t u l a  y - c a u d a

I lypnus  g i lber t i

G o b i e s o x  r h e s s o d o n

Paracl inus in tegr ip inn i -s

G i b b o n s i a  t y p e  a

Hete ros t i chus  ros t ra tus

S e r i p h u s  p o l i t u s

Genyonemus l inea tus

larvae
pre f lex ion
f lexion
pos t  -  f lex ion

larvae
pre f lex ion
f lex ion
pos t  -  f lex ion

larvae
p r e f l e x i o n
f lex ion
p o s t  -  f l e x i o n

larvae
pre f lex ion
f lex ion
p o s t  -  f l e x i o n

1a:rrae
p r e f l e x i o n
f lex ion
p o s t  -  f l e x i o n

larvae
pre f lex ion
f lex ion
pos t  -  f  Iex j -on

larvae
pre f lex ion
f lex ion
p o s t  -  f l e x i o n

larvae
pre f lex ion
f l e x i o n
p o s t  -  f l e x i o n

larvae
pre f lex ion
f l e x i o n
p o s t  -  f l e x i o n

larvae
p r e f l e x i o n
f l e x i o n
p o s t -  f l e x i o n

-4 .s73  0 .000
0 .285  0  "6L2-2 .203  0  "  014

-3 .  563  0 .000

-o .755  0 .225
-0 .161  0 .435
-0 .515  0 .303

0 .377  0 .647

-0 .879
t .239

-2  "065
0 .  136

o  "726-0 .  r15
-0 .402
0 .610

-0 .91"5
-0 .467
-0 .564
4 .L77

0 .337
0 .311

-0  "  138
0 .  384

-0 .384
-  1 .336
0 .425
0 .543

-8 .984
-11 .33
-0 .378

0 .73r

-  18  .25
-19 .98
-L .99?
0 .282

-0 .938
-0 .986
-L .7  45
-0 .593

0 .  190
o .892
0 .019
0.  ss4

0"766
0.4s4
0 .344
0 .729

0 .  180
0 .320
0 .286
0 .570

o  .632
0  .622
o  "445
0 .6s0

0 .  350
0 .091
o  .665
0 .740

0 .000
0 .000
0"3s3
0 .758

0 .000
0"000
0 .023
0 .611

0 .L74
0 .L62
0 .040
0 .277

Chei lo t rema sa turnum
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Tab le  4 -4 .  (Con t .  )

|{ent i  cirrhus undulatus

Para labrax spp

H y p s o p s e t t a  g u t t u l a t a

Para l i ch thvs  ca l i fo rn icus

A t h e r i n o p s i s  c a l i f o r n i e n s i s

Leuresthes tenuis

Engrau l i s  mordax

Ci thar ich thys  spp

Hypsob lenn ius  spp

Ia:rzae
pre f lex ion
f lex ion
p o s t -  f l e x i o n

larvae
pre f lex ion
f l"exion
p o s t  -  f l e x i o n

larvae
pref 1-exion
f lex ion
p o s t  -  f l e x i o n

larvae
pre f lex ion
f lex ion
p o s t  -  f l e x i o n

larvae
pre f  1 -ex ion
f lex ion
p o s t  -  f l e x i o n

larwae
pre f lex ion
f lex ion
p o s t -  f l e x i o n

Iarvae
pre f lex ion
f lex ion
p o s t  -  f l e x i o n

larvae
p r e f l e x i o n
p o s t  -  f l e x i o n

Iarvae
pre f lex ion
f l e x i o n
p o s t  -  f l e x i o n

3 .208
2 .630
2 . .844

-17 .13
-L2  .68
-L0 .79
-2 .325

-0 .203
-0 .131
-2 .LgL
0 .565

-2 .579
-3 .038
0 .809

-3 .090

-4 .294
-4  .56s
-o .L92
0 .052

5 .392
5 .611
0 .989
0 .949

-35 .04
-22 .9L
-28 .54
-7 .249

4 .24s
4 .  s86

5 .297
?  ? ? a
J .  J J  t

4 .325
0 .484

o.999
0 .996
0 :ee8

0 .000
0 .000
0 .000
0"010

o  .420
0 .448
0 .014
0 .7L4

0 .005
0 .001
0 .79L
0 .00r

0 .000
0 .000
0 .424
o .sLL

1 .000
1 .000
0 .839
o .829

0 .000
0 .000
0 .000
U . U U U

1 .  000
1 .  000

1 .  000
1 .  000
1 .000
0 .585
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T a b l e  4 - 6 . Average intake and
p lank ton :  percent
on  1007"  in take  loss

d i f f use r  l oss  es t ima tes  fo r  i ch thyo -
loss  o f  numbers  i n  c ross -she l f  i s  based

and  ind i ca ted  d i f f use r  l oss .

SPECIES

C l e v e l a n d i a  i o s

Q u i e t u l a  y - c a u d a

I l y p n u s  g i l b e r t i

G o b i e s o x  r h e s s o d o n

Parac l inus  in tegr ip inn is

G i b b o n s i a  t y p e  a

Hete ros t i chus  ros t ra tus

Ser iphus  po l i t us

Genyonemus I ineatus

STAGE

larrrae
pre f lex ion
f lex ion
p o s t  -  f l e x i o n

Iarvae
pre f lex ion
f lex ion
p o s t -  f l e x i o n

1a:rrae
p r e f l e x i o n
f lex ion
p o s t  -  f l e x i o n

larvae
pre f lex ion
f lex ion
p o s t  -  f l e x i o n

larvae
pre f lex ion
f l e x i o n
p o s t  -  f l e x i o n

Iarvae
pre f lex ion
f lex ion
p o s t  -  f l e x i o n

larvae
pre f lex ion
f L e x i o n
p o s t  -  f l e x i o n

larvae
pre f lex ion
f l e x i o n
p o s t  -  f l e x i o n

larvae
p r e f l e x i o n
f l e x i o n
p o s t  -  f l e x i o n

Iarvae
p r e f l e x i o n
f l e x i o n
p o s t  -  f L e x i o n

4 - L 4 4

07"

35 .82
40 .  09
28 .73
38  . 03

3 r .48
42  . 93
22 .42
26  . 50

28 .83
27 .59
28 .  16
30 .  13

10 .  13
6 .92

26 .L8
14 .  38

t -0 .73
14 .  33

7 "10
5 .0 r

28 .86
43 "10
11 .  s9
67  . 42

15 .60
9 .40

55 .56
r .  84

3 .16
L .57

22 .36
33  . 62

L .37
0 .88
4 .03
6 .70

0 .  15
0 .00
L .72

22 .8L

L07"

40 .  55
44 .L6
35  .50
42 .L9

37  .54
46 .07
30 .88
33"67

35  .08
33  .43
34 .84
35 .57

16 .  t5
L2 .82
32 .73
2L .47

20 .33
24 .6 I
16 .35
L2 .98

32  .92
47 .09
Ls  "92
67  .42

2] - .L9
15 .60
55 .86
13  .82

6 .58
s.a4

26 .40
38 .28

4  . 48
3  . 41

l - 0 .35
L5  . 77

L .49
t .2s

L4 .82
30 .46

11,e/ 507"

47  . 90  59 .98
50 .26  60 .43
45 .90  63 .07
48 .45  58 .87

46 .64  61 .80
50 .78  58 .63
43 .58  64 .73
44 .42  62 .33

44 .47  60 .  1 r
42 . t 9  56  . 79
44 .8s  6 r .  s3
46  . 23  62 .33

2s .2L  40 .29
2L .68  36 .43
42 .5s  s8 .92
32 .  10  49  . 82

34 .73  58 .73
40 .05  65  . 77
30 .24  53  . 37
24 .93  44 . "84

39 .01  49  . L5
s3 .06  63 .02
22 .40  33  . 20
67 .42  67  "42

29  . 56  43 .5 I
?4 .90  40 .40
57  "29  58  . 02
3  t .  80  6T  "77

11 .9s  20 .74
t0 .24  L8  . 92
32 .46  42 .57
45 .28  56 .95

9 .L6  L6 .94
7  . 2L  13  . 55

19 .84  35  . 55
29  . 38  52 .05

3  . 49  6  . 84
3 .  13  6 .25

34 .48  67  . 23
4L  . 94  6 t  " 07

Chei lo t rema sa turnum



T a b I e  4 - 6 .  ( c o n t i n u e d )

SPECTES

Ment ic i r rhus  undu la tus

Paralabrax spp

H y p s o p s e t t a  g u t t u l a t a

Para l i ch thys  ca l i fo rn icus

A t h e r i n o p s i s  c a l i f o r n i e n s i s

Leures thes  tenu is

Engrau l i s  mordax

Ci thar ich thys  spp

Hypsob lenn ius  spp

STACE

larvae
pref lex ion
f lex ion
pos t  -  f l ex ion

larvae
pref lex ion
f lex ion
pos t  -  f l ex ion

larvae
pref lex ion
f lex ion
post-  f lex ion

lanzae
pref lex ion
f lex ion
pos t -  f l ex ion

larvae
pref lex ion
f l ex ion
pos t  -  f l ex ion

larvae
pref lex ion
f lex ion
pos t -  f l ex ion

l-arvae
pref lex ion
f lex ion
pos t  -  f l ex ion

larvae
pref lex ion
f lex ion
post  -  f  lex j -on

larvae
pre f l ex ion
f l ex ion
pos t  -  f l ex ion

07"

1 .41
o .62
8 .90

0 .04
0 .04
0 .00
0 .  13

20  . 44
L5  . 66
67  " .O2

1 .  05
L .  L2
0 .  10
0 .41

12 .80
L2 .29
17 .31
48 .  16

10 .  18
9  . 73

10 .81
11 .  08

1 .49
0 .70
1 .  34
6  . 59

0.  s3
0 .  55

0 .  00

0 .  50
0 .59
0 .05
4  . 62

L0"/"

5 .82
5 .  14

L2 . . 32

r .45
I . 55
1 .07
1 .  37

29  "80
25 .98
67  . " 02

3 .26
3 .33
4 .35
L .29

18  . 37
L7 .76
24  . 62
49 .52

14 .27
1 ?  ? , 7

14 .  60
18 .50

3  . 48
z.s2
2 .87

10 .51

L .46
L .54

0 .00

3 .  10
3 "10
I .  65
8 .96

25% 507"

L2 .45  23  . 48
LL .92  23 .22
L7  "44  25 .98

3 . s8  7 .L2
3 .80  7 .55
2 .67  5  . 33
3 .22  5 .30

43 .83  67  . 2L
4 r .45  57  "23
67  " . 02  67  . . 02

6  "  58  L2 .49
6  . 65  L2  . L7

L0  . 7  4  21 .  38
2 .6 t  4 .82

26 .72  40 .  63
25 .95  39 .51
3s .58  53 .85
51 .57  54 .98

20 .4 t  30 .65
18 "83  27 .94
20  "29  29  . 77
29  . 63  48  "L7

6  . 46  LL  "42
5 .24  9  . 77
5 .15  8 .96

15 .41  26 .23

2 .87  5  . 22
3 .03  5 .50

0 .00  0  -  00

5 .86  13  "  11
6  . 86  13 .  14
4 .07  8  . 09

L5 .49  25 .36

4 - I + J



Tab le  4 -7 . Mean cross-she1f  abundance (number
Q u i e t u l a  y - c a u d a  l a r v a e .

per  400  m3  )  o f

Larva1 Stage T ime Per iod SONGS Cont ro l

To ta l  Larvae

P r e f l e x i o n

F l e x i o n

P o s t  f l e x i o n

Preopera t iona l
Oper i t iona l  E I  N ino

.  Non-EI  N ino

Preopera t iona l
Opera t ionaL E l  N ino

Non-EI  N ino

Preopera t iona l
Opera t iona l  E I  N ino

Non-E l  N ino

Preopera t iona l
Opera t iona l  E1 N ino

Non-EI  N ino

0.  14
0 .50
0 .34

0 .09
0 .23
0 .21

0 .06
0  .08
0 .08

o.0z
0 .  l _9
0 .  12

0 .27
2 .L8
0  . 69

o.zr
0 .78
0 .39

0 .  15
1 .  00
0 .28

0 .09
0 .39
0.zL

4- t46
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Tab le  4 -11 .  Resu l t s  o f
c ross  -  she l f
t es t s  we re
o f  p  <  0 .05

b i n o m i a l  t e s t s  o n  S O N G S /  ( S O W C S * C o n t r o l )
abundance ra t ios  fo r  macrozoop lank ton .  The

t w o - t a i l e d ,  e v a l u a t e d  a t  s  =  0 . 0 5 .  V a l u e s
a r e  s t a t ' i s t i c a l l y  s i g n i f  i c a n t .

