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Th is  vo lume con ta ins  addenda  and  rev i s ions  to  the  f i r s t  vo lume o f  Append ices

of  the MEC Bio log ica l  P io ject  San Onofre Nuclear  Generat ing Stat ion Moni tor ing

S tud ies  on  l ch thyop lank ton  and  Zoop lank ton  F ina l  Repor t ,  and  i s  i n tended  to  be

used  in  con junc t i on  w i th  tha t  append ix  vo lume.  The  con ten ts  o f  Vo lume 2  a re :

Append ix  A .1  Na tu re  o f  t he  P lank ton  Near  SONGS;  Append ix  A .2  G lossa ry  o f

Specia l  Use Terminology;  Appendix  C.2 Appl icat ion o{  Stat is t ica l  Analyses to

C leve land ia  i os ;  Append ix  C .3  App l i ca t i on  o f  S ta t i s t i ca l  Ana lyses  to  Gob iesox

rhessodon;  Appendix  D Pat terns of  lchthyoplankton and Macrozooplankton

Dist r ibut ion in  the Cross-shel f  St rata;  and Appendix  E Documentat ion of  Computer

Prog rams .

Append ix  A .  i  i s  a  new append ix  g i v ing  backg round  in fo rma t ion  on  the

p lank ton  commun i t y  i n  t he  SONGS v i c in i t y ,  and  on  the  i nd i v idua l  t axa  se lec ted  fo r

BACf  ana lys i s .  Append ices  A .2 ,  C .2 ,  C .3 ,  and  E  rev i se  and  rep lace  Append ices  A ,

C .2 ,  C .3 ,  and  E ,  r espec t i ve l y ,  o f  t he  f i r s t  Append i x ' vo l ume .  The  f i gu res  o f

d is t r ibut ion pat terns g iven in  Appendix  D of  Volume 2 replace the corresponding

f i gu res  i n  Append ix  D  o f  Vo lume l .  To  fac i l i t a te  th i s ,  t he  f i gu re  number ,  f i gu re

cap t i on ,  and  page  number  fo r  each  f i gu re  i n  Append ix  D  o f  Vo lume 2  ma tches  those

o f  t he  co r respond ing  f i gu re  i n  Append ix  D  o f  Vo lume 1 .

A second set  o f  Appendix  D f igures is  a t tached to th is  vo lume,  these may be

removed  and  pas ted  ove r  t he  co r respond ing  f i gu res  i n  Vo lume l .  I n  add i t i on ,  a  new

Append ix  Vo lume l  cove r  pa9e ,  and  a  page  exp la in ing  wh ich  Vo lume 1  append ices

are superceded by the appendices g iven in  Volume 2,  are a lso at tached and may be

removed  and  i nse r ted  i n  Vo lume one .
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APPENDIX  A .1

Nature of  the Plankton Near  SONGS

Most  p lankton s tudies in  the Southern Cal i forn ia Bight  deal

pr inc ipa l ly  or  exc lus ive ly  wi th  only  a s ing le component  of  the p lankton

(e .g . ,  bac te r i op lank ton ,  phy top lank ton ,  i ch thyop lank ton ,  o the r

zoop lank ton ) ;  t h i s  i s  pa r t i cu la r l y  t rue  o f  s tud ies  dea l i ng  w i th

macroplankton.  Because each p lankton s tudy tends to  deal  wi th  a s ing le

taxonomic  ca tego ry ,  t he  fo l l ow ing  synops i s  o f  t he  p lank ton i c  b io ta  s f

the  B igh t  w i l l  be  o rgan ized ,  f o r  ease  o f  desc r ip t i on ,  i n to  th ree  b road

taxonomic categor ies :  phytoplankton,  zooplankton (exc luding f ish eggs

and larvae) ,  and ichthyoplankton.  S ince the MRC studies at  $an Onofre

have  no t  dea l t  w i th  bac te r i a ,  t he  bac te r i op lank ton  w i l l  no t  be  i nc luded

in  th i s  synops i s .  Azam ( f986 )  rev iewed  the  bac te r i op lank ton  s tud ies  i n

the  Sou the rn  Ca l i f o rn ia  B igh t  and  d i scussed  the  s ign i f i cance  o f

bac te r i a  i n  t he  f ood  web .

Phytoplankton

The most  impor tant  components of  the phytoplankton in  the

B igh t  a re  t he  d i a toms ,  d i no f l age l l a t es ,  cocco l i t hopho r i ds ,  S i l i co -

f1age11a tes ,  monads ,  and  f l age l l a tes  (Raymon t ,  1980) .  A rnong  these ,  t he

d ia toms  and  d ino f l age l l a tes  a re  bes t  known .  The  d ia tom-d ino f l age l l a te

assemb lage  i s  domina ted  by  tempera te  wa te r  f o rms ,  bu t  a l so  i nc ludes

fo rms  w i th  warm wa te r / t rop i ca l  and  co ld  wa te r /bo rea l  a f f i n i t i es  (K imor

e t  31 . ,  L978 ;  Bee rs ,  L985 ) "  Ba lech  (1960 )  demons t ra ted  t ha t  t he

compos i t i on  o f  t h i s  assemb lage  was  tempora r i l y  a l t e red  du r ing  the  Lg57  -

1958 E1 Nino,  when the warm water l t rop ica l  species were abundant  and the

appearance  o f  co ld  wa te r  f o rms  was  de layed  and  res t r i c ted .  Re id  e t  a1 .
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(1985)  no ted  tha t  some sma11  d ia tom and  d ino f l age l l a te  spec ies  tha t  a re

usua l l y  assoc ia ted  w i th  warm ocean ic  wa te r  occu r red  i nsho re  a t  Sc r ipps

P ie r  i n  1983 ,  du r ing  the  L982-L984  E l  N ino .  As ide  f rom these  taxa ,  t he

rn i c rop lank ton  spec ies  compos i t i on  was  no t  unusua l  du r ing  1983 ,  a l t hough

overa l l  microplankton abundance tended to be lower than the abundances

repo r ted  f r om o the r ,  non -81  N ino ,  yea rs  (Re id  e t  a1 . , 1985 ) .  F i ed le r

( f 984 )  used  sa te l l i t e  da ta  and  ve r t i ca l  ch l o rophy l l  p ro f i l e s  t o

demonstrate that  phytoplankton product ion was reduced in  the Cal i forn ia

Current  reg ion dur ing the recent  EI  Nino.

The phytoplanic ton composi t ion in  the SONGS area var ies through the

yea r  (Ba rne t t  e t  a1 . ,  1981 ) .  W in te r  we l l -m i xed  wa te r  co lumn  cond i t i ons

fos te r  a  va r ie t y  o f  phy top lank ton  taxa ,  domina ted  by .d ia toms .  I n  the

spr ing the water  co lumn warms and begins to  become st rat i f ied;  th is

s t ra t i f i ca t i on  favo rs  l a rge  d ino f l age l l a tes ,  
'wh i ch  thus  tend  to

dominate in  these condi t ions.  Dur ing spr ing and ear ly  summer (Apr i l

through July)  the developing s t rat i f icat ion is  f requent ly  in ter rupted,

and the nearshore nutr ient  supply  increased,  by coasta l  upwel l ing.  This

s t imu la tes  nea rsho re  phy top lank ton  p roduc t i on ,  pa r t i cu la r l y  o f  d ia toms

and  sma l le r  d ino f l age l l a tes .  A f te r  t he  cessa t i on  o f  upwe l l i ng  and  w i th

the  re -es tab l i shmen t  o f  s t ra t i f i ca t i on  i n  l a te  su rnmer ,  t he  d ia toms  and

sma1 l  d ino f l age l l a tes  become ra re ,  and  the  rema in ing  d ino f l age l l a te

f lora becomes dominated .  by Gonyaulax.  This  pat tern of  changing

dominance through the year  has been observed wi th  tempora l  and spat ia l

va r i ab i l i t y  t h roughou t  t he  B igh t  ( e .g . ,  t he  rev i ew  by  Mu1 l i n ,  f 986 ) .

The  t im ing  and  i n tens i t y  o f  l oca1  coas ta l  upwe l l i ng ,  i n te rannua l

changes in  the f low of  the major  currents ,  and phenomena such as E1 Nino

a re  among  the  fac to rs  wh ich  con t r i bu te  to  th i s  va r i ab i l i t y .  Sa te I l i t e

image ry  o f  su r f ace  ch lo rophy l l  d i s t r i bu t i ons  i n  t he  B igh t  ( e .9 . ,  Sm i th
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and  Baker ,  L982 ;  F ied le r ,  1985)  has  i l l us t ra ted  some o f  t h i s  t empora l

and geographic  var : .ab i1 i ty  .

Zoop lank ton

Zoop lank ton  abundance  i s  seasona l .  La rge  seasona l  f l uc tua t i ons  i n

zooP lank ton  b iomass  have  been  documen ted  fo r  bo th  o f f sho re  ( " .g . ,  Loeb

e t  a l . ,  1983a )  andnea rsho re  (e .g . ,  Pe te r sene t  a I . ,  1986 )  wa te r s  o f  t he

Bight .  Of fshore,  zooplankton b iomass peaks were noted in  May and Ju ly

o f f  cen t ra l  Ca l i f o rn ia ,  i n  May  o f f  sou the rn  Ca l i f o rn ia ,  and  i n  March  o f f

no r t he rn  Ba ja  Ca l i f o rn i a  ( Loeb  e t  a1 . ,  1983a ) .  I n  t he  nea rsho re  reg ion

o f f  sou the rn  Ca l i f o rn ia ,  be tween  Ormond  Beach  and  San  Ono f re ,  Pe te rsen

e t  a1 .  ( f 985 )  repo r ted  zoop lank ton  b iomass  max ima  du r ing  Apr i l - June ,

wi th  min ima f rom December to  February,  in  genera l  accord wi th  the

o f f sho re  pa t te rn  fo r  t he  same reg i .on

A c luster  d .nalys is  based on va lues of  abundance between the 8 m and

100  m dep th  con tou rs  c lass i f i ed  the  zoop lank ton  a t  San  Ono f re  i n to  th ree

seasona l  assemb lages  (Ba rne t t  e t  d1 . ,  1981 ) .  C ladoce ran  c rus taceans

were most  abundant  in  the fa l1-winter  assemblage,  anchovy eggs and

la rvae  i n  the  w in te r - sp r ing  assemb lage ,  and  a l l  o the r  t axa  i n  t he

spr ing-  sunmer assemb lage .

I n  add i t i on  to  the  seasona l  abundance  cyc les  o f  t he  zoop lank ton ,

the re  i s  a l so  a  seasona l  cyc le  i n  t he  c ross -she1 f  l oca t i on  o f  i nd i v idua l

t axa  and  o f  zoop lank ton  b i omass .  Ba rne t t  e t  a1 .  ( 19S1 )  i den t i f i ed  f i ve

spa t r . a ] - l t empo ra l  zoop lank ton  g roups .  These  g roups  we re :  ( 1 )  f a11 -

w in te r ,  ou te r  nea rsho re ,  ( 2 )  f a I1 -w in te r ,  i nne r  nea rsho re / t r ans i t i on ,

(3 )  l a te  w in te r - summer ,  i nne r  nea rsho re /  t rans i t i on ,  (4 )  l a te  w in te r -

Ia te  summer ,  i nne r  nea rsho re / t rans i t j . on ,  and  (5 )  sp r i ng -summer ,  ou te r

nea rsho re .  The  sw i t ch  f rom fa I1 -w in te r  t o  sp r ing -summer  assemb lages
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occurred about  two months ear l ier  in  the inner  nearshore zone than i t

d id  in  the outet  , r "u , t "hore zone.  The groups appear  to  be re la ted to  the

c ross -she1 f  g rad ien t s  i n  dens i t y  s t r a t i f i ca t i on ,  t u rb i d i t y ,  and  f ood

supply  (measured as phytoplankton and ch lorophyl l  concent f ,a t ions) ,  and

to  seasona l  cyc les  o f  upwe l l i ng  and  phy top lank ton  compos i t i on  and

abundance  (Ba rne t t  e t  a1 . ,  f 98 f ) .

The  rna jo r  E l  N ino  o f  1982-1984 ,  by  v i r t ue  o f  i t s  magn i tude ,  m igh t

have been expected to  produce marked sh i f ts  in  zooplankton abundance

and/  or  communi ty  s t ructure.  In  the Southern Cal i forn ia Bight ,  however ,

the  E l  N ino  apparen t l y  had  on l y  modera te  e f fec ts .  McGowan  ( f984 )

suggested that  zooplankton vo lume decreased in  the Cal i forn ia Current

du r ing  E1  N ino ;  Che l ton  e t  a l .  ( 1982)  showed  a  s im i l a r  reduc t i on  i n

zoop lank ton  d i sp lacemen t  vo lume du r ing  the  L957-L959  E1  N ino .  Neare r

sho re ,  Pe te r sen  e t  a I .  ( 1986 )  r epo r ted  t ha t  i n  1983 -1984 ,  zoopLank ton

biomass tended t .o  be 1ow shoreward of  the 75 rn isobath between Ormond

Beach  and  San  Ono f re .  They  a t t r i bu ted  th i s  t o  a  comb ina t i on  o f  f ac to rs ,

i nc lud ing  o f f sho re  t ranspor t  and  reduced  food  ava i l ab i l i t y  ( i . e . ,

reduced  phy top lank ton  p roduc t i on )  a long  the  sou the rn  Ca l i f o rn ia  coas t

du r i ng  E1  N ino .  Pe te r sen  e t  a1 .  ( 1986 ) ,  and  Re i t ze l  and  Zab loud i l

( 1983)  '  r epo r ted  the  occu r rence  o f  va r i ous  ocean ic  wa te r  masses  i nsho re

du r i ng  t h i s  t ime .  Ba rne t t  e t  a1 .  ( 1983a )  s ta ted  t ha t  du r i ngpe r i ods  o f

shoreward t ranspor t  o f  th is  oceanic  water ,  the abundance of  the

nearsho re  coPePod  Aca r t i a  t onsa  (mos t  abundan t ,  on  ave raEe ,  2 -4  km f rom

shore )  was  reduced ,  bu t  t ha t  more  t yp i ca l  1eve1s  o f  abundance  were

restored dur ing an in tervening upwel l ing per iod.  Ear ly  in  the E1 Nino

(December  L982  -  Feb rua ry  1983) ,  a l so  du r ing  a  pe r iod  o f  sho reward

t ranspor t  o f  ocean ic  wa te r ,  nea rsho re  s tand ing  s tocks  o f

macrozoop lanke rs  were  genera l l y  1ow a t  San  Ono f re .  A t  t he  same t ime ,  t he
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macrozooPlankton category "unident i f ied holoplankton"  more than

doub led  i t s  con t r i bu t i on  to  the  to ta l  nea rsho re  macrozoop lank ton .

Barne t t  e t  a l .  ( 1983a)  a t t r i bu ted  these  occu rences  to  a  comb ina t i on  o f

normal  seasonal  abundance pat terns and an inshore incurs ion of  o f fshore

wa te r ,  t oge the r  w i th  i t s  o rgan isms  ( i .  e .  ,  "un iden t i f i ed

holoplankton"  )  ,

The  obse rva t i ons  tha t  an  even t  o f  t he  magn i tude  o f  t he  1982-1984  E l

N ino  d id  no t  subs tan t i a l l y  a f fec t  t he  s tand ing  s tock  o r  t he  c ross -she1 f

d is t r ibut ion of  the nearshore zooplankton communi ty ,  and that  1oca1

upwel l ing and downwel l ing events a lso tend .not  to  d isrupt  these

Pat terns,  except  to  sh i f t  assemblages somewhat  seaward or  shoreward

(Barnet t  and Jahn,  1987) ,  ind icate that  the nearshore communi ty  is

s tab le ,  a t  l eas t  i n  t he  c ross  -  she l f  d imens i .on .  The  MRC (L977  )

a t t r i bu ted  th i s  c ross -she1 f  s tab i l i t y  t o  t he  fac t  t ha t  nea rsho re

currents  typ ica l ly  are main ly  a longshore,  tend to  reverse wi th  an

approx imate ly  . t ida l  f requency,  and have only  weak cross-she1f

comPonents that  a t  San Onofre produce an apparent  net  onshore movement .

The zooplankters located c losest  to  shore tend to  be most  abundant  near

the  bo t t om (e .g . ,  Ba rne t t  and  Jahn ,  L987 ;  Jqhn  and  Lavenbe rg ,  1986 ) ,

where current  ve loc i t ies are even lower and the l ike l ihood of  be ing

advected away f rom the nearshore zone is  even less.  In  addi t ion to  the

re lat ive ly  non-d ispers ive current  reg ime oJ the nearshore zor le)  a

favorable feeding envi ronment  is  prov ided by the nutr ient  recyc l ing and

t i da l  m ix ing  ove r  t he  sha l l ow  she l f  (Ba rne t t  and  Jahn ,  1987 ;  Pe te rsen  e t

31 . ,  1985)  '  wh ich  a11ows  h ighe r  ra tes  o f  phy top lank ton  p rodue t ion  nea r

shore.  Because the nearshore zooplankton tends to  be dominated by

sma l le r  o rgan isms  (Ba rne t t  and  Jahn ,  L987) ,  wh ich  a re  l i ke l y  t o  have

h ighe r  tu rnove r  ra tes  (She ldon  e t  a1 . ,  L977  )  t han  the  l a rge r  o rgan isms

A.1-5



f a r the r  f rom sho re ,  t he  nea rsho re  popu la t i ons  a re  l i ke l y  t o  be  ab le  to

recover  more rapid ly  f rom envi ronmenta l  per turbat ions.

The  fo l l ow ing  sec t i ons  p resen t  synopses  o f  t he  b io logy  o f  t he

zoop lank ton  spec ies  chosen  fo r  BACI  tes t i ng .

Aca r t i a  c l aus i

The  sha l l ow  wa te r /es tua r ine  copepod  Aca r t i a  c laus i  i s  f ound  i n

coas ta l  a reas  o f  bo th  the  A t l an t i c  and  Pac i f i c  Oceans .  Th i s  sma l1  (0 .85 -

L .22  mm)  ca lano id  i s .a  co ld -wa te r  spec ies  w i th  an  upper  c r i t i ca l  t he rma l

Ieve I  o f  app rox ima te l y  20 -22oc  (Uye  and  F lem inger ,  Lg76) .  MEC found  l ow

abundances  o f  A .  c laus i  nea r  sho re  o f f  San  Ono f re  i n  t he  co ld  wa te r

months,  but  d id  get  consis tent  peaks of  abundance in  summer.  Studies by

Landry (1978)  in  the Paci f ic  nor thwest  and by Uye (L982)  in  a bay in

Japan a lso descr ibed a winter  min imum/summer maximum in pat terns of

abundance.

Ver t i ca l -  m ig ra to rs ,  A .  c laus i  copepod ids  ( j uven i l es )  and  adu l t s

are more abundant  at  the sur face at  n ight  than dur ing the day,  whereas

the naupl i i  aPPear in  the water  co lumn both day and n ight  (Landry,

1978  ) .  Ba rne t t  and  Jahn  (1987) ,  us ing  da ta  f rom day  samp les ,  have  no ted

the  ve ry  s t rong  a f f i n i t y  o f  A .  c laus i  f o r  t he  bo t tom.

The  adu l t  f ema les  re lease  eggs  tha t  may  fa l l  t o  t he  bo t tom,  where

they ean remain dormant  unt i l  they are washed f ree and returned to the

p lank ton  by  wave  ac t i on ,  t i da l  cu r ren ts ,  o rupwe l l i ng .  Once  f ree  o f  t he

bo t tom,  the  eggs  ha tch  i n to  naup l i i  (Uye ,  1982) .  Genera t i on  t ime  i s

abou t  L4  days  a t  zooc  (Land ry ,  1978 ) .  Mo r ta l i t y  i s  ve ry  h i gh  i n  r he

young  s tages  (egg  -  N  I I ) ,  gene ra l l y  l ow  and  cons tan t  f rom the  N  I I I

s t age  t o  adu r t ,  t hen  h i gh  aga in  f o r  adu l t s  ( uye ,  1992 ) .  The  ma jo r

I
I
I

I
I
I
I
I

I
I
I
t
I
I
I
I
I
I
IA.1 -5



t
I
I
t
I
I
I
I
I
I
I
I
I
t
I
t
I
I
t

source  o f  adu l t  mor ta l i t y

de te r i o ra t i on  (Landry ,  f qZS  I

w i th  wa te r  t empera tu re  (Uye ,

i s  p reda t i on ,  ra the r  t han  phys io log i ca l

.  Genera t i on  t ime  i s  nega t i ve l y  co r re la ted

1e82 )  .

Oi lhona  ocu la ta

O i thona  ocu la ta  i s  a  cyc lopo id  copepod  wh ich  can  to le ra te  ocean ic

cond i t i ons  bu t  genera l l y  p rospe rs  bes t  i n  l i t t o ra l  hab i ta t s  (Yea tsman ,

L976 ;  Sande r  and  Moo re ,  Lg79 ) .

At  san onofre,  o i thona oculata occurs predominant ly  in  the 8 m

ep iben thos ,  and  secondar i l y  i n  t he  res t  o f  t he  8  m wa te r  co lumn and  i n

the  ep iben thos  a t  t 3  m ;  occu r rences  o f f sho re  o f  t he  13  m i soba th  a re

ra re  (F i gu re  D -375 ) .

The  na tu ra l  h i s to ry  o f  t h i s  genus  has  no t  been  s tud ied .

Aca r t i a  t onsa

Aca r t i a  t onsa  i s  a  sma l l  ( 1 .0 -1 .5  mn)  ca lano id  copepod  f ound  i n

coas ta l  a reas  o f  t he  A t l an t i c ,  I nd ian ,  and  Pac i f i c  Oceans .  I n  t he

eas te rn  Pac i f i c ,  i t  r anges  no r th  to  sou the rn  Ca l i f o rn ia  (B rodsk i i ,

1950 ) .  I t  i s  one  o f  t he  two  dominan t  zoop lank te rs  i n  t he  Sou the rn

Ca l i f o rn i a  B igh t  (Ba rne t t  e t  a l . ,  1983 ) .  I t  i s  a  wa rm season  spec ies

mos t  abundan t  i n  t he  sp r ing /summer  (Es te r l ey ,  L928 ;  Uye  and  F lem inger ,

1976 ;  Ba rne t t  and  Jahn ,  1987) .  I n  t he  San  Ono f re  a rea  i t  i s  even ly

d is t r ibuted in  abundance between the 8 m and 30 m isobath dur ing the

fa l l  and winter ,  whi le  in  the spr ing and summer i t  is  more abundant

be tween  the  13  m and  30  m i soba ths  than  nea r  the  8  m i soba th  (Ba rne t t  and

Jahn ,  1987) .  Th roughou t  t he  yea r  t he  younger  s tages  a re  more  nea rsho re

than  the  o lde r  ones .  A  ve r t i ca l  m ig ra to r ,  i t  i s  more  abundan t  a t  t he

su r face  a t  n igh t  t han  du r ing  the  day  (Es te r l ey ,  L9 l -7 ) .
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Acar t i a  t onsa  feeds  omn ivo rous l y  by  ac t i ve l y  se in ing  the  wa te r

w i th  i t s  max i l l ae  (Gau ld ,  1955) "  I t s  genera t i on  t ime  i s  abou t  two  weeks

at  L2 0C (Hein le,  L965 ) .  Females can produce overwinter ing dormant  eggs

(Uye  and  F lem inger ,  L976) .

Ci r r iped Larvae

Barnacles have s ix  naupl iar  and one cypr is  larva l  s tages (see

Schram '  1985) .  The  naup l i a r  s tages  l as t  t h ree  to  fou r  weeks ,  and  a re

fo l lowed by metamorphosis  in to the nonfeeding cypr is  1arva.  The cypr is

la rva  i s  t he  s t rong ly  geo tac t i c  se t t l emen t  phase ,  and  spends  i t s  t ime

near  the  bo t tom sea rch ing  fo r  a  su i tab le  hab i ta t .  Once  tha t  hab i ta t  i s

found,  the cypr is  larva at taches i tse l f  to  the substratum and

metamorphoses  i n to  the  adu l t  f o rm.  In  genera l ,  subs t ra tum se lec t i on  i s

a l so  i n f l uenced  by  l oca1  cu r ren ts ,  w i th  d i f f e ren t  spec ies  se lec t i ng

d i f f e ren t  op t ima l  cu r ren t  ve loc i t i es  .

Barnet t  and Jahn (1987)  found that  both the naupl i i  and cypr is

stages were most  abundant  year  round in  the nearshore/ t rans i t ional

a reas  ( sho reward  o f  t he  30  m i soba th ) ,  t he  naup l i i  occu r r i ng  nea re r

shore than the cypr is .  The cypr is  larvae were most  abundant  in  the

epibenth ic  layer  of  the water  co lumn.  The nearshore abundance of

ba rnac le  l a rvae  co r responds  to  the  sha l l ow  hab i ta t  o f  mos t  adu l t

ba rnac les ,  and  the  ep iben th i c  d i s t r i bu t i on  o f  t he  cyp r i s  resu l t s  f rom

pre -  se t t  l emen t  behav io r .

Ba rnac les  o f ten  a re  ea r l y  co lon i ze rs  o f  new subs t ra te .  The  mos t

common barnacles in  the San Onofre area,  Megabalanus t in t inabulgm,

Ba lanus  Pac i f i ca ,  andB .  t i ganus ,  we re  among  t he  f i r s t  t o  se t t l e  on  new

an th roPogen ic  s t ruc tu res  such  as  the  Pend le ton  A r t i f i c i a l  Ree f

(Sch roe te r ,  pe rs .  comm. ) ,  a l t hough  they  were  l a te r  ove rg rowr r  and
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rep laced  by  o the r  f ou l i ng  o rgan isms .  These  taxa  have  a l so  been

cons is ten t l y  f ound  on  f requen t l y  d i s rup ted  hab i ta t s ,  such  as  buoy  l i nes

and ins ide the SONGS intake condui ts  (as ev idenced by the d ischarge of

barnacle she11 f ragments dur ing heat  t reatments ) .

Osman  e t  a l .  ( 1981)  found  some ind i ca t i on  tha t  t he  rec ru i tmen t  o f

Balanus may have been greater  near  SONGS and in  the nearby San Onofre

Kelp bed than at  h is  re ference stat ions.  He found no genera l  d i f ference

between inshore and of fshore recru i tment .

C ladoce rans

Cladocerans are smal l  brachiopod crustaceans,  commonly referred

to  as  "wa te r  f I eas " .  F i ve  mar ine  c ladoce rans  occu r red  i n  t he  San  Ono f re

s tud ies :  Evadne  no rdmann i ,  E .  sp in i f e ra ,  E .  t e rges t i na ,  Pen i l i a

av i ros t r i s ,  and  Podon  po l yphemo ides .  Ow ing  to  the  d i f f i cu l t y  o f

d i s t i ngu i sh ing  the  spec ies ,  E .  sp in i f e ra  and  E .  t e rges t i na  were  bo th

inc luded  i n  the  E .  sp in i f e ra  coun ts  (mos t  were  E .  sp in i f e ra ) .  O f  t he

four  c ladoceran taxa counted,  on ly  Podon was abundant  year  round,

Pen i l i a  and  E .  no rdmann i  were  sp r ing /summer  spec ies ,  and  E .  sp in i f e ra

was  c l ass i f i ed  as  a  f a l l /w in te r  spec ies  (Ba rne t t  and  Jahn ,  1987 ) .  A11

f  our  spec j -es were temporal ly  patchy,  wj - th  very h igh abundances

in te rspe rsed  w i th  1ow ones .  A '11  fou r  spec ies  occu r red  sho reward  o f  t he

30  m i soba th .  On ly  E .  sp in i f e ra '  has  been  shown  to  have  ocean ic

a f f i n i t i es  (F rey ,  L982) .  I n  s tud ies  conduc ted  du r ing  May  and  Oc tobe r ,

F ied le r  (1982)  found  tha t  Pen i l i a  av i ros t r i s  was  mos t  abundan t  a t  10 -20

m depth in  the dayt ime in  the Southern Cal i forn ia Bight  whi le  Evadne was

more  abundan t  i n  t he  upper  20  me te rs .

C ladoce rans  a l t e rna te  be tween  sexua l

phases .  The  asexua l  phase  p redomina tes  i n

and asexual  (par thenogenic)

spr ing and summer;  the sexual

A.1-9



I
phase in  the fa1I  produces rest ing eggs which can overwinter .  Except  for  

I
the rest ing eggs,  which are re leased in to the envi ronment ,  c ladocerans

brood,  the i r  young.  Development  is  d i rect  and the young are re leased 
I

f rom the brood chamber as min iature adul ts .  Cladocerans are herb ivorous

f i l t e r  f eede rs .  t

I
Corycaeus  ang l i cus

Corycaeus  ang l i cus  i s  a  sma11  (0 .8 -1 .15  mm)  cyc lopo id  copepod  tha t  
I

occu rs  i n  coas ta l  reg ions  ( sha l l ower  than  app rox ima te l y  100  m) ,  
I

p r i nc ipa l l y  i n  t he  upper  35  m o f  t he  wa te r  co lumn (Johnson  ,  L959 ;  I

F ied ler ,  1982) .  I t  is  more abundant  at  n ight  than dur ing the day in  the 

I
su r face  p lank ton  o f f  Sc r ipps  P ie r  (gs te r l ey  ,  Lg28) .

