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APPENDIX  A

,  PART 1 .  NET GEAR AND SAMPLING PROTOCOLS FOR MIDWATER F ISHES

lntroduction

A  l ampara  se ln i ng  t ask  was  i n i t i a t ed  i n  Sep tember  1979 .  Lampara  se in i ng  i s
t he  l eas t  b i ased  (Thomas  e t  a l .  ! 979 ;  A l l en  and  DeMar t i n i  1983 )  ne t t i ng  t echn ique
fo r  es t ima t ing  the  re ' l a t i ve  abundances  (CPUE =  ca t , ch  pe r  un ' i t  o f  e f fo r t )  o f
coas ta l ,  pe lag i c  ( r 'm idwa te r " )  f i shes .  These  sma l l  f i shes ,  p r i nc i pa l ' l y  queen f i sh
and  wh i te  c roake r ,  t oge the r  w i th  no r the rn  anchovy ,  domina te  the  nea rsho re ,
m idwa te r  hab i ta t  i n  numbers  and  b ' i omass  (A1  1en  and  DeMar t i n i  i 983 ) .
P reopera t ' i ona l  (Be fo re )  samp l ing  o f  t hese  f i shes  was  comp le ted  a t  t he  end  o f  May
1982 .  i n te r im  mon i to r i ng  began  in  June  1982  and  con t ' i nued  a t  reduced  e f fo r t
t h rough  March  1984 .  0pe ra t ' i ona1 -phase  (A f te r )  samp ' l i ng  began  in  Ap r i l  1984  and
conc luded  i n  Augus t  1986 .

A  same t ype  and  s i ze  o f  ne t  and  assoc ia ted  gea r ,  and  the  same team o f  ne t -
dep loymen t  pe rsonne ' l  we re  ma in ta ined  f rom the  s ta r t  o f  p re  ope ra t i ona l  samp ' l i ng  to
assu re  cons i s tency  i n  f i sh i ng  ope ra t i ons .  The  sh ' i pboa rd  samp l i ng  p ro toco l s  o f
b i o l og i ca l  pe rsonne l  we re  pe r i od i ca l l y  checked  t o  assu re  f u r t he r  cons i s tency .

.  0n  each  c ru i se ,  t h ree  f i xed  l ongshore  l oca t i ons  ( two  Impac t .  one  Con t r .u i ;
Append i x  A ,  F j g .  1 )  we re  samp led  w i t h  a  s i ng le  ( un rep l i ca ted )  r r e t - se t  w i t h i n  each
o f  two  f i xed  dep th  b locks ;  pa r t i cu la r  subb locks  were  se lec ted  randomly  on  each
c ru i se  f rom w i th in  each  dep th  b lock  a t  each  l oca t i on .  The  s ing le  mos t  impor tan t

aspec t  o f  t h i s  des ign  was  tha t  a ' l l  dep ths  a t  a l l  l oca t i ons  were  samp led  w i th  equa l

e f fo r t  on  each  c ru i se .  P i l o t ' l ampara  da ta  demons t ra ted  the  necess i t y  o f  such  a

des ign ,  ' i n  o rde r  t o  fac to r  ou t  t he  s t rong  da te  e f fec ts  exh ib i t ed  by  the  h ' i gh1y

vag i l e  f i shes  i n  t h i s  assemb lage .  A l l  l ampa ra  samp ' l i ngs  we re  pe r f o rmed  a t  n i gh t

because  ca tch  da ta  a re  l ess  va r iab le  a t  n igh t .  (Many  m idwa te r  m idwa te r  f i shes
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agg rega te ' i n  r es t i ng  schoo l s  du r i ng  t he  day  and  d i spe rse  t o  f eed  a t  n i gh t :  A l l en

and  DeMar t i n ' i  1983 .  V i sua l  ne t  avo idance  i s  a l so  l ess  a t  n i gh t . )

Gear  Speci f icat ions and Fish ing Protocols

A  l ampa ra  se ' i ne  ( r ound  sem ipu rs i ng  ne t ,  Sco f i e l d  1951 )  o f  s t anda rd  d imens ions

was  dep loyed  and  re t r i eved  i n  cons i s ten t  f ash ion  by  the  c rew o f  t he  commerc ' i a l

l ' i ve -ba i t  t ende r  C i t y  o f  Oceans ide  fo r  t he  Sep tember  1979-May  7982  base l i ne

samp l i ng  and  f o r  i n t e r im -phase  samp l i ng  t h rough  ea r l y  w ' i n t e r  1983 .  Acc iden ta l
' l o ss  

o f  t h i s  vesse l  i n  Feb rua ry  1983  necess i t a ted  ou t f i t t i ng  a  s j s t e r  sh ip
(T ro ian )  w i t h  i den t i ca l  ne t  and  gea r  du r i ng  w in te r - sp r i ng  1983 .  I n te r im  samp l i ng
resumed  in  Augus t  1983  and  con t ' i nued  unchanged  th roughou t  t he  ope ra t i ona l  pen iod .

Spec i f i ca t i ons  o f  t he  ne t ,  assoc ia ted  gea r ,  and  f i sh i ng  t echn iques  used  a re  as

fo l l ows :  w ings  (Z ) - - each  118  m  l ong  x  24  m  deep  o f  15 -cm s t re t ch  mesh  a t  t he i r

f r ee  ends  and  t ape r i ng  t o  a  bag  o f  1 .25 -cm s t re t ch  mesh ;  se t  t ime - -Z  m in ;
re t r i eva l  t ime - -7 .$  +  "1  m ' i n ;  ne t  r e tn i eved  by  t h ree  nonb io l og i s t s  w i t h  t he  a i d  o f

a  hyd rau l i c  w inch ;  ca t ch  b ra i l ed  f r om bag  a t  sh ips i de  (bag  no t ' l i f t ed  aboa rd ) ;

es t ima ted  a rea  (app rox .  c i r cu la r )  enc losed  by  ne t - - 4 ,584  +  38  (n  =  40  se t s )  ^2 ;

b i o i og i ca l  samp l  i ng  c rew  o f  t h ree  UCSB pe rsonne '1 .

Speci f ic  Sampl ing Design and Rat ionale

A ] l  l ampara  ca tches  whose  da ta  were  used  fo r  Be fo re /A f te r  comDar i sons  o f

numer i  ca l  abundances  a t  Impac t  and  Con t ro l  
' l oca t ' i ons  

were  comp l  e ted  a t  r rn i  gh t ! '

( 1 -6  h r  a f te r  sunse t )  a t  tw1ce -week ly  to  once -mon th ' l y  i n te rva l s  du r ing  base i i ne

and  ope ra t i ona l  pe r i ods  (Append i x  A ,  Tab le  1 ) .  0n  each  c ru i se  each  o f  t h ree

longshore  l oca t i ons  was  samp led  w i th  one  ne t - se t  w i th ' i n  each  o f  two  dep th  b locks
(sha1 ' l ow ,  S ,  =  5 -10  m ;  m id -dep th ,  M ,  =  11 -16  m) .  Each  c j ep th  b l ock  was

aporox ' ima te l y  1  km onshore /o f f sho re  x  1  km longshore  (Append ix  A ,  F ig .  1 )  and  was

subd ' i v ' i ded  i n to  twen ty - f i ve  200 -m x  200 -m subb locks  f rom wh ich  the  one  subb lock  to

be  samp l  ed  on  a  pa r t ' i cu l  a r  c ru i  se  was  randomly  chosen .  The  th ree  
' l ongshore

' l oca t i ons  
samp led  on  each  c ru ' i se  were  a  Near  Impac t  (N i )  a rea  ( y  I / ?  km o f  t he

SONGS Un i t  1  l i ne ) ;  a  Fa r  Impae t  (F I )  a rea  (2 -3  km downcoas t  o f  Un i t  1 ) ;  and  a

Csn t ro l  (C )  a rea  (18 -19  km downcoas t  o f  Un ' i t  1 ;  Append i x  A ,  F i g .  1 ) .

A1 ' l  s i x  comb ina t i ons  o f  dep th  b ' l ocks  and  
' l o ca t i ons  

we re  samp led  du r i ng  a

s ing le  6 -h r  pe r i od  t o  m in ' im j ze  t he  e f f ec t s  o f  bo th  t he  l i ke l y  i n t e rday  and  known
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d ie l  (Hobson  and  Chess  1976 ;  DeMar t i n i  A l l en ,  Foun ta i n ,  and  Robeq ts  i 985 )  changes
' i n  t he  d i s t r i bu t i on  and  abundance  o f  spec ies  such  as  queen f i sh .  Bo th  day t ime  and

n igh t t ime  su rveys  o f  coas ta l  pe lag i cs  we re . conduc ted  du r i ng  t he  ea r l y  base l i ne

per i  od  f rom Sep tember  1979  .  t h rough  Apr i  1  1981  .  These  day /n  i  gh t  su rveys

conc lus i ve i y  c j emons t ra tbd  t ha t  many  o f  t he  ma jo r  spec ies  o f  coas ta l  pe lag i cs  make

d ie l  onsho re  and  o f f sho re  m ig ra t i ons  (DeMar t i n i  and  La rson  1980a ;  DeMar t i n i  e t  a l .

1981a ;  A11en  and  DeMar t i n i  1983 ) .  The  two  (S ,M)  dep th  b l ocks  we re  es tab l i shed

dur ing  the  summer  o f  1979  a f te r  ana iyses  o f  p i l o t  l ampara  da ta  fo r  May  1978-Augus t

1979  (DeMar t i n i  and  La rson  1980a)  i nd ' i ca ted  tha t  t he re  was  on l y  one  ma io r  b rea .k

po r ' n t  ( a t  -  10 -m  bo t t om dep th )  i n  t he  d i s t r i bu t i on  and  compos i t i on  o f  coas ta l ,

pe lag i c  f i shes  be tween  5 -  and  30 -m  dep ths .

Concu r ren t  samp ' l es  we re  t aken  i n  bo th  S  and  M  b1ocks  a t  t he  F I  and  C  l oca t i ons

and  i n  t he  M  b lock  a t  t he  N I  l oca t i on  on  each  c ru ' i se  beg inn ing  i n  Sep tember  1979 .

Because  o f  t he  p resence  o f  buoys  and  o the r  cons t ruc t i on  haza rds ,  however ,

n i gh t t ime  samp les  i n  S  b l ock  a t  t he  N I  l oca t i on  we re  poss ib l e  on l y  a f t e r  mos t  o f

these obstac l  es were removed when S0NGS of  f  shore construct ' ion was comp' le ted i  n

sp r i ng  1981 .  Hence  t he  base l i ne  da ta  f o r  sha l l ow  dep ths  immed ia te l y  nea r  (<  I / 2  kn

o f )  t he  SONGS Un i t  1  o f f sho re  i n take  s t ruc tu re  spans  on l y  abou t  one  yea r  f rom

Apr i  1  1981 to May 1982.

Numer i ca ' l  CPUE da ta  co l l ec ted  du r ing  fa l l  (Oc tobe r -December )  mon ths  were

found  t o  i n f l a t e  t he  va r i ances  o f  base l i ne  de l t as  ( l oca t i on  d i f f e rences  i n

ca t ches )  f o r  ma jo r  spec ies  o f  coas ta l ,  pe lag i c  f i shes  (DeMar t i n i  e t  a l .  1981c ) .

Th i s  was  due  to  l ongshore  d i f f e rences  j n  t he  t im ' i ng  o f  t he  sem ' iannua l  onshore  and

o f f sho re  m ig ra t i ons  made  by  these  f i shes  du r ing  the  fa l l -w ' i n te r  pe r iod  (DeMar t i n ' i

and  La rson  1980a ;  DeMar t i n i  e t  a l .  1981a ;  A11en  and  DeMar t i n i  1983 ) .  De ' l e t j on  o f

t hese  f a l l  da ta  reduces  va r i ances  o f  t he  de l t as  (DeMar t i n ' i  e t  a l .  1981c ) .  Hence

a l l  se ine  da ta  fo r  Oc tobe r -December  pe r iods  have  been  omi t ted  f rom ou r  impac t - tes t

compar i sons  be tween  base l i ne  and  ope ra t i ona I  pe r iods .

Types of Biological Data

A l ' l  o f  t he  f i shes  p resen t  i n  each  ca tch  o f  ave rage  o r  l esse r  magn ' i t ude  were

b ra i l ed  aboa rd  sh ip  and  he ld  i n  ba i t  r ece i ve rs .  A l l  f i shes  we re  coun ted  by

spec ' i es  w i t h  t he  excep t i on  o f  t he  a the r i n i d  ( s i l ve r s i de )  and  Anchoa  spec ies

comp iexes ,  f o r  wh i ch  i twas  t oo  t ime -consum ' i ng  t o  i den t i f y  i nd i v i dua l s  t o  spec ies .
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A max imum o f  two  a l i quo t s  o f  abou t  50  i nd i v i dua l s  each  o f  queen f i sh  (and ,  s i nce

March  1982 ,  wh i te  c roake r )  were  sac r i f i ced  fo r  sex -  and  l eng th - f requency  ana lyses .

A l l  o the r  f i shes  were  re tu rned  ove rboard  as  they  were  coun ted .  i n  t he  l abo ra to ry ,

sex -spec i f j c  l eng ths  ( *  1  mm,  SL )  we re  de te rm ined  f o r  queen f i sh  and  wh i t e  c roake r .

The  t o ta l  we t  we igh t  ( j . 1  kg )  o f  t he  ca t ch  o f  each  o f  t hese  two  spec ' i es  o f

c roake rs  was  de te rm ined  aboard  sh ip .

' I n  
cases  o f  r a re ,  ve r y ' l a rge  (>  100  kg )  ca t ches  o f  many  f i sh ,  en t i r e  ne t -

hau l s  we re  subsamp ' l ed  a t  sh ips i de  us ing  s tanda rd  l l ve -ba i t  b ra i l e r s .  Eva lua t i on

of  the prec i  s ' ion of  subsamp' l ' ing appears i  n  the Apr i  1  1984 Tr imester  Repor t

(DeMar t i n i  e t  a l  .  1984a) .  The  subsamp ' l i ng  o f  se ine  ca tches  has  caused  m ' i no r  (5%)
' l osses  

o f  p rec ' i s i on  i n  es t ima t ' i ng  CPUE o f  queen f i sh  and  wh i t e  c roake r ;  i n f o rma t i on

loss ' i n  subsamp i i ng  f o r  l eng th  compos i t j on  was  g rea te r ,  bu t  accep tab le  ( 5? !  t o  20%;

DeMar t i n ' i  e t  a l .  1984a) .  Subsampf ing  accu racy  was  subsequen t ' l y  eva lua ted  as  da ta

became  ava i I ab le .  Fo r  queen f i sh  ( t he  on l y  spec ies  f o r  wh i ch  subsamp leab ' l e  ca t ches

occunred  once  eva ' l ua t i on  p rocedures  were  es tab l i shed ) ,  t he  e f fec t  o f  subsampf  i ng

on  accu ra te l y  es t ' ima t i ng  CPUE was  neg l i g i b l e  (Append i x  A ,  Tab le  2 ) .

Data Used in  Analyses

CPUE Data.  The numer ica]  and b ' iomass catch data prov ide two types of  CPUE

(ca tch -pe r -un i t -o f -e f fo r t )  i nd i ces  o f  abundance  used  i n  f i she r ies  b io logy  and

managemen t  es t ima tes .  Fo r  a l l  spec ies  excep t  queen f i sh ,  ca tches  v l , e re  reco rded  as
' i  nd ' i v i  dua l  s  o f  a l  I  s i  zes  and  bo th  sexes  poo l  ed .  Fo r  queen f  i  sh ,  da ta  were

eva lua ted  fo r  ma jo r  ma tu r i t y  and  sex  ca tego r ies .  The  number  o f  immatu re ,  adu l t

ma1e ,  and  adu l t  f ema1e  queen f i sh  p resen t  i n  ne t -hau l s  we re  ca l c r r l a t ed  hy  app l y i ng

da ta  on  p ropo r t i ons  o f  ca tego r ies  (deUerm ined  by  subsequen t  examina t . i o t t  o f

subsamp les  i r r  " t he  j abo ra to i5 i )  t o  t l , e  t o t ,a ' l  ca tc l r  o f  queen f i sh .  J .n  * r t i d i  i , on ,  F Ic

eva jua ted  the  queen f i sh  ca tch  da ta  fo r  young-o f - the -yea r  (Y0Y) ,  as  d i s t i nc t  f ron r
t ' o l de r  i uven i ' l e  and  adu l t r r ( 0J )  age -g roup ings .  The  YOY age -g roup ing  was

iden t ' i f i ed  f r om s i ze  mode  da ta ,  ass i s t ed  by  P .Tom l i nson ' s  mod i f i ca t i on  o f  t he

NQRMSEP s i ze - f requency  ana lys i s  p rog ram (Abramson  l97L ;  summar i zed  i n  Append ix  A ,

pa r t  3 ) .

0n1y  numer i ca l  CPUE da ta  were  ana lyzed  i n  ou r  base l i ne  s tudy  (DeMar t i n ' i  e t

a l .  1983a ) .  Impac t  ana l yses  i n  t he  p resen t  r epo r t  a re  a l so  l im i t ed  t o  numer i ca ' l

CPUE,  because  b ' i omass  da ta  a re  gene ra l l y  
' l e ss  p rec i se  t han  numer i ca l  da ta  (e .9 . ,

DeMar t i n i  and  A l l en  1984 )
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Size-Composi t ion Data.  These data are complementary to  CPUE data in  that  they

o f t en  a l  l ow  one  t o  eva lua te  seve ra l  mean ing fu l  s i ze  (age )  g roup ' i ngs  w i t h i n

ca tches .  The  mos t  f requen t l y  use fu l  subg roup ings  a re  those  o f  YOY (young-o f - yea r ,

age  0+ )  and  o lde r  f i sh .  Abundance  o f  t he  YOY g roup  i s  genera l l y  used  to

cha rac te r i ze  t he  rec ru i tmen t  ( yea r - c l ass )  success  o f  ma r i ne  f i shes  (P i t che r  and

Har t  1982 ) .

'  Queen f i sh  and  wh i te  c roake r ,  queen f i sh  i n  pa r t i cu la r ,  have  been  ta rge ted  fo r

measuremen t ,  because  o f  t he i r  h igh  l eve l s  o f  en t rapmen t  bo th  as  j uven i l es  and  as

adu l t s .  Leng th - f requency  as  we1 ' l  as  abundance  da ta  have  been  d i v ided  i n to  s ' i ze -

and  sex -ca tego r ies  because  on togene t i c  changes  i n  behav io r  (DeMar t i n i ,  A ' l 1en ,

Foun ta in ,  and  Rober t s  1985)  m igh t  make  d i f f e ren t  ca tego r ies  d i f f e ren t ' i a ' l l y

suscep t i b ' l e  t o  va r ious  sou rces  o f  SONGS ' impac t .  S i ze -spec i f i c  en t rapmen t  m igh t
' i nduce  changes  i n  the  s i ze -  and  sex -s t ruc tu re  o f  queen f i sh  nea r  the  S0NGS ' i n takes .

( Immatu res  may  be  more  vu lne rab ' l e  t o  en t rapmen t  t han  adu l t s ,  due  to  the  more

onsho re  n i gh t t ime  d i s t r i bu t i on  o f  imma tu res ,  as  we l l  as  t he  l esse r  ab i l i t y  o f

sma ' l l e r  f i sh  to  avo id  w i thd rawa l . )  Queen f i sh  s i ze -  and  sex -s t ruc tu re  was

charac te r i zed  th roughou t  t he  base l i ne ,  i n te r im ,  and  ope ra t i ona l  mon i to r i ng

per iods .  The  mon i to r i ng  o f  wh i te  c roake r  s i ze -  and  sex -compos i t i on  began  in  March

t982.

Fo r  each . se ine -hau1 ,  two  samp les  o f  app rox ima te l y  50  f i sh  each  o f  queen f i sh

and whi te  croaker  were returned to the laboratory to  be measured and sexed.  For

se ine -hau ls  i n  wh ich  the  number  o f  queen f i sh  and  wh i te  c roake r  caugh t  was  g rea te r

than the number measured,  the number of  f  i  sh ' in  each 5-mm l  ength c ' lass was

mu l t i p l i ed  by  the  number  cap tu red  d ' i v i ded  by  the  number  measured .  I n  t h i s  manner ,

l eng th  d i s t r i bu t i ons  cou ld  be  genera ted  fo r  t he  en t i re  ca tch .
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PPENDIX  A  - -  TABLE  1

LIST OF SAMPLING DATES FOR LAMPARA SEINE CRUISES
(by  SONGS Opera t i ng  Per iod )

(A )  PREOPERATTONAL

Far  Imoac t  Con t ro l
Tfr- -rn-

Day-Month-Year

05  Sep  79
26 Sep 79
10 Oct  79*
02 Nov 79*
05 Nov 79*
15  Nov  79*
26  Nov  79*
11  Dec  79*
19 Dec 79*

19  Mar  80
10 Apr  80
24 Apr  80
08 May 80
20 May 80
05  Jun  80
19  Jun  80
15  Ju l  80
31  Ju l  80
19 Aug 80
28 Aug 80
08 Sep 80
i7 Sep 80
23 Sep 80
06 Oct 80"
24 Oct  80*
28 Oct  80*
06 Nov 80*' 25  Nov  B0*' 1.1 i-tcc 80't
18  Dec  80 "

05  Jan  81
26  Jan  81
02 Feb 81
11  Feb  81
03 Mar 81
18  Mar  81

X
X
X
X
X
X
X
X
X

XX
XX
XX
XX
XX
XX
XX
XX
XX

XXXX
XXXX
XXXX
XXXX
XXXX
xx**xNQ
XXXX
XXXX
X X".* X NQ
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XX}X
XXX) i
X ,X  X  X

XXXX
XXXX
XX**XNQ
XXXX
XXXX
XXXX

X
X
X
X
X
x**
X
X
x**
X
X
X
X
X
X
X
X
X

X
X

X
x
x**
X
X
X

C r u i  s e  e x c l  u d e d  f r o m  b a s e l  i  n e , / o p e r a t i  o n a l  - p h a s e  c o m p a r i  s o n s

* *
C o l l e c t i o n  e x c l u d e d  b e c a u s e  o f  N 0  h a u ' l  a t  C o n t r o l  l o c a t i o n
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APPENDIX  A  . .  TABLE 1(con t i nued )

(A )  PREOPERATTONAL

I
I
I
T
I
I
t
I
I
I
I
I
I
l
I
I

Near  Impac t
5M

Far Impact
SM

Con t ro  I
SMDay-Month-Year

01 Apr  81
04 Apr 81
13 Apr  81
14 Apr  81
20 Apr  81
23 Apr 8i
28 Apr 81
29 Apr 81
04 May 81
05 May 81
11 May 81
13 May 8i
19 May 81
20 May 81
25 May 81
27 May 81
08 Jun 81
18 Jun 81
22 Jun 8l
25  Jun 81
08 Ju l  81
14  Ju l  81
20  Ju l  81
30 Ju l  81
05 Aug 81
17 Aug 81
24 Aug 81
03 Sep 81
10 Sep 81
24 Sep 81
08 Oct 81*
20 Oct 81*
1.7 Nov 81*
24 Nov 81*
04 Dec 81*
14 Dec 81*

11 Jan 82
18 Jan 82
22 Jan 82
18 Feb 82
23 Feb 82
26 Feb 82

X-
-X
X-
-X
X-
-X
X-
-X
X-
-X
X-
-X
x-
-X
X.
-X
XX
XX
XX
XX
XX
XX
XX
XX
XX
XX
XX
XX
XX
XX
XX
XX
XX
XX
XX
XX

XX
XX
XX
XX
XX
XX

Crui  se exc ' l  uded f  rom basel  i  ne, /operat i  onal  -phase compar i  sons
I
I
T
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APPENDIX  A  - -  TABLE  1  ( con t ' i nued )

(A )  PREOPERATIONAL

Day-Month-Year

30 Mar 82
05 Apr 82
19 Apr  82
?3 Apr 82
?6 Apr 82
?9 Apr 82
10 May 82
20 May 82
?7 t{ay 8?

Near  Impact
SM

XX
XX
XX
XX
XX
XX
XX
XX
XX

Far  Impact  Cont ro l
SMSM

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

76

5 b

79

565 T

t To ta l  No  .  Quan ' " i  t a t i  ve  Cru i  ses

No .  C ru ' i ses  (  Fa ' 11  Da tes  De l  e ted )

43 76 79  75

59  55

I
I
I
I
I
I
T
I

Near  Impact
SM

XX
XX
XX
XX
XX
XX
XX
XX
XX
XX

Cont ro lrm-Day-Montll:Yeef

08  Jun 82
30 Jun 82
13 Ju l  82
27 Ju1 82
24 Aug 82
30 Aug 82
22 Sep 82
30 Sep 82
18 Oct 82*
25 Oct 82*

30 Aug 83
27 Sep 83
11 Oct  83*

08 Feb 84
13 Mar 84

XX
XX
xx
XX
XX

X
X
X
X
X
X
X
X
X
X

X
X
X

X
X

X
X
X

X
x

X
X
X
X
X
X
X
X
X
v

X
X
X

X
X

(B )  TNTERTM

I2t2

15

t2

I 5l f ,I
I

To ta l  No .  Quan t i  t a t i  ve  Cru ' i ses

No .  C ru i ses  (Fa l l  Da tes  De le ted ) t2  12 L2

' t f ,  ' l q

I
I

Cru i  se  exc l  uded  f  rom base ' l i  ne lope ra t i  ona ' l - phase  compar i  sons
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APPENDIX  A  - -  TABLE  1  ( con t i nued )

( c )  oPERATTONAL

I
I
I
I
I
I
I
I
t
T
I
I
I

X
X
X
X
X
X
X
X
X
X
X
- L /

X
- 2 /

X
X
X

x
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
NQ
X
X
X
X
X
NQ
X
X
x
X
X
X
X
X
X
X
X
X
X
X

XX
XX
XX
XX
XX
XX
XX
XX
XX
XX
XX
X* X*
XX
XX*
XX
XX
XX
X* X*
XX
XX
X-X
XX
XX
XX
X.X
XX
XX
XX
XX
XX
X-X
XX

XX
XX
XX
XX
XX
XX
XX
XX
XX
XX
XX
X* X*
XX
XX*
XX
XX
XX
X* X*
XX
XX
XX
XX
XX
XX
XX
XX
XX
XX
XX
XX
XX
XX

Near  Impac t
SM

Far  Impac t  Con t ro l
SMSMDay-Month-Year

30 Apr  84
22 May 84
25 Jun 84
07 Aug 84
18 Sep 84
05 Feb 85
10 Apr 85
23 Apr 85
07 May 85
21 May 85
04 Jun 85
01  Ju l  85
03  Ju l  85
10 Ju l  85
30 Ju l  85
15 Aug 85
11 Sep 85
20 Sep 85
25 Sep 85
15 Jan 85
28 Jan 86
12 Feb 85
19 Mar  86
31 Mar  86
22 Apr 85
29 Apr 85
13 May 86
?? l4ay 86
10 Jun 85
17 Jun 85
23 Ju l  85
13 Aug 85

Tota l  No.  Quant ' i ta t i  ve  Cr 'u i  ses
No.  Cru i  ses

(Fa11  Dates  De le ted)

32 32

32 32 32 32

30 29

30 29

3232

t
t /S " ' i ne  

hau l  a t  Con t ro l  ,  m ' i d -dep th  no t  t aken  because  o f  gea rma l func t i on
on  t he  p reced ing  Con t ro l ,  sha l ' l ow  hau l .

t /S . i ne  
hau l  a t  Con t ro l ,  m ' i d -dep th  m is taken ly  taken  as  a  second  hau l  i n

the  sha l ' l ow  dep th  b lock ;  t h i s  second ,  sha l l ow  se t  (#  850077)  was  no t  ana lyzed .

* /  Co l l ec t i on  de le ted  f rom ana lys i s  because  o f  i nadequa te  Con t ro l  da ta .

- /  Sha l l ow  se ' i ne -hau l s  t aken  a t  - 11  m .

I
t
I
I
T
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APPENDIX A . -  TABLE 2

PELAGIc FISHES: SUMMARY RESULTS 0F KOLM0LGOR0V-SMIRN0V (K-S) TESTS 0F
DIFFERENCES BETWEEN SUBSAMPLES (ALIQUOTS 1 AND 2) AND THE RESPECTiVE TOTAL CATCH
OF QUEENFISH FOR EACH OF 3 SUBSAMPLED LAMPARA SEINE COLLECTIONS"

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Date

21May85

13May86

?Ztiay86

850044

860063

860072

Subsampl  e

t24

104

99

Sampl e

259

318

r62

^aumax

.025

.058

.094

DCRITO5b

.084

"076

.707

P

Va l  ue

>0 .2

>0 .2

-0 .  09

Co l  I  ec t i  on

Number

Number of  F i  sh ' in

oDmax  =  max imum obse rved  dev ia t i on  be tween  expec ted  and  obse rved
cumu l  a t ' i ve  pe rcen t  f  r equenc i  es .

h
"DCRITOS =  c r i t i ca l  va l ue  o f  t he  K -S  s ta t i s t i c  f o r  t he  samp ie  s i ze ,

us ing  a  two - ta i l ed  a l pha  o f  0 .05 .
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I
PART 2 .  NET GEAR AND SAMPLTNG PROTOCOLS FOR BENTHIC F ISHES

I
Int roduct ion

An  o t te r  t raw l  t ask  was  i n i t ' i a ted  i n  January  1980  (quan t i t a t i ve ,  s tandard -

d ' i  s tance  t raw l  i  ng  began  ' i n  May  1980)  i  n  o rde r  t o  mos t  accu ra te l y  samp l  e  and

de te rm ine  t he  re l a t i ve  abundances  (CPUE)  o f  se lec t  spec ies  o f  f i shes  t ha t  l i ve  on

o r  nea r  unconso l i da ted  subs t ra tes  nea r  San  Ono f re .  P reopera t ' i ona l  (Be fo re )

samp i i ng  o f  t hese  f i shes  was  comp le ted  i n  June  1982 .  I n te r im  t r aw l i ng  con t i nued

a t  reduced  e f fo r t  t h rough  w in te r  1984 .  Opera t i ona l -phase  (A f te r )  samp l ing  began
' i n  May  1984  and  conc luded  i n  November  1986 .

A  s ing le  t ype  and  s i ze  o f  t raw l  and  assoc ia ted  gea r ,  and  the  same team o f  ne t -

dep i  oymen t  pe rsonne l  were  ma ' i  n ta ' i ned  f  rom the  beg i  nn i  ng  o f  t raw l  s tud i  es  ,  and

samp ' l i ng  p ro toco l s  we re  checked  a t  i n t e r va l s  t o  assu re  cons i s tency  o f  CPUE

es t ima tes .  The  t r aw l  samp l i ng  d i f f e red  f r om ou r  i ampa ra  des ign  i n  number  o f

l oca t ' i ons  and  l eve ' l  o f  r ep l i ca t i on  pe r  c ru i se .  0n  each  (app rox .  mon th l y )  c ru i se ,

each  o f  two  f i xed  l ongsho re  l oca t i ons  (one  Impac t ,  one  Con t ro l ;  Append i x  A ,  F ' i g "

2 )  were  samp ' l ed  w i th  fou r  rep l i ca te ,  s tandard -d i s tance  t raw ls  a long  each  o f  two

(18 -mr  30 -m)  f i xed  i soba ths .  These  two  i soba ths  were  chosen  to  rep resen t  o f f -

d i f f use r  and  o f f -p1ume bo t tom dep ths ,  respec t i ve l y .  The  s ing le  mos t  impor tan t

aspec t  o f  t he  t raw l  samp le  des ' i gn  v ras  tha t  bo t ,h  dep ths  a t  bo th  l oca t i ons  were

samp l  ed  w i  t h  equa l  ( ' i n  t h i  s  case ,  rep l  i  ca ted )  e f  f  o r t  on  each  c ru i  se .  A l ' l  t r aw l

c ru i ses  made  to  eva lua te  numer iea l  impac t  were  comp le ted  a t  n igh t  i n  o rde r  t o

m in im i ze  v i sua l  ne t  avo ' i dance ,  eap tu re  d i u rna l l y  unava i l ab le  spec ies  (e .g . ,

baske tweave  cusk -ee1 ) ,  and  ob ta i n  more  p rec i se  da ta  (DeMar t i n i  e t  a . | . 1983a ;

DeMar t i  n ' i  and  A l  I  en  1984)

Gear Specif ications and Protocols

A  mod i f i ed  Mar inov i t ch - t ype  o t te r  t raw ' l  ( bag  se ine )  (manu fac tu red  by  J .

W i ' l l i s ,  San  Lu i s  0b i spo ,  Ca l i f o rn i a )  o f  s t anda rd  d imens ions  f o r  coas ta l  t r aw f  i ng

in  t he  b i gh t  (Mea rns  and  A l l en  1978 )  was  used  f o r  a l l  t r aw l  ope ra t i ons  f r om the i r

beg i  nn i  ng  ' i n  January  1980 .  The  ne t  used  was  a  ?5 - f t  ( 7 .6 -m)  ,  s ' i ng1e -warp  o t te r

t raw ' l  w i th  a  50 - f t  bn id le ,  a  25 - f t  headrope ,  a  Z9 - f t  f oo t rope ,  25  fee t  o f  3 /16 - in "

ga l van i zed  cha in ,  body  ne t t i ng  o f  l - l / ? - i n .  s t r e t ch  mesh ,  and  l / z - i n .  s t r e t ch -mesh

cod-end  I  i  ne r

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

A-12



Al ' l  t r aw l  s  made  th roughou t  base l ' i ne  and  ope ra t i ona l  samp l  i ng  were .  o f  s tandard

d ' i s t ance ,  w i t h  t he  s ta r t  and  s top  po in t s  based  on  f i xed  spa r  buoy  s ta t i ons  and /o r

Mo to ro la  M in i -Range r  I i  pos i t i ons .  The  d i s t ance  t r ave l l ed  by  ou r  t r aw l s  was  an

es t ima ted  240  m +  l 0?1 .  Be fo re  May  1984 ,  d i s tances  were  de te rm ined  f rom

t ransponde r  s i gna l s  sen t  f r om an  aux i ' l i a r y  c ra f t  ( 4 .1 -m  Bos ton  wha le r )  t empo ra r i l y

moo red  -200  m  upcoas t  o r  downcoas t  o f  t he  t r aw f i ng  s ta t ' i on .  Beg inn ing  i n  May

1984 ,  t r aw l  d ' i s t ances  we re  based  on  t r ansponde r  s i gna l s  f r om sho re  s ta t i ons  a t  San

Ma teo  Po ' i n t  and  Don  L igh t  (Append i x  A ,  F i g .  2 ) .  (Du r i ng  Janua ry ,  Ma rch ,  and  Ap r i l

1980 ,  t raw ls  were  made  on  a  f i xed - t ' ime  {5 -m in }  ra the r  t han  a  f i xed -d i s lance  bas i s ;

t hese  da ta  have  been  cons ide red  qua ' l i t a t ' i ve  and  no t  app rop r i a te  f o r  i nc l us i on ' i n

ou r  base l ' i ne  abundance  es t ima tes .  )  A l ' l  base l  i ne  and  ope ra t i ona l -phase  ca t ches ,

whose  da ta  were  used  fo r  Be fo re , /A f te r  compar i sons  a t  Impac t  and  Con t ro l  l oca t i ons ,

we re  comp le ted  a t  n i gh t  ( 1  h r  a f t e r  sunse t  t o  t  h r  be fo re  sun r i se )  a l ong  18 -  and

30-m ' i soba ths  (  app rox .  pa ra i  I  e l  t o  t he  coas t l ' i ne )  .  Ne ts  were  dep l  oyed  and

re t r i eved  i n  s tandard  manner  ( scope :  f i ve - to -one  a t  18  m {90 -m tow  cab le }  and  a t

30  m  t152 -m cab le ) ;  mean .d rag  t ime  3 .3  + .6 {SE}  m in  and  3 .7 . . 8  m in  a t  18  m  and  30

m,  respec t i ve i y ;  vesse l  speed  an  ave rage  2 .2  kno t s  us i ng  a  s i ng le  vesse l  tMa r i ne

Eco l  og i  ca1  Consu l  t an ts '  Lo -An)  and  cons ' i  s ten t  hau l  i  ng  gea r  (  i  .  e .  ,  A - f rame,

hyd rau f  i c  w ' i nch ] ) .  The re  we re  f i ve  sc i en t i s t s  on  t he  b i o l og i ca l  samp l i ng  c rew .

Speci f ics  of  Sampl in$ Design

A l l  o t t e r  t raw l i ng  was  conduc ted  a t  two  d i f f e ren t  s ta t i ons  (dep ths )  a t  each

o f  two  l ongsho re  l oca t i ons  on  repea ted  c ru i ses  ( samp l i ng  da tes ) .  A t  each  s ta t i on

on  each  c ru i se  a  cons tan t  f ou r  rep l i ca te  t raw ls  were  taken ,  w i th  two  t raw ls  made

upcoas t  and  two  t raw ls  made  downcoas t  i n  o rde r  t o  equa l l y  samp le  any  poss ib ie

va r i  a t ' i on  ' i  n  ca tch  tha t  m i  gh t  resu l  t  f  r om d i  rec t i  ona l  (  1  ongshore )  cu r ren ts  .

(Subsequen t  ana lyses  have  shown  tha t  t h i s  was  an  unnecessa ry  p recau t i on  tDeMar t i n j

and  A l ' l en  i 984 ) ) .  Rep l ' i ca te  t r aw ' l s  we re  t aken  s l i gh t l y  i nsho re  and  o f f sho re  o f

the  de f  i ned  ' i soba th  to  avo ' i d  t he  resampf  i ng  o f  t raw l  t racks .

P reopera t ' i ona l  c ru i ses  were  schedu led ,  w ' i t h  f ew  excep t i ons ,  a t  mon th l y
' i n te rva l s  f rom May  1980  to  June  1982  (Append ix  A ,  Tab le  3 ) .  One  add i t i ona l  c ru i se

was made each month dur ing November-December 1980 (at  18 m and 30 m);  two

add i t ' i ona l  c ru ' i ses  we re  made  as  pa r t  o f  a  p i l o t r r g rad ien t r r samp l i ng  p rog ram ( see

DeMar t ' i n i  e t  a l  .  1981c )  du r i ng  June  1981  (18  m  on l y ) .  Bo th  t he  add i ' t i ona l

(November  5 -6  and  December  3 -4 )  1980  c ru i ses ,  and . t he  p i l o t  g rad ien t  c ru i ses  o f

I
I
I
I
I
I
I
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I
I
I
I
I
t
I
I
I
I
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June  8 -9  and  June  9 -10 ,  198 i  we re  exc luded  f r om ou r  base l i ne -ope ra t ' i ona l

compar i sons .  The  June  23 -24  and  Ju l y  16 '17 ,  1980  c ru i ses  were  no t  comp ie ted  un t ' i l

sho r t ' l y  a f te r  sun r i se .  Hence .  t he  da ta  fo r  t hese  two  c ru i ses  were  no t  used  to

es t ima te  t he  abundance  o f  baske tweave  cusk -ee i ,  a  un ' i que  spec ies  wh i ch  seques te r s

i t se l f  i n  bu r rows  (and  i s  t he reby  unava i l ab le  t o  t r aw l s )  a f t e r  sun r i se  (G reen f i e l d

1968) .  Sampf ing  was  conduc ted  once  eve ry  two  mon ths  du r ing  the  j n te r im  pe r iod "

B imon th l y  samp l i ng  was  conduc ted  du r i ng  t he  f i r s t  t en  mon ths  o f  t he  ope ra t i ' ona i

pe r i -od .  The rea f te r ,  a  mon th l y  c ru i  se  schedu l  e  was  fo l  I  owed  to  comp l  e te

ope ra t i ona i  samp ' l i ng ,  w i t h  t he  excep t i on  o f  a  s ' i ng l e  c ru i se  i n  Ap r i l  1985  f o r

wh i ch  t ows  *6 re  nonquan t i t a t i ve  because  pe lag i c  r ed  c rabs  (P leu roncodes  p l an ipes )

con t i nua l l y  f ou ' l ed  the  t raw ' l  .

0n  each  c ru i  se ,  each  o f  two  
' l ongshore  

l oca t ' i ons  \ ^Jas  samp led  w i th  the

a fo remen t i oned  f ou r  r ep i i ca te  t r aw l s  a t  each  o f  two  i soba ths  (18  m  and  30  m) ,

resu l  t i  ng  i  n  16  to ta l  t r aw l  s  pe r  c ru i  se .  The  two  1  oca t i  ons ,  each  o f  -3 -km

longsho re  ex ten t ,  samp ied  on  each  c ru i se  we re  an  Impac t  ( I )  a rea  ( : 1  km  upcoas t

to  2  km downcoas t  o f  t he  SONGS Un i t  1  l i ne )  and  a  Con t ro l  (C )  a rea  (17 -20  km

downcoas t  o f  Un i t  1 ;  Append i x  A ,  F ' i g .  2 ) .  i t  i s  impo r tan t  t o  r eemphas i ze  t ha t  a l l

f ou r  comb ' i na t i ons  o f  dep ths  and  l oca t i ons  we re  samp led  on  each  c ru i se  t o  m ' i n im i ze

the  poss ib l e  e f f ec t s  o f  da te  and  d j e ' l  pe r i od  on  t he  re l a t i ve  d i s t r i bu t j ons  and

abundances  o f  f i shes  a t  t he  two  l onqsho re  l oca t i ons .

Mon th l y  t raw l i ng  su rveys  were  conduc ted  du r ing  the  day

May  1980  th rough  May  1981 .  These  day t ime  c ru i ses  were  used

d ie l  pa t t e rns  and  t o  eva lua te  re i a t i ve  ca t ch  e f f i c i enc ' i es

du r i ng  day  ve rsus  n i gh t  (DeMar t ' i n i  and  A l l en  1984 ) .

Rat ionale for  Sampl ing Locat ions and Depths

we l l  as  n i gh t  f r om

document  basel  i  ne

our  ot ter  t rawl

The  pos i t i on  o f  t he  Impac t  s tudy  l oca t i on  was  skewed  somewha t  downcoas t  o f

the  SONGS ou t fa l l  l i nes  i n  o rde r  t o  samp ' l e  under  the  ave rage  pa th  o f  t he  Un i t s  2

and  3  d j f f use r  p ' l ume .  The  ave rage  downcoas t - se t t i ng  cu r ren ts  o f  t he  a rea

es tab l  ' i  sh  an  ave rage  downcoas t - se t t ' i ng  p l  ume  (  Re ' i t ze l  1979)  .  The  d i  s tan t  Con t ro l

l oca t i on  was  es tab l i shed  o f f  S tua r t  Mesa  nea r  0ceans ide  (Append i x  A ,  F i g .  2 )  i n

o rde r  t o  samp le  a  s im i ' l a r  env i ronmen t  a t  a  d i s tance  f rom S0NGS cons ide red

su f f i c i en t  t o  p rec lude  i n f ' l uence  by  Un i t s  2  and  3  ope ra t i ons .  Th i s  Con t ro l

l oca t i on  was  a l so  used  as  con t ro l  s t a t i on  by  Mar i ne  Eco log i ca ' l  Consu l t an t s  j n
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t he i r  SONGS mon i t o r i ng  s tud ' i es  o f  mys ' i ds ,  p l ank ton ,  and  j ch thyop ' l ank ton .  The  18 -

and  30 -m ' i soba ths  we re  chosen  t o  r ep resen t  t he  o f f - d i f f use r  and  o f f - p1ume  dep ths

o f  impac t .  (A t  t he  t ime  t ha t  t he  ben th i c  t r aw l  des ign  was  deve loped ,  i t  was

though t  t ha t  t he  Un i t s  2  and  3  d i f f use r  p l ume  wou ld  app rec iab l y  a l t e r  sed imen t

pa r t i c l e  s i zes  and  t he  re l a t i ve  o rgan ' i c  f r ac t i on  o f  sed ' imen ts  benea th  and  o f f sho re

o f  t he  p1une .  The  p lume wou ld  the reby  a f fec t  t he  k inds  and  abundances  o f

i nve r t eb ra te ' i n f auna  and ,  i nd i r ec t l y ,  t he  abundances  o f  ben th i c  f i shes  t ha t  f eed

on  these  i nve r teb ra tes .  A t  p resen t ,  seve ra l  ' i ndependen t  t ypes  o f  da ta  on  sed imen t

compos i t i on  and  assoc ia ted  ben thos  s t rong ly  sugges t  t ha t  t h i s  has  been  an  accu ra te

p red i c t i on  {Ba rne t t ,  Wa t t s ,  and  Wh i t e  1985 ;  Ba rne t t  e t  a l .  1986 ;  DeMar t i n i  e t  a l .

1e86)  )  .

Types of Biological Data

Each  t raw l  ca tch  was  b rough t  aboard  sh ip  i n  i t s  en t i re t y ,  o f f - l oaded  in ' uo

tubs  on  deck ,  and  we t -so r ted  by  spec ' i es .  The  to ta l  number  o f  i nd j v ' i dua l s  and  to ta l

we t  we igh t  ( j  10  g  fo r  spec ies  <  1  kg  ca tch ;  +  .1  kg  fo r  spec ' i es  >  1  kg  ca tch )  was

de te rm ' i ned  fo r  each  spec ies  and  fo r  i t s  agg rega te  w i th in  the  t raw l .  F i sh  were

p rocessed  as  qu i ck l y  as  poss ib ' l e  and  re tu rned  ove rboa rd ;  va luab le  spec ies  I i ke

Ca l  ' i  f  o rn i  a  ha l  i  bu t  were  g ' i ven  p r i  o r i  t y ,  exp ress  t rea tmen t .  Abundance  da ta  were

ta l ' l i ed  separa te l y  f o r  each  o f  t he  fou r  rep ' l ' i ca te  t raw ls  made  a t  a  l oca t ' i on  and

dep th  ( s ta t i on )  on  a  g i ven  c ru i se .

A t  t he  beg inn ing  o f  ou r  mon i t o r i ng  o f  Un ' i t s  2  and  3  e f f ec t s ' i n  May  1980 ,  we

chose  10  (a t  18  m)  and  12  (30  m)  se lec t  t a rge t  spec ies  o f  f i shes  f o r  r i go rous

s ta t i s t i ca l  ana l yses .  The  spec ies  chosen  f o r  t h i s  ana ' l y s i s  we re  se lec ted  f o r  one

or  more  o f  t he  fo l l ow ing  reasons :  (1 )  abundance  and  f requency  o f  occu r rence  i n

t raw l  s ;  (2 )  eco ' l og i ca l  impor tance ;  (3 )  econom' i c  impor tance ;  (4 )  suspec ted

suscep t i b ' i ' l i t y  t o  impac t  by  S0NGS;  and  (5 )  samp l i ng  d i s t r i bu t i ons  amenab le  t o

s ta t ' i s t i ca l  t es t i ng  acco rd ing  to  the  BACI  mode l  (S tewar t -Oa ten  1986 ;  S tewar t -

0a ten  e t  a l  .  1986 ) .

The  Ca l i f o rn i a  l i za rd f i sh  was  added  t o  t h ' i s  l i s t  i n  ou r  Ma rch  1983  qua r te r ' l y

repo r t  (DeMar t i n ' i  e t  a l ,  1983c )  because ' i t  g rea t l y  i nc reased  i n  abundance  du r i ng

the  ea r l y  i n te r im  pe r iod .  Da ta  fo r  queen f i sh  and  wh i te  c roake r  were  subsequen t l y

emphas i zed  because  o f  t he  Janua ry - Ju1y  1983  h i a tus ' i n  t he  l ampa ra  e f f o r t

(DeMart i  n ' i  e t  a l  .  1983f  )  .  The l  ampara se ' ine remai  ns our  pr imary method of
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charac te r i z ' i ng  the  d i s t r i bu t i on  and  abundance  o f  t hese  l a t te r  two  ep ' i ben th i c  and

wa te r -co ' l umn  f i shes  a t  i n take  dep ths ,  where  bo th  spec ies  a re  p r imar i l y  a t  r i sk  to

en t rapmen t  a t  t he  S0NGS o f f sho re  i n take  s t ruc tu res .  The  l ampara  se ine  a l so

samp les  f rom sea  su r face  to  sea  bed ,  whereas  the  o t te r  t raw ' l  samp les  on ' l y  t he

1a r -oe r  i nd i v i dua ' l s  ( p r ima r i l y  adu ' l t s )  o f  queen f i sh  and  wh i t e  c roake r  t ha t  occu r

near  the  sea  bed  ( Johnson  1980)  fa r the r  o f f sho re  (DeMar t i n i ,  A11en ,  Foun ta ' i n ,  and

Robe r t s  1985 ) .  The  queen f i sh  and  wh i t e  c roake r  da ta  i nc l uded  i n  ou r  eva ' l ua t i on  o f

so f t -bo t tom f i shes  the re fo re  cha rac te r i ze  the  d i s t r i bu t i on  and  abundance  o f  t he

f rac t ' i ons  o f  l oca l  s tocks  o f  bo th  spec ies  tha t  may  be ' impac ted  by  ben thos  (o r

nea r -ben thos )  a1  te ra t ' i  on .

S ize - f requency  d i s t r i bu t i ons  were  de te rm ined  fo r  ce r ta in  spec ies  among  those

tha t  were  abundan t  and  f  requen t ' l y  encoun te red  i  n  p i  1o t  base l ' i ne  samp ' l es  a t  t he

pa r t ' i cu l a r i soba th  (wh ' i t e  c roake r  a t  18  and  30  m ,  Ca ] i f o rn i a  ha l i bu t  a t  18  and  30

m,  
' l ong f i n  

sanddab  a t  18  and  30  m ,  Pac i f i c  sanddab  a t  30  m  on ' l y ,  speck led  sanddab

a t  18  m,  fan ta i l  so le  a t  30  m,  and  ho rnyhead  tu rbo t  a t  18  and  30  m) .  A f te r  t he

t raw l -by - t raw1  enumera t i on  o f  t o ta l  ca tch ,  t he  ca tches  o f  each  o f  t hese  chosen

spec ies  were  poo led  by  s t ,a t i on  and  m ixed ;  t hen  a  random subsamp le  o f  a  max ' imum o f

50  i nd i v i dua l s  o f  each  spee ies  was  measu red  ( *  1  mm SL )  bu t  no t  sexed .  S ta r t i ng ' i n

May  1984 ,  subsamp le  s ' i ze  fo r  wh i te  c roake r  was  i nc reased  f rom 50  to  100

ind t ' v i dua ls  as  a  max imum to  assu re  an  adequa te  cha rac te r i za t i on  o f  c roake r  o f  a

b road  l eng th  range  on  each  c ru i se .  S ince  a  max imum o f  50  f i sh  o f  each  spec ies  (50

o r  100  fo r  wh i te  c roake r )  was  measured  fo r  each  agg rega te  o f  f ou r  t raw ls ,  t he re

were  i ns tances  when  the  number  o f  f i sh  measured  was ' l ess  than  the  number  capLured .

0n  these  occas ions  the  number  o f  f i sh  i n  each  i eng th  c lass  was  ad jus ted  by  a

sca l i ng  fac to r  equa l  t o  t he  number  o f  f i sh  cap tu red ,  i n  t he  respec t i ve  se r ies  o f

fou r  t raw is ,  d ' i v i ded  by  the  number  o f  f i sh  measured .  These  l eng th - f requency  da ta

p rov ide  a  s ta t i  on -by=c ru ' i se  measure  o f ,  t he  genera i  
' l eng th - f  

reQr . r s4s ,  d i  s t r i  bu i i ons

o f  a  cons i  s ten t  su ' i t e  o f  rep resen ta . t i  ve  soec ' i es  .

Data Used in  Analyses

CPUE Da ta .  The  numer j ca l  and  b iomass  ca tch  da ta  p rov ide  two  t ypes  o f  CPUE

(ca tch -pe r -un i t -o f -e f fo r t )  ' i nd i ces  o f  abundance  used  i n  f i she r ies  b io logy  and

managemen t  es t ima tes .  Numer i ca ' l  CPUE da ta  were  ana ' l yzed  i n  ou r  base l  i ne  s tudy

(DeMar t i n i  e t  a l "  1983a)  and  i n  the  p resen t  repo r t  because  b iomass  da ta  a re

genera ' l  1y  i  ess  p rec i  se  . t han  numer i  ca l  da ta  (DeMar t i  n i  and  A l  I  en  i 984 ) .
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Size-Composi t ion Data.  These data are complementary to  CPUE data in  that  they

o f t en  a l ' l ow  one  t o  eva lua te  seve ra l  mean ' i ng fu ' l  s i ze  (age )  g roup ings  w i t h i n

ca tches .  The  mos t  f requen t l y  use fu l  subg roup ings  a re  those  o f  YOY (young-o f - yea r ,

age  0+ )  and  o lde r  f i sh .  Abundance  o f  t he  YOY g roup  i s  genera l l y  used  to

cha rac te r i ze  t he  rec ru i tmen t  ( yea r - c1ass )  success  o f  ma r i ne  f i shes  (P i t che r  and

Har t  1982 ) .
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APPENDIX  A  . -  TABLE  3

LIST OF SAMPLING DATES FOR OTTER TRAWL CRUISES
(bv SONGS Operat ' ing Per iod)

(A )  PREOPERATTONAL

Con t ro l
E m---m";Day-Month-Year

30 Apr-01 May 80
23-24  Jun  80  * *
16 -17  Ju ]  80  * *

13 - i4  Aug  80
I2-I3 Sep 80
2 l -ZZ  Oc t  80
05-06 Nov 80"
i4 -15  Nov  80
03-04 Dec 80*
10 -11  Dec  80

15 -16  Jan  81
18-19  Feb  81
lI-I2 Mar 81
08-09 Apr  81
22-?3 May 81
04-05  Jun  81
08-09  Jun  81*
09 -10  Jun  81 *
2I -?? Ju l  81
10 - i i  Aug  81
01-02  Sep  81
05-05 Oct  8 i
02"03 Nov 81
01-02 Dec 81

12-13  Jan  82
02-03 Feb 82
0 ! -06  Mar  82
07-08 Apr  82
05-06 May 82
03-04 Jun 82

X
Y

X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X

X
X
X
X
X

I
X
X
X
X
X
X

X
v

X
X
X
X

X
X
X
X
X

I
x
X
X
x
X
X

X
X
X

X
X

2626

?8

26

30

26

I
I
I
I
I

To ta l  No .  C ru i ses

No .  C ru i ses  Used  t o
Cons t ruc t  Base l  i  ne

Cru i  se  exc l  uded  f rom base l  i  ne lope ra t i ona j -phase  compar i  sons

Traw ls  a t  30 -m deo th  de le ted  fo r  BACI  tes ts  on  cusk -ee l
* *
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APPENDIXA  - -  TABLE  3  ( con t i nued )

(B )  TNTERTM

I
I
I
I
I
I
I
I

X
X
X

X
X
X
X
X
X

X
X

Cont ro l---.:--16m JumDay-Month-Year

06-07 Ju l  82
08-09 Sep 82
09-10 Nov 82

18-19 Jan 83
19'20 Mar 83.
l?'t3 May 83
14-15 Ju ' l  83
06-07 Sep 83
08-09 Nov 83

10-11  Jan  84
09-10 Mar 84

X
X
X

X
X
X
X
X
X

X
X

X
X
X

X
X
X
X
X
X

X
X

X
X
X

X
X
x
X
X
X

X
X

To ta l  No .  C ru i ses

No .  C ru i ses  Used  t o
'Cha rac te r i ze  I n te r im I

11

i 1

11

11

11

11

1 i

11

t
I
I
t
T
I
t
I
I
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APPENDIX  A  - - TABLE  3  ( con t i nued )

( c )  oPERATTONAL

f ' a n i n n l

---t 6 m  J U mDay-Month-Year

16'17 May 84
02-03 Ju ' ]  84
2A-?7  Sep  84
14-15  Nov  84

05  Jan  85
03-04 Mar 85
12-13  Apr  85
11-12  May  85
I l - l s  Jun  u5
t b - I /  J u t  6 5
09-10  Aug  85
17-18  Sep  85
16-17  Oc t  85
13-14  Nov  85
12- i3  Dec  85

t u " t . t  J a n  6 b
10-11  Feb  86
22-?"3 Mar 86
I? '13 May 85
09-10  Jun  86
07-08  Ju l  86
?2'23 Aug 86
30 Sep-01 Oct  86
?6'?7 Oct  86
Z3-2+ Nov 86

X
X
X
X

X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X

X
X
X
X

X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
x
X
X
X

X
X
X
X

X
X
X
X
X
X
X
X
X
x
X

No.  C ru i ses  Used  t o
Cons t ruc t  Opera t ' i ona1 ?5za't525

t
I
I
l
I
I
I
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APPENDIX A,  PART 3 - -  Percent  Change Calcu lat ions for  Addi t ive

BACI Transformat ions

by

Jan i ce  D .  Ca ' l l ahan

Apr i  1  9 ,  i 986

1 .  INTRODUCTION

Al though  BACI  tes t i ng  i s  f requen t l y  pe r fo rmed  on  a  t rans fo rmed  va r iab le ,  i t

i s  des i r ab ' l e  t o  a l so  exp ress  a  pe rcen t  change  i n  t he  un i t s  o f  t he  un t rans fo rmed

va r i ab le .  The  pu rpose  o f  t h i s  r epo r t  i s  t o  p resen t  a  me thod  o f  ca l cu la t i ng  t he

percen t  change  in  the  o r i g ina l  un ' i t s  when  the  BACI  tes t  was  pe r fo rmed  on  a

t rans fo rmed  va r i ab le .

Sec t i on  2  d i scusses  how  to  ca l cu ' l a t e  pe rcen t  change  f o r  t he  add ' i t i ve  mode i ;

i . e . ,  when  no  t r ans fo rma t i on  i s  r equ i red  t o  pe r f o rm  the  BACI  t es t .  Th i s  sec t i on

de f i nes  the  add i t i ve  mode l ,  t he  pa ramete rs  o f  t he  mode l ,  and  pe rcen t  change .

Sec t i on  3  expands  t he  d i scuss ion  t o  a  mu l t i p l i ca t i ve  mode l "  Th i s  mode l  i s  made

add ' i t i ve  by  the  l og  t rans fo rma t ion .  The  l as t  sec t i on  d i scusses  p rocedures  to  be

used  when  a  power  t rans fo rma t ion  i s  necessa ry .

2 "  ADD IT IVE  MODEL

An  add i t i ve  mode l  i s  one  i n  wh i ch  an  even t ' i s  accompan ied  by  an ' i nc rease  (o r

dec rease )  o f  a  cons tan t  amoun t .  Fo r  examp ' l e ,  t he  even t  i l  sp r i  ng  f  o1  
' l ow i  

ng  v , ' i  n te t ' "

s l ' rows e. i r i  ; rcrease i  n  abundance of  100 orga.n i  sms .  Thus,  a  popul  a t i  on of  . i00 wr . : ! r l  r l

go  to  400  o rgan ' i sms ,  and  a  popu ia t i on  o f  3000  wou ' l d  go  to  3100  o rga r i i s rns .  Fo r  i . i r e

BACI  s ' i t ua t i on ,  t h i s  mode l  can  be  d iaq rammed as  be low :
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Mu+K l

K2+S +K2+K1

where  B  s tands  fo r  t he  be fo re  o r  p reopera t ' i ona l  pe r iod ,  A  i s  t he  a f te r  o r

ope ra t i ona ' l  pe r i od ,  I  s tands  fo r  t he  impac t  o r  SONGS a rea ,  and  C  deno tes  the

con t ro l  a rea .  The  t rue  mean  under  the  mode l  f o r  t he ' impac t  a rea  i n  t he

p reopera t ' i ona l  pe r iod  i s  Mu .  The  t rue  mean  under  the  mode l  f o r  t , he  con t ro l  a rea  i n

the  p reope ra t i ona l  pe r i od  i s  Mu  +  K l .  Thus ,  K1 ' i s  t he  add i t i ve  d i f f e rence  be tween

the  impac t  and  con t ro l  a reas .  I n  t he  ope ra t i ona l  pe r iod ,  t he  mode l  mean  fo r  t , he

con t ro l  a rea  i s  Mu  +  K l  +  K2 ,  where  KZ  i s  t he  add i t i ve  d ' i f f e rence  be tween  the

p reopera t i ona l  and  the  ope ra t i ona l  pe r iods .  The  mode l  mean  fo r  t he ' impac t  a rea  i n

the  ope ra t . i ona l  pe r iod  j s  Mu  +  K2  +  S ,  where  S  i s  t he  add i t i ve  d i f f e rence  due  to

the  power  p1an t .  No t ' i ce  tha t  K1  appears  i n  t he  mode l  mean  fo r  bo th  con t ro l  means

because ' i t  r ep resen ts  the  con t ro l - impac t  d i f f e rence ;  K2  appears  i n  t he  mode l  means

fo r  bo th  ope ra t ' i ona l  means  because  i t  r ep resen t  t he  a f te r -be fo re  d i f f e rence .  The

S0NGS e f fec t ,  S ,  on ' l y  appears  i n  t he  ope ra t i ona l ,  impac t  mode l  mean .

Cor respond ing  to  the  mode l  above ,  t ve  have  the  ave rages  o f  t he  obse rva t i ons  as

di  sp1 ayed be1 ow:

t l
] ic l

I
I

Bl
I
I

Mu

I
I
t
I
l
I
I
t
I
I
I
I
t
t
I
l
I
I
I

I
lMu
I

I
A  lMu+

I

YIB  i s  t he  ave rage

YCB i s  t he  ave rage

In  the  ope ra t i ona l

l t l
Bl  Y iB  I  YCB I

YCA

o f  a1 l  t he  impac t

o f  a l  I  t he  con t ro l

pe r iod ,  Y IA  ' i s  t he

obse rva t i ons  i n

obse rva t i ons  ' i n

ave rage  o f  a l ' l
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the  p reopera t i ona l  pe r iod ;

the  p reopera t i ona l  pe r iod .

impact  observat ions and YCA
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I

I  
i s  t he  ave rage  o f  a l l  con t ro ' l  obse rva t ' i ons .  By  compar ing  th ' i s  t ab le  to  the  mode l

I  t ab le  above ,  es t ' ima tes  o i  t n .  mode ' l  pa ramete rs  can  be  ob ta ' i ned  as  fo1 ' l ows :

Mu  =  Y IB

K l=YCB-Y IB

K2=YCA-YCB

5  =  (Y IA  -  YcA)  -  (Y IB  -  YCB)
= DELTAA - DELTAB

Now cons ide r  
"he  

ope ra t i ona l ,  impac t  t e rm.  The  ave rage  Y IA  es t ' ima tes  the

mode l  t e rm Mu +  K2  +  S .  We can  cons ide r  t h i s  as  an  es t ima te  o f  wha t  ' i s  occu r r i ng

a t  SONGS w i th  S0NGS p resen t .  I f  S0NGS d id  no t  ex i s t ,  t hen  ou r  mode l  wou ld  no t  have

the  pa rame te r  S  i n  i t ;  i n  t h i s  case ,  t he  mode ' l  mean  f o r  t he  ope ra t i ona l ,  impac t

te rm wou ld  be  Mu  +  K2 .  We can  cons ide r  t h i s  as  the  mode ' l  mean  a t  t he  SONGS s i te

w i thou t  SONGS'  p resence .  Fu r the rmore ,  we  can  es t ima te  wha t  wou ' l d  have  occu r red  a t

the  SONGS s i te  w i thou t  SONGS'  Dresence  as  Mu  +  K2  =  Y IB  +  YCA -  YCB.

I
I
I
I
I
I
I
I
I
I
I
I
I

Percen t  change  in  abundance  can
presence  d i v ided  by  wha t  wou ld  have

Ma+"hema t i ca11y ,  t h i  s  y i e i ds

Tlchange =

now be  de f i ned  as  the  change  due  to  SONGS'

been there i  f  SONGS were not  present .

100 * (wi thS0NGS - w' i thoutSONGS) /  wi thouISONGS

100 *  (Y IA -  (Y IB +  YCA -  YcB) )  /  (Y IB +  YCA -  YcB)

100  "  ( (Y IA  -  YcA)  -  (Y IB  -  YCB) )  /  ( (Y IB  -  YCB)  +  vg41

100 * (DELTM - DELTAB) / (DELTAB + YCA)

100*S/ (DELTAB+YCA)

l
I
I
I

; t .  MLrL l ' lPL !CATIVE MQi rE l .

A  mu l t i p l i ca t ' i ve  mode l  i s  one  i n  wh i ch  an  even t  i s  accompan jed  by  a  pe rcen t

(o r  mu ' l t i p f  i e r )  change .  Fo r  examp le ,  t he  even t  I sp r i ng  f o ' l l ow ing  w1n te r r r  shows  an

inc rease  o f  25 i (  ( a  mu l t i p l i e r  o f  1 .25 ) .  Thus  a  popu la t i on  o f  300  wou ' l d  i nc rease  t o

375  (a  d i f f e rence  o f  75 ) ,  whe reas  a  popu la t i on  o f  3000  wou ' l d  i nc rease  t o  3750  (a

d i f f e rence  o f  750 ) .  The  mu l t i p l i ca t i ve  mode l  can  be  d iag rammed as  be low :
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I
I
I

I
I
I
I
l
I
I
I
I
I
I
I
I
I
I
I
I
I
I

To  tu rn  t he  mu l t i p f i ca t i ve  mode l

t rans fo rma t ' i on  i s  used .  Tak ing  the  1og

mode'l  :

Mu"K1

Mu*K2*K1

i  n to  an addi  t ive model  ,  the I  og

o f  each  obse rva t i on  y ie1ds  the  fo ' l l ow ing

I
B l

I
Mu

I
I
I

I
AlMu

I
*K2 I*s I

I

where  B ,  A ,  I ,  C  a re  as  de f i ned ' i n  Sec t i on  2 .  The  t r ue  mean  unde r  t h i s  mode l  f o r

the  impac t  a rea  i n  t he  p reopera t i ona l  pe r iod  i s  Mu .  The  mode l  mean  in  the  con t ro l

a rea ,  p reope ra t i ona l  pe r i od  i s  Mu  *  K l .  Thus ,  K l  i s  t he  mu l t i p ' l i e r  be tween  t he

impac t  and  con t ro l  a reas .  I n  t he  ope ra t i ona l  pe r iod ,  t he  mode l  mean  fo r  t he

con t ro l  a rea  i s  Mu  *  K1  *  K2 ,  where  K2  i s  t he  mu l t i p l i e r  be tween  the  p reopera t i ona l

and  the  ope ra t i ona l  pe r iods .  The  mode l  mean  fo r  t he  impac t  a rea  i n  t he

opera t i ona l  pe r iod  i s  Mu  *  KZ  *  S ,  where  S  i s  t he  mu l t i p ' l i e r  due  to  the  power

p1  an t .

LMu + LK1

Wu + LK2 -r 'LS Lt"iu + LKZ .r t_Ki

In  th i s  now add i t ' i ve  mode l ,  LMu  rep resen ts  Log (Mu) ,  LK l  rep resen ts  Log (K1) ,  e t c .

The form of  th ' is  model  in  the new parameters is  now the same as the addi t ive model

d i  scussed  above .

LMu

I
I
I

I
I

B l
_ l

I
A l

I

Cons ide r  t he  obse rva t i ons .

averages are computed . for  each

d i sp iayed  as  f o l l ows :

Each  obse rva t i on  i s  l og  t rans fo rmed .  Then

o f  t he  fou r  ca tego r ies .  These  ave rages  can  be
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I
I
I
I
l
I
I
I
I
I
I

LYIB LYCB

LYIA LYCA

where LYIB ' is  the average of  the 
' log- t ransformed

preopera t ' i ona l  pe r iod ,  and  the  o the r  ave rages
' impor tan t  f ac t  i s  t ha t  t he  l ogs  a re  taken  f i r s t ,

The parameters of  th i  s  mode' l  can now be est imated

obse rva t i ons ' i n  t he  impac t  a rea ,

a re  de f i ned  s im i l a r l y .  (The

and  then  ave rages  a re  compu ted . )

as  f o r  t he  add i t i ve  mode l :

I
R I

I
I

A l
I

LMU = LYIB

LK1=LYCB-LYIB

LKZ=LYCA-LYCB

Ls = (LYIA -  LYCA) -  (LYIB "  LYCB)

App l y i ng  t he  same  de f i n i t i ons  as  ' i n  Sec t i on  1 ,  t he  es t ima te  f o r  t he  l og  t r ans fo rm
' i n  t he  ope ra t i ona l  pe r i od  w i t h  SONGS p resen t ' i s :

Lwi  IhSONGS = LYIA

I  S im i l a r l y ,  t he  es t ima te  o f  t he  l og  t r ans fo rm  i n  t he  ope ra t i ona ' l  pe r i od  w i t hou t

SONGS'  Dresence  i s

T
Lrsi thoutSOllGS = LYIB + LYCA - LYCB

These  es t ima tes  a re  i n  t he  wrong  un i t s .  To  i nve rse - t rans fo rm them back  to  the

o r i g i na l  un i t s  r equ i res  exponen t i a t i ng  t hem (o r  10 * *es t ima te ,  i f  l oga r i t hms  t o  t he

base  10  we re  used ) "  Thus ,  i nve rse - t r ans fo rm ' i ng  y i e l ds :

wi IhSONGS = exp(LYiA)

wi thoutS0NGS = exp(LYIB + LYCA -  LYCB)
=  exp (LY IB)  *  exp (LYCA)  *  exp ( "LYCB)

t
I
t
I
I
I
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Now,  ca l cu la t j ng  pe rcen t  change :

?6change 100  *  (w i IhSONGS -  w i thou tS0NGS)  /  w i thou tS0NGS

100*(  exp(  LYIA)-exp(  LYIB+LYCA-LYCB) )  /

exp( LYIB+LYCA-LYCB)
=  100  *  (exp(LYIA) - (exp(LYIB) *exp(LYCA)*exp( -LYCB) )  /

(exp(LYIB)  *  exp(LYCA)  *  exp( -LYCB)
= 100 *  (exp(LYIA)*exp( -LYIB)*exp( -LYCA)*exp(LYCB)  -  1 )
=  100 *  (exp( (LYIA-LYCA)  -  (LYIB-LYCB))  -  1 )
=  100  *  (exp(Ls )  -  i )
=100* (S-1 )

where  S  =  exp (LS)  i s  an  es t ima te  o f  t he  pa rame te r  S  i n  t he  mu l t i p f i ca t i ve  mode l .

No te  tha t  t h i  s  resu l  t  f o r  T6change  i  s  t he  usua ' l  ca l  cu l  a t i  on  and  i  n te rp re ta t i  on  o f

pe rcen t  change  f o r  a  mu l t i p l i ca t ' i ve  mode l .