TAXON TEST STATISTIC

A c a r t i a  c l a u s i

O i t h o n a  o c u l a t a

Acar t i a  t onsa

C i r r i p e d  N a u p l i i

C i r r iped  Cypr is

P o d o n  p o l y p h e m o i d e s

Evadne nordmanni

Evadne sp in i fe ra

P e n i 1 i a  a v i r o s t r i s

C o r y c a e u s  a n g l i c u s

Cyphonautes Larvae

L a b i d o c e r a  t r i s p i n o s a

O i t h o n a  p l u m i f e r a

Paraca lanus parvus

S a g i t t a  e u n e r i t i c a

C a l a n u s  p a c i f i c u s

T o t a l  z o o p l a n k t o n

3.773

I  .465

- t5 .92

-0 .o22

3 .083

0 .887

-5 .068

1 .  114

o  .407

-  15  .41

17 .65 I

2 .L84

15  .409

-2L .Ls

-3 .206

5 .189

-L .749

0 .000

0 .000

0 .000

0 .982

0 .  002

0 .375

0 .000

0 .265

0 .584

0 .000

0 .  000

0 .029

0 .000

0 .000

0 .00L

0 .000

0 .087

4 -150
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Tab le  4 -13 .  Average in take  and
zoop lank ton :  percent
based on  1007.  in take

TAXON S t a g e

d i f f use r  I oss  es t ima tes  fo r
l oss  o f  numbers  i n  c ross -she l f  i s

l oss  and  i nd i ca ted  d i f f use r  l oss .

07. L0% t  q"/ 50%

A c a r t i a

O i t h o n a

c l a u s  i

A c a r t i a

o c u l a t a

t o n s a

Ci r r iped Naup l i i

C i r r iped  Cypr is

P o d o n po lyphemoides

Evacine norcimanni

Evadne sp in i fe ra

P e n i l i a  a v i r o s t r i s

C o r v c a e u s  a n g l i c u s

Cyphonautes  Larvae

L a b i d o c e r a  t r i s p i n o s a

0 i t h o n a  p l u m i f e r a

Paraca lanus  parvus

S a g i t t a

Ca lanus

e u n e r i t i c a

p a c i f i  c u s

T o t a l  z o o p l a n k t o n

A lJ

A IJ

A l J

naupl ius

larvae

A IJ

A IJ

A /J

A l J

A IJ

larva

A IJ

A /J

A IJ

A l J

A IJ

A IJ

65 .L2

28 .05

3 .74

0 .52

19 .81

L .20

1 .5s

L .64

L .Z2

0  . 66

2 .64

3  . 57

1 .  09

I . 80

1 .  08

0 .06

L .99

66 .98

31 .23

7  . 46

3 .20

23 .53

7  . L2

8 .46

3 .73

2 .03

4 .  00

4 .87

7  . 78

2 .43

5 .81

5 .  50

0 .74

5 .51

69  . 77  74 .4L

36 .00  43 .9s

13 .05  22 .36

7  "23  13 .94

29  . LO  38  . 40

L5  . 99  30 .78

r8  . 84  36  . L2

6 .86  12 .08

3 .25  5  . 29

9  .O2  17 .39

8  . 21  L3  . 77

14 .  r 0  24 .64

4 .45  7  . 82

11 .  83  2L .86

12 .38  23  "69

L .76  3 .46

11 . . 05  20  . L2

+ .  L 5 L
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ZOOPLANKTON

ICHTHYOPLANKTON

F igu re  4 -3 . Conpos i tes  o f  resu l t s  o f  pa t te rn  ana lyses  on  a l l  mac ro -
zooplankton and ichthyopl inkton taxa.  Arrows ind icate
d i rec t i on  o f  re la t i ve  change  in  ranks  o f  abundance .
So l i d  a r rows  i nd i ca te  p  <  0 .05 ;  do t t ed  a r rows  deno te
0 .05  <  p  <  0 .10 .  Sanp i i t g  b l ocks  a re  deno ted  by  A ,  B ,
C ,  D  ( I ch thyop lank ton )  w i t h  A  c l oses t  t o  sho re ;  o r  8 ,
13 ,  30  (Mac rozoon lank ton :  dep th  i n  me te rs ) ;  I  =  ep i -
ben thos ,  N  =  neu i ton ,  M  =  n idwa te r ,  HM =  h i i h  rn idw i te r ,
LM =  l ow  m idwa te r .

N

HML?? i'

otrrusens
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Figure 4-+. Results of pattern analyses on nacrozooplankton taxa (left coLtunn)
and the mean rank of each straaxn at each depth based on abundances
from SONGS i.rr the Before period and Control fron both periods
(right coh-urur). _ 4TT*r i;dicate the direction of relative change
rn abund.ance. Solid arrow indicates p < 0.05, dotted a:row
denotes 0.05 < p < 0.10. Sarnpling bl-oc.ks denoted by 8, 13, 30
(depth in meteri)T E = epibenihosl N= neuston, Fl{ =-high nid-
water. LI'{ = 1ow riridw6.ter.
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5.0 INTAKE WITHDRAWAL

Pro jec t ions  o f '  annua l  losses  o f  i ch thyop lank ton  and

macrozoop lank ton  to  inEake w i thdrawal  by  SONGS Uni ts  2  and 3  were

o r i g i n a l l y  m a d e  i n  1 9 7 9  ( M R C  L 9 7 9 a ,  b ,  1 9 8 0 ) ,  b a s e d  o n  a n  e s t i m a t e  o f

t h e  v o l u m e  o f  w a t e r  t h a t  w a s  e x p e c t e d  t o  b e  c i r c u l a t e d . b y  t h e  S O N G S

Uni ts  
"and 

on  es t i -mates  o f  the  abundance leve ls  and d is t r ibu t ions  o f

p lank ton ic  o rgan isms based on  the  re la t i ve ly  smal I  da ta  se ts  ava i lab le

a t  the  t ime.  Mor ta l i t y  was  assumed to  be  IOO% in  passage th rough the

SONGS coo l ing  sys tems.  In  th is  repor t  we prov ide  the  f ina l  Pro jec t ion  o f

a n n u a l  l o s s e s .  w h i c h  h a s  b e e n  u p d a t e d  t o  u t i l i z e  m e a s u r e m e n t s  o f  a c t u a l

vo lumes o f  water  c i rcu la ted  by  Un i ts  2  and 3  and ich thyop lank ton  and

macrozoop lank ton  abundance leve ls  d rawn f rom a l l  mon i to r ing  da ta"

T h e s e  p r o j e c t i o n s  a g a i n  u t i l i z e  a  1 0 0 %  m o r t a l i t y  r a t e  o f  o r g a n i s m s

pass ing  th rough the  Un i ts  2  and 3  coo l ing  sys tems.  based on  a  measured

8 5 - 1 0 0 %  l o s s  r a t e  o f  m a c r o z o o p l a n k t o n  p a s s i n g  t h r o u g h  t h e  U n i t  3

coo l ing  sys tem.  Es t imaEes o f  the  b iomass o f  w i thdrawn mac iozoop lank ton

d ischarged f rom the  Un i ts  2  and 3  coo l ing  sys tems are  prov ided in  th is

sec t ion  as  we l l .  Abundance dec l ines  de tec ted  in  the  f ina l

i ch thyop lan l : ton  and zoop lank ton  BACT ana lyses  probab ly  were  re la ted  to

numbers  o f  o rgan isms w i thdrawn;  the  re la t ionsh ip  o f  the  loss  es t imates

t o  t h e  B A C I  r e s u l t s  i s  d i s c u s s e d  i n  S e c t i o n  4  o f  t h i s  r e P o r t .

I n  t h i s  s e c t i o n ,  w €  f i r s t  d i s c u s s  t h e  p e r c e n t a g e  l o s s e s  o f

o rgan isms w i thdrawn by  the  in takes  and the  fa te  o f  mater ia l  pass ing

t h r o u g h  t h e  U n i t s  2  a n d  3  c o o l i n g  s y s t e m s  ( S e c t i o n  5 . 1 ) ,  f o l l o w e d  b y  a

d i s c u s s i o n  o f  t h e  e s t i m a t e d  a n n u a l  l o s s e s  o f  i c h t h y o p l a n k t o n  a n d

m a c r o z o o p l a n k t o n  ( S e c t i o n  5  " 2 )  .
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5.1  Loss  and Recovery  Survey

L n  t h i s  s e c t i o n ' w e  a d d r e s s  t h e  p e r c e n t a g e  l o s s e s  o f  o r g a n i s m s

enter ing  the  in takes  and the  fa te  o f  mater ia l  pass ing  th rough the  Un i ts

2  ar .d  3  coo l ing  sys tems.  -4 ,1 though the  da ta  were  based on  a  s ing le  survey

taken in  December  1986 dur ing  wh ich  in take ,  d i f fuser  por t ,  pLume and

ambient  s ta t ions  were  sampled ,  we have conf idence in  the  resu l ts

b e c a u s e  t h e y  c o n f i r m  r e s u l t s  o f  e a r l i e r  s t u d i e s  o n  U n i t  1 .  f t  w a s  f o u n d

tha t  near ly  a l l  o f  the  macrozoop lank ton  w i thdrawn by  the  in takes  o f

Un i ts  2  and 3  were  k i I led  in  t rans i t  w i th  a  f rac t ion  o f  the  numbers

r e p l a c e d  b y  o r g a n i s m s  e m i g r a t i n g  f r o m  t h e  c o o l i n g  s y s t e m  b i o f o u l i n g

communi ty .  &  th rough-p1ant  change in  carbon was measured wh i le  ses ton

ana lyses  exh ib i ted  inc reased loads  in  d i f fuser  waters  re la t i ve  to  those

f o u n d  i n  i n t a k e  w a t e r s .

T h r o u g h - p 1 a n t  l o s s e s  o f  m a c r o z o o p l a n k t o n ,  i n c l u d i n g  a l l

m e r o p l a n k t o n  c a t e g o r i e s ,  r a n g e d  f r o m  8 5 - I 0 0 i a  ( e x c e p t  f o r  b i o f o u l i n g

o r g a n i s m s )  a t  U n i t  3  ( T a b l e  5 - 1 ) .  L o s s e s  w e r e  s o m e w h a t  l o w e r  f o r  s e v e r a l

t a x a  a t  U n i t  2 ,  r e f l e c t i n g  t h e  r e l a t i v e  m a t u r i t y  o f  t h e  b i o f o u l i n g

communi t ies  in  the  in take  condu i ts  a t  the  t ime o f  sampl ing .  Un i t  3  had

not  undergone heat  t rea tment  fo r  a  J .ong per iod  - -  e leven weeks  - -  wh i le

Unit  2 } : .ad undergone heat treatment just Ewo weeks before the sampting

date .  Thus  the  loss  Ieve ls  conf i rmed the  observa t ions  o f  Barnet t  and

S e r t i c  ( L 9 7 9 a )  t h a t  e s s e n t i a l l y  a l l  o f  t h e  m a c r o z o o p l a n k t o n  ( a n d  b y

ex t raPo la t ion ,  i ch thyop lank ton)  en ter ing  the  in takes  are  los t  in  the

c o o l i n g  w a t e r  c o n d u i t s  p r i m a r i L y  a s  a  r e s u l t  o f  c o n s u m p t i o n  b y  t h e

b i o f o u l i n g  c o m m u n i t y .  T h i s  c o n c l u s i o n  i s  f u r t h e r  s u p p o r t e d  b y  t h e

b i o f o u l i n g  o r g a n i s m s  c a t e g o r y  w h i c h  s h o w e d  l a r g e  p e r c e n t a g e  i n c r e a s e s

i n  U n i t  3  d i f f u s e r  s a m p l e s .  T h i s  g r o u p  o f  o r g a n i s m s  c o m p r i s e d  a m p h i p o d s

( r g O %  o f  t h e  n u m b e r s  ) ,  f l a t w o r m s , .  m y s i d s ,  i s o p o d s ,  a n d  c u m a c e a n s :  a I l
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organ isms ind ica t ive  o f  the  fou l ing  communi ty  inhab i t ing  the  sys tem.  A

smal le r  abundance inc fease occur red  fo r  these organ isms in  samples  f rom

U n i t  2 ,  s u p p o r t i n g  t h e  v i e w  o f  a n  i n c o m p l e t e l y  r e - e s t a b l i s h e d  U n i t  2

fou l ing  communi ty .

A I l  sarnp les  were  co l lec ted  f rom the  p lume s ta t ion  w i th in  I  hour  o f

comple t ion  o f  sampl ing  a t  the  Un i t  2  d i f fuser  por t .  There fore ,  the

p lume samples  were  representa t ive  o f  a  combina t ion  o f  water  d ischarged

f rom the  Un i t  2  d i f fuser  and ambien t  en t ra iDed water .  The p lume s ta t ion

sampl ing  depth  was Located  such tha t  the  sampled  water  shou ld  have

undergone fu l l .  in i t ia l  m ix ing ,  resu l t ing  in  about  10  par ts  ambien t

water  to  1  par t  d ischarged water .