Of f  San Onofre,  th is  species is  most  abundant  shoreward of  the 30 m 
I

isobath in  the fa1I  and winter  and far ther  of fshore in  the spr ing and

summer  (Ba rne t t  and  Jahn ,  1987) .  I

,,"'.l,l"T:."::*,:".:":";:":;-'":::"J:n:; """'.::'". I
as  naup l i i .  The  number  o f  eggs  i n  a  sac  ( c lu t ch  s i ze )  i s  co r re la ted  w i th  

I

t he  s i ze  o f  t he  f ema le  and  t he  t ime  o f yea r  ( Johnson ,  L969 ) .  The  ave rage  -

mon th l y  rep roduc t i ve  ra te  i s  h igh  enough  (L4 .7  eggs  pe r  f ema le  pe r  day )  t

t o  sugges t  t ha t  C .  ang l i cus  naup l i i  con t r i bu te  impor tan t l y  t o  t he  

I
m ic rozoop lank ton  i n  t he  Sou the rn  Ca l i f o rn ia  coas ta l  wa te rs  ( Johnson ,

ts6s).
I

Th is  copepod is  a raptor ia l  carn ivore both as a juveni le  and as an

adu1 t ,  and  p robab ly  does  no t  d i rec t l y  consume p lan t  ma te r ia l .  t

I
I
!
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Cypironautes Larvae

Cyphonautes larvae are the p lanktonic  larva1 form of  some

bryozoans.  One of  the most  common bryozoans in  the San Onofre area '

Membranipora,  3n encrust ing epizoont  on the g iant  ke lp Macrocyst ie ,

p roduces  cyphonau tes  l a rvae .

However ,  because the cyphonautes of  d i f ferent  species are very

s im i l a r ,  mak ing  i den t i f i ca t i on  to  genus  d i f f i cu l t  ( a l1  cyphonau tes

larvae are t r iangular  in  shape,  la tera l ly  compressed,  and enclosed in

ch i t i nous ,  b i va l ve  she l l s ) .  Consequen t l y ,  w€  made  no  a t tempt  i n  t he

SONGS studies to  determine whether  a l l  specimens were Membranipora.

The cyphonautes of  Membranipora has been studied extensive ly ,

pa r t i cu la r l y  by  Yosh ioka  (1973) .  These  l a rvae  can  be  found  fa r  f rom

shore ,  bu t  a re  mos t  concen t ra ted  a long  the  coas t  i n  t he  w in te r

(Yosh ioka ,  1973) .  Mu l l i n  ( f 985 )  repo r ted  tha t  Membran ipo ra  l a rvae  were

most  abundant  in  the winter  in  the Southern Cal i forn ia Bight .  They are

nega t i ve l y  bouyan t  bu t  ac t i ve l y  pho topos i t i ve ,  and  Pass i ve l y  s ink  i n

warm ( I8 -200C)  sea  wa te r .  Du r ing  the  w in te r  and  sp r ing ,  when  the

su r face  wa te rs  a re  coo l  and  we l l  m ixed ,  t he  l a rvae  concen t ra te  i n  t he

upper  5 to  10 m.  They are absent  f rom th is  layer  in  the summer and ear ly

fa l1 ,  when  the  wa te r  i s  warm and  the r rna l l y  s t . a t i f i ed  (Yosh ioka ,  L973) .

The larvae spend two to four  weeks in  the near-sur face p lankton

be fo re  they  se t t l e .  I n  t he  Po in t  Loma ke lp  bed  they  p re fe r red  younger

Macrocys t i s  b lades  i n  t he  canopy  to  o lde r  ones ,  and  b lades  on  the  ou te r

edge  to  those  fa r the r  i n to  the  bed  (Be rns te in  and  Jung  '  L979 ) .  Th i s

edge  e f fec t  was  no t  apparen t  i n  sma l l e r  ke lp  beds .

Berns te in  and  Jung  (1979)  repo r ted  tha t  t he  cyphonau tes  o f

Membran ipo ra  demons t ra ted  a  s t rong  p re fe rence  fo r  t he  l ower  wa te r

co lumn/ben th i c  ke lp  P te rygophora  ove r  Mac rocys t i s ,  sugges t i ng  tha t
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Pterygophora may serve as a refuge in the warm water months vlhen

Membranipora are exc luded f rom the ke lp canopy.

Lab idoce ra  t r i sp inosa

Labidocera t r isp inosa is  a  large ca lanoid copepod found

pr inc ipa l ly  in  inshore waters of  southern Cal i forn ia and nor thern

Mexico.  At  San Onofre i t  ranges seaward to  100 m depth (Barnet t  and

Jahn ,  1987) .  Es te r l ey  (L928)  found  i t  t o  be  mos t  abundan t  i n  t he  summer

and autumn of f  Scr ipps Pier .

A l though Ester ley (L9L2)  repor ted h igher  abundances near  the

sur face at  n ight  than in  the day in  a deep water  s tudy (bot tom depth =

100  fa thoms  )  ,  Ba rne t t  ( i r g74 )  showed  tha t  ve r t i ca l  d i s t r i bu t i on  i s

on togene t i c  ra the r  t han  d ie l  i n  sha l l ower  wa te r  ( .  80  m) .  I n  t hese

studies only  the la te naupl i i  and ear ly  copepodid s tages were

neus ton i c ,  wh i l e  adu l t s  and  ea r l y  naup l i i  occu r red  i n  deeper  wa te r .  The

late naupl i i  and ear ly  copepodids occupied depths in  which the i r  prey

were most  of ten found in  h igh abundances.

Lab idoce ra  feeds  ove r  a  24  hou r  pe r iod ,  a l t hough  feed ing  i s

depressed in  la te af ternoon and ear ly  evening (Barnet t  ,  L974) .  Barnet t

d iv ided th is  copepod in to t rophic  groups by developmenta l  ,s tage"

Naup l i i  (N )  I  and  I1  do  no t  f eed ;  N  I I I  t o  copepod id  (C )  I I  a re  p r imar i l y

he rb i vo res ,  C  I I I  t o  C  V  a re  omn ivo res ,  and  adu l t s  a re  p r imar i l y

ca rn i vo res .  The  adu l t s  can  feed  rap to r i a l l y  o r  by  f i l t e r i ng .  They

apparen t l y  can  sw i t ch  the i r  f eed ing  p re fe rence  i n  the  p resence  o f  l a rge

concen t ra t i ons  o f  a l t e rna te  food  (Ba rne t t  ,  L974 ) .  L .  t r i sp inosa  i s  an

e f fec t i ve  p reda to r .  on  1a rva1  f i sh  (L i1 le lund  and  Laske r ,  L97 I ) .  The

deve lopmen t  t ime  o f  L .  t r i sp inosa  i s  i nve rse l y  re la ted  to  tempera tu re .

The  ave rage  genera t i on  t ime  i s  abou t  40  days  a t  150C.  Ba rne t t  (1974)

es t ima ted  the  fecund i t y  ra te  to  be  abou t  15  eggs  pe r  f ema le  pe r  day .

I
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Oi thona  p lum i fe ra

O i thona  p lum i fe ra  i s  a  w ide l y  d i s t r i bu ted  ep ipe lag i c  cyc lopo id

copepod ,  ch ie f l y  f ound  i n  warm t rop i ca l  t o  sub t rop i ca l  wa te rs .  I n  t he

Southern Cal i forn ia Bight ,  Olson (L949 )  found i t  a t  407"  of  h is  deeper

coas ta l  s ta t i ons  (dep ths  g rea te r  t han  200  m)  samp led  be tween  May  and

Ju ly  1939 ,  3S  we l l  as  i n  samp les  co l l ec ted  i n  La  Jo l l a  Bay  and  o f f

Sc r i pps  P ie r .

A t  San  Ono f re ,  O .  p lum i fe ra  ranges  seaward  to  a t  l eas t  100  m dep th

year - round ;  i t  i s  l ess  s t rong ly  assoc ia ted  w i th  the  i nne r  nea rsho re

zone (8 * )  in  the spr ing and summer than i t  is  in  the fa l1  and winter

(Ba rne t t  and  Jahn ,  1987  )  .

The  na tu ra l  h i s to ry  o f  t h i s  genus  has  no t  been  s tud ied .

Paraca lanus Darvus
+

Paracalanus pa rvus  i s  a  sma l l  ( 0 .74 -1 .40  mm)  ca lano id  copepod

which inhabi ts  warm sur face waters both in  the open ocean and near  the

shore .  I t  occu rs  g loba l l y  excep t  i n  t he  a rc t i c  and  an ta rc t i c  reg ions

(B rodsk i i ,  I 950  )  .

Near  San Onofre P.  parvus was abundant  year- round shoreward of  the

100 m isobath,  but  was more abundant  nearshore (at  8  m) dur ing the fa l1

and winter  than dur ing the spr ing and summer.  The younger  s tages were

c lose r  t o  sho re  t han  t he  o l de r  s t ages  (Ba rne t t  and  Jahn ,  1987 ) .  F i ed le r

( f982 )  desc r ibed  a  mono ton i c  dec rease  i n  P .  pa rvus  abundances  f rom the

su r face  t o  40  m  dep th .

The  naup l i i  a re  he rb i vo rous ,  whereas  the  copepod ids  and  adu l t s  a re

omn ivo rous  (Ba r t r am,  1980 ) .  Check ley  ( t 980a ,  1980b )  pos tu l a ted  t ha t

n i t rogen  cou ld  be  the  l im i t i ng  fac to r  t o  egg  p roduc t i on .
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zooplankter  be longing to  the phylurn Chaetognatha (arrow worms).  I t

r es ides  i n  t he  ne r i t i e  zone  o f  t he  eas te rn  no r th  Pac i f i c  Ocean

(A lva r ino ,  1965) .  I n  t he  Sou the rn  Ca l i f o rn ia  B igh t  i t  t ends  to  be  mos t

abundan t  w i th in  abou t  12  km o f  sho re  (0 'Conne l l ,  1971 ) .  A t  San  Ono f re

S.  euner i t ica tends to  increase i -n  abundance wi th in  about  4.4 km of

shore (shoreward of  the 30 m isobath)  dur ing fa l1  and winter ,  and sh i f ts

seaward beyond 4.4 km from shore during spring and summer (Barnett and

Jahn ,  1987) .  q .  euner i t i ca  may  under take  a  l im i ted  da i l y  ve r t i ca l

m ig ra t i on  (O 'Conne l l ,  1971 ) ;  t h i s  m ig ra t i on  i s  upward  i n  t he  wa te r

co lumn a t  n igh t  (B rewer  e t  a1 . ,  1984 ;  Mu11 in ,  1986)  and  may  be  more

ex tens i ve  du r ing  the  summer  than  du r ing  the  w in te r  (e .9 . ,  Mu11 in ,

1e85 )  .

g .  eune r i t i ca ,  l i ke  a l l  Sag i t t a  spec ies ,  iS  a  p ro tand r i c

hermaphrodi te  that  sheds very sma11 p lanktonic  eggs.  Reproduct ion

occurs throughout  the year .  The p lanktonic  eggs hatch wi th in  severa l

days;  newly-hatched ind iv iduals  1oo.k much l ike min iature adul ts  and

deve lop  d i rec t l y  t o  t he  adu l t  f o rm.

S .  eune r i t i ca  i s  a  ca rn i vo re ;  ow ing  t o  i t s  sma l1  s i ze ,

Sag i t t a  euner i t i ca

Sag i t t a  euner i t i ca  i s  a  med ium-s i zed  ( ca .

Ca lanus  pac i f i cus

Ca lanus  pac i f i eus ,  a  ca lano id  copepod ,  i s

Pac i f i c  su r face  fauna .  I t  occu rs  p redominan t l y

wa te rs  ( t o  a  dep th  o f  200 -400  m)  and  avo ids

t -16  mm long )

i r  i s

sma11

do no t

a member of  the nor thern

in warm oceanic  sur face

a reas  o f  co ld  cu r ren ts

I
I
I
I
I

la rgely  l imi ted to  feeding on microzooplankton and

macrozoop lank ton .  B igge r  i t ems  such  as  f i sh  l a rvae  p robab ly

cons t i t u t e  an  impo r tan t  pa r t  o f  i t s  d i e t  ( e .g .  ,  A l va r i no ,  1980 ) .
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(B rodsk i i ,  1950 ) .  I t  i s  a  regu la r  member  o f  t he  sp r ing  and  summer

p lank ton  comnun i t y  i n  t he  sou the rn  Ca l i f o rn ia  B igh t ,  bu t  i t s  abundance

in the San Onofre area is  great ly  reduced dur ing winter  (Barnet t  and

Jahn ,  1987 ) .  B rodsk i i  ( f 950 )  i den t i f i ed  i t s  sou the rn -mos t  summer  range

l im i t  i n  t he  eas te rn  Pac i f i c  as  be ing  a round  no r the rn  Ba ja  Ca l i f o rn ia ,

and the nor thern-most  winter  range l imi t  as being around Vancouver ,

B r i t i sh  Co lumb ia .

The  fo l l ow ing  synops i s  o f  t he  b io logy  o f  g .  pac i f i cus  i s  t aken

f rom Bee rs  (1986 )  and  f r om Mu l l i n  ( f 986 ) .

Ca lanus  rep roduces  th roughou t  t he  yea r .  Fou r  to  f i ve  weeks  e lapse

be tween  the  egg  s tage  and  the  rep roduc t i ve  adu l t  s tage .  The  naup l i i  a re

res is tant  to  s tarvat ion,  hav ing up to  f ive days af ter  hatch ing in  which

to  f i nd  concen t ra t i ons  o f  phy top lank ton  su f f i c i en t  t o  suppor t  g rowth

and  deve lopmen t .  Feed ing  beg ins  a t  t he  N  I I I  s tage .  Na tu ra l  mor ta l i t y

rates of  naupl i i ,  ranging f rom L87" to  48% per  day,  are h igher  than those

o f  t he  copepod id  s tages .

Growth is  dependent  on avai lab le food;  Calanus compensates for  low

food  concen t ra t i ons  by  i nc reas ing  i t s  g raz ing  ra te .  Feed ing  ra tes  a l so

inc rease  w i th  age .  A l though  Ca lanus  beg ins  l i f e  as  an  he rb i vo re ,  t he

copepod ids  and  adu l t s  a re  omn ivo res .  The  adu l t s  w i l l  p rey  on  Ca lanus

naup l i i  bu t  no t  on  the  copepod ids ;  adu l t s  rnay ,  t he re fo re ,  when  they  a re

abundan t ,  be  a  sou rce  o f  s ign i f i can t  naup l i a r  mor ta r i t y .

Ve r t i ca l  m ig ra t i on  beg ins  a t  t he  t ime  o f  f i r s t  f eed ing  and

inc reases  i n  magn i tude  w i th  g rowth .  Converse l y ,  g rowth  ra tes ,  wh ich

a re  h ighes t  i n  t he  f i r s t  two  naup l i a r  s tages ,  beg in  to  dec rease  w i th  the

onse t  o f  t he  d ie l  ve r t i ca l  m ig ra t i ons  and  con t i nue  to  dec rease  w i th  age .
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Ichthyoplankt  on

There are longshore pat terns in  ichthyoplankton abundance in  both

the  o f f sho re  and  nea rsho re  wa te rs  o f  t he  B igh t  ( e .9 . ,  Loeb  e t  41 . ,

1983a1  Lavenbe rg  e t  a l . ,  1985 ) ,  a l t hough  Lavenbe rg  e t  a l .  ( 1985 )

pointed out  that  the pat terns are not  as s t rongly  developed in  the

nearshore zone.  The abundances of  two taxa have been shown to be

reduced ,  oD  ave rage ,  a t  San  Ono f re .  Wh i te  c roake r  (Love  e t  a l . ,  1984 )

and  no r the rn  anchovy  eggs  and  yo l k  sac  l a rvae  (Lavenberg  e t  a1 . ,  1985)

are less abundant  at  San Onofre than in  nearshore areas far ther  nor th in

t he  B igh t .

Ontogenet ic  shoreward movements have been demonstrated for  a  few

spec ies  a t  San  Ono f re .  Fo r  examp le ,  Ba rne t t  e t  a1 .  (1984)  showed  tha t

the zone of  h ighest  abundance was e loser  to  shore for  the o lder  larvae

of  queenf ish,  whi te  croaker ,  and nor thern anchovy than i t  was for  the

younger  l a rvae .  The  o ld .es t  Ca l i f o rn ia  ha l i bu t  l a rvae  tended  to  be  mos t

abundant  shoreward of  the 12 m isobath,  whi le  o lder  larvae of  ke lp and

sand b.ass typ ica l ly  were most  abundant  shoreward of  the 22 m isobath

(usua l l y  L2 -22m;  Ba rne t t  e t  a l . ,  1981 ) .  Lavenbe rg  e t  a I .  ( 1986 )  showed

that  both eggs and larvae of  Paci f ic  sard ine were most  abundant

shoreward of  the 75 m isobath between Ormond Beach and San Onofre,  and

Watson ( f985)  showed that  larva1 abundance was h ighest  on average

between th.e 22 m and 45 m isobaths of f  San Onofre.

Seve ra l  s tud ies  have  been  conduc ted  i n  the  San  Ono f re  v i c in i t y  t o

eva lua te  the  impor fance  to  f i sh  l a rvae  o f  spec ia l  hab i ta t s  no t  no rma l l y

samp led  du r ing  conven t iona l  i ch thyop lank ton  su rveys .  These  hab i ta t s

inc luded  ke lp  beds ,  cobb le  ree fs ,  and  the  ve ry  nea rsho re  zone  a long  the

oPen  coas t .  Ba rne t t  and  Se r t i c  ( 1978 )  conc luded  t ha t  t he  wa te rs  ove r

cobb le  ree fs  a re  an  impor tan t  hab i ta t  f o r  l a rvae  o f  demersa l l y - spawn ing

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
IA.  1 -  15



I
I
I
t
I
I
I
I
I
I
t
I
I
t
t
I
I
I
I

adu l t s  ( p r i nc i i a l l y  c l i n i ds ,  gob ies ,  and  gob iesoc ids ) ,  s i nce  l a r vae  o f

these species were about  150 t imes more abundant  over  the reefs  than in

open water ,  and that  a ther in id ,  queenf ish.  and b l ind goby larvae are

more abundant  very near  shore,  d t  the wave base,  than far ther  f rom

shore.  They a lso found that  no species are more abundant  in  the oPen

water  between g iant  ke lp p lants  than in  the open water  away f rom kelp

beds .  Add i t i ona l  samp l ing  i n  and  nea r  ke lp  beds  w i th  a  d i ve r -ope ra ted

p lank ton  samp le r  (Ba rne t t  and  Ser t i c  ,  L979b)  con f i rmed  those  resu l t s .

Ba rne t t  and  Ser t i c  (1980a)  showed  an  app rox ima te l y  10 - fo1d  i nc rease  i n

the abundance of  ke lp c l ingf ish larvae around the ke lp p lants ,  but  d id

not  show d i f ferences between the water  near  ke lp p lants  and open water

away  f rom the  ke lp  bed  fo r  any  o the r  spec ies .  Based  on  these  s tud ies ,

Ba rne t t  and  Ser t i c  (L979b ,  1980a)  conc luded  tha t  ke lp  beds  a re

un impor tan t  as  hab i ta t  f o r  nea rsho re  f i sh  l a rvae ,  a l t hough  ke lp  beds

are known to prov ide impor tant  habi ta t  for  the juveni les and adul ts  of

many  f i sh  spec ies  ( " . g . ,  Ebe l i ng  and  B ray ,  L97  5 ;  Fede r  e t  a l . ,  L974 ) .

Dai ly  ver t ica l  mi-grat ion has been documented for  many 1arva1 f ish

spec ies  wor ld -w ide ,  a l t hough  i t  i s  no t  as  common among  the

i ch thyop lank ton  as  among  the  o the r  zoop lank ton  (e .g . ,  Woodhead ,  L966) .

In  the  Sou the rn  Ca l i f o rn ia  B igh t ,  da i l y  ve r t i ca l  m ig ra t i on  occu rs  among

seve ra l  1a rva1  f i sh  spec j -es ,  a l t hough  i t  appears  to  have  a  re la t i ve l y

un impo r tan t  e f f ec t  on  d i s t r i bu t i on  ( " . 9 . ,  Ah l s t r om,  1959 ;  Ba rne t t  e t

d I .  ,  L984 ;  B rewer  and  K leppe l ,  1985 ;  Jahn  and  Lavenberg ,  1986  )  .

Seasona l  pa t te rns  o f  i ch thyop lank ton  abundance ,  re f l ec t i ng

seasona l  rep roduc t i on ,  a re  we l l  documen ted  i n  the  Sou the rn  Ca l i f o rn ia

B igh t  ( " . g . ,  B rewer  e t  a1 . ,  1980 ;  G rube re t  a1 . ,  1982 ;  Lavenbe rge t  ?1 . ,

1986 ;  Loeb  e t  a l . ,  1983b ;  Pa r r i sh  e t  a1 . ,  1981 ;  Sch lo t t e rbeck  and

Conna l l y ,  L982 ;  Wa lke r  e t  a ' l . ,  1987 ) .  A t  San  Ono f re ,  Wa l ke r  e t  a1 .
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( 1987 )  used  c l us te r  ana l ys i s  t o  c l ass i f y  63  t axa  i n to  two  p r i nc i pa t  
I

seasona l  assemb lages ,  o r r "  con ta in ing  the  l a rvae  o f  w in te r - sp r ing

(December -May) ,  t he  o the r  t hose  o f  summer - fa l l  ( June -November )  
I

spawners.  Demersal  spawners tended to have longer  reproduct ive seasons 
I

than pelagic  spawners,  and the winter-spr ing spa.wrrers tended to have I

longer  spawning seasons than the sunrmer- fa l1  spawners.  Nor thern 
I

anchovy larvae dominated both the winter-spr ing and the summer- fa11

assemb lages ;  wh i te  c roake r ,  rock f i sh ,  and  Ca l i f o rn ia  ha l i bu t  l a rvae  t

were impor tant  contr ibutors to  the winter-spr ing assemblage;  -

queenf ish,  b lenny,  and ke lp and sand bass larvae were impor tant  member= I

o f  t he  summer - f a1 l  assemb lage  (Wa lke r  e t  a l . ,  1987 ) .  Lavenbe rg  e t  a1 .  
I(1e8'lJ"':;;;::f; 

ff:'. .i."" srronsest evenrs or the cenrury, I

.::"".",.::::::::::'::;Til ::"*":,::l:J ". ":,,;n;"i: I
note that  the occurrence of  young larvae of  a  few summer- fa l l  spawrters 

I
as  l a te  as  December  i n  L982  sugges ted  a  s l i gh t  ex tens ion  o f  t he  summer -

fa11  spawn ing  season  tha t  yea r .  More  p ronounced  e f fec ts  were  de tec ted  I

o f fshore.  For  example,  in  1983 the spawning range of  nor thern anchovy 
I

extended much far ther  nor th than usual ,  eBBS matured more rapid ly  than I

usua1 ,  and  the  resu l t i ng  yea r  c lass  cons i s ted  o f  unusua l l y  sma11  
I

i nd i v idua ls ,  p robab ly  as  a  resu l t  o f  reduced  food  ava i l ab i l i t y

(F ied te r ,  1984 ) .  
I
J

An apparent  mani festat ion of  E1 Nino at  San Onofre was the in f lux

in to the nearshore zorLe of  f ish larvae wi th  of fshore or  southern I

a f f i n i t i e s .  Ba rne t t  e t  a I .  ( 1983a )  no ted  t ha t  t he  l a r vae  o f  mesope lag i c  
I

and  warm-wa te r  ep ipe lag i c  f i sh  spec ies  taken  i nsho re  a t  San  Ono f re

du r ing  the  E1  N ino  even t  were  s im i l a r  t o  t he  assemb lages  cha rac te r i s t i c  
I
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o f  t he  o f f sho re  Sou the rn  Ca l i f o rn ia  and  Ba ja  Ca l i f o rn ia  Ca ICOFI  reg ions

(Ah l s t r om,  Lg65 ;  Loeb  e t  a1 . ,  I 983b ) .  Lavenbe rg  e t  a I .  ( 1986 )  r epo r ted

the sudden appearance of  larva l  round herr ing.  a  southern species,  in

Santa Monica Bay dur ing the L982-  1984 E1 Nino.  Larvae of  th is  species

appeared at  San Onofre a shor t  t ime 1ater ,  and eggs and larvae have been

col lected every summer s ince then

The  m in ima l  e f fec ts  o f  E1  N ino  on  s tand ing  s tocks  and  c ross -she l f

d i s t r i bu t i ons  o f  t he  conmon  nearsho re  f i sh  l a rvae  sugges t  t ha t  t h i s

communi ty ,  l ike the nearshore zooplankton communi ty ,  is  s tab le,  d t

l eas t  i n  t he  c ross -she1 f  d imens ion .  Th i s  may  be  i n  pa r t  because  the

genera l l y  1ow ve loc i t i es  o f  t he  nea rsho re  cu r ren ts  and  the i r  t endency

fo r  t i da l  reve rsa l  se rve  to  m in im ize  the  l i ke l i hood  o f  o f f sho re

d i spe rsa l  o f  t he  nea rsho re  t axa  (e .g . ,  Ba rne t t  e t  31 . ,  1984 ;  Jahn  and

Lavenberg ,  1986) .  I n  add i t i on  to  m in im iz ing  the  l i ke l i hood  o f  seaward

t ranspor t ,  the very nearshore envi ronment  should prov ide the advantage

of  a reasonably  good feeding envi ronment  for  f ish larvae.  Lasker

(L978  ) ,  wo rk ing  a long  th re .e  o f f sho re  t ransec ts  be tween  San ta  Mon ica  Bay

and  De l  Mar ,  showed  tha t  t he  food  i t ems  su i tab le  fo r  f i r s t  f eed ing

anchovy  l a r vae  ( " . g . ,  d i no f l age l l a t es ) ,  we re  ava i l ab le  i n  adequa te

concentrat ions main ly  in  the ch lorophyl l  maximum layer  wi th in  about  10

km f rom sho re ,  and  the  m ic ronaup l i i  su i t ab le  fo r  o lde r  l a rvae  were

ava i l ab le  i n  adequa te  concen t ra t i ons  w i th in  2  km f rom sho re .  Upwe l l i ng

and  s to rms  pe r iod i ca l l y  d i s rup ted  these  agg rega t i ons ,  t empora r i l y

reduc ing  concen t ra t i ons  to  be low  th resho ld  l eve l - s  f o r  suceess fu l

anchovy  f eed ing .  0 'Conne l f  ( 1980 )  desc r i bed  pa t ches  o f  s t a r v i ng  and  o f

heal thy anchovy larvae of f  Newport  Beach which he ascr ibed to

pa tch iness  o f  t he i r  f ood  o rgan isms  s ince  the  s ta rv ing  l a rvae  were

genera l ly  found in  water  hav ing 1ow concentrat ions of  p lankton.  The
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epibenth ic  habi ta t  favored by most  of  the very nearshore f ish larvae may

confer  a feeding .ar rarr tage s ince nearshore zooplankters tend to  be more

abundan t  nea r  t he  bo t tom (e .9 . ,  Ba rne t t  and  Jahn ,  1987 ;  B rewer  and

K1eppe1 ,  1985 ;  Jahn  and  Lavenbe rg ,  1985 ) ,  a l t hough  Jahn  e t  a1 .  ( 1985 )

a rgued  tha t  t h i s  canno t  be  the  case ,  d t  l eas t  f o r  f l ex ion -s tage  wh i te

croaker  larvae,  s ince they are largely  epibenth ic  even though the i r

pr inc ipa l  food organisms are more widely  d is t r ibuted through the water

co lumn.  Ba rne t t  and  Ser t i c  ( I 980b)  and  Dav is  (L979)  sugges ted  tha t ,  f o r

the sc iaenids at  Ieast ,  the in i t ia l  movement  toward the nearshore

ep iben thos  du r ing  the  f l ex ion -s tage  i s  l a rge l y  to  avo id  seaward

t ranspor t .  For  the larger  larvae,  which are more capable of  mainta in ing

posi t ion and may be able to  avoid seaward t ranspor t  through the i r  owrr

e f fo r t s ,  t he  p r i nc ipa l  advan tage  o f  t he  nea rsho re  ep iben th i c  hab i ta t  i s

the  ava i l ab i l i t y  o f  app rop r ia te  food  i t ems .