4 .  POWER TRANSFORMATIONS

In  a  power  mode l ,  e f f ec t s  a re  ne ' i t he r  add i t i ve  no r  mu l t i p l i ca t i ve

mode l  can  be  d iag rammed as  be low :

The power

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

I
|  (Mu  +  KZ  +  S ) " * ( i /P )
I

|  (Mu +  r€  +  K1) * " (1 /P)
I

l
I
I
I
I
I
I

where  B ,  A ,  I ,  and  C  a re  as  de f i ned  i n  Sec t i on  2 .  The  t rue  means  under  th i s  mode l

a re  the  add i t i ve  means  o f  Sec t i on  2  ra i sed  to  a  power ,  I /P .  To  tu rn  the  power

mode l  i n to  an  add i t i ve  mode l ,  t he  power  t rans fo rma t ion  i s  used .  Ra is ing  each

observa t i on  to  the  power  P  y ie lds  the  add i t i ve  m-ode l  o f  Sec t i  on  2 ,  repea ted  he re :

Mu**( 1/P ) (Mu +  K1) " * (1 /P)
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I
I
I
I
t
I
I
t
I
I
I
I
I
I

I
I
I

Mu+K l

Mu+K2+S Mu+K2+K l

The parameters of  the t ransformed model

add i t i ve  mode l .

Ave rages  fo r  each  o f  t he  fou r  ca tego r ies

t rans fo rm ing  t he  obse rva t i on  and  t hen  t ak i ng  t he

d i  sp l  ayed  as  f  o l ' l ows :

are the same as the Darametersi n  t he

are computed by f i  rs t  power-

ave rage .  These  ave rages  can  be

I
B l

I
Mu

I
I
I
I
I

PYIB

PYiA

where  PYIB  i s  t he  ave rage  o f  t he  power - t rans fo rmed  obse rva t ' i ons  i n  t he  impac t

a rea ,  p reopera t ' i ona ' l  pe r i od .  and  the  o the r  ave rages  a re  de f i ned  s ' im i1a r1y .  The
paramete rs  o f  t h i s  mode l  can  now be  es t ima ted  a .s  fo r  t he  add i t i ve  mode ' l :

Mu = PYIB

K l=PYCB-PYIB

K2=PYCA-PYCB

5 =  (PYIA -  PYCA)  -  (PYIB -  PYCB)

App l y i ng  t he  de f i n i t i ons  o f  Sec t ' i on  1 ,  t he  es t ima te  f o r  t he  power  t r ans fo rm  i n  t he

opera t i  ona ' l  pe r i  od  w i  t h  SONGS p resen t  i  s  :
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Pwi IhSONGS =  PYIA

Ihe  es t ima te  o f  t he  power  t r ans fo rm ' i n  t he  ope ra t i ona l  pe r i od  w i t hou t  S0NGS '
p resence  i  s :

Pwi thout  SONGS = PYiB + PYCA -  pyCB

These  es t ima tes .  a re  i n  t he  wrong  un i t s .  To  i nve rse - t rans fo rm them back  to  the

o r i g i na l  un i t s  r equ i res  t ak i ng  t he  power  l /P .  Thus ,  ' i n ve rse - t r ans fo rm ing  t hem
y je l ds :

,,,J:::::illi = lilil':;!i;'- 0,,,,.* (r/P,
Las t l y ,  ca l  cu ' l a t i  ng  pe rcen t  change :

T6change = 100 * (wi IhSONGS - wi thoutS0NGS) , /  wi thouISONGS
= 100  *  ( (PYIA) * * (1 /P)  -  (PYIB  +  PYCA -  PYCB; " * ( t /P ) )  /

(PYIB +  PYCA -  PyCB;** ( t /p )

I
I
I
I
I
I
t
I
I
I
t
I
t
I
I
I
I
I
I
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APPENDIX  A  - .  PART  4

DESCRTPTTON OF UCSB 'S  APPLICAT|ON OF p .  TOMLTNSON'S  (NN ' |FS)

MODIF ICATION OF NORMSEP (Abramson  1971)

The  TC  p rog ram i s  a  mod i f i ca t i on  o f  t he  Na t i ona l  Ma r i ne  F i she r i es  Se rv i ce '

TCPA1 program (  f  ormer ' ly  NORMSEP).  Th ' is  program has been modi  f  ied by T i tan

Sys tems ,  I nc .  t o  ou r  spec i f  i ca t ' i ons .

1 .  PURPOSE

The  TC p rog ram separa tes  
' l eng th - f requency  

d i s t r i bu t ' i ons  o f  queen f i sh  fo r

each  mon th  and  yea r  i n to  a  va r iab le  number  o f  s ' i ze  modes  tha t  a re  no rma l l y

d i s t r i bu ted .  The  pe rcen t  compos i t i on  o f  each  s ' i ze  mode  i n  a l l  5 -mm s i ze  c l asses

can  then  be  ca l cu1a ted  to  separa te  to ta l  queen f i sh  i n to  young-o f - the -yea r  (Y0Y)

and  o l de r  i uven i l e  and  adu ' l t  ( 0J  and  AD)  age  g roup ings .

2 "  PROCEDURE

Size - f reguency  h ' i s tog rams  o f  t o ta l  queen f i sh  caugh t  a t  n igh t  a re  p ' l o t t ed  fo r

each  mon th  and  yea r  comb ina t i on .  Leng th  da ta  a re  b roken  i n to  5 -mm s i ze  c lasses "

Loca t i ons  (Nea r /Fa r  Impac t ,  Con t ro l )  and  dep ths  (5 -10  m ,  i 1 - i 6  m)  a re  poo ' l ed  f o r

each month and year  comb' i  nat i  on i  n  order  to  prov ' ide the most  accurate

cha rac te r i za t i on  o f  l eng th  d j s t r i bu t j ons  by  max im iz ' i ng  samp le  s i ze  f o r  a  g i ven

mon th  and  yea r .

A .  Fo r  each  h i s tog ram,  pa ramete rs  a re  de te rm ined  fo : "  each  s i ze  mode  (K r ) .

Pa ramete rs  ' i nc l  ude :

(  1 )  S ' i  ze  range

(? )  Cu t -o f f  po in t  be tween  ad jacen t  modes  (de f i ned  as  the  po ' i n t

o f  ove r lap  be tween  two  modes ,  i f  ove r lap  ex i s t s )

(3 )  Es t ' ima ted  l ower  (ML)  and  upper  (MU)  bounds  o f  each  mean ,  and

I
I
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( 4 )  Es t r 'ma ted ' l owe r  ( sDL )  and  uppe r  ( sDU)  bounds  o f  t he  s tanda rd

dev ia t i on  o f  each  mean .  whe re  t he  l owe r  bound  eoua l s  t he
range , /10  and  the  upper  bound  equa ls  the  range /2 .  (W. ide

bounds  gene ra l l y  y ' i e l d  sma l l e r  ch i - squa red  va lues  i n  t es t s
be tween  obse rved  and  theo re t i ca l  f i t s  t o  t he  da ta . )  pa ramete rs

a re  es t ima ted  f rom the  h i s tog rams  us ing  h ' i s to r i ca l  da ta  on  the
t im ing  and  re l a t i ve  ra tes  o f  mon th l y  g row th .

I
I
I
t

B.  The  EXEC TCSETUP i s  nex t  run  on  the  above  pa ramete rs  fo r  each  mon th  and
year  comb ina t i on .  Th i s  fo rma ts  the  da ta  fo r  runn ing  the  p r imary  EXEC (TC) I

c .  The  EXEC TC ' i s  r un  on  t he  ou tpu t  f r om TcsETUp .  i t  ca r cu la tes  a
to  the  da ta  us i  ng  the  pa ramete rs  as  a  gu i  de ]  ' i  ne .  TC p roduces  a
da ta  base  named  DBTC.ALL  con ta in ing  the  fo l l ow ' i ng  da ta  fo r  each
year  comb ina t i on :  f requency  and  pe rcen t  f requency  fo r  each  s i ze
each  5 -mm s i ze  c lass  and  to ta l  f r equency  w i th ' i n  each  5 -mm c lass .
s i ze  mode  rep resen ts  the  YOY age  g roup ;  t he  sum o f  t he  rema in ing
i s  equ i va len t  t o  t he  0J  &  AD  age  g roup ing .

bes t  f i t

pe rmanen t

mon th  and

mode  w i t h i n

The  f i  r s t

s i ze  modes

I
I
t

D.  The  DBTC.ALL  da ta  base  i s  on  the  F I  con t rac to r  (F )  d i sk .  The  TCSETUP and  TC
prog ram package  i s  on  the  F I  so f tware  (B )  d i sk .

I
I
I
I
I
I
I
I
I
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APPENDIX  B  - - Annotated List of SAS Programs
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APPENDIX  B  . .

ANNOTATED LIST OF SAS PROGRAMS USED IN ANALYSES

RELATED TO NET MONITORING AND ENTRAPMENT

Al l  ma io r  s ta t i s t i ca l  ana lyses  were  done  on  the  IBM 4341  ma in f rame compu te r

a t  t he  Mar ine  Rev iew  Commi t tee  (MRC)  fac i ' l i t y  i n  Enc ' i n i t as ,  Ca ' l i f o rn ia "  S tandard

s ta t i s t i ca l  t es t s  u t i l ' i zed  canned  p rocedu res  (PROCs)  o f  t he  S ta t i s t i ca l  Ana ' l y s i s

Sys tem (  SAS) .

A l l  ana l ys i s  p rog rams  used  i n  t h i s  r epo r t  a re  l i s t ed  i n  t he  f o l l ow ing

anno ta ted  c ross - re fe rence .  These  p rog rams  have  been  saved  on  the  Repor t  (E )  d i sk .

Mos t  ana lys i s  p rog rams  were  deve loped  by  UCSB F ish  S tudy  p ro jec t  pe rsonne l .

However ,  T i t an  Sys tems ,  I nc .  and  J .  Ca l ' l ahan  deve loped  the  gener i c  BACITEST SAS

prog ram,  the  ma io r  p rog ram package  tha t  we  have  used  i n  the  eva lua t i on  o f ' l oca l

changes  i n  f i sh  abundance .  The  pa ren t  BACITEST SAS p rog ram res ides  on  the  X

ur i  I  i t y  d i  sk .

I
I
I
I
I
I
I
I
I
t
I
t
I
I
I
I
I
I
I
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ANNOTATED L IST  OF SAS

CHAPTER ONE

PROGRAMS USED IN  ANALYSES
- -  NET MONITORING

Program F igu re  o r  Tab le
Number

( F=Fi g. ,  T=Tql_)

N/A

N/A
N/A

N/A

N/A

N/A

*/l

N/A

Fi  I  e  Name

OTMEANS4

OTMll/
LPM|.l

PREiNTSX

PREI NTDB

UPD] NTSX

UPDI NTDB

YOY

MEANABU3/
LPMNABUN

oTQrwr
LPQFWT

oTsuMs10/
LPSUMSP

OTFREQ/
LP FREQ

OTPLOT8T/
LPPLOTST

oTH i sT05/
LPH I STO5

Otter
Lampara

Lampara

Lampara

Lampara

Lampara

Lampara

0t ter  Trawl
Lampara

0t ter
Lampara

0tter Traw'l
Lampara.

Otter Trawl
Lampara

Otter Trawl
Lampara

0t ter  Trawl
Lampara

Task Descr i  o t i  on

DATA PROCESSING

Ot te r  T raw l  Sparses  da ta  fo r  se lec t  spec ies ;  ca l cu la tes
mean  CPUE o f  f ou r  t raw ls  a t  each  l oca t i on -
deo th .

Sparses  o t te r  t raw l  b iomass  da ta .
Sparses  l ampara  se ine  b iomass  da ta .

'  
Spa rses  da ta  on  queen f  i  sh  sex  c ' l asses
(  preoperat ' i  ona ' l  and ' i  n ter i  m per iods )  .

Spa rses  da ta  fo r  se lec t  soec ' i es
(p reope ra t i ona l  and  i n te r im  pe r i ods ) .

Sparses  da ta  on  queen f i sh  sex  c ' l asses
(ope ra t i ona l  pe r i od ) .

Sparses  da ta  fo r  se lec ted  spec ies
(  ope ra t i  ona l  pe r i  od )  .

Sparses data for  young-of -year  and o lder-
j uven i l e  queen f i sh .

BACI  F IGURES AND TABLES

Tabulate mean ar i thmet ' ic  CPUE of  se ' lected
spec ies  by  l oca t i on ,  dep th ,  and  t ' ime  pe r iod .

Tabu ' l a tes  mean  b iomass  CPUE o f  queen f i sh  and
wh i te  c roake r  by  l oca t i on ,  dep th  &  t ime  pe r iod .

Tabu ' l a te  rank  CPUE o f  ' en t i re  f  i sh  assemb ' l age
observed at  each locat ior r ,  depth,  and t ' ime
per i  od .

Tabujate rank f requency of  occurrence of
en t i re  f i sh  assemb lage  obse rved  a t  each
loca t i on ,  dep th ,  and  t ime  pe r i od .

P lo t  t ime  se r ies  CPUE and  Impac t /Con t ro l
de l tas  fo r  se lec ted  spec ies .

P lo t  t ime  se r i es  o f  number  o f  a l l  f i shes
cap tu red  a t  each  l oca t i on  and  dep th .

T 5 ;
T2"

App E,

App c,
App c ,

T 15 .

T  13-  1"6 ;
T  i - . c .

T  17-20;
I  t - t L .

F 25-46;
F 1-24"

F  3 ,  4 ;
F  1 ,  2 .

App c,
App c ,

App E,
App E,

App c ,
App c ,
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Proqram

CHAPTER ONE - -  NET  MONt l 'OR ING ( con t i nued )

Desc r i  o t i  on

BACI  ANALYSES

F igu re  o r  Tab le
Number

(  F=Fi  g .  .  T=Tbl  )

I
I
IFi  

' le  
Name

BACITES9

BACISMRY

OTZERO/
LPZERO

LPBINOM

OTMNBIOM
LPMNBIOM

OTINFLU

OTAUTORG

LPAUTINF

OTNOWT
OTNOhlT2

OT3llAY/
LP3t/AY

O'TRLEN

SLFREQ

FACTRQF

FACTRllCR

Task

Otter Trawl
and Lampara

Otter Trawl
and Lampara

0tter Trawl
Lampara

Lampara

Otter  Trawl
Lampara

0tter Trawl

Otter Traw'l

Lampara

Otter Trawl

Otter Trawl
Lampara

('ltter Trawl

Lampara

Lampara

Lampara

Per fo rms  BACI  s ta t i s t i ca l  assumpt ion  and
impac t  t es t s  (add i t i v i t y ,  mono tone  t rends ,
se r i a l  co r re l a t i on ,  power ,  %  change ,  t - t es t . )

Produces summary l is t ing f rom data bases
put  out  by BACITES9 program.

Count  number and compute % of  zero catches.

Per fo rms  b inomia l  t es t  f o r  impac t .

Tabu la tes  we igh ted  mean  we igh t  pe r  f i sh .

Tes t s  f o r  i n f l uence  po in t s  i n  t ime -se r i es
de l  t as .

T - tes ts  fo r  spec ies /dep ths  i n  wh jch  de l tas
were  se r ia l l y  co r re la ted .

Tes ts  fo r  i n f l uence  po ' i n t s  i n  t ime-se r ies
de l tas ;  T - tes ts  fo r  spec ' i es /dep ths  i n  wh ich
del  tas were ser i  a l  

' ly  
corre l  a ted.

Ca lcu la tes  mean  number  and  b iomass  o f  t o ta l
' i  nd i  v i  dual  f  i  sh and per f  orms BACI t - test .

Per form 3- factor  f ixed-ef fects  ANOVA on
Ioca t i on ,  dep th ,  and  t ime  pe r iod .

S  I  Z  E  -  FR  EQ U  EN C  Y  ANA LY  S  ES

Reconf igures DL{F0B daLa ba.se for  subsequdr i t
ana l . yses .

Reconf igures DBFLB data base for  subse-
quen t  ana lyses .

Ca lcu la tes  ra t i o  o f  oueen f i sh  subsamp led
for  

' l  
engths.

Ca ]cu la tes  ra t i o  o f  wh i te  c roake r  sub -
samp led  fo r  i eng ths .

T land
T 1 ,  2 , '
&  App E,

N/A

Text
Sect i  on

App E ,  T

App E,  T

1 .3 .1 .1 .

{

1 ?

App D,
3 ;  T  4
T 1-6

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

Text
Sec t i  on  1  .3 .  1  .3 .

App  D,  T  3 .

App  D,  T  ! ,  2 .

App  E ,  T  14 .

T  8 ;
r  7.

i:! /r

N/A

N/A

N/A

B-3



B-4

T
I
I
I
I
T
I
I
I
I
I
I
I
I
I
I
I
I
I

Proqram

CHAPTER ONE - -  NET MONTTORING (con t i nued)

Desc r i  p t i  onF'i  
' le 

Name

MONLNFQ/
LPMONFQ2

OTMONHI S/
LPMONHIS

0TLNFQS
l'/CBACI FQ/
QFBACI FQ

OTOPHI ST
QFoPHTST
\./COPHI ST

KS87

SUBSAMPL

Task

F igu re  o r  Tab le
Number

(  F=Fi  g .  ,  T=Tbl  )

N /A

App E,  F  65-70;
App E,  F  53-55.

N/A

0t ter  Trawl
Lampara

Otter  Trawl
Lampara

0t ter  Trawl
Lampara
Lampara

0t ter  Trawl
Lampara
Lampara

Otter  Trawl
and Lampara

Lampara

D i  v i  de  con t ' i nuous  f  i  sh - l  eng th  da ta  ' i n to
5 -mm 

' l eng th  
c ' l asses  mon th ' l y .

P lo t  s i ze ' f r equenc ies  by  mon th ,  i oca t i on ,
and  dep th  fo r  se lec ted  spec ies .

D iv ide  con t i nuous  f i sh  l eng th  da ta  fo r
se lec ted  spec ies  i n to  5 -mm 

' l eng th  
c lasses

fo r  each  l oca t i on ,  dep th ,  and  t ime  pe r iod .

P lo t  h i s tog rams  o f  s i ze  f requency  fo r
se lec ted  spec ies  a t  each  l oca t i on ,  dep th ,
and  t ime  pe r i od .

Per forms BACI K-S test .

Outputs cun.  76 f requenc ' ies for  K-S tests  on
d i f f e rences  i n  d i s t r i bu t i ons  be tw .  samp les
and  subsamp les .

CHAPTER TWO - .  SONGS ENTRAPMENT

Desc r i  p t i  on

DATA PROCESSING

Sparses  imp ' i ngemen t  da ta  (#s  and  b iomass )
fo r  se lec t  spec ies  and  t o ta l  i nd i v i dua j s
f  rom qua.nt i  ta t ' ive (24-hr ,  f  u11 pump f  i  ow)
i  np l  ant  f  i  sh co. i  I  eat i  ons at  S0NGS Uni  t  1
f o r :

May l983-December 1984
January 1985-September 1985
October  1985-December 1985
January 1985 -  August  1986.

App
App

T 9 ,
App

App

tr
F

10

A

F 56 -64 .
F 47-52.

and
|  / " t t .

T2"

Proqram F' igure  or  Tab le
Number

( F=Fj g.  .  T=Tbl )

N/A
N/A
N/A
N/A

F i ' l e  Name

ALUNITl
] NP LU i85
iNP LOlOD
INPLO185



CHAPTER TWO - -  SONGS ENTRAPMENT (con t i nued)
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Proqram F igu re  o r  Tab le
Number

(  F=Fi  g .  ,  T=Tbl  )

N/A
N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Fi  I  e  Name

INPLOSS
INPLOSSs
INPLOSOD
iNPL0S86

SPMAYDEC
SPJS85

SPPABUNS4
SPPABUNS5
SPPABUNs6

DBFRSPEN

SURVlt tO

LqMPl51M

Task Desc r i  p t i  on

Spa rses  imp ingemen t ,  d i ve rs i on ,  and  en t rap -
men t  da ta  (#s  and  b iomass )  f o r  se lec t  spec ies
and  t o ta l  i nd i v i dua l s  f r om quan t i t a t i ve
co l  I  ec t i ons  (24 -h r ,  f u l ' l  pump f  1ow)  and  pa i  red
imp ingemen t /d i ve rs ion  samp ies  a t  SONGS Un i t s
2  and  3  fo r :

May 1983-December 1984
January i985-September 1985
0ctober  1985-December 1985
January 1986-August  1986.

Se ts  up  imp ingemen t  and  d i ve rs ion  da ta  (#s
and  b i omass )  f o r  a l l  spec ies  f r om quan t i t a -
t i ve  i np lan t  f i  sh  co l  l ec t i ons  a t  SONGS Un i t s
2  and  3  fo r :

May 1983-December 1984
January i985-September 1985.

S tandard i zes  va r iab le  names  and  da ta  fo rma t
fo r  a l  1  spec ies  i n  quan t i t a t i ve  i np lan t  f i  sh
co l ' l e c t i ons  a t  SONGS Un i t s  2  and  3  f o r :

May 1983-December 1984
January 1985-December 1985
0ctober  1985-Auqust  1986.

Se ts  up  da ta  fo r  a l l  soec ies  f rom quan t i t a -  N /A
t i ve  SONGS f i sh  re tu rn  su rv i vo rsh ip  con t ro l
and  expe r imen ta l  pens  and  ca l cu la tes  by
spec ies  f rac t i on  o f  f i sh  tha t  d ' i ed  a f te r  95
h r .

Same as DBFRSPEN except  sets  up data fc i '
smal  i  queenf i  s l r  ( ' incorporat .es . . ' length t1 . : i :a)
f rom quar r t i t a t i ve  SONGS f i sh  re tu rn  su rv i -
vo rsh ip  da ta .

l'l/n

Sets up to ta l  ent rapment  data (a11 queen-  N/A
f i sh ,  sma l1  queen f i sh ,  and  l a rge  queen -
f ish)  for  combined S0NGS entrapment  on
da tes  ma tched  w i th  ava i l ab le  o f f sho re
abundance data.

Se ts  up  o f f sho re  ( l ampara )  da ta  fo r  queen-  N /A
f  i  sh (  1arge and sma' |  1  )  on matchi  ng 16
da tes  w i th  co r respond ing  i np ' l an t  da ta  fo r :
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Proqram

CHAPTER TWO - -  SONGS ENTRAPMENT (con t i nued)

Task Desc r i  p t i  on

Near  Impac t  
' l oca t i on

Con t ro l  l oca t i on
Far  Impact  I  ocat ' ion .

Merges entrapment  data wi th  matched of f -
shone  ( i ampara )  da ta  fo r  16  da tes .

Calcu lates summed (X-day)  S0NGS pump
vo lumes  to  be  used  i n  reg ress ions  o f
del ta  CPUE (as Y)  on S0NGS entrapment
(  un ' i t s  poo l  ed )  and  pump vo l  ume.

Merges  X -day  pump vo lumes  w i th  o the r
reg ress i  on  va r i  ab ' l es  ,  by  da te  .

ENTRAPMENT TABLES

Ta l l i es  da tes  o f  a l 1  quan t i t a t i ve  no rma l
f l ow  (NF)  co l l ec t i ons  a t  S0NGS Un i t s  1 . ,  ? ,
3 ;  by  un i t .

Ta l l ' i es  da tes  o f  a l ' l  hea t  t rea tmen ts  a t
Un i t s  ! , 2 , 3 ;  by  un i t .

Ta ' l  I  i  es dates of  a l  
' l  quant i  ta t ' ive matched

co l l ec t i ons  a t  Un i t  1  and  a t  one  o r  bo th
new un ' i t s  .

Ca l cu la tes /d i sp lays  #  o f  ope ra t i ona l  days
pe r  mo ,  y r i  by  un i t .

Tes t s  nu l l  hypo thes i s ,  s l ope=1 ,  i n  r eg ress ion
of  ent rapment  magni tude at  one vs.  o ther  new
un i t ,  ad jus ted  f o r  d i f f e ren t  #  pumps .

Ca lcu la tes  12 -mo  en t rapmen t  ( ' imp ingemen t )
du r ing  NF  opera t i ons  fo r  S0NGS Un ' i t  1 ;  f o r
se ' l ec t  spec i  es  and  to ta l  f  i  shes  (#s ,  b i  o -
mass ) .

Ca lcu ' l a tes  12 -mo  en t rapmen t  ( ' imp ingemen t ,
d i ve rs ion )  du r ing  NF  opera t i ons  fo r  S0NGS
Un ' i t s  2  and  3 ;  f  o r  se l  ec t  spec ' i es  and
to ta l  f  i  shes  (#s ,  b ' i omass )  "

Ta l  I  i  es  hea t  t rea tmen t  f  i  sh  
' l osses ;  

by
spec ies  and  S0NGS un i t .

F igure  o r  Tab le
Number

(  F=F ig .  ,  T=Tb l  \

N/A
N/A
N/A

N/A

N/A

N/A

App F ,  T  1 "

App  F ,  f  2 .

App  F ,  T  3 .

App  F ,  T  4 -5 .

App F ,  T  7 .

T  l i ;
App  G ,  T  1 -9 .

I  J.. t  ;
App G,  T  1 -9 .

T  l i ;
App G,  T  10-15.

F i  l e  Name

LAMPi6L9
LAMP15L4
LAMP16L1

]  PLPJOIN

FLOI,IPAI R

FLOWMERG

QTTABLs6
QTTABLsT

HTTABLS6

QTTABLS6
QTTABL8T

OPDAY785

CCPTFL86

ANLSiJ187

ANLSMV8T

I t ? l h t t 4 a
n  I  A6UZJ

HTLOS36I
I
I
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T i4 ;
App  G,  T  16 .

Fi  I  e  Name

Program

CHAPTER TWO - -  SONGS ENTRAPMENT (con t i nued)

fask Descr i  p t i  on

D IVERS ION/SURVIVORSHI  P  TABLES

Ca lcu ' l a t es  t o ta1 ,  %  f  i sh  imp inged  and
re tu rned  a t  Un i t s  2  and  3  (#s ,  b i omass ) ;  by
spec i  es .

Ca lcu la tes  mean  body  we igh t  o f  f i shes
en t rapped  a t  Un j t s  2  and  3 .

Ta l  I  i es  # ,  7o  f  ' r sh  tha t  I  i ved /d ied  i n
exper imen ta l  and  con t ro l  pens ;  ca l cu -
l a tes  con f i dence  i n te r va l s  on  pen
d i f f e rence  i n  su rv i vo rsh ip .

Ta l  l  i e s  #  f  i  sh ,  mo r ta l  i t ' i e s ,  pens ;  f o r
eval  uat ' i  ng surv i  vorsh i  p  of  smal  I  and 1 arge
queen f i sh ;  ca l cu la tes  con f i dence  i n te r va l  s
on  pen  d i  f  f  e rence  i  n  su rv i  vo rsh i  p .

UN IT  1 -NE t | /  UN IT  COMPARISONS

Per fo rms  pa i red  t - t es t s  on  ma tched  Un i t  1
vs .  Un ' i t s  2  and  3  co l  

' l ec t i  
ons ;  f  o r  se l  ec t

spp .  and  t axa  (#s ,  b i omass )

ENTRAPMENT AS  MECHANISM TABLES

Tes ts  reg ress ion  o f  new un ' i t  en t rapmen t  (Y )
on  F I  l oca t i on ,  se ine  CPUE,  su rge ,  and
turbi di ty .

Tes ts  reg ress ' i on  o f  N I -C  and  N I -F I  l oca t i on
de l tas  o f  se ' i ne  CPUE (Y )  on  concu r ren t  3 -
un i t  en t rapmen t ,  p lus  X -day  p r i o r  SONGS
f low  vo lumes .

Ca ' l cu la tes  to ta l  S0NGS NF en t rapmen t  (#s ,
b i omass ) ,  f o r  4  se lec t  t axa ,  f o r  spec i f i ed
subper i  ods.

Calcu lates to ta l  SONGS NF entrapment  (#s,  App
b iomass ) ,  f o r  smh l1  and  fo r  l a rge  queen f i sh ,
fo r  spec i f i ed  subper iods .

Ca lcu la tes  raw  se ine  CPUE fo r  mon i to r i ng  App
subper iods ;  f o r  4  se lec t  t axa  and  fo r  sma l l
and  l a rge  queen f i sh .

B-7

F igu re  o r  Tab le
Number

(  F=Fi  g .  ,  T=Tbl  )

SPPABUN2

SPPABUN2

TSPPMORT

TSPPMORT

CCPTTEST

INPLFLD

DCPUINPL

ANL85MVU1
AN LSMV85
ANL5MV86
ANLSU186

sP0RG8sC
SPORGS5X
SPORGSSA
sP0RG86C

LP I PABUN

T !2 ,  i 3 ;
App  H,  T  1 .

App  H,  T  2 .

T  t2 ;
App  H,  T  3 .

App  H ,  T  4 .

AppI ,T ! ,2 .

App  I ,  T  3 .

App  I ,  T  4 ,  5 .

r ,  T 6,  7.

I ,  T  8 .



Program

CHAPTER TWO - -  SONGS ENTRAPMENT (con t i nued)

Task Desc r i  o t i  onFi  I  e  Name

LQPRDAY

LQPRNITE

Lampara

Lampara

BALANCE CALCULATIONS

Queenf ish % recapture --  day

Queenf ish  % recapture  - -  n igh t

F igu re  o r  Tab le
Number

(  F=Fig.  ,  T=Tbl  )

Tex t  2  "4 .4 .2  "

App F ,  48 .

I
t
t
I
I
I
t
I
l
I
t
I
I
I
I
I
I
I
I
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APPENDIX C - -  Summar ies of  Net  Moni tor ing Data



APPENDIX  C  . -  TABLE  I

LAMPARA
ABSOLUTE AND RELATIVE SIZES OF
AT THE NEAR IMPACT LOCATiON.

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

CATCHES (NUMBERS)
5.10 METER DEPTH

iNTERIMPREOPERATIONAL

Coun t  Rank

OPERATIONAL

Ran k Coun t  Rank

QUEENFI SH
SILVERSIDES spp .
ANCHOVY, nor thern
MACKEREL,  jack
BUTTERFISH,  Pac i f i c
CR0AKER, whi te
BARRACUDA, Paci f ic
SURFPERCH,  wa1  1  eye
MACKEREL,  Pac i  f i c
SEAPERCH,  wh i te
ANCH0A spp.
SALEMA
PERCH,  sh ine r
CORBINA,  Ca .
CROAKER,  ye l  l ow f in
RAY, bat
HAL IBUT,  Ca .
STINGRAY, round
FLYINGFISH,  Ca .
SEABASS, whi te
SCORPI0NFISH,  Ca .
CUSK-EEL,  basketweave
RAY,  Ca .  bu t te r f l y
BASS, barred sand
BONITO,  Pac ' i f i c
THORNBACK
RAY,  Pac i f i c  e l ec t r i c
SANDDAB,  Pac i f i c
SANDDAB, speckled
TURBOT, d iamond
CROAKER, spot f i r .
SEAPERCH, rubber l  ip
BI-ACKSMITH
FLYINGFISH,  sha rpch in
L IZARDFISH,  Ca .
THRESHER, common
SM00THHOUND, brown
SHARK,  l eopard
GUITARFISH,  shove l  nose
SARDINE,  Pac i f i c
BASS, spot ted sand
HERRING,  round
SARGO
P I  PEF lSH

Spec ies Count

2703
337

tI57
69

123
258
40
16

267
18
72
?tr
5 5

13
1
8
4
1

9744
5370
36?9
r029
844
755
155
151
148
92
82
59
57
41
15
l4
7
J

J

3
5

5

2
2
2
1
1
1
1
1
1
1

I

1.0
? .0
3 .0
4 .0
E N

5.0
7 .0
8 .0
9 .0

10 .0
11  .0
tz .0
13 .0
14 .0
15  .0
15 .0
17 .0
zg.0
20.0
?0 .0
20.0
20 .0
24 .0
24.0
24 .0
29.5
29.5
29.5
29.5
29.5
?9 .5
29.5
29.5

1 n

3.0
2 .0
7 .0
6 .0
q n

8.0
13  .0
4 .0

12 .0
15 .0
9 .0

10 .0
14 .0
25.5
16 .0
17 .0
25.5

25.5

i8 .  5
z a . a

, q q

25.5

11  .0
18 .  5
25.5
25.5
25.5
25 .5
t a . 3

?5.5

1708 2
360 3

11555  1
200 4
i01  7
559
968
18 13

i48 5
419

26 t2
114  6

132
816
618
7t7
32 t

816
224
32t
t32

t32
31 '  11

1

2
1
I

27
2
1
1
1
1
1
1

24

32

14

32

35 10
327
224

I
Tc-1
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I
I
I

Spec i  es

APPENDIX  C  - -  TABLE  1  ( con t i nued )

PREOPERATIONAL INTERIM OPERATIONAL

Coun t  Rank Coun t  Rank Coun t  Rank

SHARK,  ho rn
SHAD.  Amer i can
NEEDLEFISH,  Ca .
S0LE,  b igmou th
BASS,  ke lp
CR0AKER,  b lack
MIDSHIPMAN,  p ' l a i  n f  i  n
KELPF ISH.  q i an t

5{_

5 t

5 Z

5 t

52.

5 t

5 t

To ta l  Spec ies
To ta l  I nd i  v i dua l  s
Mean  ind ' i v ' i dua l  s

33.0
22t92.0

516.1

31 .0
45?4.0
323 .  1

38 .0
i4528.  0

484 .3

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

c-2



APPENDIX  C  . -  TABLE  2

LAMPARA
ABSOLUTE AND RELATIVE SIZES OF
AT THE NEAR IMPACT LOCATION.

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

PREOPERATIONAL

CATCHES (NUMBERS)
11 .16  METER DEPTH

I  NTERIM OPERATIONAL

Spec i  es Coun t Ran k Coun t Ran k Coun t Ran k

ANCH0VY, nor thern
QUEEN FI  SH
MACKEREL,  Pac i  f i c
MACKEREL,  jack
BUTTERFISH,  Pac ' i f i c
CROAKER, whi te
S ILVERSIDES spp .
SALEMA
SEAPERCH,  wh i te
BONIT0 ,  Pac i f i c
BARRACUDA, Paci f ic
ANCHOA spp.
SEABASS, whi te
RAY, bat
SURFPERCH, wa1 

' leye

PERCH,  sh ine r
SARDINE,  Pac i f i c
SCORPI0NFISH,  Ca .
CORBINA,  Ca .
RAY, Pac ' i f  i  c  e l  ect r i  c
BASS, barred sand
CROAKER,  ye l  l ow f in
BASS,  ke l  p
FLYINGFISH,  Ca .
HAL IBUT,  Ca .
PERCH,  ke lp
THORNBACK
SANDDAB, speckled
TURBOT, d iamond
TURBOT, hornyhead
SARGO
SEAPERCH, rubber i  i  p
PERCH,  p i l e
CUSK-EEL,  basketweave
L IZARDFISH,  Ca .
CR0AKER, b lack
BLACKSMiTH
HERRING,  round
FLYINGFISH,  sha rpch in
D0GFISH,  sp iny

44413
6800
q A q  ?

5  t b d

1400
720
634
132
122
t02
92
87
82
64
46
15
11
7
6
4
4
4
5

2
2
2
1
1
1
1
1
1
1
1

1.0
2 .0
3 .0
4 .0
5 .0
6 .0
7 .0
8 .0
9"0

10 .0
11 .0
t2 .0
13 .0
14 .0
15"0
16 .0
i7 .0
18 .  0
19 .0
21 .0
21.0
2 t .0
23.0
25.0
?5 .0
25.0
30 .5
30 .5
30 .5
30 .5
30 .5
30 .  5
30 .  5
30 .5

4085
1085
855
233
135
39
zt
7
5
1

23

I . U

2.0
3 .0
5 .0
6 .0
7 .4

10 .0
11  .0
13  .0
17 .  5
8 .0

t7  .5
9 .0

L? .9
4 .0

t7 .5

t7  .5

10497
857

1 143
858
47
39
58

23?
7

1
22

6
236

3
I
1

I

4
2
?

1 n
J.U
1 1

6

o
1 A

1 Q

t2
1 R

?

25
25

1 ?

20
25
25

68
1 i

J

32
J

750
i
1

14

2
I

1

14.  0
\7 .5
17 .5

25

?5

7
16
20

81

2

I
I
I

c-3



I
I
I
I
I
I
t
I
I

Spec i  es

APPENDIX  C  - -  TABLE  2  ( con t i nued )

PREOPERATIONAL

Count  Rank

INTERiM OPERATIONAL

Coun t  Rank Coun t  Rank

25
25

20.0
6771.0
451 .4

TONGUEFISH,  Ca .
M IDSHIPMAN,  p l a i n f i n

1
1
I

To ta l  Spec ies
To ta l  I nd i v i dua l  s
Mean  I nd ' i v i dua ' l s

34.  0
65583 "  0

862 "9

28 .0
t4727.0

507 .8

I
I
I
I
I
I
I
I
I
I

c-4



APPENDIX C . .  TABLE 3

LAMPARA
ABSOLUTE AND RELATIVE SIZES OF
AT THE FAR IMPACT LOCATiON,

PREOPERATIONAL

5 p e c l  e s Coun t Ran k

CATCHES (NUMBERS)
5.10 METER DEPTH

INTERiM OPERATIONAL

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

Coun t Ran k Coun t Ran k

ANCHOVY, nor thern
QUEENFISH
BUTTERFISH,  Pac ' i f i c
CROAKER, whi te
S ILVERSIDES spp .
MACKEREL,  jack
BARRACUDA, Paci f ic
SEAPERCH,  wh i te
MACKEREL ,  Pac i f i c
SURFPERCH, wal  1  eye
CORBINA,  Ca .
SALEMA
RAY, bat
ANCHOA spp.
PERCH,  sh ine r
HAL IBUT,  Ca .
DOGFISH,  sp iny
CUSK-EEL,  basketweave
SEABASS, whi te
BASS, barred sand
THRESHER, common
FLYINGFISH,  Ca .
STINGRAY, round
SM00THHOUND, gray
GUITARFISH,  shove l  nose
RAY,  Pac i f i c  e l ec t r i c
SKATE,  Ca1  i f o rn ia
SOLE,  fan ta i  I
TURB0T,  hornyhead
CR0AKER,  ye l  l ow f in
MIDSHIPMAN,  speck le f i  n
SHARK, horn
THORNBACK
SARDINE,  Pac i f i c
SANDDAB, speckled
SEAPERCH, rubber ' l  i  p
SEAPERCH,  p ink
P  I  PEF iSH
MIDSHIPMAN,  p l a i n f i n
KELPFISH,  g ' i an t
L IZARDFISH,  Ca .
HERRING, round
FLYINGFISH,  sha rpch in
TURBOT, spot ted

44486
16209
6814
6441
3703
720
348
321
297
I 3 J

92
58
49
29
?8

9
!

8
6
4
4
3
2
2
2
2
2
2
2
?
1
1
1
1
1

.1
1
1
1

1 .0
2 .0
3 .0
4 .0
5 .0
6 .0
7 .0
8 .0
9 .0

10 .0
11 .0
t2 .0
13 .0
14 .0
15 .0
16 .0
I I  . J

17.  5
19 .0
20 .0
?r.5
2 i .  5
23.0
27 .5
27 .5
27 .5
27 .5
27 .5
27 .5
27 .5
27 .5
35 .0
36 .0
36 .0
36 .0
36 .0
36 .0
36 .0
35 .0
36 .0

3857
l . / o J

1084
1 3 6

452
10
1 5

43
150

4
17
19

28
9
5

1.0
2 .0
3 .0
5 .0
4 .0

13 .0
t2 .0
7 .0
6 .0

18.  s
11.0
9 .5

16 .5
8 .0

14 .0
15 .5

zg .0
i8 .  5

22 .0

22.0

22.0

q (

3003
2926

420
e l c

t6?5
49
59
38
1 Q

?3
1 q

32
?8

10 13
6

7
2

2
4

1

2
6
5

8
10
15
14
15
I2
i3
4

18
20
20
L7
25

32
32

32

19
22

7
32

J

305
i

2
2

33
4
2

32

25
25
11
2t
25

c-5

15.0

I
t



t
I
I
I
I

Spec ' i es

APPENDIX  C  - -  TABLE 3  ( con t i nued)

PREOPERATIONAL INTERiM OPERATIONAL

Coun t  Rank Coun t  Rank Coun t  Rank

SCORPI0NF iSH,  Ca .
SMOOTHH0UND,  s iek le f  i n
PERCH,  b l ack
SCULPIN ,  Pac i f i c  s t agho rn

To ta l  Spec ' i es
To ta l  I nd i v i dua l  s
Mean  Ind i v ' i dua l  s

40.0
79831 .0

1010 .5

23.0
7657 .0
5 i0 .5

2?5
I  a A
t 5 t

t32
732

35 .0
10450 .0

^ a A  ^

J b U . 5

I
I
I
I
I
I
I
I
I
I
I
I
I
I

c-6



APPENDIX  C  - .  TABLE  4

LAMPARA
ABSOLUTE AND RELATIVE SIZES OF
AT THE FAR IMPACT LOCATION.

I
I
I
I
I
I
t
I
I
I
I
I
I
T
I
I
I

1
2
3

T2
4
8
9
a

2+
1

11
?4

CATCHES (NUMBERS)
11.16  METER DEPTH

iNTERIM OPERATIONAL

Spec i  es

PREOPERATIONAL

Count  Rank Coun t  Rank Coun t  Rank

ANCH0VY, nor thern
QUEENFISH
MACKEREL,  Pac i  f i c
CROAKER, whi te
MACKEREL,  jack
BUTTERFISH,  Pac i  f i c
S ILVERSIDES spp .
BARRACUDA, Paci  f ic
SARDINE,  Pac ' i f i c
BON iTO,  Pac i f i c
SALEMA
SEAPERCH,  wh i te
RAY, bat
SURFPERCH, wal  l  eye
CR0AKER,  ye l I ow f i n
MIDSHIPMAN,  p l a j n f i n
CUSK-EEL,  basketweave
00GFISH,  sp iny
PERCH,  sh ine r
RAY,  Pac i f i c  e l ec t r i c
ANCH0A spp.
C0RBINA,  Ca .
FLYINGFISH,  Ca .
HAL IBUT,  Ca .
BASS, barred sand
THRESHER, common
NEEDLEFISH,  Ca .
TURBOT, hornyhead
BASS ,  ke ' lp
SARGO
SEABASS, whi te
PERCH,  ke l  p
SCORPi0NFISH,  Ca .
TR iGGERFISH,  f i nesca le
FLYINGFISH,  sha rpch in
L IZARDFISH,  Ca .
HERRING,  round
GUITARFISH,  shove l  nose
SANDDAB, speckled
P I  PEFISH

63982
9190
8260
3728
3308
2690
405
302
264
250
123
91
48
t2
10
7
6
4
4
3
3
3
?
?
2
1
1
1
1
1
i
I
I

1

1.0
2 .0
3 .0
4 .0
5 .0
6 .0
7 .0
8 .0
9 .0

10"0
11 .0
t2 .0
13 .0
14 .  0
15 .0
16 .0
17 .0

18 .5
2 t .0
? t .0
27.0
24.0
24 .0
24 .0
30 .0
30 .0
30 .  0
30  .0
30 .0
30 .0
30 .0
30 .0
30 .  0

7005
o o 5

1 i  50
13

266
133
49
34

351

1.0
3 .0
? .0

10  .0
q n

6.0
7 .0
8 .0
4 .0

9 .0
t2 "5
11 .0

10679
905
7t7
+6

250
84
58

i18
109

1
96

51
1

t7
o
9

16.  5

16 .  5

16 .  5
i4 .0

12.5
r b .  f ,

2
2
1
I

5

53
L

1
1

T7
L7
24
1 ir. t

i 3

T7

24

24

24

24

L 5

10
z4
24
24

To ta l  Soec ies
To ta ' l  I nd i v i dua l s
Mean  I nd i v i dua l  s

34.0
92708.0
lzl9.8

18 .0
9709  .0

647.3

28 .0
13198 .0

455 .1

I
Ic-7



I
I
I
I
I
t
I
I
I
t
I
I
I
I
I
I
l

Spec ies

APPENDIX  C  - - TABLE 5

LAMPARA
ABS0LUTE AND RELATTVE SIZES 0F CATCHES (NUMBERS)
AT THE CONTROL LOCATION. 5-10 METER DEPTH

PREOPERATIONAL i NTERIM

Co un t Ran k Coun t

OPERATIONAL

Ran k Coun t Rank

ANCH0VY, nor thern
QUEENFI SH
CROAKER,  wh i te
S ILVERSIDES spp .
BUTTERFISH,  Pac ' i f i c
ANCHOA spp.
CORBINA,  Ca .
MACKEREL,  Pac ' i f i c
SURFPERCH, wa1 i  eye
BARRACUDA, Paci  f ic
SEAPERCH,  wh i te
CR0AKER,  Ve l  l ow f in
RAY, bat
MACKEREL,  jack
SARDINE.  Pac i  f i c
PERCH,  sh ine r
HAL IBUT,  Ca .
L IZARDFISH,  Ca"
CUSK-EEL,  basketweave
SURFPERCH, barred
SCORPI0NFISH,  Ca .
SALEMA
SANDDAB, speckled
DOGF iSH,  sp iny
STINGRAY, round
THORNBACK
RAY,  Pac i f i c  e l ec t r i c
GUiTARFISH,  shove lnose
FLY INGFISH,  Ca "
TURBOT, hornyhead
SEABASS, wh' i te
TURBOT, d iamond
BASS, barred sand
P i  PEFI  SH
THRESHER, common
SHARK,  l eopard
S0LE,  fan ta i  I
TURBOT, spot ted
MiDSHiPMAN,  speck ' l e f  i  n
SMOOTHHOUND, gray
SKATE,  Ca l  i f o rn ia
FLYINGFISH,  sha rpch in
NEEDLEFISH,  Ca1
BASS,  ke lp

30595
1 6844
9462
7t76
6992
809
517
na
203
VT
rzt
98
89
76
43
42
38
34
28
26
26
z0
18
1 i
1n
9
9
8
7
6
6
3

J

J

2
?
2
2
2
1
1
1
1
1

1 n

?.0
3 .0
4 .0
5 .0
6 .0
7 .0
8"0
o n

i 0 .  5
10 .  5
12.0
13"0
14 .0
15"0
16 .  0
i7 .  0
18 .0
i9 .0
?0 .5
20.5
z?.0
23.0
24 .0
25  "0
26 .5
z o .  f ,
28.0
29.9
30 .5
30 .  5
32 .0
5 J . 5

5 5 .  5

37.0
37 .0
37  .0
37 .0
37"0
42  "5
42 .5
42 .5
42.5
4? .5

q,oq

2t86
1,07

1 307
909
86
41

1 R ?

7
2

89
l

5
4

22s
5

2
44

4.0
1 n

2"0
3"0
9 .0

11 .0
6 .0

1 ?  n

20.0
8 .0

26 .5
14"0
1 (  n

5.0
16"5
20"0
10 .0

?6 .5
tz .0

26.5
20.0
26 .5

6822
4764

t t o
449
320
496
27

109
30

272
I U

'l
I

27
28

7
f

i
I

6
7

I4
1 n
l u

11
I

32
14
I2
4

23
19
32
20

18
9

32
2t
/.5

t b

8
236

1
4

2

1
19

1
2
1

2
3
1

1
1

1
i

32
32

18

20.0
15  .5
26  "5

26  "5
26.5

5 t

5 Z

c-8

20.0

5 L

I
I



Spec i  es

APPENDTX C  - -  TABLE  5  ( con t ' i nued )

PREOPERATlONAL

Count  Rank

I NTERIM OPERATIONAL

Coun t  Rank Coun t  Rank

I  26 .5

I
I
I
I
I
I

J .O

23
26
32
32

MIDSHIPMAN,  p l a i n f i n
BLACKSMITH
HERRING,  round
CR0AKER,  b lack
PERCH,  b l ack
HERRING,  Pac i f i c
SCULPIN ,  Pac i f i c  s t agho rn

To ta l  Spec ies
To ta l  I nd i v ' i dua l  s
Mean  I nd i v i dua l  s

L 42 .5

L J

?
I

i

45.0
73701  .0

932.9

30 .0
5831 "  0
388 .7

36 .0
14975 .0

499.2

I
I
I
I
I
I
I
I
I
I
I
I
Ic-9



I
I

38

I
I
t
I
I
I
I
I
T
I
I
I

APPENDIX  C  - . TABLE 6

LAMPARA
ABSoLUTE AND RELATIVE SIZES 0F CATCHES (NUMBERS)
AT THE CONTROL LOCATION, 11-16 METER DEPTH

PREOPERATIONAL INTERIM

Coun t

OPERATJONAL

Coun t Ran k Coun t RankSpec i  es

ANCHOVY, nor thern
QUEENFISH
MACKEREL,  Pac i f i c
CR0AKER, wh' i te
BUTTERFISH,  Pac ' i f i c
MACKEREL,  jack
SILVERSIDES spp.
ANCHOA spp.
RAY, bat
BARRACUDA, Paci f ic
L iZARDF iSH,  Ca .
BONIT0 ,  Pac ' i  f  i c
SEAPERCH,  wh i te
SC0RPI0NFISH,  Ca .
CORBiNA,  Ca .
SALEMA
SURFPERCH, wal  1  eye
BASS, barred sand
CUSK-EEL,  basketweave
SARDINE,  Pac i f i c
HAL IBUT,  Ca .
CR0AKER,  ye ] l ow f  i n
GUITARFISH,  shove lnose
RAY,  Pac i f i c  e l ec t r i c
PERCH,  sh ine r
THORNBACK
SANDDAB, speck ' led
TURB0T,  hornyhead
MIDSHIPMAN,  speck le f i n
SMOOTHHOUND, gray
D0GFISH,  sp iny
SKATE,  Ca l i f o rn ia
FLYINGFISH, sharpch ' i  n
HERRING.  round

To ta l  Spec ies
To ta l  I nd ' i v i dua l  s
Mean  I nd i v ' i dua l  s

60558
s886
2042
1490
1189
1061
484
109
108
70
45
26
2t
18
I f ,

t2
t?
7
7
5
5
5
4
4
4
2
2
2
2
1
1
1

Ran k

1"0
2 .0
3 .0
4 .0
5 .0
6 .0
7 .0
8"0
9 .0

10 .0
i1 .0
12 .0
13 .0
14 .0
15 .0
16 .5
i6 "5
i8 "5
18"5
? t  "0
?1 .0
21.0
24 .0
24  "0
24  "g
27 "s
27 "5
27 .5
27 .5
31  .0
31  .0
31  .0

2192
753

1188
74

268
77

473
2

17
3

22
1
J

1.0
3 .0
? .0
7 .A
5 .0
6 .0
4 .0

14 .5
10 .0
t2 .0
9 .0

L b . 5

r2.0

14.  5

8"0

16 .  5

12 .0

17"0
5127.0
341  .8

18733
1375
?407

47
92

143
75
14
42
83

3

1

2
10
7
6

t2
11

6
t {

16

20
18
14

1
2
7

I
J

1 130

20
t o
4

20
5

I O

I 1
345

I
I

32.4
73198.0

o e ?  1
J W J .  !

21.0
245t7.0

845 .4

I
I
t

c-10



APPENDIX  C  . .  TABLE  7

LAMPARA
( RANK) PERCENT FREQUENCY 0F 0CCURRENCE

AT THE NE,AR ]MPACT LOCATION. 5.10 METER DEPTH

PREOPERAT]ONAL I NTERiM

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

OPERATIONAL

Ran k F req .  Rank

QUEEN FI  SH
ANCH0VY, nor thern
S ILVERSIDES spp .
CROAKER, whi te
MACKEREL,  jack
BUTTERFISH,  Pac ' i f  i c
BARRACUDA, Paci  f ic
SEAPERCH,  wh ' i t e
CORBiNA,  Ca .
SALEMA
SURFPERCH,  wa1 ' l eye
RAY, bat
MACKEREL,  Pac i  f i c
ANCHOA spp.
PERCH,  sh i  ne r
HAL IBUT,  Ca .
CR0AKER,  ye l  l ow f in
SCORPI0NF iSH,  Ca .
STINGRAY, round
BASS, barred sand
BONIT0 ,  Pac i f i c
SEABASS, whi te
CUSK-EEL,  basketweave
THORNBACK
RAY,  Pac i f i c  e l ec t r i c
RAY,  Ca .  bu t te r f l y
FLYINGFISH,  Ca .
SANDDAB, Pac ' i f  i  c
SANDDAB, speckled
TURBOT, d iamond
CROAKER, spot f i  n
SEAPERCI+, rubberl i  p
BLACKSMITH
THRESHER, common
SMOOTHHOUND, brown
SHARK,  l eopard
GUITARFISH,  shove l  nose
SARDINE,  Pac i  f i c
FLYINGFISH,  sha rpch in
L IZARDFISH,  Ca .
BASS, spot ted sand
HERRING,  round
SARGO
PIPEF ISH

Spec ' i es Freq.

100 .0
95  .3
93 .0
90 .7
74 .4
69 .8
58 .  1
3 J .  f ,

46.5
41  .9
41  .9
25.6
z 3 . o
2 9 . 9
?0.9
14 .0
9 .3
7 .0
4 .7
4 .7
4 .7
4 .7
4 .7
2 .3
2 .3
2 .3
2 .3
? .3
2 .3
? .3
2 .3
2 .3
2 .3

Ran k Freq .

93 .3

80 .0
73 .  3
60 .  0
b b . /

46.7
46.7
26 .7
66.7
J J .  J

33 .3
60 .0
20 .0
26 .7
20  .0
6 .7

6 .7

6 .7
13 .3

6 .7

6 .7

6 .7

6 .7
6 .7
6 .7
6 .7
6 .7
6 .7
6 .7
6 .7

1 .0
2"0
3 .0
4 .0
5 .0
6 .0
7 .0
8 .0
9 .0

10 .5
10 .  5
12 .5
12.5
14 .5
14 .  5
16 .0
17 .0
18 .0
2 t .0
2t .o
21,.0
21.0
2 t .0
28.5
28.5
28 .5
28.5
28.5
28.5
28.5
28.5
28 .  5
28.5

1 .0
8 .0
2 .0
3 .0

4 .5
9 .5
9 .5

13 .  5
4 .5

11 .5
11.s
6.5

15 .5
13 .  5
1 q  R

24.5

24 .5

24 .5
t7 .o

24 .5

24 .5

24.5

24.5
24.5
24 .5
24 .5
24 .5
24 .5
24.5
24 .5

96 .7
73 .3
76 .7
45 .7
5 b . /

40.  0
50 .0
6 .7

20  .0
50  .0
26.7
20 .0
56 .7
10 .0
3 .3

10 .0
10 .0
6 .7

6 .7
3 .3
6 .7

6 .7

3"3

3 .3

3 .3
L O .  I

16.7

t 5  . 5

10.0
6 .7

1

2
8
5

23
14

1
I

i 1
1 A

18
32
18
18
23

?3
5 1

23

23

3?

32

3Z
11
i F

I2
i8
23

Ic-11



I
I
I
I
I
I

APPENDIX  C  - -  TABLE  7  ( con t ' i nued )

PREOPERATIONAL I NTERIM

Freq . Ran k F req .

OPERATIONAL

Freq .  RankSpec ' i es

SHARK,  ho rn
SHAD, Amer ican
NEEDLEF ISH,  Ca .
S0LE.  b igmou th
BASS ,  ke ' lp
CROAKER, b ' l  ack
MIDSHI PMAN ,  p i  a ' i  n f  i  n
KELPF ISH.  q i an t

J . 5

J . J

J . J

5 . 5

5 . 5

3.3
5 . J

J . 5

5 t
32
32
32
32
5 t

5 L

32

NUMBER OF HAULS 30i543

I
I
I
I
I
I
I
I
I
I
I
I
I c-L2



APPENDIX  C  - .  TABLE  8

LAMPARA
( RANK) PERCENT FREQUENCY 0F oCCURRENCE

AT THE NEAR IMPACT LOCATION.  11 -16  METER DEPTH

PREOPERATIONAL I NTERIM

I
I
I
t
I
I
I
I
t
I
I
I
I
T
I
I
I
I

OPERAT]ONAL

Ran k F req .  Rank

QUEEN FI SH
ANCH0VY, nor thern
MACKEREL,  jack
MACKEREL,  Pac i f i c
BUTTERFISH,  Pac ' i f i c
S ILVERSIDES spp .
CROAKER,  wh i te
RAY, bat
BARRACUDA, Paci f ic
SALEMA
SURFPERCH, wa1 1 eye
SEAPERCH, wh' i te
PERCH,  sh ine r
BONIT0 ,  Pac i f i c
SCORPI0NFISH,  Ca .
SARDINE,  Pac i f i c
ANCH0A spp.
BASS, barred sand
RAY,  Pac i f i c  e l ec t r i c
SEABASS, whi te
CROAKER,  ye l  l ow f in
FLYINGFISH,  Ca .
HAL IBUT,  Ca .
BASS,  ke lp
CORBiNA,  Ca .
PERCH,  ke ' l p
THORNBACK
SANDDAB, speckled
TURB0T,  d iamond
TURB0T,  hornyhead
SARGO
SEAPERCH, rubber l  ip
PERCH,  p i  ' l e

CUSK-EEL,  basketweave
L IZARDFISH,  Ca .
CROAKER,  b lack
BI-ACKSMITH
HERRING,  round
FLYINGFISH,  sha rpch in
D0GF iSH,  sp ' i ny
TONGUEFiSH,  Ca .
M iDSHIPMAN.  o l a i n f i n

NUMBER OF HAULS

Spec i  es Freq .

93  .4
81  .6
69.7
67 .1
57 .9
52.5
45 .  i
40 .8
30 .3
2 l . t
18 .4
18 .4
9 .2
7 .9
7 .9
5 .3
5 .3
5 . 5

3.9
3 .9
3 .9
2 .6
2 .6
2 .6
2 .6
2 .6
1 .3
t . J

1.3
1 .3
1 .3
1 .3
1 . J

1.3

Ran k Freq .

80 .0
80 .0
53 .3
73 .3
33 .3
33 .3
20 .0
46.7
40 .0
1 J .  J

6.7
6 .7
6 .7

6 .7

6 .7
6 .7

13 .  3
6 .7
6 .7

1 .0
2 .0
3 .0
4 .0
5 .0
6 .0
7 .0
8 .0
9 .0

10 .0
11 .5
11 .5
13 .0
14 .  5
14 .5
17  .0
17 .0
t7 .0
20.0
20.0
20 .0
24.0
24 .0
24 .0
24.0
24.0
30 .  5
30 .  5
30 .5
30 .5
30 .  5
30 .  5
30 .5
30 .5

1 .5
1 .5
4 .0
3 .0
7 .5
7 .5
9 .0
5 .0
6 .0

10 .5

i6 .0
i6  .0
i6 .0

16 .0

i6 .0
15 .0

93 .1
75 .9
48 .  3
41.+
48 .  3
48 .  3
?4 ,7
4L4
37  .9
20.7
10 .3
3 .4

3 .4
37  .9
10 .3
t7  .2

10 .3

3 .4
3 .4
3 .4
3 .4

24
9

16
1 ?

I O

?4
2+
24
2+

i
2
4

4
+

11
7
9

I2
L o

L +

6.7 16 .0

2+

24

3.4

3 .4
10  .5
16 .0
15 .0

27  .6
13  .8
6 .9
3 .4
3 .4

10
1 A

18
24
24

29i 576

Ic-13
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APPENDIX  C  - .  TABLE 9

LAMPARA
(RANK) PERCENT FREQUENCY

AT THE FAR IMPACT LOCATION.

PREOPERATiONAL OPERATiONAL

Ran k F req .  Rank

OF OCCURRENCE
5-IO METER DEPTH

INTERIM

Spec i  es

QUEENFI SH
ANCHOVY, nor thern
S ILVERSIDES spp .
CROAKER, whi te
BUTTERFISH,  Pac i f i c
BARRACUDA,  Pac i f i c
C0RBiNA,  Ca .
SEAPERCH,  wh i te
MACKEREL,  j ack
RAY, bat
SURFPERCH,  wa l ' l eye
MACKEREL ,  Pac i f i c
PERCH.  sh ine r
HAL IBUT,  Ca .
ANCH0A spp.
SALEMA
CUSK-EEL,  basketweave
BASS,  ba r red  sand
SEABASS,  wh i te
DOGFISH,  sp iny
THRESHER. common
SMOOTHHOUND, gray
GUITARFISH,  shove l  nose
RAY,  Pac i f i c  e l ec t r i c
FLY INGF iSH,  Ca .
TURB0T,  hornyhead
CROAKER, ye l  I  owf i  n
SHARK, horn
THORNBACK
SKATE,  Ca l  i f o rn i  a
STINGRAY, round
SARDiNE ,  Pac i f i c
SANDDAB, speckled
S0LE,  fan ta i  I
SEAPERCH,  rubber l  i p
SEAPERCH,  p ink
P I  PEFI  SH
MiDSHIPMAN,  speck le f i n
MiDSHI PMAN ,  p l  a ' i  n f  i  n
KELPF ISH,  g i an t
L IZARDFISH,  Ca .
HERRING,  round
FLY INGFISH,  sha rpch in
TURBOT, spot ted

Freq.

i00 .  0
98.7
94 .9
94 .9
82.3
q 1  0

44 .3
40 .  5
5 b .  /

34.2
34  "2
26.6
13 .  9
r? "7
11.4
11 .4
10 .  1
6 .3
6 .3

3 .8
2 .5
2 .5
2"5
2"5
2 .5
2"5
i .3
r . 5
1.3
1"3
1 .3
1 .3
1"3
1 .3
t <

1"3
1 ?

I . J

1 . 5

Ran k F req .

q ? ?

o ? ?

73.3
73 .3
86.7
46.7
5 5 .  5

53.3
20 .  0
20.0
13"3
40 .0
20.4
20 .0
6"7

20  "0
13"3

L 5 . 5

5.7

5 .7

1 .0
2 .0
3 .5
5 . J

5.0
6 .0
7 .0
8 .0
9 .0

10"5
10 .  5
12.0
13 .0
14 .  0

15 .5
17 .0
18 .5
1 A  q

20.0
2 t .0
24 .5
24 .5
?4 .5
24 .5
24.5
24 .5
34 .  0
34 .  0
34 .  0
34 .0
34 .0
34 .0
34 .0
34 .0
34 .  0
34 .  0
34"0
34"0
34 .0

3 .4

10"3

3 .4
20  "7
3 .4

t r .5
1.5
4 .5
4 .5
3 .0
8 .0
6 .5
b " 5

13"0
13  .0

9"5
13 .0
13 .0
2 t .5
13 .  0
t t . a

21.5

21 .  5

21.5

v " f ,

1 n n  n

86.2
89.7
82.8
65 .5

34 .  5
17  .2
27  .6
44"8
24  " t
t 5 . 6

t7 .2
1 n  ?
? 1  n

20.7

6 .9
10"3

3 .4

I

5

2
4

6
x

16
11
7

t?
17
24
16
19
9

14

32

32

19

32
t4
3?

24
19

13.3 i7 .5

6"7

40 .0

3 .4

6 .9
5"9

27  .6
6 .9
6 .9

32

?4
24
11
24
z4

I
I c-14



APPENDIX  C  - -  TABLE  9  ( con t ' i nued )

PREOPERATIONAL INTERIM OPERATIONAL

Freq .  Rank F reo .  Rank Freq .  Rank

I
I
ISpec ies

SC0RPI0NFISH,  Ca
SMOOTHH0UND,  s i . f t . t i  n
PERCH,  b l  ack
SCULPIN ,  Pac i f i c  s taqhorn

NUMBER OF HAULS

6.9
3 .4
3 .4
3 .4

24
32
32
5 1

Z J1 R79

I
I
I
I
I
t
I
I
I
I
I
I
I
I
I
Ic-15



1
2
4
7
7
9

i0

4

6"7

6 .7

I
I
r

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

APPENDIX C - -  TABLE 10

LAMPARA
(RANK) PERCENT FREQUENCY 0F oCCURRENCE

AT THE FAR IMPACT LOCATION. 11-16 METER DEPTH

PREOPERATIONAL iNTERiM OPERATIONAL

Ran k F req .  RankSpec i  es

QUEENFISH
ANCHOVY, nor thern
MACKEREL,  Pac i f i c
BUTTERFISH,  Pac i f i c
MACKEREL,  jack
S ILVERSIDES spp .
CROAKER , wh'i  te
BARRACUDA,  Pac i f i c
RAY. bat
SEAPERCH,  wh i te
SALEMA
SARDINE,  Pac i f i c
SURFPERCH, wa1 

' leye

BONIT0 ,  Pac ' i f i c
RAY,  Pac i f i c  e l ec t r i c
CORBINA,  Ca .
PERCH,  sh ine r
M IDSHIPMAN,  p l a i n f i n
DOGFiSH,  sp iny
ANCH0A spp"
HAL iBUT,  Ca .
BASS, barred sand
CUSK-EEL,  basketweave
THRESHER, common
FLY INGFISH,  Ca .
NEEDLEFISH,  Ca .
TURBOT, hornyhead
BASS, ke ' lp
SARGO
SEABASS, whi te
CR0AKER,  ye l  l ow f in
PERCH,  ke lp
SC0RPIONFISH,  Ca .
TRIGGERFISH,  f i nesca le
FLYINGFISH,  sha rpch in
L IZARDFISH,  Ca .
HERRiNG,  round
GUITARFISH,  shove l  nose
SANDDAB, speckled
P  I  PEFI  SH

Freq .

95 .  1
a q q

72.4
68 .4
67  . I

38"2
34 .2
18 .4
15"8
r u . 3
9.2
7"9
3"9
3 .9
3"9
3 .9
2 .6
2"5
2 .6
2 .6
2 .6
1 . 5
1 ?

r . 5
1.3
1 .3
r . 5
. t  . J
1"3
r . 5
1.3
1 .3

Ran k

1.0
2 .0
3 .0
4 .0
5 .0
6 .5
6 .5
8 .0
9 .0

10 .0
i1 .0
12 .0
13 .0
14 .0
16 .5
16 .  5
15 .5
15 .  5
21  .0
2 t  "0
27.0
2 t  "0
21.0
29 .0
29  "0
29.0
29.0
29  "A
29.0
29.0
29.0
29.0
29  "0
29.0

Freq_.

-  b b . /

56.7
80 .0
40 .0
60 .0
40 .0
26 .7
40 .0
40 .0
13 .3
5 5 " 5

13"3

6 .7
6 .7

2.5
?.s
1.0
o . 3

4.0
6 .5

10 .0
6 .5
6 .5

n.0
9.0

t2 .0

16 .0

16 .0

93 .3
80 .0
50 .0
45.7
46.7
43 .3
26 .7
50 .0
50 .0 .

23.3
43 .3

5 . J

J . J

5.7
6 .7
6 .7
3 .3

6"7
6 .7

5 " J

3.3

3 .3

3 .3

13"3

20  "0

5 " 5

3"3

11
9

24
24

i5
16
16
24

15
16

16.0
16 .  0

24

24

24

13.3
6 .7

12 .0
16  .0

24

1 ?

T2
24
24
24

NUMBER OF HAULS 76

c-16

15 30

I
I



APPENDIX  C  - .  TABLE  11

LAMPARA
(RANK) pERCENT FREQUENCY 0F oCCURRENCE

AT THE CONTROL LOCATION, 5.10 METER DEPTH

PREOPERATIONAL INTERIM OPERATIONAL

Ran k Freo .  Rank

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

QUEENFISH
ANCH0VY, nor thern
S ILVERSIDES spp .
CROAKER, whi te
BUTTERFISH,  Pac i f i c
C0RBINA,  Ca .
ANCHOA spp.
SURFPERCH, wa1 1 eye
RAY, bat
HALIBUT, Ca.
BARRACUDA, Pac ' i f  i  c
SEAPERCH, wh' i te
MACKEREL,  Pac i f i c
CUSK-EEL, basketweave
CROAKER, Vel  lowf in
PERCH,  sh ine r
SALEMA
SCORPIONFISH,  Ca .
DOGFISH, sp iny
THORNBACK
SANDDAB, speckled
LIZARDFISH, Ca.
SARDINE,  Pac i f i c
SEABASS, whi te
SURFPERCH, barred
RAY,  Pac i f i c  e lec t r i c
STINGRAY, round
TURBOT, hornyhead
MACKEREL,  jack
GUITARFISH,  shove lnose
TURB0T,  d iamond
BASS, barred sand
SHARK, leopard
FLYINGF iSH,  Ca .
TURBOT, spotted
P I  PEF iSH
MIDSHIPMAN,  speck le f i n
THRESHER, common
SM00THH0UN0, gray
SKATE,  Ca ' l ' i f o rn ' i a
FLYINGFISH,  sha rpch in
NEEDLEFISH,  Ca .
SOLE, fanta i  I
BASS,  ke lp

Soec i  es Freq .

100 .0
94 .  9
94 .9
83 .5
78 .5
69 .5
43 .0
39.2
38 .0
32.9
27 .8
?7 .8
24 .1
27.s
t5.z
ts.2
12.7
12.7
10 .  1
10 .  1
10 .  1
8 .9
7 .6
7 .6
7 .6
6 .3
6 .3
6 .3
6 .3
3 .8
3 .8
3 .8
2 .5
2 .5
2 .5
2 .5
2 .5
1 .3
1 .3
i .3
1 .3
1 .3
1 .3
1 .3

Ran k

i . 0
2 .5
2 .5
4 .0
5"0
6 .0
7 .0
8 .0
9 .0

10 .0
11 .5
11 .5
13 .0
14 .  0
15 .5
15 .5
17 .5
17 .5
20.0
20.0
20 .0
22 .0
24.0
24 .o
24 .s
27 .5
27 .5
27 .5
27 .5
31  .0
31 .0
31 .0
35 .0
35 .0
35 .0
35 .0
35 .0
41 .5
41  .5
41 .5
41  .5
41  .5
41 .5
41 .5

Freq.

93 .3
73 .3
93 .3
50 .0
86.7
b o .  /
33.3
?6 .7
?6 .7
13 .3
13 .3
J J  . 5

26.7

6 .7
20.0
20.0
6 .7
6 .7
6 .7

20.0
13  .3
13 .3

6 .7

13 .3

13 .3
6 .7
6 .7

6 .7

1 ?  ?

1.5
4 .0
L . J

6.0
3 .0
5 .0
t . )

10.0
10 .0
18 .0
18 .0
7 .5

10 .0

26 .0
13 .0
13 .0
26.0
26 .0
26 .0

13  .0
18 .0
18 .0

26 .0

18 .0

18 .  0
? .5 .0
26 .0

26 .0

18 .0

96 .7
76 .7
73 .3
76 .7
76 .7
30 .  0
'?3 .3
36 .7
40 .0
20.0
55 .7
16.7
26.7
13 .3
3 .3
6 .7

26.7
23.3
3 .3
3 .3
3 .3
3 .3

15.7
3 .3

10 .0
3 .3

16.7

t6 .7

3 .3

3 .3

1
J
?

?

3
9

1 ?

8

6
18
1 1

20
30
23
11
13
30
30
30
30
i8
30

18

22
30
18

30

30

c-L7

3.3 30

I



301579

I
I
I
t
I
I

Spec i  es

MIDSHIPMAN,  p l a i n f i n
BLACKSMITH
HERRING,  round
CR0AKER,  b lack
HERRiNG,  Pac i f i c
PERCH,  b l ack
SCULP iN ,  Pac ' i f  i c  s taghorn

NUMBER OF HAULS

APPENDIX  C  - -  TABLE  l 1  ( con t ' i nued )

PREOPERATIONAL INTERIM

Freq .  Rank F req .