Compar isons  o f  the  p lume samples  w i th  samples  co l lec ted  a t  the

Uni t  2  in take  and w i th  samples  f rom the  d i f fuser  (Tab le  5 -2)  showed tha t

macrozooplankton abundances in the plume were more l ike Ehose found at

the  in take  s ta t ion  than l i ke  those found in  the  d i f fuser  water .  Th is

suggested  tha t  fu l I  m ix ing  had occur red ,  a l though abundances  o f

amphipods and others of the biofoul ing group remained signi f icant ly

h i g h e r  ( p .  . 0 5 ,  t - t e s t ;  p l u m e  v s .  i n t a k e  s a m p l e s )  t h a n  w o u l d  h a v e  b e e n

exPected  under  10 :1  d i lu t ion .  P lume abundances  were  h igher  than in take

and d ischarge abundances  fo r  some taxa ,  suggest ing  tha t  the  en t ra ined

water  conta ined h igher  abundances  o f  those organ isms than d id  in take

w a t e r s  "

Hacrozoop lank ton  losses  and fou l ing  organ ism ga ins  were  conver ted

to  egu iva len t  carbon un i ts .  Vo lumes o f  o rgan isms in  each taxon and

c a r b o n  ( C )  e q u i v a l e n t s  f o r  t h o s e  v o l u m e s  w e r e  t a k e n  f r o m  H i r o t a  ( L 9 7 2 ) ,

P a r s o n s  a n d  T a k a h a s h i  ( 1 9 7 3 ) ,  a n d  B a r n e t t  a n d  J a h n  ( 1 9 8 7 ) .  D a t a  u s e d

c a m e  f r o m  t h e  r e s u l t s  o f  U n i t  3  ( T a b l e  5 - 1 ) .  W e  a s s u m e d  t h a t  t h e  r e s u l t s

f rom Un i t  3 ,  wh ich  had no t  undergone heat  t rea tment  fo r  a  re la t i ve ly
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long per iod,  would be more representat ive of  average condi t ions than

wou ld  those  o f  t he  rec in t l y - t rea ted  Un i t  2 .  A t  Un i t  l ,  ea r l i e r  s tud ies

(Lockheed,  Lg77)  s i rowed that  the mat- formed component  of  the fou l ing

commun i t y  (e .g . ,  hyd ro ids .  sponges ,  Jassa  fa l ca ta )  reached  a  rough ly

steady-state coverage of  about  50-757"  wi th in  s ix  weeks,  a l though

biomass (contr ibuted pr inc ipa l ly  by barnacles and mussels)  genera l ly

cont inued to increase for  12 weeks or  more.

The sum of were calculated as lmfiHmg

S/-i i?:l. gffi in the biofouling group represent Sffiff i iS or about 4.5"/""11"-..

o f  t h e  m a c r o z o o p l a n k t o n  l o s s e s .  T h u s ,  o n l y  a b o u t  5 7 .  o f  t h e  w i t h d r a w n  . t ' ; . -

macro  zoop lank ton  b iomass was re tu rned to  the  ocean as  l i ve  benth ic  o r

ep ibenth ic  b iomass o f  about  the  same s ize  range.  Th is  t rans fer

e f f i c iency  is  about  ha l f  to  a  th i rd  o f  the  LO-L5% t rans fer  e f f i c iency

u s u a l l y  c i t e d  f o r  h i g h e r  t r o p h i c  l e v e I s  o f  m a r i n e  s y s t e m s  ( s e e  P a r s o n s

and Takahash i ,  L973:  p .  L24) .  The d i f fe rence be tween these es t imated

t rans fer  e f f i c ienc ies  probab ly  represents  the  amount  o f  w i thdrawn

macrozoop lank ton  b iomass u t i l i zed  fo r  g rowth  o f  the  a t tached b io fou l ing

communi ty .  Th is  i s  no t  passed th rough as  l i v ing  b iomass,  bu t  i s

re tu rned to  the  sea in  the  fo rm o f  dead organ isms and d isso lved organ ic

carbon during heat treatments, for exampre .  t  
b ' rv(- .  o9{ i^ t*- i t "LT;g""o'-* l / t -

- 
f^'f -\ ' ft ')

T a b l e  5 - 3  p r e s e n t s  t h e  r e s u l t s  o f  t h e  c a r b o n  a n d  s e s t o n  a n a l y s e s .

C a r b o n  v a l u e s  a r e  i n  u n i t s  o f  m g  C / J - i t e r .  S e s t o n  c o n c e n t r a t i o n  i s  g i v e n

i n  u n i t s  o f  m g  s e s t o n  d r y  w e i g h t / l i t e r .  W e  f i r s t  n o t e  t h e  l i n k a g e

b e t w e e n  t h e  a v e r a g e  p a r t i c u l a t e  o r g a n i c  c a r b o n  ( P O C )  v a l u e s  o f  0 . 1 7  m g

C/ l i te r  measured in  the  in take  samples  and the  summed macrozoop lank ton

l o s s e s  d e s c r i b e d  a b o v e .  T h e  m a c r o z o o p l a n k t o n  l o s s e s  o f  6 , L L 7  u g  C / m 3

represented  near ly  100 i1  o f  the  organ isms w i thdrawn and there fore  shou ld

r e p r e s e n t  t h e  m a c r o z o o p l a n k t o n  f r a c t i o n s  o f  t h e  i n t a k e  P O C  s a m p l e s .  I n
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e q u i v a l e n t  u n i t s ,  t h e  t o t a l  m a c r o z o o p l a n k t o n  l o s s e s  w e r e  . 0 0 6 2  m g

C / I i t e r  ( 6 , 2 0 0  x t s  C / m i  : .  1 O - 3  m 3 / 1 i r e r  ? ' (  1 0 - 3  r n g i u g )  o r  o n l y  4 %  o f  t h e

0.17  rng / I i te r  POC found in  the  in take  samples .  The remainder  o f  the  POC

mater ia l  there fore  must  have compr ised phy top lank ton ,  bac ter ia  and

organ ic  de t r i tus .  The POC va lues  in  the  present  s tudy  appear  reasonab le

cons ider ing  tha t  S t r i ck land e t  a1 .  (1967 )  ob ta ined average va lues .  o f

0 . 0 5  -  0 . 5 0  m g  C / l i t e r  o v e r  a  y e a r  o f  s a m p l i n g  a t  a 2 5  m  s t a t i o n  i n  t h e  L a

J o I l a  B i g h t .

Compar isons  o f  d i f fuser  and in take  va lues  show tha t  there  was no

s i g n i f i c a n t  t h r o u g h - p l a n t  g a i n  o r  l o s s  o f  P O C ,  d i s s o l v e d  o r g a n i c  c a r b o n

( D O C )  o r  t o t a l  o r g a n i c  c a r b o n  ( T O C )  ( p  t . 0 5 ,  t - t e s t s ) .  ( T h e  a p p a r e n r

s ign i f i can t  ga in  in  TOC between in take  and d i f fuser  i s  gues t ionab le

because the mean value of the TOC at the intake was 24% less than the sum

of  the  POC and DOC va lues ;  a l l  th ree  were  taken f rom Ehe same sarnp le ) .

There fore ,  there  appears  to  have been no  ne t  change o f  carbon mater ia l

th rough the  p lan t .  As  no ted  ear l ie r ,  the  macrozoop lank ton ,  whose

changes were  re la t i ve ly  la rge  on  the i r  own sca le ,  cons t i tu ted  on ly  a

smal l  f rac t ion  o f  the  to ta l  par t i cu la te  carbon and conseguentLy

c o n t r i b u t e d  l i t t l e  t o  p o t e n t i a l  c h a n g e s  i n  t h e  l a t t e r .

IE  iS  c lear  tha t  a t  the  t ime o f  the  loss  and recovery  survey

d i f fuser  water  and p lume water  were  enr iched in  ses ton  as  compared w i th

ln take  and ambien t  water .  In  th is  case,  because in take  va lues  were

s i g n i f i c a n t l y  l o w e r  t h a n  d i f f u s e r  v a l u e s  ( p  .  . 0 5 ,  t - E e s t ) ,  i t  a p p e a r s

t h a t  t h e  s o u r c e  o f  t h i s  i n c r e a s e  w a s  t h e  p o w e r  p l a n t  i t s e l f  a n d  n o t  j u s t

a  t r a n s P o r t  o f  s e d i m e n t  f r o m  i n s h o r e  o f  t h e  d i f f u s e r s .  O n e  w o u l d  e x p e c t ,

a  p r io r i ,  tha t  the  pr inc ipa l  con t r ibu t ing  source  fo r  th is  enhancement

w o u l d  b e  o r g a n i s m s  l i v i n g  a t t a c h e d  i n s i d e  t h e  i n t a k e  a n d  s c r e e n  w e 1 1 s .

H o w e v e r ,  b e c a u s e  t h e  o r g a n i c  f r a c t i o n  c o n t r i b u t e d  l i t t l e  ( . 0 0 5 2  m g
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C / l i t e r  i n  w i t h d r a w n  o r g a n i s m s  a n d  a  n o n - s i g n i f i c a n t  0 . 0 3  m g  C / 1 i t e r  i n

P O C ) ,  t h e  g a i n  o f  a b d u t  8 . 5  r n g / I i t e r  o r  L 5 0 7 .  i n  s e s t o n  d r y  w e i g h t  o n

passage th rough the  p lan t  must  have been inorgan ic .  I f  th is  represented

a s teady  average ou tpu t  i t  wou ld  amount  to  about  75  met r ic  tons  o f  d ry

w e i g h t  m a t e r i a l  p e r  d a y ,  o r  o v e r  2 5 , 0 0 0  t o n s  p e r  y e a r .  T h i s  c o u l d  b e ,  i n

Par t ,  the  resu l t  o f  inorgan ic  o r  low organ ic  add i t ions  f rom organ isms I

fo r  example  mol lusc  and barnac le  she l l s ,  ch i ton  carapaces  o f

c rusEaceans,  and sca les  and bones o f  f i shes .  A  qua l i ta t i ve  examinat ion

of  in take  and d i f fuser  p lank ton  samples  ind ica ted  tha t  the  d i f fuser

samples  d id  conta in  such th lngs  as  amphipod tubes  and exoske le tons ,

h y d r o i d  t u b e s ,  b a r n a c l e  f e e t ,  e m p t y  m o l l u s c  s h e l l s ,  t e r r e s t r i a l  p l a n t

seeds  and smal l  f lakes  o f  mica-1 ike  mater ia l  tha t  genera l l y  were  no t

seen in  in take  samples .  The d i f fuser  samples  conta ined a  good dea l  more

sand than the  in take  samples ,  3S we lL .  The exoske le tons ,  tubes  and

s h e 1 l s  m o s t  l i k e I y  w e r e  a t t r i b u t a b l e  t o  t h e  b i o f o u l i n g  c o m m u n i t y ,  b u t

the  sand and te r res t r ia l  p lan t  seeds  suggest  add i t iona l  inpu ts ,  perhaps

f ro rn the  aux i l ia ry  in takes  (wh ich  are  I .3  m in  d iameter  and loeated  100

m c loser  to  shore  than the  pr imary  inEakes  )  o r  f rom sources  a t  the  p lan t

i t s e l f .  A n  a l t e r n a t i v e  e x p l a n a t i o n  f o r  t h e  e x c e s s  s e s t o n  m i g h t  b e  t h a t

our  ses ton  da ta  were  noE representa t ive  because they  represented  lagged

or  var iab le  th rough-p lan t  ou tpu ts  .

The p lume water  appears  to  have re ta ined the  POC charac ter is t ies

o f  t h e  d i f f u s e r  w a t e r .  T h i s ,  t o g e t h e r  w i t h  t h e  p o i n t  n o t e d  e a r l - i e r  t h a t

about  427"  o f  the  excess  (over  in take)  numbers  o f  b io fou l ing  organ is rns  in

the  d i f fuser  were  found in  the  p lume waters  0 .5  km downcur ren t  (Tab1e 5-

2 ) .  i n d i c a t e s  t h a t  l e s s  t h a n  a  1 0 : 1  d i l u t i o n  o f  d i f f u s e r  w a t e r  w i t h

ambien t  water  had occur red  when p lume samples  were  faken.
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Cer ta in  observa t ions  f rom th is  survey ,  such as  ga ins  by  the  cypr is

l a r v a e  o f  b a r n a c l e "  i n  t h e  d i f f u s e r  w a t e r s  f r o m  U n i t  2  ( T a b l e  5 - 1 ) ,

remain  unexp la ined.  We wou ld  have expec ted  any  inc reases  o f  th is  type  to

o c c u r  f o r  t h e  e a r l i e s t  l a r v a l  s t a g e  - -  c i r r i p e d  n a u p l i i  - -  r a t h e r  t h a n

for  the  o lder  cypr is  s tage la rvae.  The d isc repancy  be tween TOC and the

sum of POC and DOC also is unexplainable except by the 2O% sampling and

ana ly t i ca l  e r ro r .  However ,  ne i ther  o f  these unexp la inab le  obser r ra t ions

det rac ts  f rom the  main  resu l ts  o f  th is  survey  - -namely ,  tha t  most

organisms withdrawn by Units 2 and 3 are ki1led and replaced by loadings

o f  s e s t o n  a n d  b i o f o u l i n g  o r g a n i s m s .