The  fo l l ow ing  synopses  summar i ze  the  b io logy  o f  t he  f i sh  spec ies

tha t  were  chosen  fo r  BACI  tes t i ng .

C leve land ia  i os

The fo l lowing in format ion on the arrow goby is  taken largely  f rom

Bro the rs  ( 1975 )  and  P rasad  (1959 ) .  C .  i os  i s  a  sma1 l ,  ben th i c  goby

whose  p r i nc ipa l  hab i ta t  i s  i n te r t i da l  and  sha l l ow  sub t i da l  mud  and

muddy -sand  bo t toms ,  where  i t  usua l l y  i s  assoc j -a ted  w i th  i nve r teb ra te

bu r rows (ca l l i anassa  bu r rows  a re  espec ia l l y  f avo red ) .  The

d i s t r i bu t i ons  o f  bu r row ing  i nve r t eb ra tes  r  espec ia l l y  Ca l l i anassa ,

Upogeb ia ,  and  Urech is ,  a re  impor tan t  de te rm inan ts  o f  C .  i os '

d i s t r i bu t i on .  C leve land ia  i os  t ends  t o  co -occu r  w i t h  I l ypnus  g i l be r t i

and  Qu ie tu la  y -cauda ,  bu t  has  somewha t  d i f f e ren t  m ic rohab i ta t

p re fe rences  and ,  be ing  non te r r i t o r i a l  and  unaggress i ve ,  i n  con t ras t  t o
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t he  o the r  two  spec ies ,  genera l l y  occu rs  i n  m ic rohab i ta t s  no t  s t rong ly

p re fe r red  by  t he  o the r  spec ies .  g .  i os  exh ib j - t s  g rea te r  p l as t i c i t y  i n

resou rce  se lec t i on  and  u t i l i za t i on  t han  t he  o the r  two  spec ies .

C leve land ia  l i ves  one  to  th ree  yea rs .  Fema les  may  spawn  c lu t ches

o f  150 -1 ,000  eggs  (usua l1y  abou t  150 -350 )  two  o r  t h ree  t imes  pe r  season

dur ing a reproduct ive l i fe  span of  up to  two years ( the major i ty  in

sou the rn  Ca l i f o rn ia  p robab ly  d ie  a f te r  t he i r  f i r s t  season) .  A l though

spawning can occur  throughout  the year ,  the major  reproduct ive per iod

is  about  September through June.  The eggs,  which are at tached to the

wa l l s  o f  a  bu r row  cons t ruc ted  fo r  t h i s  pu rpose  by  the  rep roduc t i ve  ma le

and guarded by h im,  hatch about  10 days af ter  spawning.  Larvae enter

the p lankton upon hatch ing at  about  3 mm, and recru i t  to  the benth ic

mud-bot tom habi ta t  roughi ry  4-6 weeks la ter  a t  about  15 mm. Dur ing the

p lank ton i c  pe r iod ,  C .  i os  l a rvae  a re  mos t  abund .an t  nea r  t he  bo t tom in

shal low water .  The larvae swim weakly  dur ing the f i rs t  week or  ten days

o f  1 i f e ,  bu t  t he rea f te r  a re  though t  t o  be  capab le  o f  o r i en ted  behav io r

tha t  se rves  to  m in im ize  t i da l l y - i nduced  t ranspor t  (B ro the rs ,  1975) .

ow ing  to  i t s  po ten t i a l l y  rap id  popu la t i on  g rowth  ra te ,  c .  i os  i s

cons ide red  an  oppor tun i s t i c  spec ies  capab le  o f  rap id l y  co lon i z ing  new

areas .

Qu ie tu l a  y - cauda

Th is  synops i s  o f  t he  shadow goby  i s  t aken  f rom Bro the rs  (1975) .

A .  y -cauda  i s  a  sma l1  ben th i c  goby  whose  p re fe r red  summer  hab i ta t  i s

sha l l ow  sub t i da l  mud  o r  sand  bo t tom dense ly  cove red  w i th  a lgae  o r

Zos te ra .  Dur ing  w in te r ,  i t  moves  to  deeper  wa te r  Zos te ra  beds  and  rocky

a reas .  Qu ie tu la  tends  to  co -occu r  i n  t he  same genera l  a reas  w i th

C leve land ia  i os  and  I l ypnus  g i l be r t i ,  bu t  i t s  p re fe rence  fo r  a lgae
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cove r  and  the  agg ress i ve ,  t e r r i t o r i a l  behav io r  o f  b reed ing  ma les  reduce

i t s  deg ree  o f  m ic rohab i ta t  ove r lap  w i th  the  o the r  spec ies .  Bu r row ing  i s

done predominant ly  by males dur ing breeding season.  Burrows funct ion

largely  as brood chambers;  shel ter  is  prov ided by the Zostera and a lgae

beds .

Qu ie tu la  l i ves  fou r  o r  f i ve  yea rs ,  w i th  fema les  usua l l y  ma tu r ing

and spawning in  the i r  second or  th i rd  year .  Spawning occurs throughout

the year  wi th  a broad peak in  summer.  Females may spawn only  once in

thei r  f i rs t  season,  but  subsequent ly  may spawn two or  three t imes per

season .  As  i n  t he  case  o f  t he  o the r  gob ies ,  a  c l u t ch  o f  eggs

rePresent ing a s ing le spawning event  (on the order  of  one-  to  a few

hundred eggs)  is  a t tached to the inner  waI ls  of  the burrow and guarded

by the ma1e.  The incubat ion per iod is  unknown,  but  is  assumed to be

comparab le  t o  t ha t  o f  C .  i os  and  l .  g i l be r t i ,  i . e . ,  abou t  10  days .

Larvae hatch at  a  lehgth of  about  3 mm and spend perhaps about  6-10 weeks

in the p lankton.  Dur ing th is  p lanktonic  per iod,  g .  y-cauda larvae are

most  abundant  in  the midwater  and epibenthos in  water  shal lower  than

abou t  13  m.  Se t t l emen t  t o  the  Zos te ra  -  a lgae  adu l t  hab i ta t  occu rs  a t  a

length of  about  10 mm; the peak set t lement  per iod is  la te summer through

ear l y  f a11 ,  a l t hough  some se t t l emen t  occu rs  th roughou t  t he  yea r .

Surv iva l  ra tes may be h igher  for  f ish set t l ing in  summer than for  those

se t t l i ng  i n  sp r i ng .

I l ypnus  g i l be r t i

Th i s  b r i e f  synops i s  o f  t he  cheekspo t  goby  i s  t aken  l a rge l y  f rom

Bro the rs  ( 1975 ) .  I .  g i l be r t i  i s  a  sma l1  ben th i c  goby  res i d i ng

p r inc ipa l l y  on  i n te r t i da l  and  sha l l ow  sub t i da l  open  sandy  bo t toms  in

bays ,  es tua r i es ,  and  l agoons .  Popu la t i ons  a l so  occu r  i n  deepe r  wa te r s
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o f f  t he  coas t .  I .  g i l be r t i  t ends  t o  co -occu r  w i t h  t he  gob ies

C leve land ia  i ee  and  Qu ie tu la  y -cauda ,  bu t  i t s  d i f f e ren t  m ic rohab i ta t

p re fe rences  and  s t rong ly  agg ress i ve l y  t e r r i t o r i a l  behav io r  t ends  to

exc lude  a1 I  bu t  t he  l a rge  ma le  Qu ie tu la  f rom i t s  p re fe r red  a reas .  A l l

adu l t  I .  g i l be r t i  cons t ruc t  bu r rows  wh ich  se rve  bo th  as  the  p r i nc ipa l

sou rce  o f  she l te r  and  as  the  b rood  chamber  du r ing  the  spawn ing .season .

Bur row cons t ruc t i on  a l l ows  I .  g i l be r t i  t o  occupy  the  open  sand-bo t tom

hab i ta t  t ha t  i s  e f fec t i ve l y  unava i l ab le  to  the  o the r  two  goby  spec ies .

I lypnus l ives four  or  f ive years,  wi th  females usual ly  matur ing

and spawning in  the i r  second or  th i rd  year .  Newly matur ing females may

spawn only  once in  the i r  f i rs t  season,  but  o lder  females may spawn two

or  three t imes per  season.  Spawning occurs throughout  the year . ,  perhaps

wi th peaks in  spr ing and fa1 l .  The eggs are at tached to the inner  wa1ls

of  the burrow and guarded by the male.  Each c lu tch of  eggs represents a

s i ng le  spawn ing  even t ;  c l u t ch  s i ze  i s  s im i l a r  t o  t ha t  o f  C .  i os  ( i . e . ,

one - to  a  fewhundred  eggs ) .  The  i ncuba t ion  pe r iod  i s  app rox ima te l y  t en

days;  newly-hatched larvae (about  3 mm) enter  the p lankton where they

rema in  fo r  rough ly  6  weeks  be fo re  se t t l i ng  to  the  ben th i c  sand  bo t tom

habi ta t  a t  about  13 rnm length.  Set t lement  occurs throughout  the year

wi th  a peak f rom summer through ear ly  fa1 l .  Dur ing the p lanktonic

pe r iod ,  I .  g i l be r t i  l a r vae  a re  mos t  abundan t  i n  t he  m idwa te r  and

ep iben thos  i n  wa te r  sha l l ower  than  abou t  22  m.

Gob iesox  rhessodon

The  Ca l i f o rn i a  c l i ng f i sh  i s  a  sma11  ben th i c  c l i ng f i sh  e l ose l y

assoc ia ted  w i t h  i n t e r t i da l  and  sha l l ow  sub t i da l  ( t o  abou t  11  m  dep th )

rocky  ree f s  ( a1 len ,  L979 ;  Eschmeye r  e t  31 . ,  1983 ) .  Spawn ing  p robab l y

occu rs  p r i nc ipa l l y  i n  sp r ing  and  ea r l y  summer  (A1 Ien ,  L979) ,  a l t hough

A.1-23



Plank ton i c  l a rvae  may  be  co l l ec ted  th roughou t  t he  yea r  (Wa lke r  e t  31 .  ,

1987  ) .  Eggs  a re  t ra . "h "d  under  rocks  and  cobb le  and  gua rded  by  the

adu l t  (A11en ,  L979) .  Re la t i ve l y  we l l -deve loped  l a rvae  ha tch  a t  abou t  4

mm length,  spend perhaps 2-5 weeks in  the p lankton (durat ion based on an

assumed  da i l y  g rowth  ra te  o f  0 .25  mm:  Parke r  and  DeMar t i n i ,  1987 ) ,  and

then  se t t l e  t o  the  ben th i c  hab i ta t  a t  abou t  8 -12  mm (A l l en ,  L979  ) .  Wh i l e

in  the p lankton,  la fvae occur  main ly  shoreward of  about  22 m depth,

where they are most  abundant  in  the epibenth ic  and midwater  s t ra ta.  9 .

rhessodon larvae may tend to  migrate or  set r le  f rom midwater  to  the

ep iben thos  a t  n i gh t  (Ba rne t t  e t  a I . ,  1984 ) .

Parac l inus in tegr ip inn is

The  ree f  f i nspo t  i s  a  sma l I  ( t o  abou t  5  cm long )  c ryp t i c  i nhab i tan t

o f  t i depoo l s  and  sha l l ow  sub t i da l  r ocky  ree f s  (Eschmeye r  e t  a1 . ,  1983 ) .

I t  ranges to  as deep as 15 m,  a l though most  ind iv iduals  remain in  water

sha l l ower  than  abou t  3  m (Rosenb la t t  and  Par r  ,  1969 ) .  Desp i te  i t s  easy

access ib i l i t y ,  l i t t l e  has  been  pub l i shed  on  t he  na tu ra l  h i s t o r y  o f  t he

ree f  f i nspo t .  Fo r  examp le ,  no th ing  has  been  pub l i shed  on  i t s  ea r l y  l i f e

h i s t o r y .

An  A t l an t i c  congener ,  Pa rac l i nus  marmora tus ,  spawns  masses  o f

adhes i ve  eggs  i n  a1ga1  o r  sponge  nes ts  gua rded  by  the  ma1e .  Seve ra l

fema les  may  spawn  in  success ion  i n  t he  same nes t ,  w i th  the  resu l t  t ha t

the  nes t  t yp i ca l l y  con ta ins  eggs  i n  seve ra l  s tages  o f  deve lopmen t

(B rede r ,  L939 ,  f 941 ) .  P lank ton i c  l a r vae  ha t ch  f r om the  eggs  f o l l ow ing

an  i ncuba t i on  pe r i od  o f  abou t  10  days  (B rede r ,  1939 ) .  I t  i s  r easonab le

to  suppose  tha t  rep roduc t i on  i s  much  the  same fo r  P .  i n teg r ip inn i s .

Ree f  f i nspo t  rep roduc t i on  i s  seasona l .  A l t hough  la rvae  may  occu r

f rom spr ing through fa l1 ,  abundance is  much h igher  in  summer (Walker  et
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a1 . ,  1987) .  La rvae  ha tch  a t  abou t  4  mm leng th  and  en te r  t he  p lank ton

where they remain for  perhaps 7 weeks (assurn ing set t lement  at  about  L7

mm' Ieng th  and  an  ave rage  g rowth  ra te  o f  0 .25  mm per  day ;  Pa rke r  and

DeMar t i n i ,  1987 ) .  Du r ing  the i r  p lank ton i c  ex i s tence ,  I a rvae  a re

located predominant ly  in  the nearshore (shal lower  than about  22 m)

epibenthos and midwater  zones (Barnet t  e t  a l .  ,  1985 )  .  They may tend to

se t t l e  f rom the  m j -dwa te r  i n to  the  ep iben thos  a t  n igh t  (Ba rne t t  e t  a l . ,

1e84) .

Gibbons ia  sp .  A

Four  G ibbons ia  spec ies  occu r  a long  the  sou the rn  Ca l i f o rn ia  coas t

and  any  o r  a l l  cou ld  be  i nc luded  i n  the  taxon  G ibbons i l  sp .  A .  However ,

s ince  G ibbons ia  sp .  A  l a rvae  a re  morpho log i ca l l y  homogeneous ,  and  l a rge

pos t f l ex i on -s tage  l a r vae  c l ose l y  r esemb le  new ly - se t t l ed  spec imens  o f

G ibbons ia  e l egans ,  i t  seems  1 i ke1y  t ha t  G ibbons ia  sp .  A  i s  a t t r i bu tab le

p redominan t l y  o r  en t i re l y  t o  G .  e legans ,  t he  spo t ted  ke lp f i sh .

The  spo t ted  ke lp f i sh  i s  a  sma11  ( to  abou t  16  cm long )  i nhab i tan t  o f

1ow in te r t i da l  and  sub t i da l  ( t o  abou t  56  m dep th )  rocky  a reas  (Eschmeyer

e t  a l .  ,  1983  )  ,  espec ia l l y  t hose  a reas  w i t h  dense  a l ga l  o r  ee lg rass  cove r

(Wi l1 iams ,  1954) .  A reas  w i th  ma t - fo rm ing  aLgaL  cove r  a re  espec ia l l y

f avo red  (Coye r ,  1982 ) .  Du r i ng  t he  spawn ing  season ,  nes t s  cons i s t i ng  o f

sma1 l  c lumps  o f  eggs  a t tached  to  the  a lgae  o r  ee lg rass  a re  gua rded  by

the  ma le  (Eschmeyer  e t  a l . ,  f 983 ) .  Spawn ing  can  occu r  t h roughou t  t he

year  w i th  a  peak  i n  w in te r  (W i11 iams ,  L954)  o r  f rom w in te r  t h rough

sp r i ng  (Fede r  e t  a1 . ,  L974 ) .

G ibbons ia  l a rvae  occu r  t h roughou t  t he  yea r  o f f  San  Ono f re  bu t  t end

to  be  mos t  abundan t  i n  l a te  w in te r  and  sp r ing  (Wa lke r  e t  a1 .  ,  1987  )  .

Fo l l ow ing  an  i ncuba t i on  pe r iod  o f  unknown  du ra t i on  (p robab ly  on  the
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o rde r  o f  1 -2  weeks ) ,  r e l a t i ve l y  we l l - deve loped  G ibbons ia  l a r vae  ha t ch

at  a  length of  about  + **  and enter  the p lankton where they remain for

pe rhaps  s i x  weeks  be fo re  se t t l i ng  to  . t he  ben th i c  j uven i l e  and  adu l t

hab i ta t  (Pa rke r  and  DeMar t i n i ,  I 987 ) .  Du r ing  the  p lank ton i c  pe r iod

Iarvae are most  abundant  in  the epibe.nth ic  and midwater  s t ra ta near

sho re ,  i n  wa te r  sha l l owe r  t han  abou t  12  m  (Ba rne t t  e t  a l . ,  L984 ,  1985 ) .

He te ros t i chus  ros t ra tus

The  g ian t  ke lp f i sh  i s  a  modera te l y  l a rge  ( to  abou t  50  cm long )

inhab i tan t  o f  ke lp  fo res ts  and  sub t i da l  a lgae -cove red  rocky  ree fs .  I t

occu rs  t o  dep ths  o f  abou t  40  m  (Esch rneye r  e t  &1 . ,  f 983 ) .  E .  r os t ra tus

l i ves  app rox ima te l y  f i ve  yea rs .  I t  ma tu res  a t  t he  end  o f  i t s  f i r s t  yea r

or  in  i ts  second year ,  and may spawn severa l  t imes each year  thereaf ter

( coye r  ,  1982 ;  s tep ien ,  1986  )  .  spawn ing  i n  a1ga1  nes ts  occu rs

throughout  the year ,  wi th  a peak f rom.midwinter  through ear ly  summer

(Fede r  e t  a l . ,  1974 ;  wa l ke r  e t  a1 . ,  1987 ) .  sho r t ,  bushy ,  o !  b ranched

a lgae  a re  p re fe r red  nes t i ng  s i t es ;  t he  ma le  gua rd .s  the  eggs ,  wh ich  a re

a t t ached  t o  t he  a l ga l  subs t ra te  (Coye r ,  I 982 ) .  Each  nes t  con ta i ns  abou t

400 -1200  eggs ,  a l l  i n  t he  same s tage  o f  deve lopmen t ,  rep resen t i ng  a

s ing le  spawn ing  even t  (S tep ien ,  I 986 ) .

Re la t i ve l y  we l l -deve loped  l a rvae  abou t  5  mm long  ha tch  and  en te r

the  p lank ton  fo l l ow ing  an  i ncuba t i on  pe r iod  o f  abou t  2  weeks  (S tep ien ,

1985  )  .  The  p lank ton i c  s taBe  las ts  abou t  ano the r  two  weeks ,  a f te r  wh ich

la rvae  a re  nek ton i c ,  schoo l i ng  a round  g ian t  ke lp  canop ies  (Feder  e t

a I - ,  L974 ;  S tep ien ,  1985 ) .  H .  r os t ra tus  se t t l es  t o  t he  mac roa lga l

j uven i l e /adu l t  hab i ta t  a t  abou t  30 -50  mm leng th ,  co r respond ing  to  an

age  o f  abou t  8 -12  weeks .  Du r i ng  t he  p l ank ton i c  pe r i od ,  l a r vae  a remos t

abundant  in  the midwater  and epibenth ic  s t ra ta at  depths shal lower  than

abou t  12  m  (Ba rne t t  e t  a1 . ,  1985 ) .
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Ser iphus  po l i t us

The queenf ish is  a  smal l  ( to  about  30 cm long)  abundant  croaker

tha t  schoo ls  ove r  so f t  bo t toms  in  bays ,  es tua r ies  and  a long  the  sha l l ow

open  coas t  a t  dep ths  l ess  than  abou t  21  m (Eschmeyer  e t  41 .  ,  1983 ;  Feder

e r  31 . ,  L974 ) . .Queen f i sh  schoo l  p r i nc i pa l l y  a t  dep ths  sha l l owe r  t han

abou t  t l  m  du r ing  the  day ,  bu t  d i spe rse  o f f sho re  a t  n igh t  t o  f eed

(Hobson  
.and  

Chess  ,  L97  6 ;  A l1en  and  DeMar t i n i ,  1983  )  and  sPawn

(DeMart in i  and Founta in,  1981) .  Dur ing the winter  they may remain

fa r the r  f rom sho re  i n  deeper  wa te r  (A11en  and  DeMar t i n i ,  1983  )  .

Some queen f i sh  ma tu re  a t  t he  end  o f  t he i r  f i r s t  yea r ,  and  a l l  a re

mature by age two.  Young females spawn over  a per iod of  about  3 months

in the middle of  the spawning season (about  March through September) ,

whereas  o lde r  f ema les  may  spawn  fo r  up  to  s i x  mon ths .  Ba tch  fecund i t y

ranges  f r om abou t  5 ,000 -90 ,000  eggs ,  depend ing  on  t he  s i ze  o f  t he

fema le ;  t he  ave rage-s i ze  fema le  (14  cm)  i n  t he  San  Ono f re  v i c in i t y  i n

L979  had  a  po ten t i a l  ba t ch  s i ze  o f  12 ,000 -13 ,000  eggs  (DeMar t i n i  and

Foun ta in ,  1981 ) .

Sma l1  (abou t  1 .5  mm long )  poo r l y -deve loped  p lank ton i c  yo l ksac -

stage larvae hatch f rom the p lanktonic  eggs about  two days af , ter

spawn ing .  The  yo l ksac  s tage  l as t s  app rox ima te l y  ano the r  two  days .

Dur ing  these  two  days ,  queen f i sh  deve lop  f rom the  essen t i a l l y  embrycn ic

new ly -ha tched  fo rm to  fu1 l y  f unc t i ona l  1a rva1  f i sh .  The  1a rva l  g rowth

ra te  va r ies  seasona l l y ,  f r om an  ave rage  0 .22  mm per  day  ea r l y  i n  t he

spawn ing  season  (May )  to  an  ave rage  0 .27  mrn  pe r  day  l a te  i n  t he  season

(August  )  ,  when average water  temperature is  h ighest  (Barnet t  and

Se r t i c ,  I 980c ) .  T rans fo rma t i on  t o  t he  j uven i l e  s t age  occu rs  a t  abou t  20

mm,  abou t  10 -12  weeks  a f te r  ha tch ing .
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Dur ing the larva l  s tage,  queenf ish are most  abundant  in  midwater

and epibenth ic  s t ra ta at  depths shal lower  than about  45 m.  The larvae

move  sho reward  and  toward  the  bo t tom w i th  age .  Wh i l e  p re f l ex ion -s tage

larvae conmonly occur  in  midwater  and epibenth ic  s t ra ta out  to  about  45

m depth,  f lex ion and post f lex ion-stage larvae occur  main ly  in  midwater

and epibenth ic  s t ra ta shal lower  than about  12 m depth,  and are most

abundant  in  the epibenthos shoreward of  9  m depth (Barnet t  e t  a1. ,

re84) .

Jahn and Lavenberg (1985)  speculated that  the tendency of

queen f i sh  l a rvae  to  concen t ra te  nea r  the  .bo t tom i s  l a rge l y  to  avo id

d i spe rsa l ,  a l t hough  they  d id  no t  d i scoun t  t he  poss ib i l i t y  t ha t  t he

near -bo t tom d i s t r i bu t i on  cou ld  have  some t roph ic  s ign i f i cance .  Ba rne t t

and  Ser t i c  ( f 980b)  repo r ted  tha t  t he  ha rpac t i co id  copepod ,  Eu te rp ina

acu t i f r ons ,  w i th  a  p redominan t l y  nea rsho re  ep iben th i c  d i s t r i bu t i on ,

cons t i t u ted  an  impor tan t  eomponen t  o f  t he  d ie t  o f  a l l  l a r va l  s tages  o f

queenf ish near  San Onofre.  Other  impor tant  i tems for  the younger  larvae

inc luded  t i n t i nn ids ,  B?s t ropod  ve l i ge rs ,  po l ychae te  l a rvae ,

cyphonau tes  l a rvae ,  and  va r ious  copepod  naup l i i .  Mos t  o f  t hese

zooplankters have midwater  d is t r ibut ions,  where young queenf ish larvae

are a lso abundant .  Older  quee.nf ish larvae,  oD the other  hand,  are

la rge l y  ep iben th i c ,  and  feed  on  ep iben th i c  o rgan isms  such  as .mys ids  and

amph ipods  i n  add i t i on  to  E .  acu t i f r ons .

Genyonemus l inea tus
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The  fo l l ow ing

croaker  by Love et

s i ze  sc i aen id  ( t o

va lue  t ha t  schoo l s ,

synoP s t_ s r_ s

a l .  ( 1984 ) .

about  4I  cm

main ly  over

taken  l a rge l y  f rom the  rev iew  o f  wh i te

The  wh i te  c roake r  i s  a  sma1 l  t o  med ium-

long)  of  moderate spor t  and commerc ia l

so f t  bo t t oms .  ac ross  t he  she l f  f r om the
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sur f  zone to as deep as I83 rn.  I t  tends to  be most  abundant  shoreward of

30  m  dep th  (Eschmey" t  
" a  

a l . ,  1983 ) ;  j uven i l es  a re  l a rge l y  r es t r i c t ed  t o

th is  nearshore zone whereas larger  specimens may inhabi t  deeper  waters

as  we l l  "  Wh i te  c roake rs  nea rsho re  tend  to  d i spe rse  seaward  a t  n igh t ,

and dur ing ear ly  winter  a l l  tend to  remain far ther  f rom shore (Al len and

DeMar t i n i . ,  f 983 ; .  Love  e t  a1 .  ,  1985 ) .

Whi te croakers mature at  an age of  about  l -3  years (over  5O% are

matu re  a t  age  1 )  and  l i ve  up  to  12  yea rs .  Du r ing  the  rep roduc t i ve  season

(pr inc ipa l ly  November through Apr i1 ,  a l though some spawning caR

con t inue  th roughou t  t he  yea r )  f ema les 'may  spawn  as  o f ten  as  eve ry  f i ve

days.  Young females have a re la t ive ly  shor t  spawning per iod of  about  3

months centered around the peak of  the spawning season,  dur ing which

they  may  spawn  as  many  as  18  ba tches  o f  abou t  1 ,000 -4 ,000  sma l l

p lank ton i c  eggs .  O lde r  f ema les  have  a  l onger  season  (abou t  4  mon ths )

that  can star t  ear l ier  and end la ter ,  dur i -ng which they spawn up to  24

ba tches  o f  abou t  4 ,000 -40 ,000  eggs  each .

Sma11  (abou t  1 .5  mm long )  yo l ksac  s tage  l a rvae  tha t  a re  1 i t t 1e  more

than  p lank ton i c  embryos  ha tch  f rom these  p lank ton i c  eggs  abou t  2 .5  days

a f te r  spawn ing  (Watson ,  1982) .  The  yo l ksac  s tage ,  du r ing  wh ich  l a rvae

have  on l y  ve ry  feeb le  sw imming  ab i l i t y ,  l as t s  f i ve  to  seven  days

(Ba rne t t  and  Se r t i c ,  1980c ;  Wa tson ,  1982 ) .  The  subseguen t  l a r va l

g rowth  ra te  va r ies  on l y  s l i gh t l y  ove r  t he  rep roduc t i ve  season ,  rang ing ,

fo r  examp le ,  f rom 0 .19 -0 .20  mm per  day  be tween  March  and  May  (Ba rne t t

and  Se r t i c ,  1980c ) .  Wh i t e  c roake rs  become  i nc reas ing l y  compe ten t  f i sh

dur ing 1arval  development .  which ends at  a  length of  about  19 mm and an

approx ima te  age  o f  14  weeks  (Ba rne t t  and  Ser t i c ,  1980c )  w i th

t r ans fo rma t i on  t o  t he  j uven i l e  s t age .
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Dur ing ear ly  larva l  development  whi te  croaker  are most  abundant  in

the  m idwa te r  and  ep iben th i c  s t ra ta  sho reward  o f  abou t  45  m dep th ,  bu t

th i s  d i s t r i bu t i on  con t rac ts  toward  sho re  and  toward  the  bo t tom w i th

inc reas ing  l a rva l  aBe  so  tha t  pos t f l ex ion -s tage  La rvae  a re  mos t

abundant  in  the epibenth ic  s t ra tum shoreward of  about  2L m depth

(Ba rne t t  e t  a l . , . 1984 ) .  B rewer  and  K leppe l  ( I 985 )  sugges ted  t ha t  sma1 l

larva l  whi te  croaker  d isperse upward in to the water  co lumn at  n ight ,

a l t hough  Barne t t  e t  a l .  ( f 984 )  de tec ted  no  ev idence  o f  da i l y  ve r t i ca l

mj-grat ion near  shore at  San Onofre.