6 .7

OPERATIONAL

Ran k F req .  Rank

26.0
1 .3  41 .5

20 .0
10 .0

J " 5

3.3
J . 5

15
22
30
30
30

I
I
I
I
I
I
I
I
I
I
I
I
I

c-18



APPENDIX  C  . -  TABLE  12

LAMPARA
(RANK) pERCENT FREQUENCY 0F 0CCURRENCE

AT THE CONTROL LOCATION,  11 .16  METER DEPTH

PREOPERATIONAL INTERIM

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Spec i  es

ANCH0VY, nor thern
QUEEN FI SH
BUTTERF iSH,  Pac i f i c
CROAKER,  wh i te
S ILVERSIDES spp .
RAY, bat
MACKEREL ,  Pac i f i c
BARRACUDA.  Pac i f i c
MACKEREL,  jack
SEAPERCH,  wh i te
SURFPERCH, wa1 1 eye
ANCHOA spp.
BASS, barred sand
CORBINA,  Ca .
SC0RPI0NFISH,  Ca .
CUSK-EEL.  basketweave
L IZARDFISH,  Ca .
HAL IBUT,  Ca .
SALEMA
GUITARFISH,  shove ' l nose
RAY,  Pac i f i c  e ' l ec t r i c
SARDINE,  Pac i f i c
THORNBACK
SANDDAB, speckled
TURBOT, hornyhead
CR0AKER,  ye l l ow f in
PERCH,  sh ine r
MIDSHIPMAN,  speck l  e f i  n
SM0OTHH0UND, gray
DOGFISH,  sp iny
SKATE,  Ca ' l i f o rn ia
BONIT0 ,  Pac i f i c
FLYINGFISH,  sha rpch in
HERRING. round

NUMBER OF HAULS

Freq.

97  .4
97 .4
75 .0
51  .8
60 .5
50 .0
50 .0
z o  . 5
26.3
14 .5
11  .8
10 .5
9 .2
9 .2
9 .2
9 .2
o . o
6.5
5 .3
3 .9
3 .9
3 .9
2 .6
2 .6
2 .6
2 .6
2 .6
2 .6
1 .3
1 .3
1 .3
1 .3

Ran k Freq .

v 5 . J

86.7
73 .3
5 J . J

60.0
45.7
46.7
13 .3
40 .0
13 .3
6 .7

1 ?  ?

Ran k

1.5
1 .5
5 . U

4.0
t r n

o . 3

6.5
8 .5
8 .5

10 .0
1 i .0
t? .0
14 .5
14 .  5
14 .  5
14 .  5
17  .5
t7 .5
19 .0
? t .0
2 t .0
2 t .0
25.5
25.5
25.5
25.5
25.5
2s.5
30.  5
30 .5
30 .5
30 .  5

26 .7 10 .0

OPERATIONAL

10 .3
3 .4
6 .9
3 .4
6 .9

t7  .2

1 .0
2 .0
3 .0
8 .5
4 .0
F '

q (

1,2 .0
7 n

r?.0

t? .0

6 . 5

14
20
t7
20
t7
T2

Freq.  Rank

82.8 2
100 .0  1
31 .0  9
20.7  11
5t .7  5
44 .8  7
51 .7  5
37 .9  8
20.7  11

6 .7

10 .3  14

q 1  7  q

10.3  14

6 .9  17
3 .4  20

h h  /

6.7
6 .7

1 q  q

15.5

?91 q76

I
I
I
Ic-19
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APPENDIX C . -  TABLE 13

OTTER TRAWL
ABSOLUTE AND RELATIVE SiZES OF CATCHES (NUMBERS)

AT THE IMPACT LOCATION. 18-METER DEPTH

PREOPERATIONAL

Coun t  Rank

INTERIM

Coun t  Rank Coun t  RankSpec i  es

CR0AKER,  wh i te
CUSK-EEL,  basketweave
QUEEN FI  SH
SANDDAB, speckled
TURBOT, hornyhead
SANDDAB,  l ong f i n
HAL IBUT ,  Ca1  i f o rn i a
SURFPERCH, wal  I  eye
TONGUEFISH,  Ca l  i  f o rn i  a
GUITARFISH,  shove lnose
PERCH,  sh i  ne r
S0LE,  fan ta i  I
L IZARDFISH,  Ca l  i  f o rn i  a
SEAPERCH ,  wh' i  te
M IDSHIPMAN,  p l a i n f i n
SANDDAB,  Pac i f i c
TURBOT, spot ted
CORBINA,  Ca l ' i f o rn ia
RAY, bat
BASS, barred sand
SKATE,  Ca l i f o rn ' i a
RATFISH
SCORPI0NF ISH,  Ca .
STiNGRAY, round
S0LE,  Eng l  i  sh
THORNBACK
TURBOT, d iamond
DOGFI SH , sp' i  ny
MIDSHIPMAN,  speck l  e f i  n
HAKE,  Pac i f i c
S0LE,  b igmou th
WH]TEFISH,  ocean
PERCH,  ke lp
SEAPERCH,  p i  nk
BASS , ke' lp
SEAPERCH, rubber l  i  p
SCULPIN ,  Ve l  I  owch i  n
SALEMA
COMBFISH,  l ongsp ' i ne
FLYINGFISH,  sha rpch in
CROAKER, ye l  I  owf i  n
BLACKSMITH
KFLPF ISH.  q i a0 !

To ta ' l  Spec ies
To ta l  I nd i v i dua l  s
Mean  I nd i v i dua l  s

2832
1668
901
462
190
152
i06
90
54
42
4Z
41
t b
14
14
13
10
10
8
8
7
6
6
R
q

4
5

2
2
I
i
1
I
1

1.0
2 .0
3 .0
4 .0
5 .0
6 .0
7 .0
8 .0
9 .0

10 .  5
10 .5
12.0
13 .0
i4 .  5
14 .  5
i6 .  0
17 .5
17  .5
1 A  q

1 0  R

2t .0
2?"5
22 .5
24 .5
24.5
26.0
27  "0
28.5
28 .5
32.0
3? .0
32.0
32  "0
32.0

111 i
?21
299
26
18

J

19

??
1

t?
1 n
I U

4
t 6

f

1.0
3 .0
2 .0
4 .0

15 .0
6 .0

5 .0
20.0
11 .0
13  .0
14 .0
7 .5

20.0

24.0
9 .5

12.0
20.0

16 .0

20 .0

9 .5

1
15

1 i
1

OPERATIONAL

2747 2.0
2766  1 .0
1587  3 .0
357  4 .0
t32  6 .0
141  5 .0
19  i3 .0

75  8 .0
7  2 t .0

13  14 .0
113  7 .0
57  9 .0
3  26 .0

25  11 .0

15 .0
i6 .0
33 .0
2 t .0
18 .  5
28.5
17 .0
24  "0
24.0
28.5

24.0
12 .0

21.0

52  10 .0

8  18 .5
?  28 .5
2  28"5
1  33 .0
1  33"0
1  33 .0
1  33"0

35 .0
7602.0

76 .8

t2
11
1
7
8
2

10
4
4
?

4
2015

Ir

1
20.0
20.0

34"0
6718 .0

54 .6

23 .0
1806 .0

41  .0

I
t c-20



APPENDIX C . .  TABLE 14

OTTER TRAWL
ABS0LUTE AND RELATIVE SIZES 0F CATCHES (NUMBERS)

AT THE lMPACT LOCATION, 3O-METER DEPTH

I
I
I
T
I
I
t
I
I
I
I
I
I
I
I
I
I
I

Spec ' i es

PREOPERATIONAL I NTERIM OPERATIONAL

Coun t  Rank Coun t  Rank Coun t  Rank

SEAPERCH,  p i  nk
CROAKER, whi te
CUSK-EEL,  basketweave
SANDDAB,  Pac i f i c
SANDDAB, speckl  ed
SANDDAB,  l ong f i n
QUEENFI SH
T0NGUEFISH, Cal  i  forn ' ia
COMBFISH,  l ongsp ine
TURB0T,  hornyhead
MIDSHIPMAN,  p l a i n f i n
SOLE,  b igmou th
SKATE, Cal  i  forn ' ia
PERCH,  sh ine r
S0LE,  fan ta i  I
L IZARDFISH,  Ca .
SCULP iN ,  ye ' l ' l owch i  n
SCORPI0NFISH,  Ca .
RATFISH
GUITARFISH,  shove l  nose
HAKE,  Pac i  f i c
HAL IBUT ,  Ca l i f o rn i a
SEAPERCH,  wh i te
MIDSHIPMAN,  speck le f i n
CUSK-EEL,  spot ted
BASS, barred sand
S0LE,  Eng f  i  sh
HAGFISH,  Pac i f i c
RAY, bat
PERCH,  p i l e
ROCKFISH, brown
SMOOTHHOUND, gray
RAY,  Pac i f i c  e l ec t r i c
S0LE,  Dover
TURBOT, spot ted
BASS,  ke lp
BLACKSMiTH
SCULPIN ,  roughback  '
SCULPIN ,  Pac i f i c  s t agho r
SALEMA
THORNBACK
POACHER, p igmy
ARGENTINE,  Pac i  f i c
DOGFISH.  sp inv

5230
4008
i615
1161
92t
891
725
409
J U J

t82
159
99
88
80
78
45
45
32
29
28
26
19
13
9
8
c

4
3
5

3
3
z
I

1
t

L

1
1
1

1.0
2 .0
3 .0
4 .0
5 .0
5 .0
7 .0
8 .0
9 .0

10 .0
11 .0
t2 .0
13  .0
14 .0
15 .0
16 .  5
16 .5
18 .0
19 .0
20.0
zt .0
22.0
23 .0
24.0
25  .0
26 .0
27 .0
29.5
29 .5
29.5
29.5
32.0
35  .0
36 .0
36 .0
36 .0
36 .0
36 .0
35 .0

75
777 4
460

9
a l

149
418
63
5

43
407
T7
10
7

30
123

2
8
1
i

7 .0
1 .0
2 .9

1 (  R

9.0
q n

3.0
8 .0

1 q  q

10.0
4 .0

t2 .0
14 .  0
18 .0
11 .0
5 .0

22 .5
17 .0
27  .5
27 .5

i3 .0
i5 .5

19  .5
22 .5
27 .5
?7 .5

??.5

22.5
27 .5
27.5

11
9

?

2't

1

398 7  .0
i894  1 .0
t429 2.0
208  9 .0
877  3 .0
754  4 .0
659  5 .0
519  6 .0
108  15 .0
770  10 .0
288  8 .0
163  11 .0
27  18 .0
3  30 .0

136 12 .0
113  13 .0
111  14 .0
29  17 .0
7  26 .0

11 23 .0
23 20 .9
5  28 .0
1  32 .5

13  21 .0
L2  ?2 .0
25  19 .0
9  24 .0
8  25 .0

<  ^ a  F

L  J ' . '

i  32 .5
1  32 .5

4  29 .0

46  16 .0
6  27 .0

34 .0
8059 .0

80 .6

2
I

1

To ta l  Spec ies
To ta l  i nd i v i dua l  s
Mean  i nd i  v i dua l  s

I

39.0
16243  .0

I ) O .  Z

30.0
3094 .0

70 .3

Tc-21
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APPENDIX  C  . -  TABLE  15

OTTER TRAWL
ABSOLUTE AND RELATIVE SIZES OF

AT THE CONTROL LOCATION.I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Spec i  es

CATCHES (NUMBERS)
18-METER DEPTH

INTERiM OPERATIONALPREOPERATIONAL

Coun t  Rank Coun t  Rank Count Ran k

CROAKER,  wh i te
CUSK-EEL.  basketweave
qUEEN Fr  SH
SANDDAB,  l ong f i n
SANDDAB, speckled
TONGUEFISH.  Ca l ' i  f o rn ia
HAL IBUT,  Ca l  i f o rn ia
TURBOT, hornyhead
PERCH,  sh ' i ne r
L IZARDFISH,  Ca l  i f o rn ia
BASS, barred sand
S0LE.  fan ta i  I
GU ITARFISH,  shove lnose
SCORPI0NFISH,  Ca .
SEAPERCH,  wh i te
SEAPERCH,  p i nk
MIDSHIPMAN,  p l a i n f i n
SKATE, Ca' l  i  f  orn ' i  a
MIDSHIPMAN,  speck le f i n
RAY, bat
TURBOT, spot ted
STiNGRAY, round
C0RBI NA.  Ca I  i  f  orn ' i  a
SURFPERCH, wal  l  eye
SANDDAB,  Pac ' i f i c
S0LE ,  Eng l  i  sh
TURBOT. d i  amond
BASS,  ke lp
THORNBACK
RATFI SH
S0LE, b ' igmouth
SOLE,  cu r l  f i  n
SMOOTHHOUND, brown
RAY,  Pac i f i c  e l ec t r i c
soLE, c-0
BASS,  g ' i an t  sea
SEABASS,  wh i te
P I  PEFI  SH
HAGF iSH,  Pac i f i c
SCULPIN ,  ye l  I  owch i  n
COMBFISH,  1  ongsp i  ne
SM0OTHH0UND, gray
DOGFISH,  sp iny
KELPF ISH.  q i an t

To ta ' l  Spec i  es
To ta l  I nd i v i dua l s
Mean I  nd ' i  v ' i  dua I  s

3803
2156
1385
545
423
178
141
t32
82
59
53
44
41
?4
20
20
t 5
t2
11
10
10
8
8
8
7

4
4
2
2
?
I

1
1
1
1
1
1

1.0
2"0
3 .0
4 .0
5 .0
6 .0
7 .0
8 .0
9 .0

10 .0
11 .0
t2 .0
13 .0
14"0
1 q  (

i 5 .5
t7  .0
18 .0
19 .0
20.5
20.5
23.0
?3 .0
23  "0
25"0
26 .0
27 .5
27  "5
30 .5
30 .  5
30 .5
30 .5

J 5 . 5

? q q

35.5

761
?88
262
20
69
t r

6
18
2

20
4
9

2,]

1 n

2.0
3 .0
7 .5
4 .0

10 .0
13 .0

o n

19.0
7 E .

16.0
J ,2 .0
t7 .0
19  .0
? .2 .5

6 .0
?2 .5

q n

14.5

19 .  0
11 .0

/ - z  . 3

14.5

22 .5

Z 5

1
31

2
10

116 i  3 .0
2885  1 .0
1338  2 .0
150  6 .0
522 4 .0
r tz  8.0
38 13 .0

155  7  "0
4  ?1 .5

81  9 .0
39  t2 .0

186  5 .0
8  18 .0

25  15 .0
i  28 .0

26  14 .0
4  2 t .5

52  10 .0
4 21.5

13  t7  "0
4 21.5

42  11 .0

? 25.0

4  2 t .5

I  28"0
18  16"0
4 21"5
1  28 .0
i  28 .0
1  28 .0

30 .0
6892 .0

68 .9

38 .0
9?21.0

88 .  7

24 .0
l R q o  n

35.4

I c-22



APPENDIX  C  . .  TABLE  16

OTTER TRAWL
ABSOLUTE AND RELATIVE SIZES OF

AT THE CONTROL LOCATION.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

44
q

?

J J

22

2
13

1
f

?

Spec ' i es Coun t  Rank Coun t  Rank Coun t  Rank

PREOPERATIONAL

CATCHES (NUMBERS)
3O-METER DEPTH

INTERIM OPERATIONAL

744 4 .0
236  8 .0

1056  1 .0
1014  3 .0
523 5 .0

1042 2.0
r23  11 .0
A O ?  q n

109 13 .0
110  t2 .0
439  7  .0

24  18 .0
242 9 .0
83  14 .0

193  10 .0
59  15 .0

i6 .0
) 1  q

17.0

?6 .5
?e r,

2t .0

32 .0
26 .5

22  19 .5
2  ?8 .5

1  32 .0
1 i  22 .0
4  25 .0
1  32"0
1  32 .0
I  32 .0

34 .0
5824 .0

68.2

CROAKER,  wh i te
SEAPERCH,  p i  nk
SANDDAB, 1 ongf i  n
CUSK-EEL,  basketweave
QUEEN FI  SH
TONGUEFiSH,  Ca l  i  f o rn i  a
SANDDAB,  Pac i f i c
SANDDAB, speckled
COMBFISH,  

' l ongsp i  
ne

TURBOT, hornyhead
MIDSHIPMAN,  p l a i n f i n
PERCH,  sh  i  ne r
5KATE,  Ca1  j f o rn ia
S0LE,  b igmou th
S0LE,  fan ta i  I
SCULPIN ,  ye l  I  owchi  n
L IZARDFISH,  Ca l  i  f o rn i  a
GUITARFISH,  shove l  nose
SCORPIONFISH,  Ca .
HAL IBUT;  Ca ' l i f o rn ia
SOLE, Dover
MIDSHIPMAN,  speck le f i  n
SEAPERCH,  wh i te
BASS, barred sand
HAGFISH,  Pac i f i c
SOLE,  Eng i  i  sh
HAKE,  Pac i  f i c
THORNBACK
SCULP iN ,  Pac i f i c  s t agho r
G0BY, bay
RAY, bat
RATFISH
SEABASS, whi te
CUSK-EEL,  spot ted
BLACKSMITH
SMO0THHOUND, gray
SARGO
SCULPIN ,  roughback
ARGENTINE,  Pac i f i c
SANDDAB, gu1 f
DOGFiSH,  sp iny
RAY,  Pac i  f i  c  e l  ec t r i  c
ROCKFISH spp .

To ta l  Spec ies
To ta l  I nd i v i dua l  s
Mean  I nd ' i v ' i dua l s

7016
25t2
1885
r  5 5 b
956
836
809
655
2L8
203
158
145
106
98
85
74
69
26
22
2t
2 t
19
16
10

6

6
5
4
4
J

2
2
1
i

I . U

2.0
3.0
n n

5.0
o .u
7 .0
8 .0
q n

10.0
11 .0
12.0
1 ?  n

14.0
15 .0
16 .0
17 .0
18 .  0
19 .  0
20 .  5
20 .5
22 .0
23 .0
24.0
25 .0
26 .0
27 .0
28.5
28.  s
30.0
31 .5
31  .5
J J .  f
? ? q

r072

238
337
224
118

1"0

4"0
2"0
5 .0
7 .0

8 .0
13 .0
9 .0
3 .0

15 .5
18 .0
11 .0
i0 .0
21.5
6 .0

15 .  5
19 .0

12.0
26 .0
r 5 .  3
20.0

2r.5
26.0

23 .0
26 .0
26.0
?6 .0

r 5
I

69
16
4t

277
1 J

9
23
31
5

141

5
i

2
1
1
1

??
t
I

' t ?

6

34.0
17364 .0

167 .0

28 .  0
2700 .0

51 .4

Ic-23



1
2
4

5
t2

a

6
7

i 9
t7
10
9

.t f,

33
18
1 5

t7
27
27
1 R

27
27
2t

24
IZ

?t

?1

24
27
5 J

5 5

5 5

J J

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

APPENDIX C . -  TABLE 17

OTTER TRAbJL
(RANK) PERCENT FREQUENCY 0F 0CCURRENCE IN TRAWLS

AT THE IMPACT LOCATION: 18 METER DEPTH

PREOPERATIONAL I NTERIM OPERATIONAL

Spec i  es Freq .

96 .2
92.3
0 1  ?

86.5
7? .1
46.2
s 3 .  I
31.7
27  "9
27 .9
23 . t
t9 .z
10 .6
9 .6
8"7
7 .7
7"7
7 .7
6 .7
5 .8
5 .8
5"8
4 .8
4 .8
3 .8
3 .8
2 .9
i .9
1 .9
1 .0
1 .0

1 .0
1 .0
1 .0

Ran k

l . u

2.0
3 .0
4 .0
5 .0
6 .0
7 .0
8 .0
9 .5
9 .5

11  .0
12.0
13 .0
14 .0
15 .0
17 .0
i7 .  0
i7  .0
19 .0
2 t .0
27.0
21,.0
z 5  " 3
z - 5  " 3
, q q

25.  5
?7  .0
28.5
?8 .5
32.0
32.0

32.0
32 .0
32.0

Freq .

77 .3
72 .7
38 .6
81 .8
29 .5
25 .0

25 .0
4 .5

20 .5
2 .3

t8 .2
2 .3
6 .8
2 . 5

13 .6
15 .9
2 .3

13  .6
4 .5

?"3

Ran k Freq .

95  .0
93 .0
68 .0
84 .0
49 .0
13  .0

37 .0
45 .0
4 i  .0

q n

7.0
19 .0
31 .0
10 .  0
1 .0
6 .0

11 .0
7 .0
2 .0
2 .0

10 .0

2 .0
2 .0
4 .0

3 .0
13  .0

4 .0

4 .0

3 .0
2"0
1 n

i . 0
1 .0
I . U
1 n
l . u

Ran k

CUSK-EEL,  basketweave
CR0AKER, wh' i te
SANDDAB, speckled
QUEENFISH
TURB0T,  hornyhead
HALIBUT,  Ca .
SURFPERCH,  wa l  I  eye
T0NGUEFISH,  Ca .
SANDDAB,1ong f i n
S0LE,  fan ta i  I
GUITARFISH,  shove l  nose
PERCH,  sh ' i ne r
M IDSHIPMAN,  p l a i n f i n
L IZARDFISH,  Ca .
TURBOT, spot ted
RAY, bat
BASS, barred sand
C0RBINA,  Ca .
SKATE,  Ca .
RATFI SH
SEAPERCH,  wh i te
SC0RPI0NF ISH,  Ca .
SANDDAB,  Pac i f i c
S0LE,  Eng l  i  sh
THORNBACK
STINGRAY, round
TURBOT, d iamond
DOGFISH ,  sp ' iny
M iDSH iPMAN,  speck le f  i n
HAKE,  Pac i f i c
S0LE,  b igmou th
WHITEFISH,  ocean
PERCH,  ke ' l p
SEAPERCH,  p i nk
BASS,  ke lp
SEAPERCH, rubber l  ip
SCULPIN ,  ye l  I  owch i  n
SALEMA
FLYINGFISH,  sha rpch in
CR0AKER, ye l  I  owf i  n
BLACKSMITH
COMBFISH,  1  ongsp i  ne
KELPF ISH.  q i an t

2.0
3 .0
4 .0
1 .0
5 .0
A q

6 .5
1 q  E

8.0
20.4
9 .0

20"0
14 .  0
20.0

t2 .g
10 .0
20.0

t2 .0
1 5 . 5

?0.0

t 5 .  b t2 .0

2"3
2 .3

?0 .0
20.0

NUMBER OF TRAWLS 104

c-?4

44 100

I



APPENDIX C . .  TABLE 18

OTTER TRAWL
(RANK) PERCENT FREQUENCY 0F oCCURRENCE iN TRAWLS

AT THE IMPACT LOCATION, 30 METER DEPTH

PREOPERATIONAL I NTERIM OPERATIONAL

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

I

2
t 5

4
o

7
3

t7
11

U
9

I2
30
I O

24
11
14
26
27
20
J J

20
?0
22
25
?4

Spec i  es

CROAKER, whi te
CUSK-EEL,  basketweave
SEAPERCH,  p ink
SANDDAB,  l ong f i n
SANDDAB, speckled
QUEENFI SH
SANDDAB, Paci  f ic
TURBOT, hornyhead
T0NGUEFISH,  Ca .
SKATE,  Ca .
S0LE,  b igmou th
MIDSHIPMAN,  p l a i n f i n
SOLE,  fan ta ' i l
C0MBFISH,  l  ongsp ' i ne
PERCH,  sh ine r
SC0RPi0NFISH,  Ca .
RATFISH
LIZARDFISH,  Ca .
SCULP iN ,  ye l  I  owch i  n
GUiTARFISH,  shove l  nose
HALIBUT, Ca.
HAKE,  Pac i  f i c
SEAPERCH, whi te
MIDSHiPMAN,  speck le f i n
CUSK-EEL,  spot ted
BASS, barred sand
S0LE,  Eng l  i  sh
HAGFISH,  Pac i f i c
ROCKFiSH. brown
SMO0THH0UND, gray
PERCH ,  p ' i  1e
RAY,  Pac ' i f i c  e lec t r i c
RAY, bat
SOLE, Dover
TURBOT, spot ted
BASS,  ke lp
BLACKSMITH
SCULPIN ,  roughback
SCULP iN ,  Pac i f i c  s t agho rn
SALEMA
THORNBACK
POACHER, p ' igmy
ARGENTINE,  Pac i f i c
DOGFISH.  sp iny

NUMBER OF TRAI.JLS

Freq.

99 .0
99 .0
96.2
94.2
91  .3
82  "7
77 .9
76 .9
73 .  1
48 .  1
46 .2
43 .3
42 .3
38 .  5
26 .0
26.0
23.r
23.1
18 .3
15 .4
15 .4
9 .5
9 .6
7 .7
6 .7
4 .8
3 .8
2 .9
2 .9
i .9
1 .9
1 .0
1 .0
1 .0
1 .0
1 .0
i .0
i .0
1 .0

Ran k Freq .

97 .7
93 .?
11 .4
56 .8
56 .8
88 .6
9 .1

52.3
54 .  5
18.2
27 .3
40  .9
29 .5
11 .4
13 .6
11 .4
? .3

70 .5
4 .5
2 .3

11 .4
13 .6

11 .4
4 .5
2 .3

Ran k

1.0
2 .4

17 .0

3 .0
20.9
8 .0
I  . U

t2 .0
11 .0
9 .0

10 .0
17  .0
13 .5
t7 .0
27  .5
4 .0

22 .5
27 .5

17 .0
13 .  5

17 .0
22.s
/ . t . 4

22.s

22.5 .
27.5
27.5

Freq .

99 .0
q ? n

29.0
92.0
90 .0
70 .0
2r.0
68.0
80 .0
17 .0
45 .0
64 .  0
49 .0
31  .0
2 .0

20 .0
7 .0

45 .0
26 .0
5 .0
4 .0

10 .0
1 .0

10 .0
10 .0
9 .0
6 .0
7 .9

1 .0

1 .0
1 .0

2 .9

i5 .0
3 .0

Ran k

1.5
1 .5
3 .0
4 .0
5 .0
5 .0
7 .0
8 .0
9 .0

10 .0
11 .0
12 .0
13  .0
14 .  0

1 q  q

17.5
17 .5
19 .0
20 .5
20.5
22 .5
22 .5
24 .0
?5 .0
26.0
27 .0
28.5
28.s
30.5
30 .5
5 5 . f ,

35.5
? q (

35 .5
35 .  5
3s.  5
5 f  . 3

35.5

2 .3 Z T  . J

4.5

4 .5
2 .3
2 .3

33

:: I
18 I
28

I104

c-25

+4 100

I
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5"8

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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I

APPENDIX C - -  TABLE 19

OTTER TRAh'L
(RANK) PERCENT FREQUENCY 0F oCCURRENCE IN TRAWLS

AT THE CONTROL LOCATION. 18 METER DEPTH

PREOPERATIONAL INTERiM OPERATIONAL

Spec ' i es

QUEENFISH
CUSK-EEL,  basketweave
CROAKER, whi te
SANDDAB, speckled
SANDDAB,  l ong f i n
TURB0T,  hornyhead
TONGUEFISH,  Ca .
HAL IBUT,  Ca .
PERCH,  sh ine r
L IZARDFISH,  Ca .
S0LE,  f  an ta ' i  l
GUITARFISH,  shove l  nose
BASS, barred sand
SC0RPI0NFISH,  Ca .
SEAPERCH, wh' i te
RAY, bat
TURBOT, spot ted
SKATE,  Ca .
MIDSHIPMAN,  speck le f i n
M IDSHIPMAN,  p l a i n f i n
C0RBINA,  Ca .
STINGRAY, round
S0LE,  Eng i  i  sh
SURFPERCH, wal  I  eye
SANDDAB,  Pac i f i c
TURB0T,  d ' iamond
BASS,  ke lp
SEAPERCH,  p ink
THORNBACK
RATFISH
S0LE,  b igmou th
S0LE ,  cu r l f i n
SMOOTHHOUND, brown
RAY,  Pac i f i c  e l ec t r i c
SOLE, C-O
BASS,  g i an t  sea
SEABASS, whi te
P I  PEFI  SH
HAGFISH,  Pac i f i c
SCULPIN,  ye ' l  ' l  owchi  n
COMBFISH,  i ongsp ine
SMOOTHH0UND, gray
DOGFISH,  sp i  ny
KELPF ISH.  s i an t

F n o n
- | ' 9 Y .

97 .L
94 .2
89 .4
81.7
80 .8
63 .5
54 .8
5? .9
40 .4
38 .  5
32.7
29  "8
2? .1
t t . 5
10.6
9 .6
9 .6
8 .7
8"7
8 .7
5 .8

.  4 .8
4 .8
4 .8
3 .8
3 .8  .
5 . 6

2.9
-1 .9

1 .9
1 .9
1 .9
1 .0
1 .0
i .0
1"0
1 .0
1 .0

Ran k Freq .

90 .9
97  .7
84 .  1
56 .8
20 .5
29.5
22 .7
11 .4
4 .5

31  .8
I J . O

6.8
9 .1
4 .5
2 .3

11  .4

2 .3
31  .8
?2 .7
1 q  o

4.5

2 .3

Rank Freq.

89"0
96 .0
93 .0
87  .0
49 .0
47 .0
3? .0
?6 .4
3 .0

42 .0
5 i  .0
8 .0

t7  "0
18 .0
1 .0
4 .0

12 .g
4 .0

18 .0
13 .0
14 .0
3 .0

Ran k

1.0
? .0
3 .0
4 .0
5 .0
6 .0
7 .0
8 .0
9 .0

10 .0
1 i .0
12 .0
13 .0
14 .  0
15 .0
16 .5
l b  . 3

19.0
19 .0
19 .0
2r.0
23.0
23 .0
23.0
26 .0
26  "0
26 .0
28 .  0
30"5
30 .5
30 .  5
30 .  5
35 .  5
3s.5
5 5 .  5

35.  5

? E q

2.0
1 .0
3 .0
4 .0

10 .0
7 .9
8 .5

i9 .0

12 .0
i6 .  5
1 q  n

19.0
?2 .5
J . J " 3

22"5

8 .5
11 .0
19 .0

22"5

1
2
4
6
7

1 n
L U

?3
6

17
t <

t2
?8
19
1 A

19
T2
1 q

14
23

16.5

? .3 22 .5

? .0

3 .0

1 .0
4 .0
3 .0
1 .0
1 .0
1 .0

?8
19
23
28
28
28

NUMBER OF TRAWLS 104
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APPENDIX C . -  TABLE 20

OTTER TRAWL
(RANK) PERCENT FREQUENCY 0F oCCURRENCE IN TRAWLS

AT THE CONTROL LOCATION, 30 METER DEPTH

I
I
I
I
I
I
I
I
I

4
1
I

2
e
?

9

I X

10
16

1

6
I2

PREOPERATIONAL INTERIM OPERATIONAL

Spec ' i es

CR0AKER, whi te
SANDDAB,  l ong f i n
TONGUEFiSH,  Ca .
QUEENFISH
CUSK-EEL,  basketweave
SEAPERCH,  p ink
SANDDAB,  speck led
SANDDAB, Pac ' i f  i  c
TURBOT, hornyhead
SKATE,  Ca .
S0LE,  b igmou th
C0MBFISH,  1  ongsp i  ne
MIDSHIPMAN,  p l a i n f i n
S0LE,  f  anta ' i  I
PERCH,  sh i  ne r
SCULP iN ,  ye l  I  owch i  n
L IZARDFISH,  Ca .
HAL IBUT,  Ca .
GUITARFISH,  shove ' l  nose
MIDSHIPMAN,  speck le f i n
SC0RPI0NFISH,  Ca .
S0LE,  Dover
BAS5,  barred sand
HAGFISH,  Pac i f i c
SEAPERCH ,  wh' i te
HAKE,  Pac i f i c
S0LE,  Eng l  i  sh
SCULPIN ,  Pac ' i f i c  s taghorn
GOBY, bay
THORNBACK
RAY, bat
RATFISH
SEABASS, whi te
CUSK-EEL,  spot ted
BI.ACKSMITH
SM0OTHH0UND, gray
SARGO
SCULPiN ,  roughback
ARGENTINE,  Pac i f i c
SANDDAB, gul  f
DOGFISH,  sp iny
RAY, Paci  f i  c  e l  ect r i  c
ROCKFISH spp .

NUMBER OF TRAWLS

Fnan
i-5-

98.  1
9s.2
q q 2

89.4
86 .  5
84 .  6
75  .0
74 .0
73 .  1
) t . t

48.  1
43 .3
43 .3
4? .3
36  .5
37.7
27  .9
17  .3
16 .  3
15 .4
14 .4
9 .6
8 .7
6 .7
6 .7
4 .8
4 .8
3 .8
2 .9
1 .9
i .9
1 .9
1 .0
1 .0

Ran k Freq .

90  . 9
o J . o

81 .8
65 .9
88 .6
4 .5

51  .4

56  .8
15  .9
34 .  i
22 .7
50 .0
34 .  1
11 .4

q 1

75 .0
11 .4

36 .4
15 .9

13 .6
11 .4
2 .3

Ran k

i . 0
5 .0
3 .0
5 .0
2 .0

22 .5
7 .0

8 .0
14 .5
11 .5
13  .0
9 .0

11 .5
18 .0
20  .5
4 .0

18 .0

10  .0
14 .5

16  .0
18 .0
26 .0

F n o n

82.0
97 .0
92.0
5 b " u
73 .0
39 .  0
83 .  0
16 .0
? e n
20.0
68 .0
24 .0
71 .0
35 .0

33 .0
37 .0
5 .0

16  .0
26 .0

? n

1 0 .  u
3.0

11 .0
2 .0
1 .0
3 .0

14 .0
2 .0

1 .0
5 . .0
J . U

1.0
1 .0
1 .0

Rank

1 n

2.5
2 .5
4 .0
5 .0
6 .0
7 .0
8 .0
9 .0

10 .0
11 .0
t2 .s
12.5
i4 .0
15 .0
16 .0
17  .0
18 .0
19 .0
20 .0
21..0
22 .0
?3 .0
?4 .5
24 .5
26.s
26.5
28 .0
29.0
31  .0
31  .0
31 .0
? ? q

5 5 . J

18
1 +
z6
18
26

11 I
I
I

?I

iir
9.1
2 . 5

4.5
2.3
2.3
2.3

20.5
26 .0

22.s
26.0
26 .0
26 .0

I
tr8 I

I
I
I

32
23
26
32
3?
32

104

c-27
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APPENDIX D - -  Summary Resul ts  of  Screening Tests  for



APPENDIX  D  . -  TABLE  1

PELAGIC E ISHES_,  SHALLOW (5 -10  M)  qEPTH BLOCK:  Summary  resu l t s  o f  sc reen ' i ng
tests  per formEo-pr ior  tme I  Ests  6-r  impa-ct .  Preoperat ional  de l tas were t ,ested
fo r  add i t i v i t y  and  mono tone  t rend  (by  l i nea r  reg ress ' i on ) ,  and  bo th  p reopera t i ona l
and  ope ra t i ona l  de l t as  we re  t es ted  f o r  se r i a l  co r re l a t i on  ( von  Neumann rs  t es t ) .
Resu l t s  a re  based  on  tes ts  us ing  the  da ta  fo rms  l i s ted  i n  Append ' i x  E ,  Tab le  1 .
Dashes  i nd i ca te  tha t  se r i a l  co r re la t ' i on  p rob ' l em ' i s  moo t .  A  t t yes t r  f o r  reso l ved
se r i a l  co r re l a t i on  i nd i ca tes  t ha t  i nc l ud ing  a  f i r s t - o rde r  au to reg ress i ve  emor  t e rm
removed the ser i  a l  corre ' l  a t i  on f rom the res idual  s .  A l  I  screeni  ng tests  were
eva lua teda tP=0 .05 .

(5 .10  M DEPTH BLOCK)

Assumpt ion  Met  Reqard inq  ?

I
I
I
I
I
I
I
I
I
I
I
I
I
T
I
I
I

no
yes
yes

Spec i  es

BUTTERFISH,  Pac i f i c

CROAKER, whi te

SI LVERSIDES

QUEENFISH, to ta l

QUEENFISH,  ma le

QUEENFISH,  fema le

QUEENFISH, immature

QUEENFISH, YOY

Loc .
Pa i  r Addi t i  v ' i  ty

N I ,C  yes
F I ,C  yes
N I ,  F I  yes

N I ,C  no *
F I ,C  yes
N I ,  F I  yes

N I ,C  yes
F I ,C  yes
N I ,  F I  yes

NI ,C
FI ,C
NI ,  F I

N I ,C
FI ,C
NI ,F I

N I ,C
FI ,C
NI ,F I

N I ,C
FI ,C
NI ,F I

N I ,C
FI ,C
NI ,F I

yes
yes
no

yes
yes
yes

yes
yes
yes

yes
yes
yes

yes
yes
yes

Ser i  a l
Cor re  I  a t i  on

(  SERCoRR)

yes
yes
yes

yes
no
yes

no
yes
no

no
yes
no

yes
yes
yes

yes
yes
yes

no
yes
no

yes
no
yes

SERCORR
reso l  ved?

(  i  f  p resen t )

I:'
yes

yes

yes

yes

yes

yes

Monotone
Trend

yes
yes
yes

yes
yes
yes

yes
yes
yes

yes
yes
yes

yes
yes
yes

yes
yes
yes

yes
yes
yes

*  Add i t i v i t y  t es t  un ' i n te rp re tab le - - l  a rge  % s ing le -ze ro  obse rva t i ons I
T

D-1



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I'
I
I

APPEND!X  D  . .  TABLE 2

PELAGIC F ISHES,  MIDDLE (11 -16  M)  DEPTH BLeeK:  Summary  resu l t s  o f  sc reen ing
tes ts  pe r fo rmed  p r io r  t o  BACi  t -Les ts  fo r  impac t .  P reopera t i ona l  de l tas  were  tes ted
fo r  add i t i v i t y  and  mono tone  t rend  (by  l i nea r  reg ress ion ) ,  and  bo th  p reopera t i ona l
and  ope ra t ' i ona1  de l tas  were  tes ted  fo r  se r i a l  co r re la t i on  ( von  Neumann 's  tes t ) "
Resu l t s  a re  based  on  t es t s  us i ng  t he  da ta  f o rms  l i s t ed  i n  Append i x  E ,  Tab le  2 .
Dashes  i  nd i  ca te  tha t  se r i  a l  co r re l  a t ' i on  p rob ' l em i  s  moo t .  A  " yes "  f  o r  reso l  ved
se r ia l  co r re la t j on  i nd i ca tes  tha t  i nc lud ing  a  f i r s t -o r  second-o rde r  au to reg ress i ve
e r ro r  t e rm removed  the  se r ia l  co r re la t i on  f rom the  res ' i dua l s .  A l l  sc reen inq  tes ts
we re  eva lua ted  a t  P  =  0 .05 .

(  I 1  -  16  M DEPTH BLOCK)

Assumpt ion  Me t  Reqard inq  ?

Spec i  es
Loc .
Pa i r

Monotone
Trend

yes
yes
yes

yes
yes
yes

yes
yes
yes

no
yes
yes

no
yes
yes

yes
yes
yes

yes
yes
yes

yes
yes
yes

Se ri a 
'l 

S ERCORR
Cor re l  a t i  on  reso ' l ved?
(sELcoRR) ( i f_pre!e&)

BUTTERF iSH,  Pac i  f i c

CROAKFR. whi te

SILVERSIDES

QUEENFISH,  to ta l

QUEENFISH,  ma le

QUEENFISH,  fema le

QUEENFISH, immature

N I ,C
FT I'

NI ,F I

NI ,C
FI ,C
NI ,  F I

N I ,C
FI ,C
Ni ,  F I

N I ,C
FI ,C
NI ,  F I

N I ,C
FI ,C
NI ,F I

N i , c
F I ,C
NI ,F I

N I ,C
FI ,C
NT,FJ

NI ,C

NI ,  F I

Addi  t i  v ' i ty

yes
no
yes

yes
yes
yes

yes
yes
yes

no
yes
yes

no
yes
y.es

yes
yes
yes

yes
yes
yes

yes
yes
yes

yes
yes
yes

yes
yes
yes

yes
yes
yes

yes
yes
yes

yes
yes
yes

yes
yes
yes

yes
no
yes

yes
no
yes

v e <

v p <
QUEENFiSH, YoY

D-2
l
t



APPENDIX  D  - -  TABLE  3

BENTHIC F ISHEg:  Summary  resu l t s  o f  sc reen ing  tes ts  pe r fo rmed  p r io r  t o  BACI  t -
te f f i r  l lmpact .  Preoperat i  onal  de l  tas were iested f  or  addi  t i  v i  ty  and monotone
t rend  (bV  l i nea r  reg ress ion ) ,  and  bo th  p reopera t i ona l  and  ope ra t i ona l  de ' l t as  were
tes ted  f o r  se r i a l  co r re l a t i on  ( von  Neumann rs  t es t ) .  Resu l t , s  a re  based  on  t es t s
us ing  t he  da ta  f o rms  l i s t ed  i n  Append i x  E ,  Tab le  3 .  Dashes  i nd i ca te  t ha t  se r i a l
co r re l a t i on  p rob lem ' i s  moo t .  A  " yes r r f o r  r eso l ved  se r i a l  co r re l a t i on  i nd ' i ca tes  t ha t
i nc lud ing  a  f i r s t -o rde r  au to reg ress i ve  e r ro r  t e rm removed  the  se r ia l  co r re la t i on
f rom the  res i dua l s .  A l l  s c reen ing  t es t s  we re  eva lua ted  a t  P  =  0 .05 .

Assumpt ion  Me t  Regard ing  ?
Ser i  a I

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

) D e c l  e s (  M) Add' i  t i  v i  ty
Monotone
Trend

no
yes

yes
yes

no

yes
yes

yes
yes

yes
yes

yes

yes
no

yes

yes

yes
yes

no
yes

yes
no

Corre I  a t i  on
(  SERC0RR)

yes
yes

yes
no

no

yes
yes

yes
yes

no
yes

yes

yes
no

yes

yes

yes
yes

no
no

yes
yes

SERCORR
reso ' l ved

(  i  f  p resen t )

V A <
J  - -

V A <
J  9 J

VA C,
J - -

CROAKER, .whi  te

CUSK-EEL,  basketweave

HALIBUT,  Ca .

L IZARDFISH,  Ca .

QUEENFISH

SANDDAB,  l ong f i n

SANDDAB, Pac ' i f ic

SANDDAB, speckled

SEAPERCH,  p ink

SKATE, Cal  i  forn i  a

SOLE, fanta i  I

T0NGUEFISH,  Ca .

TURB0T, hornyhead

18

18
30

18
30

18
30

18
30

18
30

30

18
30

30

30

18
30

18
30

18
30

yes
yes

yes
yes

yes

yes
yes

yes
yes

yes
yes

yes

yes
yes

no

yes

yes
yes

yes
yes

yes
no

I
T

D-3







APPENDIX E - -  Deta i led Resul ts  of  lmpact  Tests

(BACI T-Tests)



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

r)

L

o

(g

+,
I
o,

o

o

o

€

o

L

ol

I

t l

\o€ \o

o F e

*
( ! :
\ *

o
\oo \ c }

Q  F \ O

tY, (\l

i l [ t l

*  t r *

o o F

E E I

n\o rn

r t l

$l co rt1
O F F

I  r +

o
l!

6
LJ

u)

€ o @ F
F  a c o

rn g'\
A, At

o F o
O O F

+ + +
X X X

or cti cD

() (Jlr

Z t L Z

:F
t

r *
l - O

I

€ (vt
I

I

1 . .

I
l t t l

I * -

I

I

I

r o

O \ O

- r 5  |

(g
L
!

- o | l ( t

G . .

: F

*)
.2
(g\o\o

o

a

!
It o\t : t

t t l

I

I r.fi
AI

C) .vt
l  . < )

Ol .
|  + +

X X

c,r ctr, 99

I
\o rl\

|  $ l o

I  t +
I

(J (J l r

= t L Z

2
=
lrJ
lrJ

o

- t l \ 3
\o €o \o

F\O O\
!nF o

* ** *
* : F
t \ s

rn ln co

N C r

[ i l i l

:F r l l t
r l t

N  O F
\ o  o F
t E  r

l l l

( \ rFo\
< > F o
I  r +

\ o F 3
\ o F -

tn
(\l

o ( ' o. o .
lr\ .Gl
+ + +
X X X

o o o

( J O l r

z t L z

o

o

z,
lrJ

g

:F
** *
|r\+
O F ! n

co( '  o
F \O  O
I  r 1 o

€oFo \
. ?0n t

t t l

@\o\o

+ + i

\o €o \o

.'\O r.f,l
\o( ')c)
N  $ | F

l t l t I

rfr tn g\
GI (\I AI

+ + +
X X X

or En o?
o o o

F g \O\

c o l \ F

( ) ( ) l r

z L z ,

o

o

@

|!

z
lrJ
IJ

O \ 6  F
rn( !n
c,; 

"; 
'

l i l t l

I

** ** ** *
\ O F

e 6 € O

\o(o(n

\o Ftt
t l

( ! F O

o l : :
t r l

cO lno
$J !AN

+ +  r '

!n
N

ln !nO

+ + +x x x

@

r
z,
U
t4J

F \ O \ O

F \ O  O
F € C I

c o o

( ) ( J h

Z , t L Z ,

E-1

:r
+*
O N
O F

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

L
!

o
+)
o

I

o

I

1

I

I

I

t

I

t
l

5 l r
\o co

o\ $t
F( \ t

i l t l

* s
+,

:

\o 1,
I

\o o\
In u.\

t l

+ +

I

r . l i . \ l

O F I

N O I

+ +  |
X X

ot or
o o  I

c ) ( , | !

= t L =

(E

o

o

=
lrJ

: i *
* ** ** *

6cI \ \o

i l i l t l

r r *  -

o

o \ o F
6€ O\
t l

r\ \o tn
. t o i )

t t

e 6 O
\o5 (''

+ +  |

tt\ ln
oJ $l

rY) rn (t
o $ r  o
+ + +
x x x

o

>

r ( \ tnN
F ) € $ J

OrS r
d r o €

Q C ) l L

;z tLZ

Ll co o\5
El s'\ r\ rn

i l i l t l

o \ N ! n
t n 0 N

IJ\ N O\
:t F) o\

C F f -
co. '0\

I
o-l co\oo

I  N F s

t " '

ol
ol
o l

.- (El
! t  o o o

v b t

o = l
c -ol
o < l  o  o  og  I  o o q )
O . J  ! ! E

b e  I  o o o

I-l

. J ( ' 0
e co\o

F l  I

I

C O N F
coo\o
r + l

I ^ -
l l n t n
I  N A I
I  F F A

l d t o ( ]
€  E l  o o r t
! L l
( E o l  + + +
Ot ' l  X  X  X

|  ^ ^ a

I  s v v

I  F F F

I  oorctr

- l
5l
. l

ol
'l

= q )
o  t _ o
) t  € -
J  I  O E N

= L O ( , ! . - ! o .
O -  C -  ( g  O

o  O r O  f  >  O   
F  q c . -  4 - c  L

c E  O . L  t -  O O
< o c E  o o .
f - - O = s r )
< e o_t, r, D o tl
o o o 4 0 ) ( o . o

o E  ( g r ) ( t  *
l r J O  r  O *
Z , -  . D l  o  E

v r O  ( !  . .
LJ C O O !t!n
o O o D . l - l o ( )

| , o t .
A A - A '

O c L c O ^ r t A
_ . _  o . . . _  o  o
C !  3  o - . € A
lrJ C Rt O O.! +,
o. (D.r o = o A

e l  s J E g '
J O € ) O ( , ' o O O
< 1 , . D  l ,  ( , ' -  = F
Z ,  G J - .
O .  Or (E-  t t ' \ o _ _  c  >  t l
F  O€O (c  (q . .
< t , o \  o r r + r *
C ( ' - r P ' -  g t
u J :  O + r . - 3 D
o .  L  + r . -  o ! _
O O o { - - g o 1 3

5 | ' s . - C O )
O o \ o . - G  o -
Z ! n : 5 !  ( D E . -
< r < . g t , r : c

F  t  ( ,  o s l J
J o s  !  v ,  I
{ v € O + r O O  O
Z  O \ ( o e ( D  , C
O N F . C  €  ! ^ O
- €  + r - - ! n
F O \ -  O  O O  O )

F  < F . - E . - !  .  L
E  L o >  O o

LJ l rJ  >O.e
J  4 ( 9 < 4 > . o v t ( , '
( D  o E  o - c  

' d

F  g ^ . .  t . -  o
G - E  C  O d a r . + t

I  t O O O . - . s O
I  4 O \ . - - L L  -

O F L r ) O O - -
rrl (D o (a 0.(E<

ur -  o .E  o  =x
F - - O e E O .

C t  J  a . $ q -  €  C  C . : <
Z  l r J <  -  4 E  ( o  >  U ,
t r J  6 - 0  C
c L  . - ( o O O O L

+ lrJo\o L ( ,  C L C)

F O \ L  t  ( E -  6
F o) clr(J O (,' o

z, oo rD (/) (E
O L O - - O ( E r r C

O  - O -  €
g D  o  . - r !  o
F  E ^ ( , - L ! - C( / ) o - o - o  | ,
l 4 J . t  O -  ( o  E -
F  O . L -  >  ( ,  C  >  .
I  O + ) ( E  O . -

F U r C g ! o L ! F
o ( ,  o  c  o t  oo
(J c o o,cno

o . .  o  . -  c D .
< E  [ . C  O  L G  e
C l l O  ! L c O - V l

- ( ,  6 >  . -
f r l -  .n  O 6-
O  O . . ( E  ( , q -  O  O )

Q . ! > o . - O L t l
v ,  O  - - C ( B
F - ( ! € =  6  *
J € O , O r n u - q 3
= c E (,: o) L o*( / a  o -  =  L  g '  ( 9 - *
t r J -  -  > Oq l J L E . i + ,  0 r . r

(! G L (,: C O O-
> L L O O O a c L O
0 a O  q - ! E s O n < )
< o . [  |  =  o  ,
E O  6 + r + r L L
E O - + r  ( a - O A
> L r | € r r  * ,
( n s  O ( o g ' . 3 G

g ( E -  ( !
.a ,  +J  + ,  A

. . a C r .  L y t -
( , ) l E  o ^ > o  o F
l r J l  A , L ( b € .  C ! O
E I O E - _ + r O L .
( ' ) l - -  €  C - -  O- l r  q E n o D  l  I
|.lln L O *r

- ( g C U t E E s t *
o l  o o  o . - L *-rnz,.- ( ,  l r  x-*
o l : t r  d o l - o L
< lF  r r  c .C o  L
J la  o  (a  cLo. t -F
l r J l l r J - O c o O C , O O
G I O Z - O  L  € { -  .

(,l .l

ulol

ot  I

I
Ll .l

Fl r-l
(/,to.l

I
ol
Li

fl(sl
+)l
;l

( J Q l r

z | .=

(,

o

l!
F

(D

G ( E I
o a.l

x
F



o\

t l

L

€E
+J

o

o

o

I

at

L

lF

C\J

I

t l

i l l t t l

+l r, +t

ca rn (\

. C \ J O
\o \o \o

F 5 N

.? o\ !,\

: :?
I  r +

\ o N : l

t t l

o o o

o o o

F |J \N
\ o F t n

co\oo

a

a
lrJ

(n

rl\ tn r|\
N C \ J N

+ + +
X X X

g) 0ro!

(J c)14

z , |5z ,

n - \ O
f- \O \O

**
. g . ( t 6
O - r )

Nl F\O
€ O - s

l r l t t l
g *  + t

= l L =

t n . 30

t t l

F 0 \ 6 )

I  t +

o o

. s 0 0
F  F \ O

6 5 o
F F O J

o
L

z,
lrJ
LJ

rn
OJ

c>or f ). . o
+ + +
X X X

rn \o o\
F l - \ O

\ ooo \
l n @ G l

i l i l t l

*
+ *
\o tn o\

o

N ( \ I O
rt (\l 6

O \ g \ F

I  l +

z t L 2

! *  + ,
p

r -F  O
r r c

5\Orn
5 6 \ O

( 9coo
5 f ) 0

t t l

$t rnGl
F G , F

F: \o ( '

+ + +
x x x

o

6

o

z.

O\.3 O\
( . ) J o

\o\t $
F F F

O\\O €

t :^ i
l i l l l

o o o

o o o

F  on i

\ oo rn
o \o  F

FC) rn
1t i

l l t

o\o F
S F N I

l t l

rn tn
.  C \ J N

\ o 6 f a

+ + +
X X X

( ) O L

Z , l L Z ,

0)
(o

o

2
r
z
U
trJ

g

:F

*
t ( E* \

l F

I  c )O\

I

I

I

r o

1 \ O O
o o

9 , E

(!
L
!

- n  \ o
6 . .

. : *
o

d 6tn
( 9 . .

o

I  F O \

O F
I

I
-TF

I rn\o

I  a v ) F

r  i l l l

,  s a )

I

I

( ) ( ) l !

Z I L Z

I  o \ N
. t O

l +
I

I

I  F O \
g F

+ l
I

I

LN
I N

t . t c )
o .

r . A t
+ +

I  x x
1 O O

1 0ro)

6
E

a

z
UJ
LI

E-2

:F

*
:r

r A J

I  O ( \ J

I

I

r i l t l

I  g 9

I

I

r r ) N

I

I

I o\t\

I n J

!  \o r -

! l
I

( J  O l *

z L z

I

I

r O

I  o o
f - O

o l E

(!
L

- r O r O
- t - O
a E , .

.9
o

"- rn rO
p F o
( g . .

o

I

I

|  \oo
F e !

+ l
I

I

rn

| (\l rv)
F O

+ +
I  x x
r o o
I  o )o )

.g

D

A
o

z,
lrJ
trJ

C O O \ F
O\ t\ .t

i l i l i l

F N \ O
P (\, rt

\ o 5 0 r

co F) rJ\
l s - \ ,

n i  o F

+ i ;

S N  O l
F m o

d - - '

oru\e
i 1 :

l t l

rn ln
G' C!

tv) tn 6

+ + +
x x x

t,

>

z L z

I
|  - ' ^

o - l  l r E
t '
l l

I

L l  6 t r n
!l \o \o

I

! l
I

L l
- l

"l

I

F l t n

O ( +  O
I  p . - O

l l - v + )
o  ! =
- L o ( / ) . ) o l g
E . - ( / ) O  ! ( B

( ! f L ( ,

O - E <
F  E r r o 6 a l  .
( c t - o c - - " - ^

O  O  O  o  L  > -
< . - L ! E O  O
F !  1 5 0 . ! o
< ( ! ( o ! !  o .
O O !  U ) G c ' )

O  ( ! ,  ' -  o r v l
t rJ -O (g  t , )  O
Z ,  - 3 O . - C
- C  { J  -  4 .
t r J o  .  L !  l l
o  ^ ) 0 r - O )

o l ( , ]  G -c  L+
O C O. .  + t  C  !s*
o . -  ( , )  t r -  O *
-  13 . -  s )  O. -  g  *
c 4 t r 5 . -  d o
U J O L ( , E ' S . - . .
a  O - O  O  E  ( ' F

o  ( , ! . - ( , o
J ! } N O L X O O

z  - - l , )  o !  c n
O  6  c  O  O . O  A-  O \ O t )  L  O L
F  o c o  ( !  0 q
< ' - O i  O  + )
E = - .  s o t n
l r J L  ( , ( g -  6 l
e O + r C  O  F
O  o O ( a ! L C )

C'\  f  "-  !"-  O .
O  r n  o r s -  ( 5 !
z  |  5  o - 5  J r  g  t l
< F <  E  ( D " c  o

o t : o ! l *
J - 5 t , L g ! *

Z A J O \ $ t P L
O  c O F  o  D . -  . r
_ o \  r J o t g L F

N  l - e - c ) D ( ,  O

q  s > L + , F ( , o
J  l + J O c -  O l  
c o  a E <  o t
F trJa .- !D O O

E - . . C C  + r A
I  o - € O E  O  O ^ O
I  o \ O O . - O O r n

L F - L ! - L ( >
L J  O  L O O . 3 L .

- O ( , g ( B O
x  ( / ) . - o  f - c o t l

< L  - o o
O  F  o . - -  ! ' -  O *
z .  J < . g ( 9 ( 9 3 . o *
L J  l r J v c  O l
o .  O  o E - c o . .
a o\ . -  o $.-  pr l \

- O t ( g b . - o l t .
F F L ( , D . - t g

o . - g ) i 5 . c n
z L o e . - c
o o o c D " - + r A .

. a  l , ( g  $
( / )  E  . -  d  O . c  n
F O ^ ! O ! + '
u ) + r -  r !  . !  o
l r J  C O . c !  o ?
F O L + J O o O  "
t U ) t  + r c =

F  C " o  ( ! o -  t l
o  o - -  ( g

- " ( J # O o > *
( ) : o  ( D . - E
< O l l  O >  + )
CO-  + j

L C )  > ( g o .
h O  C - t r -  !
O O . - O ( , O e O

! ' -  f  . -  C -
( , - o ] J O u O -
F  ( o . O  . g " -  $ t t  6
J C O E S L - l
> o E L ( D o ) ! r
O " - - O g , O . O 0 )
t r J !  s  o  c
O a G L ( , ) ( g  O

L ( q C J E .
>  O l !  ( s  ( s  C ^ O
g O  L E ( g | n L
< o I r r  o o
= o  r  o o  '
= L - c D ( ' C O g )
> s L  O  3 ' -  + ,
v>  -  c , -  v l ( / )

o o  o
^ $ + r O O a . + ,

. .8 o ( , -o .o
v t l  G 0 J  ! 4 J -
u J h o  o - !  6 -
= l F  E  - ' -  ( -
( ' ) l  |  - ( g - O -
- l F  E t o  6
l r - l P L t , > o = .

vrE O t . :<( - ) l  o o r o o o
- I . v . ) Z . C O C C -
( , l =  ! C . s : f  L
{lr- tt 0)
- J l a  u ) O L O !
l J l u J - ( ! L ( ! L o
a l O Z l ( o > ( ! ( !

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

i l l t l

! l & )

I

I

t

I

o r o )

o r  c )

+)

L

O r -  5
O,- \O

. $  .
o P

F ) - \ O
O\ aJ5'

. a  .

o

I

l i  \ O l t . ^
t o t  o
l o l  . l
l l +  |
l l
I
I r
t . l
l o l  F  t  F
lo l  N ts)
l o l  .  I
l l - l  I  I
l c l  I

I
I
I  l ^
I r ' 1
I  l $ J
t F
|  ^ l  i n

E l  r A
L l  r r
o l  + +r l  x 3 x

I Y

I  v ' v

I  u r l  o )

|  - l -

o
L

I
(!

!

c)

A

v)

F
F

(')l
ol

- ( o l

( E < l

o - l
b e l

r l
I

q
.t

ol
PI

o

+)

(b

F
o

o l
-  L l  C ) O I !
u.- l
6 t q l
O A I  Z t L Z ,
q l

X



APPENDIX  E  . -  TABLE  3

COASTAL-PEL,AGlc FISHES: (A)  LIST 0F TEST CASES IN \ , /HICH THE FREQUENCY AND
@FTTNm.zenooesERVATI0NSEXcEEDED25?l INBASELINEDATA;AND
(B)  SUMMARY 0F BIN0MIAL TEST RESULTS FOR IHESE CASES. The whi te  croaker  cases
l i s t ed  i n  (B )  m igh t  have  resu ' l t ed  e i t he r  i n  a  spu r i ous l y  r e j ec ted  add i t i v i t y  t , es t
(because  o f  many  ze ros  a t  one  o r  t he  o the r  l oca t i on )  o i  i n  a  spu r ious l y  ac iep ted
add i t i v i t y  t es t  ( because  o f  many  s i ng ' l e - ze ros  i nvo l v i ng  bo th  l oca t i ons ) .
P robab i l i t , i e s  we re  eva lua ted  a t  a  one - ta l l ed  a l pha  o f  0 .05 .  1 i * * *  =  p  <  . 001 . )

(A )  FREQUENCY AND PERCENT FREQUENCY OF S INGLE-ZEROS:

Frequency (7 j  Frequency)

Taxon
Depth
B l  ock

i  1  -154

h
5-  10"

i  r  . . C
l 1 -  1 0

BUTTERFISH,  Pac i f i c 1s(2e.4)  10(1e.2)  3(s.e)

CROAKER,  wh i te

Loca t i  on -
Pa i  r (  s )

N I ,C
N i ,F I

N I ,C

N I ,C
F I ,C
N I ,F I

1( 2.  e)

16(  34)

I
I
t
I
I
I
I
I
I

FIN i

2(  3  .4)  e(25 .7)

11(2s.6)  r?(25.5)

(B )  SUMMARY OF B INOMIAL  TESTS (WHITE CROAKER) :

I
I
I
I
I

PP
BA

.48 .07

Depth
B ' l ock

5-10

1 1-16

Locat ion N N
Pa i r (s )  B  I

N I ,C  35  24

NI  ,  C  47  11  .24  .45
FI ,C  44  t2  .33  .45
NI  ,  F I  43  8  .39  .51

i .35  0 .72  .76d

r .2g  0 .  59  .72d

P/P
AB

.15

1"86

PROB
z

< .  000 1***x

z
4 .  05

7.28  .90d

"C" res  a re  add i t i ve  desp i te
a t  one  l oca t i on -

h
"Case  fa i ' l ed  add i t i v ' i t y  t es t

s i ng le  ze ros  a t  one  o r  t he

a  l a rge  pe rcen tage  o f  s ing le -ze ro  obse rva t i ons

(perhaps)  because of  a  
' large percentage of

o the r  l oca t i on .

I
I
I
t
I

tCu r " ,  passed  add i t i v i t y  t es t  desp i te  l a rge  pe rcen tage  o f  s ing le  ze ros
invo l v i ng  bo th  l oca t i ons .

A- I f  PA '  PB, then PROB' = (7 = PR}BZ/Z).

E-3
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APPENDIX  E  . .  TABLE  5

PELAGIC FISHES, SHALLOW DEPTHS: SUMMARY RESULTS OF POWER ESTIMATES FOR BACI T-
f f iFower est imf f iFesponl  to  the log data- form and speci f ic  t - test  s tat is t ic
f o r  t he  pa r t i cu l a r  spec ' i es  and  l oca t i on  compar i sons  l i s t ed  i n  Append i x  E ,  Tab le  1 .
Power  was  ca l cu la ted  based  on  the  ha rmon ic  mean  o f  base l i ne  and  ope ra t ' i ona l  samp le
s i zes .  A lpha  l eve l  t es ted ' i s  0 .05  i f  power  i s  180?3 ,  bu t  a l pha ' l eve ' l  i s  0 .10  ' i f  power
i s  <  80%.  A l l  a l pha  l eve l s  a re  one - ta i l ed

Taxon
Locat i  on

Pa i  r Data Form

I
T
I
t
t
I

BUTTERFISH,  Pac i f i c I  og  10(  x+ .  03125 )
I  og  10(  x+ .  03  125 )
I  og10(  x+ .  30)

Alpha Level  Power (76)

0 .10  22
0 .  10  31
0 .10  31

NI ,C
FI ,C
NI ,F I

CROAKER, wh' i  te 1 os10(  x+ .03125)
1  og10(  x+ .25)
i  og  10(  x+ .  03125 )

N I ,C

NI ,  F I

0 .  10
0 .10
0 .  10

32
46
4?

I
I

QUEENFISH, to ta ' l 1 og10(  x+12.  0  )
1  og10(  x+ .03125)

NI ,C
FI ,C
NI ,F I

0 .  10
0 .05

81
83 Is ta t i  s t i ca l  l y  i n t rac tab le

QUEENFISH,  ma ' l e
' l og10 (  

x+ .  5  )
1o910 (x+ .5 )
1  og10 (  x+ .03125 )

N I ,C
F I ,C
N I ,  F I

0.  10
0 .  10
0 .  10

I
I

tr'7

55
47

QUEENFISH, f  ema' le I  og10(  x+ .  03  125 )
1  og10(  x+ .03125)
1  og10(  x+ .  03125 )

N I ,C
FI ,C
NI ,F I

0 .  10
0 .  10
0 .  10

45
64 I

QUEENFISH, immature 1 og10(  x+5 .0 )
I  og10(  x+ .03125)' l og10(  

x+2 .0 )

NI ,C
FI ,C
NI ,F I

0 .  10
0 .  10
0 .  10

71
65
7 t

I
I

QUEENFISH, YOY NI ,C
FI ,C
NI ,F I

s ta t i  s t i ca l  1y  in t rac tab le
I  og10(  x+2 .  0 )  0 .  10
1  og10(  x+ .03125)  0 .  10 Ib 3

48

SiLVERSiDES NI ,C
FI ,C
NI ,F i

0 .  10
0 .  10
0 .10

I  og10(  x+ .03125)' l og10(  
x+ .03125)

1  og10(  x+ .  10)
I5 5

47
41

I
I
I

E-5
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APPENDIX E - -  TABLE 6

PELAGIc FlSHEs-,  MID-DEPTHS: SUMMARY RESULTS 0F POWER ESTIMATES FOR BACI T-TESTS.
P-ower estimTEs corieffio:t6-trre 1og Oata-torm and spec'if ic t-test statistic for the
par t i cu la r  spec ' ies  and  loca t ion  compar isons  l i s ted  ' i n  Append ' i x  E ,  Tab le  2 .  Power  was
ca lcu la ted  based  on  the  harmon ic  mean o f  base l ine  and  opera t iona l  samp le  s ' i zes .  A lpha
leve l  tes ted  ' i s  0 .05  ' i f  power is  >  80%,  bu t  a lpha  ieve i  i s  0 .10 ' i f  powe l i s  <  80%.  A l ' l
a lpha  leve ls  a re  one- ta i led .

Taxon
Locat i  on

Pa i  r Data Form A lpha  Leve l Power (%)

BUTTERFISH,  Pac ' i f  i  c ' l  
o910( x+ . 5 )

s ta t i  s t i  ca ' l  1y
1  og10 (  x+ .03125 )

0.  10  30
in t rac tab le  -  -

0 .10  24

NI ,C
r I r L

NI ,  F i

I CR0AKER, whi te N I ,C
F I ,C
N I ,F I

1 og  10(  x+  .  03125 )
I  og10(  x+ .25)
I  og10(  x+ .03125)

16
?2
17

0"10
0 .  10
0 .  10

---uu-

53

I
I

QUEENFISH,  to ta l s ta t i  s t i  ca l  i y  ' i n t rac tab ' l e
i  og i0 (  x+ .  125 )
1  og i0 (  x+ .03125 )

NI ,C
FI ,C
NI ,F I

0 .  10
0 .  10

I QUEENFISH,  ma" le stat i  st ' ica ' l  1y' l  
og 10( x+ .  03125 )

I  og10(  x+2 "  0 )

in t rac tab le  -  -
0 .10  48
0 .10  75

NI ,C
FI ,C
NI ,  F i

I
I

QUEENFISH,  fema le 1 og10(  x+ .06)' log10(  
x+  "  03 i25)

I  og10(  x+  "  03125)

NI ,C
t rT r
N I ,  F I

0"10
0 .  10
0 .  10

40
42
36

I QUEENFISH, immature 1 og10(  x+ .03125)
1  og  10(  x+ .03125  )
1  og  10(  x+ .  03125 )

Ni ,c
FI ,C
NI ,F I

0.  10
0 .  10
0 .  10

30
30
29

37
37
30

NI ,C
FI ,C
NI ,F I

0 .  10
0 .  10
0 .  10

' l og10 (  
x+1 .0 )

1  o910(  x+1  "  0 )
I  os10 (  x+ .03125  )

l
I

QUEENFISH, YOY

SI LVERSIDES NI ,C
t r T n

NI ,F I

0 .  10
0"10
0 .10

1o910(x+ .03125)
1  o910(  x+  "  03125)
I  og  i0 (  x+ .  03125 )

23
23
24t

I
I
I

E-6



APPENDIX E . .  TABLE 7

BENTHIC FISHES: SUMMARY RESULTS 0F P0WER ESTIMATES FOR BACI T-TESTS. Power
es t jmates  cor respond to  the  log  da ta- fo rm and spec ' i f i c  t - tes t  s ta t ' i s t i c  fo r  the
par t i cu1ar  spec ies  and  loca t ion  compar isons  l i s ted ' in  Append ix  E ,  Tab le  4 .  Power  was
ca lcu la ted  based  on  the  harmon ic  mean o f  base l ine  and  opera t iona ' l  samp le  s i zes .  A lpha
leve l  tes ted ' i s  0 .05  i f  power  i s  >  80?6 ,  bu t  a lpha ' leve l  i s  0 .10  i f  power  i s  <  80%.  A l l
a I pha ' l eve I s are two-tai I ed.

Soec ' i es Depth Dat,a Form Al  pha Leve ' l Power (%)

I
I
I
I
I
I

CROAKER, whi te

CUSK-EEL, basketweave l oS  ( x -ba r+ .0156 )' l og  ( x -ba r+2 .0 )

18
30

18
30

stat i  s t i  ca l  
' ly  ' in t ractabl  e

l og (x -ba r+ .0155 )  0 .10  50

0"10
0 .05

60
80

HALIBUT,  Ca.

LIZARDFISH, Ca.

I
I

18

i8
30

stat i  s t ' ica l  1y i  n t ractab ' le

l og  ( x -ba r+ .04 )  0 .10
I  og (  x-bar+ .0155)  0 .  10

i  nes t .
1 0

QUEENFISH

SANDDAB,  longf in

46
29

t7
78

18
30

18
30

l og  ( x -ba r+ .0155 )
l og  ( x -ba r+ .0156 )

l og  ( x -ba r+ .07 )' l og  (  x -ba r+0 .0 )

0.  10
0 .  10

0 .  10
0 .  10

I
I

SANDDAB, Paci f ic

SANDDAB, speckled

log  ( x -ba r+ .0155 )

l og  ( x -ba r+ .25 )
s ta t i  s t i  ca l  l y

I
I

30

18
30

0.  10

0 .  10

23

84
i n t rac tab le  -  -

SEAPERCH,  p ink

SKATE,  Ca ' l i fo rn ia

S0LE, fantai ' l

stat i  s t i  ca l  ly

l og  ( x -ba r+ .055 )

l og  ( x -ba r+ .25 )' l og  (  x -ba r+ .0 i56 )

i  ntractab' le -  -

0 "  i0  42

0 .10  25
0 .10  25

30 I
I

30

18
30

T0NGUEFISH, Ca.

TURBOT, hornyhead

I
I

18
30

18
30

stat i  st i  cal  1y i  ntractabl  e
log  (x -bar+ .2S)  0 .10  54

I  og  (  x -bar+ .0625)  0 .  10  75
s ta t i  s t i ca l  1y  in t rac tab le

I
I
I
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APPENDIX E - .  TABLE 8

PELAGIc FISHES: SUMMARY RESULTS 0F KOLMOGOR0V-SMIRN0V TWO-SAMPLE TESTS 0F THE
PERCENT LENGTH-FREQUENCY DiSTRIBUTIONS OF QUEENFISH AND I{HITE CROAKER CAUGHT OURING
THE PREOPERATIONAL AND 0PERATiONAL PERIODS AT THE THREE STUDY LOCATIONS. Analysis
based on  ca tches  made ' in  the  sha l low (5-  to  lO-meter )  depth-b lock  on1y .  DCRiT05 is
tha t  va lue  o f  the  tes t  s ta t i s t i c  tha t  i s  s iqn i f i can t  a t  o  =  .05 .