5 .2  Es t imated Annua l  Losses  o f  Ich thyop lank ton  and Zoop lank ton

The purpose o f  th is  sec t ion  is  tc  p rov ide  es t imates  o f  the  numbers

of ichthyoplankters and macrozooplankters annual ly withdrawn at the

.Un i ts  
2  and 3  in takes  and k i l led  in  passage th rough the  coo l ing  sys tems.

These es t imates  d i f fe r  f rom the  es t imates  presented  in  Sec t ion  4  in  two

i m p o r t a n t  r e s p e c t s .  F i r s t ,  h e r e  w e  u s e d  a l l  a p p r o p r i a t e  d a t a  f r o m  a l l

surveys  taken dur ing  the  var ious  phases  o f  the  SONGS s tud ies  to  genera te

average abundances  o f  o rgan isms suscept ib le  to  w i thdrawal ,  ra ther  than

t h e  s h o r t e r  o p e r a t i o n a l  p e r i o d  d a t a  b a s e s  u s e d  i n  S e c t i o n  4 .  U s e  o f  t h e

v e r y  l o n g  d a t a  b a s e s  ( 9 -  1 1  y e a r s  )  s h o u l d  p r o v i d e  b e t t e r  e s t i m a t e s  o f  t h e

average annua l  losses  to  be  expec ted  f rom year  to  year  s ince  they

inc lude abundances  measured dur ing  a  w ide  var ie ty  o f  oceanograph ic

c o n d i t i o n s ,  r a n g i n g  f r o m  c o o l  y e a r s  t o  t h e  L 9 8 2 - 1 9 8 4  E l  N i n o  - -  o n e  o f

the  s t ronges t  E l  N ino  events  o f  the  century .  Second,  !h .  average

abundances  tha t  we used in  th is  sec t ion  are  " reg iona l  means"  wh ich  we

genera ted  by  averag ing  abundances  a t  the  Impact  and Cont ro l  s i tes

( there  were  a  few surveys  when Cont ro l  da ta  v rere  no t  ava i lab le ,  fo r
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e x a m p l e  t h e  i n t a l c e  l o s s  s u r v e y s  d e s c r i b e d  i n  S e c t i o n  3 . 6 ;  i n  t h e s e  c a s e s

the  " reg iona l  mean"  was s inp ly  the  abundance a t  the  Impact  s i te ) .  Th is

was done to  avo id  underes t imat ing  losses  as  cou ld  happen by  us ing  Impact

abundance a lone (s ince  the  lmpact  co l lec t ions  hrere  made a t  some

distance from SONGS Units 2 arrd 3, and thus would have sampled water

a l ready  sub jec ted  to  w i thdrawal  about  ha l f  the  t ime,  on  averaBe) ,  wh i le

a t  the  same t ime avo id ing  the  overes t imate  o f  losses  tha t  cou ld  occur  by

us ing  Cont ro l  abundance a lone (s ince  use  o f  Cont ro l  abundance wou ld

i g n o r e  t h e  p o s s i b i l i t y  o f  m u l t i p l e  e x p o s u r e  o f  w a t e r  m a s s  a n d  i t s

organ isms to  w i thdrawal ,  resu l t ing  f rom cur ren t  reversa ls ,  fo r

example) .  By  averag ing  over  the  Impact  and Cont ro l  abundance va lues ,

wh ich  used a lone wou ld  p robab ly  have y ie lded underes t imates  and

o v e r e s t i m a t e s  o f  l o s s e s ,  r e s p e c t i v e l y :  w €  h o p e d  t o  o b t a i n  a  m o r e

r e a l i s t i c  e s t i m a t e  o f  t h e  a c t u a l  l o s s e s  t o  b e  e x p e c t e d .

The da ta  bases  and computa t ions  used to  es t imate  the  annua l  losses

of planktonic organisms due to withdrawal at the Units 2 and 3 intakes

r e q u i - r e  s o m e  d e s c r i p t i o n  a n d  a r e  g i v e n  b e l o w  i n  S e c t i o n  5 . 2 . T .  T h e

r e s u l t s  o f  t h e  l o s s  e s t i m a t e s  a r e  d i s c u s s e d  i n  S e c t i o n s  5 . 2 . 2

( i c h t h y o p l a n k t o n )  a n d  5 . 2 . 3  ( m a c r o z o o p l a n k t o n ) ,  a n d  t h e  l o s s  e s t i m a t e s

themse lves  are  g iven on  Tab le i  5 -4  th rough 5-6  fo r  i ch thyop lank ton  and

T a b l e s  5 - 7  t h r o u g h  5 - 1 2  f o r  m a c r o z o o p l a n k t o n .  T h e s e  l o s s  e s t i m a t e s  a r e

for  in take  w i thdrawal  a lone s ince  th is  mechan ism is  known to  opera te .

E s t i m a t e s  o f  p o t e n t i a l  l o s s e s  d u e  t o  s e c o n d a r y  e n t r a i n m e n t  o f  o r g a n i s m s

in  the  d ischarge p lume are  no t  inc luded because these k inds  o f  losses

( e . g . ,  m o r t a l i t y  r e s u l t i n g  f r o m  s h e a r  s t r e s s ,  l o s s e s  d u e  t o  i n c r e a s e d

s u s c e p t i b i l i t y  o f  e n t r a i n e d  p l a n k t e r s  t o  p r e d a t i o n  a s  a  r e s u l t  o f

i n j u r y  o r  d i s o r i e n t a t i o n )  h a v e  n o t  b e e n  d e m o n s t r a t e d .
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5 . 2 .  I  M e t h o d s

A l l  s a m p l e s  c o l i e c t e d  a t  t h e  I m p a c t  a n d  C o n t r o l  s i t e s  n e a r  t h e

d e p t h  o f  t h e  S O N G S  i n t a k e s  w e r e  u s e d  f o r  t h i s  a n a l y s i s  o f  i n t a k e  l o s s e s .

T h e s e  s a m p l e s  w e r e  c o l l e c t e d  f r o m  L 9 7 8 -  1 9 8 0  a n d  L 9 8 2 -  1 9 8 6  f o r

i  chthyop lankt on, and f rom L976-  1980 and T982-  1986 fo r

macrozoop lank ton .  S ince  ich thyop lank ton  and macrozoop lank ton  are

k n o w n  t o  h a v e  s e a s o n a l  a b u n d a n c e  c y c l e s  ( e . g . ,  B a r n e t t  a n d  J a h n ,  1 9 8 7 ;

W a l k e r  e t  a 1 . ,  1 9 8 7 )  o n l y  y e a r s  w i t h a t  l e a s t  t w o  s u : : v e y s  i n e a c h o f  t h e

two (warm and coo l )  seasons were  used ( fo r  i ch thyop lank ton ,  the  warm

season was taken as  June -  Novernber  wh i le  the  coo l  season was December  -

M a y :  W a l k e r  e t  a l . ,  L 9 8 7 1 .  f o r  m a c r o z o o p l a n k t o n  t h e  r e s p e c t i v e  s e a s o n s

were  March  -  August  and September  -  February :  Barnet t  and Jahn,  1987) .

The ieh thyop lank ton  da ta  base inc luded a l l  surveys  (exc lud ing

s p e c i a l  s t u d i e s  s u c h  a s  t h e  v e r t i c a l / d i e I  s u r v e y s  )  t a k e n  i n  t h e  y e a r s

l i s ted  above.  For  each survey ,  the  Impact  and Cont ro l  i ch thyop lank ton

s a m p l i n g  b l o c k  ( A  o r  B :  s e e  F i g u r e  3 - f )  n e a r e s t  t h e  9  m  i s o b a t h  w a s

s e l e c t e d .  W h e n  t h e  B l o c k  A  a n d  B  l o c a t i o n s  w e r e  a t  e q u a l  d e p t h

j - n t e r v a l s  f r o m  t h e  9  m  i s o b a t h  ( e . g . ,  8  m  i n  B l o c k  A ,  1 0  m  i n  B l o c k  B ) ,

B l o c l c  B  r " ' a s  s e l e c t e d "

The zoop lank ton  da ta  base inc luded a l l  surveys  fo r  wh ich  d isc re te

s a m p l e s  ( i . e . ,  d i s c r e t e  w a t e t  c o l u m n  J . a y e r s  s a m p l e d  s e p a r a t e l y )  w e r e

co l iec ted  near  the  in take  depth  (9  m) ' .  For  surveys  w i th  more  than one

n e a r f i e l d  I m p a c t  s a m p l i n g  s i t e  c l o s e  t o  t h e  9  m  i s o b a t h .  t h e  I m p a c t  s i t e

n e a r e s t  t o  t h e  S O N G S  i n t a k e s  w a s  u s e d .  T h e  d i s c r e t e  s a m p l e s  w e r e

c o l l e c t e d  f r o m  L 9 7 6 - 1 9 7 8 ,  i n  1 9 8 0 ,  a n d  a g a i n  f r o m  L 9 B 2 - 1 9 8 6 .  I n

a d d i t i o n  t o  t h e  d i s c r e t e  s a m p l e s ,  o b l i q u e  t o w e d - n e t  s a m p l e s  t a k e n

b e t w e e n  0 c t o b e r  1 9 7 8  a n d  S e p t e m b e r  L 9 7 9  w e r e  i n c l u d e d  f o r  l o s s

e s t i m a t e s  b a s e d  o n  i n E e g r a t e d  w a t e r  c o l u m n  a b u n d a n c e s .
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T a x a  u t i l i z e d  i n  t h e  i n t a k e  l o s s  e s t i m a t e s  i n c l u d e  a l l  t a x a

u t i l i z e d  i n  t h e  f i n a l  B A c r  a n a l y s e s ,  p l u s  a  n u m b e r  o f  o t h e r s .  F o r

ich thyop lank ton ,  the  taxa  inc lude those tha t  were  the  most  abundant ,  as

w e l l  a s  a d d i t i o n a l ,  l e s s  a b u n d a n t ,  t a x a  o f  s p o r t  o r  c o m m e r c i a l  v a 1 u e .

Compos i te  g roups  o f  taxa  hav ing  spat ia l  a f f in i t ies ,  g roups  tha t  cou ld

b e  i d e n t i f i e d  a s  h a v i n g  s p o r t / . c o m m e r c i a l  ( T a b l e  5 - 1 3 ) ,  f o r a g e  ( t a b I e  5 -

1 4 ) ,  o r  f o d d e r  ( a  s u b s e t  o f  " f o r a g e " )  v a l u e ,  a n d  t h e  t o t a l  e g g  a n d

1arva l  ca tegor ies  a lso  were  t rea ted .  For  macrozoop lank ton  seventeen

taxa,  the  compos i te  g roups  to ta l  ho lop lank ton ,  to ta l  merop lank ton  and

to ta l  zoop lank ton ,  and two add i t iona l  g roups  were  inc luded.  B iomass

es t imates  were  made on ly  fo r  the  macrozoop lank ton .  A11 ca lcu la t ions

were  done separa te ly  fo r  i ch thyop lank ton  and fo r  the  macrozoop lank ton .

Es t imated annua l  losses  due to  in take  w i thdrawal  were  ca lcu la ted

by  f i rs t  averag ing  dens i t i -es  in  the  seLec ted  b lock  a t  the  Impact  s i te

and a t  Cont ro l  to  y ie ld  a  reg iona l  mean dens i ty  fo r  each survey .  Nex t ,

the regional means in each year were averaged within the warm season and

wi th in  the  coo l  season fo r  tha t  year .  These seasona l  averages  w i th in

each year  were  then themse lves  averaged,  genera t ing  a  year ly  average

for  each year .  Las t ly ,  an  annua l  average dens i ty  was ca lcu la ted  by

a v e r a g i n g  o v e r  a l l  t h e  y e a r l y  a v e r a g e s .  T h i s  p r o c e s s  c a n  b e  e x p r e s s e d

a s  f o l l o w s :

ys .

v. .

Tys
t  a t . t ,'  - ys t  /  ' y s

+ -  1
L -  I

2
r  c  t2ys . '

s=1

Y
rc /y

v . . '
y= I

5-  r0



where C
Y S E

Tys
Y

Note  tha t  a
subsc r i p t .

where  c  =

D .  =
a

. , -
p .