Jahn  e t  a l .  ( 1985 )  compared  t he  ve r t i ca l  d i s t r i bu t i on  o f  t a r va l

wh i te  c roake r  o f f  Sea l  Beach  w i th  those  o f  t he i r  ma jo r  p rey  o rgan isms

and  conc luded  tha t  f eed ing  canno t  be  the  p r i nc ipa l  reason  fo r  t hese  f i sh

la rvae  to  l i ve  i n  t he  ep iben th i c  s t ra tum,  s ince  some o f  t he  p r i nc ipa l

food organisms for  the o1der ,  most  ep ibenth ie larvae were most  abundant

above  the  ep iben th i c  s t ra tum.  Ba rne t t  and  Ser t i c  (19SOb)  repo r ted  tha t

at  San Onofre young whi te  croaker  larvae prey on a var ie ty  of  i tems

having both uPPer water  co lumn and epibenth ic  af f in i t ies ( the

epibenth ic  copepod Euterp ina acut i f rons and the predominant ly

m idwa te r ,  b i va l ve  ve l i ge rs  we re  espec ia l l y  f avo red ) ,  wh i l e  t he  o l de r ,

largely  epibenth ic  larvae feed predominant ly  on epibenth ic  organisms

such  as  mys ids ,  gammar idean  amph ipods ,  and  Eu te rp ina  acu t i f r ons .  Thus

i t  aPPears  tha t  a l t hough  feed ing  i s  p robab ly  no t  t he  on l y  reason  fo r

moving in to the epj -benthos (avoidance of  seaward d ispersal  is

undoub ted l y  impor tan t  t oo )  i t  ce r ta in l i  mus t  be  an  impor tan t

con t r i bu to r .

La rva l  wh i te  c roake r  a re  l ess  abundan t  f rom San  Ono f re  sou th  to  the

Mex ican  bo rde r  t han  they  a re  fa r the r  no r th  be tween  Laguna  Beach  and

Po in t  Concep t ion .  I n  t he  San  Ono f re  v i c in i t y ,  l ong - te rm dec l i n ing
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t rends have been noted the abundances of  in  both larvae and adul ts

e t  a1 .  ,  1986  )  '  These  dec l i nes(e .g . ,  DeMar t i n i  e t  a l . ,  19851  Ba rne t t  (

may  have  been  reg iona l ;  f o r  examp le ,  Love  e t  a1 .  (1985)  showed  some

evidence for  a  reg ional  dec l ine nearshore in  adul t  whi te  croaker

abundance  f rom Lg82-1984 ,  poss ib l y  re la ted  to  E1  N ino .  They  a l so  no ted

a  s r rong  rec ru i tmen t  a t  San  Ono f re  i n  1984 .  DeMar t i n i  e t  a1 .  (1985)

suggested that  the decl in ing abundance of  adul ts  near  San Onofre

re f l ec ted  poo r  rec ru i tmen t  du r ing  the  ea r l y  1980s ,  and  du r ing  E l  N ino

probably  inc luded an emigrat ion f rom the nearshore zone to cooler

o f f sho re  wa te rs .  Love  e t  a1 .  ( 1985 )  l i kew i se  no ted  an  em ig ra t i on  f r om

the  nea rsho re  zone  o f  seve ra l  f i sh  spec ies  du r ing  E1  N ino .

Chei lo t rema saturnum

.  The  b lack  c roake r  i s  a  sma l l  ( t o  abou t  38  cm long )  sc iaen id  tha t

res ides over  the oPen sandy bot tom and rocky areas of  bays and near

sho re  a long  the  oPen  coas t ;  i t  o f t en  may  be  found  i n  caves  and  l a rge

c rev i ces  i n  r ocky  ree f s  ( L imbaugh ,  1961 ;  Fede r  e t  a1 . '  L974 ;  Eschmeye r

e t  41 . ,  f 983 ) .  Juven i l es  t yp i ca l l y  schoo l  w i t h  j uven i l e  sa rgo  and

sa lema  i n  ve ry  sha l l ow  coas ta l  wa te r  ( 1 -5  m  bo t t om dep th ) ;  adu l t s  a re

more  so l i t a ry  and  range  fa r the r  f rom sho re ,  t o  abou t  45  m dep th  a l t hough

mos t  occu r  sho reward  o f  15  m  dep th  (L imbaugh ,  1961 ;  Fede r  e t  a l .  '  L974 ) '

Spawn ing  i s  i n  sp r ing  and  summer  (L imbaugh ,  195 l ) ;  t he  sma l1

p lank ton i c  eggs  ha t chabou t  1 -2  days  a f t e r  be ing  spawned  (Fede r  e t  a1 . ,

L974 ) .  The  new ly -ha t ched  yo l ksac -s tage  l a r vae  (abou t  1 .7  mm long ) ,

l i ke  the  new ly  ha tched  l a rvae  o f  mos t  spec ies  w i th  sma l l  p lank ton i c

eggs ,  a re  l i t t 1e  .  more  than  p lank ton i c  embyros  w i th  ve ry  l im i ted

swimming abi l i ty .  Larvae metamorphose at  about  15 r l r l ,  perhaps 8 weeks

a f te r  ha tch ing  (assuming  an  ave rage  g rowth  ra te  o f  0 .25  mm Per  day ;
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Parke r  and  DeMar t i n i ,  1987 ) .  Du r ing  the  p lank ton i c  s tage ,  l a rvae  a re

Ioca ted  p redominan t l y  i n  m idwa te r  ac ross  the  she l f  t o  abou t  t he  45  m

isoba th  (Ba rne t t  e t  a I .  ,  1985  )  .  The  pa t te rn  ana lys i s  done  i n

con junc t i on  w i th  the  f i na l  BACI  ana lys i s ,  a l t hough  based  on  few  su rveys

for  the o lder  larvae,  suggests that  the larvae move shoreward as they

deve lop  (F igu re  p -  f 95  )  .

Ment  ic i r rhus undulatus

The  Ca l i f o rn ia  co rb ina  i s  a  l a rge  ( to  abou t  71  cm long )  sc iaen id  o f

cons ide rab le  spo r t  f i she ry  va1ue .  I t  occu rs  p r i nc ipa l l y  a long  the

sandy  sho res  o f  t he  open  coas t  and  i n  bays ,  f rom the  su r f  zone  to  abou t

14  m  dep th ,  bu t  mos t  o f t en  a t  abou t  I - 5  m  dep th  (Fede r  e t  4 I . ,  L974 ;

Eschmeye r  e t  a1 .  ,  1983  )  .

Ca l i f o rn ia  co rb ina  ma tu res  a t  an  age  o f  abou t  2 -3  yea rs  and  may

r i ve  a t  l eas t  e igh t  yea rs  ( .F rey ,  1971) .  Spawn ing  i s  i n  summer  (F rey ,

L97L ;  Fede r  e t  a1 . ,  L974 )  w i t h  h i ghes t  l a r va l  abundance  i n  t he  San

ono f re  r eg ion  i n  Augus t  and  sep tember  (wa l ke r  e t  a l . ,  1987 ) .  The  eggs

a re  sma1 l  and  p lank ton i c ,  l i ke  those  o f  t he  o the r  sc iaen ids ,  and

p robab l y  have  a  s im i l a r  i ncuba t i on  pe r i od  (1 -2 .5  days ) .  New ly  ha t ched

Ia rvae  a re  essen t i a l l y  p lank ton i c  embryos .  Subsequen t  l a rva I

development  may requi re about  7 weeks (assuming an average growth rate

o f  0 .25  mm per  day ;  Pa rke r  and  DeMar t i n i ,  1987  )  ,  w i th  t rans fo rma t ion  to

the  j uven i l e  by  abou t  14  mm leng th .

Dur ing  the i r  p lank ton i c  ex i s tence ,  l a rvae  tend  to  be  mos t  abundan t

in  m idwa te r  sho reward  o f  abou t  45  m dep th  (abou t  5 .4  km f rom sho re  a t

SONGS)  and  i n  the  neus ton  and  ep iben thos  sho reward  o f  t he  1 .2  m i soba th

(Barne t t  e t  31 .  ,  1985  )  .  The  pa t te rn  ana lys i s  done  i n  con junc t i on  rq i t h

the  f i na l  BACI  tes t i ng ,  a l t hough  based  on  few  obse rva t i ons  fo r  t he  o lde r

I
I
I
t
I
I
I
l
I
I
I
I
I
I
T
t
I
l
tA.  1 -  32



t
I
I
t
I
t
I
I
I
t
I
I
I
t
I
I
I
t
I

l a r vae ,  sugges ts  tha t  t he

D-206 ) .  S rna l1  j uven i l es

1 -3  m  deep  (F rey ,  1971 ) .

larvae move shoreward as they develop (F igure

have been repor ted f rom nearshore waters about

Para lab rax Spec ies

The  ke lp  and  sand  basses  a re  l a rge  ( to  56 -72  cm long ,  depend ing  on

spec ies  )  and  h igh l y  va lued  nea rsho re  spo r t  f i sh  (Eschmeyer  e t  a l .

1983  ) .  Fou r  spec ies  occu r  a long  the  sou the rn  Ca l i f o rn ia  coas t  a l t hough

only  the ke lp bass and the barred and spot ted sandbasses are common.

S ince  the  l a rvae  o f  t hese  th ree  spec ies  co -occu r  and  c lose l y  resemb le

one  ano the r ,  t hey  canno t  be  rou t i ne l y  separa ted  w i th  any  ce r ta incy .

Larvae that  could be ident i f ied wi th  some conf idence f rom the San Onofre

ichthyoplankton samples have predominant ly  been barred sand.bass (P.

nebu l i f e r )  and  ke lp  bass  ( ! .  c l a th ra tus ) ,  w i th  on l y  a  sma11  p ropo r t i on

con t r i bu ted  by  spo t t ed  sandbass  ( ! .  macu la to fasc ia tus ) .  L i kew ise ,

juveni les and adul ts  in  the San Onofre v ic in i ty  are predominant ly

ba r red  sandbass  and  ke lp  bass  (e .g . ,  DeMar t i n i  e t  a l .  ,  1985 ) .

Both ke lp bass and barred sandbass are most  abundant  near  shore at

depths shal lower  than about  26 m,  a l though they may range seaward to

abou t  45  m (ke lp  bass )  o r  50  m (ba r red  sandbass )  dep th .  Ba r red  sandbass

l i ve  on  o r  nea r  rocky  ree fs ;  l a rge r  adu l t s  rnay  p re fe r  open  sandy  bo t toms

nea r ree f s  (Fede r  e t  a1 . , ' L974 ) .  Ke lp  bass ,  o f l  t he  o the r  hand ,  l i ve  i n

and around kelp beds a l though larger  adul ts  may occur  in  deeper  rocky

a reas  l ack i ng  a l gae  cove r  (Fede r  e t  a l . ,  Lg74 ) .

A11  th ree  Para lab rax  spec ies  spawn  sma11  p lank ton i c  eggs  f rom la te

sp r i ng  t h rough  ea r l y  f a l l  (Sm i th  and  Young ,  L966 ;  Bu t l e re t  a l . ,  L982 ) .

At  San Onofre,  larvae are abundant  on ly  dur ing the three month per iod

f rom Ju l y  t h rough  Sep rember  (Wa lke r  e t  a1 . ,  L9g7 ) .
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The  incuba t ion  pe r iod  i s  abou t  1 .5  days  fo r  ke lp  bass ;  t he  sand

basses presumably requi re about  the same amount  of  t ime.  The p lanktonic

yo l ksac -s tage  l a rvae  o f  ke lp  bass  a re  sma l1  (abou t  2 .2  mm long )  and

poor l y  deve loped  a t  ha tch ing ;  t he  sand  basses  a re  s im i l a r l y  poo r l y

deve loped  and  abou t  t he  same s i ze .  Yo lk  abso rp t i on  requ i res  abou t  f ou r

days  i n  spo t ted  sandbass  and  abou t  f i ve  days  i n  ke lp  bass .  Subsequen t

1a rva1  deve lopmen t  i s  rap id ,  requ i r i ng  abou t  ano the r  3 .5  weeks  be fo re

t rans fo rma t ion  to  the  j uven i l e  a t  abou t  11  mm leng th  (Bu t l e r  e t  a I .  ,

Le82) .

Dur ing the p lanktonic  per iod,  Para labrax spp.  larvae near  San

Onofre are most  abundant  in  midwater  and the neuston between the 12 and

45  m i soba ths ,  bu t  occu r  i n  a l l  s t ra ta  be tween  the  5  and  75  m i soba ths

(Ba rne t t  e t  a1 . ,  f 985 ) .  Lavenbe rg  e t  a1 .  ( 1985 )  no ted  t ha t  be tween

Ormond Beach and San Onofre,  larvae are most  abundant  shoreward of  the

36  m  i soba th .

Hypsopse t t a  gu t t u l a ta

The  d iamond  tu rbo t  i s  a  sma l l  t o  modera te  s i ze  ( to  46  cm long )

f la t f ish that  l ives on muddy and sandy bot toms in  bays and estuar ies and

a long  t he  open  coas t  t o  as  deep  as  46  m  (Eschmeye r  e t  31 . ,  1983 ) .

A l though  i t s  f eed ing  hab i t s  have  no t  been  desc r ibed ,  t hey  p robab ly

resemb le  t hose  o f  o the r  t u rbo t s  ( e .g . ,  A11en ,  1982 ) ,  wh i ch  a re  ben th i c

searchers or  s ta lkers feeding predominant ly  on in fauna such as

po lychae tes  and  b i va l ves .  The  d iamond  tu rbo t  cou1d ,  t he re fo re ,  bene f i t

f rom any increases of  the in faunal  populat ions near  the SONGS

d i f f use rs .  The  d iamond  tu rbo t  i s  t aken  i nc iden ta l l y  i n  spo r t  and

commerc ia l  f i she ry  ca t ches  (F rey ,  197 l ) .

I
I
I
I
I
l
I
I
t
I
t
I
t
I
t
I
I
t
tA.  1 -  34



I
I
I
I
I
I
I
I
t
t
I
I
I
I
I
I
I
I
I

The d iamond turbo. t  spawns smal I  p lanktonic  eggs (Eldr idge,  L975;

Sumida  e t  a1 . ,  L979 )  f r om sp r i ng  t h rough  f a l 1  (E ld r i dge ,  L975 i  Wang ,

1981) .  Near  San  Ono f re ,  l a rvae  may  occu r  i n  any  mon th ,  bu t  t end  to  be

mos t  abundan t  du r ing  sp r ing  (Wa lke r  e t  a l . ,  1987 ) .  New ly  ha tched

p lank ton i c  yo l ksac -s tage  l a r vae  a re  sma l i  ( 1 .5 -2 .0  mm long )  and  poo r l y

deve loped ,  l i ke  the  new ly  ha tched  l a rvae  o f  mos t  o the r  spec ies  w i th

smal1 p lanktonic  eggs.  Subsequent  growth and development  to  the

benth ic  juveni le  s tage (about  11 mm length)  may requi re about  f ive

weeks,  assuming an average growth rate of  0 .25 mm per  day (Parker  and

DeMar t i n i ,  1987  )  .

r \ " - j - ^  -he i r  p lank ton i c  ex i s tence ,  d iamond  tu rbo t  l a rvae  a re  mos tv u r  r r r S  L t

abundan t  i n  t he  neus ton  and  m idwa te r  nea r  sho re  (Ba rne t t  e t  a l . ,  1984 ) ,

ove r  dep ths  sha l l ower  than  22  m (w i th in  abou t  3 .8  kn  f rom sho re  a t  San

Onofre) .  Larvae occur  only  in f requent ly  and in  low numbers in  the

ep iben thos  o r  f a r t he r  seaward  ( " . g . ,  Ba rne t t  e t .  d1 . ,  1985 ) .

Pa ra l  i  ch thys  ca l i f  o rn i cus

The  Ca l i f o rn ia  ha l i bu t  i s  a  l a rge  ( to  abou t  150  em long ;  M i l l e r

and  Lea ,  L972)  f l a t f i sh  tha t  i s  h igh l y  va lued  i n  bo th  rec rea t i ona l  and

commerc ia l  f i she r ies ,  and  has  recen t l y  become the  sub jec t  o f

cons ide rab le  sc i en t i f i c  i n t e res t ,  as  we1 l .

Ca l i f o rn ia  ha l i bu t  may  be  found  i n  ha rbo rs ,  bays  and  es tua r ies ,

and  a long  the  open  coas t  f rom jus t  ou ts ide  the  su r f  zo r re  o f f sho re  to

dep ths  o f  f 83  m,  a l t hough  they  tend  to  be  mos t  abundan t  sho reward  o f

abou t  30  m  (Eschmeye r  e t  a l . ,  1983 ;  F rey ,  L97L ) .  Sma l l e r  ha l i bu t  t end

to  be  more  abundan t  a t  sha l l ower  dep ths ,  wh i l e  l a rge r  ones  tend  to

res ide  i n  deepe r  wa te r .  Ha l i bu t  mos t  o f t en  occu r  on  sand  bo t t oms

(Eschmeye r  e t  a l . ,  1983 ) ,  whe re  t hey  l i e  pa r t l y  bu r i ed  i n  o rde r  t o

ambush  nek ton i c  p rey  (A11en ,  L982) .
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Ca l i f o rn ia  ha l i bu t  may  l i ve  as  l ong  as  30  yea rs .  Fema les  may

mature and spawn as ear ly  as age L or  2 ,  and a l l  are mature by age 5 or  5

(F rey  197 f ) .  Ha l i bu t  apparen t l y  spawn  th roughou t  t he  yea r ,  bu t  w i th  a

peak in  spawning act iv i ty  dur ing la te winter  and spr ing (Lavenberg et

41 " ,  1986 ;  Wa lke r  e t  a l . ,  f 987 ) .  The  sma l1  p l ank ton i c  eggs  ha t chabou t

2.5 days af ter  spawning;  the newly-hatched larvae are sma11 (about  2 mm

long)  and  poo r l y  deve loped ,  l i ke  the  new ly -ha tched  l a rvae  o f  mos t

spec ies  w i th  sma11  p lank ton i c  eggs .  The  yo l ksac  s tage  l as t s  abou t  two

days and the subsequent  larvaI  s tage about  another  four  weeks,  unt i l

me tamorphos i s  a t  a  l eng th  o f  abou t  9 -10  mm (Parke r  and  DeMar t i n i ,  I 987 ) .

Dur ing the i r  p lanktonic  ex is tence Cal i forn ia hal ibut  larvae occur

a lmos t  exc lus i ve l y  i n  t he  coas ta l  zone  (Gruber  e t  a l .  ,  L982 ) ;  a t  San

Onofre they are most  abundant  on average in  midwater  between the 9 m and

45  m  i soba ths  (Ba rne t t  e t  a l . ,  1984 ) .  The  o l de r  l a r vae  move  i nsho re

dur ing  me tamorphos i s  ( i . e . ,  abou t  7 -9  mm when  one  eye  m ig ra tes  f rom the

fu tu re  b l i nd  s ide  to  the  fu tu re  eyed  s ide ) ;  h ighes t  concen t ra t i ons  o f

t he  o l des t  l a r vae  occu r  sho reward  o f  9  m  dep th  (Ba rne t t  e t  a1 . ,  1983a ) .

La te  l a rvae  o r  ea r l y  j uven i l es  a re  though t  t o  se t t l e  i n  bays ,  es tua r ies

and  coas ta l  l agoons  (P lummer  e t  a1 . ,  1983 ) .

A the r inops i s ca l i f  o rn i -ens i s

The  jacksme l t  i s  a  l a rge  ( to  a t  l eas t  45  cm long )  p lank t i vo rous

member  o f  t he  s i l ve rs ides  (A the r in idae )  f am i l y  (M i11e r  and  Lea ,  L972) .

Jacksme l t  schoo l ,  ma in l y  nea r  t he  su r face ,  t h roughou t  t he  nea rsho re

sou the rn  Ca l i f o rn i a  B igh t  (F rey ,  L97  I ;  Fede r  e t  a I . ,  1974 ) .

Jacksmel t  l ive e ight  to  e leven years,  matur ing and f i rs t  spawning

in  the i r  second  o r  t h i rd  w in te r ,  a t  a  l eng th  o f  abou t  t 5 - I8  cm (C la rk ,

L929 ;  Feder  e t  41 . ,  L974) .  Fema les  spawn  more  than  once  du r i . ng  the
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October  th rough  March  o r  Ap r i l  spawn ing  season  (C la rk ,  L929) .  The  1a rge

eggs are at tached to one another  by long in ter twined f i laments ar is ing

f rom the  cho r ions ,  f o rm ing  l a rge  masses  wh ich  themse lves  a re  a t tached

to  an  ee lg rass  o r  a l ga l  subs t ra te .  The  i ncuba t i onpe r i od  i s  qu i t e  l ong :

17 -19  days  (a t  12 -140c ) .  La rvae  a re  l a rge  ( s -9  mm long )  and  we l l

deve loped  a t  ha tch ing .  The  yo l ksac  s tage  l as t s  abou t  f ou r  days  and  the

subsequent  1arva1 stage another  5-6 weeks (assuming an average dai ly

g rowth  ra te  o f  0 .25  mm/day ;  pa rke r  and  DeMar t i n i ,  LggT)  un t i l

t r ans fo rma t ion  to  the  j uven i re  a t  a  l eng th  o f  18 -19  mm.

Newly -ha tched  yo l ksac -s tage  j acksme l t  l a r vae  a re  capab le  o f

v igorous swimming,  and move a lmost  immediate ly  in to the neuston where

they  p r i nc ipa l l y  rema in  th roughou t  t he  l a rva l  s tage  (e .g . ,  Ba rne t t  e t

41 . ,  1985 ) .  Feed ing  beg ins  be fo re  yo l k  abso rp t i on  i s  comp le ted . ,  and  t he

d is t i nc t i on  be tween  yo l ksac  and  o lde r  p re f l ex ion -s tage  l a rvae  i s  o f ten

unc lea r .  Juven i l es  and  adu l t s  a re  d i s t r i bu ted  much  l i ke  the  l a rvae  i n

that  they are typ ica l ly  most  abundant  near  the sur face,  a l though they

may  range  more  deep ly  i n  t he  wa te r  co lumn as  we I1 .

Leu res thes  tenu is

The  Ca l i f o rn ia  g run ion  i s  a  sma1 l  ( t o  t 9  cm long )  member  o f  t he

s i l ve rs ides  fam i l y  (A the r in idae )  we I I  known  fo r  i t s  spawn ing  behav io r .

Th i s  hab i t  o f  spawn ing  on  sandy  beaches  i s  a l so  l a rge l y  respons ib le  fo r

the  cons ide rab le  spo r t  f i she ry  va lue  o f  t he  g run ion .  Grun ion  t yp i ca l l y

rema j -n  nea rsho re  ( sho reward  o f  abou t  18  m dep th )  where  they  schoo l  nea r

the  su r face  du r ing  the  day .  A t  n igh t ,  t hey  may  d i spe rse  o f f sho re  to

some ex ten t  (a I1en  and  DeMar t i n i ,  1993  )  .

Ca l i f o rn ia  g run ion  ma tu re  a t  t he  end  o f  t he i r

l i ve  as  l ong  as  f ou r  yea rs .  The  o rdes t  f i sh  a re  t he

f i rs t  year  and may

ear l i es t  t o  spawn  in
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the March through August  spawning season;  younger  f ish begin to  spawn in

the  m idd le  o f  t he  . " t=o r ,  (C la rk .  1925) .  Spawn ing  i s  a t  app rox ima te i y

fo r tn igh t l y  i n te rva l s ,  beg inn ing  sho r t l y  a f te r  h igh  t i de  be tween  the

second  and  s i x th  n igh ts  fo l l ow ing  the  new and  fu l l  moon  (Thompson ,  1919 ;

C la rk ,  L9?5 ;  F rey ,  1971) .  I nd i v idua l  f e rna les  may  spawr l  up  to  abou t  s i x

success i ve  t imes  i n  a  season  (F rey ,  197  1 ) ,  p roduc ing  abou t  1 ,600 -3 ,000

eggs  each  t ime  (C1ark ,  1925) .  La rge r  f ema les  p roduce  more  eggs  i n  each

ba tch  than  the  sma l l e r  f ema les  do .  Eggs  a re  depos i ted  i n  t he  sand  on  the

receding h igh spr ing t ide and are covered more deeply  by the suecessive

h igh  t i des .  The  i ncuba t ion  pe r iod  may  be  as  sho r t  as  10  days  (C la rk ,

L925  ) ,  a l t hough  ha tch ing  does  no t  occu r  un t i l  t he  eggs  a re  ag i ta ted ,  as

they  a re  a t  t he  nex t  sp r i ng  t i de .  Because  o f  t h i s  t i da l  con t ro l ,

hatch ing normal ly  is  about  15 days af ter  spawning,  but  i t  can be delayed

as  l ong  as  30  days  (Wa lke r ,  L952) .

The  new ly -ha tched  l a rvae  a re  re la t i ve l y  l a rge  (abou t  6 .5 -8 .5  nm

rong )  and  we l l  deve loped  (E r l i ch  and  Fa r r i s ,  L ITL ;  Dav id ,  I 939 ) .  yo l k

abso rp t i on  requ i res  abou t  3 -5 .  days  and  subsequen t  l a rva l  deve lopmen t  t o

the  j uven i l e  s tage  (abou t  16  mm leng th )  i s  comp le ted  w i th in  abou t

ano the r  4 -5  weeks  (assum ing  an  ave rage  g row th  ra te  o f  0 .27 -0 .30  mmper

day :  E r l i ch  and  Fa r r i s ,  L97L ;  Pa rke r  and  DeMar t i n i ,  1987 ) .  La rvae  move

i rnmediate ly  to  the neuston upon hatch ing,  d ispers ing seaward throughout

the  ne r i t i c  zone  ( sho reward  o f  abou t  t he  75  m i soba th ) ,  bu t  t end ing  to

remain more abundant  near  shore.  Older  larvae remain a lmost

exc lus i ve l y  neus ton i c  bu t  t end  to  become more  concen t ra ted  nea r  sho re

(sho reward  o f  t he  12  m  i soba th )  by  t he  pos t f l ex i on  s tage .
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Engraul is  mordax

The nor thern anchovy is  a  srna11 ( less than 23 cm long)  school ing

f i sh  tha t  occu rs  th roughou t  t he  Sou the rn  Ca l i f o rn ia  B igh t  ( i t  r anges

f rom B r i t i sh  Co lumb ia  t o  t he  t i p  o f  Ba ja  Ca l i f o rn i a :  Eschmeye r  e t  a1 " ,

1983) .  The nor thern anchovy forms the basis  of  a  reduct ion f ishery and

i s  h i gh l y  va lued  as  a  ba i - t  f i sh  i n  r ec rea t i ona l  f i she r i es  (e .g . ,  F rey ,

L97L ;  Sunada  and  S i l va ,  1980) .  No r the rn  anchovy  has  been  sub jec ted  to

i n tense  sc i en t i f i c  sc ru t i ny  f o r  a  number  o f  yea rs  as  we l l  ( e .g . ,  K ramer

and  Ah l s t r om,  1958 ;  s rn i t h ,  L972 i  Macca l1 ,  L974 ;  Laske r ,  LgTg ;  Me tho t

and  K ramer ,  L979 ;  Hun te r  and  Go ldbe rg ,  1980 ;  Kos low ,  19g l ;  F i ed ie r ,

1984 ;  Schm i t t ,  1986  )  .

Nor thern anchovies occur  in  dense schools  dur ing the day,  usual ly

near  the sur face dur ing spr ing and deeper  in  the water  i .n  summer and

fa l 1  (F rey ,  1971 ) .  The  schoo l s  d . i spe rse  a t  n i gh t  (F rey ,  Lg71 ;  A11en  and

DeMart in i ,  1983 )  .  Nor thern anchovies tend to  be most  abundant  wi th in

abou t  30  km o f  sho re ,  espec ia l l y  du r ing  sp r ing  and  ea r l y  summermon ths ,

bu t  may  range  fa r  ou t  t o  sea ,  as  we1 l .

The nor thern anchovy feeds e i ther  by f i l ter ing zooplankton and

Phy top lank ton  when  the  po ten t i a l  f ood  dens i t y  i s  above  a  th reshho ld

1eve l ,  o r  by  b i t i ng  l a rge  i nd i v idua l  i t ems  such  as  f i sh  l a rvae  (Leong

and  0 ' conne l l ,  L959 )  .  when  f i l t e r i ng ,  i t  t akes  l a rge r  i t ems

pre fe ren t i a l l y  (Hun te r  and  Dor r ,  1982) .  Hun te r  and  K imbre l l  ( f 980 )

sugges ted  tha t  adu l t  anchov ies  m igh t  i n f l i c t  subs tan t i a l  p reda t i on

morta l j - ty  on the i r  own eBgs and larvae.

E .  mordax  l i ves  app rox ima te l y  f ou r  yea rs ,  ma tu r i ng  du r ing  i t s

f i r s t  o r  second  yea r  a t  a  l eng th  o f  abou t  9 -13  cm.  Spawn ing  occu rs

throughout  the year ,  but  wi th  a broad peak f rom January through June

(Kramer  and  Ah Is t rom,  1958) .  Rough ly  LA-L57"  o f  t he  ma tu re  fema les  spawn
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each n ight  dur ing the peak spawning season (Hunter  and Goldberg,  1980;

Hunter  and Macewicz.  1980) ;  thus each female spawns on average somewhat

less  o f ten  than  once  pe r  week ,  o r  up  to  twen ty  t imes  pe r  season .  The

ba tch  fecund i t y  ranges  f rom 389-444  eggs  pe r  g ram o f  f ema le :  o r  abou t

7 ,000  eggs  pe r  spawr l i ng ,  on  ave rage  (Hun te r  and  Macew icz ,  1980) .  Eggs

are larger  in  winter  and smal ler  in  summer (Hunter ,  L975) .