NEAR IMPACT

NO. CAUGHT
r

V a l  u e5pec l  es

CR0AKER, whi te
QUEENFISH

Before Af ter DMAX DCRITO5

0 .6659
8247

56
1708

0.24  < .001
0 .04  < .001

P
Iv

6 1 3

2926

I
I
I
I
t

FAR IMPACT

NO. CAUGHT

Befsre A f te r DMAXSpec' ies _

CROAKER, whi te
QUEENFISH

250
oocn

0 .80
0 .  10

.001
"  001

DCRITO5

0.  10
0"03

va lue

I
I

CONTROL

NO" CAUGHT

Before After DMAX
P

DCRIT05 Val  ue_  Spec i  es

CR0AKER, whi te
QUEENFISH

45
8301

716
4764

0.53
0 .28

0 .? t
0 .02

< .001
< .001I

I
I
I
I
I
I



APPENDIX E  . .  TABLE 9

PELAGIC FISHES: SUMMARY RESULTS OF KOLMOGOROV-SMIRNOV TWO-SAMPLE TESTS OF PERCENT
LENGTH-FREQUENCY DISTRIBUTIONS OF QUEENFiSH AND t1/HITE CROAKER CAUGHT AT IMPACT AND
CONTROL LOCATIONS DURiNG THE PREOPERATI0NAL PERI0D (May 1980-June 1982).  Ana' lyses
based on  ca tches  made in  the  sha l low (5-  to  10-meter )  depth-b1ock  on1y .  DCRITOS is
tha t  va lue  o f  the  tes t  s ta t i s t i c  tha t  i s  s ign ' i f i can t  a t  s  =  .05 .

PREOPER.ATIONAL PER IOD

NEAR IMPACT VS.  CONTROL

NO. CAUGHT
P

DCRIT05 Val  ue

I
I
I
I
I
I
I
I
I

Spec i  es

CROAKER, whi te
QUEENFISH

NI  Cont ro l

69 45
8247 8301

DMAX

0.41
0 .L7

0 .26
0 .02

< .001
< .001

PREOPERATIONAL PERIOD

FAR IMPACT VS.  CONTROL

NO. CAUGHT

Contro l DMAX DCRITO5Spec i  es

CR0AKER, whi te
QUEENF]SH

FI

?50
9950

45
8301

0.42
0 .  i8

0.22
0.02

< .001
<  . 001

I
I
I

P
Val ue

PREOPERATIONAL PER IOD

NEAR IMPACT VS.  FAR IMPACT

NO. CAUGHT

r t DMAX

I
INI

P
DCRIT05  Va l  ueSpec i  es

CROAKER, whi te
QUEENFISH

69
8247

25g
9950

0. I2
0 .  13

0 .  18
0 .02

<  .05
< .001 I

I
I
I
I
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APPENDIX  E  - -  TABLE  IO

PELAGIC FlSHES: SUMMARY RESULTS OF KOLMOGOROV.SMIRNOV TWO-SAMPLE TESTS OF THE
PERCENT LENGTH-FREQUENCY DISTRiBUTIONS OF QUEENFISH AND } , IHITE CROAKER CAUGHT AT
IMPACT AND C0NTROL L0CATIONS DURINc THE 0PERATIONAL PERI0D (May 1984-November 1986"
Ana lyses  based  on  ca tches  made  in  the  sha l ' l ow  (5 -  t o  lO -me te r )  dep th -b iock  on1y .
DCRIT05  i s  t ha t  va lue  o f  t he  t es t  s t a t ' i s t " i c  t ha t  i s  s i gn i f i can t  a t  c  =  . 05 .

OPERATIONAL PERIOD

NEAR IMPACT VS.  CONTROL

NO. CAUGHT
P

DCRITOS Val  ueSpec i  es

CR0AKER, whi te
QUEENFISH

Cont ro l

7t6
4764

NI DMAX

5 b

1708
0.37
0 .15

0 .  19
0 .04

< .00 i
< .001I

I
I
I
I

OPERATIONAL PER IOD

FAR IMPACT VS.  CONTROL

NO. CAUGHT

_  Spec ies

CROAKER, whi te
QUEENFISH

r I

815
29?6

Csntro l

716
4764

DMAX

0.  15
0 .  18

P
DCRIT05 Val  ue

0  "  07  < .001
0 .03  < .001

I
I
t
I
I

OPERATIONAL

NEAR IMPACT VS.

NO. CAUGHT

PERIOD

FAR IMPACT

0.28
0 .30

FI DMAX
P

DCRITOS Val  ueSpac i  es

CROAKER, whi te
QUEENFISH

NI

56
1708

815
?926

0.  19
0 .04

< .001
< .001

I
I
I

E-10



APPENDIX  E  - -  TABLE  1 I

BENTHIC FISHES: SUMMARY RESULTS OF KOLMOGOROV.SMiRNOV TWO.SAMPLE TESTS OF THE
PERCENT LENGTH-FREQUENCY DiSTRiBUTIONS OF FISHES TRAWLED AT IMPACT VERSUS CONTROL
L0CATIONS.  D is t r i bu t i ons  a re  tes ted  separa te l y  f o r  ca tches  made  du r ing  the
p reopera t i ona l  and  ope ra t ' i ona l  pe r iods .  Spec ies  examined  a re  those  fo r  wh ich  >  50
jnd i v idua ls  were  measured  (a t  dep th )  a t  each  l ongshore  l oca t i on .  DCRITOS i s  t ha t
va lue  o f  t he  t es t  s t a t i s t i c  t ha t  i s  s i gn i f i can t  a t  a  =  . 05 .

PREOPERATIONAL PERIOD

NO. CAUGHT

)Dec  1  es
Depth
(M)  Impact

18 2832
30 4008

I
I
I
I
I
I
I
I
t
I
I

P
Va l  ue

3 J U

1849

802

420

82

r32
203

465

78

193
t75

18
30

30

18

30

18
30

Contro l DMAX OCRITOs

CROAKER,  wh i te

SANDDAB,  l ong f i n

SANDDAB, Pac ' i f  i  c

SANDDAB, speckled

S0LE,  fan ta i l

TURBOT, .hornyhead

153
874

11 47

3800
7016

0.07
0 .04

0 .  15
4 .24

0 .  18

0 .07

0 .  15

0 .  13
0 .25

0 .03
0 .03

0 . t2
0 .06

0 .06

0 .09

0 .22

0 .  15
0 .  14

<  .001
< .001

.  01>P> .001
< .001

< .001

> .  10

> .  10

> .  10
< .001

OPERATIONAL PER IOD

NO. CAUGHT
I
I
I
I
I
I

Depth
(M)

18
30

Impact

2147
1894

140
754

208

354

133

Control

1157
743

159
1050

123

519

DMAX

0.23
0 .  13

0 . t2
0 .  18

0 .  10

0 .03

0 .22

s.2r
0.  17

P
DCRIT05 Val  ueSpec i  es

CR0AKER, whi te

SANDDAB,  l ong f i n

SANDDAB, Paci f ic

SANDOAB, speckled

S0LE,  fan ta i ' l

TURB0T,  hornyhead

81

1 q q

110
r24
170

18
30

30

18

30

18
30

0.05
0 .05

0 .  16
0 .06

0 .  15

0 .09

0 .  19

0 .15
0.r7

<  .001
< .001

> .  10
< .001

> .  10

> .10

.05>P> .01

.01>P> .001

.05>P>.01 .

t
I

E-11
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APPENDTX E - -  TABLE 12

BENTHIC FISHES: SUMMARY RESULTS OF KOLMOGOROV-SMiRNOV TWO-SAMPLE TESTS OF THE
PERCENT LENGTH-FREQUENCY DISTRIBUTIONS OF FISHES TRAWLED DURING THE PREOPERATIONAL
VERSUS OPERATiONAL PERI0DS.  D is t r ibu t ions  are  tes ted  separa te ly  fo r  ca tches  made a t
Impac t  and  Cont ro l  l oca t jons .  Spec ' ies  examined  a re  those  fo r  wh ich  >  50  ind iv idua ls
\ {e re  measured (a t  depth)  a t  each iongshore  loca t ion .  DCRITOS is  tha t  va ' lue  o f  the
tes t  s ta t i s t i c  tha t " i s  s ign . i f i can t  a t  a  =  .05 .

IMPACT LOCATION

NO. CAUGHT

Spec ies

CROAKER,  wh i te

SANDDAB,  l ong f i n

SANDDAB,  Pae ' i f i c

SANDDAB, speckled

S0LE,  fan ta i  I

TURBOT, hornyhead

Before After

2832 2t47
4008 1894

153 140
874 754

1147 208

465 354

78 133

193 I24
175 770

DMAX DCRITO5
Depth
(M)

18
30

18
30

30

18

30

18
30

0.21
0 .35

0 .28
0 .  19

0 .1?

0 .07

0 .37

0 .  i4
0 .  11

0 .04
0 .04

0"16
0 .07

0 .  10

0 .  10

0 .  19

0 .  16
n  1 E

< .001
< .001

< .001
< .001

.05>P> .01

> .  1 .0

< "001

> .  10
> .  10

I
I
I
I
I
I
I

CONTROL LOCATION

NO. CAUGHT

Before Af ter
P

DCRIT05 Val  ueSpec i  es

CROAKER, wh' i te

SANDDAB,  l ong f i n

SANDDAB,  Pac i  f i c

SANDDAB, speckled

SOLE,  fan ta i  I

TURBOT, hornyhead

Depth
(M)

30

18
30

30

t8

30

18
30

3800
7016

550
1849

802

420

82

132
203

1 157
743

159
1050

L Z 5

519

81

155
110

DMAX

0.  17
0 .46

0 .22
0 .22

0"33

0 .09

0 .32

0 .  17
0 .35

0 .05
0 .05

0 . i2
0 .05

0 .  13

0"09

a "21

0.  15
0 .  i6

< .001
< .001

< .001
< .001

< .001

"  05>P> "  0 l

< "001

.05>P> .01
< .001

I
I

E-T2



APPENDIX  E  . -  TABLE  13

AVERAGE BODY WEIGHT OF QUEENFISH AND WHITE CROAKER iN (A)  LAMPARA SEINE ANO (B)
0TTER TRAWL CATCHES.  Means  a re  es t ' ima ted  by  samp ' l i ng  s ta t i on  w i th in  dep th  b lock
( l ampa ra )  o r  dep th  ( t r aw1 ) ,  f o r  ' rBe fo re r r  ( 8 ,  base l i ne )  and  r rA f t e r r '  (A ,
ope ra t i ona l )  pe r iods .  We ' i gh ted  means  (w i th  s tandard  dev ' i a t i ons  i n  pa ren theses )
a re  no ted .  We i  gh ted  means  rep resen t  t he  mean  ove r  a l  I  c ru i  ses  ' i n  wh ' i ch  the
spec ' i es  occu r red ,  we igh ted  by  i t s  numer i ca l  rep resen ta t i on  i  n  t ha t  c ru ' i se .

(A )  LAMPARA SEINE - -  MEAN BODY WE|GHT/F ISH ( i n  g ) :

DEPTH BLOCK

SHALLOt|, MID-DEPTH

I
I
I
I
I
I
t
I
I

r ?NIFINI

40( 73 )
27(43)

17(  11s)
28( 105 )

B
A

Spec i  es

CR0AKER, whi te

QUEEN FI SH

Peri  od

B
A

37(  i71  )
L2(r25)

22(t44)
20( es )

44(tze)
18(  i 43 )

16( es )
23(  143)

82(127)
7e(  1 i4 )

31(  112)
40( s2 )

79(200)
47(  16e)

32( 1ss)
41(  s0)

42(  105 )
s7(  44)

26( 80 )
?7 (r00)

(B )  OTTER TRAWL - -  MEAN BODY WEIGHT/F ISH ( i n  g ) :

DEPTH

18M

I
I
I
I
I

s3( 10e)
58(  110)

B
A

30M

Spec ' i es

CROAKER, whi te

QUEENFISH

Impact

80(  1e6)
7s(  345)

38( s2 )
27(r7o)

Cont ro l

8 i (  320)
84( 200)

26(t27)
i8 (  134)

Impact

88(  288)
12s(  306 )

Contro I

e0( 3s8)
14s( 1s0)

s8( 1s2)
s1(80)

Peri  od

B
A

I
I
I
I
IE-13



B
A

I
I
I
I
I
I
I

APPENDIX  E  - -  TABLE  14

AVERAGE FiSH BIOMASS (ALL FISHES IN KG) IN OTTER TRAWL CATCHES. (A)  Means are
es t ima ted  as  the  g rand  means  o f  t he  mean  b iomass  t raw led  (4 - t raw1  bas i s )  a t  a
s ta t i on  and  dep th  on  a  c ru i  se .  S tandard  dev ia t ' i ons  a re  no ted .  (B )  A l  so
summar i zed  a re  the  resu l t s  o f  BACI  t - t es t s  pe r fo rmed  on  the  Impac t .m inus  Con t ro l
de l t as  o f  LOG 10  ( x  +  0 )  b i omass ,  f o r  each  o f  two  dep ths .

(A)  OTTER TRAWLS --  MEANS oF TOTAL TRAWL BloMAsS ( in  kg) :

DEPTH

18M 30M

Per i  od Impact

5 .8+4 .2
4 .9 ;3  . 5

Contro I Impact  Contro l  ;

7  . 7+5 .7
4 .77+ .3

8 .0+3 .4
s.613.3

11"6+4 "9
3 .813 .1

I
l
I
I

(B )  BACI  T -TESTS ON DELTAS OF LOG10 (b iomass  i n  kg ) :

Before Af ter
Depth

(m) De I  ta-Bar

- .  L J
- .  15

std
Pc t

Chanqe i

Prob

2 "27  0 .  03
5  "62  <0 .001

N
25
25

N

26
26

.34

.24
J 6

30

De' l ta-Bar  Std

+ "06  . 27
+ .2?  "24

+57
+139

I
I
l
I
I
I
I
I

E-14



APPENDIX  E  . .  TABLE  15

MEAN CPUE (BI0MASS) 0F QUEENFiSH AND WHiTE CROAKER IN (A)  | -AMPARA SETNES AND (B)
OTTER TRAI { ,LS .  Es t ima tes  a re  p rov ided  fo r  "Be fo re "  and  "A f te r ' r  ope ra t i ng  pe r iods ,
fo r  nea r -SONGS and  d i s tan t  con t ro l  (S tua r t  Mesa)  l ongshore  l oca t i ons ,  and  fo r
ma jo r  dep ths  o f  impac t .

I
I
I
T
I
I
t
I
I
I
I
I
I

N

?6
25

26
25

NI

N

26
25

26
25

B
A

Peri  od

B
A

37,59
30

37 ,59
? n

.748

.  051

3  .818
i  .587

2.957
.435

2.909
3 .724

30M

B
A

Impact

? . t66
1  .614

.330

.427

Contro I

2 .975
0 .977

.352

.247

Impact

3 .  408
2 .352

.371

.380

Contro l

6.075
1 .078

.537

.267

(A )  LAMPARA SEINE - -  MEAN CPUE B IOMASS (kg ) /4 ,600  M2 :

SHALLOW DEPTH BLOCK

Spec i  es

CROAKER, whi te

QUEEN FI SH

(B)  OTTER TRAWLS --  MEAN CPUE BIOMASS (kg) /gSO tv t2:

DEPTH

18M

Spec i  es

CROAKER, wh.ite

QUEENFISH

Peri  od

B
A

I
I
I
I
t
IE-15
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APPENDIX E . .  F IGURE 53
(shee t  2  o f  5 )

I.AMPARA SEINE

QTIEENFISH (sERrprrus poLrrus)
NTIIR IMPAST LOCATION 5-1O lf,grEB DEPIEE

STANDARD LENGTH (MM)

E-59

I
I
1

IJ
0
z
IJ
v.
v.
l
0
0
o
tL
o
0
z
LJ
f
o
td
v.
L
Fz
hJ
0
v.
IJ
IL

I
I

JANUARY 1  9E2
- , -  -NVMEER OF FtsH -  sgo
NUMBEFa OF COIIECTTONS - S

J U L Y  1 9 A 2
NUMBEFI OF FISH - goe

NUMBER OF C9LLECTIONS - 2
7a

lo
la

r g o 19c t

I
t

FEE|RUARY 1EE=-
-. NUMltEll OF FISH t +a2
NUMBER Or corlEgnoNd - s

ta

NUMEEII OF FISH - 607
NUMEER OF COLLECTIoNS r 2

I
1 g o l e o

M.ARCH 1982-
NUMEER OF F|SH r lOt

NUMEER gF Cgu.ErtrTtONa r I
N U M S E R O F F I 3 H  t  ? 1 .

NUMEER AF C9LLEgnONg r 2' I
*l1 5 C l rgc l

A P R I L  1 9 A 2
- __ -NlluEER OF FISH : to2!
NUUBER Cr OOuEgtlONs - g NUMBER OF FIISH r t 95

NUMEER OF COLLECTI9NA - 2

ll

l
'r go r e 0

MA) r  1982
NUMEER OF F|tH r 6t.f

NuMlgia oF CO|J-ACn('NS - S

NO DA'TA

. J U N E  1 9 A 2
NUMEER OF FISH r 2OS

NUMEER OF CE|]IECfiONA - t

,ax

NO D.A'TA,



IJ
O
z
trJ
v.
v.
f
O
0
o
LL
o
O
Z
trJ
f
o
ld
v.
|l

Fz
td
0
v.
IJ
0-

I
I
I
I
I
I
l
I
I
I
I
I
I
t
I
I
I
I

APPENDIX E . -  F IGURE 53
(shee t  1  o f  5 )

I.AMPARA SEINE

QTIEENFISH (sanr.eaus poLrrus)
NBAR IMPACT LOCATION 5-1O IIETER DEPTE

STANDARD LENGTH (MM)
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APPENDIX E  - -  F IGURE 53
(shee t  4  o f  5 )

I.AMPARA SEINE

QUEENFISH (SERTPHUS PzLTTUS)
NEAR IMPACT LOCATION 5-1O METER DEPTE
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APPENDIX E  - -  F IGURE 53
(shee t  3  o f  5 )

I.AMPAR,A SEINE

QI]EENFISH (SERLPE{US POLTTUS)
NTAR IIIPACT LOCATTON 5-1O MgfER DEPTE

AUGUST T EE5-
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APPENDIX E  - -  F IGURE 54
(shee t  1  o f  7 )

I.AMPARA SEINE

QIJEENFISH (sERrpa{trs poLrrus)
FA.R IMPACT LOCATION 5-1O METER DEPTE

STANDARD LENGTH (MM)
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APPENDIX E  - -  F IGURE 53
(shee t  5  o f  5 )

I.AMPARA SEINE

QTJEENFISH (SERLPE{US POLTTUS)
NEAF IMPACT LOCATION 5-1O METER DTPTH
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NUMEER OF FISH r 4D

NUMBER OF COT.LECTIONS -

3 ( )  70  1  10  150  1eo  230

A U G U S T  1  9 A 6
NUMEIEFa OF FISH - ttg

NUMEER OF COIIECTIONS - 'l

3 ( )  7 0  1 1 0  r 5 0  1 c o  2 3 0
M A R C H  1  9 A 6
NUMAER OF FtgH r 2SO

NUMBER OF COLLEgnONs - 2

30  ?o  1  10  
'  

150  19c '  250

NO T>ATA

A P R I L  1 9 8 6
NUMBER OF FISH - 212

NUMBER OF COLr-ECT|ONS - 2

rol'il ,,,,,.,,1111n, ,
NO T)ATA

50 70 r  10 150 19cl  230

M A Y  1  9 4 5
NUMBER OF RSH - 22O

NUMEER OF COI,.LEST|ONS r 2

'o1
t5 l

:1,.',f,l,'.'llil
so  70  1  10  1AO IeO  2nO

NO DATA

J U N E  1 9 8 6
NUMBER OF FISH - 143

NUMBER OF COL|-ECTIONS r 2

ii]--lll1r.,t,,r,, NO DATA

5( )  70  1  10  160  190  230

STANDARD LENGTH (MM)
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APPENDIX E . -  F IGURE 54
(shee t  3  o f  7 )

I,AMPARA SEINE

QUEENFISH (SERTPHUS PoLrTUs)
r.AN IIIPACT LOCATION 5-1O MITER DTPTE

NUMBER OF F1SH a 922
NUME ER OF COLLECTIONS - +

7 0  1 t o  r 5 0  t e o

U
NUMEER OF F|SH - 1!56

NUMBEFI OF COLLECTTONS - S

2 0  t l o  1 5 c '  l e o

s E . F ' T E M E I E R  1  9 E !  1
NUMAER OF FISH - . l7a

NUug€R OF COLLECTTONS - 3

r 5 c ,

I
I
I
I
I230

bJ
O
z
LI
t
v
l
0
0
o
L
o
O
z
IJ
l
o
td
v
b-

Fz
td
0
v.
IJ
0-

1 0 0

SIANDARD LENGTH

E-7s

MM)

I
I
I
t

. . .  N U M T E R  O F  F I S H  -  t g A
NUME|EFI OF COLLECTTONS - 2

so 70 1 1 0 150 190 23,o

L I J I < U A R Y  1 9 4 1
NUME gR OF FISiH r r.+2

NUMtseR OF oOLLECTTONS - 2

l a

5C,  70  t l o  150  19c ,  230

NUMBER OF FISH - 575
NUMBER OF COUECTIONS - 2

t t

A P R I L  1 9 E 1
NUMBER OF FISH r l.+59

NUMBER CtF COLLECTTONS - 4

l ' ( '  70  1  1c ,  150 100 250

NUMBEFa OF FISH - 12a
NUMBER OF COLLECTTONS - 2

so 70 1 . t  o lso 1eo 250

NUMEER OF FISH . EgA
NUMBER OF COLLECTTONS - 4

l ,

go 70 1 1 0 16( '  19c,  230

NUMBER ()F FISH - 146
NUMBEII OF COLLECTIONS - 2

c o  7 0  1 1 0  l o o  . r s o  2 5 0

NIJMBER OF FISH r 1?23
NUMaER OF COIJ-ECT|ONS r 4

50  70  1  10  150  1e0  230

NUMBER OF FISH - 4CO
Nl,MEeR OF COLLESTIONS r 2

3 ( ,  70  . t 10  150  t 90  230
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APPENDIX E . -  F IGURE 54
(shee t  2  o f  7 )

I.AMPAR^A, SEINE

QIJEENFISH (sERrpatus poLrrus)
FAR IMPACT LOCATION 5-1O MgfER DTPTE

STANDARD LENGTH (MM)

NC) DATA

. J U L Y  1 9 8 O
N U M B E R  O F  F I S H  -  4 3 8

NUMBER OF COLLECTTONS - 2

1 1 0

NO DAT^

A U G U S T  1  9 8 O
NUMBEFI OF FISH - 2aJ

NUMBER OF COLLECT|ONS - 2

7 0  1 1 0

MARCH 1  SEo-
NUMEER OF FISH - Zs

NUMEER OF COLLECTTONS - 1

SEPTEMBER 1  9AO-
N U M E  E R  O F  F I S H  .  ? 1 6

NUMBER OF COLLECTTONS - g

l \ f , R t L  l  g a o
NI IMBER OF FISH -  1Ba

NUMBER OF OOLLECTTONS - 2

ocroBER 1  g tsO
NUMBER OF FISH -  52O

NUMBER OF COLLECTTONS - g

M A Y  1  g E O.NUMEER OF  F |SH  -  rA6
NUMBER ()F COLLECTTONS - 2

T . I O V E M E I E R  1 9 A O
NUMBER c'F FIsiH - 2AO

NLTMEEFa OF COLLECTTONS - 2

J U N E  1 g A r c _
NUMEIER OF FtSt{ - 54e

NUMBER OF COLLTCTT()NS - S

I J L ( - L M E  E R  1  g E O
NUMBER OF F lSx  -  14

NUMBER OF COLLECTTONS - I

g o  7 0  1 t o  1 5 0  1 9 0  2 3 0

E-7 4
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t
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230

2:ro

APPENDI 'X  E  - -  F IGURE 54
(Sheet  5  o f  7 )

I.AMPARA SEINE

QUEENFISH (saRrpEtus poLrrus)
FAN IMPA T LOCATION 5-1O MgfER DEPrE

M
NUMBER OF FISH - 65

NUME ER OF COLLECTI9NS - r

2C

70  1  10  150  100  2go

l L  1 9
NUMBEiI OF FISH - 94

NUMEEFI OF COLLECTIONS - I

150  1eO 250

IJ
0
z
ld'- y-
v.
l
0
0
o
L
o
0
z
td

g
td
v.
tL

Fz
td
0
v.
td
0_

NUMBER OF Fll lt{ - I 1t
NUI|BER OF COLLESI1ONS - I

I t
i
i
j
i
I

I
i
I
I

rsc l 10c ,

NUM9ER OF FIIIH r 173
NIJMBER OF eOLLECTIONS - !

70  1  l o  l t l c l  1eo

\ U G U S T  1 9 E t 4
NLTMtsER OF F|SH - tg

NrJllaER Or COIIESnON3 - I

t go  l eo  2go

NiJMEER OF FISH - a't
NUI.-ER OF COLLEgn('Na - I

STANDARD LEN TH

E-77

NO E'ATA

NUMBER QF FISH r 90
NUMBER OF GQLLECITION:S r I

tt

5 ( '  7 0  1 1 0  1 ! t O  1 0 0

NUrI.AER OF FISH - tt6O
NUMIER OF G:GtlJEGfiONS r I

tt
ta

30  70  110  160  l eo  2go

XUMETR OF FISH - 3!t
NUMBER OF COIJECTIC)NS - I

l ,
It

tc

50 70 1 10 150 100 290
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APPENDIX E -- 
i : f ; ! : i  Saor 7)

I.AMPARA SEINE

QtIEENFISH (sERrPrrus PoLTTUS)
FA.R IIIPA T LOCATION 5-1O rIBTTR DEPTE

.:{
.,, :.J.4
t l

]

.  Yir '

- , . t + ' -

- -i<.-"i*-

NE E'ATA

J U L Y  1 9 4 5
NUMBE'I OF FISH I 27A

NUMEER oF COLLECTIONS - 4

30 7A 1 lc ,  16c|  1go 250
FEtsRUARY 19A5

NUMIER OF F]!SH r 21
NUMEER oF cOLLEgttONs r

A U G U S T  1 9 8 5
NUMBER OF FISH r 27

NUMBER OF CoLIECTIONS r

LuJilr
5c,  70 I  1 0 160 rco 2ro 30 70 . t  . t  o 1to 130 zso

NO DATA

SEPTEMBER 1  985
NUMBER OF FISH - 2aS

NUMBER OF COLLECTT9NS - g

30  70  110  15c '  10c '  2so
A P R I L  1 9 4 5
NUMBER OF FISH r eC

NUMBER oF OOLLESTTON:S - ?

NO E ATA

50  20  110  1no  100  3go

M A Y  1 9 a s
NUMBER ClF FtSl{ r S.+Cl

NUMEEFa OF CO|IESnONS - 2

,1
A

1 1 c ,

NO DATA

J U N E  1 9 A 5
NUMBER OF FISH - zaC

NUMAER OF COIIECfiONS r Iiffi,,,,, NO DATA

STANDARD LENGTH (MM

E-7  8
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APPENDiX E  . -  F IGURE 54
(shee t  7  o f  7 )

I"AMPARA SEINE

QIIEENFISH (sg&rPrtus PoLrrus)
r.AB IITPAST LOCATTON 5-1O ltgrtsB DEF|IE

I
I
I
i

i
i

1 9 0

N(' tr'ATA

1
NUMBEII OF FISH - t Za

NUMEER OF COLLTCTIONS r I

r 5 0

N(' tr,ATA

NO tr'.ATA

NO DATA

td
o
Z
IJ
E
v
f
0
0
o
Ir
o
0
z
IJ

: ' l
o
td
x.
LL

F
z

j l J
,0

v.
hJ
L

; , l
i:.,i,  ' . 9 i

:(..1 {.t,
I

" .1

t

t. ' +' 3

. .'r

' ; i l7:

: 1 f , : :  . l '

I
I

STANDARD LENGTH (MM)

E-7 9

_ NUMBER gF FISH r 2+
NLJMEER OF COIIECTIONS - 2

str zo 11o i so .r 6o 2so

- NUMlEil OF flSH r 1Z
NUM9ER OF COUECTTONS r I

at ta

5( '  70 I  10 lgo 1eo 2EO

NUrIEIER OF FlsH t 1a7
NUMFER OF COUECTIONIB r 2

.so zo 1.to lgo r io zaa

NUMEER OF FISH - 996
NUMEER OF COLLECTTONIi r 2

g| '  70 l ro 1! t0 19C'  250

NI|MEER OFFISH - 2r€
N|JMIEi OF COU-EGIIONIS r 2

g0  2o  11O 1OO 19O 2 rO

NUMB€R OF FISH - 17l'
NUMBER ClF COLLEG!|O6|S r 2

50 70 11c'  150 190 230

NO DA?A
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APPENDIX E  - -  F IGURE 55
(shee t  1  o f  7 )

I.AMPARA SEINE

QIIEENFISH (sERrPE{Lrs PoLrrus)
COI TROL LOCATTON 5-1O M TER DEPTTI

NO D.ATA NE DATA

NO DA'TA NO DATA

NO DA'TA

SEPTEMEIER 1979
NUMBER OF Fl9H r 24C

NUMEER ('F COLLESTIoN3 - 2

291 r.'" it l' ii,,,ll[,. 
, .rr,,,,rttr,rr,

30 7A 1 lc '  lFO 190 250

NO DATA

(..,L; I (JEILK -I 
:, /tJ

NUMEER OF FISH r 62
NUr.BER OF OOLLESTIONS - .1

go ?o l ' t  o 160 190 Zg0

NO DATA

N ( J V E M E  E R  1  9 7 9
NU}JEEFa OF FISH r 210

NIJIIEl C,F COLL€CTIONS - 4

lq r.
,rl I'il 

.,,LtrLuJllh,,,,,,,
90 70 I  l0 lgc,  teo 290

NO DATA

lJE tvE-MtrtE r< I l l  / lr '
NIJMBER OF FISH r a2

NUTaEEFI C'F COLLECi'IG'NA - 2

'o1 #
1 5 1  r  |  |

, - l  l l  I
_l  l lL
1 ,l l l l lr ,1r,, ,, ,

go 20  I  10  160  190  250

STANDARD LENGTH (MM)

E- BO



APPENDIX E . -  F IGURE 55
(shee t  2  o f  7 )

I"AMPARA SEINE

QUEENFISH (SERTPETUS PzLITUS)
COI TROL LOCATION 5-1O MgrER DEPTII

1 0 R r ' )
N U M B E R  O F  F I S H  a  2 1 2

NUME ER OF COLLECTTONS - 2
t l

,2
7 7

1 5 0 't 90

A U  G U S T
NUMEEI I  OF F ISH -  73

NUMtsER OF COLLECYIONS - 2

2a
,a

NUMaER OF FIttH - 4AE
NUMBaR OF COLLECITONS - 5

19c |

NUMBER OF FISH -  1Q22
NUMBER OF COLLECTIONS - 5

I
I

I
I

td
0
z
hi
tr
t
l
0
0
o
L
o
0
z
hJ
l
o
td
v
L
F
z
IJ
0
v
hJ
IL

i
i23015c ,

7 0  1 1 c ,  I s O  1 9 0

N U M B E R  O F  F I S H  -  6 ' l
NUMBEFI OF COLIECTIONS - 2

7 0  1 1 0  1 5 c '  1 9 0

N O V E M

D E C E M  B  E R
NUMBER OF FISH -  172

NUMEIER OF COLLECTIONS - 2

i . ' , t i  .
t * ' . ' { {

- ;.i r\rf
- . . ' ,

STANDARD LENGTH (MM)

E-81
I
I

NUMSER OF FISH .  3C4
NUMEIER OF COLLeCTIONS - 1

tl
at

NUMBER OF FISH I  19A
NUMBER OF OOLLECTIONS - 2

a?

NUMBEF' OF FISH - 97
NUMBER OF COIIECTflONS - 2

to
L

D

NUMBER OF FISH - 255
NUMBER OF COLJ-EC?IONS - 2

la

1 5 0 1 € O
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APPENDIX E  - -  F IGURE 55
(shee t  3  o f  7 )

I.AMPARA SEINE

QUEENFISH (SERTPETUS PzLITUS)
COIqTROL LOCATION 5-1O MgrER DEPTE

JANUARYT

""UBHF'f."J"[lt#--o,33o-,
.JULY 19BI_-.=.---

- . .  N U M B E R  O F  F I S H  -  . r 9 9 7
NUMBER OF COLLECTTONS - 4

15c,  . t  go
r r E r s t J l \ t \ Y  l  ! J t 5  1

^ . . .N-guEqR oF FrsH r  4 !5
NUMBER oF cor I EcrtoruS- 2

la
,0

AUGUST 19_B-T_-

1 1 0

. .  N U M B E R  O F  F I S H  -  Z 1 a
NUMBER OF C9LLECTTONS - 3

M A R C H  1 9 A 1 -
. . .  N9TVBER OF F |SH -  24C
NUMBER OF COLLECTTONS - Z

SEPTEMEIER 1gE_i-
_  N U M B E R  O F  F | S H  -  1 ! C 2
NUME ER c,F COLLECTTONS - g

A P R I L T
- . . .N9_UqEF OF F|SH -  1421NUMBER OF COr I ECflONS - rl

O C T O B E R  1 9 8 1  
- -

_ NUMBER OF FISH -  171
NUMBER OF eOLLECTTONS - 2

MAY T
.. .NUMEER OF FISH - t '75
NUMEE|| c'F c:c|tJgcTtoNs - 4

1 5 0

NOVEMBER 1EAT
- .  NUMBER OF FISH r  4 r  E
NUME ER OF COLLECTTONS r 2

3 0  7 0  1 1 0  1 5 0  1 9 c '
J U N E  1 9 A 1 -

,  - . , N U M E E R  O F  F | S H  r  S S 5
NUMSER OF COLLECTIONS r 4

DECEMBER 19E'1-----------
^ _ _  N U M B E R  O F  F I S H  -  S t , t S
NUMBER OF COLLESflONS r 2

1 1 0

STANDARD LE:NGTH (MM

E-82



APPENDIX E  - -  F IGURE 55
(shee t  4  o f  7 )

I.AMPARA SEINE

QUEENFISH (SERIPETTIS PzLITUS)
COTqIROL LOCATION 5-1O IISTER DEPTH

I
I
I

td
0
z
td
x.
v.
l
O
0
o
tL
o
O
z
td
l
g
Lrlv.
L.
Fz
ld
0
t
hJ
0-

i ' r . . ; - 1 ' l

."*,,it:
.  . . ' r I '

\ ' ' .

)
t!' r.f

; , . ' 4
t :-l'

' . . . ' .
.i rr-i
' ; i , , -

NUMBER OF FISH : 61
NUMBEFI OF COIIECTIONS - g

J A N U A R Y  1  9 A 2 J U L Y  1 9 A 2  
- :

NUMBER OF RSH r  ' t  55 i
NUMBER oF coLLEcrroNs _ 2 

|tl
I

,,lllllr,,,,,, I
1 s o 1 e o

FEE 'RUARY 1  9A2
NUMBER OF F|SH t 121

NUMBER OF COIIECTTONS - s

AUGUST 1  982
NUMBEII OF FISH r I I!

NUMBER OF COr I EgnONS r I

t a

i
1 5 0 1 e o

M A R C H  1 9 8 2
NUMBSR oF Frst{ - 29O

NUMEER OF COLLEGflONS r .t

S E P T E M B E R  1  9 8 2
NUMBER OF FISH - aag

NUMEIER OF COLLECTTONS - 2

t
i

T
i

alr  1c ' 1 5 0 1 e o
A P R I L  1 9 E 2

NUMEER OF FISH - e1 6
NUMBER OF oOLLECTIoNS - E

oc- t -oBER 1982
NUMBER OF FISH r 74

NUMBER OF COLLECTTONS r 2

i
15c ' 1 e o

MAY 1 982
NUME|ER OF FISH r 3!2

NUT'EER OF CC'IJ.E6NONS - r

N(t

. J U N E  1 9 A 2
NUMEER OF FISH - .3S

NUMBER OF COL|-ECTTG,NS - 2

NO I)ATA

SIANDARD LENGTH (MM

I
IE-83

. a
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APPENDIX E  - -  F IGURE 55
(shee t  5  o f  7 )

I.AMPARA STINI

QIJEENFISH (sgRrpa{us poLrrus)
CON:TROL LOCATION 5-1O MSITR DTPrE

A U G U S T  1 9 A 3
. -. _}-.IVUBER OF F|SH r 4ac
NUMBER oF col+EcnoruS - r

5O 70  1 . t  o  15O 19O 2so

A P R I L  1 9 8 4
NUMBER OF FISH r  12 !

NUMBER OF COLLECTTONS - I

7A  1  10  15c '  190
SEPTEMBET

- _- - IIUVBER OF F|SH - 9!
NUMFER oF COLLECTTONS - .l

1 1 0

MAY 1 984
NUMEEII OF FISH r aO

NUMEER gF COLLECTTONS - I

1 1 0

ocroBER 1 9a3-
- NUMBER OF F|SH - ZO
NUMBER OF COU-ESTTONS - 1

1 1 0

J U N E  1  9 A 4
NUMBE'? OF FISH - 54

NUMBER OF COLLECTTONS - r

N(> !>ATA NO DATA.

1  1 0  1 n o  i e o

FEBRUARYT
NUMEER OF FtSt{ - 6!

NUMlttl OF CgtIEgnONS - 1

4

A U G U S T  1 9 A 4
NUMBTR OF F|SH r 2a6

NUuEEir gF COLLECTTONS - r

go  70  l . t o  1go  190  2go
M A R C H  1 9 E 4

1  10  150  190  23g

NUMBER OF FISH - g2
NUMEER OF COLLESnC,NS - .l

SEPTEMBER 1  9E4
NUMEER OFFISH r 22

NUMBER OF oOLLECfIONS - I

3 ( )  70  1  10  150  190  2EO

STANDARD LIiNGTH (MM

E-84
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APPENDIX E  - .  F IGURE 55
(shee t  6  o f  7 )

T.AMPARA SEINE

QUEENFISH (sERrPHrtrs PoLrrus)
CON:TR,OL TOCATTON 5-1O MSTTR DEPTE

J U L Y  1 9
NUMBER OF FISH r ' l  66

NUMBER OF COLLECTTONS - . i

1 5 0

U
NUMBI'R OF FISH r a1

NUMBER OF COLLE9BONS - !

7 6  t t o  r 5 0  1 c o

NUMBER OF FltiH - 1a2
NU!|BER OF COLLECTTONB - 2

1sc l

NO tr'ATA

NO DATA

STANDARD LENGTH

I
I
I
I
i

1 ' l o t E o

hJ
O
z
hJ
v
E
l
0
0
o
L
o
0
z
bJ
f
o
bJ
v
L
Fz
td
O
t
td
0-

I
I250r e o

I
I

NUMEEI! OF FISH - 185
NUMEER OF COIIECTTONS r I

t l
l:t

go  20  t . t o  150  t eo  25c '

NUMBER OF FISH r 4.t I
NUMBER oF COLLEOTTC,M3 - 2

ta

g0 70  1  10  1go 19( '  2 !O

NUMEEFa OF FISH t lCa
NUMAgi! OF COIIEGnONS - 2

t to ?o r10 t60 teo 2c,o

NUMBER OF FlSll - 211
NUMBER OF CglIEgTlONst r 1

30  70  110  150  190  23o

E-8;

N.O DATA
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APPENDI .X  E  - -  .F IGURE 55
(shee t  7  o f  7 )

I.AMPAR,A SEINE

QUEENFISH (sERrPr{us PoLTTUS)
COIqTROL LOCATION 5-1O MBTER DEPTE

; .  l ,

" ' ' ' / l !- , : . \ r l

tt

JANUARY 1  9A6
. . . NUMBER OF F|SH - 21
NUMBER OF CO|J-EST|ONS - 1

J U L Y  1 9 A 6
NUMBER OF F |SH -  271

NUMBER OF COLLECTTG'NS - 1

30  70  1 . t o  130  1EO 25c r
FEEIRUARY 1986

NUMBE|I OF FISH r !t2
NUMBER OF COIIECTTONS - 1

ta
,t

n

A U G U S T  1 9 A 6
NL,MEER Or FISH - ?a

NUMtsER OF COLLECT|ONS - I

,1,1, ,, ,
go 70 1 10 150 10c'  2g.a 30 70 1 10 . l  30 100 2go

M A R C H  1 9 A 6
NUMEER ClF F|SH t 71j

NUMBER OF COIIECTIoNS - 2

s o  7 0  1 1 0  1 5 0 1 D O ?to

NO DATA.

A P R I L  1 9 8 6

1 ' t o

NUMBER OF F|SH - sO7
NUMBER oF CoIIECT|ONS - 2

NE tr'ATA

MAY 1  9A6
NUMEER OF F|SH - 923

NUMBER C'F CCITIEC:TIONS r 2

1 1 0

NO DATA

J U N E  1 9 8 6
NUMBER OF FISH - ?g?

NUMBER OF C9IJECTIONS - 2

1 1 0

NO tr'.ATA

STANDARD LENGTH (MM

E-85



APPENDIX E  - -  F lGURE 56

OTTER TRAWL
lrHrrE CROAKER (nENnzNEMUS LTNEATUI)

18 METER, DSPTE

PRE0PEMTIoNAL PERIoD IMPACT LOCATIoN PREOPERATToNAL pERtOD CoNTRoL LoCATIoN
N=2&i2 N=JE00

hl
0
z
td
t
v.
l
O
O
o
Ir
o
C)
z
LI
f
o
td
v.
L
F
z
LJ
0
t
td
0-

0t00{o50o

OPERATIOMT PERIOD IMPACT LOCATTON
N = 2147

0 t@ n0 300

OPERANONALPERIOD CONTROLLOCAIION
N = 1157

ma 300 0 t00
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N -  ! 4

't20

X -  7 . i

E{ ..
|  2E-

120 tlt tgc' 229 2ao
r J U N E  1 9 A O

N -  6 7
PECEMtsER 1gEO

N  -  t t 2

STANDARD LENGTH (MM)

E-  108



APPENDIX E  - -  F IGURE 67
(shee t  2  o f  6 )

OTTER TRAWL
WTIITE CROAKER (CENYONEMUS LTNEATUS)

IMPA T LOCATTON 3() I4 TER DEPTE

I
t
I
I
I
I
l
I
t
I
I
I
I
t
I
t
I
I
I

Lrj
0
z
LJ
v,
v.
l
O
0
o
L
o
0
z
LJ
f
o
bJ
v.
L
Fz
LJ
0u
td
0-

STANDARD LENGTH

12<t rlr rio 
--no

12o rss rio 
- 

E;--;o rao ts6 rro z)c 
- -aio

a" a. ri"% ,  i l . i l t , i l t . l l l f  l f  .tu,o rigEo

lzo ir6 rio 
- 

zFilo t2o rsr rio 
- 

2i!-llo

.o . r "  , f f i
rro rcc rio zig----Eo

a6 r2o r.r rEo---;"
t2a rs6 rco t2s r io

E- 109



LJ
0
z
td
v.
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O
0
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tL
o
0
z
IJ
l
o
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L
Fz
hl
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t
t
T
I
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I
I
I
t
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I
I
I
I
I
I
I
I

APPENDIX E  - -  F IGURE 67
(shee t  3  o f  6 )

OTTEn' TRAT9L

WTIITE CROAI(ER (aENY,NEMUS LTNEATU7)
ITdPAgr LOCATION 30 ITSTER DEFTE

ARY 1 9A2
N  -  t e g

r J U L Y  1 9 4 2
N - 2 O O

,ol
I
I

!o'l

{
I

1. .,, . . , ,llllhll,,,.,,,, .60 a6 12o too t3o zic aao
J A R Y  1 9 8 2
N - 34it

,20 ta5 rE|o at2g aao

NO I)ATA

; H  1 9 8 2
N r  1 7 t

5ts_ t -  |  EME'ER 19El2
N -  t

llill
20 t6a leo aiza 2ao go ag 120 1!|9 Ito 229 tao

AIJR IL  19E32
N-  a l t

rs r2o tna rao 226 eio

NO tr}ATA,

1 saz
N - z g t

Itt ta6 tao

NL.,VE-MIJts-'<
N -  5 0

1 9 E I Z

J U N E  1  9 A 2
N - 1 3 !

12al t66 tao zrra 2?o

NO DATA

STANDARD LI:NGTH (MM

E-110



APPENDIX E  - -  F IGURE 67
(shee t  4  o f  6 )

OTTER' TRAIIL

WIIITE CROAKER (GENYONEMUS LTNEATUS)
IMPA T LOCATION 3() MgfER, DEPTE

I
t

trJ
0
z
LJ
t
v.
l
0
0
o
tr
o
0
z
LJ
l
o
LJ
t
LL

Fz
td
0
v.
LI
tL

I
I

JANUARY fgSE-
N -  e

tr6 reo ic zco

N -  C O t
ao ao r2o tac lao zia

I
I
I
I
l
I
t
I
t
I

MARCH rEEE----.-
N - 2 C a

rc rzo r.. rio zli-----VcE

M A R C H  1 9 A +
H -  7 +

t 2 0 r oa rao
MAY 19€ t5

N r 2 O C

ln tts lao 4aa eio

19a4 . - - -
N -  a 9

ag tto ir ig tao 229 zio
r J U L Y  1 g E g

N - : t t

l 6 t l eo

. J U L Y  1 9 E 4
N -  7 3

120 f 6 a

r v t E E l <  1 : J E I . E
H -  + 1

12t rts tto t:tc eio

5 E P T E M B E R  1 9 8 4
X -  6

t t

rzo !sc
] \ (JVE.MIJE.R 19El3

}l r 2:tt

120 t6 t

NAVEMBETR 1Sa4

"l
Iq

- l r l .r('1

1 . .. ,_ ,t'.,',lll.llrl.'..,. .. .so c€ t2o ra6 tao zia z.o

STANDARD UINGTH (MM

E-111 '
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z
td
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t
t
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t
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t
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t
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I
I
t

APPENDIX E  - -  F IGURE 67
(shee t  5  o f  5 )

OTTER TR,AWL

WIIITE CROAKER (GENYONEMUS LINEATUS)
Il4PAqT LOCATION 3() IIENER DTPTE

STANDARD LENGTH (MM)

JANUARv r s€S-
N -  2 0

26

15t

\ ruLY t  gg5_---
N -  2 0

NO DAT^

AL,TJIJST 'I 
E,Els

N - t o g

2A

t20 tct l c o
MA'< ( ,H  1945

N r  2 9

rao ir6 tao

SETTEMBER 1985
N -  1 +

A F R I L  1 9 E 5
N -  t . to

120 teo

(JCIOBER 1  9E5
N-  i t+

I rrE3S
N -  2 7

2C

lalr rca tao zas ':AO

NTJVEME!EF<  1985
N -  7 0

J U N E  1 S A 5
N -  t 5

L 'ESEMBER 1E)85
N -  4 2

l
j ,','hllll,,,

ta reo 22a 2ao 5C) a6 t20 tgg rao 229 a3!|

E-11,2



APPENDIX E  - -  F iGURE 67
(shee t  6  o f  6 )

OTTER TRAWL

WIIITE CROAKER (GENYONEMUS LTNEATUS)
IMPA T LOCATTON 3(, MgfEn, DTPTE

I
t

IJ
O
z
bl
v.
v.
l
0
0
o
tL
o
0
z
LJ
l
o
tlJ
v.
L.
Fz
td
0
v.
td
IL

.JANUARY rsd6-
N  -  r o t

r20 r66 'rao

.JU L
N -  6 2

12(, l6t .r eo 22a 2aO

l
i
t
l
I
t
I
I
I
I
1

FEelRUARv r gee-
'  N -  1 1 6

r6a e

ArJ ( r r JST  1946
N -  4 4

t20 t 6 a r ao
MA|.<L;H 19El6

N -  2 2

12O 196 leo 22A 2@

1
1
I

S E P T E M B E R  1  9 A 6
N -  g 1

27

I
I

.  ,  -  ,  - l, .s 12a,M"

N() ttA.rA

"1
,o.l
I
T

I

( J s l  O E I E R  1 9 4 6
N r 2 t t

MAY 1  946
N -  t g

r20 ra6 leo 2:26 26

l
.f

N C J V L M I S S R  ' I  
9 4 5

x r 1 2 2

i J U N E  1 9 E 6
N - t O z

NO tr,A.t'A

STANDARD UiNGTH (MM

I
I

E-113
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z
hJ
v.
v.
l
0
0
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z
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f
g
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F
Z
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td
tL
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t
t
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I
t
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I
t
I
I

-

APPENDIX E  - -  F IGURE 68
(shee t  1  o f  6 )

OTTER TRAWL

WIIITE CROAKER (GENyoNEMLrs LTNEATUS)"
COIVTROL LOCATION 30 MgrER DTPrE

NO tr,A.rA

. r u L Y  1 9 A O
N - 1 5 1

NO DA'T'A

ATJgLJST  19AO
N - 2 5 7

:J
"l-t ,,1,,rh1,, , ,rr
go !a r 2 0 t 6 a t 0 0 22! tao

NO DAT^

5 L i - ' I E M E l E R  1  9 6 C )
N r 2 2 5

NO DATA

LJU I C.'I3LR '1 
9€c)

N r 4 4 t

M A ) r N - t  
l t " o

rol
I
I

ro'l
t

I

.-L ., , ,t,,,,,l,|-,l|Jj ,,,,1 ,,,.,
6tr tg .r2g 156 rao zia z@

NL,VE-Mt tL t<  ' r  
! tE lc ,

N - 5 5 1

UIJNL  ' I  
9BO

N -  e

ill',,,11,
LJts.t E ME t-K 'l E'E|C'

N - 7 4 6

I
I htL lln,,rt tltl ,

1 0 0 22G 2aogC, l5 1 Z O t 6 a Ito g6 1 2 0 t t ot 6 8 226 ato

STANDARD LENGTH (MM

E-114



t
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t
t
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td
0
z
ld
v.
E.
l
0
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o
L
o
0
z
trJ
l
g
Ld
v.
tL
Fz
hI
0
t
td
0-

APPENDIX E  - -  F IGURE 68
(shee t  2  o f  6 )

OTTER TR,AWL
WHITE CROAKER (CENYONEMUS LTNEATUS)

COIqTROL LOCATION 3() I4SNER DEPTE

I
I

TJANUARY 1gaT--
N - 2 a G

60 .r rio ri!---lfE-".'ffilo

JULY 1gg1-
N  -  1 4 O

.6 t2o r5o rio ifi---Eo
U.A|<-T 1 s,EI 1
N -  t a 4

ts r2o !6s rio aii-----!-co

A U G U S T  1  S A 1
N - 2 4 7

ao ra rzo r ! !  lao r i r  
'  

Eo
LrFt  ' l  

9€ l1
N -  t t +

t to

s t s . f , I E M B E R  1 9 E 1
N - 1 O a

AFr<tL ' l  
9€l1

N - +Cil

a! tzo lo6 1ro 22t,,

ocroBER 1 9€ 1- 
--_------

N - 1 t 7

ao ltl rio 16o ffiiio't 
9€t 1

N -  t ? Z

t20 220

NAVEME]EF I  19A1
N - 2 t 7

ao as rr,o ris rio 
- 

:fE=--Jio
U I J N E  1 9 € l 1

N - E t 7

120 ttta lao

D E C E M B E R  1 g E 1
N - a z a

STANDARD LE:NGTH (MM

E-115
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z
LJ
tr
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l
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0
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L
o
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z
IJ
f
g
td
u
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Fz
LJ
C)
v.
IJ
tL

I
t
I
I
I
t
I
I
t
I
I
I
t
t
I
I
I
I
T

APPENDIX E  - -  F IGURE 68
(shee t  3  o f  6 )

OTTER TR,AWL
WHITE CROAKER (CENYONEMT]S LINEATUS)

COI{rROt LOCATION 3(' rf,gIE8 DEPTE

\RY r saz------=-
N -  a l

ta5

JULY r ga-2--
N - 2 3 O

r 20 t a c
JA|<Y 'I s,EIz
N - 2 t O

1ao r6E rao zi2a zb

NO DATA

M A F < G H  1 9 4 2
N - zilo

to .6 .rio di----ffi

SEPTEMBER_fEA----
N -  6

720 t a 5 t e o
APRILF

N - t o t

720

NO DATA,

' t  9Et2
N - e t a

t2C' r6t

N A V E M B E R  1  9 A 2
N -  a 3

r20 l co 'r90
U L J N E .  1 9 E l 2

N - a 7 l

NO DAT^

STANDARD LENGTH (MM

E-116
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t
t
I
I
l
I
I
G
I
I
t
I
I
I
t
I
I
I

IJ
O
z
IJ
v.
v.
l
O
O
o
LL
o
O
z
td
l
o
LJ
v.
h

F
z
bt
O
v.
td
0-

APPENDIX E . .  F IGURE 68
(shee t  4  o f  6 )

OTTER TRAWL
WHITE CROAKER (GENYONEMUS LINEATUS)

CONTROL LOCATION 3() METER DEPTE

STANDARD LENGTH (MM)

'^NUtY.tl sSs

Iro

TJANUARY 1€'€ l4
N -  6 +

L;Ft  19815
N - 2 a a

1D t!! rao a:za zb

MAFICH 19A4
N -  C a

.a 7zo tar r.o zi zb
1 E  € t g

N - t z l

o .. rio riiffi

1 9E4
N r  7 3

as lzo rls rro zaa lio
r r \ rLY 1ElElg

I t -  !

tit tt tr

lro taa lro 2rar 2b

IJULY 1E A4y r  l O

t0

tcg
wtE E r< 't aElg
X -  2 2

rtlo ral rao 22a zb

SEPTEMBSP 1954-----
N .  t A

tt

ar 1elo lla rao 2iD
,ltsER 1eA3-----------
N  r  t l t

r-r rg rao 2!ta tio

NC'VEMEER 1€lE4
N -  t l

E.L77 '



IJ
O
z
Li
v.
v.
f
O
O
o
Lr
o
O
z
IJ
l
o
hJ
v.
L.
F
z
hJ
C)
v.
LrJ
0-

t
I
I
I
I
l
I
t
T
t
t
t
I
T
I
I
I
I
l

APPENDIX E  - -  F IGURE 68
(shee t  5  o f  6 )

OTTER' TRAWL
WHITE CROAKER (GENYONEMUS LINEATUS)

COMTROL LOCATION 3() IIETER DEPTII

uaNuaRvF
X -  2 a

2A

12|) lor tao 2t a 20

N O DA.TA

N O

ATJGUST 19A5
N -  a e

zazl

!to
MARCH 19A5

a .. 7n ria rio----ffiio

SEPTEMtsER lgBs 
-----=--

N -  5

llo tag lao zra lio
Ar-RtL  1gA5

N -  t O

a2

1& taa lao 2:2D 26

crcrc'E ER 1sEs

lao tra Ito att! lro
MAY 19E l5

N -  Z !

tt

rilil l
tto laa rto 4E tao tto ttt tao at' 3ao
J U N E  1 9 4 5

N r  I

rao t6! rao zt a aio

E'ECEMBER 19€I5
N -  i l 6

STANDARD LENGTH (MM

E-118



I
I
t
I
t
l
t
I
I
J
I
I
I
t
t
I
I
I
I

td
O
z
hl
v.
v.
l
0
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o
tL
o
O
z
IJ
l
o
UJ
v-
tL

F
z
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0x.
trJ
0_

APPENDIX E  - -  F IGURE 68
(shee t  6  o f  6 )

OTTER TRAWL

WHITE CROAKER (SENY,NEMUS LTNEATUS)
CONTROL LOCATION 30 MSTEIT DEPTTI

TJANUARY 1946
N -  1 4

2a

to tr 12o 16! rio zio 2.o

N O

J A R Y  1 9 E 6
N -  3 C ,

l ! t

A U G U S T  1 9 A 6
N -  7

2e2'

MAKgH
N -  t

2*'

NO DATA,

NO tr,ATA

Lr ( ; roE lER 19€t6
N -  9 C

j

:l ,,,,,rlllht,,
60 a6 t20 igt reo 22a 9,ao

MA.r  194€t
N -  t 4

:i
I

tttS lao ,!2D 21)

NL 'VE.MIJ ts .R 19E|€ '
N -  4 4

t20 ta t teo tao
. JUNE 1996- - - - -

N r t t !

1N ,tat tao :2a t6

NO DATA

STANDARD LENGTH (MM

E-119 ,



LJ
0
z
IJ
v.
v.
l
(-)

O
o
LL
o
O
z
LI
l
o
td
v.
L
F
z
td
O
v.
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0_

l
T
I
t
T
I
l
I
T
t
I
l
I
t
l
I
I
I
T

APPENDIX E  - -  F IGURE 69
(shee t  1  o f  6 )

OTTER TRAWL

LONGFIN SANDDAEI (crTrrARrcnTilys xANTrrosTrcMA)
IMPACT LOCATION 30 MSTEN DEPTTI

NO DA'TA

r J U L Y  1 9 A O
N -  7 O

"1
I
Ir"1
t
I

tol
I

"L ",iltto 120 2.to

NO DATA

ALJGUST 19E  O
N -  5 2

NO DATA

5 tsFT IMEIER 1s lE }O
N -  a O

A P F I I L  1 9 A O
N r  4 t

ocToBER 19AO
N -  3 5

NO DAT^

N(JVE.MEIE.I< ] UEIL)
N -  9

J U N E  l E A O
N -  t . ]

D E C E M B E R  1 E ) E O
N -  2 G

10 ao t20 tao 200 a8

STANDARD LENGTH (MM

E-120



APPENDI .X  E  . .  F IGURE 69
(shee t  ?  o f  6 )

OTTER TRAWL

LONGFIN SANDDAB ( crrEARr crr rE YS xAN TEr o s rr 
"*d,

120 tao

N -  4 2

120 1aO

aa- 7,

STANDARD LENGTH

I

I
I

_l

I
I

I

I
i.o r

IJ
0
z
rd
v
v
l
0
0
o
L
o
O
z
IJ
l
o
hl
v
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td
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I
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IMPACT LOCATTON 30 T/TEIER DIPTEI

t

E-L2T
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APPENDIX E  - - F IGURE 69
(shee t  3  o f  6 )
TRAWLOTTER

NGFIN SANDDATT ( CTTTIARTCTTTTTT^S XdAI TETO S TTCTVA/
IMPA T LOCATION 3() MgfEN DEPTE

I

t
I

tri
0
z
hi
v
x
l
O
0
o
h
o

t
I
I
t
I O

z
IJ
f
o
IJ
v.
L

I
I
I F

z
hJ
O
v
IJ
0-

t
l
I
I

JANUARY 19A2
N r  l r t

r J U L Y  1 9 4 2
N -  2 6-1

l rq  r l
t t l

i ' ,'lll'll t
& ao 1Ao lao 200 240

FEBRUARy 1sa2-
N -  g

NO DA1-A

M A R C H  1 9 A 2
N -  g t

I ,,,, l,hl, ,.,, ,
SEFTEMtsER 19E2

N -  l t

ao rto tao 'O 2& ao ao 120 rao 200 24
A F R I L  1 9 A 2

N -  2 t

2t

& ao t20 tao 200 ,&

NO DATA

MAY 1EIE|2
N -  t D

200 u&
I J U N E  1 e A 2

N r  s O

1'o'l
I

ol
I

"L
? !

I
I
I

-

sTAt',tDARD LENGTH (MM)

E- I22



APPENDIX E  . .  F IGURE 69
(shee t  4  o f  6 )

OTTER TRAWL

LONGFIN SANDDAI} (CITTIARTCTTTETT.S X/,AT TTTA STTCMT
IMPA T LOCATION 3() M TER DEPTE

I
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0
z
hl
t
t
l
0
0
o
L
o
0
z
td
l
o
hl
v.
tL

Fz
LJ
O
v.
l.tJ
tr

! t

I
l

TJANUARY 1gas

I

I
*

N O

N O I
r se3-

N r  C I t

t to tao

EI i
r"-+r=-;it20

J U L Y  1 9 A 3
N r  l C

to I
i

O aO |2O lao ,;AO
SEPTEME|ER 19A3

N r :tEl

raoI to

N r  S !

t tarfo to rto roo 24

l
,J
J

N(JVE.MEIER 1E'E'4
N -  2 a

SIANDARD LENGTH (MM

E-L23
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APPENDIX E  . -  F IGURE 69
(shee t  5  o f  6 )

LoN eFrN sANDDAB 
t;rH}I-rnys 

xANrEr a s rrc4A)
IMPA T LOCATION 30 M TER DEPETI

JANUARY 1985
N -  !

tt t! !r

120 I t o

J U L Y  1 9 E 5
N -  2 +

NO DA"T-A,

\ jE .FTEME|ER 1985
N -  2 S

A P R I L  1 g A 5
N -  i l a

acToBER 1gA5
N r ' 1 2

Itg

MAY 19€15
H -  t t

ta

a ao t20 tao a.'o aQ

NC,VEMEIER 1945
N -  t o

& |lo t20 rao t00
J U N E  1 E A s

N r  t O

STANDARD LENGTH (MM)

hJ
0
z
td
M
v
l
0
0
o
L
o
O
z
KJ
f
o
IJ
v
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F
z
trj
0
v.
td
L

E-724



APPENDIX E  - -  F IGURE 69  
2 . \  t( shee t  5  o f  6 )

OTTER TRAWL
LONGFIN SANDDATT (CTTflARTCETTETTS X/^T TTTOsTT"*tr

IlfPA T TOCATION 3(' MIITER DTF|IE

JANUARv T9a6-
N -  2 a

lao zoo zb

'JULY 
- t t1 

9E6 
'  I

' o l r
' I

.{ it

& ao t20
FEE'RUAF'Y 19a-6-

N r  2 0

r 20 tao

F

N -  4 a

t
u.lncnF

} { r  l O

to

1 8 tao

ro

lo

o'

i
l

NO tr)A?A

!o

to

I

N -  a z

2l

I
MAY 1EI€t6

X -  ! O

r!o r to 1

NovEMelER 1gEt6 
'----.----"

N -  7 l

tao
srJNE. 'l gct€t

X r  ! t

i ro i ao

NO D.ATA,

STANDARD LENGTH (MM)

E-L25 ,
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APPENDIX E  - -  F IGURE 7O
(shee t  1  o f  0 )

OTTER TRATYL

LONGFIN SANDDAE} (UffIAR CETTTTYS XANTEOSTTCMA)
CON:TROL LOCATION 30 r4gTER DTPTE

NO DA'TA

J U L Y  1 9 A O -
N -  t i

tao

NO DATA,

AUGusr  l g8o -
N r  4 0

NO DAT^

S E P T E M B E R  1  9 A O
N  -  t O t

NO trlATA

O C T O B E R  l S E O
N -  1 i t9

10 ao 120 lao 20b 2Q
1 gao

N -  7 C

t20 t c o

N C , V E M B E R  1 9 A O
N  -  1 Z O

.JUNE l gaE-
X -  a ' l
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APPENDIX  F

DETAILED METHODS OF SONGS ENTRAPMENT STUDIES

1 .  ESTIMATES OF SONGS ENTRAPMENT

A. lmpingement  and Divers ion dur ing Normal  F low

T ime  F rame o f  Eva lua t i on .  En t rapmen t  es t ima tes  were  upda ted  fo r  t he  pe r iod  f rom

October  1985  to  Augus t  1986 ,  t he  mos t  recen t  da ta  ava i l ab le  on  compu te r .  These

p ' l us  p r i o r  da ta  pe rm ' i t t ed  us  to  make  reasonab le  es t ima tes  o f  annua l  va r i a t i ons  i n

en t rapmen t  magn ' i t ude ,  based  on  the  f i r s t  39  mon ths  (May  1983-Augus t  1986)  o f  da ta

a t ,  t he  new  un ' i t s ,  p l us  concu r ren t  Un i t  1  ope ra t i ons .  Hea t  t r ea tmen ts  (Sec t ' i on  1 .8

be low)  l i kew i se  spanned  t h i s  same  39 -mo  pe r i od .

Sampl  e Def  i  n i  t i  on .  Imp' i  ngement  sampl  es at  Uni  t  1  were

on ly  i f  t he  samp ' l e  spanned  24  + / -  2 -h r  ope ra t ' i on  o f  bo th

ana l yses  f o r  Un i t s  2  and  3  emp loyed  pa i r ed ,  quan t i t a t i ve

p lus  f i sh  re tu rn  sys tem)  da ta .

The  pa i red  samp les  a t  SONGS Un i t s  2  and  3  were  cons ide red  quan t i t a t ' i ve  on l y

i f  bo th  o f  t he  f o l l ow inq  c r i t e r i a  we re  sa t i s f i ed :

1.  Both sampies spanned the same 24 +/ -  Z-hr  durat ion.

2 .  Fou r  pumps  o f  t he  same un i t  we re  fu l l y  ope ra t ' i ona l  du r ing  the

same 24 -h r  pe r iod .

The  ope ra t i ng  s ta tus  o f  each  SONGS un i t  was  de te rm ined  f rom a  reco rd  o f  t he  vo lume

o f  wa te r  pumped  du r ing  the  pe r iod ,  as  i nd i ca ted  on  the  Mar ine  Rev iew  Commi t tee

(MRC)  SAS da ta  base ,  DBFL0W ( f o r  Un i t s  1 ,2 ,  and  3 ;  s t o red  on  t he  MRC 's  V  d i sk ) .

A t  f u l l  f l ow ,  Un i t  I  pumps  ! . 7  x  106  m3 lday  (4 .5  x  108  ga1 /day ) .  Un i t s  2  and  3

cons ide red  quan t ' i  t a t i  ve

c i  r cu ' l a to r  pumps .  A l  I

en t rapmen t  (  imp i  ngemen t
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a t  fu l l  f l ow each  pump 4 .5  x  105  m3 ldav  ( i .2  x  109  ga l /day ) .  These  va lues  were
I  used  fo r  the  fu l l - f ]ow c r i te r ia .

I Types  o f  Da ta .  A l l  i nd ' i v i dua ' l s  o f  eve ry  f i sh  spec ies  p resen t  i n  each  24 -h r

impingement  samp' le  were enumerated,  and aggregate wet  weights  were determined by

spec ies .  Ca tches  t  1  kg  were  reco rded  to  the  nea res t  0 .1  kg ;  ca tches  <  1  kg  were

es t ima ted  to  + / -  10  g .  I nd i v ' i dua l s  o f  each  o f  10  (excep t  f o r  1 )  se lec t  spec ies

(SCE 1982 ) ,  up  t o  a  t o ta l  o f  i 25  f i sh ,  we re  measu red  ( s tanda rd ' l eng th ,  SL ,  i n  mm)
' i n  eve ry  24 -h r  samp ie .  P r io r  t o  November  1983 ,  up  to  50  i nd i v idua ls  o f  each  se lec t

spec ' i es  were  a l so  sexed .  Beg inn ing ' i n  November  1983 ,  up  to  250  queen f i sh  were

measured  and  sexed .  Leng th  d i s t r i bu t i ons  fo r  t he  to ta l  samp le  were  ca l cu la ted  by

sca l ' i ng  up  the  l eng th  d i s t r i bu t i ons  f rom the  subsamp ' l es ;  t hese  coun ts  p rov ided  a

more  accu ra te  cha rac te r i za t i on  o f  t he  pa ren t  popu la t i on  (DeMar t i n i  e t  a1 .  1985a) .

Samp le  and  Ana lys i s  Des igns .  Magn i tude  o f  imp ingemen t  and  d ' i ve rs ion  (numbers  and

b iomass )  were  es t ima ted  fo r  t he  to ta l  agg rega te  o f  f i shes .  Ana logous  es t ima tes  o f

en t rapmen t .  a re  a l so  p rov ' i ded  fo r  e igh t  p rev ious l y  eva lua ted  (DeMar t ' i n i  e t  a l .

1985 )  t a rge t  t axa :  wh i t e  c roake r  (Genyonemus ' l i r , r ea tus ) ,  queen f i sh ,  Pac i f i c

e lec t r i c  ray  (To rpedo  le l ' i f o rn iqe ) ,  wh i te  seaperch  (Phanerodon  fu rca tus ) ,  and

wa l i eye  su r fpe rch  (Hyperp rosopon  a rgen teum) ,  p lus  Pac ' i f i c  bu t te r f i sh  (Pepr i l us

s im i l l ' imus ) ,  s i ' l ve r s ' i des  (a the r i n i d  spp . ) ,  and  no r t he rn  anchovy .  The  numbers  and

b iomass  o f  t hese  f i shes  tha t  were  imp inged  and  d ' i ve r ted  a t  Un i t s  2  and  3  were

es t t 'ma ted  fo r  no rma l - f1ow opera t ' i ons  based  on  a l1  quan t i t a t i ve  pa i red  samp ' l es  tha t

were co l lected dur ing the 39-mo per iod f rom May 1983 to August  1986.  Samples f rom

Un i t s  2  and  3  were  poo ' l ed  based  on  the  ve r i f  i ed  assumpt ' i on  o f  i nd i s t i ngu ' i shab ie

compos i t i on  and  magn i tude  o f  en t rapmen t  o f  t he  two  new un i t s  (DeMar t i n i  e t  a ' | .

1986) .  Samples were used to prov ide est imates of  24-hr  ent rapment  par t i t ioned
' i n to  imp ' i ngemen t  and  d i ve rs ion  du r ing  no rma ' l - f 1ow opera t i ons .  Quan t ' i t a t i ve
imp ingemen t  samp ' l es  a t  Un i t  l  we re  used  to  cha rac i "e r i ze  no rma ' l - f l ow  en t rapmen t  a t

Un i t  1 .

The basic  data prov ' ided by FRS samples were the same,  except  that  we

es t ima ted  24 -h r  samp ies  based  on  one  o r  two  subsamp ies ,  each  cons t i t u t i ng  1 /10  o f

the  to ta l  samp le .  The  r rumber  and  we igh t  d i s t r i bu t i ons  fo r  each  spec ies  i n  t he

subsamp ies  were  sca ' l ed  up  to  the  to ta l  samp ' l e .  Spec ies  compos i t ' i on  o f  each  24 -h r

samp le ,  es t ima ted  f rom i t s  subsamp les ,  was ' i nc reased  (based  on  f i e ld  no tes )  by  the

few la rge  o rgan isms  tha t  were  seen  i n  the  to ta ' l  samp le  bu t  were  no t ' i nc luded  i n  the

subsamp le  because  o f  t he ' i r  s i ze .
F-2
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Es t ' ima tes  o f  En t raomen t  Maqn i tude .  We ca l cu la ted  mean  24 -h r  va lues  fo r  each

ca lenda r  mon th  and  es t ima ted  t he  t o ta ' l  number  and  b i omass  imp inged  o r  d i ve r t ed  i n

a  mon th  by  we jgh t i ng  t he  mean  da i l y  va lue  by  t he  number  o f  r r p l an t -ope ra t i ona l

days ' r  i n  t ha t  mon th .  Number  o f  p lan t  ope ra t i ona l  days  a t  Un ' i t  i  was  de f i ned  as  the

mu l t i p l e  o f  i t s  f u l l - f l ow  ( two -pump)  vo lume  (1 .7  x  106  m3 /day )  du r i ng  t ha t  mon th .