I

The average dens i ty  (c )  a t  the  &npact  s i te  and a t  Cont ro l  was

ca lcu la ted  in  two ways .  The f i rs t  way  assumed tha t  o rgan isms were

withdrawn only from the midwater ("Mid Mean" on Tables 5-4 through 5-

L2);  the second way assumed that organisms were withdrawn from the

e n t i r e  w a t e r  c o l u m n  ( " W a t e r  M e a n "  o n  T a b l e s  5 - 4  t h r o u g h  5 - 1 2 ) .  M i d w a t e r

samples  prov ided the  dens i ty  va lues  fo r  the  f i rs t  method o f

ca lcu la t ion .  Neuston ,  midwater  and ep ibenthos  samples  (and the  ob l ique

macrozoop lank ton  samples)  p rov ided the  dens i ty  va lues  fo r  the  second

method.  For  the  second method,  average dens i ty  a t  each s i te  ( Impact  and

Cont ro l )  was  ca lcu la ted  as  a  we igh ted  mean g iv ing  propor t ionate

rePresenta t ion  to  the  f rac t ion  o f  the  water  co lumn depth  sampled  fo r

each s t ra tum.  Thus ,  fo r  macrozoop lank ton ,  where  the  numbers  o f

verE ica l  s t ra ta ,  sampl ing  depths  and to ta l  depth  var ied  over  t ime,

S
t  (D i  x  { 2 ,  -  Z i _ I } )

i =1

=  reg iona l  ave rage  dens i t y  f rom t ime  t ,  season  s ,  yea r  y
= number of  surveys wi th in  season s of  year  y
= number of years surrreyed

dot  in  p lace of  a  subscr ip t  ind icates an average over  that

z
the  average dens i ty  o f  zoop lank ton  in

the  dens i ty  o f  zoop lank ton  in  s t ra tum

the lower  depth  l i rn i t  o f  s t ra tum i  in

at the point midway beEween the depths

( n o t e  t h a t  w h e n  i = 1 ,  Z t _ t  i s  s e t  a t  0 )

t h e  d e p t h  o f  t h e  w a t e r  a t  t h e  s t a t i o n

t h e  n u m b e r  o f  s t r a t a  s a m p l e d .

the water column

i

m e t e r s ,  w h i c h  i s

o f  s a m p l e s  i  a n d  i " l

in  meters
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and,  fo r  i ch thyop lank ton ,

(Dw *  0 .16)  *  (Du  *  {Z - I i )  *  (D ,  x  0 .5 )
c =

where  c

n
"N

av y s E

where  Cy s E

c y s t S O N G S

cys t  Cont  ro  1

I n  a  f e w  i n s t a n c e s  C o n t r o l  d a c a  w e r e

l o s s  s u r v e y s  t a k e n  i n  l a t e  1 9 8 5  a n d

T a b l e  3 - 1 ) ;  i n  t h e s e  c a s e s  C v s t  * o s

a l o n e  ( i . e . .  C  = .ys t  - " " . rO"ar , '

z
the averaBe densi ty  of  ichthyoplankton in  the water  co lumn

the densi ty  of  ichthyoplankton in  the neuston sample

DM = the  dens i ty  o f  i ch thyop lank ton  in  the  midwater  sample

DE =  the  dens i ty  o f  i ch thyop lank ton  in  the  ep ibenth ic  sample

Z =  the  water  depth  a t  the  s ta t ion  in  meters  (no te  tha t  34  cm
of  the  water  co lumn is  unaccounted  fo r  in  the  numera tor
above;  th is  -3 -4% o f .  the  water  co lumn represents  unsampled
water  jus t  above and be low the  mouth  o f  the  ep ibenth ic
sampler .  We made no ad jus tment  fo r  th is  d isc repancy  in
t h e  c a l c u l a t i o n s  )  .

The reg iona l  mean dens i . ty  fo r  each survey  was then ca lcu la ted  as :

c y s t S O N G S  *  c y s t C o n t r o l

2

r e g i o n a l  a v e r a g e  d e n s i t y  f r o m  t i m e  t ,  s e a s o n  s ,

year  y

average dens i ty  a t  SONGS on survey  t ,  f rom season

s ,  i n  y e a r  y

average dens i ty  a t  Cont ro l  on  survey  t ,  f rom season

s ,  i n  y e a r  y

n o t  a v a i l a b l e  ( e . 8 . ,  t h e  i n t a k e

e a r l y  1 9 8 6 :  s e e  S e c t i o n  3 . 5  a n d

taken as  the  Impact  s i te  dens i ty
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The average annua l  w i thdrawal  vo lume was es t i rna ted  in  th ree  ways .

F i rs t ,  the  max imum pos 's ib le  w i thdrawal  vo lume was ca lcu la ted  as  i f  a I I  8

c i rcu la t ing  water  pumps were  opera t ing  a l l  day  every  day  (V  =  9L55572 m3

per  day  "k  355 days  ) .  A  second es t imate  assumed the  vo lume wi thdrawn was

equa l  to  th ree-quar te rs  o f  the  max imum vo lume.  The th i rd  vo lume

est imate used the actual average annual withdrawal volume, which

equa l led  ha l f  the  max imum vo lume.

F ina11y,  the  es t imated  average dens i t ies  o f  o rgan isms in  the  water

ava i lab le  fo r  w i thdrawal  were  mul t ip l ied  by  the  es t imated  annua l

w i thdrawal  vo lume to  y ie ld  the  average annua l  loss  es t imates .

Our  method fo r  ca lcu la t ing  average annua l  in take  w i thdrawal  losses

averaged over short  term variat ions in abundance and intake withdrawal

vo lume,  and over  reg iona l  var ia t ions  in  abundance,  and thus  gave less

a c c u r a t e ,  b u t  a l s o  l e s s  v a r i a b l e  l o s s  e s t i m a t e s  t h a n  w o u l d  h a v e  b e e n

P o s s i b l e  f r o m  s u m m i n g  e s t i m a t e d  l o s . s e s  c a l c u l a t e d  o n  a n  o b s e r v a t i o n - b y -

o b s e r v a t i o n  b a s i s .  T h e  l a t t e r  m e t h o d  o f  e s t i m a t i o n  w o u l d  h a v e  r e q u i r e d

da i ly  vo lume wi thdrawal  and organ ism dens i ty  da ta ,  wh ich  were  no t

a v a i l a b l e  f o r  t h i s  s t u d y

The loss  es t imates  based on  ac tua l  average annua l  w i thdrawal

vo lumes inc lude 2  years  when on ly  Un i t  2  was opera t ing  and per iods  o f

c i rcu l -a t ion  pump tes t ing  w i thout  heat  fo r  bo th  Un i ts  2  and 3 .  Thus  these

l o s s  e s t i n a t e s  a r e  p r o b a b l y  n o t  r e p r e s e n E a t i v e  o f  m o r e  f u 1 l y

o P e r a t i o n a l  y e a r s .  T h e  l o s s  e s t i m a E e s  b a s e d  o n  w i t h d r a w a l  a t  7 5 %  a n d

100 i ;  o f  capac i ty  were  made to  take  in to  account  a  h igher  1eve l  o f  pLant

opera t ion .  Wi thdrawal  a t  75 ' / "  o f  capac i ty  approx imates  the  average

1 e v e 1  o f  o p e r a t i o n  o v e r  t h e  I 9 8 3 - 1 9 8 6  o p e r a t i o n a l  p e r i o d  a n d  p r o b a b l y

p r o v i d e s  t h e  b e s t  e s t i r n a t e  o f  t h e  a n n u a l  a v e r a g e  l o s s  r a t e .
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Loss est imates are g iven wj . th  957"  conf idence bounds ( lower

con f i dence  bound  =  L .C .g .  ana  upper  con f i dence  bound  =  U .C .B .  on  Tab les

5 -4  t h rough  5 -L2 ) .

'  0n1y losses at t r ibutable to  Uni ts  2 and 3 operat ions are g iven.

The Unit I  withdrawal volume is about 20% of the combined Units 2 and 3

volume and i ts  addi t ional  e f fects  can be approx imated by mul t ip ly ing

the  l osses  fo r  t he  100% capac i t y  case  desc r ibed  he re in  by  a  fac to r  o f

L .2 .

5 . 2 . 2  l c h t h y o p l a n t k o n  R e s u l t s  a n d  D i s c u s s i o n

Resu l ts  o f  the  loss  ca lcu la t ions  fo r  i ch thyop lank ton  are  presented

i n  T a b l e s  5 - 4  t h r o u g h  5 - 6 .  T h e s e  e s t i m a t e s  a r e  f o r  a l l  l a r v a l  s t a g e s

(except  yo lksac)  combined fo r  each taxon and ca tegory ,  and thus  tend to

emphas ize  losses  o f  the  younger  s tages ,  wh ich  usua l ly  a re  more  numerous

than the  o lder  la rvae in  B locks  A and B,  bu t  wh ich  are  a lso  less

impor tan t  than the  o lder  la rvae in  te rms o f  adu l t  equ iva len ts .  As  no ted

i - n  S e c t i o n  5 . 2 . L ,  t h e  l o w e s t  e s t i m a t e s  o f  l o s s e s  ( T a b l e  5 - 4 )  a r e  t h o s e

based on  ac tua l  average water  vo lumes w i thdrawn.  Es t imates  based on  757"

o p e r a t i o n  ( T a b 1 e  5 - 5 )  a r e  r e p r e s e n t a t i v e  o f  t h e  1 9 8 3 - 1 9 8 5  o p e r a t i o n a l

per iod  and probab ly  a re  the  bes t ,  wh i le  the  es t imates  based on

cont inuous  opera t ion  a t  100 i6  o f  capac i ty  approx imate  a  wors t -case

scenar io .  Es t imates  based on  midwater  w i thdrawal  tend to  be  smal le r

than those based on  propor t iona l  w i thdrawal  f rom th roughout  the  water

c o l u m n ;  i t  i s  u n c l e a r  w h i c h  o f  t h e s e  y i e l d s  t h e  m o s t  r e a l i s t i c

e s t i m a t e s ,  W e  m a d e  n o  a d j u s t m e n t s  i n  t h e  l o s s  e s t i m a t e s  f o r  t h e  a s s u m e d

i inprovement  in  the  ab i l i t y  o f  the  o1der ,  la rger ,  la rvae to  res is t

t ranspor t  and thus  w i thdrawal .  An  ear ly  s tudy  a t  Un i t  I  (Brown and

C a l d w e 1 1  e t  a 1 . ,  L 9 7 9 )  s u g g e s t e d  t h a t  s i z e  s e l e c t i v e  w i t h d r a w a l  m a y
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o c c u r ,  b u t  t h a t  t h e  n a t u r e  o f  t h e  s e l e c t i v i t y  v a r i e s  f r o m  s p e c i e s  t o

spec ies .  For  example ,  f " r " r  la rger  la rva l  wh i te  c roaker  were  w i thdrawn

than wou ld  have been pred ic ted  f rom the i r  near f ie ld  abundance,  wh i le

more large larvae of queenf ish were withdrawn than would have been

e x p e c t e d  ( B r o w n  a n d  C a 1 d w e l l  e t  a l  . ,  L 9 7 9 ) .

Qua l i ta t i ve  compar isons  be tween the  or ig ina l  MRC pro jec t ions

(MRC,  L979b,  1980)  and the  present  ana lys is  ind ica te  tha t  es t imated

numbers  los t  tended to  be  lower  in  the  fo rmer .  Exac t  compar isons  are  no t

P o s s i b l e  b e c a u s e  t h e  t w o  e s t i m a t e s  w e r e  b a s e d  o n  d i f f e r e n t  p a r t s  o f  t h e

w a t e r  c o l u m n ;  h o w e v e r .  E h e  e s t i m a t e s  w e r e  b a s e d  o n  s i m i l a r  a s s u m p t i o n s .

S ince  the  or ig ina l  p ro jec t ions  were  based on  w i thdrawal  f rom midwater

( 9 5 % )  a n d  e p i b e n t h o s  ( 5 % )  ( e . g . ,  D e M a r t i n i  a n d  L a r s o n ,  I 9 8 O :  i n  M R C  D o c .

8 0 - 0 4  ( I )  F i s h  A p p e n d i x  1 ,  T a b l e  5 - 6 )  a n d  a s s u m e d  a  d a i l y  w a t e r

w i t h d r a w a l  r a t e  o f  9 . 0  x  1 0 '  m t ,  o r  9 8 7 "  o f  t h e  a c t u a l  c a p a c i t y  o f  U n i t s  2

and 3 ,  the  f ina l  es t imates  based on  opera t ion  a t  IO0% of  capac i ty  and

wi thdrawal  f rom th roughout  the  waLer  co lumn shou ld  be  most  comparab le

t o  t h e  o r i g i n a l  p r o j e c t i o n s  ( a l t h o u g h ,  a s  w e  h a v e  n o t e d ,  n o t  t h e  m o s t

r e a l i s t i c ) .