The  sma11  p lank ton i c  eggs  ha tch  a f te r  an  i ncuba t i on  pe r iod  o f  2 .5 -

3 .5  days  (Hun te r ,  1976) .  The  new ly -ha tched  p lank ton i c  yo l ksac  s tage

la r vae  a re  sma lL  (2 .5 -3 .5  r nm l ong ) ,  poo r l y  deve loped ,  and  l a rge l y

inac t i ve  (Hun te r ,  ) -976 ;  K ramer  and  Zwe i fe l ,  1970 ) .  Du r ing  the  yo l ksac -

stage,  nor thern anchovy larvae may be h igh ly  suscept ib le  to

i nve r t eb ra te  p reda to r s  ( e .g . ,  L i l l e rund  and  Laske r ,  L97L ) .  The

yo lksac -s tage  l as t s  abou t  two  to  fou r  days ,  du r ing  wh ich  func t i ona l

v i sua l ,  resp i ra to ry ,  and  feed ing  sys tems  deve lop  and  sw imming  ab i l i t y

g rea t l y  improves  (Hun te r ,  L972 ,  L976) .  La rvae  mus t  beg in  feed ing

w i th in  abou t  2 .5  days  a f te r  yo l k  abso rp t i on ,  a l t hough  r ^ r i n te r  l a rvae

have a l i t t le  more t ime than summer larvae owing to  the i r  larger  yo lk

rese rve .  Laske r  (1975)  showed  tha t  su f f i c i en t  concen t ra t i ons  o f

su i t ab le  f ood  i t ems  f o r  f i r s t - f eed ing  anchov ies  (e .g . ,  d i no f l age l l a t es

such  as  Gymnod in ium)  may  occu r  re la t i ve l y  i n f requen t l y ,  bu t  t ha t  such

pa tches  o f  f ood  may  be  re la t i ve l y  more  common near  sho re .  Upwe l l i ng  o r

l oca1  s to rms  may  d i spe rse  these  f  ood  agg rega t  j - ons ,  i nc reasJ -ng  the

l i ke l i hood  o f  s t a r va t i on  (Laske r ,  1978 ) .  O 'Conne11  (1980 )  showed  some

ev idence  tha t  anchovy  l a rvae  do  s ta rve  i n  t he  sea ,  i n  l oca l i zed  a reas

in te rspe rsed  w i th  a reas  where  the  l a rvae  a re  hea l thy .  Hun te r  (1977)

po i -n ted  ou t  t ha t  1a rva1  s i ze ,  wa te r  t empera tu re ,  f ood  d i s t r i bu t i on ,  and

recen t  l a rva I  f eed ing  h i s to ry  a l l  i n te rac t  t o  i n f l uence  l a rva l  c ru i s ing

speed ,  wh ich  i t se l f  i n te rac ts  w i th  a  comp lex  o f  va r i ab les  to  de te rm ine
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the vo lume of  water  that  can be searched and the response of  a  larva to

any potent ia l  Prey encountered,  and thus determines whether  the larvae

feed  o r  s ta rve .  La rva l  behav io r  i s  such  tha t  when  a  concen t ra t i on  o f

su i tab le  food  i s  encoun te red ,  t he  l a rvae  tend  to  rema in  i n  i t  by

f requent ly  revers ing d i rect ion rather  than swimming st ra ight  ahead

(Hunter  and Thomas,  L974) .  Methot  and Kramer (Lg7g)  concluded,  on the

basis  of  larva l  growth rates in  the sea,  that  i f  anchovy larvae can f ind

enough food to  surv ive,  they arso have enough to grow rapid. ry .

Nor thern anchovy larvae of f  southern Cal i forn ia grow at  average

ra tes  rang ing  f r om 0 .34 -0 .55  mm pe r  day ,  w i t h  an  ove ra l l  ave rage  c l ose

to  0 .37  mm Per  day  ( t " t e tho t  and  K ramer ,  1979) .  Growth  as  measured  by

la rva l  l eng th  i s  essen t i a l l y  l i nea r  du r ing  the  p reschoo l i ng  1a rva1

pe r i od .

Nor thern anchovy larvae begin school ing wel l  before

t rans fo rma t ion  to  the  j uven i l e  (abou t  35  mm) .  Schoo l i ng  beg ins  abou t

th ree  weeks  a f te r  ha tch ing ,  a t  a  l a rva l  l eng th  o f  11 -12  mm,  and  i s  we l l

es tab l i shed  by  abou t  f ou r  weeks ,  a t  13 -15  mm (Hun te r  and  Coyne ,  l 98Z) .

The beginning of  school ing is  concurrent  wi th  a number of  s t ructura l  and

behaviora l  changes which together  a l Iow the anchovy larvae to  funct ion

as micronekton rather  than ichthyoplankton.  The ear ly  onset  o f

schoo l i ng  i s  t hough t  t o  reduce  the  suscep t i b i l i t y  o f  i nd i v id .ua l

no r the rn  anchovy  l a rvae  to  p reda t i on ,  and  to  fac i l i t a te  . t he i r  sea rch

fo r  f ood  (Hun te r  and  Coyne ,  Lg82) .  T rans fo rma t ion  to  the  j uven i l e  s tage

is  a t  abou t  35  f lR ,  and  i s  marked  by  even ts  such  as  the  i n i t i a t i on  o f

f i l t e r - f eed ing  and  the  beg inn ing  o f  t he  sa t i a t i on  response  (Hun te r  and

Coyne ,  L982 ) .

Dur ing the i r  p lanktonic  ex is tence nor thern anchovy larvae of f

sou the rn  Ca l i f o rn ia  tend  to  be  mos t  abundan t  i n  t he  coas ta l  zone .  bu t
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may occur  in  h igh abundance anywhere in  the Bight  (e .9" ,  Kramer and

Ah l s t r om,  1968 ;  Hew i t t ,  1980 ) .  They  usua l l y  dom ina te  i n  bo th  nea rsho re

and  o f f sho re  i ch thyop lank ton  co l l ec t i ons  (e .9 . ,  G rube r  e t  41 . ,  1982 ;

Loeb  e t  a l .  ,  1983b  I  Lavenbe rg  e t  a1 .  ,  1985 ;  Wa lke r  e t  a1 .  ,  f 987  )  .

Larvae are largely  l imi ted to  the upper  45 m of  the water  co lumn

(Ah ls t rom,  L959) ;  i n  sha l l ower  coas ta l  wa te rs  they  occu r  p redominan t l y

in  midwater  except  very near  shore,  where abundance is  h ighest  in  the

ep iben thos  (Ba rne t t  e t  a l . ,  1984 ;  B rewer  e t  a I , ,  1981 ;  Sch lo t t e rbeck

and Connal ly ,  L982) .  A l though nor thern anchovy larvae larger  than 10 mm

typ ica l l y  m ig ra te  to  the  su r face  a t  n igh t  t o  f i l l  t he i r  sw j -mb ladders

(Hun te r  and  Sanchez ,  L976) ,  Ba rne t t  e t  a l .  ( f 984 )  de tec ted  no  ev idence

o f  da i l y  ve r t i ca l  m ig ra t i on  nea r  sho re  a t  San  Ono f re ,  p :=s ib1y  because

the i r  ca tches  were  domina ted  by  the  sma l l e r  non -m ig ra t i ng  s i ze  c lasses .

B rewer  and  K leppe l  (1986)  sugges ted  tha t  l a rge r  no r the rn  anchovy  l a rvae

may migrate upward at  n ight  near  shore in  Santa Monica Bay.

A t  San  Ono f re  the  o lde r  l a rvae  tend  to  be  more  concen t ra ted  nea re r

sho re  ( sho reward  o f  t he  45  m i soba th )  t han  the  younger  l a rvae ,  wh ich

rema in  abundan t  t o  75  m  dep th  o r  beyond  (Ba rne t t  e t  a l . ,  1984 ) .

Lavenberg et  a l .  (1986)  noted that  the mean annual  abundance of  nor thern

anchovy eggs in  the nearshore zone is  lower  at  San Onofre than i t  is

fa r the r  t o  the  no r th ,  a l t hough  no  such  t rend  i s  apparen t  f o r  t he  l a rvae .

Barne t t  e t  a I .  ( f 984 )  l i kew ise  remarked  tha t  t he re  were  fa r  t oo  few

nor thern anchovy eggs near  shore at  San Onofre to  account  for  the

numbers  o f  l a rvae .  Bo th  Ba rne t t  e t  a l .  ( 1984)  and  Lavenberg  e t  a1 .

(1986)  conc luded  tha t  because  o f  t he  d i sc repancy  be tween  numbers  o f

anchovy eggs and larvae near  shore at  San Onofre,  most  o f  the larvae

mus t  have  come f rom ou ts ide  the  a rea .
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Ci tha r i ch thys  spp .

Fou r  spec ies  o f  sanddabs  occu r  o f f  t he  sou the rn  Ca l i f o rn i a  coas t .

Th ree  o ' f  t hese ,  t he  speck led  sanddab  (C i tha r i ch thys  s t i g rnaeus ) ,  l ong f i n

sanddab  (9 .  xan thos t i g rna )  ,  and  Pac i f  i c  sanddab  (9 .  so rd idus  )  a re

common in  the  San  Ono f re  a rea .  The  l a rvae  o f  a I1  th ree  c lose l y  resemb le

one another  in  the i r  ear ly  s tages and were not  rout ine ly  separated in

the  MRC i ch thyop lank ton  s tud ies .  I den t i f i ab le  ea r l y  l a rvae  mos t  o f ten

were  speck led  sanddabs ,  a l t hough  la te  l a rvae  and  new ly -se t t l ed

juven i l es  o f  a l l  t h ree  spec ies  we re  a l so  occas iona l l y  i den t i f i ed .

The  adu l t s  o f  a l l  t h ree  sanddab  spec ies  occupy  a  b road  dep th  range :

speckled and longf in  sanddabs may occur  very near  shore at  depths as

sha l l ow  as  2  m,  bu t  a l so  range  seaward  to  200 -400  m dep th ,  wh i l e  Pac i f i c

sanddabs  range  f r om 9 -549  m  dep th  (Eschmeye r  e t  a I . ,  f 983 ) .  Speck led

sanddabs typ ica l ly  are found nearer  shore and Paci f ic  sanddabs far ther

f rom sho re  among  these  th ree  spec ies .

A l l  t h ree  o f  t hese  f l a t f i sh  spec ies  res i de  p r i nc i pa l l y  on  so f t

bo t t om (A11en ,  1982 ) .  A l l  t h ree  sanddabs  a re  gene ra l i s t  f eede rs ,

tak ing a var ie ty  of  benth j -c  in fauna,  ep i fauna,  and p lankton (Al len

1982  )  .  Pac i f i c  sanddab  has  some commerc ia l  f i she ry  va lue  i n  cen t ra l  and

nor the rn  Ca l i f o rn ia ,  bu t  a l l  t h ree  have  1 i t t 1e  commerc ia l  o r  spo r t

va lue  i n  sou the rn  Ca l i f o rn i a  (Fede r  e t  a1 . ,  L974 ) .

Sanddabs  may  l i ve  th ree  ( speck led  sanddab :  Feder  e t  a1 . ,  L974)  to

e igh t  (Pac i f i c  sanddab :  A ro ra  1951)  yea rs ,  ma tu r i ng  i n  t he i r  second

(speck led  sanddab)  o r  t h i rd  (Pac i f i c  sanddab)  yea r .  Speck led  and

Pac i f i c  sanddabs  spawn  i n  summer  (e .g . ,  A ro ra ,  I 95 I ;  Fede r  e t  3 I . ,

1974) ,  wh i l e  l ong f i n  sanddabs  spawn  in  w in te r  ( co ldbe rg ,  L982) .

Fema les  p robab ly  spawn  more  than  once  pe r  season ,  bu t  t he  number  o f

t imes  i s  unknown  (A ro ra ,  1951 ;  Go ldbe rg ,  L982 ) .
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The p lanktonic  eggs are very smal l  and the newly-hatched yolksac

s tage  l a rvae  a re  sma11  and  poo r l y  deve loped ,  l i ke  the  new ly  ha tched

la rvae  o f  mos t  spec ies  w i th  sma11  p lank ton i c  eggs .  The  i ncuba t ion

per iod ,  du ra t i on  o f  t he  yo l ksac  s tage ,  and  du ra t i on  o f  t he  subsequen t

p lanktonic  larva l  s tage are a l l  unknown.  Sanddab larvae are large at

metamorphosis  (>30 mm) and thus may have an extended pelagic  larva l

s tage .  Sanddab  la rvae  occu r  i n  a l l  mon ths ,  bu t  usua l l y  a re  mos t

abundant  in  la te winter-spr ing and again in  la te summer- fa1 l ,

presumably ref lect ing the d i f ferent  peak spawning seasons (Walker  et

41 .  ,  L987 ;  Ah l s t r om and  Mose r ,  L975 ) .

Larvae oecur  in  nearshore waters and far  to  sea (Ahls t rom and

Mose r ,  L975 ;  Ba rne t t  e t  31 . ,  1984 ;  G rube r  e t  a l . ,  L982 ) .  I n  t he  San

Onofre v ic in i ty ,  they are most  abundant  in  midwater ,  f rom the 5 m

isoba th  seaward  to  7  5  m dep th  o r  beyond  (Ba rne t t  e t  a l .  ,  f 9 .85  )  .  G ruber

e t  a l - .  ( f 982 )  and  Barne t t  e t  a l .  ( 1984)  no ted  tha t  sanddab  la rvae  tend

to be more abundant  seaward at  depths greater  than 22 m than they are

c lose r  t o  sho re .

Hypsob lenn ius  spp .

The  t h ree  Ca l i f o rn i a  b l enny  spec ies ,  Hypsob lenn ius  gen t i l i s ,  H .

g i l be r t i ,  and  H .  j enk ins i ,  a re  a l l  i nc luded  i n  the  taxon  Hypsob lenn ius

sPP.  .  La rvae  o f  t hese  spec ies  canno t  be  adequa te l y  separa ted  a t  l eng ths

sma l le r  t han  abou t  I 0  mm,  we l l  i n to  the  pos t f l ex ion  s tage .  I den t i f i ab le

Pos t f l ex ion  s tage  l a rvae  taken  o f f  San  Ono f re  du r ing  the  MRC s tudy  were

p redom inan t l y  musse l  b l enn ies ,  H .  j enk ins i .  Rockpoo l  b l enn ies  (H .

g i l be r t i )  a l so  occu r red  i n  modes t  numbers  bu t  bay  b lenny  l a rvae  (U .

gen t i l i s )  we re  ra re .
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Adu l t s  o f  a l l  t h ree  spec ies  a re  sma l1 ,  demersa l  ep i fauna l  p i cke rs .

A11  she l te r  w i th in  . t " ' r r i . " "  i n  rocky  a reas ,  i n  empty  musse l  and  c lam

she1 ls .  e t c .  Roc i cpoo l  b lenn ies  range  f rom t j - depoo ls  to  18  m dep th  wh i l e

musse l  b l enn ies  a re  sub t i da l  t o  21  m  dep th  (Eschmeye r  e t  31 . ,  f 983 ) .

A11  th ree  Hypsob lenn ius  spec ies  spawn  adhes ive  eggs  i n  a  nes ts

guarded  by  the  ma le  pa ren t .  H .  j enk ins i  nes ts  may  con ta in  we l l  ove r

10 ,000  eggs ,  r ep resen t i ng  mu l t i p l e  spawn ings  o f  abou t  300 -550  eggs  each

by  seve ra l  d i f f e ren t  f ema les  (S tevens  and  Mose r ,  L982 ;  Losey ,  1968 ) .

The  i ncuba t ion  pe r iod  i s  qu i te  l ong :  up  to  22  days  (a t  a  tempera tu re  o f

15 -180C) .  La rvae  a re  sma1 l  a t  ha t ch ing  (abou t  2 .5  mm long )  bu t

re la t i ve l y  we l l  deve loped ,  3S  i s  t yp i ca l  o f  l a rvae  ha tch ing  f rom

demersa l  eggs .  Subsequen t  l a rva1  deve lopmen t  requ i res  abou t  5 -9  weeks

un t i l  se t t l emen t  f rom the  wa te r  co lumn and  t rans fo rma t ion  to  the

juven i l e  a t  abou t  15  mm (8 .  j enk ins i )  t o  abou t  22  mm (8 .  g i l be r t i ) ,

assuming an average larva l  growth rate of  0 .29 mm per  day (Parker  and

DeMar t i n i ,  L987 ;  S tevens  and  Moser ,  1982) .  Th roughou t  l a rva I  l i f e

Hypsob lenn ius  spp .  a re  l oca ted  p redominan t l y  i n  t he  neus ton  and

midwa te r  f rom ve ry  nea r  sho re  to  beyond  the  75  m i soba th  (Ba rne t t  e t

a1 .  ,  1984 ;  S tevens  and  Moser  ,  L982)  .  La rvae  a re  mos t  abundan t  f rom

sp r i ng  t h rough  f a l 1  (Wa lke r  e t  a I .  ,  1987  )  .
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APPENDIX  A .2

G lossa ry  o f  Spec ia l  Use  Te rm ino logy

The fo l lowing l is t  o f  terms and def in i t ions is  in tended to cover

spec ia l  o r  pa r t i cu la r  uses  o f  t e rms  wh ich  a re  e i t he r  pecu l i a r  t o  t he  MRC

contractor  langusB€,  have meanings in  the SONGS context  d i f fer ing f rom

normal  use or  have evolved speci f ic  or  rest r ic ted meanings over  the

course  o f  t h i s  p ro jec t .  I t  i s  no t  i n tended  to  cove r  a l l  t echn ica l  t ems

used  in  th i s  repo r t .  Some o f  t hese  te rms  a re  fu r the r  de f i ned  i n  con tex t

w i th in  th i s  repo r t  and  i t s  append ices ,  o r  i n  p r i o r  MEC repo r t s .  Fo r

terms whose def in i t ions have changed over  t ime,  the meaning presented

here  re fe rs  to  th i s  repo r t .

A f te r :  t he  t ime  pe r iod  o f  mon i to r i ng  samp le  co l l ec t i on  fo l l ow ing

in i t i a l  f u1 l  power  ope ra t i on  o f  Un i t  3  (Un i t  2  had  a l ready  been

brough t  up  to  fu l1  power )  and  w i th  o r  w i thou t  ope ra t i on  o f  Un i t  1 ;

t he  ac tua l  da tes  va ry  by  o rgan ism assemb lage  because  they  a re

based on a presumpt ion of  whether  the organisms might  respond

immed ia te l y  ( i ns tan taneous )  o r  i n  i n teg ra ted  fash ion  ( cumu la t i ve )

to  SONGS cond i t i ons .  Fo r  i ch thyop lank ton  and  macrozoop lank ton  the

Ar 'Fo r  - o r i od  beg ins  l  Ju I y  I 983  ( see  F igu re  1 -3 ) .  The  A f t e r  pe r i od ,

o f ten  re fe r red  to  as  the  "Opera t i ona l  Pe r iod "  i s  a  con t i nuous  t ime

span f rom i ts  in i t ia t ion noted above through the present  and in to

the  fu tu re .

Be fo re :  t he  t ime  . pe r i od  o f  mon i t o r i ng  samp le  co l l ec t i on  be fo re

December  198 I ,  w i th  o r  w i thou t  ope ra t i on  o f  Un i t  l .  A f te r  t ha t

t ime ,  Un i t  2  coo l i ng  ope ra t i ons  compr i sed  bo th  c i r cu la t i on  th rough
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t he  coo l i ng  sys tem and  a  hea ted  d i scha rge ;  t he  l eng th  o f  t he  Be fo re

pe r iod  va r ies  by  mon i to r i ng  g roup  ( see  Sec t i on  2 ) ;  f o r  some g rouPs

i t  i nc ludes  bo th  p recons t ruc t i on  and  cons t ruc t i on  pe r iod

sampl j -ng,  wj - th  construct ion referr ing to  that  o f  the ocean por t ion

.  o f  t he  coo l i ng  sys tems  o f  Un i t s  2  and  3 .

Con t ro l  A rea :  t he  mos t  p rox ima te  and  s im i l a r  hab i ta t  f o r  mon i to r i ng

sampl ing to  the Impact  Area which is  suf f ic ient ly  remote f rom the

in take /d i scha rge  s t ruc tu res  o f  Un i t s  2  and  3  to  be

(hypothet ica l ly )  beyond the i r  wi thdrawal ,  ent ra inment  or

d i scha rge  i n f l uences ;  t he  l oca t i ons  va ry  by  mon i to r i ng  g rouP ;

Contro l  areas for  MEC ichthyoplankton and p lankton Pro jects  are

g i ven  i n  Sec t i on  2 .

Coo l i ng  Sys tem:  the  comp le te  once - th rough  c i r cu la t i ng  seawa te r  sys tem

at  SONGS inc lud ing  the  i n take  s t ruc tu res ,  condu i t s ,  sc reenwe l l s ,

pumps ,  condensers ,  d i scha rge  s t ruc tu res  and  a l l  t he  add i t i ons  to

and removals  f rom that  system inc lud ing the addi t ions of  waste

hea t ,  chemica l s  and  rad ionuc l i des .

De l ta :  t he  d i f f e rence  be tween  the  Con t ro l  and  Impac t  va lues  o f  each  o f

a  se t  o f  ce l l s  du r ing  each  su rvey ;  t h i s  i s  t he  bas i c  va r ia te  o f  t he

BACI  ana lys i s ;  t he  means  o f  t he  Be fo re  and  A f te r  De l tas  ane  the

va lues  compared  i n  the  BACI  t - t es t .  The  ce l l s  a re  abundance  va lues

o f  i nd i v idua l  t axa ,  f unc t i ona l  subse ts  o f  t axa  o r  poo ls  o f  t axa ;

the  compos i t i on  o f  ce l1s  va ry  w i th  each  mon i to r i n !  g roup .

En t ra inmen t :  t he  p rocess  o f  cap tu r i ng  and  re loca t i ng  pa rce l s  o f  wa te r

( t he  "en t ra i ned  wa te r " )  and  po r t i ons  o f  t hose  pa rce l s '  b i o ta  by

the f low of  d ischarged water  through the receiv ing water  in  the

immed ia te  v i c in i t y  o f  t he  d i scha rge  po r t s .  En t ra inmen t  resu l t s

f rom the  f r i c t i on  be tween  the  re la t i ve l y  h igh  speed  o f  t he
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discharged water  and the re la t ive ly  low speed and d i f fer ing

d i rec t i on  o f  t he  rece i v ing  wa te r ;  see  "Wi thd rawa l "  f o r  co rnpa r i son ;

at  SONGS Uni ts  2 and 3 Entra inment  resul ts  in  the upward and

o f f sho re  t rans loca t i on  o f  nea r -bo t tom wa te r  and  m idwa te r  and  some

o f  i t s  b i o ta

Impac t :  a  reg iona l l y  s ign i f i can t  resu l t  o f  a  SONGS e f fec t  (equa ls

s ign i f i can t  e f fec t  )  .

Impact  Area:  Potent ia l  Impact  Area the area for  moni tor ing sampl ing

wi th in  the def inable wi thdrawal ,  ent ra inment  or  d ischarge

inf luence of  the SONGS Uni ts  2 and 3 in take and d ischarge

s t ruc tu res ;  t he  l oca t i ons  o f  Impac t  A rea  s ta t i ons  va ry  w i th

moni tor ing group;  Lnpact  Areas for  MEC ichthyoplankton and

p lank ton  p ro jec ts  a re  g i ven  i n  Sec t i on  2 '

In ter im:  re ferr ing to  the per iod between commencement  of  the sample

co l l ec t i ons  fo l l ow ing  the  f i r s t  pe rs i s ten t  hea t  genera t i ng

operat ions of  Uni t  2  in  January L982 and the f i rs t  qual i fy ing

Ins tan taneous  E f fec ts  samp le  pe r iod  fo l l ow ing  s ta r tuP  o f  Un i t  3  o r

the  f i r s t  qua l i f y t i ng  Cumu la t i ve  E f fec ts  samp le  pe r iod ,  depend ing

upon the moni tor ing group;  - In ter im dates are between 1 December

1981 and 1 Ju ly  1983 for  ichthyoplankton and macrozooplankton.

Mechan ism:  the  phys i ca l ,  chemica l  and /o r  b io log i ca l  changes  i n  the

en t ra ined  o r  rece i v ing  wa te r  body  p roduced 'by  the  p lan t  sou rce ,

i nc lud ing  the  b io log i ca l  p rocess  by  wh ich  the  changes  ac t  t o

c rea te  t he  po ten t i a l  e f f ec t s .

Mon i to r i ng  Group :  t he  taxonomic  o r  f unc t i ona l  g roup  compr i s ing  one  o f

t he  f ou r  MEC.  subp ro jec t s ,  i . e . ,  zoop lank ton ,  i ch thyop lank ton ,

mvs ids  and  so f t - bo t t om ben thos .
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Net  Re la t i ve  E f fec t :  a  measurab le  change  in  one  o r  more  Impac t  A rea

populat ions as determined by the BACI analys is  resul t ing f rom one

or  any  comb ina t i on  o f  SONGS opera t i ons  re la ted  mechan isms .  Ne t

relative change can result from a change in the mean abundance at

Contro l  in  the operat ional  per iod unaccompanied by a change in

SONGS abundances,  as wel l  as changes in  Af ter  SONGS abundances.

Ope ra t i ona l :  r e fe r r i ng  t o  t he  spec i f i c  pe r i ods  a f t e r  1Ju1y  1983  o r

surveys dur ing the Af ter  Per iod.  Uni t  1  may or  may not  have been

operat ing in  the per iod leading up to  any g iven Operat ional  sample

co  l I ec t i on .

P lan t :  t he  phys i ca l  power  p lan t  f ac i l i t y  i nc lud ing  the  reac to r '

t u rb ines  and  coo l i ng  sys tem.

P lan t  Source :  t hedes ign  o r  ope ra t i ona l  f ea tu re  wh ich  p roduces  the

po ten t i a l  e f f ec t .

Po ten t i a l  E f f ec t :  t he  t r ans la t i on  o f  t he  mechan i sm on  t he  b i o ta  t o  a

l a i n  o r  l oss  i n  popu la t i on  o f  a f f ec ted  spec ies ;  by  MRC de f i n i t i on ,

the  resu l t  wou ld  be  a  BACI  e f fec t  i f  t he  change  L te re  s ta t i s t i ca l l y

s ign i f i can t  on  a  l oca l  sca le l  i t  wou ld  be  an  impac t  i f  i t  we re  a l so

s ign i f i can t  on  a  reg iona l  sca le .

P reopera t i ona l  Mon i to r i ng :  re fe r r i ng  to  the  pe r iod  be fo re  the  f i r s t

pe rs i s t en t  hea t  gene ra t i ng  ope ra t i ons  o f  Un i t  2 ; ' t he  du ra t i on

backward  i n  t ime  va r ies  w i th  mon i to r i ng  g roup ;  spec i f i c  da tes  o f

the  P reopera t i ona l  samp les  a re  g i ven  fo r  each  g rouP  in  Sec t i o t : .  2 ,

P reopera t i ona l :  re fe rs  to  P reopera t i ona l  Mon i to r i ng  samp les  and  to

base l i ne  and  Un i t  1  e f fec ts  s tud ies  samp les  wh ich  were  no t  t aken  i n

the  SONGS/Con t ro l  con f i gu ra t i on  and  a re  the re fo re  no t  app rop r ia te

or  needed for  the BACI analys is ;  the number and dates vary wi th

mon i to r i ng  g roup .
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S ign i f i can t  BACI  E f f ec t :  a  s i gn i f i can t  t - t es t  r esu l t  o f  t he  d i f f e rence

o f  means  o f  t he  Be fo re  and  A f te r  poo ls  o f  De1 tas .  TyPe  one  (=

a lpha )  e r ro rs  a re  se t  a t  0 .05  o r  0 .  l 0  depend ing  on  the

p rede te rm ined  power  o f  t he  tes t .  The  t - t es t  i s  one - ta i l ed  fo r

i ch thyop lank ton  ( i . . . ,  we  we re  cons ide r i ng  on l y  c ross -she l f

dec reases  )  and  two- ta i l ed  fo r  mac rozoop lank ton .

SONGS E f fec t :  a  de tec tab le  change  in  the  Impac t  A rea  popu la t i ons  wh ich

can be ascr ibed to  a Plant  source an.d l  or  mechanism.