Number  o f  ope ra t i  ona ' l  days  a t  Un  i  t s  2  and  3  was  the  mu ' l t ' i p l  e  o f  t he i  r  comb ' i  ned

fu l l - f l ow  vo lume (9 .1  x  10o  mr /day )  con ta ined  i n  the  Lo ta l  vo1ume pumped  by  bo th

un i t s  du r i ng  t ha t  mon th .  Th i s  me thod  ' i s  ' i den t i ca l  t o  SCE 's  me thod  (SCE 1982 ) .

Th i s  me thod  i s  based  on  the  assumpt ion  tha t  t he  magn ' i t ude  o f  en t rapmen t  (and

the  ra t i o  o f  imp ingemen t  t o  d ' i ve r s i on )  i s  pos i t ' i ve1y  and  l  i nea r l y  r e l a ted  t o

vo lume o f  wa te r  pumped  ove r  a  range  o f  2576  l o  nA% pump opera t i on  a t  a  un i t .  A

p re f im ina ry  t es t  o f  t he  assump t i on  appea rs  i n  DeMar t i n i  e t  a l .  ( 1986 ) ;  on l y  12

samp les  were  then  ava ' i l ab le  fo r  t he  pe r iod  f rom May  1983  to  Augus t  1985 .  I n  the

f  o1  l  ow i  ng  accoun t .  we  upda te  th i  s  ana lys i  s  f o r  add i  t i  ona ' l  samp ' l es  co l  I  ec ted

th rough  Augus t  i 986  and  eva lua te  seve ra l  ma jo r  spec ies  i n  add i t i on  to  those

(queen f i sh ,  anchovy )  t es ted  p rev ious ' l y  (DeMar t i n i  e t  a l .  1986 ) .  The  cumu la t i ve

number  o f  po ten t i  a1  samp l  es  i  s  20  ' i nc l  ud ' i ng  the  upda te .

Wi th  the  excep t i on  o f  no r the rn  anchovy ,  t he  nu11  hypo thes i s  tha t  magn i tude  o f

en t rapmen t ' i s  a  l i nea r  f unc t i on  o f  pump ing  vo lume canno t  be  re iec ted  (Append ix  F ,

Tab les  7  and  8 ) .  (Fo r  anchovy ,  t he  da ta  sugges t  t ha t  ex t rus ' i on  th rough  the  meshes

o f  t he  t r ave l l i ng  sc reens  i s  l i ke ' l y  g rea te r  a t  h i ghe r  f ' l ow  ra tes .  )  The  re l a t ' i ve l y

sma l l  s tandard  e r ro rs  o f  t he  s lope  es t ima tes  i nd i ca te  tha t  t he  power  o f  ou r  t es t s

was  h igh  (Append ix  F ,  Tab le  7 ) .  We  be l " i eve  tha t  t hese  da ta  s t rong ly  suppor t  ou r

assumpt ' i on  and  j us t i f y  t he  me thod  o f  es t ima t ' i ng  en t rapmen t  magn i tude .

En t rapmen t  t o ta l s  ( f o r  an  ave rage  annua l  pe r iod  w i th in  May  1983-Augus t  1986)

were  es t ima ted  based  on  the  sum o f  componen t  mon th l y  l osses ;  

' - -  

I

Tota l  =

whe re  t j  =  mon th l y ' l oss  f o r  mon th  j  ave raged  ove r  d i f f e ren t  yea rs ,
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x -ba r j l n j l  +  x -ba r j zn jZ  * + x -bar ro jn ip j

i f  P j  :  t

p j

where  r . , .  =  #  o f  days  p lan t  ope ra t i ona l  i n  mon th  j  and  yea r  k ,
J K
p j  =  #  o f  yea rs  fo r  mon th  i ,  and

x-bar : , .  =  mean ?4 'hr  impingement  or  ent rapment  for  month j  andJK  
yea r  k ;

A

" j k
S  x . . .  / d . .
l J  ] J K  J K
j = 1

where  d j k  =  #  o f  days  obse rved  i n  mon th  i  and  yea r  k ,  and

t . i j k  =  #  o f  f i sh  imp inged  o r  en t rapped  on  day  ' i  ,  mon th  j ,  and

yea r  k .

Ave rag i  ng  ove r  yea rs  f i  r s t  f o r  each  mon th  gua ran tees  tha t  each  mon th  i  s

rep resen ted  equa l l y  i n  t he  es t ima ted  yea r l y  t o ta '1 .  Th i s  was  cons jde red  necessa ry

because  o f  t he  ove r reDresen ta t i on  o f  summer  mon ths  fo r  t he  39 -mo  pe r iod .

Va r i ances  o f  es t ima ted  annua l  no rma l - f l ow  l osses  we re  ca l cu la ted  as  t he

va r i ances  o f  l i nea r  comb ina t i ons  (Mood  and  Grayb i l l  1953 :211 )  us i ng  t he  va r i ances

o f  t he  24 -h r  l oss  es t ima tes  i n  t he  componen t  mon ths :

I2
-

v a r ( t o t a ' l ) =  )  v a r ( t . )
-
j=1

n
=T

j=1

pj

t
k=1

n . ,2
J K

u" "  t i j k

I
I
I
I
I
I

, j ' dj r

Er ro r  bounds  thus  were  s l i gh t l y  underes t ima ted ,  s ince ' l osses  i n  ad iacen t  mon ths

were somewhat  re ' la ted to  one another  by seasonal  pat terns of  ent rapment .

Cur renc  i  e  s o f  Loss .  En t rapmen t  da ta  can  be  conve r ted  to  maqn ' i t ude  o f  f i sh  l oss  i n

a number of  ways:
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I
Loss  es t ' ima tes  a re  exp ressed ' i n  t h ree  ways .  F i r s t ,  we  es t ima te  numbers  and

b iomass  o f  f  i  shes  k i  l ' l ed  by  imp ingemen t  on1y .  Th i  s  app roach  assumes  t ha t  a l ' l

f i  shes  d i  ve r ted  and  d i  scha rged  by  the  FRS su rv i  ve  and  i  s  obv i  ous l y  an

underes t ima te .  Second ,  we  p rov ide  ove res t ' ima tes  o f  l oss  based  on  to ta l  en t rapmen t

( summed  imp ingemen t  and  d i ve rs i on ) .  Th i s  se t  o f  es t jma tes  assumes  t ha t  a l l

d i ve r ted  and  d i scha rged  f i shes  d ie  w i th in  the  sys tem o r  a re  ea ten  sho r t ' l y

f o l l ow ing  d i scha rge .  Th i r d ,  we  ad jus t  t he  d i ve rs i on  componen t_  by  Occ iden ta l

Co ' l ' l ege ' s  f i e ' l d  su rv i vo rsh ip  es t ' ima tes  o f  phys io l og i ca l  mo r ta l i t y  r esu l t i ng  f r om

en t rapmen t  and  d i  scha rge .  Whereve r  poss ib le ,  d ' i ve rs ' i on  i  s  f u r the r  ad ius ted  fo r

l ' i ke l y  p reda t i on  sho r t l y  f o l l ow ing  d i scha rge .  Th ' i s  t h i r d  se t  o f  es t ima tes  i s

d i scussed  as  ou r  bes t  cha rac te r i za t i on  o f  en t raDment  l oss .

B. Heat Treatments

By  manda te  o f  t he  Ca l i f o rn ia  Depar tmen t  o f  F ' i sh  and  Game,  a l l  hea t  t rea tmen ts

a t  e l ec t r i c  gene ra t i ng  s ta t i ons  i n  sou the rn  Ca l i f o rn i a  mus t  be  mon i t o red .  Da ta

co l l ec ted  a t  hea t  t r ea tmen ts ,  t he re fo re ,  r ep resen t  a t t popu la t ' i on t t  no t  a r r samp ' l e , t '

because  no  co l l ec t i ons  a re  m issed .  Thus ,  a l l  f i shes  t a l l j ed  du r i ng  hea t

t reatments at  each of  the SONGS un' i ts  dur ing May 1983-August  1985 were added to

en t rapmen t  t o ta l s  f o r  t he  39 -mo  pe r iod .  Annua ' l i zed  to ta l s  were  ca l cu la ted  as

!2 /39 ths  o f  39 -mo  to ta l  s .  No t  a ' l l  sc reenwe l ' l  r es iden t  f  i  shes  a re  k i  I  I  ed  du r i  ng

hea t  t rea tmen ts  a t  t he  two  new un i t s .  Robus t  sc reenwe l l  r es iden ts  a re  he rded  i n to

the qui  e t  areas of  f  orebays by gradual  temperature e l  evat ' ion dur i  ng the ear ' ly
' r f i sh  chase ' r  phase  o f  hea t  t rea tmen t  ope ra t i ons .  These  f i shes  a re  co l l ec ted  by

l i f t - bucke t  and  d i scha rged  back  o f f sho re  v ia  the  d i scha rge  condu ' i t  o f  t he  FRS.

S ince  these  f i shes  con t r i bu te  to  the  d ' i ve rs ion  componen t  o f  en t rapmen t ,  t hey  a re

no t  i nc luded  i n  the  ta ' l 1y  o f  hea t  t rea tmen t  mor ta l ' i t i es .

I
I
t
I
I
T
I
I
I
I
I
I

F ishes  were  ta l l j ed  (numbers ,  b iomass )  and  body  i eng ths  measured  (SL ,  ' i n  mm)

fo r  se lec t  spec ies ,  as  desc r ibed  above  fo r  no rma l - f l ow  ope ra t i ons .

I
I

2 .  EVALUATION OF THE UNITS 2  AND 3  F ISH RETURN SYSTEM (FRS)

A.  Percent  Divers ion
I

Al l  ana lyses  use  ma tched  ( same-day )  "quan t i t a t i ve "  
' imp ingemen t  and  d i ve rs ion

samp les  on l y .  Because  samp les  were  t yp ' i ca l l y  co l l ec ted  a t  abou t  1000  h r ,  t he  d ' i e1

I
I
I
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pe r i od  samp led  i nc l uded  t he  
' l a t e  

morn ing ,  a f t e rnoon ,  and  dusk  o f  t he  ca lenda r  day
p reced ing  the  co1 ' l ec t i on  da te ;  t he  dawn  and  ea r l y  morn ' i ng  o f  t he  co l l ec t i on  da te ;
and  t he . i n te r ven ing  hou rs  o f  da rkness .  Samp ' l es  we re  cons ide red  quan t ' i t a t i ve  on i y
i f  t hey  rep resen ted24  + / ' 2  h r  o f  ope ra t i on  a t  f u l l  f l ow  (a l l  f ou r  pumps  ope ra t ' i ve
a t  t he  un i t ) .  A  l eeway  o f  + / : 2  h r  was  cons ide red  i n  o rde r  t o  r easonab l y  i nc ' l ude
a l l  r ou t i ne  va r i a t i on  i n  samp le  co l l ec t ' i on .0n ' l y  f u l l - f l ow  cond i t i ons  we re
ana iyzed ,  because  the  d i ve rs ion  e f f i c i ency  o f  t he  FRS louve r  sys tem m igh t  d i f f e r
r { i t h  f l ow .

B . Percent Survivorsh ip

Of f sho re  Surv i vo rsh ip  Tes ts .  The  magn i tude  o f  FRS- induced  mor ta l i t i es  f rom
mechan ' i ca l  damage  o r  phys io log i ca l  s t ress  du r ing  d ' i scha rge  was  es t ima ted  based  on
96-h r  f i e ld  expe r imen ts .  These  expe r imen ts  were  con t rac ted  d i rec t l y  by  Sou the rn
Ca ' l i f o rn i a  Ed i son  (SCE)  and  conduc ted  by  0cc iden ta l  Co ' l 1ege .  P re l im ina ry
exper imen ts  began  ' i n  May  1983 .  An  app rop r ia te l y  con t ro ' l ' l ed  se r ies  o f  expe r imen ts
began  i n  Oc tobe r  1983  and  ended ' i n  Augus t  1985 .  The  Un i ve rs i t y  o f  Ca l i f o rn i a
San ta  Barba ra  (UCSB)  F i sh  S tudy  P ro jec t  i n -p ' l an t  rep resen ta t i ve  pa r t i c i pa ted  i n
the  s ta r t  and  f i n i sh  o f  a l l  f i e l d  t es t s  f r om Ap r i l  1984  onward .

FRS-d j scha rged  f i shes  were  cap tu red  i n  oc tagona l  (12 - f t  x  12 - f t )  pens  w i th
f rames  cons t ruc ted  o f  PVC p ipe .  Wa ' l l s  were  1 /4 - i n "  (ba r ) ,  kno t l ess -mesh  ny ' l on
webb ing .  Quan t i t a t i ve  d i ve rs i on  samp les  ( samp les  o f  f i shes  t ha t  had  been  he ld
approx ima te l y  24  h r  i n  sc reenwe l ' l s  a t  one  o r  bo th  new S0NGS un i t s )  were  d i scha rged
in to  one  o r  two  expe r imen ta l  pens  a t  t he  s ta r t  o f  each  96 -h r  se r i es .  Exper imen ta l
pens  were  then  moved  a  sho r t  d i s tance  upcoas t  o r  downcoas t  o f  t he  FRS d i scha rge
condu i t  and  anchored .  F i shes  fo r  con t ro l  pens  were  cap tu red  i n  the  genera l  S0NGS
area  i n  pens  bea r ing  de tachab le  f yke -ne t  w ' i ngs  tha t  he rded  f i shes  th rough  the
pen ' s  mou th .  Con t ro l  pens  were  se t  up  i . t o  2  n igh ts  be fo re  the  s ta r t  o f  t he

exper imen ta ' l  pen  tes ts  i n  o rde r  t o  cap tu re  c repuscu la r  and  noc tu rna ' l  c ross -she l f

m ' i g ra to rs  such  as  queen f i sh .  Con t ro l  pens  were  i den t i ca ' l  i n  s i ze  and  ma te r ia l s

w i th  expe r imen ta l  pens .

Contro ' l  tests  were of ten not  concurrent  w ' i th  exper imenta l  runs but  were
f requen t l y  a l t e rna ted  ove r  pe r iods  o f  seve ra ' l  days  to  seve ra l  weeks .  However ,  we

be l ' i e ve  t ha t  da te  i n f l uences  ( va r i ab le  su rge ,  seasona l  occu r rence  o f  f i sh  o f
pa r t i cu ia r  body  s i zes ,  e t c . )  we re  randomly  d i s t r i bu ted  among  exper imen ta l  and

con t ro l  t es t s  and  thus  shou ' l d  no t  b ias  the  resu l t s .  r
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A 95 -h r  du ra t i on  was  chosen  as  su f f i c i en t  t o  de tec t  dea th  due  t o

bac te r i a l , / f unga l  i n f ec t i on  o r  osmo t i c  s t r ess  f o l  l ow ing  mechan i ca l  damage .  A l  I

r esu l t s  we re  based  on  f i sh  he ld  i n  pens  f o r  96  h r .  F ' i shes  i n  expe r imen ta l  and

con t ro l  pens  were  checked  da i l y  by  d i ve rs ,  and  the  da ta  were  summed fo r  f ou r  days

to  cha rac te r i ze  cumu la t i ve  mor ta ' l  i t ' i e s .

The  amoun t  o f  i n fo rma t ion  p rov ided  by  each  expe r imen t  va r ied  w ' i t h  (1 )  t he

number  o f  expe r imen ta l  and  con t ro l  pens  used  i n  each  se r ies  and  (2 )  t he  number  o f

i nd i v i dua l s  o f  each  spec ies  and  t he  number  o f  spec ies  p resen t ' i n  each  pen .  Fac to r

(1 )  was  no t  cons tan t  because  o f  d i s rup t i on  by  s to rms ,  e t c .  Fac to r  ( 2 )  a l so  va r i ed

be tween  se r ies  and  be tween  pen  t ypes  w i th in  se r ies  because  o f  random f l uc tua t ' i ons

in  the  re la t i ve  abundances  o f  spec ies  ove r  t ime  and  because  the  i n takes  and  f yke

ne ts  d i f f e red  i n  spec ies  se lec t i v i t y .  P r i o r  ana l yses  ' i nd ' i ca te  t ha t  t he  number  o f

queen f i sh  mor ta l i t ' i e s  i n  e j t he r  expe r imen ta l  o r  con t ro l  pens  was  un re ' l a t ed  t o  f i sh

dens i t i es  i n  t he  pens  (DeMar t i n ' i  e t  a l .  1985 ) .

Because  s i gn i f i can t  e f f ec t s  o f  s t ock ing  dens i t i es  on  queen f i sh  mor ta f  i t y

were  unde tec tab le ,  we  poo led  da ta  ove r  a l l  pens  w i th in  each  t ype  fo r  a l l

exper iments conducted of f  S0NGS f rom October  1983 to August  i985.  Tota l  mor ta l i ty

was  es t ima ted  as  ( to ta l  number  dead  a f te r  96  h r )  d i v ided  by  ( to ta l  number  o f  f i sh

tes ted )  f o r  each  spec ies  rep resen ted  by  more  than  one  i nd i v idua l  i n  each  t ype  o f

pen .  To ta l  number  o f  f i sh  t es ted  was  t he  sum o f  a l l  l i v i ng  and  dead  f i sh  co l l ec ted

in  the  expe r imen t .  To ta l  number  dead  a f te r  96  h r  i nc luded  f i sh  tha t  were  dead  on

a r r i va l  a t  t he  expe r imen ta l  pen  immed ia te i y  a f te r  d i scha rge .  We used  mor ta l i t y  i n

con t ro l  pens  (p . )  t o  es t ima te  pen  e f fec ts  pe r  se .  Mor ta l i t y  i n  expe r imen ta ' l  pens

(n . )  was  cons ide red  an  es t ima te  o f  t he  sum o f  bo th  pen - induced  and  FRS- ' i nduced

mor ta l i t y .  The  d ' i f f e rence  be tween  pe  and  pc  rep resen ted  FRS- induced  mor ta i i t y

(n1 " r ) .  Tha t  i  s ,

P f " r=P . -P .

S tandard  e r ro rs  o f  t he  mean  es t ima te  were  based  on  b inom ' ia l  p robab i l i t ' i es :

I
t
I
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( r  -  p. )

\ t s =' - f r s

where N
e

N
ag

i nd i v i dua l s  t es . t ed  i n  a l 1  expe r imen ta l  pens ,  and

ind i v i dua ' l s  t es ted  i n  a l  I  con t ro l  pens "

N' i  nety- f i  ve percent  conf  i  dence i  n terva l  s  were ca l  cu l  a ted as the normal

app rox ima t ' i on ,  p f r s  1 i . 96  (SE t " r ) .  I f  p .  =  0  ( no  f i sh  d i ed  i n  t he  con t ro ' l  pen ) ,

t h i s  f o rmu la  s t i 11  y i e ' l ds  t he  co r rec t  con f i dence ' i n t e r va l s  f o r  p f r s r  pe  11 .95
SQRT tpe  (1  -  n " ) /N . ) .

Ana logous  su rv ' i vo r sh ip  f o r  a l I  f i shes  f a1 f  i ng  i n to  seve ra l  gene ra l  s ' i ze

c l asses  was  es t ima ted  i n  t he  f o l l ow ing  manne r .  The  ave rage  va lue  o f  su r v i vo rsh ip

fo r  " sma l l -bod ied "  f i shes  (excep t  no r the rn  anchovy )  was  de f i ned  as  the  we igh ted

mean  (0 .66 )  o f  t he  obse rved  su rv i vo rsh ' i ps  o f  queen f i sh  (0 .68 )  and  wh ' i t e  c roake r

(0 .48 ) .  Queen f i sh  and  wh i te  c roake r  t oge the r  cons t i t u ted  9675  o f  t he  numbers  and

9771  o f  t he  b iomass  o f  a l l  sma l ' l  f i shes  (exc lud ing  no r the rn  anchovy )  i n

comprehens i ve  d ' i ve r s i on  samp les  a t  Un i t s  2  and  3  (Append i x  H ,  Tab le  1 ) .  The

su rv i vo rsh ip  va lue  used  fo r  no r the rn  anchovy  was  the  obse rved  es t ima te  o f  0 .97

(Append i x  H ,  Tab ' l e  3 ) .  Su rv i vo rsh ip  f o r  "med ium-s i zed "  f i shes  was  se t  a t  1 .0 ,

based  on  the  emp i r i ca l  obse rva t i ons  fo r  122  tes t  sa lema and  the  100% su rv i vo rsh ip

o f  13  i nd ' i v i dua l s  o f  7  o the r  spec ' i es ' i n  expe r imen ta l  pens  (Append i x  H ,  Tab ' l e  3 ) .

Su rv i  vo rsh i  p  fo r  r r l  a rge -bod i  ed i l  f i  shes  was  a l  so  se t  a t  1  .0 ,  re f l  ec t i  ng  the

obse rved  tes t  resu l t s  f o r  405  ye l l ow f in  c roake r  and  21  su rv i vo rs  ou t  o f  22

ind i v i dua l s  o f  9  o the r  spec ies  i n  expe r imen ta l  pens  (Append i x  H ,  Tab le  3 ) .

beda t i on  Upon  D ischa rqe .  The  a fo remen t ioned  es t ima tes  o f  su rv i vo rsh ip  based  on

Occ iden ta l  Co ' l 1ege ' s  f i e ld  tes ts  cons ide r  on l y  one  o f  two  impor tan t  aspec ts  o f  t he

tota ' l  surv i  vorsh i  p  of  FRS-di  scharged f  i  shes.  Our  eva ' l  uat ' ion of  the overa l  l

su r v i vo rsh ' i p  o f  d i scha rged  f i shes  a l so  i nc l uded  a  reasoned  cons ide ra t i on  o f  t he

probab' i  1  i  ty  o f  surv i  v i  ng predat i  on shor t ly  fo ' l  
' lowi  

ng d i  scharge (  hereaf  ter

re fe r red  to  as  S r ) .  Va lues  o f  S ,  were  ass igned  to  f i shes  acco rd ' i ng  to  genera ' l  body

s i zes .  The  body  s i ze  ca tego r i es  we re  de f i ned  as  f o l ' l ows .  F i r s t  o f  a l l ,  ave rage

body  we igh t  was  ca l cu ' l a ted  fo r  each  f  i sh  taxon  p resen t ' i n  quan t i t a t i ve  no rma l - f ' l ow

samp ' l es  a t  Un ' i t s  2  and  3  (Append ix  H ,  Tab ' l e  1 ) .  These  da ta  fe ' l ' l  na tu ra l l y  i n to

th ree  s i ze  g roups  compr i s ing  rough iy  equa l  numbers  o f  t axa :  " sma l l -bod ied r r  f i shes

[0 .  
.

L-
0. . (1 -ec )

]
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we ' igh ' i  ng  
' l  
ess  than  30  g  (<  -  1  oz )  ;  I 'med ' i um-s i  zed r r  f  i  shes  we i  gh i  ng  be tween  30  and

200  g  ( -  l / 2  1b ) ;  and  "1a rge -bod ied "  f i shes  we ' i gh ing  more  than  200  g .  The  mean

body  we igh t s  o f  a l l  f i shes  ' i n  t hese  t h ree  s i ze  ca tego r i es  we re  13 ,  94 ,  and  472  g ,

respec t i ve l y  (Append i x  H ,  Tab le  2 ) .W i th  one  excep t i on ,  a l l  sma l l - bod ' i ed  f i shes

were  ass ' i gned  a  cond i t i ona ' l  p robab i l i t y  o f  0 .25  o f  be ing  ea ten  sho r t l y  f o ' l l ow ing

d ischa rge  ( the re fo r .  SZ  =  .75 ) .  No r the rn  anchovy  were  cons ide red  to  be  a t  g rea te r

r i  sk  to  p reda t i  on  (  SZ  =  .5 )  because  o f  t he i  r  ex t reme ' l y  sma l ' l  s ' i ze  ' i n  SONGS

en t rapmen t  samp les  (mean  =  2  g :  Append i x  H ,  Tab le  1 ) .  Med ium-s i zed  f i shes  we re

g i ven  a  much  h ighe r  p robab i l i t y  o f  avo id i ng  p reda t i on  (€ .9 . ,  by  l a rge  p reda to r y

f j shes  and  sea l s :  52  =  . 9 ) .  La rge -bod ied  f i shes  we re  cons ide red  a lmos t  immune  t o

p reda t i on  (S ,  =  . 99 )

3 .  COMPARISONS OF  UNIT  1  WITH UNITS  2  AND 3

See  Pa r t  1  o f  t h i s  Append i x  f o r  a  de ta i l ed  desc r i p t i on  o f  t he  va r i ous  t ypes

o f  da ta  p rov ' i ded  by  d ' i f f e ren t  c lasses  o f  SONGS opera t ' i ons  and  the i r  respec t i ve

samp l  i ng  des igns .

Ana l ys i s  me thods  f o r  Un i t  1  ve rsus  Un i t s  2  and  3  compar i sons  a re  desc r i bed  i n IMethods  Sec t i on  2 .? .3  o f  Vo lume  1 .

4 .  ENTRAPMENT AS MECHANISM FOR OBSERVED NEARFIELD DECLINES

A. Entrapment  -  F ie ld  Abundance Relat ions

En t rapmen t  ve rsus  Near -SONGS Abundance  and  Suscep t ib ' i l i t y .  Th i s  reg ress ion

ana lys i s  used  en t rapmen t  samp les  a t  SONGS Un i t s  2  and /o r  3  as  the  dependen t

va r i ab le .  0n i y  quan t i t a t i ve  samp les  ( r ep resen t i ng  f u1 ' l  pump ing  f o r  ?4  + / -  2  h r )

were  used .  i f  quan t i t a t i ve  samp les  were  ava i ' l ab le  fo r  bo th  naw un i t s  on  a

pa r t i cu la r  da te ,  va lues  a t  t he  two  un i t s  were  ave raged .  En t rapmen t  da ta  were  1og -

10  t rans fo rmed  be fo re  ana lys i s  i n  o rde r  t o  reduce  sca t te r .

Th ree  i ndependen t  va r i ab les  were  cons jde red .

(1)  Near-S0NGS abundance was indexed by numer ica ' l  catch-per-se ' ine-hau' l

(CPUE,  see  Append i x  A )  a t  t he  samp l i ng  s ta t i on  l oca ted2 -3  km downcoas t  o f  Un i t  1 .

The  da ta  used  were  se ine  co l l ec t i ons  made  du r ing  the  n igh t  p reced ing  the  da te  o f

the  en t rapmen t  samp le .  CPUE da ta  a l so  were  1og -10  t rans fo rmed  be fo re  ana lys i s .

I
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(2 )  Wave  su rge ,  t he  f i r s t  o f  two  env i ronmen ta l  measures  o f  suscep t i b i l t ' t y ,

was represented by a var iab le named MAXIMUM SIGNIFICANT hrAVE HEIGHT. Data for  the

f  i rs t  i0  of  the 16 sampl  i  ng dates (Append' ix  I  ,  Tab ' le  1)  were co l  I  ected by

ECOsys tems  Managemen t  Assoc ia tes  (ECO-M)  a t  a  s ta t i on  l oca ted  a t  11 -m dep th  i n  12

m o f  wa te r , -abou t  1  km o f f sho re  o f  t he  SONGS Un ' i t  1  ou t fa l l .  No  San  Ono f re  da ta

were  ava i l ab le  f o r  t he  l as t  s i x  samp ' l i ng  da tes ;  va lues  f o r  t he  San  Ono f re  s ta t i on

were  es t ima ted  us ing  o the r  ma tched  da ta  fo r  t he  San  0no f re ,  San  C lemen te  I s land ,

and  Oceans ide  s ta t i ons .  These  da ta  were  co l l ec ted  by  the  Coas ta l  Da ta  In fo rma t ion

System (CDIS)  and entered on the MRC's IBM 4341 computer  system at  Encin ' i tas by

EC0-M.  These  wave-he igh t  da ta  a re  coded  as  the  HEIGHT va r iab le  on  EC0-M 's

DBWAVES.YR85  and .YR85  SAS da ta  bases .  The  ma themat i ca ' l  i n te r re ' l a t i onsh ' i ps  o f

wave-he igh t  measuremen ts  a t  t he  th ree  s ta t i ons  were  eva lua ted  fo r  an  ex tens i ve

se r ies  o f  505  da tes  spann ' i ng  the  pe r iod  f rom January  1985  th rough  November  1986 .

Because  these  da ta  were  co l l ec ted  a t  da i l y  i n te rva l s  w ' i t h in  pe r iods  separa ted  by

m iss ing  da ta  (due  t o  me te r  ma l f unc t i ons ) ,  au toco r re l a t i on  was  eva lua ted  us ing  SAS

PROC AUTOREG.  A  s ' i gn i f i can t  (P .0 .0001 )  f i r s t - o rde r  au to reg ress ' i ve  p rocess  was

de tec ted ;  reg ress ion  coe f f i c i en ts ,  t he re fo re ,  were  ad ius ted  w i th in  PROC AUT0REG.

The  f i na l  mode l  used  to  es t ima te  su rqe  o f f  San  0no f re  was :

San  Ono f re  =  +0 .1078  +  0 .4183  San  C ' l emen te  +  0 .4426  0ceans ide
-0 .0660  (Oceans ide  *  San  C lemen te )

0.769

0 .0001

505

(3 )  Tu rb id i t y ,  t he  second  measure  o f  suscep t i b i l i t y ,  was  measured  w i th in

SONGS sc reenwe ' l l s  concu r ren t  w i th  the  en t rapmen t  samp le .  Sou the rn  Ca l i f o rn ia

Edi  son (  SCE) ' in-p1ant  contractors took samp' les of  screenwel  I  water  and used

nephe lomet ry  to  measure  the ' i r  op t i ca l  dens i t y  ( i n  0 .0 .  un ' i t s )  f o r  wh i te  l i gh t  (K "

Herb inson ,  pe rs .  comm. ) .  The  ave rage  o f  t h ree  read ings  o f  each  o f  t h ree

sc reenwe l l  samp les  was  used  i n  ou r  ana ' l ys i s .  Da ta  a re  coded  as  the  TURBID

var iab le  on  va r jous  SCE SAS da ta  bases .  These  a re  DBALL IMP.SPARMS (1983-84 ;

s to red  on  the  UCS-g  f i sh  P ro jec t ' s  F  d ' i sk )  and  DBSCE"SPPARMES (1985 ;  on  SCE 's  404

d isk ) .  Bo th  the  F  and  the  404  d i sks  a re  ava i1ab le  on  the  MRC's  IBM 4341  compu te r

sys tem a t  Enc in i t as .  TURBID da ta  fo r  1985  were  compu te r -en te red  by  the  F i sh

Pro jec t  o f f  o f  t he  SCE con t rac to r r s  raw  in -p1an t  da ta  shee ts .  (The  1986  upda te  o f

SCE 's  SAS da ta  base  had  the  TURBID va r iab ' l e  de ' l e ted . )  " r

R2=
P <

l { =

F-10



Near f i e ' l d  Dep ress ion  ve rsus  En t rapmen t  and  Pump  H i s to r y .  0u r  p r ima ry  reg ress ion

mode l  used  t he  de l t as  (d ' i f f e rences )  be tween  numer i ca l  l ampa ra  ca t ch  pe r  se ine  hau l

(CPUE,  see  Append i x  A )  a t  two  pa i r s  o f  l ongsho re  l oca t i ons  as  t he  dependen t

va r i ab le .  These  two  pa i r s  o f  l oca t ' i ons  we re  (1 )  t he  Nea r  Impac t  (N I )  s t a t ' i on ,

:  I / 2  km  o f  t he  S0NGS Un i t  1  i n t ake ,  ve rsus  t he  Fa r  Impac t  (F I )  s t a t i on ,  2 -3  km

downcoas t  o f  Un i t  1 ,  and  (Z )  t he  N i  s t a t i on  ve rsus  t he  d i s t an t  Con t ro l  (C )

s ta t i on ,  18 -19  km downcoas t  o f  S0NGS (Append i x  A ,  F i g .  1 ) .  CPUE da ta  we re  l og -10

t rans fo rmed  o r i o r  t o  ca l cu la t i on  o f  de l t as .  De l t as  we re  ca l cu la ted  f o r  each  pa i r

o f  se ' i ne  samp les  t aken  a t  sha l I ow  (5 -  t o  10 -m)  dep ths  on  each  samp f  i ng  da te .

De l t as  we re  a lways  ca1cu la ted  as  Impac t  m inus  Con t ro l - - i . e . ,  € i t he r  as  N I  -  F i  o r

as  N I  -  C - - i n  keep ing  w i t h  ou r  BACI  t - t es t  p ro toco l s  (Append ' i x  D ,  E ) .

Two  i ndependen t  va r i ab les  we re  cons ide red .

(1 )  S0NGS en t rapmen t  was  cha rac te r i zed  as  the  sum o f  t o ta l  en t rapmen t  a t  a l l

t h ree  SONGS un i t s  f o r  any  pa r t i cu la r  24 -h r  pe r iod .  En t rapmen t  a t  bo th  new un ' i t s

was  es t ima ted  as  tw ice  the  en t rapmen t  samp le  a t  one  o r  o the r  new un ' i t  on  tha t  da te ,

l i nea r l y  co r rec ted  f o r  l ess - t han - fu l l  pump  f l ow  as  necessa ry .  En t rapmen t  samp les

a t  Un i t s  2  and  3  were  summed fo r  each  o f  t he  8  da tes  w i th  quan t i t a t i ve  samp les  a t

bo th  new un i t s .  En t rapmen t  was  undec remen ted  fo r  FRS su rv i va l  because  a  l a rge

ma jo r i t y  o f  t he  t es t  spec ' i es  ( sma ' l ' l  queen f i sh )  a re  e i t he r  imp inged  o r  d i e  j f

d i ve r ted .  0n  the  3  da tes  fo r  wh ich  a  quan t ' i t a t i ve  en t rapmen t  samp le  ex i s ted  a t

Un ' i t  1 ,  t he  Un i t  1  co ' l ' l ec t i on  was  added .  (Un ' i t  1  was  ' i nope ra t i ve  on  7  o the r

da tes . )  0n  t he  6  days  when  Un i t  1  was  ope ra t i ng  bu t  a  quan t i t a t i ve  samp ie  was  no t

co l l ec ted ,  en t rapmen t  a t  Un i t  1  was  es t ima ted  based  on  ave rage  24 -h r  en t rapmen t

(a t  f u l ' l  f l ow )  a t  Un i t  1du r i ng  t ha t  mon th  and  yea r ,  ad ius ted  f o r ' l e ss - t han - fu l ' l

pump f l ow  on  tha t  day ,  as  necessa ry .

(2 )  Recen t  SONGS pump ing  h i s to ry  was  eva ' l ua ted  fo r  f ou r  de f j n ' i t i ons  o f
t t recen t r rbecause  we  lacked  da ta  fo r  an  a -p r i o r i  de f i n i t ' i on  o f  t he  ra te  o f  acc rua l

o f  nea r f i e ] d  dep ress ion .  The  f ou r  pe r i ods  eva ' l ua ted  we re  1day ,  2  days ,  3  days ,

and  7  days  be fo re  the  da te  o f  t he  en t rapmen t  es t ' ima te .  The  va r iab le  used  i n  the

ana l ys i s  was  t he  t o ta l  f l ow  vo lume  a t  a l l  t h ree  S0NGS un i t s  f o r  t he  pe r i od .  Th i s

var iab le is  coded as FLOWVOL on the SAS data bases DBSONGS. (1983 to 1986 vear

members )  on  t he  MRC 's  V  d i sk .

I
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B.  Ba lance  Ca lcu la t i ons

in t roduc t i on .  0ne  ma jo r  aspec t  o f  t he  MRC's  eva ' l ua t i on  o f  SONGS ' impac t  on

nea rsho re  f i sh  s tocks ' i nvo l ves  mon i t o r i ng  t he  abundance  o f  coas ta l  pe lag i c

(m idwa te r )  f i shes  immed ia te i y  nea r  and  a t  va ry ' i ng  d i s tances  f rom the  reg ' i on  o f

S0NGS o f f sho re  i n take  s t ruc tu res -

The  i uven ' i l e -adu ' l t  l i f e  s t ages  o f  seve ra l  noc tu rna l l y  ac t i ve  spec ies  o f  sma11 ,

schoo l i ng ,  zoop lank t i vo rous  f i shes  a re  rou t i ne l y  en t rapped  a t  t hese  i n take

s t ruc tu res  a long  w i th  the  l a rge  vo lumes  o f  wa te r  t ha t  a re  w i thd rawn  to  coo l  SONGS'

tu rb ines .  Subsequen t l y ,  t hese  f i shes  a re  e i t he r imp inged  on  t rave l l i ng  sc reens  i n

the  p lan t  o r  a re  d i ve r ted  w i th in  the  fo rebays  (a t  Un i t s  2  and  3  on l y ) .  The  l a t te r

a re  d i scha rged  back  o f f sho re  th rough  a  condu ' i t  o f  t he  f i sh  re tu rn  sys tem tha t

ex i t s  t -nsho re  o f  t he  new in take  s t ruc tu res  (DeMar t i n ' i  e t  a ' l  .  1985a ,  1986) .  H igh

numbers  and  b ' i omass  o f  one  spec ies  i n  pa r t ' i cu l a r  ( queen f i sh ,  Se r i phus  po l ' i t us )  a re

en t rapped .  Even  though  the  ma io r i t y  o f  t hese  queen f i sh  a re  d i ve r ted  and  d i scha rged

back  o f f sho re ,  i t  i s  l i ke l y  t ha t  many  o r  mos t  f i sh ,  j uven i l es  i n  pa r t i cu l a r ,  a re

ea ten  o r  o the rw ise  d ie  (DeMar t i n ' i  e t  a l .  1985a) .  An  ave rage  o f  63% o f  t he  sma l l

and  73% o f  t he  l a rge  queen f  i sh  su rv i ve  the  phys io ' l og i ca ' l  r i go rs  o f  t he  d i scha rge

process .  i t  i s  1 i ke1y  tha t  su rv i vo rsh ip  i s  f u r the r  reduced  by  p reda t i on  upon

d i scha rge  ( see  "Pe rcen t  Su rv i vo rsh ip , r '  Chap te r  2 ) .

The  ob iec t i ve  o f  ou r  f i e l d  mon i t o r i ng  o f  j uven i l e -adu l t  queen f i sh  and  a l l i ed

f i shes  has  been  to  de tec t ,  shou ld  i t  occu r ,  a  re la t i ve  50%.  dec l i ne  i n  numer i ca ' l

dens i t y  w i th in  the  S0NGS near f i e ]d  (de f i ned  as  w i th in  l / ? - | , n t  rad ius  o f  t he  S0NGS

Un ' i t  1  i n take ) .  An  i ndex  o f  dens i t y  ( ca tch  pe r  un i t  o f . e f fo r t ,  CPUE)  was  es t ima ted

us ing  s tandard -e f fo r t  hau ls  o f  a ' l ampara  se ine  (a  t ype  o f  semipu rs ing ,  round  hau ' l

ne t )  i n  t he  nea r f i e ld  and  a t  two  o the r  l ongshore  l oca t i ons  (Fa r  Impac t  =  2 -3  km

downcoast ;  Contro l  =  1.8-19 km downcoast  o f  SCNGS of f  Stuar t ,  Mesa) .  Lampara CPUE

was  es t ima ted  fo r  a  base ' l i ne  pe r iod  (be fo re  sus ta ined  ope ra t i on  o f  Un i t s  2  and  3 ) ,

an  i n te r im  pe r iod  (du r ing  pa r t i a l  ope ra t i ons  a t  one  o r  bo th  new un i t s ) ,  and  an

opera t ' i ona1  pe r iod  s ince  Apr i l  1 .984 ,  when  bo th  new un i t s  began  pump ing  a t  f u l l -

f l ow  vo lumes "

Lampara  CPUE da ta  co l ' l ec ted  du r ing  the  l a t t e r  pa r t  o f  t he  i n te r im  pe r iod

(August-0ctober  1983 and February-March 1984)  suggested a re la t ive near f ie ' ld

dec l i ne  i n  pos t se t t l emen t  queen f i sh  a t  sha l ' l ow  dep ths ,  pa r t i cu l a r l y  sma ' l ' l  ( 3 -10  cm
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s tanda rd  l eng th ,  SL ) ,  young -o f - t he -yea r  (YOY) ,  and  age  l +  ( 1 -  t o  2 - y r -o l d )

imma tu re  f i sh  (DeMar t i n i  e t  a l .  i 985a ,  Tab les  32  and  33 ) .  DeMar t i n i  e t  a l .

( 1985b ,  Append ' i x  B ;1986 ,  Append ' i x  H )  p rov ide  seve ra l  p re l im ina ry  compar i sons

be tween  en t rapmen t  magn i tude  and  the  sugges t j ve  nea r f i e ld  dep ress ion  tha t

con t i nued  t h rough  t he  ea r l y  ope ra t i ona l  pe r i od .

The  pu rpose  o f  t he  f o l i ow ing  accoun t  i s  t o  p rov ide  de ta i ' l s  suppo r t i ng  ou r
' i f i na l  eva lua t i on  o f  whe the r  t he  re l a t i ve  dec l i nes  i n  queen f i sh  ca t ches  nea r  SONGS

tha t  have  now  been  subs tan t i a ted  (Chap te r  1 ,  t h i s  r epo r t )  a re  exp l i cab le  i n  t e rms

o f  t he  p red i c ted  mechan ism o f  po ten t i a ' l  l oca l  dec l i ne .  We he re in  compare  da ta  on

the  magn ' i t ude  o f  en t rapmen t  a t  SONGS Un i t s  1 ,  2 ,  and  3  w ' i t h  g ross  es t ima tes  o f

abundance  i n  t he  S0NGS nea r f i e l d ,  t he  l a t t e r  based  on  CPUE es t ima tes  and  spec i f i ed

assumpt ions .  We base  ou r  eva lua t i on  on  en t rapmen t  and  abundance  da ta  fo r  sma l l

queen f i sh  (de f i ned  be low) ,  because  mos t  en t rapped  queen f i sh  a re  sma l l  and  because

sma l l  queen f i sh  rep resen t  t hose  l eas t  l i ke l y  t o  su rv i ve  d i scha rge  i f  d ' i ve r t ed  by

the  FRS.

En t rapmen t  Da ta .  SONGS en t rapmen t  da ta  fo r  sma l l  queen f i sh  a re  p rov ided  fo r  two

per iods .  En t rapmen t  was  es t ' ima ted  fo r  t he  pe r iod  f rom Apr i l  t o  Augus t  1986 ,  wh ich

matches  ou r  i a tes t  se r i es  o f  f i e ' l d  abundance  es t ima tes .  (The  mos t  upda ted  i np lan t

da ta  ava i l ab le  f o r  SONGS Un ' i t s  ! , 2 ,  and  3  a re  f o r  t he  pe r i od ' f r om 0c tobe r  1985  t o

Augus t  1986) .  En t rapmen t  t o ta l s  were  a l so  es t ima ted  fo r  t he  pe r iod  f rom Apr i l  t o

Sep tember  1985 .  These  da ta  ma tch  the  pe r iod  o f  co ' l l ec t i on  o f  ou r  nex t - to - l as t

se r ies  o f  l ampara  f  i e ' l d  samp ' l es .  To ta l  numer i ca l  en t rapmen t  i  s  d i v ided  i n to  an

en t rapmen t  sub to ta l  f  o r  sma l  I  i  nd ' i v ' i dua l  s  ( :  10  cm SL)  and  ' i n to  an  en t rapmen t

sub to ta l  f o r  l a rge  i nd i v i dua l s  ( t  10  cm SL ) .  B iomass  en t rapmen t  o f  sma l ' l

queen f i sh  was  es t ' ima ted  f rom Ieng th - f requency  d i s t r i bu t i ons  by  conve r t i ng  
' l eng th

to  we igh t  f requenc ' i es  us ing  the  l eng th -we igh t  re la t i on

W= (8 .7  x  tg -6 ;513 '11

I
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where W

SL

wei  ght  ' in  grams ,  and

s tandard  l eng th  i n  mm (DeMar t i n i  and  Foun ta in  1981)

Th ree  sepa ra te ' l oss  es t ima tes  we re  ca l cu la ted .  The  f i r s t  was  based  on  an

assumpt ' i on  o f  1007r i  mor ta l  i t y  o f  d i ve r ted  and  d i  scha rged  i nd i v idua l  s .  The  second

es t ima te  ad jus ted  mor ta l i t y  o f  t he  d i ve rs ion  componen t  o f  en t rapmen t  f o r  t he
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average  su rv i vo rsh ' i p  o f  sma l l  queen f i sh  d i scha rged  by  the  FRS (Chap te r  2 ) .  The

th i rd  es t ima te  ad jus ted  the  d ' i ve rs ion  componen t  f o r  p reda t i on  as  we l l  as  t ranspor t

f ac to r s . .  Es t ima ted  su rv i vo rsh ip  was  63% ( t r anspo r t  on l y )  o r  47?L  (as .63  x  . 75 ,

f  o r  t ranspor t  p l  us  p reda t ' i on ) .

F ie ld  Abundance .  Abundances  were  es t ima ted  us ing  n igh t t ime  lampara  CPUE (as  an

index  o f  dens i t y ) ,  s t anda rd i zed  t o  t he  a rea  f i shed  by  t he  se ine ' ( 4 ,600  m ' )  and

ad jus ted  fo r  ou r  bes t  es t ima te  o f  ca tchab i l i t y  a t  n igh t  (25%z A l ' l en  and  DeMar t i n i

1983) .  Abundance-per-area-of -net  was then standard ized to  a presumed c i rcu lar

(500 -m rad ius )  a rea  o f  t he  nea r f i e l d  ( 78 .5  ha ) ,  based  on  t he  mu l t ' i p ] e  ( 170 .6 )  o f

the  f i sh ing  a rea  o f  t he  se ine  con ta ined  i n  the  nea r f i e ld .

Abundances of  smal  I  queenf  i  sh v lere est ' imated for  two per iods.  Basel  i  ne

abundances  v /e re  cha rac te r i zed  us ing  CPUE da ta  co l l ec ted  on  22  p reopera t i ona l

c ru i ses  du r ing  the  s i x -mon th  pe r iod  f rom Apr i l  t h rough  Sep tember  1981 .  (Th i s

po r t i on  o f  t he  base l i ne  pe r iod  was  chosen  because  i t  r ep resen ts  the  on i y

con t i nuous  se r ies  o f  Ap r i l -Sep tember  samp ' l es  a t  a l l  l oca t i ons  du r ing  tha t  pe r iod . )

Recen t  f i e i d  abundances  were  es t ima ted  based  on  each  o f  two  se r ies  o f  samp les .

(  1 )  P r io r  es t ima tes  a re  p rov ided ,  based  on  11  ope ra t i ona ' l  c ru i  ses  comp ' l e ted

dur ing the s ix-month per iod f rom Apr i l  to  September 1985.  (2)  More recent

est imates were based on 8 operat ' iona1 cru ises completed dur ing the f ive-month

pe r iod  f rom Apr i l -Augus t  1986 .  The  ope ra t i ona l  nea r f i e ld  dec l i ne  was

charac te r i zed  as  the  recen t  ve rsus  base l i ne  change  in  the  d ' i f f e rences  be tween  the

ave rage  CPUE ( raw  ca tch  da ta )  a t  t he  nea r f i e ld  and  Con t ro ' l  l oca t i ons .  Dens i t i es

a t  t he  Fa r  Impac t ' l oca t ' i on  were  a1so  used  to  p rov ide  ano the r  bas i s  o f  compar i son

w' i th  the near f  i  e l  d  data.

Recent-versus-base ' l ine changes in  the d ' i f ferences between average catches at

these  two  pa i r s  o f  l oca t i ons  v re re  ca l cu ' l a ted  as  fo1 lows .  Base l i ne  d i f f e rences ,

even  i f  on l y  nom ina l ,  we re  used .  I f  a  base ' l i ne  (na tu ra l )  de f i c i t  ex i s t ed  i n

near f ie ld  catches,  we decremented a def ic i t  observed in  operat ional  catches by the

p ropor t i ona te  na tu ra l  de f i c j t .  S jm i l a r l y ,  a  base l i ne  su rp ' l us  i n  t he  nea r f i e ' l d  was

used  to  en la rge  an  obse rved  ope ra t i ona ' l  de f i c i t .

Numer i ca ]  ca tch  da ta  fo r  t o ta l  queen f i sh  were  subd iv ided  i n to  two  g roups ,

sma l ' l - s i zed  and  l a rge -s i zed  i nd i v idua ls .  Leng th - f requency  d i s t r i bu t i ons  f rom

subsamp les  were  sca ' l ed  up  to  to ta l  numbers  o f  queen f i sh  g roups  p resen t  i n  t he
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pa ren t  samp l  es .  B iomass  o f

ca l  cu l  a ted  us ' i ng  t he  ave rage

en t rapmen t  samp les  du r i ng  t he

sma l  I  and  I  a rge  queen f i  sh  i  n

body  we igh ts  o f  sma l  I  and  l a rge

respec t i ve  pe r i od .

se ine  samo les  was

queen f i sh  g roups  f r om
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05 MAR 84
07 MAR 84
20 MAR 84
28 MAR 84

17 APR 84
18 APR 84
24 APR 84
25 APR 84

22 t{AY 84
30 MAY 84

06 JUN 84
12 JUN 84
13 JUN 84
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APPENDIX F  - .  TABLE 1

soNGS ENTRAPMENT: LIST 0F DATES (X) 0F QUANTITATIVE ENTRAPMENT C0LLECTIONS
ffiT0f-eS-UNII-f, 0R 3 during the gi-;no period from May 1983 through August
1986 .  A l l  co l lec t ' i ons  a t  Un i t s  2  and /o r  3  inc lude  bo th  quan t i ta t i ve  imp ' ingement
and  d  j  ve rs i  on  samp ' les .

Date

25 MAY 83

01 JUN 83

21 SEP 83

Un i t  2

x
x

Un i t  3

10 AUG 83
24 AUG 83

05
11
t2
19

ocT 83
ocT 83
ocT 83
ocT 83

X

X

X
X
X
X

X

X
X
X

30 Nov 83 X

X04 JAN 84
05 JAN 84
11 JAN 84
18 JAN 84

14 FEB 84
15 FEB 84
27 FE8 84
22 FEB 84
29 FEB 84
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APPENDIX  F .  - -  TABLE  I  ( con t ' i nued )

I
I
I
1
I
I
t
I
I
I
I
I
I
I
I
I
I
I
I

Date

18 JUL 84

01 AUG 84
14 AUG 84
15 AUG 84
22 AUG 84

05 sEP 84
19 SEP 84

03 ocT 84
09 ocT 84
10 ocT 84
16 OCT 84
17 oCT 84
24 oCT 84
30 OcT 84

11 DEC 84
18 .DEC 84
19 DEC 84
26 DEC 84
27 gEC 84

03 JAN 85
09 JAN 85
16 JAN 85
23 JAN 85
29 JAN 85
30 JAN 85

06 MAR 85
13 MAR 85
20 MAR 85
26 MAR 85
27 MAR 85

02 APR 85
03 APR 85
09 APR 85
10 APR 85

un ' l  t  I

X

x
x
x
X

x

x

X

x
X
x

Un i t  2 Un i t  3

X

X

X
X

X
X
X
X

X
X
X
X

X
X
X

X
X

07 Nov 84
14 NOV 84
20 Nov 84

X
X
X

X
X
X

X
X

X

x
x
x

X
x
Xx

x
X

x
x

F-T7



I
il
:l

I
;l
I
il

il
:

rl

:l
I
,l
:l
,l
il

.l
I
,1

Un i t  1

x
x
x
X
x

Uni t  2

x
x
x
x
x

x
x
x

Un i t  3

x
x
x
x
x

x
x
x
x
x

APPENDTX F  - -  TABLE  1  ( con t i nued )

Date

16 APR 85
17 APR 85
23 APR 85
24 APR 85
30 APR 85

07 MAY
08 MAY
15 MAY
21 MAY
22 t4AY
29 MAY
30 MAY

04 JUN
05 JUN
11 JUN
18 JUN
25 JUN
26 JUN

02 JUL 85
03 JUL 85
09 JUL 85
10 JUL 85
16 JUL 85
17 JUL 85
23 JUL 85
24 JUL 85
30 JUL 85
31  JUL 85

06 AUG 85
14 AUG 85
15 AUG 85
20 AUG 85
21 AUG 85
27 AUG 85
28 AUG 85

SEP 85
SEP 85
SEP 85
SEP 85
SEP 85
SEP 85
SEP 85

85
85
85
85
85
85
85

85
85
85
a q

85
85

x
x

X
x
x

x
X

x
x

x
x
x
x
x
x

x
x
x
x
x
x
x

x
x
x

x
x

x
x
x
x

x
x
x

04
05
10
l2
t7
18
24

F-18



APPENDIX  F  - -  TABLE  1  ( con t i nued )

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

Date

01 ocT 85
02 ocT 85
u d  u L t  6 f ,
09 OcT 85
15 OCT 85
I '  A  '  A F
l _o  uL  |  63

22 OCT 85
29 oCT 85

NOV 85
NOV 85
NOV 85

DEC 85
DEC 85

07 JAN 86
08 JAN 86
21 JAN 86
22 JAN 85
28 JAN 85
29 JAN 86

04 FEB 86
05 FEB 86
t A  F F h  A '
l v  r E b  6 0

20 FEB 86
25 FEB 86
26 FEB 85

04 MAR 85
05 MAR 86
11 MAR 86
12 MAR 86
25 MAR 86
26 MAR 86

Oi  APR 86
02 APR 86
08 APR 85
09 APR 86
15 APR 86
16 APR 86
22 APR 86
23 APR 86
29 APR 86
30 APR 86

u n l t  I

X

X

x

Un i t  2 Un i t  3

X

x

n q

13
19

?4 x
X

x
X

X

x
X

X

X
X
x

X
x

x
X

X
x
x
X
x
x
x
x
x
x

F-19



x
x
x

06 AUG 86
12 AUG 86
19 AUG 85
20 AUG 85
26 AUG 86
27 AUG 85

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

APPENDIX  F  - -  TABLE 1  ( con t ' i nued )

Un i t  1 Un ' i t  2 Un' i  t  3Date

07 MAY 86
20 MAY 85
21 MAY 86
28 MAY 85
29 MAY 85

03 JUN 85
04 JUN 86
10 JUN 86
11 JUN 86
17 JUN 85
18 JUN 86
24 JUN 86
25 JUN 86

01 JUL 86
02 JUL 86
08 JUL 85
15  JUL 86
16 JUL 86
22 JUL 86
23 JUL 86

x
x
x

x
x

x
x

x
x
x
x

F-20



APPENDIX  F  . .  TABLE  2

SoNGS ENTRAPMENT: L iST 0F DATES (x)  0F CONCURRENT (SAME DAY) QUANTITATIVE
ENTRAF-mEXTTOffiIINs AT soNGS UNIT i AND'AT oNE 0R BoTH 0F uNiTs z AND 3 durins
t he  39 -mo  pe r iod  f rom May  i983  th rough  Augus t  1986 .  A l l  co l l ec t i ons  a t  Un i t s  2
and /o r  3  r ' nc l ude  bo th  quan t i t a t i ve  imp ingemen t  and  d i ve rs i on  samp les .  No
quan t i t a t ' i ve  ma tch -ups  occu r red  du r ing  May  1983-December  1984 .

Date Uni t  2

X

x

Un i t  3

04 JAN 84
07 MAR 84
11 DEC 84
27 DEC 84

09 JAN 85
16 JAN 85
23 JAN 85
30 JAN 85
06 MAR 85
20 MAR 85
27 MAR 85
02 APR 85
03 APR 85
10 APR 85
15 APR 85
17 APR 85
23 APR 85
24 APR 85
30 APR 85
04 JUN 85
25 JUN 85
02 JUL 85
16 JUL 85
31  JUL 85
20 AUG 85
04 SEP 85
i7 sEP 85
i5 ocT 85
05 Nov 85

x
x

x
X

x
X

X

X

x
x
X

x
X

X

x
x
X

x
x
x
x
X

x
x
x

Un' i  t  1

x
x
x
x

I
I
I
I
I
I
I
I
T
I
I
l
I
l
I
I
I
t
T

x
X

x
X
x
X

x
x
x

x
X

x

x
X

x
x
x
x
x
X

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

01 JUL 86
19 AUG 86
25 AUG 86

F-2t



I
I
I
t
I
I
I
I
t
I
I
I
I
t
I
I
I
I
T

APPENDIX  F  - -  TABLE  3

SONGS ENTRAPMENT: LIST OF DATES ON WHICH HEAT TREATMENTS OCCURRED AT SONGS
Gits t,-f iTT-AFing the periods May 1983-December 1984. January-september
1985, and October 1985-4ugust 1986.

Date

May l983-December 19&4

Un ' i t  1  Un ' i t  2 Un i t  3

x
x
x
x

X

X

30 MAY 83
04 JUN 83
20 AUG 83
01 ocT 83
17 oCT 83
05 Nov 83
14 NoV 83
21 DEC 83

17 MAR 84
05 APR 84
28 APR 84
23 MAY 84
14 JUL 84
29 JUL 84
25 AUG 84
15 SEP 84
05 ocT 84
20 OcT 84

x
X

Date

Jan uary-September 1985

Un ' i t  1  .Un i t  2 Un i t  3

25 JAN 85
08 MAR 85
21 MAR 85
04 MAY 85
i3 MAY 85
26 MAY 85
22 JUN 85
30 JUN 85
12 JUL 85
03 AUG 85
10 AUG 85
07 sEP 85
14 SEP 85

x
x
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APPENDIX  F  - -  TABLE  3  ( con t i nued )

October 1985-,4ugust 1986

I
I
I
I
I
I
t
I
t

n - ! ^
U C T  L E

, t  - t t  
"22 DEC 85

09 FEB 86
16  JUN 86
06  JUL  86
02 AUG 86
24 AUG 86
31 AUG 86

Un i t  1 Un i t  2

X

x

Un i t  3

I
I
I
I
l
I
I
I
I
T

F-23



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

APPENDIX F  - -  TABLE 4

SoNGs ENTRAPMENT:  NUMBER 0F OPERATiONAL DAYS PER MONTH FOR SONGS UNITS 1 .2 .
Am-Ifor th; ler iod May l9&3-December 19S4. Calculat ' ions are based on tota ' l
mon th ly  f l ow ra te  (ga1) /da i i y  norma ' l - f l ow ra te  (ga l /dy ) .  The  da i l y  f l ow ra te  fo r
each  un i t  i s :

Un ' i t1 :  4 .47  x i08

Un ' i t  2 :  1 .219  x  109

Un i t  3 :  1 .219  x  109

Date

MAY 83
JUN 83
JUL  83
AUG 83
SEP 83
ocT 83
NOV 83
DEC 83

JAN 84
FEB 84
MAR 84
APR 84
MAY 84
JUN 84
JUL  84
AUG 84
SEP 84
ocT 84
Nov 84
DEC 84

Tota l  s

Uni t  1

9 .  50
t t . ) t

6.77
15 .17
9 .  88

] J .  O Z

2t .68
21 .58

24 .88
Z J . 5 O

21.51
L l . J O

7.4 t
0 .79
0 .87
0 .00
0 .32

23"01
?9 .96
30 .  95

284. t4

Un' i  t  2

25 .  15
22 .39
30  .99
29  .85
30 .00
31 .00
30 .00
18 .25

21  .00
19.25
30 .75
30 .00
31  .00
21  .50
17 .50
30 .49
30 .00
20 .00
0 .00
0 .00

469.t2

gal /dy

ga I /dy

ga I /dy

Un i t  3

9.55
14 .26
15"08
15 .49
t8 .24
29.49
29.99
? R  O O

t2 .99
4 .89

26.99
29  "99
24  .49
zr  .49
2t  "99
30.24
29 .99
28.49
14 .  99
29 .00

433  .73

Un i ts  2  &  3

34 .80
5 b .  b 5

46.08
45 .  35
48.24
60 .  49
59 .  99
44.24

33"99
24 . t3
57 .74
59 .99
55 .49
42.99
39 .50
60.74
59 .99
48.  49
14 .99
29.00

902 .88

I
I
I
I
I
T

To ta l  Poss ib ]e  Number  o f  Fu ' 11 -Pump ing  Days  (A l l  Un ' i t s )  =  1 ,830
(610  pe r  Un i t )

Percent  o f  Fu l l  Pump' ing

Unit  1:  284.14 /  5I0 = 47%
Unit 2: 469.1? / 61,0 = 77%
Uni t  3 :  433 .73  /  510  =  71%

Uni ts  2  E  3z  902.88  /  1 ,2?0 =  74?

F-?4



APPENDIX  F  . .  TABLE  5

SoNGS ENTRAPMENT: NUMBER 0F OPERATi0NAL DAYS PER M0NTH FOR S0NGS UNITS 1,  2 ,
NDfTtor-TEe per ioA-  January-september 1985.  Calcu lat ions are based on to ta l
mon th l y  f l ow  ra te  ( ga1 ) /da i1y  no rma l - f l ow  ra te  ( ga ' l / dy ) .  The  da i l y  f l ow  ra te  f o r
each  un ' i t  i s :

I
I
I
I
I
I
I
I
I
I

, ^8
I U

o
l .U

85
a q

85
85
85
85
85
A E

Date

JAN
t -Eb

MAR
APR
MAY
JUN
U U L

AUG
SEP

Tota l  s

Uni t  2

? ? q

i 2 .  00
21  .00
23 .59
31  .00
30  .00
31 .00
31  .00
30 .00

Un i t  3

28 .  00
14 .  00
30 .  50
29 .75
30 .92
30 .00
31  .00
31  .00
17  .00

Un i ts  2  &  3

31 .25
26  .00
q 1  q , n

53.25
6I .92
60 .00
62 .09
62 .00
47 .00

454.92

Un i t  3 :

Un i t  1

29.68
16 .51
27  .97
29 .85
26 .00
?9 .78
29 .51
?4 .86
27  .59

24 i  . 86

t . z tg  x  109  ga l /dy

Un i t  1 :  4 .47  x

Un i t  2 :  1 .219  x

gal  /dy

ga1 /dy

242. t7212 .75

To ta l  Poss ib l e  Number  o f  Fu l l -Pump ' i ng  Days  (A l1  Un i t s )  =  819
(273  pe r  Un i t )

Pe rcen t  o f  Fu l l  Pump ing

I
I
I
I
I
I
I
I
T

1 :
2:
3 :

2a

Uni t
Un i t
Un i t

Uni ts

241 .86 /273=89%
212.75 /273=78%
242.17 /273=89%

3: 454.9? / 546 = 83%

F-25



108
a

i0 -

85
85
a q

86
86
86
85
86
85
86
86

0cr
NOV
Utr,L

I
I
I
I
I
I
I
I
I
I

APPENDIX  F  - .  TABLE  6

SONGS ENTRAPMENT: NUMBER OF OPERATIONAL DAYS PER MONTH FOR SONGS UNITS ! ,2 ,
N'DTToT: t I 'e ler io toctober  1985-August  1986.  Ca1culat ions are based on to ta l
mon th l y  f l ow  ra te  ( ga1 ) /da i1y  no rma l - f 1ow  ra te  ( ga l / dy ) .  The  da i l y  f l ow  ra te  f o r
each  un i t  i s :

Date

Un' i t  3  :

Un i t  1

30 .67
?3 .91
15 .50

4  .86
0  .00
0  .00
0 .  00
7  .20

t7  .72
23  .83
28  "23

Un i t  3

0 .00
0 .4?

t5 .67

26 .22
25"30
22.s7
30.00
31  .00
30  .00
29.46
28 .68

Un i ts  2  &  3

31  .00
20.20
45.25

q 7  n (
J '  . 9 J

53"30
40 .99
30 .34
33 .68
57.32
60 .20
J Y .  J J

Un i t  1 :  4 .47  x

Un i t  2 :  1 .219  x

9a1 /dy

ga 1 /dy
o

1.219  x  10 '  ga1 /dy

Un i t  2

31 .00
t9.77
?9 .57

30 .82
28.  00
18 .  92
0 .34
2 .68

?7 .32
30 .74
30 .55

?49.83

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG

Tota l  s 151.92 238.84 488.67

I
t
I
t
I
I
I
I
I

To ta l  Poss ib l e  Number  o f  Fu l l -Pump ing  Days  (A11  Un i t s )  =  1 ,005
(335  pe r  Un ' i t )

Percent of  Ful ' l  Pumpt 'ng

Uni t  1 :  151 .9?  /  335 =  45%
Unit  2:  249.83 /  335 = 75%
Unit  3:  238.84 /  335 = 71%

Units 2 s 3: 488.67 / 570 = T3"A
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APPENDIX F  . -  TABLE 7

soNGS INPLANT: SUMMARY RESULTS 0F T-TESTS 0F THE SLOPE 0F THE RELATI0N \ tHERE
ENTR-IpMETTJ'iMIIiTUDE AT ONE NEtll sONGS UNIT Is REGRESSED ON coNcuRRENT ENTRAPMENT
AI THE OTHER NEll SONGS UNIT, WITH ONE OR BOTH VALUES ADJUSTED TO (EQUIVALENT) FULL
FLOW. The nu l l  hypothes is  tes ted  was tha t  leve l  o f  en t rapment  a t  the  two un i ts  i s
ind is t ingu ishab le  on  a  un i t  f l ow vo lume bas is  (Ho :  s lope  =  1 ;  no  ' i n te rcep t  mode i :
Y  =  mx) .  F ishes  tes ted  inc luded  represen ta t i ve ,  heav ' i1y  en t rapped  spec ies ,  p ius
in te rpre tab le  compound taxa .  Both  numbers  and b iomass are  tes ted .

I
I
I
t
I

Soec i  es l t axon

ANCHOVY. nor thern
CROAKER,  wh i te
QUEEN Fi  SH
SURFPERCH,  wa1  1  eye
TOTAL FISHES
TOTAL FiSHES

(m inus  no .  anchovy )

Number of
Pa i  red
Sampl  es

19
19
20
11
?a

20

S lope  (#s \

Es t .  SE  P rob .

S l  ope  (  B ' i o .  )

Es t .  SE  P rob .

+ .06  . 02
+ .83  .  15
+ .99  . 06

+1 .00  . I 7
+ .98  . 05

+1 .00  . 05

<.0001
.25
a q

> .  9 9
. o L

.92

+ .  07
+ .82

+1 .00
+1 .09

+ .99

+1  . 00

.02  <  .0001
a a  a 1

,  . t o  . 1 t

.06  .96

.28  .75

.04  .81

.04  .91

I
I
I
t
I
I
I
I
T
I
t
I
I
t
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APPENDIX  F  - .  TABLE 8

SONGS INPLANT: PUMP, HISTORY AT EACH NEVJ SONGS UNIT AND THE FACTOR USED T0
SEIE-THffiSER-oF THE TWO PUMP VOLUMES UP TO THE GREATER VOLUME OF THE OTHER UNIT
0N THAT DATE. Twenty- four-hour  (1 2 hr)  ent rapment  data for  the daLes l is ted were
used  fo r  t he  ana iys i  s  p resen ted  i  n  Append ' i x  F ,  Tab l  e  6 .

Un i t  3
Date

I  l -  i  +  t
tJi l | L e

ffi # Pumps

4
2
5

2
2
4
4
4
4
4
4
4

?

J

2
2
2
2
4
4

Factor

18  JUL
01 AUG
08 AUG

06 FEB
27 FEB
06 MAR
13 MAR
20 MAR
27 MAR
02 APR
03 APR
10  APR

07 JAN
08 JAN
26 FEB
04 MAR
05 MAR
11 MAR
03 JUN
04 JUN

?
4
4

84
84
84

t n

1o
l .  .  5 5 J J
|  ( < ( <

1  .  5 5 J 5
? n
, n
t n
L . V
, i
L . W

: - ^ ^ ^ ^

1  . 5 J J J

i-.0
1 .3333

?:o

. t  .  5JJ5

I  .  5 5 5 J

2.0
2 .0
2 .0

?_o

85

85
85
a q

85
a q

1
2
5

J

J

2
2
?
2

4
4

"4
4
4
4
J

J

86
86
86
86
86
86
86
86
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APPENDIX  G - -  Summar ies  o f  SONGS Un i t s  1 ,  2 ,

Entrapment Data

and  3



APPENDTX G  - .  TABLE  1

s9IG=l  INPLANT: SUMMARY oF 24-HR (NoRMAL FLOW) ENTRAPMENT ToTALS OF eueeruFtsHa t  un ' i t  I  and  a t  Un ' i t s  2  &  3  du r ing  the  39 -mo  pe r iod  f rom May  1983  th rough  Augus t
1986 '  Average annua' l  (  12-mo) to t j l  s  are est ' imated based on entrapmer i t  du i i  ng
va r i ous  no rma l  f l ow  ope ra t ' i ons  (Un i t  1 :  imp ingemen t  samp les  on l y ;  Un i t s  2  and  3 l
imp ingemen t  and  d i ve rs i on ) .  See  Append i x  F , ' pa i t  1A  f o r  desc r j p t i on  o f  how  to ta l s
and  t he i r  s t anda rd  dev ia t i ons  we re  ca l cu la i ed .

I
I
I
I
I
I
I
I

Numbers B iomass  ( kq )

12-mo Entrapment Un i t  1 Uni ts  2  &  3 Un i t l  Un i t s2&3

Es t i  ma te

Standard devi  a t ' ion

34,367

4 ,677

1 ,101 ,166

91 ,419

577.7

98 .8

14 ,011  .0

1 ,351 .9

APPENDIX G - -  TABLE 2

soNcs INPLANT: SUMMARY 0F 24-HR (NORMAL FL0W) ENTRAPMENT ToTALS 0F wHITE
eno[xeETt-Ui l t  t  and at-uni ts z a g aur in j  tne 39-mo per iod f rom May 1983
through August  1986.  Average annua l  (12 :mo)  to ta ls  a re  es t imated  based on
ent rapment  dur ing  var ious  normal  f low opera t ions  (Un i t  1 :  ' imp ingement  samples
on ly ;  Un ' i t s  2  and 3 :  _ imp ingement  and d ' i vers ion) .  See Append ix  F ,  par t  in  fo "
descr ip t ion  o f  how to ta ls  and the i r  s tandard  dev ' ia i ions  were 'ca lcu la iea .

t
I
I
I
I
t
I
l

Numbers

12-mo Entrapment Uni t  1 Un i ts  2  &  3 Un i t  1 Uni ts  2  &  3

Biomass  (  kg )

Est i  mate

S tandard  dev ia t i on

797

199

7.9

1 .6

882 .3

227 .4

t23 ,916

39 ,430

I
I
I

u - l



I
I
I
I
t
I
I

APPENDTX G - .  TABLE 3

soNcs JNPLANT: SUMMARY 0F 24-HR (N0RMAL FLOW) ENTRAPMENT ToTALS 0F WALLEyE
ffiFtreRfft 1 and at units 2 A g during the 39-mo per.iod from May 19g3
through August i986. Average annua' l  (  12-mo) total  s are est . imated based on
ent rapment  dur ing  var ious  normal  f ' l ow opera t ions  (Un i t  1 :  imp ingement  samples
on ly ;  Un i t s  2  and  3 : ' imp ingement  and  d ive rs ion) .  See  Ap fend i i  F ;  pa r t  1A ' fo r
descr ip t ion  o f  how to ta ls  and the i r  s tandard  dev ia t ' ions  were  ca lcu la te i .