T h e  o r i g i n a l  l o s s  p r o j e c t i o n s  i n c l u d e d  t w o  s p e c i f i c

i c h t h y o p l a n k t o n  t a x a ,  P a r a l i c h t h y s  c a l i f o r n i c u s  ( C a l i f o r n i a  h a l i b u t )

and Para lab :ex  spp.  (ke Ip  and sand basses)  (DeMar t in i  and Larson,  1980:

i n  M R C  D o c .  8 0 - 0 4 ( I )  F i s h  A p p e n d i x  1 ,  T a b l e  5 - 6 ) .  T h e  f i n a l  e s t i m a t e s

o f  l o s s e s ,  a s s u m i n g  o p e r a t i o n  a t  f u l I  c a p a c i t y  f o r  U n i t s  2  a n d  3 ,  w e r e

27-35 i1  (assuming w i thdrawal  f rom th roughout  tbe  water  co lumn and f rom

m i d w a t e r  a l o n e ,  r e s p e c t i v e l y )  h i g h e r  t h a n  t h e  o r i g i n a l  p r o j e c t i o n s  f o r

t .  ca l i f  o rn icus .  and 353-392" i "  lnJ -g lner  than the  or ig ina l  p ro jec t ions  fo r

P a r a l a b r a x  s p p .  T h e  m o r e  r e a l i s t i c  e s E i m a t e d  a n n u a l  l o s s e s  b a s e d  b n

U n i t s  2  a n d  3  o p e r a t i o n  a t  7 5 %  o f  c a p a c i t y  w e r e  3 %  l o w e r  ( a s s u m i n g
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withdrawal throughout the water column) to l" /"  higher (assuming

wi thdrawal  f rom midwater  a lone)  than the  or ig ina l  p ro jec t ion  fo r

Para l i ch thys ,  and 240-269% h igher  fo r  Para labrax .

Two compos i te  g roups ,  Ia rvae o f  spor t  and commerc ia l  f i sh  taxa  and

Iarvae o f  fodder  f i sh  taxa ,  were  t rea ted  in  bo th  loss  es t imates .  The

fodder  f i sh  g roup inc luded the  same taxa  in  bo th  ana lyses ,  bu t  the

spor t /commerc ia l  g roup used in  the  or ig ina l  ana lys is  conta ined fewer

t a x a  t h a n  w e r e  u s e d  i n  t h e  l a t e r  e s t i m a t e s  ( T a b l e  5 - f 3 ) .  T h e  a d d i t i o n a l

taxa  inc luded in  the  spor t /commerc ia l  compos i te  g roup were ,  w i th  the

e x c e p t i o n  o f  r o c l c f i s h e s  ( S e b a s t e s  s p p . )  a n d  E n g l i s h  s o l e  ( P a r o p h r y s

vetu lus  )  ,  e i ther  very  ra re  o r  o f fshore  spec ies  tha t  con t r ibu ted

i n s i g n i f i c a n t l y  t o  t h e  l o s s  e s t i m a t e s .  W h e n  b o t h  o f  t h e s e  t a x a  w e r e

subt rac ted  f rom the  spor t /eommerc ia l  g roup to  fac i l i ta te  .compar ison

w i t h  t h e  o r i g i n a l  p r o j e c t i o n .  t h e  f i n a l  m o s t  r e a l i s t i c  ( w i t h d r a w a l  a t

75" i "  o f .  capac i ty )  es t imated  losses  o f  spor t /commerc ia l  taxa  were  L54-

L757"  h igher  than the  or ig ina l  p ro jec t ion ,  sssuming w i thdrawal  f rom

throughout  the  water  co lumn and f rom midwater  a lone,  respec t ive ly .  In

cont ras t ,  the  f ina l  es t imated  losses  o f  the  la rvae o f  nearshore

p lank ton ic -spawning  fodder  f i shes  were  much lower  than the  or ig ina l

p r o j e c t i o n s .  F o r  e x a m p l e ,  t h e  m o s t  r e a l i s t i c  e s t i m a t e s  w e r e  6 5 - 7 6 7 "

lower  chan the  or ig ina l  p ro jec t ions  fo r  w i thdrawal  f rom midwater  a lone

and f rom the  en t i re  water  co lumn,  respec t ive ly .  These changes in  loss

es t imates  la rge ly  re f lec t  the  re la t i ve ly  Iow abundances  o f  spor t  and

comtnerc ia l  taxa  and h igh  abundances  o f  the  fodder  taxa  in  the  smal l  da ta

b a s e  u s e d  f o r  t h e  o r i g i n a l  p r o j e c t i o n s .  H i g h e r  a b u n d a n c e s  o c c u r r e d  i n

la te r  yea ts  fo r  severa l  o f  the  spor t  and commerc ia l  taxa ,  fo r  example

P a r a l i c h t h - v s  i n  1 9 8 0  ( F i g u r e  D - 2 5 3  )  a n d  P a r a l a b r a x  f  r o m  a b o u t  1 9 8 0 - 1 9 8 5

(F igure  D-2L5 ) ,  wh i le  the  dominant  fodder  taxa ,  Genyonemus l inea tus  and
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S e r i p h u s  p o l i t u s ,  b o t h  d e c l i n e d  i n  a b u n d a n c e  d u r i n g  l a t e r  y e a r s  ( e . 9 . ,

T a b l e  4 - 5 ,  F i g u r e s  D - 1 7 3 .  D - 1 5 2 ) .

T h e  o r i g i n a l  l o s s  p r o j e c t i o n s  b y  M R C  ( L 9 7 9 b ,  1 9 8 0 )  i n d i c a t e d  t h a t

L .8Z o f  the  Ian 'ae  o f  nearshore  p lank ton ic  spa$rners  (approx imate ly

equa l  to  the  fodderp lus  spor t  and commerc ia l  g roups ,  less  Sebastes  spp"

and Parophrys vetulus) lost to Units 2 and 3 intake withdrawal would be

those o f  spor t  and commerc ia l  spec ies ,  w i th  the  remain iag  98 .27"

compr is ing  fodder  spec ies .  Th is  f ina l  ana lys is  showed tha t  the  spor t

and commerc ia l  taxa  (exc lus ive  o f  Sebastes  spp.  and Parophrys  ve tu lus)

c o n t r i b u t e d  a p p r o x i m a t e l y  1 1 - 1 6 ; " {  o f  t h e  t o t a l :  1 0  . 6 %  f o r  w i t h d r a w a l

f rom the  en t i re  water  co lumn and 15 .8% for  midwater  w i thdrawal  a lone.

Th is  aga in  re f lec ts  the  re la t i ve ly  h igher  abundances  o f  severa l  o f  the

spor t  . ld  commerc ia l  taxa  in  one or  more  years  a f te r  L979,  and the

re la t i ve  decreases  o f  the  dominant  fodder  taxa .  The h igher  es t imate  o f

Iosses  based on  the  midwater  w i thdrawal  re f lec ts  the  h igher

concent ra t ion  o f  spor t  and commerc ia l  f i sh  la rvae in  the  midwater

s  E r a t u m .

The MRC (1979b)  es t imated  tha t  among the  la rvae o f  the  spor t  and

commerc ia l  spec ies  w i thdrawn,  5L .47  wou ld  be  Ca l i fo rn ia  ha l ibu t ,  and

0.37"  wou ld  be  ke lp  and sand basses .  Th is  f ina l  ana lys is  ind ica ted  tha t

a  smal le r  p ropor t ion  o f  the  w i thdrawn spor t  and commerc ia l  la rvae wou ld

b e  C a l i f o r n i a  h a l i b u t  ( 2 2 " / " ) ,  b u t  a  m u c h  l a r g e r  p r o p o r t i o n  w o u l d  b e  k e l p

a n d  s a n d  b a s s e s  ( 4 2 " A ) .  I n  p r o p o r t i o n  t o  t h e  t o t a l  l a r v a e  o f  p l a n k t o n i c

sPawners  w i thdrawn,  the  present  s tudy  (assuming w i thdrawal  a t  757"  o f

capac i ty )  suggested  tha t  about  tw ice  as  many Ca l i . fo rn ia  ha l ibu t  i .a rvae

and about  500 t imes as  many ke lp  and sand bass  la rvae wou ld  be  w i thdrawn

annua l ly  than were  ind ica ted  by  the  or ig ina l  ana lys is  (us ing  comparab le

w i t h d r a w a l  v o l u m e s  ) .
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As noEed above,  the  reason fo r  these la rge  inc reases  in  the

e s t i m a t e d  l o s s e s  o f  C i t i t o r n i a  h a l i b u t  l a r v a e  a n d  o f  k e l p  a n d  s a n d  b a s s

l a r v a e  o v e r  t h e  o r i g i n a l  p r o j e c t i o n s  i s  t h a t  c a t c h e s  i n  1 9 7 8 ,  t h e  b a s i s

f o r  t h e  o r i g i n a l  e s t i m a t e s ,  w e r e  s m a 1 l  f o r  b o t h  t a x a ,  I n  t e r m s  o f

c ross-she l f  abundance,  in  L978 the  average annua l  abundance fo r

Ca l i fo rn ia  ha l ibu t  la rvae was the  th i rd  lowest  dur ing  the  MRC

ich thyop lank ton  s tudy ,  wh i le  fo r  the  basses  i t  was  the  second lowest .

On ly  1986 was a  worse  year  fo r  the  sand and ke lp  basses :  mean annua l

c ross-she1f  abundance in  1985 was on ly  one-quar te r  o f  the  1978 annua l

average and an  order  o f  magn i tude lower  than mosE o ther  years .  Th is

appeared as  a  s ign i f i can t  reduc t ion  in  re la t i ve  abundance in  the  BACI

a n a l y s i s  ( s e e  S e c t i o n  4 . 2 . 2 . 2 . 5 ) ,  a l t h o u g h  w e  d i d  n o t  i n t e r p r e t  i t  a s  a

S O N G S  e f f e c t .

The annua l  f luc tua t ions  in  es t imated  la rva l  abundance o f

Ca l i fo rn ia  ha l ibu t  and o f  the  ke lp  and sand basses  are  l i ke ly  to  have

a r i s e n  p r i n c i p a l l y  f r o m  o n e  o r  m o r e  o f  f o u r  m a i n  s o u r c e s :

(1 )  yea r - to -yea r  va r ia t i on  i n  rep roduc t i on ;

(2 )  yea r - to -yea r  va r ia t i on  i n  l a rva l  su rv i va l ;

(3  )  sh i f t s  i n  l a rvaL  d i s t r i bu t i on ,  e i t he r  ve r t i ca l l y

ho r i zon ta l l y  ( i . e .  ,  c ross -she l f ) ;  and

(4 )  random va r ia t i ons  i n  ca tch .

o r

S o u r c e  ( 1 )  h a s  s e v e r a l  c o m p o n e n t s ,  f o r  e x a m p l e  t h e  s i z e l a g e

comPos i t ion  o f  the  spawning  female  popu la t ion ,  number  o f  spawners ,  o r

d u r a t i o n  o f  t h e  s p a w n i n g  s e a s o n .  N o n e  o f  t h e s e  c a n  b e  a d e q u a t e l y

a s s e s s e d .  T h e r e  i s  s o m e  e v i d e n c e  t h a t  C a l i f o r n i a  h a l i b u t  i n  t h e  S a n

Onof re  reg ion  may have been more  abundant  in  la te  sunmer  and fa11 198I

( I n n i s ,  1 9 8 2 )  b u t  d e c l i n e d  s o m e w h a t  a f t e r  r n i d - L 9 8 2  ( D e M a r t i n i  e t  a l . ,

5 - IB



1 9 8 5 :  F i g u r e  1 7 ) .  H o w e v e r ,  C a l i f o r n i a  h a l i b u t  c o l l e c t e d  b y  t r a w l  i n  t h e

San Onof re  v ic in i ty  a ie  p redominant ly  juven i les  and subadu l ts  ( Inn is ,

1982) .  so  tha t  in fe rences  cannot  be  made about  the  s ize  o f  the  spawning

popu la t ion .  D iver  surveys  have shown tha t  bar red  sandbass  became more

numerous  a t  San Onof re  Ke lp  (SOK)  dur ing  EI  N ino  in  1983,  bu t

s u b s e q u e n t l y  ( f 9 8 4 )  w e r e  r e d u c e d  i n  a b u n d a n c e  ( P a t t o n ,  1 9 8 5 ) .  S u b a d u l t

and young of the year kelp bass and barred sandbass decreased

signif icant ly in relat ive abundance at SOK-up during the operat i"onal

per iod ,  bu t  s ign i f i can t  changes in  the  re la t i ve  abundances  o f  adu l ts

w e r e  n o t  d e t e c t e d  ( E .  D e M a r t i n i ,  p e r s .  g o m m . )  s o  r e d u c e d  r e p r o d u c t i v e

e f f o r t  c a n n o t  b e  d e m o n s t r a t e d ,

The length of the spawning season can be approximated from lanral

abundance da ta .  For  Ca l i fo rn ia  ha l ibu t  the  on ly  comple te  "season"

s a m p l e d  w a s  1 9 7 8 - L 9 7 9 .  F o r  t h e  b a s s e s ,  o n  t h e  o t h e r  h a n d ,  t h e  b e g i n n i n g

of  the  season cou ld  be  approx imated fo r  s ix  o f  the  n ine  years ,  a l though

the  end cou ld  be  reso lved fo r  on ly  one o f  these.  In  a l l  th ree  years  o f

l o w e s t  a v e r a g e  c r o s s - s h e l f  l a r v a l  a b u n d a n c e  ( 1 9 7 8 ,  1 9 8 0 ,  1 9 8 6 )  l a r v a e

were  no t  taken be fore  Ju1y ,  wh i le  in  the  o ther  th ree  years  la rvae

o c c u r r e d  i n  J u n e .  T h u s  t h e  l o w e r  a b u n d a n c e  i n  L 9 7 8 , 1 9 8 0  a n d  1 9 8 6  m i g h t

have re f lec ted  de layed spawning  in  those yea ls .