SONGS Opera t i ons :  pa r t i a l  o r  comp le te ,  no rma l  o r  non -no rma l  work ing  o f

the  coo l i ng  sys tem inc lud ing  such  ape r iod i c  ope ra t i ons  as  hea t

t reatment  and ch lor inat ion.

Taxa :  t axonomic  g roup ings  and /o r  poo ls  o f  t axa  used  i n  the  BACI

ana l ys i s .

W i thd rawa l :  t he  cap tu re  o f  pa rce l s  o f  wa te r  ( t he  "w i thd rawn  wa te r " )  and

por t i ons  o f  t he i r  i nc luded  b io ta  a t  t he  i n take  s t ruc tu res  as  a

resu l t  o f  t he  ope ra t i on  o f  t he  c i r cu la t i ng  seawa te r  pumps  o f  t he

coo l i ng  sys tem.
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APPENDIX C,2

App l i ca t i on  o f  s t a t i s t i ca l  Ana l yses  t o  c reve land ia r -os

s tep -by -s teP  desc r i p t i on  o f  t he  app l i ca t i on  o f  t he  BACI ,

b inomia l ,  and Pat tern analyses to  the abund.ance data for  Cleveland. ia

j -os is  g iven below as an example of  the procedure used to arr ive at  the

resul ts  and conclus ions reached for  each ichthyoplankton and

macrozoop lank ton  taxon  ana lyzed .  The  p ro toco l  de ta i l ed  i n  Append ix  C .  I

was  fo l l owed  in  the  BACI  tes t i ng ;  t he  ra t i ona le  fo r  t hese  p rocedures  i s

g i ven  i n  the  ma in  body  o f  t he  tex t  i n  Sec t i on  3 .

1 .  The  un t rans fo rmed  p reopera t i ona l  da ta  and  a  su i te  o f  1og -

t rans fo rma t ions  o f  t ha t  da ta  were  tes ted  to  see  whe the r  t hey  me t

the  BACI  assumpt ions  fo r  add i t i v i t y ,  l ack  o f  se r i a l  co r re la t i on ,

and  l ack  o f  t ime  t rends  i n  t he  p reopera t i ona l  pe r iod  De l ta  va lues .

Because  the  ou tcome o f  t he  BACI  ana lys i s  i s  o f ten  de te rm ined  by  the

na tu re  o f  t he  t rans fo rma t ion  app l i ed ,  t he  resu l t s  based  on

untransformed data were a lways preferred over  a l l  o thers whenever

the  requ is i t e  assumpt ions  were  me t  f o r  t he  non t rans fo rmed  da ta .

Fo r  C .  i os  l a rvae ,  t he  un t rans fo rmed  da ta  me t  a l l  r equ is i t e

assumpt ions  excep t  add i t i v i t y .  Th i s  d id  no t  immed ia te l y

d i squa l i f y  use  o f  t he  un t rans fo rmed  da ta ;  i ns tead  two  ad .d i t i ona l

procedures were appl ied to  fur ther  examine the fa i lure to  meet  the

add i t i ve  mode1 .

2 .  The  f i r s t  add i t i ona l  p rocedure  app l i ed  to  the  un t rans fo rmed  da ta

was removal  f rom the data set  o f  a l l  sampl ing dates wi th  a zero

occu r rence  a t  e i t he r  SONGS o r  Con t ro l  ( s imu l taneous  ze to
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3.

occu r rences  a t  bo th  l oca t i ons  were  de le ted  p r i o r  t o  t he  i n i t i a l

assumpt ion test ing and were not  used in  the BACI analys is) .  The

assumpt ion  o f  add i t i v i t y  was  then  re tes ted .  The  un t rans fo rmed  C .

ios  da ta  aga in  fa i l ed  the  tes t  and  the  second  p rocedure  was  app l i ed

( i f  de le t i on  o f  ze ros  had  y i e l ded  add i t i v i t y ,  t he  use  o f

untransformed data would have been accepted and the second

procedure  wou ld  no t  have  been  app l i ed ) .

The second procedure used to examine the fa i lure of  unt ransformed

data to  f i t  the addi t ive model  involved examinat ion of  regress ions

o f  De l ta  vs .  t he  sum (SONGS and  Con t ro l )  t o  i den t i f y  i n f l uence

po in ts  tha t  cou ld  be  fo rc ing  nonadd i t i v i t y  ( f o r  examp le  see  F igu re

C ,1 -3 ) .  One  such  po in t  was  p resen t  i n  t he  C .  i os  p reope ra t i ona l

se t :  10  March  1980  (F igu re  C .2 -1 ) .  Th i s  da tum was  de le ted  and  t he

assumpt ion  o f  add i t i v i t y  was  re tes ted  ( ze ros  a t  one  l oca t i on  were

not  de leted) .  The assumpt ion was now met  and the untransformed

da ta  were  thus  accep ted  fo r  BACI  ana lys i s .

The a- leveI  for  the BACI test  on untransformed data was set  a t

0 .10 .  Th i s  1eve l  was  se lec ted  ove r  t he  more  t r ad i t i ona l  0 .05 -

1eve l  because  power  a t  a  =  0 .05  was  0 .L4 ,  f a r  l ess  t han  t he  des i r ed

0 .80 .  Power  was  0 .24  a t  s  =  0 .  I 0 .  A t  t h i s  Power  we  had  a  Poo r

chance of  detect ing a change in  re la t ive abundance of  ha l f  the

magn i tude  o f  t he  ave rage  Be fo re  De} ta  i f  t he re  was  one .  Thus r  w€

were  res t r i c t ed  t o  de tec t i ng  on l y  l a rge  ( " . g . ,  l a rge r  t han  t he

abso lu te  va lues  o f  t he  ave rage  Be fo re  De l ta )  changes  fo r  t h i s

spec ies .

A f te r  go ing  th rough  th i s  se r ies  o f  assumpt ion  tes t i ng  and

re jec t i on  1eve1  se t t i ng  p rocedures ,  t he  nonparamet r i c  W j - l coxon

BACI test  on untransformed data was done.  The zero occurrence (at
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one  loca t i on )  da ta  were  i nc luded ,  3S  was  the  i n f l uence  da tum,  10

March  1980 .  I nc lus ion  o f  t hese  se rves  to  i nc rease  va r iab i l i t y ,  i n

e f fec t  g i v ing  a  more  conse rva t i ve  tes t .  The  BACI  resu l t  i nd i ca ted

a  s ign i f i can t  (p  =  0 .05 )  nega t i ve  change  in  re la t i ve  abundance .

Even though there was l i t t Ie  power to  recognize such a change,  i t

was  su f f i c i en t l y  l a rge  t o  be  de tec ted .

Examinat ion of  mean untransformed,  abundance values showed a smal l

decrease in  abundance at  SoNGs coupled wi th  a large increase at

Con t ro l :

P reopera t i ona l
Pe r iod

Operat ional
Pe r iod

Percent
Change in
Abundance

I
I
I
I
I
I
I
t
I
t
I
I
I
I
I
I
I
t
I

SONGS
C o n t r o l

I  0  .7914O0 m3
J  0 .901400  m3

O.49  / 400  m3
3 .04 /400  m3

-38
+238

5 . Resu l t s  o f  BACI  tes ts  on  o the r  da ta .  t rea tmen ts  tha t  me t  t he

requl -s l - te  assumpt ions of  the BACI model  were examined to determine

whether  they conformed wi th  the resul t  for  the pr inc ipa l  BACI

tes t .  Fo r  C .  i os ,  t he  1og  ( x ) ,  1og  ( x  *  0 .1 )  and  1og  ( x  *  1 )

t rans fo rma t ions  me t  a r1  assumpt ions  excep t  t ha t  o f  no  se r ia l

co r re la t i on  o f  De l tas .  The  l og  ( x )  t rans fo rma t ion  was

unaccep tab le ,  however ,  because  too  many  su rveys  were  de le ted  w i th

th i s  t rans fo rma t ion  (8  p reopera t i ona l  and  4  ope ra t i ona r  su rveys ) .

The  1og  ( x  +  0 .1 )  t rans fo rma t ion  y ie lded  h ighe r  power  than  1og  ( x  +

r )  :  0 . 34  vs .  0 .28  f o r  c  =  0 .10 .  The  au to reg ress i ve  e r ro r s

p rocedure  (AUTOREG)  des igned  to  d .ea1  w i th  se r ia l  co r re la t i on

ind i ca ted  s i -gn i f i can t  (p  <  0 .  o2 )  f i r s t  and  th i rd  o rde r

au toco r re l a t i ons ;  t he  t h i r d  o rde r  mode l  was  se lec ted  as  t he  bes t

one  on  the  bas i s  o f  m in im iz ing  the  roo t  MsE (mean  square  e r ro r ) ,
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8.

AIC (Akaike In format ion Cr i ter ion)  and SBC (Schwartz  In format ion

Cr i t e r i on )  t e rms  o f  t he  mode1 .  When  the  th i rd -o rde r

au toco r re la t i on  was  mode led ,  t he  p rocedure  i nd i ca ted  a

s ign i f i can t  (p  =  0 .07  )  dec l i ne  i n  re la t i ve  abundance ,  i n  acco rd

w i th  the  p r i nc ipa l  BACI  resu l t

To  he lp  i n te rp re t  t he  BACI  resu l t ,  abundance  a t  SONGS was  p lo t ted

against  abundance at  Contro l  for  each moni tor ing per iod.  I f  there

was  no  e f fec t ,  t he  two  reg ress ion  l i nes  shou ld  have

ind i s t i ngu i shab le  s lopes  and  i n te rcep ts .  Fo r  C .  i os  the  s lopes

and  i n te r cep t s  we re  i nd i s t i ngu i shab le  (F i gu re  C .2 -2 ) .  Th i s

impl ies that  Del tas were not  d i f ferent  between the two moni tor ing

per iods .  However ,  examina t i on  o f  t he  SONGS vs .  Con t ro l  p lo t  shows

that  h igh abundances at  Contro l  in  the operat ional  per iod were not

matched by h igh abundances at  SONGS, and that  most  Before va lues at

bo th  l oca t i ons  were  g rouped  nea r  the  o r i g in .  Th i s  sugges ts  tha t

the moni tor ing per iods were d i f ferent ,  and that  the nonsigni f icant

t es t  r esu l t s  we re  s ta t i s t i ca l  a r t i f ac t s .

Two addi t ional  BACI tests  were appl ied to  help determine whether

any  s ign i f i can t  p r imary  BACT resu l t s  cou ld  be  a t t r i bu ted  to  SONGS,

o r  i n  t he  case  o f  a  nons ign i f i can t  p r imary  resu l t  t o  he lp  de te rm ine

whe the r  t h i s  was  a t t r i bu tab le  to  a  re la t i ve l y  weak  e f fec t  t ha t  may

have only  been detectable dur ing per iods when Uni ts  2 and 3 were

pumping at  h igh vo lume and the d ischarge p lume crossed the Impact

s i t e  samp l ing  t ransec t .  The  ope ra t i ona l  pe r iod  da ta  se t  was  thus

subd iv ided  i n to  p lume (d i scha rge  p lume c ross ing  the  lmpac t

t ransec t )  and ,non -p1ume (Un i t s  2  and  3  no t  ope ra t i ng  o r  d i scha rge

p lume no t  c ross ing  the  Impac t  t ransec t )  subse ts  and  reana lyzed .

S ince  the  da ta  t rea tmen t  o f  cho i ce  was  based  on  p reopera t i ona l
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da ta ,  t he  same t rea tmen t  used  fo r  t he  fu11  ope ra t i ona l  da ta  se t  was

app l i ed  to  these  ana lyses .  Fo r  t he  p lume da ta  se t ,  a  s ign i f i can t

(p  <  0 .01 )  resu r t  was  ob ta ined  even  though  power  was  qu i te  l ow

(0 .20  a t  c  =  0 .10 ) .  Mean  abundances  showed  a  sma l l  dec rease  a t

SONGS and a very large increase at  Contro l :

I  P reopera t i ona l
I  Pe r iod

Opera t i ona l  Pe r iod
Plume Dates Only

Percent Change
in Abundance

I
I
I
I
I
I
t
I
I
t
I
I
I
I
t
I
I
t
I

The  non -p1ume da ta  se t  y ie lded  a  nons ign i f i can t  resu l t

associated wi th  a decrease in  abundance at  SONGS and an

SONGS:

SONGS
Contro I

S O N G S
C o n t r o l

0 .79 l400  m3
0 .90 /400  m3

|  0  . 79  l 4OO m3
|  0 .90 /400  m3

0.551400  m3
4.461400  m3

A.26  / 400  m3
L .49 l400  m3

-16
+396

(P  =  0 .53  )

increase at

-57
+55

I  Preoperat j .onal  Operat ional  Per iod Percent  Change
I  Per iod Plume Dates Only  in  Abundance

9 .  As  a  fu r the r  a id  i n  eva lua t i ng  the  BACI  resu l t ,  t he  b inomia l  t es t

procedure was appl ied to  determine whether  the propor t ion of  the

tota l  operat ional  per iod SONGS + Contro l  larva l  abundance that  was

con t r i bu ted  by  SONGS was  s ign i f i can t l y  l ess  than  the  p ropo r t i on

con t r i bu ted  by  SONGS to  the  p reopera t i ona l  pe r iod  to ta l .  I t  was  (p

<  0 .001 ) ,  t hus  suppo r t i ng  t he  BACI  resu l t .

10.  In  order  to  determine whether  the observed change could be

loca l i zed  i n  any  pa r t i cu l a r  c ross -she l f  s t r a ta ,  a  pa t t e rn  ana l ys i s

was done to '  compare the ranked abundance in  each st ratum

conta in ing larvae between SONGS in the operat ional  per iod and the

comb ina t i on  o f  p reopera t i ona l  SONGS p lus  a l l  Con t ro l  da ta .  The
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f o rm o f  t he  tes t  was  thus  "A f te r  SONGS"  vs .  "Be fo re  SONGS p lus

Con t ro1 " ,  and  we  loo i ced  fo r  pa t te rn  sh i f t s  be tween  these  two  se ts .

The analys is  c lear ly  d is t inguished abundance in  Blocks A and B

ep iben thos  (h i ghe r )  f r om a l l  o t he r  s t r a ta  ( 1ower ) ,  bu t  d i d  no t

d i s t i ngu i sh  be tween  mon i to r i ng  l oca t i ons  excep t  t o  g i ve  a

(nons ign i f i can t )  h in t  o f  a  s l i gh t l y  more  seaward  d i s t r i bu t i on  a t

SONGS in  t he  ope ra t i ona l  pe r i - od  (F igu re  C .2 -3 ) .  The  cen te r  o f

abundance d id not  sh i f t ,  however ,  and there appears to  have been a

genera l  reduct ion in  abundance at  SONGS in the operat ional  per iod

re la t i ve  t o  t he  " con t ro1 "  da ta  se t .

l I .  To  de te rm ine  whe the r  t he  resu l t s  f o r  t o ta l  C .  i os  we re  s im i l a r

ove r  a l l  l a r va l  s tages ,  o !  pe rhaps  domina ted  by  on ry  a  s ing le

s tage ,  t he  en t i re  su i te  o f  ana lyses  was  re run ,  t h i s  t ime  on

abundances  pa r t i t i oned  i n to  p re f l ex ion ,  f l ex ion  and  pos t f l ex ion

s tage  va lues .

L2 .  The  un t rans fo rmed  da ta  fo r  p re f l ex ion  s tage  l a rvae  aga in  me t  a l l

r equ is i t e  assumpt ions  excep t  add i t i v i t y

13 .  When  da tes  w i th  a  ze ro  occu r rence  a t  e i t he r  SONGS o r  Con t ro l  we re

de le ted  and  the  add i t i v i t y  assumpt ion  re tes ted ,  t he  un t rans fo rmed

da ta  fo r  p re f l ex ion  s tage  l a rvae  aga in  fa i l ed  the  tes t .

14 .  Exam ina t i on  o f  t he  De l t a  vs .  SONGS +  Con t ro l  r eg ress ion  f o r

P reoPe ra t i ona l  pe r i od  da ta  (F i gu re  C .2 -4 )  r evea led  t ha t  7  Ju l y

198 I  was  an  i n f l uence  po in t .  When  th i s  da tumwas  de le ted  and  the

add i t i v i t y  assumpt ion  re tes ted ,  t he  un t rans fo rmed  da ta  aga in

fa i l ed  to  mee t  t he  assumpt ion .  Thus  use  o f  t he  un t rans fo rmed  da ta

was  re j ec ted .

15 .  The  p re fe r red  da ta  t r ans fo rma t i on  i s  1og  ( x )  s i nce  t h i s

t rans fo rma t ion  o f  t he  da ta  i s  t he  mos t  eas i l y  v i sua l i zed  and

c.2-  6
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unders tood  i n  add i t i on  to  fu1 l f i 11 ing  the  p r imary  goa l  o f

t rans fo r rn ing  the  mu l t i p l i ca t i ve  mode l  t o  an  add . i t i ve  one .  Fo r  C .

i os  p re f l ex ion  s tage  l a rvae ,  t he  1og  ( x )  t rans fo rmed  da ta  me t  a l l

r equ is i t e  assumpt ions  o f  t he  BACI  mode l .  However ,  because  the re

were many ze l :o  occurrences of  pref lex ion s tage larvae at  one

loca t i on  o r  t he  o the r ,  t he  da ta  se t s  us i ng  t he  1og  ( x )

t rans fo rma t ion  were  ve ry  sma1 l :  p reopera t i ona l  n  =  8 ,  ope ra t i ona l

r1  =  4 .  Th i s  i s  equ iva len t  t o  d i sca rd ing  more  than  two- th i rds  o f

the data and was deemed unacceptable.  Among the remain ing

t rans fo rma t i ons ,  t he  1og  ( x  +  0 .1 )  and  l og  ( x  *  f )  t r ans fo rma t i ons

a lso  me t  a l l  r equ is i t e  assumpt ions  o f  t he  BACI  mode l ;  power  was

s l i gh t l y  h ighe r  f o r  1og  ( x  *  I )  -  t r ans fo rmed  da ta  than  fo r  t he  1og

(x  *  0 . r )  t r ans fo rmar i on  (0 .14  vs  .  o .Lz  a t  c  =  0 .05 )  and  1og  ( x  +  l )

was  the re fo re  se lec ted  as  the  mos t  app rop r ia te  da ta  t rea tmen t .

16 .  The  s  1eve1  was  se t  a t  0 .10  f o r  t he  BAc r  t - t es t  on  l og  ( x  "  l )

t r ans fo rmed  da ta  i n  o rde r  t o  max im ize  power  (power  =  0 .14  a t  s  =

0 .05 ;  power  =  Q .24  a t  s  =  0 .  f 0 )  .

17  -  The  BACI  t - t es t  on  the  1og  ( x  *  1 )  t rans fo rmed  da ta  se t  i nd i ca ted

ins ign i f i can t  i nc rease  (p  =  0 .82 )  i n  re la t i ve  abundance  o f

p re f l ex i on  s tage  C .  i os  l a r vae .

Mean  abundance  dec reased  s l i gh t l y  a t  bo th  SONGS and  Con t ro l ,  f r om

s im i la r  P reoPera t i ona l  va lues  to  i den t i ca l  ope ra t i ona l  pe r iod

va l -ues :

I  P reope ra t i ona l Opera t i ona l Percent  Change
in AbundanceI  Pe r i od  pe r i od

S O N G S
C o n t r o  1

|  0  . 321400  m3
|  0 .40 /400  m3

O.2O l400  m3
0  . 20 l4O0  m '

-  36
-  51
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18 .  The  l og  ( x  +  e .  r ) - t rans fo rmed  d .a ta  l i kew ise  y ie rded  a

nons ign i f i can t  BACI  r esu l t  ( p  =  0 .34 ) .

19 '  The regress ions of  SONGS abundance on Contro l  abundance for  each

mon i to r i ng  pe r iod  d id  no t  d i f f e r  f rom one  ano the r  (F igu re  C .2 -5 ) .

Thus  the  conc lus ion  tha t  t he re  was  no  e f fec t  f o r  p re f l ex ion  s tage

! .  i os  i s  suppo r ted .

20  '  The  BACr  ana lys i s  on  the  ope ra t i ona l  pe r iod  p lume da ta  se t  y ie lded .

a  nons ign i f i can t  resu l t  (p  =  0  .77 )  assoc ia ted  w i th  sma l l  dec reases

in mean abundance at  both SONGS and Contro l :

I  P reopera t i ona l

I
I
I
I
I
T
I
t
l
I
I
I
T
I
I
t
I
I
I

SONGS
C o n t r o l

Per iod

0 .32 l400  m3
0 .40 /400  m3

Preopera t i ona l
Pe r iod

Opera t i ona l  Pe r iod
Plume Dates

0.32 l400  rn3
0 .25 l400  rn3

Opera t i ona l  Pe r iod
Non-p lume

Dates

Percent  Change
in Abundance

-2
-37

y ie lded  a

dec reases

Percen t
Change in
Abundance

s im i la r l y ,  t he  BAcr  ana lys i s  on  the  non -p1ume d .a ta  se t

nons ign i f i can t  r esu l t  ( p  =  0 .80 )  assoc ia ted  w i t h  l a rge r

in  mean abundance at  both SONGS and Contro l :

soNGS I
Cont ro l  I

0 . 32 l400  m3
0 .40 /400  rn3

0 .11 /400  m3
0 .  15  / 4OO m3

-66
-64

2L '  The  b inomia l  t es t  i nd i ca ted  tha t  t he  p ropo r t i on  o f  t he  to ta l

p re f l ex ion  s tage  C .  i os  l a rvae  a t  SONGS in  the  ope ra t i ona l  pe r iod

d id  no t  d i f f e r  f rom the  p ropo r t i on  i n  t he  p reopera t i ona l  pe r iod  (p

=  0 .51 ) .

22 '  The  pa t te rn  ana lys i s  con f i rmed  the  conc lus ion  o f  "no  e f fec t , ,  f o r

p re f l ex i on  s tage  q .  i os :  no  g roup  o f  s t r a ta  was  c l ea r l y

d j ' s t i ngu i shab le  f rom a l l  o the rs  and  the  pa t te rn  i n  t he  ope ra t i . ona l
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Per iod  a t  SONGS was  essen t i a l l y  t he  same as  tha t  f o r  t he  " con t ro1 "

data set ,  except  that  mean abundance was genera l ly  lower  in  a l l

s t r a ta  i n  t he  ope ra t i ona l  SONGS da ta  se t .

23 .  The  un t rans fo rmed  da ta  fo r  f l ex ion  s tage  C .  i os  me t  a l l  r equ is i t e

BACI  assumpt ions  excep t  t ha t  o f  add i t i v i t y .

24 .  When  da tes  w i th  a  ze ro  occu r rence  a t  SONGS o r  Con t ro l  we re  de le ted

and  add i t i v i t y  re tes ted ,  t he  un t rans fo rmed  da ta  aga in  fa i l ed  the

tes t .

25 .  The  De l t a  vs .  SONGS+Con t ro l  abundance  reg ress ion  (F igu re  C .2 -6 )

'showed that  the 10 March 1980 datum was an in f  luence point .  Wi th

th i s  su rvey  de le ted  the  un t rans fo rmed  da ta  f i t  t he  add i t i ve  mode1 .

26 .  The  a -1eve l  was  se t  a t  0 .10  to  max im ize  power  (power  <  LO ' / "  f o r  bo th

s  =  0 .05  and  s  =  0 . f 0 ) .

27 .  The  BACI  nonParamet r i c  t es t  i nd i ca ted  a  s ign i f i can t  (p  <  0 .01 )

reduct ion in  re la t ive abundance f rom the preoperat ional  to  the

opera t i ona l  pe r iod  even  though  the  power  to  de tec t  such  a  change

was  ve ry  1ow.

Th is  resu l t  was  assoc ia ted  w i th  a  dec l i ne  i n  mean  abundance  a t

SONGS and  an  i nc rease  a t  Con t ro l :

I  P reope ra t i ona l
I Per i od

Operat  ional
Pe r iod

Percen t
Chanee

S O N G S
C o n t r o l

I  0 .  I 5 l 400  m3
|  0 .L7  l 4OO m3

0 .06 /400  m3
0 .88 /400  rn3

-  51
+432

28 .  The  1og  ( x  *  0 . f ) - t r ans fo rmed  da ta  a l so  me t  a I1  r equ i s i t e  BACI

assumpt ions ,  3s  d id  the  l og  ( x  *  l ) - t r ans fo rmed  da ta  when  the  10

March  1980  i n f l uence  po in t  was  de le ted .  Power  a t  s  =  0 .10  was  0 .22

fo r  t he  1og  ( x  +  0 .1 )  t r ans fo rma t i on  and  0 .18  f o r  t he  1og  ( x  *  1 )
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t r ans fo rma t ion .  Examina t i on  o f  t he  resu l t s  f rom the  BACI  t - t es t  on

1og  ( x  *  0 .1 ) - t r ans fo rmed  da ta  and  t he  W i l coxon  rank  sums  tes t  on

loe  ( x  +  l ) - t r ans fo rmed  da ta  revea led  a  s i gn i f i can t  ( bo th  p  <  0 .01 )

decrease in  re la t ive abundance,  in  accord wi th  the pr imary BACI

resu l t .

29.  Surpr is ing ly !  even though the BACI test  ident i f ied the change in

re la t i ve  abundance  as  s ign i f i can t  t he  reg ress ions  o f  SONGS

abundance on Contro l  abundance d id not  d i f fer  in  s lope or

i n te rcep t  be tween  mon i to r i ng  pe r iods .  The  usua l  i n te rp re ta t i on

fo r  t h i s  r esu l t  i s  " no  e f f ec t " .  The  p l o t  (F i gu re  C .2 -7 )  showed

that  near ly  a1I  h igh abundance values occurred dur ing the

opera t i ona l  pe r iod  a t  Con t ro l ,  and  tha t  mos t  p reopera t i ona l  pe r iod

values were grouped near  the or ig in .  We in terpret  th is  as showing

tha t  t he  pe r iods  were  d i f f e ren t  and  the  nons ign i f i can t  resu l t  i s  a

30.

s ta t i s t i ca l  a r t i f ac t .

The BACI analys is  on the p lume data set  ind icated a s ign i f icant  (p

<  0 .01 )  dec rease  i n  re la t i ve  abundance  even  though  the  power  to

de tec t  such  a  change  was  l ess  than  0 .10 .  Mean  abundance  dec l i ned

a t  SONGS wh i l e  subs tan t i a l l y  i nc reas ing  a t  Con t ro l :

I
I
I
I
I
I
I
I
t
I
I
I
t
I
I
I
I
I
I

I  P reopera t i ona l
I  Pe r i od

0pera t i ona l
Pe r i od '

Pe rcen t
Change

S O N G S
C o n t r o  1

I  0 . 15 /400  m3
I  0 .L7  l 4O0  m3

0 .06 /400  m3
L .291400  m3

-50
+581

The  BACI  ana lys i s  on  non -p lume da tes ,  i n  con t ras t ,  d id  no t  y ie ld  a

s ign i f i can t  e f fec t  (p  =  0 .51 )  a l t hough  aga in  mean  abundance

dec reased  a t  SONGS wh i l e  i nc reas ing  a t  Con t ro l :
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Preopera t i ona l
.  Pe r iod

Opera t i ona l
Pe r iod

Percen t
Chanse

I
I
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31 .  I n  acco rd  w i th  the  BACI  resu l t s ,  t he  b inomia l  t es t  i nd i ca ted  tha t

the  p ropo r t i on  o f  f l ex ion  s tage  l a rvae  a t  SONGS in  the  ope ra t i ona l

pe r iod  was  s ign i f i can t l y  l ower  (p  =  0 .01 )  t han  the  expec ta t i on

based  on  p reopera t i ona l  pe r iod  da ta .

32 .  The  pa t te rn  ana lys i s  d id  no t  i nd i ca te  a  sh i f t  a t  SONGS in  the

ope ra t i ona l  pe r i od  (F igu re  C .2 -3 ) ,  bu t  i ns tead  a  gene ra l l y  l owe r

mean  abundance  i n  a l l  s t ra ta  re la t i ve  to  the  " con t ro l "  da ta  se t .

Thus the BACI ef fect  is  a  genera l  one rather  than being local ized

in  a  pa r t i cu la r  s t ra tum

33 .  The  un t rans fo rmed  da ta  fo r  pos t f l ex ion  s tage  C .  i os  l a rvae  me t  a l l

r equ is i t e  assumpt ions  excep t  add i t i v i t y .

34.  When surveys wi th  a zeto occurrence at  e i ther  SONGS or  Contro l  were

de le ted  and  the  add i t i v i t y  assumpt ion  re tes ted ,  t he  un t rans fo rmed

da ta  aga in  fa i l ed .

35 .  The  reg ress ion  o f  De l ta  on  the  sum o f  SONGS+Con t ro l  abundance

(F igu re  C .2 -8 )  showed  tha t  t he  10  March  1980  su rvey  was  an

inf luence point .  When th is  datum was deleted and the addi t iv i ty

assumpt ion  re tes ted ,  t he  un t rans fo rmed  da ta  once  aga in  fa i l - ed  and

thus  cou ld  no t  be  used  fo r  BACI  ana lys i s .