Numbers B iomass  (  kq )

12-mo Entrapment Un i t  l Uni ts  2  &  3 Un i t l  Un i t s2&3

Est ' imate

S tandard  dev ia t i on

r ,952

491

12,429

4 ,993

43 .8

t2 .6

i50 .8

55 .  1

I
I
I
I
I
I
I
t

APPENDIX G - .  TABLE 4

soNcs IN?LANT: SUMMARY 0F 24-HR (NORMAL FLO}/) ENTRAPMENT ToTALS 0F pActFtc
Eff inT-RFFat Uni t  1 and . i  uni ts 2 & 3 dur ing the 39-mo per iod f rom May 1993
through August  1985.  Average annua l  (12-mo)  lo ta ls  a re  es t imated  ba jed  on
ent rapment  dur ing  var ious  normal  f ' l ow opera t ' i "ons  (Un i t  1 :  imp ingement  samples
on ly ;  Un i t s  2  and  3 :  ^ imp ingement  and  d ' i ve rs ion) .  See  Append ix  F ,  pa r t  j n - fo t
descr ip t ' ion  o f  how to ta ls  and the i r  s tandard  dev ia t ions  were  ca lcu la ted .

Numbers

12-mo Entrapment Un i t  1 Uni ts  2  &  3 Un i t  1 Un ' i t s  2  &  3

1 ,230 .9  1 ,330 .6

275 "8 224.2

Biomass  (  kq )

Est i  mate

S tandard  dev ia t i on

116

27

135

19

I
I
I
I

G-2



APPENDIX  G  . .  TABLE  5

soNGS INPLANT: SUMMARY 0F 24-HR (NORMAL FLOw) ENTRApMENT ToTALS 0F wHtTE
SeapenenTGi t  1  and  . l  un i t t  2 '&  3  du r ing  the  39 -mo  pe r . i od  f rom May  1983
th rough  Augus t  i 986 .  Ave rage  annua ' l  ( 12 -mo)  

- t o ta l  
s  a re  es t ima ted  based  on

en t rapmen t  du r i ng  va r i ous  no rma l  f l ow  ope ra t ' i ons  (Un i t  1 :  imp ingemen t  samp les
on l y ;  un i t s  2  and  3 :  imp ingemen t  and  d i ve rs i on ) .  see  Append i i  F ;  pa r t  1A ' f ; ;
desc r i p t i on  o f  how  to ta l s  and  t he i r  s t anda rd  dev ia t i ons  we re  ca l cu la te i .

I
I
I
I
I
t
I
t

98

Numbers B iomass  (  kq )

12-mo Entrapment Un i t  I

Est i  mate

S tandard  dev ia t i on

360

Un i ts  2  &  3 Un i t  1 Uni ts  2  &  3

5 ,310

44I

J . O

1 . U

74 .5

13  . 8

8! ,GS INPLANT:-SUMMARY 0F 24-HR (NORMAL FLOI. / )  ENTRAPMENT TOTALS 0F pAcrFtc
Ef f iEnf l$at  Uni t  l  ana-at  Uni ts  2 & 3 dur ing the 39-mo per iod f rom May 1983
th rough  Augus t  1986 .  Ave rage  annua l  (12 -mo)  

- t o ta l s  
a re  es t ima ted  based  on

en t rapmen t  du r ing  va r ious  no rma l  f l ow  ope ra t i ons  (Un i t  1 :  ' imp ' i ngemen t  samp ' l es
on l y ;  Un i t s  2  and  3 :  _ imp ingemen t  and  d ' i ve r s ' i on ) .  See  Append i x  F ,  pa r t  t n '  t o r
desc r ip t i on  o f  how to ta l  s  and  the i r  s tandard  dev ia 'B ions  were ' ca l cu la ted .

APPENDIX  G . .  TABLE 6

Numbers

12-mo Entrapment Un i t  1 Uni ts  2  &  3

I
I
I
I
I
I
I47

B i  omass  (  kq )

Un i t  1 Uni ts  2  &  3

Est i  mate

Standard  dev ia t ion

202 12,896

4 ,2 !3

4 .4

0 .5

212.8

50 .5

I
I
I
ttr-J



I
I
I
I
I
I
I

APPENDIX  G - -  TABLE 7

SoNGs INPLANT: SUMMARY 0F 24-HR (  NORMAL FL0W) ENTRAPMENT ToTALS OF
| I IVERSIDES spp .  a t  Un i t  1  and  a t  Un i t s  2  &  3  du r ing  the  39 -mo  pe r iod  f rom May
1983  th rough  Augus t  1986 .  Ave rage  annua ' l  ( 1Z -mo)  to t ; l s  a re  es t ima ted  based  on
en t rapmen t  du r i ng  va r i ous  no rma l  f l ow  ope ra t ' i ons  (Un i t  1 :  imp ingemen t  samp les
on l y ;  Un i t s  2  and  3 :  imp ' i ngemen t  and  d i ve rs i on ) .  See  Append i x  F l  pa r t  1A  f o r
desc r ip t i on  o f  how to ta ' l s  and  the ' i r  s tandard  dev ia t i ons  were  ca l cu ' l a ie i .

Numbers B iomass  ( kq )

1.2-mo Entrapment Un i t  I Uni ts  2  &  3 Un i t l  Un i t s2&3

E st i  mate

Standard devi  a t ' ion

34i

113

39 .4

15.2

33 ,689

9 ,524

4 ,261 .4

I ,228 .9

I
I
t
I
I
I
I
t

APPENDIX G . .  TABLE 8

soNcs INPLANT: SUMMARY 0F 24-HR (N0RMAL FLOW) ENTRAPMENT T0TALS 0F NoRTHERN
AIJEFOW at-if i l t l  and at Un'its 2'& 3 during the 39-mo period from May 1983
through August  1986.  Average annua l  (12-moI  to ta ls  a re  es t imated  based on
ent rapment  dur ing  var ious  norma ' l  f low opera t ions  (Un ' i t  1 :  imp ingement  samples
on ly ;  Un ' i t s  2  and  3 :  imp ' ingement  and  d ive rs ion) .  !ee  Append . i x  F ,  pa r t  1A ' fo r
descr ip t ion  o f  how to ta ' l s  and the i r  s tandard  dev i i t ions  were  ca lcu l i t la .

Numbers B i  omass  (  kq )

12-mo Entrapment Uni t  1 Un i ts  2  &  3 Un i t  1 Un i ts  2  &  3

Est i  mate

S tandard  dev ia t i on

4,  148 ,604

223,711

288*

52

1  .6*

0 .3

4 ,706 .3

499.7

I
I
I
I

*Un i t  I  t r ave ' l i nq
o f  t he  j uven i l e

sc reens  a re  5 /8 - i n .
anchov ies  en t rapped

mesh ;  on ' l y  a
at  Uni t  1 .  get

smal  I  f ract i  on
i  mp i  nged .

G-4



APPENDIX  G  . .  TABLE  9

soNGS INPLANT: SUMMARY 0F 24-HR (N0RMAL FLOt l )  ENTRAPMENT T0TALS OF ToTAL
F-MES;t -1 jnTt l  and at  Uni ts  2 & 3 dur ing the 39-mo per iod f rom May 1983 through
Augus t  1986 .  Ave rage  annua l  (12 -mo)  to t i l s  a re  es t ima ted  based  

-on  
en t rapme i t

du r i ng  va r i ous  no rma l  f l ow  ope ra t i ons  (Un i t  1 :  imp ingemen t  samp ' l es  on l y ;  Un ' i t s  2
and  3 :  ' imp ingemen t  and  d i ve rs i on ) .  See  Append i x  F ,  pa i t  tA  f o r  desc r i p t i on  o f  how
to ta l s  and  t he i r  s t anda rd  dev ia t i ons  we re  ca l cu la ted .

Numbers B i  omass  (  kq )

12-mo Entrapment Un i t  1 Uni ts  2  &  3 Un i t l  Un i t s2&3

I
I
I
I
I
t
I
t

Es t i  ma te

S tandard  dev ia t i on

5 ,  533 ,401

269,510

45  ,  169

5  , 934

3 ,429  .4  33  ,852 .  3

349 .3  3 ,310 .6

T
I
T
I
t
I
I
I
I
I
I

G-5



I
I
I
I
I
I
t
t
I

APPENDIX G - -  TABLE 1O

SONGS INPLANT: SUMMARY OF HEAT TREATMENT COLLECTIONS, BY TOTAL NUMBERs,
i lmHTS,-AND-Ti lFFIsH WEIGHTs of  heat-rreatment f ish at  soNGS Unit  I  for  the 20-
mo per iod May l9&3-December 1984. No heat t reatments occurred at  Un' i t  l  dur ino
th is  per iod  (da tes  =  0 ) .

No heat  t reatments occurred at  sONGS uni t  I  dur ing Mayg3-Decg4.

I
t
I
I
t
I
I
I
I
I

t - O



APPENDIX G - .  TABLE 11

lqNGS INPLANT: SUMMARY OF HEAT TREATMENT COLLECTIONS, BY TOTAL NUMBERS.
i lm'R,IND-TEAN FISH WEIGHTS of heat- t reatment f  ish ar soNGS Units Z and 3 for
the 20-mo per iod May 1983-December 1984 (dates = 18).  Spec' ies are ranked by
tota ' l  heat- t reatment we i  qht  .

I
t
I
I
I
I
I
I
I
t
l
I
I
I
I
I
I

Spec ies

SARGO
PERCH,  zeb ra
CROAKER, ye l  I  owf i  n
CR0AKER,  spo t f i n
BASS, barred sand
BASS,  ke ' l p
QUEENFISH
SALEMA
OPALEYE
GUITARFISH,  shove l  nose
ANCHOVY. nor thern
CR0AKER, b lack
ANCHOVY, deepbody
STINGRAY, round
RAY,  Pac i f i c  e l ec t r i c
MACKEREL,  jack
GARIBALDI
PERCH.  b l ack
SHEEPHEAD,  Ca l i f o rn i a
MORAY,  Ca f  i f o rn ia
JACKSMELT
SCORPIONFISH,  Ca l  i f o rn ' i a
BLACKSMITH
BLENNY spp .
TR IGGERFISH,  f i nesca le
TOPSMELT
SEABASS,  wh i te
HALFMOON
PERCH,  p i  ' l e

HAL IBUT,  Ca l  i f o rn ia
WRASSE, rock
SHARK, horn
SEAPERCH, rubber l  i  p
M iDSHIPMAN,  p l a i n f i n
SURFPERCH,  wa l l eye
YELLOWTAI L
CROAKER.  wh i te
SMO0THH0UND, gray
BUTTERFISH,  Pac ' i f  i c
C0RBINA,  Ca l  i  f o rn ia
KELPF ISH,  g i an t
CABEZON

Tota l  F i  sh
Number

5  ,634
1  ,590
1  ,956

584
842
546

3 ,907
! ,924

84
11

i3  ,510
139

1  ,519
40
2

152
27
64
l4
4

83
43
80

z ,596  .
{

105
23
i5
t2
36
13
2

10
4Z
48
2

b J

2
57
10
4?
26

Tota l  F i  sh
Weiqh t  (  kg )

1  ,475  .  610
912.7I2
577 .130
356 .825
2 r 1 . 5 f , 5
111.588
88 .956
81 .994
47 .940
33 .600
32.405
?7 .358
20 .  555
17 .500
17 .300
16 .  063
12 .485
tr . t47
9 .720
9 .200
8 .535
t . 3 t r
6.704
5 .7?7
5  .600
5 .  523
5 .378
4 .834
4.  580
3 .663
3 .433
3 .050
2 .933
2 .480
2 .242
2 .000
1  .790
1  .750
1 .677
i .544
1 .179
1 .  149

Mean Wt .  per
F ish  (q )

252
574
295
b  1 . t

25t
204
23
43

571
? n q  q

2
t97
14

437
8650

106
462
774
694

2300
1 n 2

175
84
2

I867
t 5

234
322
382
r02
264

1525
293
59
47

1000
28

875
29

154
28
44

I
I

tr- /



8
197
2T

J

24
7
2

t2
19
8
2

t20
9
J

51
12
?
6
4

11
1
2
2
1
1
1
2
1

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

APPENDIX  G  - -  TABLE  i l  ( con t i nued )

BASS, spot ted sand
ANCHOVY.  s lough
SEAPERCH,  wh i te
ROCKFISH, rock
BARRACUDA,  Pac i f i c
MACKEREL.  Pac i f i c
THORNBACK
PERCH,  ke lp
PERCH,  sh ' i ne r
R0CKFiSH, brown
TURBOT,  d iamond
KELPFISH,  s t r i ped
TURB0T,  spot ted
CUSK-EEt,  spot ted
KELPF iSH,  spo t ted
GRUNION
BocAccI0
CUSK-EEL,  basketweave
SARDINE,  Pac i f i c
P IPEF iSH spp .
SURFPERCH, barred
KELPFISH spp .
BLENNY, rockpool
TURBOT, hornyhead
FRINGEHEAD,  sa rcas t i c
KELPFISH,  c rev i ce
R0CKF iSH spp .
GOBY spp "

Spec ies
To ta l  F i  sh

Number
Tota l  F i  sh
We ' igh t  ( kg )

1 .110
0 .978
0 .862
0 .  730
0 .723
0 .665
0 .480
0 .317
0 .272
0 "240
0 .222
9 .192
0 .  141
0 . t24
0 .  102
0 .  076
0 .060
0 .034
0.025
0 .023
0 .  016
0"013
0  .0 i0
0 .006
0 .005
0 .002
0 .  002

<0 .001

Mean hl t .  per
F ' i sh  (q )

139
q

41
243
30
95

240
25
l4
30

1 i1
2

16
4 t
2
6

30
6
6
2

i5
6
5
6

2
1

< 1

To ta l  F i  shes

Tota ' l  No.  Taxa

Mean b l t .  F i  sh

36,294

70

4 ,162 "375

4 , !62 .375  kg /36 ,294  f i sh  =  115  g / f i sh

t
I
I
I
t
I

l J -6



APPENDIX  G  - -  TABLE  12

SONGS INPLANT: SUMMARY OF HEAT TREATMENT COLLECTiONS. BY IOTAL NUMBERs AND
il 'ETff iS,-:FSNGS Unit 1 for the 9-mo period January l98s-September 1985 (dates
=  6 ) .  Spec ies  a re  ranked  by  to ta l  hea t  t rea tmen t  we . igh t

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

)pec ' l  es

SARGO
CROAKER, ye l  I  owf j  n
CROAKER,  spo t f i n
PERCH,  zeb ra
JACKSMELT
QUEENFI SH
SURFPERCH,  wa1  1  eye
BASS,  ba r red  sand
CROAKER,  b lack
OPATEYE
PERCH,  b i ack
SALEMA
THRESHER, common
SHARK,  Pac i f i c  ange l
GUITARFISH,  shove lnose
PERCH,  p i l e
BASS,  ke lp
CORBINA,  Ca l  i f o rn i a
GARIBALDI
SHEEPHEAD,  Ca l  i f o rn ia
BLACKSMiTH
STiNGRAY, round
SEABASS. whi te
HALFMOON
TOPSMELT
SHARK. horn
SEAPERCH, wh' i te
ROCKFISH, brown
BARRACUDA, Paci f ic
ROCKFISH,  g rass
SCORPI0NFISH,  Ca l  i f o rn ia
KELPF ISH,  g i an t
WRASSE, rock
THORNBACK
CABEZON
MACKEREL,  Pac i f i c
ANCH0VY, deepbody
M iDSHIPMAN,  speck le f i n
BUTTERFISH,  Pac i f i c
BASS, spot ted sand
HALIBUT,  Ca l  i  f o rn ia

To ta l  F i  sh
Number

1 ,854
l , !29

200
505
485

I  ,400
915
L + 1
/  < <

48
136
469

'l

1
5

24
43
37
T7
6

87
9

i8
20
50

1
25
i0
7
4

i0
i8
14
2
6
2

25
1
5
i
J

1

Tota l  F i  sh
Wei  qh t  (  kg)

259 .  660
153 .524
r02.872
84 .540
54 .0s0
38 .  110
35 .  150
28.  180
25.979
21.947
20.430
i5 .007 .
9 .  500
9 .  500
9 .?40
8 .580
8.260
8 .?20
6 .470
6 .040
5 . ) 5 5

5.000
5 .  t 6 t
3.  546
2 .  505
2 .030
i .  733
1 .588
1 .531
1 .310
1 .275
1 .130
0 .982
0 .  640
0 .490
0 .330
0 .293
0 .290
0 .224
0 .210
0 .  i40

Mean  Wt .  pe r
F i sh  (q )

140
136
514
<  a -
L o /
1 1 1
I J .  I

27
( X

200
111
457
i50
34

9  ,500
9  ,500
3 ,057

357
192
222
J 6 L

1 ,007
64

556
209
177
52

2,030
69

1 q o

2 i9
327
127

6 ?

70
320
82

I  h h

t2
290
45
70

140

I
I

G-9



34
27
25
41
4

t7
16
9
3

I
I
I
I
I
I
I
I

Spec i  es

CROAKER, whi te
TURBOT, spot ted
PERCH,  sh ine r
M IDSHIPMAN,  p ' l a i n f i n
BLENNY spp.
ANCHOVY, nor thern
GRUNION
S0LE,  fan ta i ' l
KELPFISH,  spo t ted

APPENDIX  G  - -  TABLE  12

To ta l  F i  sh
Number

J

J
?

1
9
2
I

1
2

(  con t i  nued)

Tota l  F ' i sh
} ' /e iqh t  (kg)

0 .  102
0 .  081
0 .075
0 .  041
0 .040
0 .034
0 .016
0 .009
0 .  006

Mean  Wt .  pe r
F i sh  ( s )

To ta l  F i  shes

To ta l  No .  Taxa

Mean [ , t .  F i  sh 941 .311  kg /7 ,991  f  i sh  =  118  g / f i sh

7 ,gg !

50

94 i .311

I
I
I
I
I
T
I
I
I
I
I

tr- -t U



SONGS INPLANT:  SUMMARY OF
mlEm,-mdtlcs units 2 and 3
( da tes  =  7 ) .  Spec ies  a re  ranked

APPENDIX  G  . -  TABLE  13

HEAT TREATMENT COLLECTIONS, BY TOTAT NUMBERS AND
for the 9-mo per iod January 1985-September 1985
by to ta l  heat  t rea tment  we igh t .

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Spec ies

CR0AKER,  y€ l  l ow f in
SARGO
PERCH,  zeb ra
QUEENFI SH
GUITARFISH,  shove lnose
SALEMA
BASS, barred sand
BASS,  ke ip
CR0AKER,  spo t f i n
RAY, bat
MACKEREL,  j ack
BLENNY spp .
STiNGRAY. round
BLACKSMITH
ROCKFISH,  b rown
WRASSE, rock
SCORPI0NF ISH,  Ca l  i f o rn i a
ANCHOVY, deepbody
JACKSMELT
C0RBINA,  Ca l  i  f o rn ia
HAL IBUT,  Ca l  i  f o rn ia
OPALEYE
CROAKER. b ' l  ack
SURFPERCH,  wa1  leye
5M00THH0UND, grey
MIDSHIPMAN,  p ' l a i n f i n
MIDSHIPMAN,  speck le f  i n
CROAKER,  wh i te
ANCH0VY, nor thern
BARRACUDA,  Pac i f i c
BUTTERF iSH,  Pac i f i c
SEABASS, whi te
THORNBACK
RAY,  Ca ' l i f o rn ia  bu t te r f l y
MACKEREL,  Pac i  f i c
GARIBALDI
PERCH.  b l  ack
BASS, spot ted sand

Tota l  F i  sh
Number

5 ,154
1 ,495

3 i9
7  ,441

26
786
i30
70
28

{
59

2 ,220
7

45
8

28
19

178
23
7

18
5

I2
39
4

30
q

191
327
11
26
6
I
i
4
1
5
2

Tota l  F ' i sh
Weiqh t  (kq )

1873 .200
? q ?  ? ? ?

168.  170
153 .090
75.  580
24 .453
23.793
15 .300
i1  .670
10 .  140

o .  t t '
4.686
3 .540
?  q n q

3.  450
3 .067
3 .013
2 .568
2 .202
2 .020
1 .887
1  .700
1 .660
1  .590
1  q l  q

1.488
1  .439
T.277
1 .239
1  .067
0 .669
0 .554
0 .  530
0 .510
0 .414
0 .350
0 .309
0 .300

Mean  Wt .  pe r
F i sh  (q )

5 0 J

238
527
2T

2,907
31

r  A ^
t x <

?t9
4t7

3 ,390
R g

z
505
78

431
110
I  F A

14
96

289
i05
340
138
41

379
50

?88
'7
,
4

97
26
92

f , JU

510
103
350
62

i50

I
I
I

u- l .  I



19
19
24
20
14
9

42
70
52

{
?
z
2

14
] J

10
10
14
1 i
2
i
1
2
3
2
2
1

I
I
I
I
I
I
I
I
T

Spec ies

TURB0T,  spot ted
SEAPERCH.  wh i te
KELPF ISH,  g i an t
CABEZON
GRUNION
PERCH,  sh ' i ne r
ROCKFISH,  g rass
SENORITA
TOPSMELT
BocAccI0
GIBBONSIA
CUSK-EEL,  basketweave
KELPFISH,  spo t ted
P I  PEFI  SH

To ta l  F i  shes

To ta l  No .  Taxa

Mean  Wt .  F i sh

(  con t i  nued)

Tota l  F i  sh
Weiqh t  (k -a )

0 .270
0 .25 i
0 .245
0 .204
0 . t92
0 .  103
0 .084
0 .070
0 .062
0 .011
0 .008
0 .004
0 .004
0 .002

Mean  Wt .  pe r
F ' i sh  ( s )

APPENDIX G - .  TABLE 13

To ta l  F i  sh
Number

18,820  2 ,762 .905

52

2 ,76? .805  kg /18 ,820  f i sh  =  147  g / f i sh

I
t
I
I
I
I
I
t
I
I

u -  t {



APPENDIX  G  . .  TABLE  14

SONGS INPLANT: SUMMARY OF HEAT TREATMENT COLLECTIONS, BY IOTAL NUMBERS AND
WETGI iT-S,  atSdTiGS Uni t  1  for  the 11-mo per iod October  lg85-August  1986 (dates =
2 ) .  Spec ' i es  a re  ranked  by  to ta ' l  hea t  t rea tmen t  we igh t .

I
I
I
I
I
I
I
I
I
t
t
I
I
T
I
I
I
I
I

Spec i  es
Heat Treatment

(No . )

103  1
I n a
I ,UJ

86
1 J )

389
tt2
97
3 i

278
^ - a
5 t o

t h

5 /
zt

I

I

32
14
50
25

h

u
11

7
J

A
6

2
1
1

r 5
?
2
1
1
1
1
2
8
1
2
t
L

Heat Treatment
(  kq)

164 .  180
29 .580
21 .680
i9  .200
t7 .520
15 .  520
12 .900
12 .  580
11 .320
9 .  560
7 .440
7  .270
6 .7 t0
6 .500
6 .  i60
3 .  J 5 U

5.110
4 .  685
3 .030
1 .680
0 .820
0 .  560
0 .  480
0 .440
0 .  390

'  0 .330
0 .  300
0 .300
0 .240
0 .  190
0 .  i60
0 .  150
0 .  140
0 .076
0 .073
0 .015
0 .013
0 .  003

373 .7552 ,937

J 6

373 .755  kg /2 ,93 i  f  i sh  =  128  g / f  i sh

SARGO
BASS,  ke ' l p
HALFMOON
PERCH,  b l ack
SALEMA
CR0AKER, ye l  I  owf i  n
CROAKER,  b lack
OPALEYE
SURFPERCH,  wa l  l eye
QUEENFI SH
PERCH.  zeb ra
SEABASS,  wh i te
CROAKER,  spo t f i  n
GUITARFISH.  shove l  nose
CORBINA,  Ca l i f o rn ' i a
GARIBALDI
BASS,  ba r red  sand
PERCH,  p ' i  1e
SHEEPHEAD.  Ca l  i f o rn ia
5C0RPI0NFISH,  Ca .
SEAPERCH,  wh i te
KELPF ISH,  g i an t
BLACKSMITH
CABEZON
SURFPERCH,  ba r red
STiNGRAY, round
TOPSMELT
MACKEREL,  Pac ' i f i c
I^/RASSE, rock
SEAPERCH, rubber l  i  p
MIDSHIPMAN,  speck i  e f i  n
R0CKFISH, brown
BASS, spot ted sand
MACKEREL,  jack
ANCH0VY, deepbody
PERCH.  sh ine r
BLENNY spp .
TURB0T,  spot ted

Tota l  F i  shes

To ta l  No .  Taxa

Mean l l l t .  F' i  sh

\ : - I J



t
I
I
I
I
I
t
I
T
I
I
I
t
T
I
I
I

APPENDIX G - -  TABLE 15

SONGS INPLANT: SUMMARY 0F HEAT TREATMENT C0LLECT]ONS, BY TOTAL NUMBERS AND
ffiFTS,aEOTGS Units 2 and 3 for the 1l-mo period October 1985-August 1986
(dates  =  6) .  Spec ies  are  ranked by  to ta l  heat  t rea tment  we igh t .

Spec i  es

PERCH, zebra
CROAKER, y€ l  ' lowf  

i  n
QUEENFiSH
SARGO
ANCH0VY, nor thern
BASS, barred sand
BASS,  ke lp
SALEMA
JACKSMELT
GUITARFISH,  shove ' l  nose
HALIBUT ,  Cal  ' i  f  orn ' i  a
SHEEPHEAD, Cal  i  forn ' ia
STINGRAY, round
CROAKER, wh' i te
CR0AKER, spot f in
WRASSE, rock
CORBINA.  Ca l  i  f o rn i  a
CROAKER,  b lack
SHARK, horn
PERCH,  p i  ' l e

MACKEREL,  Pac ' i f  i c
SC0RPI0NFISH.  Ca .
BUTTERFISH,  Pac i f i c
BARRACUDA,  Pac i f i c
SURFPERCH,  wa1 ' l eye
GARIBALDI
HALFMOON
SEABASS, whi te
BLENNY spp.
THORNBACK
CABEZON
MACKEREL,  j ack
ANCHOVY, deepbody
MIDSHIPMAN,  speck le f  i  n
PERCH,  b lack
SM0OTHHOUND, gray
BLACKSMiTH
PERCH ,  sh ' i  ner
KELPF ISH,  g i an t
TOPSMELT
BASS,  spo t ted  sand
SEAPERCH,  wh ' i t e

Heat Treatment

! ,452
1 ,575

67 ,964
1 ,029

84,488
4?3
309
905
355

U
11
L2
14

25?
14
46
19
46

1

17
2 l
27

157
29
53
4

10
7

551
4
J

63
49

J

7
1

10
68
11
9
2

11

Heat Treatment

800 .780
634.  320
456  .020
310.4?2
267 .034
119 .100
69.770
52.760
50 "  800
27 "859
i1 .810
8 .  910
7 .622
7 .075
6 .890
6 .690
4 .730
4 .630
4.  580
4  .440
3 .  354
2 .7 t0
2 .463
1  .999'  1 "930
i  .820
1  .780
1"420
1  .330
1  .070
1  .030
0 .  998
0 .  978
0 .  970
0"883
0"780
0 .698
0 .  655
0"586
0 .460
0 .  445
0 .430

I
I
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APPENDIX  G  - . TABLE  15  ( con t i  nued )

Heat  Treatment
(No . )

t
I
I
I
t
I
I

Spqc i  es

SMOOTHH0UND, brown
TURB0T,  spot ted
ANCH0VY,  s lough
SANDDAB, speckled
KELPFISH,  spo t ted
FRINGEHEAD, onespot
GIBB0NSiA  sp .
SCULPIN .  Pac i  f i  c  s taghorn

To ta l  F i shes

Tota ' l  No.  Taxa

Mean  Wt .  F i sh

Heat Treatment
(kq )

0 .340
0 .  171
0"036
0 .020
0 .017
0 .008
0 .  007
0 .003

2

1 t r

2
?
1
1
1

160,069

50

2,876 .635

2 ,876 .635  k9 /160 ,069  f i sh  =  18  g / f i sh

I
I
I
t
I
I
T
I
I
I
I
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APPENDIX  G  . .  TABLE  16

SoNGS INPLANT: SUMMARY STATISTICS AND RESULTS 0F PAIRED T-TEST COMPARISONS
EETFEN MIffi-ITffiEoF ENTRApMENT AT soNcs uNtr 1 AND AT oNE 0R oTHER 0F THE Two NEw
UNITS .  Fou r  ma jo r  spec ies  ( i nc l ud ' i ng  two  s i ze -c l asses  o f  queen f i sh )  p l us  t h ree
compound  taxa  were  ana lyzed .  Ana lyses  were  based  on  45  quan t i t a t i ve  samp les
co l l ec ted  a t  Un i t  I  and  a t  Un i t  2  and /o r  Un i t  3  du r ing  May  1983-Augus t  1986 .  Samp ' l e
s ' i zes  used  i n  t es t s  exc lude  a l l  co -absences  a t  Un i t  1  and  a t  a  new  un i t .

NUMBERS BIOMASS

Soec i  e  s /Taxon Mean + SE Mean  +  SE

I
I
I
I
I
I
I

CROAKER , wh'i  te

QUEEN Fi  SH

To ta  I
Sma l  I
Large

SALEMA

SURFPERCH,
wa1 1 eye

T0TAL  F iSH,  m inus
NO" ANCHOVY

TOTAL F ISH,  m inus
a ' l ' l  ANCHOVY SPP

TOTAL FISHES

"50 1  .16 2s

- .42  !  "11  36

.74  +  .08

.69  I  .09

.95  +  "10

5 .81  < .0001 i .04  1  .18 35  5 .93  < .0001

7 .20  <"0001
7 .03  < .0001
4 .53  <  .0001

3.  56  .002

-3 .30  .002

4  .96  <  .0001

!  .73  <  .0001

5 .34  <  "  0001

.70  +  .09  45

.67  ;  .09  45

.53  1  .11  45

7  .92  <  .0001
7 .47  < .0001
4  .75  < .0001

3 .22  < .  004

-3 .87  < .001

8 .78  < .0001

7  "83  < .0001

9 .55  < .0001

1 .  18  +  . 33

- .77  1  .?3  36

. 51  +  . i 0

. 49  1  . 10

.54  f  . i 0  45

.71

.67

.57

.10

.09
I l a

45
45
45

25

+
+
;

45

45

45

45

45

I
T
I
I
I
I
I
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APPENDIX H - -  SONGS Fish Return System

Data Summaries Used in Evaluation of Percent Diversion

and

Percent Survivorship of Fishes

H-' i
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APPENDIX  H  . -  TABLE  2

SONGS ENTRAPMENT: AVERAGE BODY WEIGHT AND SIZE CLASSIFICATION FOR FISHES
ENTRnppgDl f f i -SONB ul t t lTs 2 AND 3.  Est imares and c lass i f icat ' ion are based on a l  l
quan t i t a t i ve  samp les  (n  =  191 )  a t  e i t he r  new  un i t  du r i ng  t he  pe r i od  May  25 ,  1983 -
Augus t  27 ,  1986 .  F j shes  a re  c l ass i f i ed  e i t he r  as  sma l l  (S , . 30  g ) ,  med ium (M ,
30 -200  g ) ,  o r  l a rge  (L ,  I  200  g ) .  Spec ies  a re  ranked  by  t o ta l  we igh t  en t rapped .
A lso  no ted  a re  pe rcen t  t o ta l  en t rapmen t  and  pe rcen t  d j ve rs ion  (numbers ,  b ' i omass )
fo r  no r the rn  anchovy  and  the  th ree  genera l  s i ze  c lasses  o f  f i shes .

I
T
I
T
I
I
I
I
I
t
I
t
I
I

Spec i  es

QUEENFiSH
ANCHOVY, nor thern
JACKSMELT
CROAKER, ye l  lowf i  n
RAY. bat
RAY,  Pac c  e l e c t r l c
ZEBRAPERCH
CROAKER, whi te
GUITARFISH,  shove lnose
SALEMA

Average Body
We ish t  (q ' l

Body  S ize
C l  as  s i  f i  ca t i  on

i 4
?

136
245

s
s
M
L
I

L

I
L
s
I
L

M

6 .398

558
6

3,289
39

C0RBINA,  Ca l  i  f o rn i  a
BASS,  ke ip
SARGO
STINGRAY, round
HALIBUT.  Ca l  i  f o rn i  a  357  t

232
243
200
415

L
I

L
L

M
L

s

M
L
L
M

TOPSMELT
SMOOTHH0UND, gray
BUTTERFISH,  Pac ' i f  i c

85
1 ,088

14

24t
282

236
17

l . ,814

38
651

MACKEREL.  Pac i f i c  169  M

BASS. barred sand
CR0AKER, spot f in
ANCHOVY, s ' lough 3 S
AiJCHOVY. deepbody 9 S
SURFPERCH,  wa1  leye  12  S

I

L

L

I

5
I

MIDSHIPMAN,  speck le f in
SEAPERCH, whi te
RAY,  Ca l  i  fo rn i  a  bu t te r f l y
SHARK,  l eopard  2 .777  L
D0GFISH, sp iny 525 L
M iDSHIPMAN,  p l a i n f i  n
OPALEYE
PERCH,  p i l e  409
SCORPIONFISH,  Ca l  i  f  o rn ' i a  96

t
I
I
I
T
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T
I
t
l

Spec ies

APPENDTX H  - - TABLE  2  ( con t i nued )

Average Body
h re i sh t  ( q )

Body Size
C lass i f i ca t i on

CROAKER.  b lack
SMOCITHHOUND, brown
PERCH,  b l  aek
BARRACUDA, Paci  f i  c
SHARK.  ho rn

154
730
100
72

i . 149

M
L
M
M
L

I ,  i ack 19
34

8 ,500
73
82

KELPF ISH,  g i an t
SHARK,  Pac i f i c  ange l
TURBOT, spot ted

M
I

M
MBLACKSMITHI

I
L

GRUNION
PERCH,  sh i  ne r
TURBOT, dfamond
GARIBALDi

29

242
435

I
I
I
I
I
I
T
I
I

27
5b
79

TRIGGERFISH.  f i nesca le  2 .150  L

NE,  Pac i f i c
P  I  PEF I  SH
CUSK-EEL,  spot ted
WRASSE. rock

S0LE,  fanta ' i  I
ROCKFISH, brown
L IZARDFISH,  Ca l  i  f o rn ia
SEAPERCH. rqbber l  i  p  B0 M

SCULPIN ,  Pac ' i  f  i  c  s taghorn  41  M

s
s
L
I

s
S
M
M

45
704
188

82
155

5
3

t2

23
43
?

?2

M
L
M

PERCH,  ke lp
BONiT0 ,  Pac i f i c

35
700

EEL ,  ye l l ow  snake  620  L

CUSK-EEL,  basketweave 15 S
TURBOT. hornyhead
SURFPERCH, barred
MIDSHIPMAN sp .  1S0  M

ii-
B0cAccI0
BLENNY spp.
KELPFISH, spot ted
GIBBoNSL\ 11 sm--
T0NGUEFISH,  Ca ' l  i  f o rn ia
BOXFISH,  sp iny
HERRING,  round
G0BY,  ye1  l ow f in

M
L

M
M

s
s
q

5
M
s
5

I
I
t
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APPENDIX  H  . .

Spec ' i  e  s

TABLE  2  ( con t i nued )

Average Body
We ish t  ( q )

Body S'i  ze
C ' l ass ' i f  i ca t i on

I
I
I
T
I

)

s
)

BLENNY, rockpoo' l
I  K E E F I 5 H

KELPFISH,  s t r i ped
S0LE.  Dover
HERRING,  Pac i f i c

4
o
{

2
2
iSANDDAB.  Pac i f i c

Anchovy /S i  ze -c l  ass  Sub t ,o ta l
Average Body
We iqh t  ( g )

i (  To ta l  Ent rapment

-
f s  t s ] o m a s s I

t
I

2
1 ?

94
472

Nor the rn  anchovy
0 the r  sma l  

' l - bod i  
ed  f  i  shes  (  27  taxa )

Al  
' l  

med' i  um-s ' i  zed f  i  shes (  25 taxa )
Al  

' l  
1  arge-bod' ied f  i  shes (  33 taxa )

62.?
J O . J

1 n

n t r

1 1  n
I t .  u

3 5 . 2 .

l U . O
, q n

To ta l  f i  shes  (86  taxa ) 100.  0 100 .0 T
Anchovy/Si  ze-c l  ass Subtota ' l

i l  To ta l  D i ve rs i  on

4 -
t f > B iomass T

I
Northern anchovy
Othe r  sma l l - bod ied  f i shes  (27  t axa )
A l l  med ium-s i zed  f i shes  (25  t axa )
A l l  l a rge -bod ' i ed  f i shes  (33  taxa )

68 .8
29 .8
0 .9
0 .5

11 .0
4 1 . 5

9.7
27 .0

t
I
T
I
I
I
I
I
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Near-SONGS Declines in Queenfish



APPENDIX I  . -  TABLE 1

PHYSICAL DATA: DATE LiSTING OF PHYSICAL DATA USED IN CALCULATING THE
M-AilmTmnl-TNTEnRELATIoNsHIpI 0F soNGS uNrrs 2 AND 3 ENTRApMENT, FIELD
ABUNDANCE, ANO THREE PHYSICAL VARIABLES. Dates l is ted are those of  entraoment
samp' les  when the  TURBID var iab le  was measured inp lan t .  The va lue  o f  the  i ieVHf
var iab ' le  l ' i s ted  i s  e i the r  a  f i e ld  measure  o r  an  es t imate ,  depend ing  on  da te  (see
Methods ,  Append ix  F) .  The 3DAYV0L var iab le  represents  the  to ta i  vo lume (ga l )
pumped by  a l l  th ree  S0NGS un i ts  on  the  ca lendar  da te  p lus  the  preced ing- two
ca lendar  days .

VARIABLE

I
I
I
T
I
T
l
I
T
t
I
I

84
84

85
85
85
6 5

85
85
85

85
86
85
86
86
85

08
19

24
08
22
05
0?
J 1

T2

Date  (N  =  16 )

12 oCT 83

AUG
SEP

APR
MAY
MAY
JUN
JUL
JUL
SEP

29 JAN
01 APR
23 APR
30 APR
11 JUN
18 JUN

l./AVHT

0"5

0 .8
0 .7

0 .9
0 .7
0 .7
0 .8
1 .4
1 .0
0 .7

0 .5
0"6
0 .4
0 .8
0 .7
0 .8

TURBiD

2.380

0 .720
1 .270

1  .050
1 .390
0 .240
0 .445
0 .450
1 .590
1 .720

0 .840
0 .970
1 .520
1  .210
1 .440
0 .700

3DAYVOL

39,249,720

27 ,470,016
27 ,470,076

33,029 ,424
31 ,003 ,843
33,029,4?4
32,626,624
33 ,029,791.
33,029,424
33,029,4?4

24,470,016
1 .7 ,  168 ,760
13 ,735 ,009
13 ,735 ,009
27 ,470,016
31.  ,614,591.

t
t
I
I
I
I
TI -1



I

86
6

304
3 5
54

08 AUG 84
19  SEP 84

I
I
t
I
I
I
t
I
t
T
I
I
t
T
I
I
l
I
t

APPENDIX  I  . -  TABLE 2

BIOLOGICAL DATA: DATE LISTiNG 0F BI0LOGICAL DATA USED IN CALCULATING THE
INffiTIoNSHTFIoT soNcs uNtrs 2 AND/oR 3 ENTRApMENT, FIELD ABUNDANcE, AND
TIdO PHYSICAL  VARiABLES (SURGE,  TURBIDITY)  fOT  SMALL  ( :  10  CM SL)  QUEENFTSH.
Each  da te  es t ima te  o f  en t rapmen t  was  based  on  quan t i t a t i ve  samp le (s )  a t  one  o r
bo th  new  un ' i t s ,  as  i nd i ca ted .  F i e l d  abundance  was ' i ndexed  by  l ampa ra  se ine  CPUE
(ca t ch  pe r  se ' i ne  hau l ) .  Da tes  l ' i s t ed  a re  t hose  o f  en t rapmen t  samp les ;
co r respond ing  da tes  o f  co l ' i e c t i on  o f  se ine  samp les  a re  da te  -  1  ( t aken  t he
p reced ing  n ' i gh t ) .  A l l  en t rapmen t  and  se ine  da ta  were  l og -10  t rans fo rmed  p r io r  t o
ana lyses .  A  desc r ip t i on  o f  t he  mode l  t es ted  i s  p rov ' i ded  a t  t he  bo t tom,  a long  w i th
i  t s  summary  reg ress i  on  s ta t i  s t j  cs .

Da te  (N  =  16 )

12 oCT 83

Ident ' i ty
New Un i t ( s )

Samp l  e (  s )

Un i t  2

Un i t  2
Un i t  2

Un i t s  2 ,3
Un ' i t s  2 ,3
Un i t  3
Un i t s  2 ,3
Un i t  3
Un ' i t s  2 ,3
Un r ' t s  2 ,3

Un i t s  2 ,3
Un i t  3
Un i t  3
Un i t  3
Un ' i t s  2 ,3
Un i t s  2 ,3

(  Average )
Entrapment (#s)
a t  New Un ' i t (  s )

1  ,553

1  ,314
3,207

558
444
t?9
183
67

5 i3
2 ,228

5 ,284
3 ,545

6?2
10 ,  831

1  R O O
!  t J J J

416

Lampara
CPUE (#s )

a t  Loc .  F I

?

T4
?5

77
64

229
86
2

94
148

24 APR 85
08 MAY 85
22 MAY 85
05 JUN 85
02 JUL 85
31  JUL 85
12 SEP 85

29 JAN 86
Oi  APR 86
23 APR 86
30 APR 86
11 JUN 86
18 JUN 86

ENTRAPMENT = 3 .30  +  0 .85  F I  CPUE -  1 .13  SURGE + 0 .35  TURBIDITY

R2 =  0 .37
P =  0 .13
N=16

r-2



APPENDIX I  . .  TABLE 3

BloLoclcAL DATA: DATE LISTiNG 0F BI0LOGICAL DATA USED IN CALCUUTING THE
IXTEFREIITTO-IIsFTFS-oF THE soNcs NEARFIELD DEpRESsroN. soNcs uNrrs r, 2 AND 3
ENTRAPMENT, AND A THIRD PHYSICAL VARIABLE (3-DAY PUMPING VOLUME) FOR SMALL ( '  TO
CM SL)  QUEENFISH.  Each  da te  es t ima te  o f  en t rapmen t  was  based  on  quan t i t a t ' i ve
samp les  a t  one  o r  mo re  S0NGS un i t s ,  i f  ava i l ab le ;  o r ,  ' i f  a  co l  l ec t i on  was
unava i l ab le  f o r  t ha t  da te ,  an  es t ima te  based  on  t he  p roduc t  o f  ( 1 )  t ha t  un i t r s
ave rage  da i l y  en t rapmen t  f o r  t ha t  mon th  a t  f u i l  f l ow  and  (2 )  t he  f rac t i on  o f  f u l l
f l ow  du r i ng  i t s  l as t  24  h r  o f  pump ing .  A  desc r i p t i on  o f  t he  mode l s  t es ted  i s
p rov ided  a t  t he  bo t tom,  a long  w i th  the ' i r  summary  reg ress ion  s ta t i s t i cs .

Lampara CPUE
(#s .  bv  l oca t i on )

Da te  (N  =  15 )

0cT

AUG
SEP

APR
MAY
MAY
JUN
JUL
JUL
SEP

29 JAN
01  APR
23 APR
30 APR
11  JUN
18 JUN

Ident i  ty
New Un i t (s )
Sample (s )

Un ' i t  2

Un i t  2
Un i t  2

Un i ts  2 ,3
Un i ts  2 ,3
Un ' i t  3
Un i ts  2 ,3
Un i t  3
Un i ts  2 ,3
Un i ts  2 ,3

Un i ts  2 ,3
Un i t  3
Un i t  3
Un i t  3
Un i ts  2 ,3
Un i  ts  2 , '3

Est imated Tota '1 .
Entrapment

(A l l  Un i t s ,  #s )

3,108

2,628
6 ,4L4

1 ,133
1  ,021

391
428
160

1 ,045
4,617

10 ,568
4 ,431

622
10;831
3 ,  1gg

860

NI FI  Con t ro l

t2

08
19

24
08
22
05
02
3 i
T2

27

5 I

50

9
27
15
59
66
50
z8

777
185
50

752
51
95

83

84
84

85
85
85
85
85
85
85

86
85
86
86
86
85

14

1 n q

t7

88
O J

60

;
o 5

2

14
25

77
64

229
86
2

94
148

1
86
6

304
53
54

n

143
6

373
75
59

DELTA-CPUE (Nr-Fr)

R2

fi
DELTA-CPUE (NI-C) =

+ 0.48 ENTRAPMENT + 7E-09 3dayvol

+ 0.52 ENTRAPMENT + 3E-08 3dayvol

= -2 .25

=  0 .09
=  0 .55
=16

-2 .88

=  0 .08
=  0 .60
=16

R2
P
N

I -3
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I
t

APPENDIX  I  . -  TABLE 4

SONGS ENTRAPMENT: ESTIMATED ENTRAPMENT
ileH or T'TIXITTTONGS uN trs I , 2, AND 3
en t rapmen t  du r i ng  no rma ' l  f l ow  a t  a l l  un i t s
t rea tmen ts  (HT) .  To ta l  en t rapmen t  a t  Un i t s  2

rN (A)  NUMBERS AND (B)  BioMASS FoR
FROM APRIL.SEPTEMBER 1985.  Tota. I
i nc l udes  imp ingemen t  ( IMP)  and  hea t
and  3  i nc  j  udes  d i ve rs ' i on  (D IV ) .

(A )  NUMERICAL

UNiT  1

ENTRAPMENT (#

NEW UNITS

o f  f i  sh )

ALL UNITS

Taxon

QUEEN FI  SH

BUTTERFISH,  Pac .

CROAKER,  wh i te

S ILVERSIDES

Impi  ngement  HT IMP + DIV HT Tota l  Entrapment

I

18,950

7

otro

114

1,2?5

tr

2

404,376

2,156

313 ,889

413

7,117

26

11.9

36

431  ,668

?, r94

31 4 ,  969

1 ,098

t
t
I
t
I
t
I
I
I
I

35.4

0"2

0 .1

s6.5

(B )  B IOMASS

UNIT  1

ENTRAPMENT

NEtll UNITS ALL UNITS

Tota l  Entrapment

6,779

46

l. ,383

113

( i n  kg )

Taxon

QUEEN Fi  SH

BUTTERFISH,  Pac .

CR0AKER, whi te

S ILVERSIDES

Impi  ngement  HT IMP +  D iV HT

342.4

0 .07

4 .7

11 .1

6 ,251 .1

44.7

1 ,376 .9

43 .3

149  .8

0 .7

t <

2.3

I -4



SONGS ENTRAPMENT: ESTIMATED ENTRAPMENT
EAF--H 0F ?-ilXlLTT'lres uNtrs .1, z, AND
en t rapmen t  du r r ' ng  no rma l  f l ow  a t  a l l  un i t s
t rea tmen ts  (HT) .  To ta l  en t rapmen t  a t  Un . i t s  2

APPENDIX  I  - -  TABLE  5

(A )  NUMERICAL

UNIT  1

IN (A)  NUMBERS AND (B)  BTOMASS FOR
3 FROM APRIL -AUGUST 1986 .  To ta I
i nc l udes  imp ingemen t  ( IMP)  and  hea t
and  3  i  nc l  udes  d ' i ve rs i  on  (  D IV )  .

ENTRAPMENT (#

NEll UNITS

o f  f i  sh )

ALL  UNITS

Taxon

QUEENFI SH

BUTTERFISH,  Pac .

CROAKER, wh' i te

S I LVERS IDES

Impi  ngement  HT iMP + DIV HT Tota l  Entrapment

1 1  ,753

J J

115

7

228.4

U

0

1 ?

1 ,414 ,315

28,079

89 ,321

?,n 6

55,027

I f , J

216

70

1,491 ,415

28,265

89 ,652

2 ,306

(B )  B IOMASS

UNiT  1

ENTRAPMENT

NEId UNITS

( i n  kg )

ALL UNITS

Tota l  EntrapmentHTTaxon

QUEENFISH

BUTTERFISH, Pac.

CROAKER, whi te

SI LVERSIDES

Impi  ngement  HT IMP +  D IV

228.4

0 .2

1 .5

l . t

8.2

0 .0

0 .0

0 .3

42 t .2

2 .4

o . o

5.2

2 'J , ,122 .2

305 .2

770.0

273.3

21,780.0

307 .8

778 .1

280 .  9

I -5



APPENDIX I  - -  TABLE 6

SoNGs ENTRAPMENT DATA: ESTIMATED (A) NUMBERS AND (B) BIOMASS 0F SMALL ( :
]E-cm3tFNDTffit '  10Tm SL) eueerunSn ENTRAppED l i  Sorues UNtT 1, UNrTS'Z
AND 3 ,  AND ALL  UNITS POOLED DURING APRIL -SEPTEMBER 1985 .  Va lues  i n
pa ren theses  (  )  rep resen t  d i  ve rs i  on  sub to ta l  s  ad jus ted  fo r  su rv ' i  vo rsh ' i  p  (  t he
compl  ement  of  morta ' l  i  ty )*  due to  phys i  o i  og i  ca ' l  deaths resu ' l t i  ng f  rom FRS
t ranspor t .  The  second  number  i n  pa ren theses  i s  t he  d i ve rs ion  sub to ta l  f u r the r
ad jus ted  fo r  t he  p robab i l i t y  o f  p reda t i on  fo i l ow ing  d i scha rge  (assumed  to  be
0.2s) .

(A )  NUMERICAL  LOSS ( t housands  o f  f i sh )

UNIT 1 NE|^J UNITS
QUEENFISH
S IZElC LASS

<10cmSL

>10cmSL

ALL  QUEENFISH

QUEENFISHq,T7Fl f ' r  ass,

<10cmSL

>10cmSL

ALL QUEENFISH

Impi  nqement  HT

9 .0  0 .  6

DIV HT

ALL UNITS

Total  Entrapment

250
(156 ,180)

181
(87 ,  110)

432
(243, 290)

ALL UNiTS

Total  Entrapment

1 .4
(  .8 ,  .9 )

5 .4
(2 .5  ,  3  .2 )

6 .8
(3 .4 ,  4 .3 )

iMP

i 0  .0

19 .0

0 .5

t .2

87.  0

38 .4

125 .4

149 .5
(55 ,  79)

r29 .4
(35 ,  58)

278.9
(90 ,137)

4 .3

2 .8

7 .1

(B )  B IOMASS LOSS

UNIT  1

( ' i n  me t r i c  t ons ,  MT)

NEh, UNITS

imp inqemen t  HT

.073  . 008

IMP DIV HT

.269

.342

.028

.036

.3?2  .962  .030
( .4 ,  .5 )

1 .020 3  "947 .120
(1 .1 ,  1 .8 )

1 ,  .342 4 .909 .  150
(  1  .6 ,  2 .4 )

o/
/o

=
phys io l og i ca l
27 + 77( ;  for

morta l  i  ty  for
a ' l ' l  queen f  i  sh

smal  
' l  queenf  i  sh =

3216%
37 11 ,2%;  fo r  l a rge  queen f i sh

I -6



APPENDIX  I  . .  TABLE 7

SONGS ENTRAPMENT DATA: ESTIMATED (A)  NUMBERS AND (B)  BIOMASS OF SMALL (<
iO cmTT),INi lTTRC.I '_T0cm SL) QueeruFIsn ENTRAPPED ni Sorues UNIT 1, UNITS.2
AND 3 ,  AND ALL  UNITS POOLED DURING APRIL -AUGUST 1986 .  Va lues  i n  pa ren theses
O rep resen t  d i ve rs ion  sub to ta l s  ad jus ted  fo r  su rv i vo rsh ip  ( t he  comp lemen t  o f
mor ta l i t y ) *  due  t o  phys io l og i ca l  dea ths  resu l t i ng  f r om FRS t r anspo r t .  The  second
number  i n  pa ren theses  i s  t he  d ' i ve rs ion  sub to ta l  f u r the r  ad jus ted  fo r  t he
p robab i l i t y  o f  p reda t i on  f o l l ow ing  d ' i s cha rge  (assumed  to  be  0 .25 ) .

(A )  NUMERICAL  LOSS ( t housands  o f  f  i sh )

UNIT 1 NEI^J UNITS
QUEENFISH
sIzE/cLqss

<10cmSL

>10cmSL

ALL QUEENFISH

QUEEN FI SH
S IZElC LASS

<10cmSL

>10cmSL

ALL QUEENFISH

Impi ngement

6 .0

5 .8

11  .8

lMP DiV

352.8  529  .4  41 .6
(196 ,280)

104.  2  427 .9  23  .4
(116 ,193)

457  .0  957 .3  55 .0
(306 ,469)

( i n  me t r i c  t ons ,  MT)

NEh' UNITS

ALL UNITS

Tota l  Ent rapment

930
(597 ,681)

? ? a

(250 ,327)

' l  
Aq' l

(840 ,1003)

ALL UNITS

Tota l  Entrapment

? 7

(3 .1 ,  3 .7 )

t6 .2
(7 .0 ,9 .3 )

21.780
(  10 .5 ,  13 .3 )

HT

0.2

o.z

0.3

HT

(B )  B IOMASS LOSS

UNIT  1

Impi  ngement  HT

.042  . 001 3.879  .105
(1 .4 ,2 . r )

3 .036 12 .698 .3 i5
(3 .4 ,5 .7 )

4 .545 16 .577 .42 t
(5 .3 ,  8 .1 )

IMP

1 .509

DIV HT

. 185

.228

.007

.008

i
o/
/O phys io l og i ca l

27 !  7%; for
morta l  i ty  for
a l  I  queen f i  sh

sma l ' l  queen f  i  sh  =
32 1 6%.

37  1  I2%;  fo r  l a rge  queen f i sh

I-7
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APPENDIX I  - -  TABLE 8

FIELD 4qUJ",lDS-CE DATA: ESTIMATED MEAN LAMPARA SEINE CPUE (catch-per-
st-anaara-net-nau-iffr SoNils orrsHoRE INTAKE srRUcruRE DEprHs (5-10 M) FoR 4 sELEcr
TAXA OF C0ASTAL PELAGiC FISHES AND 2 SIZE-CLASSES 0F QUEENFTSH DURING (A)
APRIL -SEPTEMBER 1981  ,  (B )  ApR tL -SEPTEMBER 1985 ,  AND (C )  ApR tL -AUGUST
1986 .  Se ' i ne  CPUE es t ima tes  a re  l i s ted  separa te l y  f o r  t he  th ree  l ongshore  samp i ing
loca t i ons  (N i  =  Nea r  Impac t ;  F I  =  Fa r  Impac t ;  C  =  Con t ro l ) ,  t oge the r  w i t h  t h ;
d i f f e rences  (de i t as )  i n  mean  CPUE fo r  a l l  t h ree  pa i rw i se  con t ras { s .  Based  on  N  =
22  sanp f i ng  da tes  i n  1981 ,  N  =  1 .1  da tes  i n  1985 .  and  N  =  8  da tes  i n  1986 .  A l l
es t ' ima tes  i  nc l  ude  ze ro  ca tches .

(A )  APRIL -SEPTEMBER 1981

Average  Se ine  CPUE (#s ' )  De l tas  o f  Mean  CPUE (#s )

Taxon NI -C r I - L NI-F I
QUEENFISH:

Tota ' l

Sma l ' l  on l y

La rge  on l y

BUTTERFISH,  Pac .

CR0AKER,  wh i te

S i  LVERSIDES

26t

i66
OE,

28

24

175

302

t28

174

88

t27

79

297

t82

115

139

?6

L 5 /

-36

-16

-20

-1 i1

-2

+38

+5
-54

+59

-51

+101

-58

-41

+38
-79

-60

-103

+96

-8

- J J

-62

-99

-31

-68

-2

-28

-6

r tNi

I
l
I
T
I
t

(B )  APRIL .SEPTEMBER 1985

Averaqe  Se ' i ne  CPUE (#s ) De l tas  o f  Mean  CPUE (#s )

NI-C F I -C NI -F ITaxon

QUEEN FI  SH :

Tota I

Sma l  I  on l y

La rge  on l y

BUTTERFISH,  Pac .

CROAKER,  wh i te

S I  LVERSIDES

J 5

q

30

5

2
7

108

64

44

11

35

69

134

5 D

98

30

13

-25 .

+28
-54

+$

+$

+55

-73

-59

- i4

I
I
t
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APPENDIX  |  - -  TABLE  8  ( con t i nued )

(C )  APRIL -AUGUST 1986

Ave raqe  Se ine  CPUE (#s )  De ' l t as  o f  Mean  CPUE (#s )

Ni-c Ni .F I

I
I
I
T
I

FINITaxon

QUEENFiSH:

Tota I

Sma i l  on l y

La rge  on l y

BUTTERF iSH,  Pac .

CROAKER, whi te

S I  LVERSIDES

84

T7

o o

3

3

6

r26
6 3

41

J

41

43

?23

143

80

19

37

T7

-139

- t?6

-14

- 1 0

-34

-11

-97

-68

-39

-10

+4

+26

-42

-68

+25
-6

-38

' 3 1

t
I
I
t
I
I
I
I
t
I
I
t
I
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APPENDIX  J

DETAILED DESCRIPTION OF METHODS USED FOR KELP.BED F ISH STUDIES

I .  MEASURING D ISTRIBUT ION AND DENSITY

1 .1  Scuba  Gear

A l l  f i sh  su rveys  were  pe r fo rmed  us ing  conven t iona ' l  scuba  and  exposu re  su i t s .
Sing ' le  7T-cu- f t  tanks prov ided more than enough a i r  for  water-co lumn surveys.
Single 105-cu- f t  tanks were of ten necessary for  bot tom t ransects ,  depend. ing on
t i de  s tage  (dep th )  and  i nd i v idua l  ra te  o f  a i r  consumpt ion .  (Doub ' l  e  7 l - cu - f t  t anks
were not  used,  because the yokes connect ing double tanks proved unwie ld ly  when
d ive rs  swam th rough  g ian t  ke1p . )

1.2 Dive 
'Effort

I nd i v idua l  d i ves  l as ted  abou t  45 -60  m in  fo r  wa te r - co lumn su rveys .  The  l a t te r
f igure 

"pdt tes 
to  the combined canopy/midwater-co lumn surveys that  were done in

fa l l  1985-86;  Bot tom dives 
' lasted 

35-40 min.  Because the bot tom surveys took
p lace  a t  lF  m,  i nd i v idua l  d i ve rs  cou ld  a l t e rna te  a  max imum o f  two  bo t tom d i ves  and
one  wa te r - co lumn d i ve  du r ing  a  s ing le  7 -8  h r  i n te rva l  w j thou t  exceed ing  the  no -
decompress ion  I  im i t s .

1.3 Transect Boards

0n  bo t tom t ransec ts ,  d i ve rs  reco rded  f i sh  ta l ' l i es  d i rec t l y  on  a  s la te  moun ted
on a take-up spool .  A submers ib le  compass was mounted on the top of  the s la te.
The  take -up  spoo l  housed  >  75  m o f  1 /8 - i n .  ny lon ' l i ne ,  marked  a t  l -m  in te rva l s .

Quas t  ( i 968b ;  F i g .2 l )  i l l u s t r a tes  a  p ro to t ype  o f  such  a  dev i ce .

I
I
T
I
I
t
I
I
I
t
I
I
I
t
I
I
I
I
I
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1 .4 Photographic  Equipment

In  t he  su r f ace  canopy  (3 . l -m  dep th )  and  ' i n  t he  m idwa te r  co lumn  (7 .7 -n  dep th ) ,
f i sh  coun ts  were  reco rded  us ing  underwa te r  mo t ion  p i c tu re  equ ipmen t .  F i shes  were
f i lmed  on  Kodak  EG 464  (Type  C )  Supe r -8  f i lm  (15 -m ,3 -m in  casse t t es ;  160  ASA;

deve loped  a t . t he  ra ted  f i lm  speed ) .  A l l  base l i ne  and  ope ra t i ona ' l  samp l i ng  used
au to focus  Kodak  XL  330  cameras ,  f as t  (9  mm,  f / ! . 2 )  Ek ta r  l enses ,  and  i ke l i t e  5733
hous ings .  A  submers ' i b1e  compass  was  a t tached  to  the  top  f ron t  o f  t he  hous ing  fo r

d ' i ve r  nav iga t ' i on .  A  f i ve -pound  we igh t  was  used  to  make  the  un ' i t  c l ose  to
neutra l  ly  buoyant  underwater .

1 .5  T ransec t  D imens ions

Bo t tom t ransec ts  were  a  cons tan t  a rea  (ZZ5  nZ)  and  vo ]ume (gg7 .S  m3) .  The

w id th  (hence  vo lume)  o f  canopy  and  m idwa te r -co lumn c ine t ransec ts  were  v i s ib i l i t y
dependen t ,  however  (La rson  and  DeMar t i n ' i  1984 ) .  l J i d th  o f  c ine t ransec ts  ( i . e .  ,
d i s tance  f rom the  d i ve r  t ha t  t he  eye  o f  t he  camera  cou ld  see )  was  a  pos i t i ve  bu t
dece le ra t i ng  f unc t i on  o f  wa te r  v i s i b i l i t y ,  bes t  mode led  by  t he  f o l ' l ow ing  equa t i on
o f  La rson  and  DeMar t i n i  (1984) :

'  
cR=1 1(p t "pz(p3)x) ,

:
w h e r e  C R  =  c a m e r a  r a n g e ;  t h e  P , , s  a r e  e m p i r i e a l l y  d e r i v e d  p a r a m e t e r s  f o r  t h e, 1

pa r t i cu ' l a f  camera  sys tem used ;  and  x ' i s  ho r i zon ta l  v i s i b ' i l i t y  ( as  es t ima ted  by
d ' i ve rs ;  see  be low) .  Thus  the  vo lume sea rched  by  the  d ' i ve r ,  wh i ' l e  pann ing  the

camera  ovg r  a  1200  a rc  (600  on  each  s ide  o f  t he  ma jo r  t ransec t  ax i s )  and  ove r  a
m ino r  ( ve r t i ca l )  ax i s  o f  1 .5  m  above  and  be iow ,  was  t he  vo ' l ume  o f  a  so l i d

e11 ip t ' i ca1  cy l i nde r  w i t h  t he  f o l ' l ow ing  d imens ions :

V  =  1 . . 5  p i  L  ( cos  30o  x  CR) ,

where  V  was  c ine t ransee t  vo lume ln  cub ic  me te rs ;  1 .5  n  was  the  m ino r  ax i s  o f  t he

e l ' l i pse ;  L  was  c ine t ransec t  
' l eng th ;  

and  CR was  camera  range ,  as  es t ima te i  above
(La rson  and  DeMar t i n i  1984) .

Es t ima ted  v i s ib i ' l i t i es . ranged  to  >  20  m,  bu t  ave raged  f rom <  5  to  abou t  10  m
(Append ix  J ,  Tab le  2 ) .  Because  o f  t he  poo r  reso lu t i on  o f  d i s tan t  ob jec ts

J-?.



( r e l a t i ve  t o  t he  human  eye )  us i ng  h ' i gh -speed  f i lm  t aken  a t  18  f r ames  pe r  second ,
the  camera  was  ab le  to  reco rd  f i shes  to  a  max imum d is tance  o f  <  4  m,  rega rd less  o f
appa ren t  v i s i b i l i t y  ( see  F ig .  3  o f  La rson  and  DeMar t ' i n i  1984 ) .  Consequen t l y ,  t he
vo lume samp led  on  c ine t ransec ts  usua l l y  ave raged  be tween  abou t  750  mJ  and  1000+

?
i l t ,  and  the  sca l i ng  fac to r  used  to  conve r t  vo lume samp ied  to  #s /1000  m3  va r ied
on ly  f rom abou t  1  to  1 .3 .  The  conve rs ion  fac to r  ave raged  abou t  1 .01  a t  a  mean
appa ren t  v i s i b i l i t y  o f  8 .5  m  (Append . i x  J ,  Tab les  3 ,  4 ) .

Seve ra ' l  add i t i ona ' l  samp ' l i ng  p ro toco l  s  re la ted  to  c ine t ransec t  vo l  ume shou ld
be  no ted .  D ive rs  panned  cameras  to  v iew  a l l  f i sh  s ' i gh ted  w i th in  a  d i s tance  o f
abou t  4  m.  When  a  g roup  o r  schoo l  o f  t r ave l i ng  f i sh  was  encoun te red ,  d i ve rs  panned
once  f r om l ead ing  t o  t r a i l i ng  edge  o f  t he  schoo l .

1 .5 Station Layout

Dur ing  bo th  base l i ne  seasons  ( fa11  1980 ,  1981)  the re  were  two  s ta t i ons  a t
each  samp l ing  l oca t i on .  The  two  s ta t i ons  t yp i ca l l y  were  abou t  75  to  100  m apar t .
The  l oca t j on  and  s ta t i on  des igna t i ons  were

I
t
I
I
I
t
I
T
t
I
t
T
t
t
I
I
I
I

SMK (= ' l  
ocati on

50KU (= ' locat ion

SOKD (=  l oca t i on

s ta t i ons  1  and  2

s ta t i ons  5  and  9

s ta t i ons  11 .  and  12

1)

3 )

4 )

0n  each  da te  tha t  a ' l oca t i on  was  samp led ,  each  member  o f  a  pa i r  o f  d i ve rs  samp led
one of  two stat ions on bot tom, and each of  a  second pai r  o f  d ivers sampled one of
t ' he  two  s la t i ons  i n  t he  su r face  canopy .  D ive rs  were  ro ta ted  among ' l oca t i ons ,
s ta t i ons ,  and  dep ths  on  d i f f e ren t  days ' i n  o rde r  t o  randomize  po ten t i a l  d i ve r
b iases .  The  two  s ta t i ons  a t  a  l oca t i on  d id  no t  ove r ' l ap .  Dur ing  1980-81  and  1985 ,
d i ve rs  samp led  a  m in imum 2500  a rc  (75 -m rad ius )  a t  each  s ta t i on .  Samp l ing  a rcs
va r ied  i n  a rea  i n  1986  because  o f  

' l im ' i t ed  
s i ze  o f  . t he  ke lp  s tands .  A rcs  then

ranged f rom 1200 (at  SOKUin)  to  2500 (at  SOKUout) .  Arcs were subdiv ided in to
quadrants,  and t ransect  bear ings were establ ished randomly wi th in  the quadrants

be fo re  the  su rvey .  Samp l ing  a ' lways  exc luded  the  f i r s t  5 -m rad ius  a t  a ' s ta t i on  i n

o rde r  t o  avo id  resamp l ing  the  a rea  immed ia te ' l y  nea r  t he  s ta t i on  hub  on  success i ve
tran sect s .
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I n  f a l ' l  1985 ,  t he  samp l ing  p ro toco l  a t  ke lp -bed  l oca t i ons  was  changed

s f i gh t i y  t o  imp rove  d ' i ve r  sa fe t y .  Samp f i ng  was  conduc ted  a t  a  s i ng le  s ta t i on  a t

each  l oca t i on .  The  l oca t i on  des iqna t ' i ons  we re

SMK

Cobbl eUp

S0KUout

S0KDi n

S0KUi n

S0KDout

' l oca t i  
on  1 )

l oca t i on  2 )

l oca t i on  3 )

l oca t i on  4 )

I  oca t i on  5 )
' l oca t i  

on  5 )

0n  each  samp ' l i ng  da te ,  a  pa i r  o f  d i ve rs  samp ' l ed  on  bo t tom a t  a  s ta t i on -1oca t i on .

The  second  pa i r  o f  d i ve rs  d i d ' l i kew i se  i n  t he  su r f ace  canopy  and  t he  m idwa te r

co lumn a t  t ha t  s ta t i on .  Mos t  o the r  cha rac te r i s t i cs  o f  s ta t i ons  and  samp l ing

p ro toco l s  were  i den t ' i ca l  t o  base l i ne  des igns .  The  same s ta t i ons  were  samp led  i n

fa l l  1986  as  i n  1985 ,  p lus  two  new loca t i ons  ( fo r  a  to ta l  o f  8  ke ' l p -bed  s ta t i ons ,

i nc l ud ing  7  a t  SOK) .  The  new  l oca t i on  des igna t ' i ons  we re

S0Ki nbetween

Cobbl  eD

1.7 Vis ib i l i ty  Measurements

l oca t i on  7 )
' l oca t i  

on  9 )

Di  ve/s  est ' imated hor izonta l  underwater  v ' i  s i  b i  I  i  ty  a t  a i  1  sampl  i  ng depths f  or

each  s ta t i on -da te .  S im i l a r  t echn iques  were  emp loyed  on  the  bo t tom and  fo r

canopy , /m i$wa te r -co lumn reg ions .  V i s ib i ' l ' i t y  es t ' ima tes  were  based  on  s igh t i ngs  o f  a

ye1 ' l ow ' i sh -b rown  f  l oa t  -15  cm in  l eng th .  (Th i  s  d ' i s tance  vJas  cons ide red  tha t  a t

wh ' i ch  a  d i ve r  cou ' l d  rou t i ne l y  d ' i s t i ngu i sh  f i sh  spec ' i es  encoun te red  on  t ransec t

sw ims . )

0n  bo t tom,  s igh t i ngs  were  made  a t  t he  end

hub .  V i s ib j l i t y  was  es t ima ted  to  the  nea res t

was  marked  i n  l -m  j nc remen ts .  Mean  v i s i b i l i t y

t r ansec t  end  va lues  p l us  3  hub  va lues )  d ' i v i ded

I  Vi  s i  b i  1 i  ty i  n canopy and mi dwater-col  umn
by  the .second  pa ' i r  o f  d i ve rs .  V is ib i l i t y  was

t J-4

of  each t ransect  and at  the s tat ion

0 .1  m  us ing  t he  t r ansec t  l i ne ,  wh i ch

was  ca l cu la ted  as  the  sum o f  t he  (3

bv  6 .

reg ions  a t  t he  s ta t i on  was  measured

es t ima ted  i n  t he  f o l l ow ing  manne r :



t he  pa i r  o f  d i ve rs  f i r s t  descended  t o  7 -6  m  a t  a  r andomly  se lec ted  s ' i t e  nea r  t he

s ta t i on  hub .  One  d i ve r  r ema ined  s ta t i ona ry  a t  dep th ,  ho ld i ng  t he  v i s i b i ' l ' i t y  f l oa t

and  end  o f  a  wa te rp roo f  t ape  measure .  (The  f l oa t  was  he ld  a t  a rm 's  l eng th  away

f rom,  and  to  the  s ide  o f ,  t he  d i ve r ' s  bodv . )  The  second  d i ve r  swam ou t  t he  tape

measu re  t o  beyond  t he  l im i t  o f  v i s ' i b i 1 i t y ,  t u rned ,  and  t hen  re t r i eved  t he  t ape ,

no t i  ng  the  d i . s tance  a t  wh i  ch  the  f  
' l oa t  

became d ' i  s t i  ngu i  shab l  e .  The  d i  ve rs  then

ascended  to  3 -4  m and  repea ted  the  p rocess .  A f te r  comp le t ' i ng  a l l  t r ansec ts ,  t he

d i ve rs  aga in  assessed  v i s j b i l t y  on l y  i f  a  no t i ceab le  change  i n  v i s i b i ' l i t y  occu r red

dur ing  the  samp l ing  pe r iod .  The  ave rage  o f  a l l  measuremen ts  (a t  dep t ,h )  was  used

to  es t ima te  the  mean  v i s ib i l i t y  a t  t ha t  dep th  fo r  t ha t  s ta t i on -da te .