S o u r c e  ( 2 ) ,  y e a r - t o ' y e a r  v a r i a t i o n  i n  l a r v a l  s u r v i v a l ,  h a s  b e e n

cons idered an  impor tan t  component  in  the  recru i tment  to  commerc ia l

f i s h e r i e s  s t o c k s  ( e . g .  ,  L a s k e r .  1 9 8 I ) .  A s  a  f i r s t  o r d e r  a p p r o x i m a t i o n

to  assess  the  impor tance o f  changes in  la rva I  surv iva l  fo r  Ca l i fo rn ia

h a l - i b u t  a n d  k e l p  a n d  s a n d  b a s s e s ,  w e  c a l c u l a t e d  y e a r - b - v - y e a r  r a t i o s  o f

c r o s s - s h e 1 f  a b u n d a n c e  o f  o l d  ( = p o s t f l e x i o n )  t o  y o u n g  ( =  p r e f l e x i o n )

la rvae.  These ca lcu la t ions  showed tha t  the  ra t io  var ied  be tween about

l O - I  a n d  I O - 3  w i t h  n o  o b v i o u s  y e a r - t o - y e a r  t r e n d  o r  r e l a t i o n s h i p  t o
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SONGS opera t ion  or  la rva l  abundance fo r  the  basses .  Rat ios  fo r

Ca l i fo rn ia  ha l ibu t  tended to  be  h igher ,  vary ing  be tween about  10-1  and
- , )

1 0  ' ,  b u t  a g a i n  w i t h  n o  c l e a r  y e a r - t o - y e a r  t r e n d  o r  r e l a t i o n s h i p  t o

la rva l  abundance or  SONGS opera t ion .  Th is  imp l ies  one or  more  o f  th ree

th ings :  (a )  var ia t ions  in  la rva l  surv iva l  d id  no t  con t r ibu te  to  our

r e s u l t s ;  ( b )  t h e  a b u n d a n c e  d a t a  w e r e  t o o  v a r i a b l e  t o  c a l c u l a t e  r e l i a b l e

o ld :young la rva1 abundance ra t ios ;  and (c )  the  approx imat ion  we used

was too  c rude to  de tec t  rea i  changes in  surv ivorsh ip .

S o u r c e  ( 3 ) ,  a  p e r s i s t e n t  s h i f t  i n  l a r v a l  d i s t r i b u t i o n ,  w a s  n o t

ev ident .  In  the  c ross-she l f  p lane abundance d id  change in  each b lock

f rom year  to  year  fo r  each taxon,  bu t  no  pers is ten t  shoreward  or  seaward

sh i f t  was  apparent .  S imi la r ly ,  abundances  w i th in  s t ra ta  var ied  f rom

yeat  to  year  bu t  showed no pers is ten t  pa t te rns  o f  change,  thus

ind ica t ing  tha t  1arva1 ver t i ca l  d is t r ibu t ions  d id  no t  change.  Source

( 4 ) ,  r a n d o m  v a r i a t i o n  i n  c a t c h  w i t h  f o r t u i t o u s l y  l a r g e  c a t c h e s  a f t e r

1978,  migh t  have been impor tan t  dur ing  1982 and 1983 when few samples

were  taken.

Poten t ia l  losses  o f  nor thern  anchovy  la rvae (Engrau l i s  mordax)  and

of  the  la rvae o f  demersa l  spawners  and ovov iv iparous  spec ies  were  no t

e s t i m a t e d  i n  t t r e  o r i g i n a l  M R C  ( L 9 7 9 b ,  1 9 8 0 )  p r o j e c t i o n s ,  a l t h o u g h  t h e

U n i t s  I  -  3  i n t a k e s  w e r e  q u a i - i t a t i v e l y  p r o j e c t e d  t o  k i I l  a s  m a n y  a s  1 0 r 0

anchovy larvae. I t  was assumed that even i f  this many northern anchovy

l a r v a e  w e r e  k i 1 l e d ,  n o  l o c a I  d e p r e s s i o n  i n  a b u n d a n c e  w o u l d  b e  d e t e c t e d

(MRC,  f980) .  The f ina l  es t imated  annua l  nor thern  anchovy  losses  were

m u c h  1 o w e r .  a p p r o x i m a t e l y  2 . 8  x  1 0 e  l a r v a e  ( a s s u m i n g  w i t h d r a w a l  a t  7 5 %

o f  c a p a c i t y ) ,  a n d  a  1 o c a 1  c i e p r e s s i o n  i n  l a r v a l  c r o s s - s h e 1 f  a b u n d a n c e ,

w h i c h  w e  i n t e r p r e t e d  a s  a  S O N G S  e f f e c t ,  w a s '  d e t e c t e d  i n  t h e  B A C I

a n a l y s i s  ( S e c t i o n  4 . 2 . 3 . 2 . L ) .  H o w e v e r ,  o u r  e s t i m a t e  o f  w i t h d r a w a l
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l o s s e s  d u r i n g  t h e  o p e r a t i o n a l  p e r i o d  ( T a b l e  4 - 6 )  w a s  t o o  s m a l l  t o  h a v e

f u l J - y  a c c o u n t e d  f o r  t h e  1 o c a 1  d e p r e s s i o n

The MRC d id  no t  p ro jec t  l -osses  fo r  la rvae o f  demersa l  spawners

( e . g . ,  c l i n i d s ,  g o b i e s )  b u t  s t a t e d  t h a t  t h e s e  l o s s e s  s h o u l d  b e  s m a l 1

b e c a u s e  d e m e r s a l  s p a w n e r s  a c c o u n t e d  f o r  o n l y  2 " 5 %  o f  t h e  t o t a l  c r o s s -

she l f  la rva l  f i sh  abundanee (MRC,  1980) .  The f ina l  ana lys is  showed t t ra t

approx imate ly  5 '8% o f  the  to ta l  la rvae los t  e rere  those o f  demersa l

spawners ,  p redominant ly  gob ies  and a ther in ids  (g run ion ,  jacksmel t ,

t o p s m e l t ) .  ( E s t i m a t e d  l a r v a l  l o s s e s  w e r e  n o t  m a d e  f o r  a l l  d e m e r s a l l y -

s p a w n i n g  s p e c i e s .  t h e r e f o r e  a c t u a l  p e r c e n t a g e s  a r e  l i k e 1 y  t o  b e

somewhat  h igher ,  bu t  p robab ly  no t  more  than about  L0% o f  the  to ta l

l a r v a l  l o s s e s  )  .

5  . 2 . 3  Z b o p l a n k t o n  R e s u l t s  a n d  D i s c u s s i o n

As fo r  i ch thyop lank ton ,  the  or ig ina l  MRC pro jec t ions  o f

z o o p l a n k t o n  l o s s e s  ( M R C ,  L 9 7 9 b )  w e r e  b a s e d  o n  a n  a s s u m p t i o n  o f  1 0 0 %

mor ta l i t y  fo r  a l l  w i thdrawn organ isms.  The loss  and recovery  su : :vey

( S e c t i o n  5 " 1 )  s h o w e d  t h a t  t h i s  w a s  a  r e a s o n a b l e  a s s u m p t i o n . '

Our  es t imates  o f  annua l  average macrozoop lank ton  losses  are

P r e s e n t e d  i n  T a b l e s  5 - 7  t h r o u g h  5 - L 2 .  C o m p a r i s o n  o f  t h e s e  e s t i m a t e d

losses ,  assuming Un i ts  2  and 3  opera t ion  a t  757"  o f  capac i ty  and 100:6

mor ta l i t y  o f  the  p lank ters  w i thdrawn,  showed tha t  our  es t imates  fo r

toEa l  macrozoop lank ton  were  1437"  h igher  than the  or ig ina l  p ro jec t ion  i f

we assumed midwater  w i thdrawal  a lone,  o r  1887"  h igher  fo r  w i thdrawal

f r o m  t h e  e n t i r e  w a t e r  c o l u m n .

L o s s e s  a l s o  w e r e  c o m p a r e d  b e t w e e n  t h e  o r i g i n a l  M R C  ( L 9 7 9 a )

p r o j e c t i o n s  a n d  o u r  f i n a l  l o s s  e s t i m a t e s  f o r  t h e  c y p r i s  l a r v a e  o f

b a r n a c l e s  a n d  f o r  t h r e e  c o p e p o d s :  A c a r t i a  c l a u s i ,  A .  t o n s a  a n d  O i t h o n a
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o c u ] . a t a .  E x c e p t  f o r  A .  t o n s a ,  o u r  f i n a l  l o s s  e s t i m a t e s  b a s e d  o n

m i d w a t e r  w i t h d r a w a l  i l o n e  w e r e  h a l f  o r  l e s s  o f  t h e  i n i t i a l  l o s s

e s t i m a t e s  ( 5 1 7 .  l o w e r  t h a n  t h e  o r i g i n a l  v a l u e  f o r  4 .  c l a u s i ,  2 5 2 7 "  h i g h e r

fo r  A .  tonsa,  58" / .  lower  fo r  0 .  ocu la ta  and 557"  lower  fo r  the  cypr is

la rvae) ,  i f  we assumed w i thdrawal  a t  757.  o f  capac i ty .  Assuming depth

propor t iona l  w i thdrawal  f rom the  en t i re  water  co lu rnn  (a t  757"  o f

c a p a c i t y ) ,  i n  c o n t r a s t ,  I e d  t o  h i g h e r  e s t i m a t e d  l o s s e s  t h a n  t h e  M R C

Pro jec t ions  fo r  a l l  bu t  the  barnac le  cypr is  la rvaez  54% h igher  fo r  4 .

c l a u s i ,  3 5 O %  h i g h e r  f o r  A .  t o n s a ,  2 L " / "  h i g h e r  f o r  O .  o c u l a t a  a r r d  2 8 %

l o w e r  f o r  c y p r i s  l a r v a e .

Es t imated numbers  o f  to ta l  macrozoop lank ton  los t  to  Un i ts  2  and 3

in takes  were  compared w i th  es t imated  numbers  los t  to  na tura l  mor ta l i t y .

N a t u r a l  d a i l y  m o r t a l i t y  v a l u e s  i n  t h e  l i t e r a t u r e  r a n g e  f r o m  0 . 5 - 1 %  f o r

r n i x e d  z o o p l a n k t o n  ( S t e e l e ,  L g T O ;  P a r s o n s  a n d  T a k a h a s h i ,  1 9 7 3 )  u p  t o  1 0 -

4 0 1 / .  f o r  p a r t i c u l a r  c o p e p o d  s p e c i e s  i n  l a b o r a t o r y  c o n d i t i o n s  ( e . g . ,

H e i n 1 e ,  1 9 7 0 ;  M u I I i n  a n d  B r o o k s ,  L 9 7 0 ;  B a r n e t t  a n d  S e r t i c , 1 9 7 9 a ) .  W e

used 10% as  a  midd le  va lue  fo r  th is  ana lys is  due to  the  preponderance o f

copepods in  our  samples ,  bu t  the  near ly  two-orders -o f -magn i tude range

here  has  obv ious  i rnp l i ca t ions  on  the  eva lua t ion  o f  the  s ign i f i cance o f

t h e s e  l o s s e s .

The nearshore  area  o f  ocean under  wh ich  es t imated  na tura l

m o r t a l i t y  j u s t  e q u a l s  e s t i m a t e d  i n t a k e  l o s s e s  w a s  c a l c u l a t e d .  T o  < i o

th is ,  the  mean abundance o f  to ta l  macrozoop lank ton  under  a  I  m-wide

s t r iP  ex tend ing  f rom the  8  n  to  the  30  m isobaths  (about  4  km)  was

c a l c u l a t e d .  b a s e d  o n  a b u n d a n c e  m e a s u r e m e n t s  f r o m  t h e  C o n t r o l  a r e a .  T h i s

a b u n d a n c e  w a s  2 8 9  . 2  x  1 0 6  o r g a n i s m s .  O n e  t e n t h  ( e s E i m a t e d  n a t u r a l

m o r t a l i t y )  o f  t h i s  v a l u e  ( 2 8 . 9  x  1 0 6  o r g a n i s m s )  w a s  t h e n  d i - v i d e d  i n t o

t h e  e s t i m a t e d  d a i l y  i n t a k e  l o s s  ( e . g . ,  3 5 . 8  x  1 0 e  o r g a n j - s m s  p e r  d a y
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withdrawn from the ent ire water column i f  both Units 2 and 3 operated at

7  5" / "  o f  capac i ty ;  th i  j  i s  equ iva len t  to  the  es t imated  .  da i l y  na tura l

m o r t a l i t y  i n  a  p o p u l a t i o n  o f  3 5 8  x  l 0 e  m a c r o z o o p l a n k t e r s  ) .  T h e  r e s u l t  o f

th is  ca lcu la t ion  gave the  longshore  d imens ion  o f  the  area  und.er  wh ich

es t imated na tura l  mor ta l i t y  was  equ iva len t  to  the  es t imated  in take

1oss .  For  w i thdrawal  f rom the  en t i re  water  co lumn wi th  bo th  Un i ts  2  and

3 opera t ing  a t  757"  o f .  capac i ty ,  th is  d imens ion  was approx imate ly  1 .2  km.