36 .  The  p re fe r red  da ta  t r ans fo rma t i on ,  1og  ( x ) ,  passed  a l l  assump t i on

tes t s  excep t  t ha t  f o r  se r i a l  co r re l a t i on  o f  De l t as .  Howeve r ,

use  o f  t he  l og  ( x )  t rans fo rma t ion  requ i red  d ropp ing  o f  t en

PreoPerat ional  and f ive operat ional  surveys and was considered

unaccep tab le .  Bo th  t he  l og  ( x  +

SONGS
Cont ro  I

|  0 . 15 /400  n3
|  0 .  l 7 l 400  m3

0.07 l400  m3
0.38 /400  m3

c  .2 -  LL

0 . f )  and  1og  ( x  *  1 )



37.

t r ans fo rma t ions  me t  a l l  assumpt ions  excep t  t ha t  o f  no  se r j -a l

co r re la t i on  i n  Lhe  ope ra t i ona l  pe r iod .  The  t rans fo rma t ion  w i th

h ighes t  power  was  se lec ted  and  re ta ined  fo r  use  w i th  the

autoregress j -ve errors  procedure rather  than wi th  the s tandard BACI

t - t es t .  Power  was  a  l i t t 1e  h i ghe r  f o r  t he  1og  ( x  +  0 .1 )  t r ans fo rmed

da ta than  f o r  t he  l og  ( x  n  r )  t r ans fo rma t i on  (0 .18  vs .  0 .13  8 t  a  =

0 .05 )  and  1og  ( x  +  0 .1 )  was  rhus  se lec ted .

The  c l - l eve l  was  se t  a t  0 .10  to  max im ize  power  (power  =  0 . r8  8 t  c  =

0 .05 ,  power  =  0 .29  a ' t  s  =  0 .10 ) .

The  au to reg ress i ve  e r ro rs  p rocedure  i nd i ca ted  tha t  t he re  w?s  a

s ign i f i can t  f i r s t  o rde r  au toco r re la t i on ;  w i th  th i s  co re la t i on

mode led  the  dec rease  i n  re la t i ve  abundance  was  s ign i f i can t  (p  =

0 .07  )  .

Thj -s  change was associated wi th  a sma11 decrease in  mean abund.ance

a t  SONGS and  a  l a rge r  i nc rease  a t  Con t ro l :

I  P reopera t i ona l
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I Per iod
Operat ional

Pe r iod
Percent
Chanee

S O N G S
C o n t r o l

|  0 . 48 /40O m3
|  0 .56 i  400  m3

0 .32 l400  m3
2 .L3  / 400  m3

-34
+28  I

39 .  App l i ca t j - on  o f  t he  f i r s t  o rde r  au to reg ress i ve  e r ro rs  mode l  t o  t he

fog  ( x  *  I ) - t rans fo rmed  da ta  a l so  revea led  a  s ign i f i can t  dec rease

in  re la t i ve  abundance  (p  =  0 .03  )  ,  i n  acco rd  w i th  the  p r i nc ipa l  BACI

resu l t .

40 .  The  reg ress ions  o f  SONGS abundance  on  Con t ro l  abundance  fo r  each

mon i to r i ng  pe r iod  d id  no t  d i f f e r  f rom one  ano the r .  However ,

examina t i on  o f  t he  raw  da ta  tended  to  concu r  w i th  BACI  resu l t ,  f o r

examp le ,  t he  SONGS vs .  Con t ro l  abundance  p l o t s  (F i gu re  C .2 -9 )

c.2-L2
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showed  tha t  h igh  abundances  (excep t  10  March  1980)  occu r red  on l y

a t  Con t ro l  i n  t he  ope ra t i ona l  pe r iod ,  and  tha t  mos t  p reopera t i ona l

pe r iod  obse rva t i ons  were  c lus te red  nea r  the  o r i g in .  Thus  the  two

mon i to r i ng  pe r iods  l ook  d i f f e ren t  even ' though  we  were  unab le  to

s ta t i s t i ca l l y  demons t ra te  th i s  d i f f e rence  by  the  reg ress ion

p rocedu re .

4L.  When the operat ional  per iod data were par t i t ioned in to p lume and

non-p lume subse ts ,  t he  se r ia l  co r re la t i on  p resen t  i n  t he  fu11

oPerat ional  per iod data set  was no longer  present  and the 1og (x  +

0 . I ) -  and  l og  ( x  *  1 ) - t r ans fo rmed  da ta  me t  a l l  r equ i s te  BACI

assump t i ons  f o r  bo th  subse t s .  The  1og  ( x  +  0 .1 )  t r ans fo rma t i on

y ie l ded  h i ghe r  power  ( . 25  a t  a  =  0 .10 ,  vS .  0 .20  f o r  1og  ( x  *  1 ) ) .

TheBAc I t - t es ton thep1umesubse t revea1edas ign i f i can t (p<

0 .01 )  reduc t i on  i n  re la t i ve  abundance  assoc ia ted  w i th  a  sma1 l

decl ine at  SONGS and a large increase at  Contro l  in  mean abundance:

I  P reopera t i ona l
I  Pe r i od

Opera t i ona l
Pe r i od

Percent
Chanee

S O N G S
C o n t r o  1

I n  con t ras t ,  t he

nons ign i f i can t  (p

dec l i ned  a t  SONGS

0 .48 /400  m3
0 .56 l400  m3

BACI  t - t es t  on

=  0 .36  )  r esu l t ,

whi le  increasing

0 .4L1400  m3
3 .08 /400  rn3

the non-p lume

al though mean

a t  Con t ro l :

-15
+ l+52

subse t  y ie lded  a

abundance again

Percen t
ChanEe

Preopera t i ona l
Pe r i od

Opera t i ona l
Pe r iod

SoNGS I
Con t ro l  I

0  . 48  / 400  m3
0 .56 l400  rn3

0.  16  /400  m '
1 .  13 /400  m3

- 57
+ I03

c.2-L3



42 .  The  b inomia l  p rocedure  i nd i ca ted  tha t  t he  p ropo r t i on  o f  t o ta l

pos t f l ex ion  s tage  l a rvae  a t  SONGS in  the  ope ra t i ona l  pe r iod  was

s ign i f i can t l y  l ower  (p  .  0 .0 I )  t han  wou ld  have  been  expec ted  based

on  PreoPera t i ona l  pe r iod  su rveys .  Th i s  i s  i n  acco rd  w i th  the

p r imary  BACI  resu l t .

43 "  The pat tern analys is  showed.  that  abundance was consis tent ly

h ighest  in  Blocks A and B epibenthos in  both moni tor ing per iods at

bo th  mon i to red  l oca t i ons ,  bu t  d id  no t  show a  pa t te rn  sh i f t  a t  SONGS

in  the  ope ra t i ona l  pe r iod  (F igu re  C .2 -3 ) .  I ns tead ,  mean  abundance

was  genera l l y  l ower  ac ross  a l l  s t ra ta  a t  SONGS in  the  ope ra t i ona l

pe r i od .
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APPENDIX  C .3

App r i ca t i on  o f  s t a t i s t i ca l  Ana l yses  t o  Gob iesox  rhessodon

A  s teP -by -s tep  desc r i p t i on  o f  t he  app l i ca t i on  o f  t he  BACI ,

b inomia l ,  and  Pa t te rn  ana lyses  as  app l i ed  to  Gob iesox  rhessodon

abundance data is  g iven here as an example of  the complete analy t ica l

p rocedure  used  to  a r r i ve  a t  a  conc lus ion  o f  "no  e f fec t " .  These  s teps

were fo l lowed for  each ichthyoplankton and macrozooplankton taxon

inc luded  i n  Sec t i on  4  o f  t he  F ina l  Repor t .  The  reader  i s  re fe r red  to

Append ix  C .  I  f o r  an  ou t l i ne  o f  s teps  taken  i n  the  comp le te  BACI  ana lys i s

and  to  the  ma in  body  o f  t he  repo r t  (Sec t i on  3 )  f o r  desc r ip t i ons  o f  t he

ana ly t i c  p rocedures  and  a  d i scuss ion  o f  t he i r  ra t i ona le .

] .  The untransformed preoperat ional  data and a su i te  of  1og-

t rans fo rma t ions  o f  t ha t  da ta  were  tes ted  to  see  whe the r  t hey  me t

the  requ is i t e  BACI  assumpt ions  fo r  add i t i v i t y ,  symmet ry ,  no  se r ia l

co r re la t i on ,  and  no  tempora l  t r ends  i n  t he  p reopera t i ona l  pe r iod

De l ta  va lues .  On ly  the  non - t rans fo rmed  da ta  and  t rans fo rma t ions

mee t ing  a l l  t he  requ is i t e  assumpt ions  cou ld  be  cons ide red  i n

subsequen t  s tePs  o f  t he  ana lys i s .  l { on - t rans f  o rmed  d .a ta  were

a lways  p re fe r red ;  among  the  t rans fo rma t ions ,  t he  l og  ( x )

t rans fo rma t ion  was  p re fe r red  ove r  a l l  o the rs .  Fo r  G .  rhessodon ,

the  un t rans fo rmed  da ta  me t  t he  requ is i t e  p reopera t i ona l

assumpt i_ons .

2 .  Opera t i ona l  pe r iod  un t rans fo rmed  d .a ta  were  tes ted  to  see  whe the r

they  me t  t he  BACI  assumpt ions  o f  no  se r ia l  co r re la t i on  o f  De l ta

va lues .  The  da ta  passed  th i s  t es t  and  the re fo re  were  used  i n  the

p r imary  BACI  ana lys i s .

c.3-1



3. Other  t rans fo rma t ions  were  i nspec ted  fo r  comp l iance  w i th  the  BACI

assumPt ions ;  t hose  mee t ing  a l l  cond i t i ons  were  used  i n  checks  on

the  p r ima ry  BAc r  r es r  r esu l t .  The  1og  ( " )  and  a l l  l og  ( x  *  c )

t rans fo rma t ions  me t  a l l  r equ is i t e  assumpt ions l  however ,  ow ing  to

the  l a rge  number  o f  ze ro  occu r rences  a t  SONGS o r  a t  Con t ro l  (mos t l y

a t  con t ro l ) ,  t he  da ta  se t s  ava i l ab le  f o r  ana l ys i s  w i t h  1og  ( x )  we re

substant ia l ly  reduced ( f rorn 34 preoperat ional  and ZZ operat ional

su rveys  to  13  and  L4  su rveys ,  respec t i ve l y ) .  Loss  o f  t h i s  much

in fo rma t ion  was  cons ide red  unaccep tab le  and  the  l og  ( x )

t rans fo rma t ion  was  re j  ec teo .

The  Type  I  e r ro r  l eve1  ( " )  was  se t  t o  max im ize  power  fo r  t he

se lec ted  p r imary  da ta  t rea tmen t .  S ince  power  was  ca .  0 .16  a t  t he

t rad i t i ona l  c r  =  0 .05  1eve1  fo r  t he  un t rans fo rmed  da ta .  t hea  l eve l

was  se t  a t  0 .10  (power  i nc reased  t o  0 .27 ) .

The  BACI  tes t  i nd i ca ted  a  non -s ign i f i can t  (p  =  0 .76 )  i nc rease  i n

re lat ive abundance.

Examinat ion of  mean untransformed abundance values showed that

abundance increased at  both SONGS and Contro l ,  wi th  the increase

a t  SONGS la rge r :

I  P reopera t i ona l

I
I
t
I
I
I
I
I
I
T
I
I
I
l
I

4. .

I Per i od
Opera t i ona l

Pe r iod
Percen t
Chanee

S O N G S
C o n t r o l

0 .55 /400  m3
0 .35 /400  m3

01 /400  m3
39  1400  m3

1.
0 .

+56
+$

Resu l t s  f o r  t he  l og  ( x

s i gn i f i can t :  a l l  t - t es t s

BACI  resu l t  was  con f i rmed .

*  C )  t rans fo rma t ions  were  a l so  non -

y i e l ded  p I
t
Ic.3-2
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7 . To conf i rm the non-s ign i f icant  BACI resul t ,  abundance at  SONGS r , ras

regressed agai r rs t  ob. r . rdance at  Contro l  for  each moni tor ing per iod.

r f  t he re  was  no  e f fec t ,  t he  two  reg ress ion  l i nes  shou ld  have

s ta t i s t i ca l l y  i nd i s t i ngu i shab le  s lopes  and  i n te rcep ts .  They  d id .

In  fac t  '  mos t  po in t s  fo r  bo th  pe r iods  were  nea r  the  ve r t i ca l

(SONGS)  ax i s ,  i nd i ca t i ng  tha t  l a rvae  occu r red  ma in l y  a t  SONGS in

bo th  mon i t o r i ng  pe r i ods  (F igu re  C .3 -1 ) .

When the operat ional  per iod data set  was separated in to p lume ( the

discharge p lume cross ing the Impact  t ranseet)  and non-p lume (Uni ts

2 and 3 not  operat ing or  d ischarge p lume not  cross ing the Inpact

t ransect  )  subsets and analyzed us ing the same data t reatment  used

fo r  t he  fu1 I  ope ra t i ona l  pe r iod  da ta  se t ,  a  non -s ign i f i can t  (p  =

0 .41 )  resu l t  was  ob ta ined  fo r  t he  p lume subse t .  Th i s  was

associated wi th  increases in  mean abundance at  both SONGS and

Con t ro l :

I  P reopera t i ona l Operat ional Percent
Per iod Per iod Chanse

8 .

A  non -s i gn i f i can t  r esu l t  was  a l so  ob ta i ned  f o r  t he  sma1 l  ( n  =  5 )

non -p Iume  subse t  ( p  =  0  . 82 ) ,  t h i s  t ime  assoc ia ted  w i t h  an  i nc rease

a t  SONGS and  dec rease  a t  Con t ro l :

I  P reopera t i ona l

S O N G S
C o n t r o  1

0 .55 l400  rn3
0 .36 /400  m3

0 .7L /400  m3
0 .551400  m3

Opera t i ona l
Pe r iod

+ I0
+  5 I

Pe rcen t
Chanee

I
I
I Per i od
I

soNcs I
Cont ro l  I

0 . 65 /400  m3
0 .35  l 40O m3

0 .80  1  400  m3
O.Lz l400  m3

+23
-56

c.3-3



I
I9 . The  b inomia l  t es t  i nd i ca ted

rhessodon larvag at  SONGS in

tha t  t he  p ropo r t i on  o f  t o ta l  q .

the operat ional  per iod was not

d i f f e ren t  f rom the  expec ta t i on  based  on  p reopera t i ona l  pe r iod

va lues  (P  =  0 .77 ) .

10.  In  order  to  determine whether  an ef fect  independent  of  abundance

changes detectable by the BACI analys is  rn ight  have occurred,  a

pat tern analys is  was per formed to compare abundance in  each cross-

shel f  s t ra tum conta in ing larvae between Af ter -SONGS and Before-

Con t ro l  da ta  se ts .  The  ana lys i s  d id  no t  i den t i f y  a  s ign i f i can t

pa t te rn  sh i f t ,  bu t  i nd i ca ted  tha t  abundance  tended  to  be  h ighes t

i n  t he  nea rsho re  ep iben thos  a t  bo th  mon i to red  l oca t i ons  i n  bo th

mon i t o r i ng  pe r i ods  (F igu re  C .  3 -2 )  .

11 .  I n  o rd .e r  t o  de te rm ine  whe the r  t he  resu l t s  f o r  t o ta l  G .  rhessodon

were  s im i l a r  ove r  a l l  l a r va l  s tages ,  o r  pe rhaps  were  domina ted  by

on ly  a  s ing le  s tage ,  t he  en t i re  su i te  o f  ana lyses  was  re run  aga in ,

th is  t ime on abundances par t i t ioned in to pref lex ion,  f lex ion and

pos t f  l ex i on  s tage  va lues  .

L2 .  The  un t rans fo rmed  da ta  and  a l l  1og  t rans fo rma t ions  fo r  p re f l ex ion

s tage  l a rvae  passed  a l l  t he  assumpt ion  tes ts  fo r  add i t i v i t y ,

symmet ry ,  Do  se r ia l  co r re la t i on  and  no  t rends  i n  p reopera t i ona l

pe r i od  De l t as .  A11  excep t  t he  1og  ( " )  and  l og  ( x  *  0 . I )

t rans fo rmed  da ta  fa i l ed  the  assumpt ions  o f  no  se r ia l  co r re la t i on

in  ope ra t i ona l  pe r iod  De l ta  va lues .  However ,  s i nce  the

au to reg ress i ve  e r ro rs  p rocedure  (AUTOREG)  dea ls  w i th  se r ia l

co r re la t i on ,  t he  non - t rans fo rmed  da ta  were  cons ide red  accep tab le .

The  l a rge  number  o f  ze to  occu r rences  o f  p re f l ex ion  s tage  l a rvae

subs tan t i a l l y  reduced  the  da ta  se ts  ava i l ab le  fo r  ana lys i s  us ing

the  l og  ( x )  t rans fo rma t ion  ( f rom 30  p reopera t i ona l  and  2L
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opera t i ona l  su rveys  to  10  and  L2  su rveys ,  resPec t i ve l y ) ;

t he re fo re ,  t he  t rans fo rma t ion  used .  t o  con f i rm  the  p r imary  resu l t

based  on  un t rans fo rmed  da ta  was  1og  ( x  +  0 .1 ) .

13 .  The a-  level  was set  a t  0 .  10 in  order  to  r iax imize Power (power =

0 .18  a t  a  =  0 .05 ;  power  =  0 .29  a t  s  =  0 .10 ) .

14 .  The  au to reg ress i ve  e r ro rs  p rocedure  i den t i f i ed  no  s ign i f i can t

f i r s t ,  second ,  o r  t h i rd  o rde r  au tocome la t i ons  and  the re fo re  was

no t  used .  The  t - t es t  w i th  i ndependen t  e r ro rs  y ie lded  a

nons ign i f i can t  r esu l t  ( p  =  0  "52 ) .

Th i s  i ns ign i f i can t  change  was  assoc ia ted  w i th  sma1 l  i nc reases  i n

mean abundance at  both SONGS and Contro l :

P reopera t i ona l
Pe r i od

Opera t i ona l
Pe r iod

Percent
Change

I
I
I
I
I
I
I
I
I
I
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t
I
I
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S O N G S
Cont ro  1

0 .57 i  400  m3
0 .25 l400  m3

0 .55 /400  m3
0 ,3 I l 400  m3

+14
+24

15 .  The  t - t es t  on  l og  ( x  +  0 .1 )  t r ans fo rmed  da ta  gave  a  non -s i gn i f i can t

resu l t  (p  =  0 .40  )  )  ,  con f i rm ing  the  p r i nc ipa l  resu l t  .

16 .  The  reg ress ions  o f  SONGS abundance  on  Con t ro l  abundance  fo r  t he

two  mon i to r i ng  pe r iods  d id  no t  d i f f e r  s ign i f i can t l y  i n  s lope  o r

i n te rcep t ,  aga in  con f i rm ing  the  non -s ign i f i can t  BACI  resu l t .  Mos t

va lues  f e11 'nea r  t he  ve r t i ca l  (SONGS)  ax i s  o f  t he  p1o t ,  i nd i ca t i ng

tha t  p re f l ex ion  s tage  l a rvae  usua l l y  occu r red  ma in l y  a t  SONGS

(F igu re  C .3 -3 ) .

17 .  When  the  ope ra t i ona l  pe r iod  was  pa r t i t i oned  i n to  p lume and  non -

p lume  subse t s ,  t he  se r i a l  co r re l a t i on  p resen t  f o r  non - t r ans fo rmed

da ta  i n  t he  fu11  ope ra t i ona l -  da ta  se t  no  l onger  ex i s ted .  Thus  non -

t rans fo rmed  da ta  were  now amen iab le  to  the  BACI  t - t es t .  The  t - t es t
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resu l t  f o r  t he  p lume subse t  revea led  a  s ign i f i can t  reduc t i on  i n

re la t i ve  abundance  (p  =  0 . I0 )  wh ich  was  con f i rmed  by  resu l t s  f o r

a l l  l og  ( x  *  C ) - t r ans fo rmed  da ta  (a l l  p

associated wi th  reduced mean abundance at  SONGS and increased mean

abundance  a t  Con t ro l :

I  P reopera t i ona l
I  Pe r iod

Operat ional
Pe r iod

Percent
Chanee

SONGS
Cont ro  I

0 .57 l400  m3
0 .25 l400  m3

O .24  1400  m3 -  58
0 .431400  m3 +  68

I
I
I
I
t
I
t
I
I
I
I
I
I
I

r nspec t i on  o f  t he  t ime  p lo t  o f  De l t as  (F i gu re  c .3 -4 )  r evea led

cons ide rab le  ove r lapp ing  o f  p reopera t i ona l  and  ope ra t i ona l  pe r iod

De l ta  va lues ,  bu t  a l so  showed  tha t  t he  l a rges t  ope ra t i ona l  pe r iod

va lues  were  neve r  as  h igh  as  the  l a rges t  p reopera t i ona l  pe r iod

va lues .

The  t - t es t  on  non -p1ume da tes  y ie lded  a  nons ign i f i can t  resu l t  (p  =

0 .58 )  wh i ch  was  con f i rmed  by  t he  t - t es t  on  1og  ( x  *  c )  t r ans fo rmed

da ta  (a11  P  >>  0 .10 ) .  Ow ing  t o  t he  sma l l  s i ze  o f  t he  non -p lume  da ta

se t  (N  =  5 ) ,  t he  s ta t i s t i ca l  t es t s  we re  p robab l y  mean ing less .  Mean

abundance  i nc reased  a t  soNGS wh i l e  dec reas ing  a t  con t ro l :

I  P reopera t i ona l Opera t i ona l
Pe r iodI Per iod

Percent
Chanee

S O N G S
C o n t r o l

0 .57  / 400  m3
0 .25 l400  n3

0.561400  m3
0.08 /400  m3

+L7
+58

I
I
I
I
I

The  t ime  p lo t  o f  De l t a  va lues  (F igu re  C .3 -5 ) ,  excep t  f o r  t he  dea r th

o f  ope ra t i ona l  pe r iod  va lues ,  rooked  ve ry  much  l i ke  the  p lume

p lo t ;  aga in ,  t he  h ighes t  non -p lume opera t i ona l  pe r iod  De l ta  va lues

were  neve r  as  h igh  as  the  l a rges t  p reopera t i ona l  pe r iod  va lues .
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18. The  b inomia l  t es t  on  p re f l ex ion  s tage  l a rvae  i nd i ca ted  tha t  t he

p ropor t i on  o f  t o ta f  p re f l ex ion  s tage  l a rvae  a t  soNGS in  the

opera t i ona l  pe r iod  was  no t  d i f f e ren t  f rom the  p ropo r t i on  a t  SONGS

in  the  p reopera t i ona l  pe r iod  (p  =  0 .45  )  .

19 .  The  Pa t te rn  ana lys i s  d id  no t  i nd i ca te  a  sh i f t  i n  c ross -she l f

d i s t r i bu t i on  i n  t he  ope ra t i ona l  pe r iod  a t  SONGS re la t i ve  to  the

Be fo re -Con t ro l  se t .  P re f l ex ion  s tage  l a rvae  were  mos t  abundan t  i n

the nearshore epibenthos at  both SONGS and Contro l  in  both

mon i to r i ng  pe r iods .

20 .  The  un t rans fo rmed  da ta  fo r  f l ex ion  s tage  l a rvae  me t  t he  requ is i t e

assumpt ions  o f  no  se r ia l  co r re la t i on  and  no  t rends  i n

PreoPera t i ona l  pe r iod  De l ta  va lues ,  bu t  f a i l ed  the  assumpt ion  o f

add i t i v i t y .  When  da tes  w i th  a  ze ro  occu r rence  a t  e i t he r  SONGS o r

Con t ro l  we re  de le ted  and  the  add i t i v i t y  assumpt ion  re tes ted ,  t he

un t rans fo rmed  da ta  me t  t h i s  assumpt ion .  Non- t rans fo rmed  da ta  a l so

Passed  the  assumpt ion  tes t  f o r  no  se r ia l  co r re la t i on  o f  De l tas  i n

the  oPera t i ona l  pe r iod .  A11  1og  ( x  *  C )  me t  t he  requ is i t e  BACI

assumpt ions  and  were  su i tab le  fo r  t - t es t i ng  as  a  con f i rma t ion  o f

the  p r imary  resu l t  based  on  the  non - t rans fo rmed  da ta .

2L .  Because  Power  was  on l y  0 .  15  a t  s  =  0 .05 ,  t he  BACI  a - I eve l  was  se t  a t

0 .10  i n  o rde r  t o  i n . c rease  power  ( t o  0 .24 ) .

22 .  The  BACI  t - t es t  resu l t s  (w i th  the  su rveys  hav ing  a  ze ro  occu r rence

a t  e i t he r  SONGS o r  Con t ro l  re ins ta ted )  showed  a  non -s ign i f i can t

change  (p  =  0 .55 )  i n  r e l a t i ve  abundance .

Mean  abund .ance  i nc reased  a t  bo th  SONGS and  Con t ro l :

I  P reopera t i ona l
I
I Per iod

Opera t i ona l
Pe r i od

Percent
Change

S O N G S
C o n t r o l

0 .  17 l400  m3
0 .03 /400  m3

0 .31 /400  m3
0 .  t 0 /400  m3

+  7 6
+230
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23 .  The  t - t es t s  on  1og  ( x  *  C )  t rans fo rmed  da ta  con f i rmed  the  non -

I
I
I
I
I
I
I
I
t
I
I
I
t
I
I
I
I

24

s ign i f i can t  p r i nc i pa l  r esu l t  ( a11  p  >>  0 . f 0 ) .

The regress ion l ines of  SONGS abundance on Contro l  abundance d id

no t  d i f f e r  i n  e i t he r  s lope  o r  i n te rcep t  be tween  mon i to r i ng

per iods,  conf i rming the BACI test  resul t  o f  no change between

mon i to r i ng  pe r iods .  Aga in ,  t he  da ta  po in t s  nea r l y  a l l  f e l1  a long

the  ve r t i ca l  (SONGS )  ax i s  (F i gu re  C .  3 -6  )  .

The  BACI  t - t es t  on  non - t rans fo rmed  da ta  fo r  p lume da tes  y ie lded  a

non -s i gn i f i - can t  ( p  =  0 .52 )  r esu l t  ( con f i rmed  by  t es t s  on  a l l  1og  ( x

*  C )  t rans fo rma t ions ) ,  assoc ia ted  w i th  an  i nc rease  i n  mean

abundance at  SONGS and a larger  increase at  Contro l :

I  P reopera t i ona l Operat ional Percent
I  Per iod Per iod Change

25.

S O N G S
C o n t r o l

0 .L7  / 400  rn3
0 .03  /  400  m3

0 .31 /400  m3
0 .15 /400  n3

+  7 6
+ 3 9 9

I nspec t i on  o f  t he  t ime  p lo t  o f  De l ta  va lues  revea led  no  reason  to

doub t  t h i s  resu l t :  t he re  was  no  i nd i ca t i on  wha tsoeve r  o f  a

d i f f e rence  be tween  mon i t o r i ng  pe r i ods  (F igu re  C .3 -7 ) .

The  BACI  t - t es t  on  un t rans fo rmed  da ta  fo r  t he  non -p lume subse t

a l so  y i e i ded  a  nons ign i f i can t  ( p  =  Q .42 ) ,  and  ow ing  t o  t he  sma11

non-p lume da ta  se t  (N  =  4 ) ,  p robab ly  mean ing less  resu l t .  Mean

abundance  dec reased  a  1 i t t 1e  a t  SONGS and  inc reased  a  l i t t I e  a t

Con t ro l :

I  P reopera t i ona l
I  Pe r i od

Opera t i ona l
Pe r iod

Percen t
Change

S O N G S
C o n t  r o  1

0 .17  I  4OO m3
0 .03 /400  rn3

0 .  15  / 400  m3
0 .03 /400  m3

-15
+15 I
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26 .  The  b inomia l  t es t  i nd i ca ted  tha t  t he  p ropo r t i on  o f  f l ex ion  s tage

larvae at  SONGS in the operat ional  per iod was not  d i f ferent  f rom

the  expec ted  p ropo r t i on  based  on  p reopera t i ona l  su rveys  (p  =

0 .34 ) .

27 .  The  Pa t te rn  ana lys i s  f o r  f l ex ion  s tage  l a rvae  i nd i ca ted  a

s ign i f i can t  (p  <  0 .01 )  sh i f t  i n  pa t te rn  du r ing  the  ope ra t i ona l

pe r i od  a t  SONGS;  howeve r ,  i nspec t i on  o f  t he  pa t t e rns  (F igu re  C .3 -

2)  d. id  not  reveal  a  s t r ik ing d. i f ference in  pat tern between the

opera t i ona l  SONGS and  Be fo re -Con t ro l  da ta  se ts .  A  s l i gh t  seaward

shi f t  in  the area of  h ighest  abundanee was apparent  a t  SONGS in the

opera t i ona l  pe r iod .