1.8 Supplementary Diver Observations on Cinetransects

A f te r  comp ' l e t i ng  each  c ine t ransec t  sw ' im ,  d i ve rs  re tu rned  to  the  vesse l  t o

exchange  spen t  f o r  unexposed  f i lm  i asse t tes .  A t  t h i s  t ime ,  t he  d i ve rs  i n fo rmed  the

sh ipboard  ass i s tan t  o f  t he  spec ' i es  encoun te red  on  the  t ransec t ,  emphas iz ing  the
p resence  o f  any  unusua l  ( e .g . ,  wh i t e  seabass )  o r  c r yp t i c  spec ies  (p i pe f i sh ,  g i an t

ke lp f i sh ) .  (These  f i e l d  no tes  we re  l a te r  used  by  f i lm  v i ewe rs  as  an  a i d  when

sco r i  ng  f i  1ms .  )

I
I
I
I
I
t
I
I
I
I

2 .  ANALYSIS  METHODS

:
2."1 Data Management

J

A11  .quan t i t a t i ve  su rvey  da ta  were  rev iewed  aboard  sh ip  immed ia te l y  f o i l ow ing

co l l ec t i o r ; ,  and  rev iewed  and  checked  tw ice  i n  t he  i abo ra to ry  be fo re  be ing

keypunched.  0nce the data tape was loaded on computer ,  s tandard error-check

p rog rams  were  run  to  f l ag  ou t -o f - f i e ld  da ta  en t r i es  and  o the r  ou t l ' i e r s  (e .9 . ,

i  nadm' i  ssably  smal  I  or  
' large 

va ' lues)  .

2.2 Quantitat ive Density Estimates

Each  o f  two  c r i t e r i a  had  to  be  me t  f o r  da ta  to  be  cons ide red r rquan t i t a t i ve r r :

(1 )  t he  ave rage  ho r i zon ta l  v i s i b i ' l i t y  f o r  t ha t  s t ra tum (canopy /m idwa te r  o r  bo t tom)

a t  t he  s ta t i on  on  tha t  da te  had  to  mee t  o r  exceed  2 .5  n ,  and  (2 )  t he  sub jec t i ve ' l y

es t ima ted  cu r ren t  speed  then  had  to  a l l ow  a t  l eas t  ha l f  o f  t he  su r face  ke lp

present  to  reach the sur face (code 3 or  greater) .  i f  e i ther  cr i ter ion was
\

I
t
I
t
I
I
I
I
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' l ack ing ,  
t he  da ta  fo r  t ha t  s t ra tum-s ta t i on  on  tha t  da te  were  no t  cons ide red

adequa te  f o r  s t a t i s t i ca l  ana l ys i s .  (Quan t i t a t i ve  samp les ,  t he re fo re ,  some t ' imes
ex i s ted  f o r  some ,  bu t  no t  a l l ,  samp l i ng  s t r a ta  a t  a  s ra t i on  on  a  g i ven  da te .  Th i s
f  ac t  va r i  ous l y  i  n f  I  uenced  the  ana iyses  o f  d ' i  f  f  e ren t  spec ' i es  ,  depend i  ng  on  wh ' i ch
s t ra ta  the  spec ' i es  i nhab i ted .  )  The  impor tan t  cons ide ra t i on  fo r  t es t s  o f  dens i t i es
was  tha t  quan t i t a t i ve  samp les  o f  a  spec ies  were  ava i l ab le  on  a  g i ven  da te  fo r  bo th
o f  t he  l oca t ' i ons  be ing  compared .  Append ' i x  J ,  Tab le  l  l i s t s  a l l  quan t i t a t i ve

samp l i ng  da tes  by  i oca t i on  and  f a11  pe r i od .

2.3 YOY Kelp Bass: Density Estimates and BACI Tests

The  dens i t y  es t ima tes  f o r  j uven i l e  ke lp  bass  we re  subd i v i ded ' i n t o  YOY and
o lde r  i uven i l e  ( 0J )  subs tages .  Dens i t y  es t ima tes  f o r  a l l  o t he r  spec ies  we re  made
fo r  a  poo led  i uven i l e  ( JUV) ' s t age .  (Th i s  i s  impo r tan t  on l y  i f ,  f o r  t ha t  spec ies ,

i uven i l es ' i nc l uded  f i sh  o l de r  t han  YOY) .  Fo r  a l 1  spec ' i es ,  two  l a te r  l i f e  s t ages
were  recogn ized :  subadu l t s  (SAD)  and  adu l t s  (AD) .  The  YoY and  0J  subs tages  o f

i uven i l e  ke lp  bass  we re  eva lua ted  on l y  f o r  t he  second  f a l l  o f  t he  base l ' i ne  pe r i od
(1981) ,  however ,  because  YOY da ta  were  no t  cons i s ten t ' l y  recogn ' i zed  and  reco rded  by
d ive rs  on  bo t tom t ransec ts  i n  f a l l  1980 .  Base l i ne  es t ima tes  fo r  t h i  poo led

iuven i l e  s tage  o f  ke lp  bass  used  comprehens ' i ve  (1980  +  1981)  da ta .

2.4 Dala Used in Abundance Estimates

The  t u i t e  o f  quan t i t a t i ve  da ta  t ha t  was  app rop r i a te  f o r  es t ima t i ng  f i sh .
abundances  i n  fa l l  1985 -86  d ' i f f e red  s ' l i gh t i y  f rom the  da ta  used  fo r  BACi  tes ts  o f
dens i t i es ,  Th i s  was  because  the  BACI  tes ts  regu i red  a  comp le te  se t  o f  da ta  fo r
bo th  pa i r s  o f  s ta t i ons  tes ted  on  a  g i ven  da te ,  whereas  abundance  es t ima tes
requ i red  on l y  tha t  t he  da ta  were  quan t i t a t ' i ve  a t  a  pa r t i cu la r  s ta t i on .  As  fo r
BACI  tes ts ,  t he  admissab le  samp les  fo r  abundance  es t ' ima t ion  requ i red  ma tched
canopy  and  bo t tom samp les  a t  a  s ta t i on ,  on  a  g i ven  da te .

2.5 lnput of Weight Data to Abundance Estimates

In  o rde r  t o  conve r t  numer i ca ' l  abundance  es t ima tes  to  b iomass ,  i t  v /as
necessa ry  to  es t ' ima te  the  ave rage  body  we igh t  o f  t he  va r ious  l i f e  s tages  and
spec ' i es  tha t  were  samp led"  Es t ' ima tes  o f  ave rage  body  we igh t  requ ' i r ed  emp i r i ca l
da ta  on ' l eng th  d i s t r i bu t i ons  and  a  ma thema t i ca l  exp ress ion  o f  t he  l eng th -we igh t
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r e l a t i onsh ip .  Many  o f  t he  pub l i shed  l eng th -we igh t  r e l a t ' i ons  o f  bony  f i shes  a re
exp ressed  i n  t e rms  o f  s t anda rd  l eng th  (SL ) ,  t he  d i s t ance  be tween  t he  t i p  o f  t he
snou t  and  the  base  o f  t he  cauda l  f i n .  Th i s  ' i s  a  conven t iona l  measuremen t  used  i n
f i she r i es  wo rk ' i n  wh i ch  t he  spec inen  can  be  measu red  i n -hand .  Because  v i sua l
es t ima tes  o f  

' l eng th  
underwa te r  requ i red  use  o f  t o ta l ' l eng th  (TL ) ,  we  f requen t l y

had  to  conve r t  ou r  TL  es t ima tes  to  SL .  Th i s  conve rs ion  obv ious l y  requ i red  da ta  on
the  ma themat i ca l  re la t i on  be tween  SL  and  TL .  I n  some cases  th i s  re la t i on  was
undocumen ted ,  and  we  were  unab le  to  de te rm ine  i t  ou rse ' l ves .  I n  t hese  cases ,  we
de te rm ined  the  SL /TL  re la t i on  f rom pub l i shed  pho tog raphs  o f  t he  spec ies .  Care  was
taken  to  use  on l y  pho tos  i n  wh ' i ch  the  ma jo r  body  ax i s  o f  t he  spec imen  was
pe rpend i cu la r  t o  t he  camera  l ens ,  i n  o rde r  t o  m in im i ze  d i s t o r t i on  due  t o  pa ra l l ax .
Leng th -we igh t  re la t i ons  and  SL /TL  conve rs ion  fac to rs  a re  l i s ted  i n  Append ix  T ;
re fe rences  fo r  pho tog raphs  a re  l ' i s ted  the re in ,  a iong  w i th  ma themat i ca l  f o rmu lae .

2.6 Deta i ls  o f  PROC STEpWtSE Analys is

SAS PROC STEPWISE was  used  i n  a  p re i im ' i na ry  s tep  o f  ou r  eva lua t i on  o f  f i sh -
ke lp  r e l a t i ons .  Spec i f i ca l l y ,  when  we  pe r f o rmed  s tepw ise  mu l t i p l e  r eg ress ions
(SAS,  Inc .  1985)  we  e lec ted  to  use  the  de fau l t  ( " s tepw ise " )  op t i on  and  the  de fau l t
p robab i l i t y  l eve l  (P  =  0 .15 )  f o r  t he  i den t i f i ca t i on  and  i nc l us i on  o f  va r i ab les  i n
ou r  mode ls .  The  s tepw ise  op t i on  i nc ludes  aspec ts  o f  bo th r r fo rward ' r  and t rbackward , ,
op t i ons ;  name ' l y ,  t he  va r iab le  tha t  a lone  exp la ins  mos t  va r i a t i on  i n  t he  dependen t
va r iab le  i s  en te red  f i r s t ,  and  success i ve  va r iab les  a re  en te red  one  a t  a  t ime  in  a
fo rward  fash ion .  As  each  new va r iab le  i s  en te red ,  however ,  a1 i  p r i o r  va r i ab les
a re  reeva lua ted  - -  i f  t he  P  va lue  o f  any  va r iab le  i nc reases  above  the  de f i ned
leve l  ( i n  t h i s  case ,  P  =  0 . i 5 ) ,  t ha t  va r i ab le  

' i s  
d ropped  f rom the  mode ]  .  We  fe l t

t ha t  t h i s  app roach  was  mos t  reasonab le  fo r  re la t i ng  f i sh  and  ke lp  dens i t i es  fo r
the  fo l l ow ing  reasons :  (1 )  t he  backwards  op t i on  assumes  p r i o r  know ledge  o f  a1 l
re levan t  va r i ab les  and  tha t  a l l  o f  t hese  va r iab les  were  measured  (wh ich  was  no t
t rue  i n  ou r  case ) ;  (2 )  The  fo rward  op t i on  l ocks  i n  va r iab les  en te red  ea r l y  i n  t he
ana lys i s ,  even  i f  some subsequen t  comb ina t i on  o f  va r i ab les  has  g rea te r  exp ' l ana to ry
power .  Th i s  l a t t e r  aspec t  was  unaccep tab le ,  because  p r i o r  ana lyses  i nd i ca ted  tha t
there had to  be f requent  in teract ion ef fects  between year  and many of  the seabed
var iab les .  A  conse rva t i ve  P  va lue  o f  0 .15  seemed  reasonab le  because  o f  t he  l a rge
va r iances  i n  ou r  es t ima tes  o f  t he  dependen t  va r i ab le  - -  f i sh  dens i t y .
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APPENDIX  J  - .  TABLE 1

KELP BED FISHES: DATE TALLY OF QUANTITATIVE SAMPLES OF FISHES IN SONGS.AREA
REiF -B f f i  

-D lFa re  
f  i s ted  by  fa l l  samp l ing  pe r iod  (1980 ,  1981 ,  1985 ,  1986) .

Samp les  a re  fu r the r  ca tego r i zed  by  pos i t i on  w i th in  the  wa te r  co lumn (canopy  and
bo t tom s t ra ta ) .  (Da tes  o f  canopy  samp les  a l so  i nc lude  m ' i dwa te r - -7 .7 -n  dep th - -
samp les  i n  1985  and  1985  on1y . )  Loca t i on  ac ronyms  a re  de f i ned  as  fo l l ows :  SMK =
San  Ma teo  Ke lp  bed ;  SOK =  San  Ono f re  Ke lp 'bed ;  [ J  =  upcoas t  reg ion  o f  S0K;  p  =
downcoas t ;  ou t  =  o f f sho re  reg ion  o f  SOK;  i n  =  i nsho re ;  ' i nbe tw  =  reg ion  o f  SOK
between i ts  upcoast  and downcoast  reg ions;  cobble = region of  spaise ke ' lp  to
ke lp iess  cobb le  ad jacen t  t o  upcoas t  o i  downcoas t  SOK.  The  MRC (X ,Y )  coo rd ina tes
o f  each  samp ' l ' i ng  l oca t i on  a re  l ' i s t ed . i n  Append i x  J ,  Tab le  2 .
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APPENDIX J  . -  TABLE I

KELP BED SUMMARY OF COLLECTIONS
( 1s8o)

Stratum SMK SOKU SOKD

I
I
t
I
I
I
l
t
t
t
I
t
I
il
I
I
I
I
I

Date

07 ocT 80
10 ocT 80
20 ocT 80
22 0CT 80
24 oCT 80
24 oCT 80
27 oCT 80
27 oCT 80
29 oCT 80
31 oCT 80
31 oCT 80

03 Nov 80
10 Nov 80
14 NoV 80
17 NoV 80
19 NoV 80
20 Nov 80
20 Nov 80
21 NoV 80
21 NoV 80
24 NoV 80
24 NoV 80
25 NoV 80
25 NoV 80
25 NoV 80
25 NoV 80

02 DEC 80
02 DEC 80
03 DEC 80
03 DEC 80
08 DEC 80
08 DEC 80
10 DEC 80
10 DEC 80
11 DEC 80
11 DEC 80
12 DEC 80
12 DEC 80
15 DEC 80
1s DEC 80
17 DEC 80
17 DEC 80
18 DEC 80
18 DEC 80

CANOPY
CANOPY
CANOPY
CANOPY
CANOPY
BOTTOM
CANOPY
BOTTOM
BOTTOM
CANOPY
BOTTOM

CANOPY
CANOPY
BOTTOM
BOTTOM
CANOPY
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM

CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BCTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM

X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
x
X
X
X
X
X
X
x

X
X
X
X
X
X
X
X
X
X
X

X
X
X

X
X

X
X
X
X
X
X
X
X
X
X
X
X

X
x
X
X

X
X
X
X
X
X
X
X
X
X
X
X

J-9



I
I
I
3
I
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T

APPENDIX  J  - -  TABLE 1  ( con t i nued)

KELP BED SUMMARY OF COLLECTIONS
( 1s81 )

Date

07 ocT 81
07 ocT 81
09 ocT 8i
09 ocT 8i
12 oCT 81
14 oCT 8i
15 oCT 8i
19  oCT 81
19 oCT 8i
2 i  ocT 81
21 oCT 81
23 oCT 81
23 oCT 81
28 oCT 81

02 Nov 81
04 Nov 81
06 Nov 81
09 Nov 81
09 Nov 81
11 NoV 81
23 NoV 81
30 No\/ 81
30 Nov 81

0i  DEc 81
02 DEC 81
07 DEC 81
09 DEC 81
11 DEC 81
14 DEC 81
14 DEC 81
15 DEC 81
15 DEC 81
16 DEC 81
16 DEC 81
17 DEC 81

-17 DEC 81
18 DEC 81
18 DEC 8i

Stratum SMK SOKU SOKD

CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
CANOPY
CANOPY
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY

BOTTOM
CANOPY
CANOPY
CANOPY
BOTTOM
BOTTOM
CANOPY
CANOPY
BOTTOM

CANOPY
CANOPY
CANOPY
CANOPY
CANOPY
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM

X
X
X
x
x
X

X
X
X
x
X
X

x
X
x
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X

X
X
X
X
X

X
X
X
X
x

x
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
Y

X
X
X
X
X
X
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APPENDIX  J  - -  TABLE 1  ( con t i nued)

KELP BED SUMMARY OF COLLECTIONS
( 198s)

I
I
t
I
I
I

Date

09 ocT 85
11 oCT 85
11 oCT 85
17 oCT 85
17 oCT 85
18 oCT 85
i8 ocT 85
22 oCT 85
25 oCT 85
2s ocT 85
28 oCT 85

04 NOv 85
06 NOv 85
14 NoV 85
19 NoV 85
19 NoV 85
20 Nov 85
20 Nov 85
22 NoV 85
22 NoV 85
27 NoV 85
27 NoV 85

02 DEC 85
12 DEC 85
i2 DEC 85
16 DEC 85
16 DEC 85
17 DEC 85
17 DEC 85
18 DEC 85
18 DEC 85
19 DEC 85
19 DEC 85
20 DEC 85
20 DEC 85

Stratum SMK SOKUout S0KUi  n SOKDoutS0KDr'n Cobbl  eU

CANOPY
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
CANOPY
BOTTOM
CANOPY

CANOPY
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM

BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM

X
X
X
X
X

X
X
X
X
X

t
I
l
T
I
t
I
I
T
I

X

X

X

X
X

X
X

x
X

X
X
X

X
X

X
X

X
X

X
X

X
X

X
X
X

X
X

X
X

X
X
X
X

X
X
X

X

X
x

X
X

X
X

X
X

X
X

X
X
X

X
X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
x

X
X

X
X

X
X

x
X

t
I
t
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APPENDIX  J  - -  TABLE 1  ( con t i nued)

X
X

X
X

X
X

X
X

X
X

X
X

I
I
T
I
I
I
I
I
t
I
I
I

Date Stratum SMK SOKUout  SOKDj n S0KDout SOKi  nbetw CobU CobDSOKUi  n

03 ocT 86
03 Ocr  86
14 0C] 86
16 oCT 86

07 Nov 86
07 Nov 86
11 NoV 86
11 NoV 86
12 NoV 86
12 NoV 86
i3 NOv 86
13 NOV 86
14 NoV 86
14 NoV 86
19 NoV 85
19 NoV 86
26 NoV 86
25 NoV 86

02 DEC 86
02 DEC 86
03 DEC 86
03 DEC 85
04 DEC 86
04 DEC 86
05 DEC 85
05 DEC 86
09 DEC 86
09 DEC 86
10 DEC 86
10 DEC 86
11 DEC 86
11 DEC 86
12 DEC 86
12 DEC 86

CANOPY
BOTTOM
CANOPY
BOTTOM

CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOl-1
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM

CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM
CANOPY
BOTTOM

X
X
X

Y

X
X

X
X

X
X

X
X
X
X

X
X

X
X

X
X

X
X

X
X

X
X
X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

x
X

X
X

KELP BED SUMMARY OF COLLECTIONS

T
I
T
I
T
I
I
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APPENDIX  J  . -  TABLE  2

KELP BED FISHES: MRC COORDINATES OF ALL LOCATIONS AT SAN MATEO KELP BED
(SNr),J-a.u TNdFFTKELP BED (soK), AND AT coBBLE srATroNs (MBS) ADJAcENT T0
SOK THAT WERE SAMPLED FOR FISHES DURING ONE oR MORE FALL pEnlcJos INcLUDING
1980 ,  1981 ,  1985 ,  AND 1986 .  coo rd ina tes  du r ing  1980  and  1981  a re  the
ave rage  o f  t he  componen t  s ta t i ons .

I
I
T
I
I
t
t
I
n
T
I

Stat ' ion Name

SMKpreop

SMK1985

sMK1985

S0KUpreop

SOKUout

SOKUi n

S0KDpreop

S0KDout

SOKDi n

S0Ki nbetween

Cobbl  eUp

Cobbl eDown

Fal  I  Per iod

1980,  1981

1985

1986

1980,  1gg1

1985,  1996

1985,  1986

1980,  lgg i

1985,  19g6

1985,  19g6

1986

1985,  1986

1985

MRC Coord ina tes

-4550 ;

-4554 ;

-4400 ;

+  780 ;

+  773 ;

+  891 ;

+1635 ;

+1424;

+1753 ;

+1145 ;

+ 752;

+1689 ;

f =

f =

f =

l =

-  850
-  955
- 974
-1830

- t926

-1803

-1700

-1503

-  1618
-1680

-1784

-1704

T
t
I
I
I
t
t
I

J-13



I
I
I
I
I
I
T
t
T

APPENDIX  J  - -  TABLE  3

KELP BED FISHES: MEANS OF UNDERWATER VISIBILITY MEASURED IN (A)  CANOPY AND
(E)-EOTTOM mNEf Summary s tat is t ics  are prov ided for  each jocat ion sampled in
each  o f  t he  4  yea rs  o f  s tudy  ( see  Append ix  J ,  Tab le  2  fo r  MRC coord ' i na tes  o f  t he
s ta t i ons ) .  Unde rwa te r  v ' i s i b i l i t , i e s  we re  es t ima ted  ( t o  0 .1  m)  by  d i ve rs  (Sec t i on
I . 7 ,  t h i s  append i x ) .  Canopy  samp led  a t  3 .1  m  benea th  sea  su r f ace ;  bo t t om zone
averaged  14 .  5  m i  n  dep th .  Dashes  ' i nd i  ca te  tha t  t he  s ta t ' i on  was  no t  samp l  ed
dur ing  a  pa r t . ' i cu la r  f a l l  pe r i od .

(A )  CANOPY
FALL SEASON

STATION 1986

SMK

S0KUpreop

SOKU' in

S0KUout

S0KDpreop

S0KDi n

S0KDout

S0Ki nbetween

1980

6.8

8 .1

9 .3

1981

1.0
i 0 .  5

9"8

i985

6 .7

8 .5

8 .5

10 .6

t:1

8.8

9"2
9"0
7." 8

t
I
I
I
I
I
I

(B) BOTToM
:

STATION

FALL SEASON

SMK

S0KUpreop

SOKUi n

S0KUout

S0KDpreop

SOKDi n

S0KDout

S0Ki nbetween

MBSU

MBSD

1986

3.7

5 .8

5 .9

4 .34 .8

4 .1

1980 1981

5.8

4 .6

4 .9

1985

4 .8

4 .8

4 .9

5 .1

4"5

5.3
5"2
E O

5.8

4 .5

I
I
I
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APPENDIX  J  . .  TABLE  4

I (ELP BED FIsHES: MEANS 0F VISIBIL iTY-DEPENDENT CORRECTION FACTORS USED IO
ff iNDaRDTZETTNETRANSEOT VOLUMES. Summary ttut ist:cs are provided for each
i .oca t i on  samp led  i n  each  o f  t he  4  yea rs  o f  s tudy  ( see  Append ix  J ,  Tab le  2  fo r
MRC coo rd ina tes  o f  t he  s ta t i ons ) .  Canopy  samp ied  a t  3 .1  m  benea th  sea
su r face ;  m ' i dwa te r  samp led  a t  7 .7 -n  dep th .  Dashes  i nd i ca te  tha t  t he  s ta t i on
was  no t  samp ' l ed  du r ing  a  pa r t . i cu la r  f a l ' l  pe r i od .

(A )  CANOPY
FALL SEASON

I
I
T
I
I
t

STATION

SMK

S0KUpreop

SOKU i  n

S0KUout

S0KDpreop

SOKDi n

S0KDout

SOKi nbetween

1980

1.27

r .2g

r .07

198 i

7.22  .

1  .00

t .02

1985

r .25

1 .03

1 .20

1 .00

t .07

1986

r .44

i  .04

1 .32

0  .99

1  .00

1  .07

T
t
r

(B)  MTDWATER

STATION

SMK

S0KUpreop

S0KU i n

S0KUout

S0KDpreop

S0KDi n

S0KDout

S0Ki nbetween

I
I
l
t
I
T
I

FALL SEASON

1980 198i 1985

r .29

1.08

r .28

r  "02
1 .11

1986

t : :

1  .05

t : :

1  .06

I .02

1 .08

I
t
T

J -15







APPENDIX K -- Annotated List of SAS Programs Used in Analyses

of  F ishes in  SONGS-Area Kelp Beds and at  PAR



APPENDIX  K  . .

ANNOTATED LIST OF SAS PROGRAMS USED IN ANALYSES

Al l  ma jo r  s ta t i s t i ca l  ana lyses  were  done  on  the  IBM 4341  ma in f rame compu te r

a t  t he  Mar i ne  Rev iew  Commi t t ee  (MRC)  f ac i l i t y  i n  Enc in i t as ,  Ca ' l ' i f o rn i a .  S tanda rd

s ta t i s t i ca l  t es t s  u t i l i zed  canned  p rocedu res  (PR0Cs)  o f  t he  S ta t i s t i ca l  Ana ' l y s i s

Sys tem (SAS) .

A l l  ana l ys ' i s  p rog rams  used  i n  t h i s  r epo r t  a re  l i s t ed  i n  t he  f o l l ow ing

anno ta ted  c ross - re fe rence .  These  p rog rams  have  been  saved  on  the  Repor t  (E )  d i sk .

Mos t  ana lys i s  p rog rams  were  deve loped  by  UCSB F ish  S tudy  p ro jec t  pe rsonne l .

However ,  T i t an  Sys tems ,  I nc .  and  J .  Ca l l ahan  deve loped  the  gener i c  BACITEST SAS

prog ram,  the  ma io r  p rog ram package  tha t  we  have  used  i n  the  eva lua t i on  o f  l oca l

changes  i n  f i sh  dens i t y .  A  s l i gh t ' l y  mod i f i ed  ve rs i on  o f  t h i s  p rog "a r  (BACITES9)

was  used  to  ana lyze  ke lp -bed  da ta .

I
I
I
I
I
I
I
t
I
I

I
t
t
T
I
I
I
I
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ANNOTATED

CHAPTER THREE

Program

LIST OF SAS PROGRAMS USED IN ANALYSES

- -  SONGS IMPACT ON SAN ONOFRE KELP BED F ISHES

Fi  
' le  

Name

KBACISMR

KBZERO

KBINOMAL

Task Desc r i  p t i  on

F igu re  o r  Tab le
Number

( F=Fi g. .  T=Tb'l  \

N/A

N/A

N/A

T 15 ,  16 ;
App  M,  T  2 ,
App  N,  T  1 .

KBSPARS Ke lp  Bed

KBSPARS4 Ke lp  Bed

KBADDYO2Ke' lp  Bed

BACITES9Ke1 p Bed

Kelp Bed

KBACITBL Kelp Bed

KBAUTINF Ke lp  Bed

DATA PROCESSING

Sparses  da ta  one  yea r  a t  a  t ime :  no .  o f
f  i  sh  pe r  1000  m**3  ca l  cu1a ted ,  a l  I  spec i  es
i nc ' l uded ,  a l ' l  l o ca t i ons  i nc l uded ,  a l l
depths i  nc ' l  uded.

Sparses data for  preoperat iona ' l  and opera-
t i ona l  pe r i od  s imu l t aneous l y :  no .  o f  f i sh
pe r  1000  m**3  ca l cu la ted ;  on l y  BACI  spec ies
inc ' l uded ;  on l y  BACI  dep ths  i nc luded ;  on l y
BACI  l oca t i ons  ' i n c l uded ;  on l y  BACI  co l l ec -
t i ons  i nc l uded .

Adds YOY and 0J kelp bass to KBSPARS  data
bases .

BACI  F IGURES AND TABLES

Perf  orms BACI s tat i  s t i  ca ' l  assumpt i  on and
impac t  t es t s  (add i t i v ' i t y ,  mono tone  t rends ,
ser ia l  corre ' la t ' ion ,  power,  percent  change,
t - t es t ) .

Produces summary I  i  s t i  ng f rom data bases
output  by BACITES9 program"

Produces summary 
' l  
i  st i  ng of t-test and

assump t i on  t es t  r esu l t s .  L i s t  con ta i ns
! rbes t r r  cons tan ts .

Per forms BACI t - test  on spec ' ies which
have ser i  a ' l  corre ' la t i  on .

Tabulates number and percent  f requency of
s i  ng1  e -ze ro  obse rva t i  ons .

Per forms b inomia ' l  test  for  SONGS ef feets .

T 15 ,  16 ;
App M,  T
App N,  T

T  15 ,  16 ;
App M, T
App N,  T

T  15 ,  15 ;
App M, T
App N,  T

App N,  T

2,4 ;
1.

2 ,  4 ;
1 .

2,  3 ;
I

2.Ke ip  Bed

Ke lp  Bed T 15 ,  16  ;
App  N,  T  3 .

I
I
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CHAPTER THREE

Prcgram

- -  SONGS IMPACT ON SAN ONOFRE KELP BED

Fi ' l .e  Name Task Desc r i  p t ' i on

F ISHES ( con t i  nued )

F igu re  o r  Tab le
Number

(  F=F iq .  .  T=Tb ' l )

T 20 ;
App  0 ,  T  1 .

T  2J . ;
App  0 ,  T  7 .

T  2 I ;
App  0 ,  T  8 ,  9 .

r 21;
App o ,

App  o ,

App  o , T  4 ,  5 .

I
I
t

KBMACRO

KBSTEP

KBCOBST

KBC48586

KBSUBANV

KBSUBST

Ke1 p Bed

Ke lp  Bed

Ke'l p Bed

Ke lp  Bed

Kel  p  Bed

Ke lp  Bed

F ISH/KELP  RELAT IONSHIP

AN0VA tes ts  fo r  l oca t ' i on  d i f f e rences  i n
Macrocys t i s  dens i t y  by  yea r .

Runs SAS stepwise procedure to  ascer ta ' in
re ' l a t i ve  i n f l uence  o f  subs t ra te  va r iab les
on  f i sh  dens i t y .

ANCOVA de te rm ' i nes  ' i f  chanqes  i n  f i sh
dens i t y  can  be  exp la ined  5y  .ny  o f  f i ve
subs t ra te  va r i ab les  p l us  l oca t i on .

ANCOVA tes ts  re la t i onsh ip  be tween
f i sh  dens ' i t y  and  Macrocys t i s  dens ' i t y .

ANOVA tes ts  fo r  l oca t i on  d i f f e rences  i n
subs t ra te  va r iab les  fo r  1985  and  1985 .

Tests for correlat ' ions between M:SfgSJ:!-:
and f ive substrate var iab les in l9E5 anZ-
1986 .

I  6 .

T  2 ,  3 .

KBPRXh,T

ABUNDAN5

ABUNDAN6

KBIOM8T

KBUNSMST

KBPOOLD2

Ke lp  Bed ;
PAR

I

Ke1 p Bed

I
Ke lp  Bed

Ke lp  Bed

Ke lp  Bed

Ke lp  Bed

Es t ima tes  we igh t  o f  a11  spec ies  and  ma tu r -
i t ' i es  obse rved  based  on  f i sh  l eng ths  and' l  
ength/wei  ght  regress ' i  ons.

Est ' imates numer ica l  f  ish abundance based on
s idescan  sonar .

Est imates numer ica ' l  f ish abundance based on
down look ing  sonar .

Es t ima tes  f i sh  b iomass  based  on  e i t he r  down-' l ook ing  
o r  s idescan  sonar .

Summar izes resul ts  of  ABUNDAN5, ABUNDAN5,
and KBI0M87 ' in to repor t - ready tab les.

Tabu la tes  we igh ted  dens i t i es  pe r  1000  m**2
o f  a i1  f i shes  by  l oca t ' i on .

App T , T  6 ,  7 .

App  P ,  T  8 .

r  22,23.

T 24 ,  25 .

T 22,
24,

App  P ,

23,
25.

T

I
t
I
T
l
I
I
I
I
t
I
I
I
I
I
I
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CHAPTER THREE - - SONGS IMPACT ON SAN ONOFRE KELP BED FISHES (con t i  nued)

Proqram

FIGUR

F igu re  o r  Tab le
Number

( F=F'ig . ,  T=Tbl )

ES

Fi  
' le  

Name

KBMNABUN

KBDATES3

KBVIS

KBPLOT

FKLSUMSP

FKLSUMST

FMONSPST

RADLSPST

Ke lp  Bed

Ke lp  Bed

Ke lp  Bed

Ke lp  Bed

ltu1p Bed

I

CHAPTER

I

PAR

PAR

SUPPORTING TABLES AND

BedKe'l p Tabu la tes  mean  a r i t hme t i c  dens i t y  f o r
se lec t  spec ies  and  

' l i f e  
s tages .

Tabu l  a tes  samp l  i  ng  da tes .

Tabu la tes  mean  underwa te r  v i s i b i l i t y
and  underwa te r  v i s i b i l i t y  f ac to rs  by
loca t i on  and  yea r .

Tabu la tes  numer i ca ' l  dens i t y  and  pe rcen t
compos i t i on  by  ma tu r i t y  and  l oca t i on  fo r
se lec t  spec ies .

Tabu la tes  numer i ca l  dens i t y  and  pe rcen t
compos i t i on  by  ma tu r i t y  and  l oca t i on  fo r
ke lp  bass .

P lo t s  t ime  se r i es  f i sh  dens i t i es  and  impac t /
con t ro l  de l t as  f o r  se lec t  spec ies .

Tabu la tes  to ta l  number  o f  f i shes  obse rved
on f i  sh 1 ength surveys i  n  1985.

Tabu' la tes to ta ' l  number of  f ishes observed
on  f i sh ' l eng th  su rveys  i n  1986 .

T  17 -19 .

App  J ,  T

App  J ,  T

1.

3 ,  4 .

KBPCMTSTKe'l p Bed

KBPCKBST Ke lp  Bed

App L ,  T  1 -3 .

App  L ,  T  1 -3 .

App N,  F igs  1 -83 .

App T, T 4A.

App T ,  T  48 .

FOUR - -  F ISHES AT  PENDLETON ARTIF IC IAL  REEF

DATA PROCESSING

JUV/AD f i shes :  Sparses  c res t ,  s l ope ,  and  N /A
ecotone data;  ca ' lcu1ates densi  ty  per  1.000 m**3.

JUV/AD f i shes :  Sparses  rad ia l  t r ansec ts ;  N /A
ca lcu la tes  dens i t y  pe r  1000  n r * *3 .

K-4



CHAPTER FOUR - - F ISHES AT  PENDLETONARTIF IC IAL REEF ( con t i  nued )
I
I
t
I
I
I
I
I
I
I
I
I
I
T
T
I
I

Program F ' igu re  o r  Tab le
Number

(  F=F ig .  ,  T -Tb l  )

N/A

N/A

T 26 .

r  27.

r  ?8.

T ?e.

T 29 .

T  29 .

App  S ,  T  1 .

App  S ,  T  2 .

T 30 ,  32 ,  33 .

Fi  I  e  Name

FMONxTRA

FMONANS5

FMONANS5

FMONAz86

YoY3l^/Y86

YOYzl/Y86

GBY2WY85

PARSTRAT

RADINOUT

Task Desc r i  p t ' i on

YOYSPARS PAR

PAR

PAR

PAR

PAR

PAR

PAT

PAR

I

PAR

1
PAR

JUV/AD f i shes :  C rea tes  da ta  base  wh ich
con ta i ns  ex t ra l im i t a l  coun t s  o f  sa rgo ,
b l ack  c roake r ,  and  b l acksm i th .

Y0Y/0J  f i shes :  Sparses  da ta ;  ca l cu la tes
dens i t y  pe r  1000  m**3 .

ANOVAS

JUV/AD f ishes:  Two-way ANOVA on 1985 data
tes t i ng  fo r  e f fec ts ' o f  s t ra tum and  ma tu r i t y .

JUV/AD fishes: Two-way AN0VA on 1986 data
test ing for  e f fects  of  s t ra tum and matur i ty .

JUV/AD f ishes:  Three-way ANOVA test ing for
e f fec ts  o f  s t ra tum,  ma tu r i t y ,  and  yea r .

Y0Y/0J f ishes:  Three-way AN0VA test ing for
e f fec ts  o f  s t ra tum,  ma tu r i t y ,  and  yea r .

Y0Y/0J f ishes:  Two-way AN0VA test ing for
ef fects  of  s t ra tum and year  on se ' lect  spp.

Y0Y/0J f ishes:  Two-way AN0VA test ing for
ef fects  of  matur i ty  and year  on b lackeye
goby .

Y0Y/0J f ishes:  0ne-way AN0VA tests  ef fect
o f  s t ra tum on  b iomass  dens i t y  du r ing  1985 .

Y0Y/0J f ishes:  One-way ANOVA compares b io-
mass  dens i t y  o f  f i shes  censused  on  ' r l n te rna l t l

ve rsus  r rEx te rna l r r  rad ia l  t r ansec ts  du r ing
1986 .

FMONABSs PAR

DENSiTY.  ABUNDANCE,  AND B iOMASS

JUV/AD f  j  shes :  Tabu' la tes numer i  ca ' l  den s i  ty ,
numer i ca l  abundance ,  and  b iomass  abundance
fo r  1985 .

I
T
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CHAPTER FOUR - -

Program

FISHES AT  PENDLETONARTIF IC IAL  REEF  ( con t ' i  nued )

Fi I e Nqlne

FMONAB8T

YOYABUN

RADLPLOT

RADLBIOM

RADLPLST

RADLB]87

FMONMTST

Task Desc r i o t i on

F igure  o r  Tab le
Number

(F=F ig . ,  T -Tb l )

T  31 ,  34 ,  35 ;
App  S ,  T  9 -14 .

T  36-39.

F  4 .

F  5 .

F  6 .

F  7 .

App R,  T  1-3
and  5 -9 .

App  R,  T  4 "

App  R,  T  10 ,  11"

App  S ,  T  3 ,  5 "

App  S ,  1  4 ,  5 .

App S ,  T  7 ,  8 .

PAR

PAR

PAR

PAR

PAR

PAR

PAR

JUV/AD f i shes :  Tabu ' l a tes  numer i ca l  dens ' i t y ,
numer i ca l  abundance .  and  b iomass  abundance
fo r  1986 .

Y0Y/0J  f i  shes :  Tabu la tes  numer i ca l  dens i t y
and  numer i ca l  abundance  fo r  1985  and  1986 .

JUV/AD f i shes :  P ' l o t s  f i sh  dens i t y  ve rsus
d is tance  f rom modu le  fo r  1985  da ta .

JUV/AD f i shes :  P lo t s  mean  body  we ' i gh t  pe r
i nd i v i dua l  ve r sus  m ic rohab i t a t  f o r  1985  da ta .

JUV /AD f i shes :  P lo t s  f i sh  dens i t y  ve rsus
d is tance  f rom modu ' l e  f o r  1986  da ta .

JUV/AD f  i shes :  P lo t s  mean  body  we ' i gh t  pe r
ind i v idua l  ve rsus  m ic rohab ' i t a t  f o r  1986  da ta .

JUV/AD f i shes :  Tabu la tes  mean  and  rank
dens ' i t i  es  o f  a l  I  f  i  shes  by  s t ra tum and  I  i  f e
s tage  du r ing  1985  and  1986 .

JUV/AD f  i  shes:  Tabu' la tes mean and rank
dens i t i es  o f  a l l  f i shes  obse rveC  on  rad ia l
t r ansec t s  i n  1985 .

Y0Y/0J  f i shes :  Tabu la tes  mean  and  rank
dens i t i es  o f  a l l  f i shes  by  s t r a tum and
f  i  f e  s tage  du r i  n9  1985  and  1985 .

JUV/AD f i shes :  Tabu la tes  numer i ca l  abun-
dance and b ' iomass by matur i ty ,  s t ra tum,
and  spec ies  fo r  1985 .

JUV/AD f i shes :  Tabu la tes  numer i ca ' l  abun -
dance  and  b iomass  by  ma tu r i t y , . s t ra tum,
and  spec ies  fo r  1966 .

Y0Y/0J f  i  shes :  Tabu' la tes numer i  ca ' l  abun-
dance  by  ma tu r i t y ,  s t ra tum,  and  spec ies
fo r  1985  and  1985 .

JUV/AD f i shes :  Tabu la tes  to ta l  number  o f
f i shes  obse rved  on  f i sh - l eng th  su rveys  i n
1985  and  1986 .

RADLMEANPAI

I

PAR
I

PAR
I

PAR

YOYMAT

FMONSTS5

FMONSTST

YOYSTBT PAR

FKLSUMPR PAR

K-6
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APPENDIX L - -  Summary Data:  Kelp Bed Fish Moni tor ing
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,  APPENDIX  L  . -  TABLES 1 -3

KELP BED F ISHES:  NUMERICAL DENSIT IES AND PERCENT COMPOSIT I0N 0F  JUVENILE  (JUV) ,
SUBIDUITTSnDI-Fr{o ADULT (AD) LIFE STAGES 0F FrsHEs rHAT wERE coMMON AND ABUNDANT
iN BASELiNE (FALL 1980,  FALL 1981)  SAMPLES AND IN oPERATI0NAL (FALL 1985,  FALL
1986)  SAMPLES AT  SMK,  SOKD,  ANO S0KU.  Dens i t i es  a re  numbers  o f  i nd i v ' i dua l s  pe r
1000  m**3 .  The  spec ies  cha rac te r i zed  a re  those  used  i n  ou r  BACI  t - t es t s .  A l so
noted i  s  the number of  sampf  i  ng dates used i  n  the character i  zat i  on .  A l  I
quan t i t a t i ve  samp les  a re  used  i n  t , he  cha rac te r i za t i on ,  i nc lud ing  ' r doub le  ze ro "
obse rva t i ons  exc luded  f rom BACI  tes ts  (Append ' i x  J ,  Tab le  1 ) .  The  number  o f  da tes
used  va r ied  among  f i shes ,  depend ing  on  whe the r  t hey  were  cons ide red  canopy ,
bo t tom,  o r  canopy -bo t tom ( "cosmopo l i t e r r )  spec ies  ( see  Append ix  M,  Tab le  1  fo r
c l ass i f i ca t i on ) .
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APPENDIX  M: Summary of Pre-BACI Screening Tests

for Kelp Bed Fishes



APPENDIX  M  . .  TABLE  1

KEI,P BED FISHES: CATEGORIZATION OF 14 SPECIES AND ONE TAXON USED IN
BAcr r-tesmccoRDrNc ro wATER-coLUMN IIABTTAT occuprED. "canopy"
f ishes are those that  pr imar i ly  ( r rg}7"  of  numbers)  inhabi t  the upper
seve ra l  me te rs  o f  t he  wa te r  co lumn in  SONGS-a rea  ke lp  beds .  "Bo t tom"
f ishes are those that  pr imar i ly  inhabi t  the near-seabed st ratum.
"Canopy -Bo t tom"  f i . shes  ( " cosmopo l i t es : "  La rson  and  DeMar t i n i  1984)  a re
those that are frequently encountered and abundant throughout the water
co lumn f rom canopy  to  seabed .  A l l  l i f e - s tages  w i th in  spec ies / taxon
were evaluated us ing the parent  c lass i f icat ion.

Species /Taxon

I
I
I
T
I
t
t
I
I
I
I

BASS, barred sand
BASS,  ke lp
BLACKSMITH
TTALFMOON
KELPFISH, giant
PERCH, b lack
PERCH, kelp
PERCH, p i le
SEAPERCH, rainbow
SEAPERCH, rubberl ip
SEAPERCH, white
SENORITA
SHEEPHEAD, California
SILVERSIDES
WRASSE, rock

Bo t tom
Canopy-Bot tom
Canopy-Bot tom
Canopy*
Canopy-Bot tom
Bot tom
Canopy
Bo t tom
Bot tom
Bot tom
Canopy-Bot tom
Canopy-Bot tom
Bot tom
Canopy
Bo t tom

In other  (ANCOVA) analyses of  f ish-ke lp re la t ions,  ha l fmoon are
considered as a "canopy-midwater"  species.  (Note that  the midwater
st ratum is  N/A for  BACI impact  tests .  )

I
I
t
t
I
I
I
t
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APPENDIX  M  - -  TABLE  2

KELP BED FISHES: SUMMARY RESULTS OF SCREENING TESTS PERFORMED PRIOR TO BACI T-
TE-m Ef_ I f rPIeT.  Preoperat ional  de l tas oniy  were tested for  addi t iv ' i ty .  Both
p reopera t ' i ona l  and  ope ra t i ona l  de l tas  were  tes ted  fo r  mono tone  t rends  ( l i nea r
reg ress ion )  and  se r i a l  co r re l a t ' i on  ( von  Neumann ' s  t es t ) .  I f  se r i a l  co r re l a t i on
was  de tee ted ,  t he  en t i re  base l i ne  p lus  ope ra t i ona l  da ta  se r ies  was  re -eva ' l ua ted
fo r  f i r s t -  and  second-o rde r  au to reg ress ' i ve  p rocesses ,  based  on  the  Durb in -Watson
tes t  s ta t i s t i c ,  us ing  SAS PR0C AUTOREG.  The  comment ' rN /A"  i nd i ca tes  e i t he r  t ha t
(1 )  t he  da ta  we re  i nsu f f i c ' i en t  f o r  eva lua t i on  o r  ( 2 )  t he  poo ' l ed  ' l i f e - s tage

category | ITOTAL" was ' inappropr ia te because of  heterogeneous components.  The
comment  r r?1 r  i nd i ca tes  tha t  t he  resu l t s  o f  t he  add i t i v i t y  t es t  were  poss ib l y
spu r ious  because  o f  t oo  many  (>  25? l )  s i ng le -ze ro  obse rva t i ons  du r ing  the  base l i ne
pe r i od  a t  t he  Impac t  l oca t i on ,  Con t ro l  l oca t ' i on ,  o r  bo th  l oca t i ons .  Reso lu t i on  o f
se r i  a l  co r re l  a t i  on  was  r rmoo t r '  ' i  f  o the r  assumpt i  ons  were  v i  o l  a ted .

M-Z



APPENDIX M . .  TABLE 2

Assumpt ' ion  Met  Reqard inq  ?

BASS,
barred
sand

AD
AD
JUV
JUV
SAD
SAD
TOTAL
TOTAL

SMK
SOKD
SMK
SOKD
SMK
SOKD
SMK
SOKD

Taxon
Addi -

t i  v i  ty

YES
YES
YES
YES
YES
YES
YES
YES

L i  f e  Con t ro l
Staqe Locat ' i  on

Monotone
Trend

Ser i  a l
Cor re  I  a t i  on
(  SERCoRR)

YES
YES
YES
YES
YES
YES
YES
YES

SERCORR
Resol  ved?

( ' i f  p resen t )

:

:

YES
YES
YES
YES
YES
YES
YES
YES

BASS, kelp AD SMK
AD SOKO
JUV SMK
JUV SOKD
OJ SMK
OJ SOKD
SAD SMK
SAO SOKD
TOTAL SMK
TOTAL SOKD
YOY SMK
YOY SOKD

heterogeneous taxon - -
heterogeneous taxon - -

YES
YES

YES
YES
YES
YES
YES
YES
YES
NO

NO
YES
YES
YES
YES
NO
YES
NO

N/A :
N/A :

YES
YES

NO
YES
NO
YES
YES
NO
YES
NO

Noir
MOOT

MOOT

YES

YES
YES

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

too few
too few
YES
too few
too few
too few
YES
YES

data --
data --

YES
data --
data --
data --

YES
YES

-- N/A
.- N/A
YES
-- N/A
-- N/A
-- N/A
YES

BI-ACKSMITH AD
AD
JUV
JUV
SAD

SMK
SOKD
SMK
s0K0
SMK

SAO SOKD
TOTAL SMK
TOTAL SOKD ?YES

HALFMOON AD
AD
JUV
JUV
SAD
SAD
TOTAL

SMK
SOKD
5MK
SOKD
SMK
SOKD
SMK
SOKD

YES
YES
-- N/A
-- N/A
?YES
YES
YES
-- N/A : hete

YES
YES

data --
data --

YES
YES
YES

neous taxon --

YES
YES

: too few
: too few

YES
YES
YES

M-3
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T
I

Taxon
L' i  f  e  Contro ' l
S taqe  Loca t ' i on

APPENDIX  M  - -  TABLE  2  ( con t ' i nued )

'  Assumpt ion  Me t  Reqard ' i ng  ?
Se r i  a l

Add' i  -  Monotone Corre I  a t i  on
t i  v i_ ty  Trend (  SERCORR)

. -- N/A
-- N/A

?YES YES
?YES YES
?YES YES

-- N/A :
?YES YES
?YES YES

: too few data --
: too few data --

YES
YES
YES

too few data --
YES
YES

SERCORR
Reso l  ved?

(  i  f  p resent )

KELPF ISH,
g ian t

AD
AD
JUV
JUV
SAD
SAD
TOTAL
TOTAL

SMK
SOKD
SMK
SOKD
SMK
SOKD
SMK
SOKD

NO
YES

I
I
I
t

PERCH,
b ' lack

AD
AD
JUV
JUV
SAD
SAD
TOTAL
TOTAL

SMK
SOKD
SMK
SOKD
SMK
SOKD
SMK
SOKD

?YES
YES
NO
YES

NO
YES

-- N/A : too
-- N/A : too

YES
YES
NO
YES

NO
YES

few data --
few data --

YES
YES
NO
YES

MOOT

uoor

PERCH,  ke ' l p TOTAL
TOTAL

SMK
SOKD

NO
NO

NO
YES

NO
YES

MOOT
YES

YES
NO

I
I
I

PERCH,  p i  le  AD
AD
JUV
JUV
SAD
SAD
TOTAL
TOTAL

SMK
SOKD
SMK
SOKD
SMK
SOKD
SMK
SOKD

YES
YES
YES
YES

NOOr
YES
NO

-- N/A : too
-- N/A : too

NO
NO
NO
NO

YES
NO

few data
few data

YES
YES
YES
YES

I
t
I
I

SEAPERCH,
ra i  nbow

AD
AD
JUV
JUV
SAD
SAD
TOTAL
TOTAL

N/A : too
YES

N/A : too
N/A :  too
YES
YES
YES
YES

few data
YES

few data
few data

YES
YES
YES
YES

SMK
SOKD
SMK
SOKD
SMK
SOKD
SMK
SOKD

YES

?YES
YES
YES
YES

SEAPERCH,
rubber l  i  p

AD SMK
AD SOKD
JUV
JUV SOKD
SAD SMK
SAD SOKD
TOTAL SMK
TOTAL SOKD

?YES
?YE5

N/A
N/A
N/A
N/A
N/A
N/A
YES
YES

few data
few data
few data
few data
few data
few data

YES
YES

too
too
too
too
too
tooI

I
I
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Taxon

APPENDIX  M  - -  TABLE  2  ( con t i nued )

Assump t i on  Me t  Reqa rd inq  ?
Ser ia l  SERCORR

Add i -  Mono tone  Cor re la t i on  Reso lved?
t i v i t y  T rend  (SERC0RR)  ( i f p resen t )

I
I
t
I
I
t

YES
NO

SEAPERCH,
wh' i te

L i  fe  Cont ro l
S tage Locat ion

AD SMK
AD SOKD
JUV SMK
JUV SOKD
SAD SMK
SAD SOKD
TOTAL SMK
TOTAL SOKD

YES
YES

YE5

NO NO MOOT
NO NO MOOT

N/A : too few data --
N/A : too few data --
YES YES
YES YES

N/A :  heterogeneous taxon - -
NO NO MOOT

SENORITA AD
AD
JUV
JUV
SAD
SAD
TOTAL
TOTAL

SMK
SOKD
SMK
SOKD
SMK
SOKD
SMK
SOKD

YES
YES
YES
?YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
Vtr(

YES
YES

YES
YES
YES
YES
YES
YES
YES
YES

SHEEPHEAD, AD
Cal i fo rn ia  AD

JUV
JUV
SAD
SAD
TOTAL
TOTAL

SMK
SOKD
SMK
SOKD
SMK
SOKD
SMK
SOKD

V F S

YES
NO
YES

YES

-- N/A : too few dat,a --
-- N/A : too few data --

YES YES
YES YES
NO YES
YES YES

-- N/A :  heterogeneous taxon
NO YES

I
I
I
I
I

SILVERSIDES TOTAL
TOTAL

SMK
SOKD

YES
?YES

YES
YES

YES
YES

I,JRASSE,
rock

AD
AD
JUV
JUV
SAD
SAD
TOTAL
TOTAL

SMK
SOKD
SMK
SOKD
5MK
SOKD
SMK
SOKD

YES
YES

few data
few data

YES
NO
YES
YES

MNNT

YES
YES

?NO
NO
YES
YES

YES
YES

N/A : too
N/A : too
YES
NO
YES
YES

T
I
T
I
I
I
I
I
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APPENDhX M -  TABLE 3

KELP BED FISHES: SUMMARY RESULTS FOR SELECT LIFE STAGE - LOCATION PAIRS HAViNG
STGN-IrTcnlriTERilr- coRRELATIoN AMoNc RESTDUALS 0F THE DELTAS AccoRDING T0 voN
NEUMANN'S TEST.  Tests  are based on preoperat ional  and operat ional  data through
Fal  I  1986 ;  preoperat i  onal  and operat ' iona ' l  per i  od del  tas were f  i  rs t  eval  uated
separa te ' l y  us ing  von  Neumannrs  tes t .  I n  a l l  cases ,  t he  add i t ' i ve  fo rm chosen  fo r
the impact  test  was fur ther  evaJuated for  f i rs t -  and second-order  autocorre lat ion
based  on  the  Durb in - l {a t son  tes t  s ta t i s t ' i c  (us ing  SAS PR0C AUTOREG) .  S ign i f i can t
(P .  . 05 )  f i r s t -  o r  second-o rde r  au to reg ress i ve  p rocesses  a re  i nd ' i ca ted  by  bo ld -
typed probabi  1  i ty  va1 ues.

14- 6



Taxon
Li  fe
Stage

APPENDIX  M  . -  TABLE

Von  Neumann ' s  Tes t
f o r  Se r i a l  l y

Co r re l a ted  De l t as
(W ' i t h i  n  Pe r i  od )

Contro l
Loca t i  on  P reoo .  0p .

S IG  S IG
N5 S IG

I
3l

,iilli?!:qi?i:: t
(  P reoP .  +  0P .  ) r

(  l s t  o rde r )  (2nd  o rde r )  t

.67

.76
BASS,  ke lp SMK

SMK
JUV
YOY

.(B

.18

BLACKSMITH JUV
TOTAL

SMK
SMK

NS
NS

SIG
s iG

.82

.83
.28
.30

I
I
t
I
t

.10

.03
NS
NS

<.001
< .01

SIG
SIG

SMK
SMK

HALFMOON AD
TOTAL

KELPFISH,  g ian t  JUV
SAD
TOTAL

SMK
SMK
SMK

. t o

.46

.10

NS
NS
NS

SIG
SIG
s iG

.  J l .

. 3 J

PERCH,  b l ack SAD SMK SIG . 84 .03

PERCH,  ke lp TOTAL SOKD SIG .0001 .26

PERCH,  p i ' l e . 68SMK SIG .45

SEAPERCH,
rubber l  i  p

TOTAL SMK SIG .85.60

SEAPERCH,  wh i te SAD SOKD .10.23NS S iG

SENORITA .82.15NSSMK SIG

I
I
I
I
I
I
I
I
I
I

SILVERSIDES TOTAL
TOTAL

SMK
SOKD

NS
SIG

SIG
NS

.23

.002
.45
.84

AD
AD
SAD
TOTAL
TOTAL

SMK
SOKD
SMK
SMK
SOKD

siG
NS
NS
SIG
NS

NS
SIG
SIG
SIG
SIG

.07

.46

.10

.u

.87

.5 i

.42

.38

.64

.58

WRASSE, rock

n- ' f
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T

.  
APPENDIX  M . .  TABLE 4

KELP BED FlsHEs:  DETAILED PROC T-TEST RESULTS FOR A T0TAL 0F 5 i  TAXON/LIFE
STMESTilSPTeTFTtrD LocATI0N PAIRS (soKU, soKD, sMK) for preoperational (Fa'n i980
and  1981 )  ve rsus  ope ra t i ona l  (Fa l l  1985  and  1986 )  mon i t o r i ng  pe r i ods .  Resu l t s  a re
based  on  the  mos t  app rop r ia te  t rans fo rma t ion  (as  shown)  fo r  each  t rac tab le
comb ' i na t i on  o f  t axon / f  i f e -s tage  and  l oca t i ons .  r 'T -co r rec ted r r  s ign i f i es  tha t  t -
t es t  s ta t i s t i cs  had  to  be  ad jus ted  fo r  unequa ' l  (UNEQ)  va r iances  based  on
Sa t t e r t hwa i t e r s  app rox ' ima t i on  Cases  o f  equa l  (EQ)  va r i ances  d i d  no t  r equ i re  t h i s
ad ius tmen t .  Au toco r re la ted  and  s ta t i s t i ca l ] y  i n t rac tab le  comb ina t i ons  a re  no ted ;
t hese  a re  no t  i nc l uded  i n  t he  t a l l y  o f  t - t es t  r esu l t s .
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APPENDIX  M  - .  TABLE  4

I
t

T axon/
Spec i  es

BASS,
barred
sand

L i  fe
Stage

AD
AD
JUV
JUV
SAD
SAD
TOTAL
TOTAL

Cont ro  l
Locat  i  on

Log-  10
Trans fo rma t ion Va r i  ances

T
I

Corrected? T
I
I
I
I
t
t

SMK
SOKD
SMK
SOKD
SMK
SOKD
SMK
SOKD

( x -bar  +  .04 )
(x -bar  +  .005)
(x -bar  +  .005)
(x -bar  +  .005)
(x -bar  +  .08 )
(x -bar  +  .005)
(x -bar  +  .25)
(x -bar  +  .75 )

UNEQ
trn
EQ
cn
L Y

EQ
EQ
trn
EQ

YES
NO
NO
NO
NO
NO
NO
NO

BASS,
ke1 p

AD
AD
JUV
JUV
UJ

OJ
SAD
SAD
YOY
YOY
TOTAL
TOTAL

SMK
SOKD
SMK
s0K0
SMK
SOKD
SMK
SOKD
SMK
SOKD
SMK
SOKD

moot
(x -ba r  +
(  x-bar  +
(  x-bar  +
(x -ba r  +

moot
(x -ba r  +

moot
(x -ba r  +
(x -ba r  +

moot
moot

.  002s )

. o02s )

.02)
0 .  0)

- -  i n t rac tab le  - -
EQ NO
- -  au toco r re la ted  - -
UNEQ YES
EQ NO
- -  i n t rac tab le  - -

.002s)

. 0o2s )

. 002s )

UNEQ YES
- -  i n t rac tab le  - -
EQ NO
EQ NO
- -  i n t rac tab le  - -
- -  i n t rac tab le  - -

I
BLACKSMITH JUV

JUV
TOTAL
TOTAL

SMK
SOKD
SMK
SOKD

(x -ba r  +  .0025)
moot

(x -ba r  +  .0025)
N/A

EQ NO
-- too few data --

EQ NO
- -  B inomia l  t es t  - -

I
- -  autocorre lated - -
UNEQ YES
- -  B inomia l  t es t  - -

EQ NO
--  autocorre lated - ' '
- -  i n t rac tab le  - -

T
HALFMOON AD

AD
SAD
SAD
TOTAL
TOTAL

SMK
SOKD
SMK
SOKD
SMK
SOKD

( x-bar  + .25)
(x -ba r  +  .0025)

N/A
(x -ba r  +  . 0025 )
( x -ba r  +  . 35 )

moot

I
I

KELPFISH,
g i  an t

JUV
JUV
SAD
SAD
TOTAL
TOTAL

SMK
SOKD
SMK
SOKD
SMK
SOKD

N/A
N/A
N/A
moot
N/A
N/A

B inom ia l  t es t
B inom ia l  t es t
B inom ia l  t es t
too few data
B inom ia l  t es t
B inom ia l  t es t

I
I
I
I
t

fvr-q
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I
I

Taxon /
Spec ies

PERCH,
b l  ack

L ' i f e
S taqe

AD
AD
SAD
SAD
TOTAL
TOTAL

APPENDIX

Con t ro l
Loca t i  on

SMK
SOKD
SMK
SOKD
SMK
SOKD

M - -  TABLE  4  ( con t i nued )

Log-10
Trans format ion

moot
( x -ba r  +  . 08 )

N/A
(x -ba r  +  . 005 )

moot
( x -ba r  +  . 15 )

T
Var iances  Cor rec ted?

- -  i n t rac tab le  - -
EQ NO

- -  B inomia l  t es t  - -
UNEQ YES
- -  i n t rac tab le  - -
EQ NO

SMK
SOKDt

I

PERCH,
ke ' lp

TOTAL
TOTAL

moot
(x -bar  +  .50 )

- -  in t ractab ' le  - -
- -  autocorre lated - -

PERCH,
p ' i ' l e

TOTAL
TOTAL

SMK
SOKD

(x -ba r  +  . 005 )
moot

NO
i  nt ractabl  e  - -

EQ

I
t

SEAPERCH,
ra i nbow

AD
AD
SAD
SAD
TOTAL
TOTAL

moot
(x -ba r  +

N/A
(x -ba r  +
(x -ba r  +
(x -ba r  +

SMK
SOKD
SMK
s0K0
SMK
SOKD

.08 )

.oos)

.00s)

.08 )

- -  i n t rac tab le  - -
UNEQ YES
- -  B inomia l  t es t  - -
UNEQ YES

EQ NO
EQ NO

I
I

SEAPERCH,
rubber f  i p

TOTAL
TOTAL

SMK
SOKD

N/A
N/A

- -  B inomia l  t es t
- -  B inomia l  t es t

SEAPERCH,
wh i t e

SAD
SAD
TOTAL
TOTAL

SMK
SOKD
SMK
SOKO

(x -bar  +  .0025)
(x -bar  +  .0025)

moot
moot

EQ NO
--  heterogeneous taxon - -

- -  i n t rac tab le  - -

EQ NOI

NO
NO
NC

st --
NO
NO
NO
NO

0.0)  EQ
0.0 )  EQ
.04) 

_EQ
.002s)  EQ
.002s)  EQ
.25) EQ
o.o)  EQ

I
T
I
I

Bi nomi a' l  te

SENORiTA AD
AD
JUV
JUV
SAD
SAD
TOTAL
TOTAL

SMK
SOKD
SMK
SOKD
SMK
s0K0
SMK
SOKD

(x -ba r  +
(x -ba r  +
(x -ba r  +

N/A
(x -ba r  +
(x -ba r  +
(  x-bar  +
(x -ba r  +

SHEEPHEAD,
Ca l i fo rn ia

JUV ; ,
JUV
SAD
SAD
TOTAL
TOTAL

SMK
SOKD
SMK
SOKD
SMK
SOKD

(x -ba r  +
(x -ba r  +

moot
(x -ba r  +

moot
moot

.00s)

.oos)

.00s)

EQ NO

I
I
t

EQ NO
-- intnactable --

UNEQ YES
-- heterogeneous taxon --

--  ' intractable --
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Taxon /
Spec i  es

S ILVERSIDES

Li fe
Staqe

TOTAL
TOTAL

APPENDIX

Con t ro l
Loca t ' i on Var i  ances

T
I

Corrected?

SMK
SOKD

M - -  TABLE  4  ( con t i nued )

Log- 1 0
Tran sformat i  on

(x -bar  +  .0025)
N/A

EQ NO
- -  B inomia l  t es t  - -

WRASSE,
rock

AD
AD
SAD
SAD
TOTAL
TOTAL

SMK
SOKD
SMK
SOKB
5MK
SOKD

(x-bar  +  .005)
(x -bar  +  .25)

N/A
moot

(x -bar  +  .04 )
(x -bar  +  .50 )

UNEQ YES
EQ NO

- -  B inom ia l  t es t  - -
- -  ' in t ractab ' le  - -

- -  autocorre lated - -

EQ NO

T
t
I
t
I
I
I
I
I
t
I
I
I
t
l
l
I
I
tl.r- ll
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I
I
I
I
T
t
I
I
I
t
I
I
I
I
t

APPENDIX  N  . .  F IGURES 1  -  83

KELP BED FISHEE: (DIFFERENCES IN) OBSERVED DENSITIES OF SELECT SPECIES
l,ffirifruTLf(soKu) AND ETTHER oF THE Tt^lo coNTRoL LocATroNs (sMK, soKD)
DURING THE FALL 1980-81 PREOPERATIONAL AND FALL 1985-85 OPERATIONAL
MONITORING PERIODS" Stations used for BACI analyses varied with
samp l ing  pe r iod  ( see  tex t  Sec t i on  3 "2 .2 ) .  Dens i t i es  a re  es t ima ted  mean
numbers per  1,000 m**3.  Densi t ies are i l lust rated in . the top two panels
of  each f igure and del tas (d i f ferences)  in  densi t ies in  the bot tom
panel .  Sampl ing dates are l is ted in  Appendix  J ,  Table 1.  .  In  cases where
data are analyzed by t - test ,  densi ty  data are pJ.ot ted as the most
appropr ia te of  the addi t ive,  log-10 t ransformat ions and as the del tas
of  th is  t ransformat ion (see Appendix  M).  For  cases analyzed by b inomia l
test ,  the raw densi ty  data are p lot ted in  the top two panels .  F igures
inc lude each of  the 6 l -  cases that  were s tat is t ica l ly  t ractable,  p lus 22
others for  which s tat is t ica l  tests  were inappropr ia te (Appendix  M).
For  the la t ter  22 cases,  raw densi ty  data are p lot ted for  impact  and
contro l  locat ions in  the top two panels ,  but  the bot tom panel  is  le f t
b lank .
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APPENDIX N - -  TABLE 2

! iELP BED FlsHEs: LIST 0F FREQUENCY AND PERCENT FREQUENCY 0F SINGLE-ZERO
o-ESen-vlFlbruffifTElp BED FisHEs rN BAsELINE DATA, By TAXoN AND LIFE srAcE,
FOR THE 15 SELECT TAXA USED IN THE BACI IMPACT TEST EVALUATI0N. 0nly
taxa , / l i fe  s tages  tha t  a re  s ta t i s t i ca ' l1y  t rac tab le  fo r  BACi  impact  eva lua t ion
are  l i s ted .  A l l  percentages  o f  25? i ,  o r  la rger  a re  f lagged in  BOLD.

SONGS CONTROL

Taxon/L i  fe  Staoe
N

Dates

BASS, barred sand/AD
BASS, barred sand/AD
BASS, barred sand/JUV
BASS, barred sand/JUV
BASS, barred sand/SAD
BASS, barred sand/SAD
BASS, barred sand/T0TAL
BASS, barred sand/T0TAL

Contro' l
Locat i  on

SI{K
SOKD
SMK
SOKD
SMK
SOKD
SMK
SOKD

?8
33
?1
26
29
33
30
34

0
3
2

1
1
0
0

0.0
9 .1
9 .5

1 ,9 .2
3 .4
3 .0
0 .0
0 .0

82.1*
21.2
76.2x
50.0"
44.8*
6 .1

40.0*
5 .9

23
7

i 6
13
I J

2
T2
2

T

BASS, ke lp/AD
BASS, ke lp/JUV
BASS, ke ' lp /OJ
BASS, ke lp/SAD
BASS,  ke lp /Y0Y
BASS, ke lp/YOY

SOKD
SOKD
SMK
SMK
SMK
SOKD

24
28
10
25
10
I2

5

0
0
0
1
1

20.8
0 .0
0 .0
0"0

10 .0
8 .3

7 29.2*
2  7 . t
0  0 .0
0  0 .0
0  0 .0
1  8 .3

SMK
SMK
SOKD

I
I

BLACKSMITH/JUV
B LACKSMiTH/TOTAL
BLACKSMITH/TOTAL

1
1
4

3
3
3

7
7
7

42"9"
42.9x
42"9

14"3
14 .3
57"  1

HALFMOON/AD
HALFMOON/SAD
HALFMOON/SAD
HALFMOON/TOTAL

39
8
b

39

SMK
SMK
SOKD
SMK

i 3
3
i

t?