Thus,  i f  Un i ts  2  and 3  w i thdrewwater  a t  75% o f  capac i . ty  p ropor t ionate ly

f rom th roughout  the  water  co lumn,  da i l y  losses  wou ld  have been

equ iva len t  to  da i l y  na tura l  mor ta l i t y  under  an  area  o f  about  4 .8  km2

( 1 . 2  k m  l o n g s h o r e  x  4  k m  o f f s h o r e )  o f  n e a r s h o r e  o c e a n .  T h i s  v a l u e  w a s

about  607"  o f  the  area  es t imated  in i t ia l l y  (MRc,  Lg79b) ,  based on  the

same 107.  na tura l  da i l y  mor ta l i t y  es t imator .

Es t imated macrozoop lank ton  b iomass losses  cou ld  be  compared

between the  MRC (1979b)  p ro jec t ions  and the  f ina l  ana lys is  on ly  fo r

t o t a l ' m a c r o z o o p l a n k t o n .  A s s u m i n g  o p e r a t i o n  a t  7 5 " / "  o f  U n i t s  Z  a n d  3

capac i ty ,  f ina l  b iomass loss  es t imates  v rere  93- ] -L9% h igher  than the

or ig ina l  Pro jec t ions ,  fo r  midwater  w i thdrawal  and fu I l  water  coLumn

w i t h d r a w a l ,  r e s p e c t i v e l y .  A s  w e  s h o w e d  e a r l i e r  ( S e c t i o n  5 " 1 ) ,  m u c h  o f

th is  b iomass loss  apparent ly  i s  consumed by  the  b io fou l ing  communi ty  in

the  in take  condu i ts  and screenwel ls .
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Tab le  5 -3 .  Va lues  fo r  chemis t r y  samp les
Survey.  A1I  va lues are the
taken at  each stat ion.  They
mg /  l i t e r .

taken on the Loss
average of  the 10

are Dresented in

and Recovery
samples
un i t s  o f

STATION Toc lPoc lDoc lsESToN
I  I  I  DRYWEIGHT

Intake 0 .  78
t t l
|  0 .17  |  0 .8s  I 5  . 65

Uni t  3

D i f f use r
(Uni t  3  )

0 .92 I  0 .20  |  0 .80  I
t t l

L4.s4

Plume 0.63
r t l
|  0 .21  |  0 .  s7  |  15 .80

Ambient 0 .84 |  0 .15  |  0 .52  |
l t l

7  . 94

5 -26
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T a b 1 e  5 - 1 3 .  S p o r t  a n d  c o m m e r c i a l  ( S / C )  s p e c i e s  i n c l u d e d  i n  t h e  " s p o r t
and commerc ia l  la rvae"  compos i te  g roup.  S tar red  taxa  are
t h o s e  c o m p r i s i n g  t h e  S / C  g r o u p  i n  t h e  M R C  ( 1 9 8 0 )  p r o j e c t e d
i n t a k e  l o s s e s .

TAXON COMMON NA.},IE

Paral ichthys ca l i forn icus
S e r i o l a  d o r s a l i s
GETffiiuffiffiricus
Aniso t remus dav idson i
Oph iodon e longatus
Semicossyphus pu lcher
M e r l u c c i u s  p r o d u c t u s
E o p s e t t a  j o r d a n i
G lyp locepha lus  zach i rus

x  H y p s o p s e t t a  g u t t u l a t a
I s o p s e t t a  i s o l e p i s
Parophrys  ve tu lus
P l a t i c h t h y s  s t e l l a t u s
P leuron ich thys  r i t te r i
P l e u r o n i c h t h v s  v e r t i c a l i s
A t r a c t o s c i o n  n o b i l i s
MEffiEus ulElatus
ffi,ncadol' steaiiil=_--_-S C O m D e r  J  a p o n l _ c u s
S c o m b e r o m o r u s  s p .  A- .
S c o r p a e n a  g u t t a t a
S e b a s t e s  p a u c i s p i n i s
S e b a s t e s  s p p .  ( L 7  t y p e s )
G i r e l l a  n i g r i c a n s
M e d i a l u n a  c a l i f o r n i e n s i s
y a r a J . a p r a x  s P P .
Sphyraena argentea

Cal i fornia hal ibut
Y e l l o w t a i l
Jack mackerel
Sargo
Lingcod
Cal i fornia sheephead
Pac i f i c  hake
P e t r a l e  s o l e
R e x  s o l e
Diamond turbot
B u t t e r  s o L e
E n g l i s h  s o l e
Starry f lounder
Spot ted  tu rbo t
Hornyhead turbot
Whi te  seabass
Cal i fo rn ia  corb ina
Spot f in  c roaker
Pac i f i c  mackere l
S ie r ra ,  o r  Span ish  mackere l
Scu l -p in
B o c a c c i o
Rock f ishes
Opa leye
Hal fmoon
KeIp  and sand basses
Cal i fo rn ia  bar racuda
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T a b l e  5 - 1 4 .  F i s h  s p e c i e s  i n c l u d e d  i n  E h e  " f o r a g e  l a r v a e "  c o m p o s i t e

Eroup.  S tar red  taxa  are  those inc luded in  the  " fodder
Ia rvae"  (a l l  a re  la rvae o f  nearshore  pe lag ic  spawners)
c o m p o s i t e  g r o u p  o f  b o t h  t h e  M R C  ( f 9 8 0 )  p r o j e c t i o n  a n d
t h e  p r e s e n t  a n a l y s i s .

TAXON COMMON NAI"IE

Agonidae
A r g e n t i n a  s i a l i s
Atherinidae
Bathy lagus  ochotens  j -s
B a t h y l a g u s  p a c i f i c u s
Bathy lagus  weseth i
L e u r o g l o s s u s  s t i l b i u s
S t r o n g y l u r a  e x i l i s
Be lon i fo rmes
Hypsob lenn iuE spp.
Both idae Type A
Ci thar ich thys  spp"
Hippog los  s ina  s tonrg ta
X y s t r e u r y s  l i o l e p i s
Ic ich thys  lock ing !cn i
Chau l iodus  macoun i
G i b b o n s i a  s p .  A
H e t e r o s t i c h u s  r o s t r a t u s
Feod lnus  sp .  A
Parac l inus  in tegr ip inn is
Sard inops  sagax
Et rumeus te res
Ar ted ius  c reaser i
Affi TEterallfs
eoffi lunfa. types)
I ce l inus  quadr iser ia tus
Leptocot tus  a rmatu ,s
Scorpaen ich thys  marmora tus
Symphurus  a t r i caude
Engrau l i s  mordax
C y p s e l u r u s  c a l i f o r n i c u s
Cypse lurus  he terurus
C y p s e l u r u s  s p p .
Exo coet  i c iae
F o d i a t o r  a c u t u s
6ETeso€:-aae type a
G o b i e s o x  m a e a n d r i c u s
c;Fesor rhessoa;;-
RimGE mus carurn-K r m r c o l . a  s P P .
C l e v e l a n d i a  i o s
Cor -vphopt  e rus n i  cho  1s  i.--:----

t -raD r I ] -  sG i l l i c h t h v s  m
I l y p n u s  g i l b e r t i
L e n i d o g o b i u s  l e p i d u s
Ly thrypnus  da l l i
Lythrypnus zebra
Q u i e t u l a  y - c a u d a

Poachers
Pac i f i c  a rgent ine
S i l v e r s i d e s
Popeye b lacksmel t
P a c i f i c  b l a c k s m e l t
Snubnose b lacksmel t
Ca l i f  o rn ia  smooth tongue
Cal i fo rn ia  need le f i sh

B lenn ies
F l a t f i s h
Sanddabs
Bigmouth  so le
Fanta i l  so le
Medusaf ish
Pac i f i c  v iper f i sh
Ke lp f i sh
Giant  ke lp f i sh
Fringehead
Reef  f inspot
Pac i f i c  sard ine
Round herring
Roughcheek sculpin
Smoothhead scu lp in
Scu lp ins
Ye l lowch in  scu lp in
Staghorn  scu lp in
Cabezon
Cal i fo rn ia  tonguef ish
Northern anchovy
Cal i fo rn ia  f l y ing f ish
B lo tchwing  f l y ing f ish
F ly ing f ish
F ly ing f ish
Sharpch in  f l y ing f ish
C i i n g f i s h
Nor thern  c l ing f ish
C a l i f o r n i a  c l i n g f i s h
K e l p  c l i n g f i s h
C l i n g f i s h
Arrow goby
Blackeye goby
Long jaw mudsucker
Cheekspot gobY
Bay goby
Bluebanded gobY
Zebta goby
Shadow goby
Bl ind  BobyT y p h l o g o b i u s ca l i  fo rn iens  is
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Tab1e  5 -14 .  (Con t "  )

TAXON COMMON NAI'IE

C y c L o t h o n e  s p p .
V inc iguer r ia  n imbar ia
X e n i s t i u s  c a l i f o r n i e n s i s
Hexagrammos decagrammus
O x y l e b i u s  p i c t u s
H a l i c h o e r e s  s e m i c i n c t u s=----_-._u x y J u t L s  c a l r t o r n l c a
L i p a r i s  m u c o s u s
Mugi l  cepha lus
Diaphus the ta
Diogen ich thys  a t  lan t icus
Lampanyc tus  r i t te r i
Lampanyc tus  spp.
Pro tomyctophum crocker i
S t e n o b r a c h i u s  l e u c o p s a r u s-=--S y m b o l o p h o r u s  c a l i f o r n i e n s i s
Tar le tonbean ia  c renu lar is
ffixicanuil
B r o t u l i d  T y p e  A
C h i l a r a  t a y l o r i
O p h i d i o n  s c r i p p s a e
L e s t i d i o p s  r i n g e n s
L y o p s e t t a  e x i l i s
P leuron ich thvs  coenosus
Chromis  punc t ip inn is
Hypsypops rub icunda
Che i lo t rema sa turnum
Genvortennts rffi
S e r i p h u s  p o l i t u s
C o l o l a b i s  s a i r a;=-----------:--H e r m o s I l - I a  a z u r e a
eref;,eEcus spp.
S t e r n o p t y x  s p p .
Stomias  a t r i ven ter
P e p r i l u s  s i m i l l i m u s
S v n o d u s  l u c i o c e p s
Z a n i o l e p i s  s p p .
U n i d e n t i f i e d  ( s e v e r a l  t y p e s )

B r i s t  l e m o u t h
L igh t f i sh
Sa lema
Kelp greenl ing
Painted greenl ing
Rock  wrasse
Senor i ta
S l imy sna i l f i sh
St r iped mul le t
Ca l i f  o rn ia  head l igh t f  i sh
Lanternf ish
Broadf in  lampf ish
Lampf ish
Cal i f  o rn ia  f  lash l igh t  f  i sh
Northern lampfish
Ca1 i f  o rn ia  lan tern f ish
BIue lan tern f ish
Mexican lampfish
B r o t u l a
S p o t t e d  c u s k - e e I
Basketweave cusk-ee1
Slender barracudina
S l e n d e r  s o l e
C - 0  t u r b o t
B lacksrn i th
Gar iba ld i
Black croaker '
White croaker
Queenfish
Pac i f i c  saury
Zebraperch
Hatchet f i sh
D o l l a r  h a t c h e t f i s h e s
Dragonf i -sh
P a c i f i c  b u t t e r f i s h
C a l i f o r n i a  I i z a r d f i s h
Combf ish

P leuron ich thys  coe4e l l l r  la rvae were  inc luded in  the  spor t  and
c o m m e r c i a L  g r o u p  i n  t h e  M R C  ( 1 9 8 0 )  p r o j e c t i o n s :  t h e s e  l a r v a e  o c c u r
onLy  in f requent ly  and in  s rna l l  numbers  so  tha t  misc lass i f i ca t ion  in
e i t h e r  a n a l y s i s  s h o u l d  h a v e  l i t t 1 e  e f f e c t .
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