28 .  Fo r  pos t f l ex ion  s tage  l a rvae  the  un t rans fo rmed  da ta  passed  the

assumpt ion  tes ts  fo r  add i t i v i t y ,  Do  se r ia l  co r re la t i on  aqd  no

t rends  i n  p reopera t i ona l  pe r iod  De l ta  va lues .  The  un t rans fo rmed

da ta  a l so  me t  t he  assumpt ion  o f  no  se r ia l  co r re la t i on  i n  t he

oPera t i ona l  pe r iod .  The  1og  ( x  +  C)  t rans fo rma t ions  were  su i tab le

fo r  con f i rma to ry  tes ts  .

29 .  Because  the  power  a t  t he  t rad i t i ona l  a  =  0 .05  1eve l  was  ve ry  l ow  (<

0 .10 ) ,  t he  a -1eve1  f o r  t he  BACI  t es t  was  se t  & t  a  =  0 .10

30 .  The  BACI  t - t es t  resu l t  on  the  un t rans fo rmed  da ta  i nd i ca ted  a  non -

s i gn i f i can t  ( p  =  0 .85 )  change  i n  r e l a t i ve  abundance .  The  t - t es t  on

1og  (x  *  C ) - t rans fo rmed  da ta  l i kew ise  y ie lded  non -s ign i f i can t

resu l t s  ( a11  p  t>  0 .10 ) ,  con f i rm ing  t he  p r ima ry  resu l t .

Mean abundance changed 1 i t t1e between moni tor ing per iods at

f ' an ts+^1  bu t  i nc reased  subs tan t i a l l y  a t  SONGS i f  t he  23  Augus tv v l t L l v ! ,

1984  da tum was  i nc luded ,  o r  i nc reased  much  less  i f  t ha t  da tum was

exc luded :
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IPreopera t i ona l

Pe r i od
Opera t i ona l

Pe r i od

SONGS (exc lud ing  23Aug84)
Con t ro l  0 .04  I  460  m3

SONGS

SONGS
C o n t r o l

0 .04 /400  m3

Per iod

0 .04  /  4OO m3
0 .04 /400  rn3

O.34 /400  rn3
0 .06 /400  n3
0 .04 /400  m3

+  820
+66
-6

Percent
Chanee

I
I
I
I
I
I
t
I
I
I
I
I
I
I
I
I
I

31 '  The  reg ress ions  o f  soNGS abundance  on  con t ro l  abundance  fo r  t he

two  mon i to r i ng  pe r iods  y ie lded  s ta t i s t i ca l l y  i nd . i s t i ngu i shab le

l i nes  (F igu re  c .3 -8 ) ,  suppor t i ng  the  i n te rp re ta t i on  o f  no  change

be tween  mon i to r i ng  pe r iods  .

32 .  The  BAcr  t - t es t  on  non - t rans fo rmed  p lume da ta  y ie ld .ed  a

nons ign i f i can t  r esu l t  ( p  =  0 .84 )  wh ieh  was  con f i rmed  by  t he  t - t es t

on  1og  ( x  +  C )  t r ans fo rmed  da ta  (a11  p

inc reased  g rea t l y  a t  soNcs  ow ing  to  the  23  Augus t  1gg4  da tum.  and

was  v i r t ua l l y  unchanged  a t  Con t ro l :

I  P reopera t i ona l Operat ional
Pe r iod

0  . 44  / 400  m3 +  1054
O.O41400  m3  +  |

We cons ide r  t h i s  d i f f e rence

mean ing less .

in mean abundance changes to be

A  s ta t i s t i ca l  t es t  was  no t  pe r fo rmed  on  the  non -p Iume subse t  o f  t he

opera t i ona r  da ta  fo r  pos t f l ex ion  s tage  l a rvae  because  the  non_

plume data set  conta ined only  two observat ions.  Mean abundance

inc reased  LL" / "  a t  soNGS and  dec reased  z% a t  con t ro l ,  bu t  ow ing  to

the  ve ry  l ow  abundance  va lues  and  sma l l  samp le  s i ze  we  cons id .e r

th i s  d i f f e rence  mean ing less  .

33  '  The  b inomia l  t es t  resu l t  was  non -  s ign i f i can t  (p  =

ind i ca t i ng  tha t  t he  p ropo r t i on  o f  t he  to ta l  pos t f l ex ion

0.73) ,

s tage
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l a r vae  a t  SONGS in  the  ope ra t i ona l  pe r iod  d id  no t  d i f f e r  f rom the

p ropor t i on  a t  SONGS in  the  p reopera t i ona l  pe r iod .

34.  In  order  to  determine whether  an ef fect  independent  of  abundance

changes  de tec tab le  by  the  BACI  ana lys i s  m igh t  have  occu r red ,  b

pa t te rn  ana lys i s  was  pe r fo rmed .  Th i s  ana lys i s  showed  a

s ign i f i can t l y  h ighe r  abundance  o f  pos t f l ex ion  l a rvae  i n  the

nearsho re  ep iben thos  bu t  i t  d id  no t  d i s t i ngu i sh  be tween  mon i to red

loca t i ons  o r  mon i to r i ng  pe r iods . There was a suggest ion of  a

s l ight  seaward sh i f t  or  excess of  larvae in  the more seaward

ep iben thos  a t  SONGS du r ing  the  ope ra t i ona l  pe r iod ,  bu t  t h i s  sh i f t

was smal l  enough to remain undetectable by the BACI analys is  "
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n o t  s i g n i f i c a n t l y  s e p a r a b l e  a r e  u n d e r l  i n e d .  U p p e r  c a s e  s t r a t a  d e s i g n a t i o n s  ( e . 9 . ,
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n o t . s i g n i f i c a n t l y  s e p a r a b l e  a r e  u n d e r l i n e c l .  U p p e r  c a s e  s t r a t a  d e s i g n a t i o n s  ( e . g . ,
A M = B l o c k  A  m i d v a t e r )  a r e  f o r  s o N G S  i n  t h e  A F t e r  d a t a  s e t ,  l o w e r  c a s e  a r e  s t r a t a  i n
t h e  B e f o r e - C o n t r o l  d a t a  s e t  ( S O N G S  i n  t h e  B e f o r e  p e r i o d  i n d  C o n t r o l  i n  b o t ' h  p e r i o d s .
o n l y  s t r a t a  i n  w h i c h  l a r v a e  o c c r r r r e d  w e r e  t e s t e d .  T h e  r e s u l t s  o f  t h e  M A N o v A  a r e  a l s o
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. S h a d i n g  d e n o t e s  s t r a t a  g r o n p i n g s  b a s e d  o n  t h e  r e s u l t s  o f  t h e  B o n f e r r o n i  t - t e s t ,
S t r a t a  d e s i g n a t i o n s  a r e  o r d e r e d  f r o m  h i g h e s t  t o  l o w e s t  m e a n  r a n k  a b u n d a n c e .  S t r a t a
n o t  s i g n i f i c a n t l y  s e p a r a b l e  a r e  u n d e r l  i n e d .  U p p e r  c a s e  s t r a t a  d e s i g n a t i o n s  ( e . 9 . ,
A l 4 = B l o c k  A  m i d w a L e r )  a r e  f o r  S o N G S  i n  t h e  A f t , e r  d a t a  s e t ,  l o v e r  c a s e  a r e  s t r a t a  i n
t h e  B e f o r e - C o n t r o l  d a t a  s e t  ( S O N G S  i n  t h e  B e f o r e  p e r i o d  a n d  C o n t r o l  i n  b o t h  p e r i o d s .
O n l y  s t r a t a  I n  w h i c h  l a r v a e  o c c u r r e d  w e r e  t e s t e d .  T h e  r e s L r l t s  o f  t h e  M A N o V A  a r e  a l s o
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F i g u r e  D - 1 5 3 ,  C r o s s - s h e l f  d i s t r i b u t i o n a l  p a t t e r n s  f o r  S e r i p h r - r s  p o t i t L r s .
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n o t . s i g n i f i c a n t l y  s e p a r a b l e  a r e  u n d e r l  i n e d .  U p p e r  c a s e  s t r a t a  d e s i g n a t i o n s  ( e . g . ,
A M = B l o c k  A  m i d w a t e r )  a r e  f o r  S o N G S  i n  t h e  A f t e r  d a t a  s e t ,  l o v e r  c a s e  a r e  s t r a t a  i n
t h e  B e f o r e - C o n t r o l  d a t a  s e t  ( S O N G S  i n  t h e  B e f o r e  p e r i o d  a n d  C o n t r o l  i n  b o t h  p e r i o d s .
O n l y  s t r a t a  i n  w h i c h  l a r v a e  o c c u r r e d  w e r e  t e s t e d .  T h e  r e s u l t s  o f  t h e  M A N O V A  a r e  a l s o
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F i g u r e  D - 1 7 4 .  C r o s s - s h e l f  d i s t r i b u t i o n a  I  p a t t e r n s  f o r  G e n y o n e m u s  I  i n e a t u s .
Shad i  ng  denotes  s t  ra  ta  g  ro r rp  i  ng  s  ba  sed o i - - thE-FESI  t  €F-6 f f ie  Bonfe  r ron  i  t - tes t .
S t r a t a  d e s i g n a t i o n s  a r e  o r d e r e d  f r o m  h i g h e s t  t o  l o v e s t  m e a n  r a n k  a b [ t n d a n c e ,  S t r a t a
n o t  s i g n i f i c a n t l y  s e p a r a b l e  a r e  u n d e r l  i n e d .  U p p e r  c a s e  s t r a t a  d e s i g n a t i o n s  ( e . 9 . ,
A M = B l o c k  A  m i d v a t e r )  a r e  f o r  S O N G S  i n  t h e  A f t e r  d a t a  s e t ,  l o w e r  c a s e  a r e  s t r a t a  i n
t h e  E e f o r e : C o n t r ^ o l  d a t a  s e t  ( S O N G S  i n  t h e  B e f o r e  p e r i o d  a n d  C o n t r o l  i n  b o t h  p e r i o d s .
o n l y  s t r a t a  i n  v h i c h  l a r v a e  o c c u r r e d  v e r e  t e s t e d .  T h e  r e s u l t s  o f  t h e  M A N o V A  a r e  a  I ' s o
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A l 4 = B l o c k  A  m i d w a t e r )  a r e  f o r  S O N G S  i n  t h e  n r t b r  d a t a  s e t ,  l o w e r  c a i e  a r e  s t r a t a  i n
u h e  B e f o r e - C o n t r o l  d a t a  s e t  ( S o N c S  i . n  t h e  B e f o r e  p e r i o d  i n d  C o n t r o l  i n  b o t h  p e r i o d s .
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C r o s s - s h e  I  f  d  i  s t r i  b U t  i o n a  I  D a t t e r n s  f o r  M e n t  i  c  i  n r h t r s  r r n d r r  I  a t u s ,
s h a d i n g  d e n o t e s  s t r a t a  g r o u p i n g s  b a s e d  o i i E F T € i l i l . s T T - J f r f f i o n f e r r o n i  t - t e s r .
S t r a t a  d e s i g n a t i o n s  a r e  o r d e r e d  f r o m  h i g h e s t  t o  l o v e s t  m e a n  r a n k  a b r r n d a n c e .  S t r a t a
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APPENDIX E

Documen ta t i on  o f  Compu te r  P rog rams

Tab le  o f  Con ten ts

Desc r ip t i on  page

Desc r i p t i on  o f  con ten t s  .  E - l
:

F igu re  E -1 .  Documen ta t i on  o f  p rog ram used  to  genera te  F igu re  t -3  E -3

F igu re  E -2 .  Documen ta t i on  o f  p rog rams  used  to  genera te  tab les  and
f i gu res  p resen ted  i n -sec t i on  3  fo r - i ch thyop lank ton  E -4

F igu re  E -3 .  Documen ta t i on  o f  p rog rams  used  to  genera te  tab les  and
f i gu res  p resen ted  i n  Sec t i on  4  fo r - i ch thyop lank ton  E -5

F igu re  E -4 .  Documen ta t i on  o f  p rog rams  used  to  genera te  tab les  and
f i gu res  p resen ted  i n  Sec t i on  4  f o r - zoop lank ton  .E -10

F igu re  E -5 .  Documen ta t i on  o f  p rog rams  used  to  genera te  f i gu res
p resen ted  i n  Sec t i on  4  f o r  ch lo rophy l l  .E - I 6

F igu re  E -6 .  Documen ta t i on  o f  p rog rams  used  to  genera te  tab les
p resen ted  i n  Sec t i on  4  .E -17

F igu re  E -7  .  Documen ta t i on .o f  p rog rams  used  to  genera te  f i gu res
p resen ted  i n  Append i x  C .1 ,  C .Z ,  and  C .3  .E -19

F igu re  E -8 .  Documen ta t i on  o f  p rog rams  used  to  genera te  f i gu res
p resen ted  fo r  i ch thyop lank ton  i n  Append ix  D  :  .E -20

F igu re  E -9 .  Documen ta t i on  o f  p rog rams  used  to  genera te  f i gu res
p resen ted  fo r  zoop lank ton  i n  Append ix  O  .E -21



APPENDIX E

Documen ta t i on  o f  Compu te r  P rog rams

This Appendix  conta ins f low char ts  to  document  a l l  SAS sof tware

used  to  de r i ve  da ta  p resen ted  i n  tab les  o r  f i gu res  con ta ined  w i th in  th i s

repo r t .  Each  f i gu re  shows  the  f l ow  f rom the  MRC da ta  base (s )  t h rough  SAS

so f tware  to  the  f i na l  t ab le  o r  f i gu re  p resen ta t i on .  A11  SAS p rog rams

l is ted here in have been documented in  the MRC computer  system by the

so f tware  i n  t he  D isk  Inven to ry  Con t ro l  Sys tem.  The  l oca t i on  o f  t he

documented SAS sof tware (e i ther  the ichthyoplankton or  zooplankton

repo r t  d i sk )  i s  shown  on  each  f i gu re .
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IE-1



DBSONGS. YR75 -  YR86

FIG13F SAS

FIG13F  sAS compu tes  and  p lo t s  the  week ly  ave rage  number  o f  pumps  fo r
SONGS Un i t s  1 ,  2 ,  and  3
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t
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Documen ta t i on  o f  p rog ram used  t o  gene ra te  F igu re  1 -3 "
The  SAS p rog ram has  been  p iaced  on  the  i ch thyop ' l ank ton
repo r t  d i  s k .

F' igure  E-1

E-2



DBABUN.CRO5l  -  CRO78
DBABUN.CROSO .  CR112
DBABUN.CR119 -  CR12O
DBABUN.CRI22 -  CR125

ICOMPBC SAS

I
I
I
I
I
I
I
I

ICOMPBC SAS se l  ec ts
compare  s
to  those

spec ies  f rom DBABUN da ta
the  B lock  B  and  B lock  C
taken  downcoas t  o f  t he

base ,
s ta t i ons  t aken  nea r

San  0no f re  ke lp  bed
SONGS

I
I

F ' i gu re  E -2 .  Documen ta t i on_o f  p rog rams  used  t o  gene ra te  t ab les  and  f i gu res
p resen ted  i n  Sec t i on -3  f o r  i ch thyo I l ank ton .  The  SAS p rog iams
have  been  p iaced  on  t he  i ch thyop iahk ton  repo r t  d j sk .
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DBABUN.  CRO5i  -  CRO78
DBABUN.CROSO -  CRl12
DBABUN.CRl19  -  CR12O
DBABUN.CRI22 -  CR126

ISTRATA SAS

I CMEANS

I
I
I

ISTRATA SAS

IXSHELF SAS

iCMEANS SAS

se lec ts  se lec ted  spec ies  f rom DBABUN da ta  base ,
compu tes  number  pe r  400  cub ic  me te rs ,
ou tpu ts  number  pe r  s t ra tum fo r  each  l a rva l  s tage  and  fo r  a l l  l a r vae

compu tes  the  we ' i gh ted  mean  number  pe r  400  cub ic  me te rs  i n  t he
c ross -she l  f  t r ansec t

compu tes  means  and  s tanda rd  dev ia t i ons  on  abundance
da t ,a  fo r  S0NGS and  Con t ro l .  Be fo re  and  A f te r  da ta

I
I
t
t
I

Documen ta t i on  o f  p rog rams  used  t o  gene ra te  t ab ' l es  and  f i gu res
p resen ted  i n  Sec t i on  4  f o r  i ch thyop lank ton .  The  SAS p rog rams
have  been  p laced  on  t he  i ch thyop lank ton  repo r t  d i sk .

F i  gure

E-4
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DBABUN.CRO5l  -  CRO78
DBABUN"CROSO -  CR112
DBABUN.CRl19  -  CR12O
DBABUN.CRIZ? .  CR126

ISTRATA SAS

TABLES
4-2 ,  4 -5 ,  4 -7

ISTRATA SAS

IXSHELF SAS

se lec ts  se lec ted  spec ies  f rom DBABUN da ta
compu tes  number  pe r  400  cub ic  me te rs ,
ou tpu ts  number  pe r  s t ra tum fo r  each  l a rva l

compu tes  the  we igh ted  mean  number  pe r  400
c ross -she l  f  t , r an  sec t

base ,

s tage  and  fo r

cub ' i c  me te rs  ' i n

a l  I  I  a rvae

the

I
I
I

IBACITST SAS runs  assumpt ion  tes ts  on  Be fo re  da ta
runs  BACI  t - t es t  on  Be fo re  and  A f te r  da ta
compu tes  pe rcen t  change  in  abundance  a t  SONGS

I
I
I
I
I

F ' i gu re (  con t .  )
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DBABUN. CRO51 - CRO78
DBABUN.CRO8O .  CR112
DBABUN.CR119 -  CR12O
DBABUN.CRTZ? -  CR126

ISTRATA SAS

I
I

ISTRATA SAS se lec ts  se lec ted  sDec ies  f rom DBABUN da ta
compu tes  number  pe r  400  cub ic  me te rs ,
ou tpu ts  number  pe r  s t ra tum fo r  each  l a rva l

IXSHELF SAS compu tes  the  we igh ted  mean  number  pe r  400
c ross -she l  f  t r ansec t

IB INOM SAS runs  b inomia l  t es t  on  BACI  da ta

base ,

s tage

cub ' i c

and  f o r  a l l  l a r vae

mete rs  i  n  t he

I
I
t
I
I
t

F i  gu re  E -3 .  (  con t .  )

E-6



DBABUN.CRO93 -  CR112
DBABUN.CR119 -  CR12O
DBABUN.CRI22 -  CR126

ICLOSSES SAS

I
I
I
I
I
I
I
t

ICL0SSES SAS se lec t s  se lec ted
compu tes  ave rage
a l so  es t ima tes  o f

spec ies  f rom DBABUN da ta  base ,
da i ' l y  i  n t ake  l  oss  pe rcen tage ,  

. and

poss ib l e  d i f f use r  en t ra i nmen t  l osses

I
I
I
I
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F i  gu re (  con t .
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DBABUN. CR121

ANCHREGz SAS

ANCHREGZ SAS p lo t s  the  number  o f  anchovy  l a rvae  found  w j th  d i s tance
downcoast  f rom SONGS
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F i  gu re  E -3 .  (  con t .  )

E-8



DBABUN.CRO5l  -  CRO78
DBABUN.CRO8O -  CR112
DBABUN.CRI i9  -  CRlzO
DBABUN.CRT22 -  CR126

ISTRATA SAS

I
I renrrEnn snsl

I
t
I

I
I
t

FIGURES
4-5 .  4 -6

t
I
I
t
l
I
I
I
I
t
t

F i  gure ( con t . )
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lzpNinG-sni-l

I
I
I
t
I
I
I
I
I
I
I
I

DBMACZP.CR003 -  CR006.  CR013 -  CR015
DBMACZP.CROZO,  CRO24.  CRO25,  CRO3l
DBMACZP.  CRO38.  CRO6O.  CRO7O.  CRO85
DBMACZP.  CRiOO
DBMACZP.  CR152 -  CR174
_ (even numbered surveys)
DBMACZP.CR176 -  CR201 inc lus ive
DBMACZP.CR208 -  CR213 inc lus ive

ZSTRATA SAS

I
t

ZSTRATA SAS

ZXSHELF SAS

ZPMEANS SAS

se lec ts  se lec ted  spec ' i es  f rom DBMACZP da ta  base ,
ou tpu ts  number  pe r  s t ra tum fo r  each  taxon

compu tes  the  we igh ted  mean  number  pe r  cub i c  me te r  i n  t he
c ross -she l  f  t r ansec t

compu tes  means  and  s tanda rd  dev ia t i ons  on  abundance
da ta  fo r  SONGS and  Con t ro l  ,  Be fo re  and  A f te r  -da ta

I
I
I
I
I

F ' i gu re  E -4 .  Documen ta t i  on  o f  p rog rams
presen ted  ' i n  Sec t ' i on  4  f  o r
l i s t ed  have  been  p l aced  on

used  t o  gene ra te
zoop l  ank ton .  The
the  zoop l  ank ton

tab les  and  f i qu res
SAS p rog rams '

repo r t  d i  s k .

t r - . t  u
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DBMACZP.CR020,  CR024,  CR025,  CR031
DBMACZP.CR038,  CR060,  CR070,  CR085
DBMACZP.  CRlOO
DBMACZP.  CR152 -  CR174

(even numbered surveys)
DBMACZP.CR176 -  CR20f  inc lus ive
DBMACZP.CR208 -  CR213 inc lus ive

ZSTRATA SAS

TABLES
4-9 ,  4 -10 ,  4 -12

ZSTRATA SAS

ZXSHELF SAS

ZBACITST SAS

se lec ts  se lec ted  spec ies  f rom DBMACZP da ta  base
ou tpu t , s  number  pe r  s t ra tum fo r  each  taxon

compu tes  the  we igh ted  mean  number  pe r  cub i c  me te r  . i n  t he
c ross -she ' l f  t r ansec t

runs  assump t i on  t es t s  on  Be fo re  da ta
runs  BACI  t - t es t  on  Be fo re  and  A f te r  da ta
compu tes  pe rcen t  change  in  abundance  a t  S0NGS
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ZSTRATA SAS se lec ts  se lec ted  spec ies  f rom DBMACZP data  base,
f  ou tpu ts  number  per ' s t r i i um fo r  each  taxon
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TXSHELF SAS compu tes  the  we ' i gh ted  mean  number  pe r  cub i c  me te r  i n  t he
c ross -she l  f  t r ansec t
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DBMACZP.CR020,  CR024,  CR025,  CR031
DBMACZP.CRO3S,  CRO6O,  CRO7O,  CRO85
DBMACZP.  CRlOO
DBMACZP.CRi52 -  CR174

(even numbered surveys)
DBMACZP.CR176 -  CR201 inc lus ive
DBMACZP.  CR208 -  CR213 i  nc l  us ' i ve

ZSTRATA SAS
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ZSTRATA SAS

zs rRATA sAS se lec ts  se lec ted  spec ' i es  f rom DBMACZP da ta  base ,
ou tpu ts  number  pe r  s t ra tum fo r  each  taxon

ZPATTERN SAS ranks  the  abundances  pe r  t ransec t  and  pe r fo rms  MANOVA and
ANOVA ana l ys i s  on  t he  ranks

I
I
I
t
t
I
t
I

F i  gu re  E -4 .  (  con t .  )

F -  |  1



I
I
t

I
I
I
I
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DBMACZP.CR208 -  CRZi3  inc lus ive
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bewerrn .YR77 - DBWATER.YR863

WATERPC SAS

TABLES
4 - 1 4  4 - 1 qr  -  r t

I
I

WATERPC SAS selects  s t rata f rom DBWATER for  BACI analyses

CBACITST SAS runs  assumpt ion  tes ts  on  Be fone  da ta
runs  BACI  t - t es t  on  Be fo re  and  A f te r  da ta
compu tes  pe rcen t  chanqe  in  concen t ra t i on  a t  S0NGS
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F igu re  E -5 .  Documen ta t i on  o f  p rog rams
p resen ted  i n  Sec t i on  4  f o r
l i s t ed  have  been  o l aced  on

used  to  qenera te
i  , .

c n l o r o p n y l l .  l h e
t h e  z o o p l  a n k t o n

t ab les  and  f i gu res
SAS programs

reoo r t  d i  s k .
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DBMACZP. CR214

DBMACZP. CR214

F igu re  E -6 .  Documen ta t i on  o f  p rog rams  used  t o  gene ra te  t ab les  p resen ted
in  sec t i on  5 .  The  sAS  p rog rams  l ' i s i ed  have  been  p i bced  on
the  i ch thyop lank ton  o r  zoop ' l ank ton  repo r t  d i sk .
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DBABUN.CROl3  -  CRO28
DBABUN. CRO3O, CRO31 , CRO33
DBABUN.  CRO35 -  CR126

ICINTAKE SAS

TABLES
5-4 to 5-6

DBMACZP.CR001  -  CR100
(excep t ' i ons  no ted  i n  p rog ram)

DBMACZP.CRl52  -  CR174
(even  numbered  su rveys )

DBMACZP.  CR176  -  CRZ i3  i  nc l  us i ve

ZPINTAKE SAS

TABLES
5-7  to  5 -12
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DBABUN"CRO5l  -  CRO78
DBABUN.CROSO -  CR112
DBABUN.CR119 -  CR12O
DBABUN "CRI22 - CR126

ISTRATA SAS

I rxsHrlFsnil

I reAcrrsr sAs-l

ISTRATA sAS se lec ts  se lec ted  spec ies  f rom DBABUN da ta  base ,
compu tes  number  pe r  400  cub ic  me te rs ,
ou tpu t s  number  pe r  s t r a tum fo r  each  l a r va l  s t age  and  f o r  a l l  l a r vae

iXSHELF SAS compu tes  the  we . igh ted  mean  number  pe r  400  cub ic  me te rs  i n  t he'  c ross -she l  f  t r ansec t

IBACITST SAS runs  assumpt ion  tes ts  on  Be fo re  da ta
runs  BACI  t - t es t  on  Be fo re  and  A f te r  da ta
compu tes  pe rcen t  change  in  abundance  a t  SONGS
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F i  gu re  E -7 .  Documen ta t ' i on  o f
i  n  Append i  x  C .  1 ,
have  been  o l aced

p rog rams  used  t o  gene ra te  f i gu res  p resen ted
C .2 ,  and  C .  3  .  The  SAS p rog rams  I  ' i  s ted
on  t he  i ch thyop lank ton  repo r t  d ' i s k .

E -  19

FIGURES
C.  1 -1  to  C .  i -9
C.2 - I  to  C .2 -9
C.3 -1  to  C .3 -8
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DBABUN.CRO5i  -  CRO78
DBABUN.CROsO -  CR1i2
DBABUN.CRl19  -  CR12O
DBABUN.CR72z .  CR126

ISTRATA SAS

Assump t i  on
tes t  r esu l  t

f i  gu res
e .  g .  D -1

BAC i  lSeasona ' l
t es t  r esu i t l  De l t a  p l o t

De l t a
t ime  p lo t

f i  gu res
e .  g .  D -4

Abundance
p i  o t

f i  gu res
o .'r n-qv . J .

Pat te rn
ana l ys i  s
f  i  gu res
e .  g .  D -6

f i gu res  I  f i gu res
e .  g .  D -2  |  e . g .  D -3

T
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ISTRATA SAS se lec ts  se lec ted  spec ies  f rom DBABUN da ta
compu tes  number  pe r  400  cub jc  me te rs ,
ou tpu ts  number  pe r  s t ra tum fo r  each  l a rva l

IXSHELF SAS compu tes  the  we igh ted  mean  number  pe r  400
c ross -she l  f  t r ansec t

base ,

s tage  and  f o r  a l l  l a r vae

cub i c  me te rs  i n  t he
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F igu re  E -8 .  Documen ta f i on  o f  p rog rams  used  t o  gene ra te  f i gu res  p resen ted
fo r  i  ch thyop l  ank ton  i  n  Append i  x  D .  

-The  
SAS p rog rams '  I  i  s t , ed
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Assump t i  on
tes t  r esu l  t

f i  gu res
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ZSTRATA SAS

ZXSHELF SAS

se l  ec ts  se l  ec ted  spec i  es  f  rom DBI , ' iACZP da ta  base .
ou tpu ts  number  pe r  s t ra tum fo r  each  taxon

compu tes  the  we igh ted  mean  number  pe r  cub i c  me te r  i n  t he
c ross -she l  f  t r ansec t
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F igu re  E -9 .  Documen ta t i on  o f
f o r  zoop l  ank ton
have  been  p laced

p rog rams  used  t o  gene ra te  f i gu res  p resen ted
i  n  Append i  x  D .  The  SAS p rog rams  I  ' i  s ted
on  t he  zoop lank ton  repo r t  d i sk .
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