33.3*
37 .5
16  "7
30.8"

I  2 .6
3  37 .s
3 50.0*
I  2 .6

8
9
5

i6
t5

SMK
SOKD
SMK
SMK
SOKD

I
t
I
I

KELPFISH,
KELPFISH,
KELPFISH,
KELPFISH,
KELPFISH,

gi  ant /JUV
g' iant /JUV
gi anI/SAD
gi ant/TOTAL
g i anI/TOTAL

3
3
4
6
5

37.5
33"3
66 .7
37 .s
33"3

3 37.s
5 55 .6
2 33"3
6 37"s
7 46"7

I
I
T N-+



APPENDIX  N  - . TABLE  2  ( con t i nued )

SONGS

I
I
I
I
I

Taxon, /L i  fe  Staoe
Con t ro l
Locat i  on

N
Dates

CONTROL

lf o/
tf /o

J . U

47.1
L7 .4
0 .0

PERCH, b l  ack, /AD
PERCH,  b lack /SAD
PERCH, b lack/SAD
PERCH, b lack/TOTAL

SOKD
SMK
SOKD
SOKD

33
t7
23
33

1
8
4
n

13
7

1 i
9

39.4*
41.2
47.8*
27.3"

PERCH, kelp/T0TAL SOKD 46 0.0 15.2

PERCH,  p i  1e lAD SMK 25 28.0" 24.0

SEAPERCH,
SEAPERCH,
SEAPERCH,
SEAPERCH,
SEAPERCH,

rai nbow/AD
rai nbow,/SAD
rai nbow/SAD
rai nbow/TOTAL
ra' inbow/T0TAL

T7
6

11
4

I4

?8
13
19
18
30

SOKD
SMK
SOKD
SMK
SOKD

60.7*
46.2
57 .9*
22 .2
46.7"

0  0 .0
7  s3 .8
2  10 .5

11  61 .1*
0  0 .0

I
I
t
t

SEAPERCH, rubberl i p/T0TAL
SEAPERCH, rubberl i p/TOTAL

SMK
SOKD o

5
t2

i5
23

33.3
52.2

33.3
26.', I

SEAPERCH, whi te /SAD
SEAPERCH, whi te /SAD

SMK
SOKD I819

t7
2T. I
0 .0

42.'1"
17 .6

SENORiTA/AD
SENORITA/AD
SENORITA/JUV
SENORiTA/JUV
SENORiTA/SAD
SENORiTA/SAD
SENORITA/TOTAL
SENORITA/TOTAL

SMK
SOKD
SMK
SOKD
SMK
SOKD
SMK
SOKD

25
28
2T
16
25
20
25
28

T0
U

13
7

11
4
0
0

0.0
0 .0

61 .9*
43.8
4 .O"
20.0
0 .0
0 .0

0  0 .0
0  0 .0
0  0 .0
4 25.O
2 8 .0
5  25 .0*
0  0 .0
0  0 .0

SHEEPHEAD, Cal  i f . /JUV
SHEEPHEAD,  Ca1 i f . / JUV
SHEEPHEAD, Cal  i  f .  /SAD
SHEEPHEAD, Cal  i  f . /SAD

SMK
SOKD
SMK
SOKD

6.7
5 .9
0 .0
0 .0

13 .3
5 .9
6 .7
0 .0

30
34
30
34

4
z
2
0

2
2
0
0

I
l
I
I
I
I
T{-5
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APPENDIX  N  . - TABLE 2  ( con t i nued)

SONGS CONTROL

Taxon/L i  fe  Staoe
Contro l
Locat i  on

SMK
SOKD

N
Dates

SILVERSiDES/TOTAL
SI LVERSIDES/TOTAL

25
34

8
10

32.0*
29.4

20 .0
32.4

5
11

I
I

WRASSE,
WRASSE,
WRASSE,
I,JRASSE,
TJRASSE,

rock,/AD
rock/AD
rock/SAD
rock/T0TAL
rock/T0TAL

34.5*
31 .3*
71.4r ,x
31.0*
28 .  1 "

SMK
SOKD
SMK
SMK
SOKD

10.3
b . J

0.0
3 .4
0 .0

29
32
14
29
32

3
2
0
1
0

10
10
10
9
9

t
I
I
I
I
I
I
t
t
I
I
I
T

* I nd i ca tes  case
o f  s i  ng1  e -ze ro

* * I nd i  ca tes  case
percentage of

tha t  passed  add i t i v i t y  t es t
obse rva t ' i ons  a t  one  o r  t he

tha t  f a i l ed  add i t i v i t y  t es t
s ing ' l e -ze ro  obse rva t i ons  a t

despi te  large percentage
o the r  l oca t i on

(pe rhaps )  because  o f  a  l a rge
one  o r  t he  o the r  l oca t i on .

i l -6



APPENDIX N . .  TABLE 3

KELP BED FISHES: SUMMARY OF BINOMIAL TEST RESULTS FOR TAXA AND LiFE STAGES OF
FTSF'Es-FOR wHTcI[THts rEST wAS usED T0 EVALUATE BAcI cHANGES IN LiEu 0F THE T-TEsr.
(The  b inomia l  tes t  a l te rna t i ve  was  used  on ly  i f  a  la rge  percen tage  o f  s ing le -zero
observa t ions  in  the  base l ine  da ta  was  l i ke iy  to  have  resu l ted  in  e i the r  an  (A)
:Pyn ious ' l y  re iec ted  add i t i v i t y  tes t  (many zeros  a t  one or  the  o ther  loca t ion)  o r  a
(g l  spur ious ly  accep ted  add i t i v i t y  tes t  (many  zeros  a t  bo th  loca t ions ) .  See
Append ix  N,  Tab ' le  2  f  o r  a  ta ]1y  o f  the  f requency  o f  zero  observa t ions  and Sect ion
3 .2 .2 .3  fo r  fu r the r  exp lana t ion  ( * *  =  .05  >  P  >  .01 ;  * * *  =  .01  >  P  >  .001 ;  * * * *  =  P
<  .001 .  )

I
I
t
I
I
tTaxon, /L i  f  e  Stage

Contro I

Locat ion NB NA PB PA PAIPB PR0Bz

(A) MANY ZERoS AT oNE 0R

h/RASSE, rock,/.SAD

OTHER LOCATION:

SMK 14 15 2 .73  1  .  46 .14.13

T
I
t
I
I
l
I
t
t

(B) MANY ZEROS AT BOTH LOCATI0NS:

BLACKSMITH/TOTAL SOKD
HALFMOON/SAD SMK
KELPFISH,  g ian t /JUV SMK
KELPFISH, gi  ant , /JUV SOKD
KELPFISH,  g ian t /SAD SMK
KELPFISH, gi  ant , /TOTAL SMK
KELPFISH, giant/TOTAL S0K0
PERCH, black/SAD SMK
SEAPERCH , ra i nbow,/SAD SMK
SEAPERCH, rubber l  ipITOTAL SMK
SEAPERCH, rubber l  i  p/TOTAL SOKD
SENORiTA, JUV SOKD
SILVERSIDES/TOTAL SOKD

7

8

8

9

6

16

i5

t7

13

15

23

16

34

4

7

8

11

13

13

11

15

J

5

4

13

10

.14

.31

.45

.59

.17

.48

.59

.23

.41

.55

.52

.25

.47

.25

.68

.37

.53

.2 t

. zo

.27

.10

.18

< .01

.31

.99

.42

4 .05

. t o

.89

.89

.63

.38

.19

.69

1 .  15

.06

i .01

2 .2 t

1 .  19

2.3r
.47

.?9

.12

.88

t .92

2 .92

.38

.28

1 .  54

.03

5 .83

.23

.02**

.64

.77

.90

.38

.06

.004***

.71

.78

.12

.98
< .0001** * *

I
I
I
T

r{-7



I
I
t
I
I
I
I
I
t

APPENDIX  N  - -  F IGURES 1  .  83

KELP BED FISHF€: (DIFFERENCES IN) OBSERVED DENSITIES OF SELECT SPECIES
nr THn fuffi(soKu) AND ETTHER oF THE T$ro coNTRoL LocATroNS (sld(, soKD)
DURING THE FALL 1980-81 PREOPERATIONAL AND FALL 1985-85 OPERATIONAL
MONITORING PERIODS. Densi t ies are est imated mean numbers per  1,000
m*-*3.  Densi t ies are i l lust rated in  the top two panels  of  each f igure and
del tas (d i f ferences)  in  densi t ies in  the bot tom paneJ. .  Sampl ing dates
are l is ted in  Appendix  J ,  Table 1.  In  cases where data are analyzed by
t - test ,  densi ty  data are p lot ted as the most  appropr ia te of  the
addi t ive,  1og-10 t ransformat ions and as the del tas of  th is
t ransformat ion (see Appendix  M).  For  cases analyzed by b inomia l  test ,
the raw densi ty  data are p lot ted in  the top two panels .  F igures inc lude
each  o f  t he  61  cases  tha t  were  s ta t i s t i ca l l y  t rac tab le ,  p lus  22  o the rs
for  which s tat is t ica l  tests  were inappropr ia te (Appendix  M).  For  the
lat ter  22 cases,  raw densi ty  data are p lot ted for  impact  and contro l
locat ions in  the top two panels ,  but  the bot tom panel  is  le f t  b lank.

I
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I
I
I
I
I
t
t
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APPENDIX O - -  Deta i led Analyses of  F ish--Kelp Relat ions



CURVE F ITT ING FOR F ISH -  KELP RELATIONS

Pr ior  to  per forming regress ion and ANCOVA analyses for  our

eva lua t i on  o f  t he  i n te r re la t i onsh ips  o f  f i sh  dens i t y ,  ke lp  dens i t y ,

ind ices of  abundance for  benth ic  habi ta t  formers and bot tom type,  w€

explored the nature (shape)  of  the funct ional  re la t ion between f ish and

kelp.  F i ts  to  log f ish data were generated for  two nonl inear ,

b io log i ca l l y  i n tu i t i ve ,  mode ls  and  one  l i nea r  mode l :

1og  f i sh  dens i t y  =  A  +  B : ' <  { ( 1  +  ke lp  dens i t y ) * ' ' .  ( -P ) } .

1og  f i sh  dens i t y  =  A  +  B  *  EXP{ ( -P )  *  ke l p  dens i t y } .

1og f ish densi ty  = A + B * '  ke lp densi ty .

(1)

(2)

(3)

The nonl inear  models  (1)  and (2)  were evaluated us ing nonl inear

reg ress ion  (SAS PROC NL IN :  SAS,  Inc .  1985) .  L inea r  reg ress ion  was  used

fo r  mode l  ( 3 ) .  Mode l  ( 3 )  f i t s  a  s t r a i gh t  l i ne  be tween  l og f i shdens i t y

and ke lp densi ty  where the s ign of  B (+ or  -  )  ind icates i f  the

re la t i onsh ip  i s  pos i t i ve  ( i nc reas ing  f i sh  w i th  i nc reas ing  ke lp )  o r

nega t i ve  (dec reas ing  f i sh  w i th  i nc reas ing  ke lp ) ;  A  es t ima tes  1og  f i sh

abundance when no ke lp is  present .  Models  (1)  and (2)  f i t  S-shaped

curves wi th  a threshold in  f ish densi ty  for  zero or  low kelp densi ty  and

another  threshold in  f ish densi ty  for  very h igh ke lp densi ty .  The

parameters A and B characterize these thresholds whereas P f i ts the

steepness of  the S-curve.  For  negat ive va lues of  B,  the qrrve begins at

A  +  B  and  r i ses  to  A  ( remember  B  i s  nega t i ve )  i n  an  S -shape  ( i , e . ,  a

pos i t j . ve  re la t i on  be tween  f i sh  and  ke lp  dens i t y ) .  Fo r  pos i t i ve  va lues

of  B,  the cu: r re begins at  A + B and fa l1s to  A in  an " inverse"  S-shape (a

negat i .ve re la t ion) .  A11 3 models  were appl ied to  the data of  each major

spec ies  and  componen t  l i f e - s tage  o f  f i sh  encoun te red  a t  SOK in  1985-86 .

Exponent  va lues fo i  models  (1)  and (2)  were der ived independent ly  and

eva lua ted  separa te l y  f o r  each  spec ies  and  l i f e -s tage .  The  mos t

app rop r ia te  mode l  ( i . e . ,  i nve rse ,  exponen t ia l ,  o !  raw)  was  chosen  on

the basis  of  the best  f i t  (h ighest  n2)  among the var ious regress ion

o- l
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r e l a t i onsh ips .

ke lp  dens i t i es

Bo th  pos i t i ve  and

were considered for

negat ive re la t ions between f ish and

each  spec ies  and  l i f e  s tage  o f  f i sh .
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APPENDIX  O  . .  TABLE  1

KELP BED FISHES: DIVER ESTIMATES OF DENSITIES OF GIANT KELP PLANTS PRESENT ON

BOTTOM TRANSECTS AT SAN MATEo KELP BED (SMK) AND AT SAN oNoFRE KELP BED (SoK) DURING

EACH 0F  4  FALL  PERi0DS (1980 ,  1981 ,  1985 ,  ANo  1986 .  Dens i t i es  a re  the  number  o f

r r j uven i l e -o r -o l de r ' r  p l an t s  ( i . e . ,  L  m  o r  t a l l e r :  Dean  i 980 )  p resen t  on  random be l t -

t ransec ts  o f  225  ̂ 2 ,  s tandard i zed  to  number  pe r  i 00  m2 .  N  s ign ' i f i es  number  o f

t ransec ts .

KELP PLANT DENSITY PER 100 M2

il
T
l
t
t
I

Locat i  on

SMK

S0KUout

SOKUi n

S0KDout

S0KDi  n

S0Ki nbetween

Cobbl  eup

Cobbl  edn

Mean Std

18 .4  6  .52

13 .5  5 .  18

N/A

N/A

1 i .5  4 .96

N/A

N/A

N/A

Mean Std N

33 .1  7  .25  48

?7 .4  5 .83  48

8 .5  4 .42  48

22 .0  6 .98  48

10 .5  3 .70  48
--no data--

0 .5  0 .7 i  48
--no data--

std

58.  1  36 .3  4?

10 .5  3 .6  42

2 .5  2 .4  48

10 .4  3 .9  48

4 .0  2 .3  36

13 .5  5 .8  18

0 .0  0 .0  24

0 .4  t .2  24

Fal  I  1980 Fal ' l  1981

Mean Std

68.2  37 .40  78

t2. .2 4.  95 78

N/A

N/A

4t .7  25 .0  78

N/A

N/A

N/A

Fal I 1985 Fal  I  1985

N

101

102

L02

t
I
I
I
I

NN Mean

I
I
t
t
I
I
I
I

b-g
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APPENDIX O . -  TABLE 2

KELP BED FISHES: LOCATION MEANS AND RESULTS 0F A POSTERIORI CONTRASTS AMONG
bGTiONf Fo-R-mm- 0F FIVE SEABED-ASsocIATED eroLoeIcAmRnB-LES SAMpLED AT sIX
STATIoNS iN SAN MATE0 KELP BED (SMK) AND AT SAN oNoFRE KELP BED (SoK) DURING FALL
1985 .  A l l  va l ues  a re  sub iec t i ve  i nd i ces  ( r ange :  1  -  4 ;  whe re  1  =  n i l  t o  spa rse ,  2
=  spa rse  to  modera te ,  3  =  modera te  to  dense ,  4  =  dense  to  ve ry  dense )  o f  % cove r
(a1ga1  taxa )  o the r  re la t i ve  abundance  (_Ly tech ' i nus  u rch ins ) ,  o r  % sand  ve rsus  %
cobb le  fo r  bo t tom t ype  ( range :  l .  -  4 ;  where  1  =  mos t l y  sand ,  2  =  sand  w i th  some
cobb le ,  3  =  cobb le  w i th  some sand ,  and  4  =  mos t l y  cobb le  w i th  l a rge r  rocks .  A l l
l oca t i on  e f fec ts  a re  s ign ' i f i can t  (a t  P  <  0 .0001 ;  L -way  AN0VA)  fo r  each  o f  t he  f i ve
f  actors .  Locat i  ons that  are under l  i  ned are i  nd ' i  s t ' i  ngui  shabl  e  by !  psster i  or i
con t ras t .

Va r i  ab l  e Locat ion Contrast  Amonq Means

I
I
I
I
t

Acrosor i  um 3 .41 3  .05 2  .88 2.47  t .74  1 .03

S0KDi n Cobbl  eU S0KUi n SOKDout S0KUout SMK

Pte rygophora  1 .85 I  . 46 t .42 1  .35 1  .33 t .72

SOKUi n SOKDi n SOKDout Cobbl eU S0KUout SMKt
I
I

Cystosei  ra 2.98 2 .09

S0KDout  CobbleU SOKUi n SOKDi n

2.02 1 .37 t .20 1 .10

SMK S0KUout

SMK

I
t
I
I

Lytech ' inus 2"35 2"27

S0KUi n Cobbl  eU

1.77 1 .76 1 .51 1 .17

SOKDi n S0KDout SOKUout

Bottom
type

3.81  >  2 .50  >

SMK S0KUout

2 .33 = 2 .31 , =  2 "10 1  .85

S0KDout S0KUi n Cobbl  eU S0KD' !n

I
t
t

o-4
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APPENDIX O - .  TABLE 3

KELP BED FISHES: LOCATION MEANS AND RESULTS 0F A POSTERiORI C0NTRASTS AM0NG
FefTtdN'iF0R--EIeF- oF FIVE sEABED-AssocrATED eroLoel-cnT-vARTABLEs SAMpLED AT srx
STATI0NS IN SAN MATEo KELP BED (SMK) AND AT SAN oNoFRE KELP BED (SoK) DURiNG FALL
1986 .  A l l  va l ues  a re  sub iec t i ve  i nd i ces  ( r ange :  1  -  4 ;  whe re  1  =  n i 1  t o  spa rse ,  2
=  spa rse  to  modera te ,  3  =  modera te  to  dense ,  4  =  dense  to  ve ry  dense )  o f  % cove r
(a ]91 l  t axa )  o the r  re ' l a t i ve  abundance  (Ly tech inus  u rch ins ) ,  o r  % sand  ve rsus  %
cobb le  fo r  bo t tom t ype  ( range :  I  -  4 ;  where -T -=  nos t l y  sand ,2  =  sand  w i th  some
cobb le ,  3  =  cobb le  w i t h  some  sand ,  and  4  =  mos t l y  cobb le  w i t h  l a rge r  r ocks .  A l l
l oca t i ons  e f fec ts  a re  s ign i f i can t  (a t  P  <  0 .0001 ;  1 -way  ANOVA)  fo r  each  o f  t he
f i ve  f ac to r s .  Loca t i ons  t ha t  a re  unde r l ' i ned  a re  i nd i s t i ngu i shab le  by  a  pos te r i o r i
con t ra  s t .

t

Var i  ab l  e Loca t i on  Con t ras t  Among  Means

I
t
t
I
I
I
I

Acrosor i  um 7.7 t l .?5  =  1 .08  =  1 .05  =  i .04  >  I .02

SMK > SOKDi n = S0KDout  = SOKUout  = Cobbl  eU > S0KUi  n

Pterygophora 2. t7

S0K0i n

1 .90

S0KU i n

1 .33  = t .24  =  I . t7  =  1 .06

Cobb leU =  S0KUou t=  SMK= S0KDou t , I
Cys tose i  ra 2.27  = 2.r7 = 2 .04  = 1 .86  >  L .52  =  1 .31

I
S0KDout  = 50KUin = Cobb' leU = S0KDjn > SMK = S0KUout

I
Lytechi  nus 2.48 2 .40 2 .29 r .78

SOKDi n

r .23 1 .07

SOKUou t  =  SOKUjn  =  Cobb leU > SOKDout = SMK I
Bottom type 3 .54

SMK

2.76 2 .50 2.23 2. t2 2.00 T
>  SOKUou t  =  SOKUin > SOKOout  = CobbleU = S0KDin t

I
I
I
I

0-6
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APPENDIX O - -  TABLE 4

KELP BED FISHES: QUALITATIVE SUMMARY OF CORRELATION MATRIX FOR GIANT KELP
DENSTff I - l " t t taEi6rEMacrocyst is)  and indices of  re lat ive abundance for f ive other
seabed-assoc ia ted  b io log ica l  var iab ' les .  The la t te r  inc lude th ree  a lga1 taxa
(where "Acrorr = AcLosorjJm, "P1.ery" = &lyggphora, 

'rCysto'r = Cysto.sei ra) ,
Lytechi nus urchi nslTffll and "Bottyp" -Fe of bottom substraffim-fri-ry
re f l ec t s  p redominan t  1985-86  pa t te rns  o f  i n te r re la t i ons  a t  s ta t i ons  (w i th ' i n  SOK
and  a t  SMK)  hav ing  g rea te r - than -spa rse  Macrocys t i s  dens i t i es .

Var i  ab ' l  e Macro Acro

Macrocyst i  s

Acrosori um*

Pterygophora

Cystosei  ra

Lytechi  nus

Bottom type

Ptery

Neg

*

Cysto

Neg

*

Pos

Lv!
Neg

*

Pos

Pos

Bo!gP-

: " '

Neg

Neg

Neg

I
I
I
I
t
I
I
I
t
t

The  in te r re la t ' i onsh ips  o f  Ac roso r ium,  g ian t  ke lp ,  and  bo t tom
type  d i f f e red  du r ing  Fa l l  1985  and  Fa l l  1986 .  I n  Fa l l  1985 ,
Acrosor jum v/as negat ive ly  re la ted to  g iant  ke ' lp  and bot tom type,
bu t  pos i t i ve ' l y  re la ted  to  the  o the r  two  a lgae  and  u rch ' i ns .  I n  Fa ' l l
1986 ,  Ac roso r ium was  pos i t i ve l y  re la ted  to  g ian t  ke lp  and  bo t tom
type ,  bu t  nega t i ve l y  re la ted  to  the  two  a lgae  and  u rch ins .  A l l
o the r  i n te r r re la t i onsh ips  were  cons ' i s ten t  be tween  the  two  t ime
per i  ods  .

o-0



APPENDIX O . .  TABLE 5

KELP BED FIsHE!:  LOCATION MEANS 0F DIVER SCORES 0F SUBCANOPY (PTERYG0PHORA)
IEUN'Dan-f oURINilrHE FALL pERioDS 0F 1e80, 1981, 1985, ANo 1986. T;Tues ar;
sub jec t i ve  ind ices  o f  pe rcen t  cover  ( range :  l .  -  4 ;  where  1  =  n i l  to  sparse ,2  =
sparse  to  modera te ,  3  =  modera te  to  dense,  4  =  dense to  very  dense) .  A lso  no ted
are  s tandard  dev ia t ions  o f  t ransec t  scores .

Preoperat i  ona I 0oe ra t i  ona l

Locat i  on Fal I  1980 Fa ' l l  1981 Fal I  1985 Fal  I  1986

SMK

S0KU(  P reop .  )  ;
SOKUou t  ( 0p . )

SOKD(  P reop .  )  ;
S0KDou t  ( 0p . )

N  t ransec ts

1.01  + .01

2 .20  +  .72

2 .10  1  .57

t02

1 .05  +  .22

1 .64  +  . 76

2.20  1  .86

78

1.12 I  .39

1.33  +  .56

1 .42  +  .24

48

t .L7  1  .44

7 .24  1  .48

t .06  7  .24

42

t
t
I
I
I
l
t
I
I
I
I
I
I
t
l
I
t
I
t

0-?
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APPENDIX O .-  TABLE 6

KEL! BED FlsHEs: SUMMARY 0F SIGNIFICANT iNTERRELATIONSHIPS 0F FISH DENSITY,
GFoENSITilAND-YEAR FoR coMpoNENT LIFE-srAcEs oF 14 sELEcr rAxA. Resutts are
based  on  genera l  l i nea r  mode l  f i t s  o f  i og  f i sh  dens i t y  ( t ' l ogdens r ' :  #s /1000  m**3 )
and kei p densi ty ( " ki p" : #s/100 m**2) .for the two Fal 

' l  
samp'l ' ing periods ( "yr" :

1985 ,  1985) .  A l l  eva lua t i ons  a re  res t r i c ted  to  the  f i ve  s ta t i ons  samp led  w i th in
San Onofre Kelp bed (S0K) dur ing each of  the two years.  The ke ' lp-by year
i n te rac t i on  t e rm  ( k l p *y r )  i s  i nc l uded  i n  t he  mode ' l  on ' l y  i f  s i gn i f i can t  (P .  0 .05 ) .
An  r rns r r  s ign i f i es  tha t  a  ma in  e f fec t  i s  i ns ign i f i can t .  A1 ' l  mode ' l s  i nc lude  an
intercept  term.  Sample s izes range f rom 57 (canopy and canopy-midwater  taxa)  to
69 (cosmopo' l  i tes)  to  73 (bot tom taxa) .  (See AppendiX M,  Table 1 for
c lass i f i ca t i on  o f  t axa ) .  A l so  no ted  i s  t he  mode l  R* *2  and  the  p robab i l i t y  t ha t
the observed R**2 va1ue is  equal  to  zero.

D-8



Taxon

BASS,
barred
sand

Li  fe

Stage

AD

JUV

sA0

TOTAL

Logdens

Logdens

Logdens

Logdens

k l  p (  ns )

k i  p (  ns)

k ' lp yr

k lp  y r

APPENDIX  O - -

Mode'l

TABLE 6

R2_

yr

y r (ns)  k lp*y r

.184

.391

.176

.238

PROB

.0008

.0001

.  0011

.0001

BASS,  ke lp AD

JUV

OJ

SAD

TOTAL

YOY

Logdens

Logdens

Logdens

Logdens

Logdens

Logdens

k lp (ns )  y r (ns )  k lp *y r

k ' lp yr  k lp*yr

k1p yr k ' lp*yr

kl p yr k' lp*yr

k ip  y r  k1p*yr

k lp  y r (ns)  k lp*y r

.329

.534

.485

.445

.512

.356

.0001

.0001

.0001

.0001

.0001

.0001

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

BI.ACKSMITH JUV

TOTAL

k lp  y r (ns )

k lp  y r (ns )

Logdens

Logdens

.084

.185

n q q

.0012

HALFMOON AD Logdens

SAD Logdens

' 
TOTAL Logdens

k ' lp (  ns)

k1  p(  ns)

k ' lp (  ns)

yr

y r (ns )

yr

.549

.059

.582

.0001

. ) ,94

.0001

KELPFISH,
g i  an t

JUV

SAD

TOTAL

Logdens

Logdens

Logdens

k lp  y r

k lp (ns )  y r (ns )

k1p(ns )  y r (ns )

kl p*yr

kl p*yr

.023

.0001

.0001

.108

.447

.399

PERCH,
b i  ack

AD

SAD

TOTAL..

Logdens

Logdens

Logdens

k lp  y r (ns )

k lp  y r (ns )

k lp  y r (ns )

kl p*yr

kl p*yr

kl p*yr

.435

.345

.205

.0001

.0001

.0012

I
T

0-g



APPENDIX  O - - TABLE 6 (cont inued)

Taxon

Li fe

Staqe ttlodel
)

R- PROB

PERCH, ke' lp T0TAL Logdens = k1p(ns) yr(ns) k lp*yr .735 .0001

PERCH,  p i le  AD

SAD

TOTAL

k ' lp (ns)  y r (ns)  k lp*y r

k lp  y r (ns )

k lp  y r

Logdens

Logdens

Logdens

.353

.171

.232

.0001

.0014

.0001

SEAPERCH,
rai nbow

AD Logdens

SAD Logdens

T0TAL Logdens

k lp (ns)  y r (ns)  k lp*y r

k lp  y r

k lp (ns)  y r (ns)  k lp*y r

.205

.094

"25s

.0012

.a32

.0001

SEAPERCH,
white

AD Logdens

SAD Logdens

TOTAL Logdens

k lp  y r (ns)

k lp  y r (ns )

k lp  y r (ns )

.101

.119

.299

.030

.0t52

,0003

I
I
l
t
I
I
I

t
T
I
I
I
T
t
t
I
I
7

SENORITA AD

JUV

SAD

TOTAL

Logdens

Logdens

Logdens

Logdens

k lp  y r

k lp  y r

k lp  y r (ns)  k lp*y r

k lp  y r

.439

.r22

.280

.428

.0001

.014

.0001

.0001

SHEEPHEAD,
Ca ' l i fo rn ia

Logdens

Logdens

Logdens

k l  p (  ns)

k l  p (  ns)

k l  p (  ns)

yr k lp*yr

y r (ns )

yr

JUV

SAD

TOTAL

.383

.004

.257

.0001

.86

.0001

0-  to



Taxon

SI  LVERSIDES

Li fe

Stage

TOTAL

APPENDIX  O - - TABLE 6  ( con t i nued)

Model R2 PRoB

Logdens =  k1p(ns)  y r  k ' lp *y r .175 .016

ITJRASSE,
rock

AD

JUV

SAD

TOTAL

Logdens

Logdens

Logdens

Logdens

.385

.497

.277

.345

.0001

.0001

.0001

.0001

k lp  y r

k lp  y r (ns)  k1p*yr

k ' lp yr

k lp  y r

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

0-  i l



I
t
I
t
I
I
T
I
I
t
I

APPENDIX O - -  TABLE 7

KELP BED FISHES: LIST OF PARSIMONIOUS MODELS REL\TING FISH DENSITY WITH FIVE
ff i [ ' tgTRiff i  pt-us GIANT KELp, AND THEiR yEAR cRoss-pRoDucrs. Resutts are
based  on  genera l  l i nea r  mode ' l  f i t s  o f  )og  f i sh  dens i t y  ( " i ogdens t ' :  #s /1000  m**3 ) ,
ke lp  dens i t y  ( " k lp " :  #s /100  m**2 ) ,  abundance  i nd i ces  o f  Ac roso r ium (ac r ) ,
subcanopy Pterygophora (sc) ,  Cystosei ra (cys) ,  Lytechinus urch ins (Tvt ) ,  and an
index of  bot tom substrate type (bt )  dur ing the two (Fa ' l ' l  1985,  Fa ' |1  1986)  sampl ing
per iods.  A ' l l  evaluat ions are rest r ic ted to  the f ive s tat ions sampled wi th in  San
0nofre Kelp bed (SOK) dur ing each of  the two years.  Main ef fects  and fn teract ion
te rms  a re  i nc luded  i n  the  mode l  s ta temen t  on l y  i f  P  <  .15  us ing  the  " s tepw ise r r
method of  SAS PR0C STEPII I ISE.  A ' l l  models  inc lude an in tercept  term.  Sample s izes
I1nge from 57 (for canopy and canopy-midwater taxa) to 61-59 (cosmopolites) to 65-
73  (bo t tom taxa ) .  (See  Append ix  M,  Tab le  I  f o r  c iass i f i ca t i on  o f  t axa . )  A ' l so
noted is the model Ri*Z and the probabil i ty that the observed R**2 vaiue is equal
to  zero.

l
I
il
I
t
I
I
T

0- t2



Taxon

BASS,
barred
sand

Li  fe

Stage

AD

JUV

SAD

TOTAL

APPENDIX  O  - .

Model

TABLE 7

Rz PRoB

Logden s

Logdens

Logden s

Logden s

k1 p cys*yr

k lp"yr  cys
bt*yr

acr

ac r

l v t

l v t

.540

-579

.395

.475

.0001

.0001

.0001

.0001

sc

sc

1yt  sc

' lyt 
sc

BASS,  ke lp AD

JUV

OJ

SAD

TOTAL

YOY

Logdens

Logdens

Logdens

Logdens

Logdens =

Logdens =

k lp k lp*yr

k lp  k lp*yr

k lp  k1p"y r

kl p*yr cys
lyt sc*yr

k lp  k lp *y r
sc*yr

k lp  k lp*yr

Ivt

cys sc*yr

cys sc*yr

cys*yr

cys 1yt

lyt*yr

.468

.598

.692

.7L3

.700

.369

.0001

.0001

.0001

.0001

.0001

.0001

t
I
t
I
t
t
I
I
t
t
t
I
t
t
I
t
I
I
il

BLACKSMITH JUV

TOTAL

k lp  cys  l y t

k l p

Logdens

Logdens

.288

.194

.0003

.0004

HALFMOON AD Logdens

SAD Logdens

T0TAL Logdens

yr

y r

yr

.649

.057

.582

.0001

.075

.0001

KELPFISH,
g i  an t

JUV

SAD

TOTAL

Logdens

Logdens

Logdens =

k lp*y r  b t

k lp*yr 1yt*yr  sc*yr
bt*yr

yr  k lp*yr acr lyt*yr
sc*yr bt

.144

.500

.547

.01

.0001

.0001

0- t5



Li fe

Staqe

AD

SAD

TOTAL

Logdens

Logden s

Logdens

kl p*yr cys

k lp  k1p*yr

k lp  k lp*y r

APPENDIX O - -  TABLE 7  (cont inued)

Model R2 PROBTaxon

PERCH,
b i  ack

lv t

cys

cys

bt

lvt

.550

.675

.662

.0001

.0001

.000 I

PERCH, kelp T0TAL Logdens = k lp  k lp*yr .73+ .0901

PERCH,  p i le  AD

SAD

Logdens

Logden s

T0TAL Logdens =

klpryr ]yt

k lp  acr  acr*yr  cys
cys*yr lyt lyt*yr

k lp  k ' l p *y r ' cys  l y t

.408

.E86

.550

.0001

.0001

.0001

I
I
T
I
I
I
I
t
I
t
I
I
I
T
I
I
I
I
T

SEAPERCH,
rai nbow

A0 Logdens

SAD Logdens

T0TAL Logdens

cys lyt

acr*yr cys sc

cJrs lyt bt*yr

kl p*yr

y r  k lp

klp*yr

.360

.220

.432

.0001

.01

-0001

SEAPERCH,
whi te

AD Logdens

SAD Logdens

T0TAL Logdens

k' lp k1p*yr

k lp  k lp*y r

k lp  k1p*yr

.t27

.190

.186

.02

.002

.003

SENORiTA AD

JUV

SAD

TOTAL

Logdens =

Logdens

Logdens

Logdens

sc*yr

bt

k lp k lp*yr cys
bt*yr

kl P k'lp*. 'rr sc

k lp  k1p*yr  sc

klp k1p*yr cys
sc*yr bt

sc

.656

.297

.389

"674

.0001

.0005

.000 i

.0001

SHEEPHEAD,
Ca l  i fo rn ia

Logdens = cys*yr sc

No  s i gn i f i can t  mode l

Logdens = sc bt*yr

JUV

SAD

TOTAL

bt*yr

found

.470

.400

.0001

.0001

0- l t



Taxon

SILVERSIDES

Li  fe

Stage

TOTAL

APPENDIX  O . . TABLE 7 (cont i  nued)

Model R2 PROB

No s ign i f i can t  mode l  f ound

WRASSE,
rock

AD

JUV

SAD

TOTAL

Logdens

Logden s

Logdens

Logdlns

kip*yr acr

k ' lp k1p*yr

klp cys*yr

klp cys*yr

lvt

cys

sc*yr

.383

.534

.334

.394

.0001

.0001

.000 i

.0001

t
T
I
I
I
t
T
I
t
T
t
I
t
T
I
I
I
I
il

0- t5
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APPENDIX O . -  TABLE 8

KELP BED FISHES: SUMMARY OF SiGNIFICANT RELATIONSHIPS BETb,EEN FISH DENSITY AND
Tn-il-t'toTfpfR5Tm0-tttous sUITE 0F SIGNIFIcANT co-vARIATES IDENTIFIED By srEprdlsE
MULTIPLE REGRESSi0N.  Resul ts  are based on genera l  ' l inear  

model  ANCOVA f i ts  o f  1og
f i sh  dens i t y  ( r ' l ogdens r ' :  #s /1 .000  m**3 )  t o  po ten t i a l l y  s ign i f i can t  mode l  t e rms
inc iud ing  ke lp  dens i t y  ( t ' k l p " :  #s /100  m**2 ) ,  abundance  i nd i ces  o f  Ac roso r ium
(ac r ) ,  Cys tose i ra  ( cys ) ,  subcanopy  P te rygophora  ( sc ) ,  l l y tech inus  u rch ins  ( i y t ) ,
and an index of  bot tom substrate type (bt ) ,  p lus jocat ion (1oc)  as the remainder
o f  a ' l l  non random va r ia t i on .  A ' l l  cova r ia tes  ( i nc lud ing  yea r  c ross -p roduc ts ,  bu t
exc lud ing  l oca t i on )  were  i nc luded  on l y  i f  p robab i ' l i t i es  i n  t he  p reced ing  s tepw ise
mu l t i p le  reg ress ion  were  0 .15  o r  

' l ess  ( t he  l a t t e r  resu ' l t s  a re  summar i zed  i n
Appendix  0,  Table 7) .  The data used were co i lected dur ing two (Fa1l  1 .985,  Fa] l
1986)  sampl ing per iods.  A l l  evaluat ions are rest r ic ted to  the f ive s tat ions
sampiedwi th in  San 0nofre Kelp bed (SOK) dur ing each of  the tvro years.  A l l  models
inc iude an in tercept  ter rn.  Sample s izes range f rom 57 ( for  canopy and canopy-
midwater  taxa)  to  60 (cosmopoi i tes)  to  54 (bot tom taxa) .  (See Appendix  M,  Table 1
fo r  c lass i f i ca t i on  o f  t axa . )  A l so  no ted  i s  t he  mode l  R* *2  and  the  p robab i l i t y
tha t  t he  obse rved  R* *2  va lue  i s  equa l  t o  ze ro "

0 - l l ,



Taxon

BASS,
barred

sand

Li fe

Stage

AO

JUV

SAD

TOTAL

Logdens

Logdens

Logdens

Logdens

k1 p cys*yr

k1p*yr cys
bt*yr

acr 1yt  sc

acr 1yt  sc

APPENDIX  O - -

Model

TABLE 8

R2

1yt  sc

iyt  sc

.540

.579

.395

.475

PROB

.0001

-0001

.0001

.0001

BASS, ke lp AD

JUV

OJ

SAD

TOTAL

YOY

Logdens =

Logdens =

Logdens =

Logdens =

Logdens =

Lojdens =

kl p k' lp*yr

k ip  k ' lp*yr

kl p kl p*yr

kl p*yr cys
sc*yr

k ' lp  k l  p*yr
sc*yr

k lp  k lp*yr

ly t  Toc

cys sc*yr.

cys s.cxyr

cys*yr ]yt

cys lyt

lyt*yr

.504

.598

.692

.713

.700

-359

.0001

-0001

.000 i

.0001

.0001

.0001

t
I
t
I
I
T
I
I
I
t
I
I
I
t
t
I

BLACKSMITH JUV

TOTAL

k ' lp  cys 1yt

k ' lp

Logdens

Logdens

.288

.194

.0003

.0004

HALFMOON AD Logdens = yr

SAD No si gni f  i  cant mode'l  found

T0TAL Logdens = yr

.649

.582

.0001

.0001

KELPFISH,
g i  an t

JUV

SAO

TOTAL

Logdens

Logdens

Logdens =

k1p*yr bt

k1 p*yr 1yt*yr sc*yr
bt*yr

yr  k ip*r  acr 1yt*yr
sc*yr bt

.144

.600

.547

.011

.0001

.0001

I
I
t

0- r?
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APPENDIX  O - - TABLE 8 (cont inued)

Taxon

Li fe

Staqe

AD

SAD

TOTAL

Model PROBR2

PERCH,
b l  ack

Logden s

Logdens

Logdens

kl p*yr cys

k lp  k lp *y r

k lp  k lp "y r

.550

bt i oc .754

lyt .662

lvt

cys

cys

.0001

.000i

.0001

PERCH, kelp T0TAL Logdens = k lp  k lp*yr  loc .818 .0001

PERCH,  p i l e  AD

.SAD

Logdens

Logdens

TOTAL Logdens =

k]p*yr  ly t

k ip  acr  acr*yr  cys
cys*yr iyt 1yt*yr

k lp  k ' lp*yr  cys 
' ly t

-408

.686

.550

"000L

.0001

.0001

SEAPERCH,
rai  nbow

AD Logdens

SAD Logdens

TOTAL Logdens

cys lyt

acr*yr cys sc

cys lyt bt*yr

k'lp*yr

y r  k ip

kip"yr

.360

.220

.432

.0001

.01

.0001

SEAPERCH,
whi te

AD Logdens

SAD .Logdens

T0TAL Logdens

k lp  k lp*y r  loc

k1p k ' lp*yr

ki  p k1 p*yr

.280

.190

.186

.002

" 002

.002

t
l
I
I
I
I
I
I
I
I

SENORlTA AD

JUV

SAD

TOTAL

Logdens =

Logdens

Logdens

Logdens

klp k lp*yr  cys sc*yr
bt*yr  loc

k l p . k l p *y r  sc  b t

k lp  k lp *y r  sc  l oc

k lp  k lp *y r  cys  sc
sc*yr bt I  oc

.770

.297

.444

.760

.0001

.0005

" 0001

.0001

SHEEPHEAD,
Ca l i fo rn ia

JUV

SAD

TOTAL

Logdens = cys*yr sc bt*yr

No  s ign i f i can t ,  mode l  f ound

Logdens = sc bt*yr  loc

.470

.452

.0001

.0001

0- t8



APPENDIX  O . - TABLE 8  ( con t i nued)

Taxon

Li fe

Staqe Model g2-

.2r3

PROB

SILVERSIDES TOTAL Logdens  =  l oc .005

wMssE,
rock

AD

JUV

SAD

TOTAL

Logden s

Logdens

Logdens

Logdens

k ' lp*yr  acr

k1p k ' lp*yr

k lp  cys*yr

klp cys*yr

l v t

cys

sc*yr

.383

.534

.334

.394

.0001

.0001

.0001

.0001

I
I

0 '  t l
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APPENDIX O .-  TABLE 9

[(ELP BED FlsHEs: SUMMARY 0F PARTIAL R-SQUARED VALUES FOR EACH C0VARIATE (PLUS
[0GIt0N-rFTEeT-As rHE REMATNDER 0F ALL r,roll-nnnooM vARrATroN) TNcLUDED lN rHE
FINAL MODEL DESCRIBING THE INTERRELATIONSHIPS OF FISH DENSITY AND OTHER MEASURED
(A)BI0TIC VARIABLES. Resul ts  are based on genera l  l inear  msdel  ANCOVA f i ts
(Appendix  0,  Table 8)  o f  iog f ish densi ty  ( " logdens" :  #s/7000 m**3)  to  potent ia lTy
s ign i f i can t  mode l  t e rms  inc l r i d ing  ke lp  dens i t y  ( t t k l p t t :  #s /100  m**2 ) "  abundance
ind i ces  o f  Ac roso r ium (ac r ) ,  Cys tose i ra  ( cys ) ,  subcanopy  P te rygophora  ( sc ) ,
Ly tech inus  u rch ins  ( ' l v t ) ,  and  an  i ndex  o f  bo t tom subs t ra te  t ype  (b t ) , -p1us
loca t ' i on  ( ' l oc )  as  the  rema ' i nde r  o f  a ' l l  non randon  va r ia t i on .  A l l  cova r ia tes
( i nc lud ing  yea r  c ross -p roduc ts  - - f l agged  by  as te r i sks  - -bu t  exc lud ing  l oca t i on )
were  i nc iuded  on l y  i f  p robab i l i t i es  i n  t he  p reced ing  s tepw ' i se  mu l t i p ie  reg ress ion
were 0.15 or  less ( the la t ter  resul ts  are summar ized in  Appendix  0,  iab le 7) .  The
data used were co l iected dur ing two (Fai l  1985,  Fal j  f985)  sampl ing per iods.  A l l
evaluat ' ions 'are rest r ic ted to  t t re  t tvL s tat ions samp' led wi ih in  San 0-nofre Kelp bed
(SOK)  du r ing  each  o f  t he  two  yea rs .  A l l  mode ls  i nc lude  an  i n te rcep t  t e rm.  Samp le
s ize_s Iange f rom 57 ( for  canopy and canopy-midwater  taxa)  to  61-59 (cosmopol i tes)
to  55 -73  (bo t tom taxa ) .  (See  Append ' i x  M ,  Tab le  1  fo r  c lass i f i ca t i on  o f  t axa . )

l
I

l
I
l
I
I
I
I
I
I
I
t
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APPENDIX O - .  TABLE 9

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

Par t ia l  Rz

YR KLP(r )  ACR(* )  SC(* )  CyS(* )  LyT(* )  BT( " )  LoC

BASS,

sand

AD .04

JUV
.37( * )

SAO

TOTAL

.09

.15

!1
2?
5
9:

.16
.31(  * )

19 91-: '?
.26

n 1

BASS, AD
ke' lp

JUV

OJ

SAD

.02

.42( * )

.05

.50(  * )

.04.f(-)

.45 ( * )

.05

.49(  * )

.05

.27( * )

.06

TOTAL

YOY

BLKSMTH JUV .08

TOTAL 
I ::

.18 .03

HALFMOON AD .65

SAD

TOTAL .58

KELPFISH, JUV
g ian t

SAD
. .  .10 ( * )

.02
.42(*)

TOTAL .05
.36(  *  )

o- z l
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APPENDIX O - -  TABLE 9 (cont inued)

Par t i a l  R2

YR KLP(*)  ACR(")  SC(*)  CYS(")  LYT(*)  BT(:)  LoC

PERCH,
b l  ack

AD
'42(*  )  - -

SAD .18
-25(* )

TOTAL .16
.28(*)

9:
?!-

. t9

.10

.09t
t
I

PERCH,
kei  p

TOTAL .01
"7?( " )

PERCH,
p i  1e

AD
.37(  *  )

SAD 
?

TOTAL .20
. 11( *)

. ; ;

.02(  "  )I
I
I

SEAPERCH, AD
ra inbow .18( * )

sAD .03  .06

TOTAL
.20( * )

.06 ( * )

.05  .13

.03  .04

.08  .13
.  02(  * )

.15
I
I
t

SEAPERCH, AD .07
wh i te  .05 ( " )

sAD .15
.04(  *  )

TOTAL .15
.04(  *  )

t
I
I
I

0- 2.L



APPENDIX  O - -  TABLE I  ( con t i nued)

Par t i a l  R2

SENORITA AD

JUV

SAg

TOTAL

af .p/  *  \ I  v T l * \
:-.:a /

.  i 1

-05

.09

A T /  * \
9jr-/

. ; ;

9:

. ; ;

SHEEPHD,
Ca l  i  f .

JUV

SAD

TOTAL

.03(  * )
: : ( . )

.l lr-l

9:

.a7 .05

T
I
t
I
t
I
I
T
I
I
I
t
I
I
t
I
I
I
t

.213SLVRSIDES TOTAL

WRASSE,
rock

AD

JUV

SAD

TOTAL

.irr " l

.45
-12(* ),-1
.05

.04.05

.22

:: 9:
.21(  * )

.ilr"l.iir"r

yR Ktg(*) A!K*) sgc) cys(*) LIr(") BI.!j) Lqq

PCT VARIANCE
EXPt AiNED (ALL
TAXA & STAGES) 8t252

b- z3







APPENDIX  P  - -  Back -Up  Da ta  fo r  Abundance  Ca lcu la t i ons
of Kelp Bed Fishes



APPENDIXP . .TABLES l -4

KELP BED FISHES: ESTIMATES OF THE WEIGHTED MEAN DENSITIES OF EACH SPECIES/TAXON
OffiISMYETEOuI-TEnED oN QUANT]TATIVE TRANSEcTS IN sAN ONoFRE KELP BED DURING FALL
1985  and  i 985 .  Tab le  1  ( 1985 )  and  Tab le  3  ( 1986 )  p rov ide  es t ima tes  f o r  each
. l oca t ' i on  a t  SOK (San  Ono f re  Ke lp  bed ) ;  Tab le  2  (1985)  and  Tab le  4  (1986)  summar i ze
' da ta  f o r  s t a t i ons  o f  l i ke  ke ' l p -dens i t y  ( based  on  d i ve r  coun t s  o f  p l an t s  1  m  o r
ta11er )  a t  SOK.  F i sh  dens i t y  es t ima tes  a re  we igh ted  acco rd ing  to  the  con t r i bu t i on
o f  a l l  wa te r - co lumn s t ra ta  re levan t  t o  a  pa r t i cu la r  spec ies / taxon .  Es t ima tes  o f
mean  dens i t y  a t  SOK (Tab les  2 ,  4 )  a re  fu r the r  we igh ted  fo r  t he  a rea l  con t r i bu t i ons
o f  i eg ions  o f  va r i ous  ke lp  dens i t y .  (See  Me thods  sec t i on  and  Append ix  M,  Tab le
1 . )

I
I
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I
I
il

l
I
I
t
T
I
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t
I
I
I
I
E
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SAN

MEAN

APPENDIX P  - -  TABLE 1

ONOFRE KELP BEDS -- FALL i985

DENSITY OF FISHES PER 1OOO M2
(BY INDiVIDUAL LoCATI0N)

Cobbl  eU SOKUout  S0KDi  nSpec i  es

14.  1
0 .0

16 .8
9 .0
0 .0
0 .0
0 .0
8 .1

1 n  1
. t L J .  " t

0.5
0 .5
4 .1
0 .0
0 .0
0 .0
0"2
0 .1
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0"0
0 .0
0 .0
0 .0

53 .6

545 .0
361  .0
21.8
25 .8
63 .  0
5 .9

t I .2
10"9
8"3
0"5
2" t
J . U

3.4
0 .9
<"1
< .1
0 .6
0 .5
0 .0
0"0
< .1
0 .0
n n

0.0
0 .0
< .1
0 .0
0 .0
0 .0

278.9
0 .0

31 .  i
/ . 5

0.0
40.7
n n

3.2
0 .0
0"0
0 .0
0 .7
1 .9
0 .5
0 .0
0 .0
0 .2
0"0
< .1
< .1
0"2
0 .0
0"0
< 1

0.2
< . 1
0.0
0 .0
< .1

S0KU' in

253 .8
31 .1
8"8
o " L

0.0
1 .0

77  .3
l . b

?.7
0"1
0 .1
n o

0.4
2 .4
0"0
0"0
0"6
0 .0
0 .0
0 .0
0 .0
0 .2
n 1

0"0
0"0
0 .0
0 .1
0 .0
0 .0

S0KDout

286.4
100 .  7
47  .7
62 .? .
1 f , . 6

12 "5
0"0
t " o
? 1
t . !

r l  " J
13.  1
2 .0
4 .3
n n

4.7
1 .8
0"3
0 .0
0"3
0"2
0 .0
0 .0
0"1
0 .1
U " U

0.0
0 .0
n 1

0.0

SENORITA
SALEMA
U/RASSE, rock
BASS,  ke lp
BARRACUDA, Pac ' i f ic
MACKEREL,  j ack
S ILVERSIDES spp .
BASS, barred sand
SEAPERCH,  wh i te
PERCH,  p ' i  1e
PERCH,  b l ack
SHEEPHEAD,  ea l  i  f .
BLACKSMITH
HALFMOON
SEAPERCH, rubber l  r 'p
SEAPERCH,  ra inbow
KELPF ISH,  g i an t
PERCH,  ke lp
SHARK,  l eopard
SHARK, horn
RAY, bat
G IBBONSIA ,  spp .
HAL IBUT ,  Ca l  i f "
STINGRAY, round
THORNBACK
SC0RP i0NF ISH,  Ca l  i f .
GU iTARF iSH,  shove l  nose
PI  PFF I  SH
GREENLING,  pa in ted

A l  I  Spec ies i 055 365 .  6 337 .6 s85.0

I
I
t
I
t
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APPENDIX  P  - .  TABLE  2

SAN ONOFRE KELP BED .- FALL 1985
MEAN DENSITY OF FISHES PER 1OOO M2

(LocATioNS 0F LrKE KELP-DENSITy P0OLED)

Es t ima tes  o f  mean  dens ' i t y  (a1 l  SOK)  a re  based  on  the
we igh ted  means  o f  t he  th ree  dens i t y  reg ions .  Each
componen t  mean  i s  we igh ted  by  . i t s  con t r i bu t i on  to  the
tota l  area at  SOK.

t
I
l
I
t
T
I
T
I
I
t
I
I
I
I
I

Spec i  es

SENORiTA
WRASSE, rock
SALEMA
BASS,  ke lp
MACKEREL,  j ack
SEAPERCH,  wh i te
BASS, barred sand
SILVERSIDES spp .
SHEEPHEAD,  Ca .
BARRACUDA, Pac ' i f ic
PERCI { ,  p i l e
PERCH,  b l ack
HALFMOON
BLACKSMITH
KELPF ISH,  g i an t
SEAPERCH, ra ' inbow
SEAPERCH, rubber l  i  p
GIBBONSIA ,  spp .
RAY, bat
THORNBACK
HALIBUT,  Ca .
GUITARFISH,  shove l  nose
SHARK, i  eopard
SHARK, horn
STINGRAY, round
SC0RPIONFISH,  Ca .
GREENLING,  pa in ted
PERCH,  ke lp
P IPEF i  SH

@

Moderate-

Dens i t y

Ke lp  S ta t ionsa

415.7
34 .8

230 .8
44 .  0
9 .7
7 .7
9 .3
5 .6
2 .5

39 .  4
9 .2
7 .6
0 .5
3 .9
0 .4
0 .9
2 .4
0 .0
< .1
0 .0
< . 1
0.0
0 .?
0 . i
< .1
< .1

.  0 .0
0.2
< .1

WI

Low-

Dens i t y
h

Ke' l  p  Stat i  on s"

27t .4
19.9
1 q  c

6.8
20 .  9

1 .4
2 .4
8 .7
0 .8
0 .0
< .L
< .1
i F

L . 3

1 .1
0 .4
0 .0
0 .0
0 .1
< .1
< .1  '
< .1
< .1
< .1
< .1
< .1
< .1  : .
< .1
0 .0
0 .0

35i-

Sparse-

Dens i t y

Ke lp  S ta t ionc

14 .  1
16 .8
0 .0
9 .0
0 .0

i0 "1
8 .1
0 .0
4 . i
0 .0
0 .5
0 .5
0 .0
0"0
0 .1
0 .2
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0"0
0"0
0 .0
0 .0
0 .0
0 .0
0 .0

a q  ?

o J . o

Mean
(At  1
s0K)

r 4 , 5 . 6
18.6
14 .  0
9 .4
8 .3
o . t
o , u
3.5
2 .8
r .4
0.7
0 .6

0 .6
0 .2
0 .2
< .1
< .L
< .1
< .1
< . L
< . 1
< . 1
< . 1
< . 1
< . 1
< . 1

< . 0 1 .
<  . 0 1

1EE5

aSOKUout ,  S0KDout ; SOKUin ,  SOKDin ;  ccobb l "U

I
I
t

P-3



T
I
I
I
I
I
I
I
I
I
I
I
I
I
I

APPENDIX  P  - -  TABLE 3

SAN ONOFRE KELP BED -- FALL 1986

MEAN DENSITY OF FISHES PER 1OOO M2

(BY TNDIVTDUAL LoCATT0N)

) D e c l  e s

SENORITA
BASS,  ke lp
BARRACUDA, Paci f ic
MACKEREL,  j ack
HALFMOON
IJRASSE, rock
S ILVERSIDES spp .
BONIT0 .  Pac i f i c
SEAPERCH.  wh i te
PERCH,  ke lp
PERCH,  b i ack
BASS, barred sand
PERCH,  p i l e
SHEEPHEAD,  Ca .
SEAPERCH,  ra inbow
KELPF ISH,  g i an t
MACKEREL,  Pac i f i c
SALEMA
ROCKFISH,  ke lp
SEAPERCH,  rubber l  i o
BLACKSMITH
ROCKFISH,  o1  i  ve
STINGRAY, round
OPALEYE
RAY,  Pac i f i c  e l ec t r i c
SHARK, leopard
GIBBONSIA ,  spp .
SCORPI0NFISH,  Ca ..SARGO

GUITARFISH,  shove l  nose

Al  
' l  

Soeci  es

Cobbl eU

18.8
2 .2
0 .0
0 .0
0 .5

29 .7
0 .0
0"0
0 .0
0 .0
0 .2
q o

0.0
? R

0"0
0 .0
0"2
0 .0
0 .0
0"0
0 .0
0 .0
0"0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0"0

746 .7
50 .8

195 .7
52.7
84 .  1
47 .5
0 .0

11 .1
17 .2
10 .  5

f , . 5

5.9
1"8
9 .0
0"4
2 .3
0 .0
4 .0
0 .0
2 .3
2 .7 .
0 .0
0"1
0"2
0 .2
0 .1
0 .0
0 .0
0 .1
0 .0

979.4
79 .1
2 .9

98 .8
19 .0
38 .9
16 .5
0 .0
6 .?
1 .6
2"2
4 .8
r .2
2.5
0 .2
0 . i
0 "2
0 .0
0 .0
0 .1
0"0
0 .0
0"4
0 .0
0 .0
0 .1
0 .0
0 .1
0 .0
0 .0

S0KUi n

280 .8
44 .9

205.6
96.2
83 .0
q o 7

78.0
77  .7
0 .8
<"1
1 .0
4"0
0 .3
4 .2
0 .0
0 .4
5 .0
0 .0
0 .0
< .1
< . 1
0"0
0"0
0"0
0 .0
0 .0
0 .2
0 .0
0"0
0"0

S0KDout

536 .0
178 .0
7 t .5

111 .9
46.4
50 .  1
0 .8
4 .6

10 .8
24  "9
24 .8
49 .0
6 .4
4"9
2"3
2 .9
0 .0
0 .0

.0 .2
0"0
0"0
0 .0
0 .0

-  0 .2
0 .0
0 .0
0 .0
0 .0
0 .0
< . 1

s0K
lnbetw

302.2
2?3 .9

0 .0
5 .6

54 .  3
49.2
0 .0
0 .0

84 .0
42 .4
53"0
8"5

29.9
11 .9
9"3
3 .2
0 .0
0 .0
2 .6
0 .0
0"0
0"7
0"0
0"0
0 .0
0 .0
0 .0

.  0 .0'  0 .0
0 .0

Cobb l  eD

r . l .
0.4
0 .0
0 .0
0 .0
5 .9
0 .0
0 .0
0 .0
0 .0
l . t

2.2
0 .0
4 .7
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0"0
0 .0
0 .0
0 .0 ' -
0 "0
0 .0
0 .0
0 .0
0 .0

S0KUoutSOKDi n

50.5 1251 .3 t254 .5 943 .2  i i 25 .9 880 .7  11  .5

I
I
I
I
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APPENDIX  P  . .  TABLE  4

SAN ONOFRE KELP BED .- FALL 1985

MEAN DENSITY OF FISHES PER 1OOO M2
(LoCATIoNS 0F LIKE KELP-DENSiTy P0OLED)

Es t ima tes  o f  mean  dens i t y  (a l l  SOK)  a re  based  on  the
we igh ted  means  o f  t he  th ree  dens i t y  reg ions .  Each
componen t  mean  i s  we igh ted  by  i t s  con t r i bu t . i on  to  the
tota l  area at  S0K.

Mean

(Ar  I
soK)

246.5
40  .0
35 .  7
30 .  5
29.9
20.7
15 .7
t3 .?
5 .2
3 .4
?. .e
2.6
1.8
I . U

0.9
0 .3
0 .?
< .1
< .1
< .1
< .1
< .1
< l
< .1
< .1
< .1

<  . 01
< .01
< .01
< .01

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

Spec i  es

SENORITA
BARRACUDA,  Pac i f i c
MACKEREL,  j ack
BASS,  ke lp
WRASSE, rock
HALFMOON
SiLVERSiDES spp .
BONIT0 ,  Pac i  f i c
BASS, barred sand
SEAPERCH,  wh i te
SHEEPHEAD, Ca.
PERCH,  b ]  ack
PERCH ,  ke ' lp
PERCH,  p i  I  e
MACKEREL,  Pac i f i c
SEAPERCH, ra inbow
KELPFISH,  g ian t
SEAPERCH, rubber l  ip
SALEMA
STINGRAY, round
BLACKSMITH
ROCKFISH,  ke lp
GIBBONSIA ,  spp .
S i |ARK,  1  eopard
SC0RPI0NFISH,  Ca .
ROCKFISH,  o l  i ve
OPALEYE
RAY,  Pac i f i c  e l ec t r i c
SARGO
GUITARFISH,  shove lnose

A l ' l  Soec i  es

h
Ke lp  S ta t i onso  Ke lp  S ta t i onsc

Low-

Dens i t y

Ke lp  S ta t i onsa

528 .  3
89 .  1
56 .7

154.2
49 .0
61  . 6
0 .3
5.2

21.5
37 .  3
8 .6

27  .7
25.9
12 .7
0 .0
4 .0
2 .8
0 .8
1 .3
< . 1
0.7
0 .9
0 .0
< .1
0 .0
0 .2
0 .1
< .1
< .1
< .1

Very Low-

Dens i ty

630 .  1
104 .8

q 7 c

62.0
49 .3
51 .0
47  .3
38 .8
4 .4
3 .5
3 .4
l . D

0.8
0 .8
2 .6
0 .1
0 .2
0 .1
0 .0
0 .2  :
< .1
0 .0
< .1
< .1
< . L
0.0
0 .0
0 .0
0 .0
0 .0

Sparse -

Dens i t y

9.9
0 .0
0 .0
I . J

17 .5
0 .2
0 .0
0 .0
4 .1
0 .0
? . t
0 .7
0 .0
0 .0
0 .1
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0

1089 .3 1098 .8 36.0

P-5

451 .1

aSOKUou t ,  
SOKDou t ,  SOKinbe tween ,  bSOKUin ,  S0KDin ;  ccobb '1 .U ,  Cobb ' l e0
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APPENDIX P - .  TABLE 5

KELP EED EIIHES: ESTIMATED AREAL EXTENTS FOR REG]ONS OF VARIOUS KELP DENSITIES
AT-$U-bNDFEI€TP BED (SoK) DURING FALL 19.5, BASED oN sIDEscAN AND DOwNLOOKING
S0NAR.  Sonar  da ta  used were  those o f  EC0sys tems Management  Assoc ia tesr  S idescan
Sonar  Survey  No"  22  and Downlook ' ing  Sonar  Survey  t io .  7 .  Areas  es t in ia ted  by
e lec t ron ic  p lan imet rv  us ing  ECO-M's  A [p le  I I  Graph i i s  Tabre t .

Ke1 p
Dens i ty
Regi on

Est imated Sur face Area (Ha)
Based on

S ' i descan  Sonar  Down look ing  Sonar

o/
/o

30

T7
q ?

Rat i o  o f
S idescan :  Down look ino

Est i  mate

0 "88

0 .84

0 .69

0.76

Hi  gha

Medi  umb

Lowc

Area

25 .8

74.7

45.4

Area

29.3

17 .5

65 .0

26

R O

A l  I  r eg ions 85  . 9 100 1 i2 .8 100

I
I
t
I
I
I
I
I
I
I

t s i d . s . "n :  
dens i t y  o f  >  8  p l an t s

>  16  p lan ts  pe r  100  m2

bS i  d . r . .n  :  den s i  ty  o f  4-8 p ' l  ants

4 - i6  p ian ts  pe r  100  m2

-S idescan :  
dens i t y  o f  .  4  p l an t s  pe r

.  4  p l an t s  pe r  100  m2

per  100  m2 ;  down ' l ook ing :

pe r  100  m2 ;  down look ing :

100  m2 ;  down look ing :

?- ("
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APPENDIX P  - -  TABLE 6

KE!8 BED FISHES: ESTiMATED AREAL EXTENTS FOR REGIONS OF VARIOUS KELP DENSITIES
ATTHTTopTilR-rlp BED (soK) DURTNc FALL 1986, BAsED oN siDEscAN ANo oornrNL00KING
SONAR.  Sonar  da ta  used were  those o f  EC0sys tems Management  Assoc ia tesr  S idescan
Sonar  Survey  No.  24  and Downlook ing  Sonar  Survey  No.  9 .  Areas  es t imated  by
e lec t ron ic  p lan imet ry  us ing  EC0-M's  App le  I I  Graph ics  Tab le t .

I
I
I
I

Ke lp
Dens i t y
Reg i  on

Est imated Sur face Area (Ha)
Based on

Ra t i o  o f
S ' i descan  :  Down ' l ook ing

Est i  mate IS i  descan -  Sonar  Down I  ook i  nq Sonar
+

Area

6 .8

15 .9

55 .3

% Area % tH' igha

Medi umb

Lowc

8.7

20.4

70 .9

5.2
29.2
53.  5

5.9

33.2

60 .9

1 .31

0 .54

1  .03 I
Al  I  r eg ions 78.0 100 87 .9 100 0 .89 I

as  i  d . scan ,
>  8  p l an t s

b^ .  ,) l 0escan :

2 -8  p l an t s

cs i  d .  rcan ,
<  2  p ' l an ts

dens i t y

per  100

dens i t y

pe r  100

de n s'i ty

per  100

o f

^2

o f
2m

o f
2m

t  8  p l an t s  pe r  100  m2 ;  down look ing : I
4-8  p lan ts  pe r  100

.  4  p lan ts  pe r  100

m2 ;  down look ing :

m2 ;  down look ing :

I
I
t
I
I
I
I
I
I
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APPENDIX P . .  TABLE 7

KELP BED FISHES: ESTIMATED AREAL EXTENTS FOR REGIONS OF VARIOUS KELP DENSITIES
Ft-9tt-TN-oFFE-mP BED (soK) DURING THE FALL pERioDs 0F 1980, 1981, 1985, AND
1986, BASED 0N SIDESCAN SONAR. Sonar data used were those of  ECOsystems
Management  Assoc ia tes r  S idescan  Sonar  Surveys  12 ,74 ,  ?2 ,  and?4 .  Areas  es t imated
by  e lec t ron ' i c  p lan i r ie t ry  us ing  ECOM's  App le  I I  Graph ' i cs  Tab le t .

Sidescan  Sonar -Based  Es t ima te  o f  A rea l  Ex ten t
(Ha )

Ke lp  Dens i t y
Reg ' i on

Area o/
/o Area o/

/o Area o/
m Area o/

lo

Fa ' l l  1980 Fal  I  1981 Fal  I  1985 Fal  I  i986

Dense sur face a"nopy"

H igh  dens i t yb

Medi  um-to-h i  gh densi  tyc

Low-to-medi um densi tyd

25 "2
44 .  0

50"5

?3 .3

37

43

20

30

17

49 .9

48 .4

32 .6

39 .  5

9

?0

71,

40
27
33

11"6

2s.8
t4 .7

45.4

15 .1

6"8

15 .9
E R ?

I
I
I
I
T
t
I
I
I
I
I
I
I
I
I
I
I
I
I

Al  I  Reg i  onse 117 "  8  100  120 .5  100 85 .9  100 78"0 100

aBased  on  vesse l r s  c i r cumnav iga t i on  o f  f l oa t i ng  ( su r f ace )  canopy

b "H igh  dens i t y  o f  p i an t s  GE  1 -m  ta l l r r de f i ned  as  GT  I  p l an t s  pe r  100  m2 .

c "M.d ium- to -h igh  
dens i t y t '  de f  i ned  as  4 -8  p ' l an ts  pe r  100  m2 .

d "Lo*  dens ' i t y "  de f i ned  as  -  O-4  p lan ts  pe r  100  m2 .

eAs  the  sum o f  t rh ' i gh , r r  r tmed ium- to -h igh , r '  and  r r ' l ow- to -me i i um"  dens i t y  reg ions
on ly .  ( "Dense  su r face  canopy t '  enc ' l osed  w i th in  the  ' r h igh r r  dens i t y  reg ion .  )

P-€
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APPENDIX  Q

PAR F ISHES:  DETAILED METHODS OF SAMPLING AND ANALYSIS

SAMPLING METHODS1 .

r  
1 .1  Measur ing  D is t r i bu t i on  and  Dens i t y

I
I
I
I
I
I
I
I
I
I
I
I
I

F ishes  i n  rock  and  sand  m ic rohab i ta t s  were  su rveyed  by  s t ra t i f i ed  samp l ing  i n

which seven st rata were recognized:  A Crest  s t ra tum atop the apex (major  ax ' is )  o f

each  modu le ;  a  S lope  s t ra tum m idway  be tween  the  Cres t  and  the  modu le  Pe r ime te r

( sand- rock  i n te r face ) ;  an  Eco tone  s t ra tum ex tend ' i ng  0 -3  m o f f  t he  sand- rock
' i n te r face ;  and  fou r  s t ra ta  on  sand  bo t tom pe r iphe ra l  t o  t he  modu les .  The  l a t te r

i nc luded  Ad iacen t  Sand  (a t  3 -8  m f rom the  pe r ime te r ) ;  and  th ree  i nc remen ta l  bands

in  Ou t1y ' i ng  Sand  (8 -13  m ,  13 -23  m ,  and  23 -33  m ;  Append i x  Q ,  F i g "  2 ) .

A l l  t r ansec ts  made ' i n  C res t ,  51ope ,  and  Eco tone  s t ra ta  were  f ree -sw ims  tha t

the  i nd ' i v i dua l  d i ve r  con fo rmed  to  the  de f i ned  m ic rohab i ta t .  0n  the  Cres t ,  d i ve rs

pu rpose ly  swam on  the  apex  o f  t he  ma jo r  ax i s  (LOSL 1983a ;  Jessee  e t  a l .  1985b)  o f

the  modu le .  0n  S lope  t ransec ts ,  m id -d i s tance  be tween  Cres t  and  Per ime te r  hab i ta t s

was  gauged  by  eye .  D ive rs  b i sec ted  the  d i sc re te  ( .  l -m  w ide )  sand - rock  i n te r face

on the Per imeter  t ransects  of  the JUVENILE surveys.  Paths of  Ecotone t ransects

(on JUV-AD surveys)  were centered an est imated 1.5 m per iphera ' l  to  the sand-rock

in te r face .  The  en t i re  sand- rock  i n te r face  was  t raced  by  the  d i ve r  on  each

Per ime te r  and  Eco tone  t ransec t  f o r  5 /8  modu les .  0n  modu les  4  and  5  on l y ,  m ino r

sect ions of  Per imeter  and Ecotone habi ta t  were om' i t ted f rom the actual  areas

samp led  (Append i x  Q ,  F ' i 9 . 1 ) .

A l l  t r ansec t s  made ' i n  Ad jacen t  and  Ou t l y i ng  Sand  reg ions  ( " r ad ia l  t r ansec t s " )

ut i  
' l  

i  zed metered I  i 'nes ,  payed out  (  and ret r i  eved)  wi  th  the same reel  /s l  a te

assemb ly  used  fo r  su rvey ing  and  reco rd ing  f i shes  on

Q-1



bo t t om t r ansec t s  a t  SOK (Append i x  J ) .  A t  each  modu le  on  each  su rvey ,  a  s ' i ng l e ' l i ne

( t ransec t )  was  payed  ou t  a long  a  p re -de te rm ined  compass  bea r ing  w i th in  each  o f

fou r  quadran ts .  Rad ia l  t r ansec ts  s ta r ted  3  m pe r iphe ra l  t o  modu le  Pe r ime te rs ,  and

bear ings  ran  pe rpend icu la r  t o  t he  f r i ng ing  rocks  o f  t he  modu le .  F i shes  were  no ted

and recorded as the l ine was payed out ,  and data were recorded by segment  of  the

t ransect  ( 'TSEGTRANS' | ) .  SEGTRANS l  was the f i rs t  5-m sect ' ion (3-  to  8-m d is tance

of f -module) ;  SEGTRANS 2 was the second 5 m (at  8  to  13 m);  SEGTRANS 3 was the

second  10  m (a t  13  to  23  m) ;  and  SEGTRANS 4  was  the  th i rd  10  m (a t  23  to  33  m;

Append ix  Q ,  F ig .  Z ) .  Rad ' i a l  t r ansec ts  were  a  max imum o f  30  m long ;  however ,  10 /32

were  on l y  5 -m ' l ong  because  o f  i n te r fe rence  by  ad jacen t  modu ' l es  (Append ix  Q ,  F ig .

1 ) .  0 f  t he  22  o the rs  tha t  were  30  m 1ong ,  10  were  c1ass i f i ed  as  r ' ' i n te rna l "  and  12

were r rex te rna l , r r based  on  a  sub jec t i ve  imp ress ion  o f  t he i r  pos i t i on  re l a t i ve  t o

the  genera l  PAR comp lex . '  Each  o f  t he  fou r  t ransec ts  on  each  modu ' l e  was  i den t i f i ed

by  number  ( l  , 2  , 3  ,  4 ;  Append ' i  x  Q ,  F i  g  .  1 )  .

2 .  ANALYSIS METHODS

2.1 Dis t r ibut ion and Densi ty

.The  modu le  f ac to r  had  e i gh t  l eve l s  ( i . e . ,  t he  e i gh t  PAR modu les )  because  a l l

modu les  were  su rveyed  i n  each  fa ] l  season .  We cons ide red  i t  necessa ry  to  samp le

a l l  e igh t  modu les  i n  o rde r  t o  adequa te l y  cons ' i de r  poss ib le  d i f f e rences  among

modu les  when  es t ima t ing  ave rage  f i sh  dens i t i es  and  to ta l  f i sh  abundances .

We  cons ide red  t he  modu le  f ac to r  as  a  b l ock ing  va r f ab le ;  i . e . ,  we  i nc l uded

th i s  t e rm in  the  mode l  t o  keep  modu le  d i f f e rences  f rom in f l a t i ng  the  e r ro r

va r iances .  I n te rac t i ons  be tween  modu le  and  o the r  f ac to rs  were  no t  i nc luded ,

because  we  were  i n te res ted  i n  modu le  e f fec ts  on l y  i nso fa r  as  fa ' i l u re  to

acknow ledge  any  s ign i f i can t  e f fec ts  weakened  tes ts  fo r  o the r  va r iab les  by

i n f l a t i ng  e r ro r  t e rms .

We cons ide red  su rveys  ( th ree  i n  each  fa l l  season)  as  tempora l  rep l i ca tes ,

because y/e were in terested in  est imat ' ing the average dens ' i ty  and abundance of

f i shes  du r ing  each  o f  t he  two  fa l l  seasons .

The  JUV-AD f i sh  da ta  were  eva lua ted  fo r  comprehens ive  s t ra tum e f fec ts  i n  f a l l

1985 us ing two-way ( in  addi t ion to  three-way)  AN0VA. We per formed th is

I
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comp lemen ta ry  ana l ys i s  because  ou r  samp l i ng  des ign  changed  i n  f a l l  1986 :  two

add ' i t i ona l  m ic rohab i ta t s  were  samp led  on  a l l  1986  su rveys .  I n  t h i s  se r i es  o f

ana l yses ,  t he  s t r a tum fac to r  had  seven  l eve l s  ( t he  o r i g i na l  two :  C res t  and  S lope ) ,
p ' l us  Eco tone  ( samp led  p rev iou i y  on l y  on  the  December  1985  su rvey ) ,  p ' l us  the  fou r ,

l ew iy  added  sand  s t ra ta  a t  i nc remen ta l  d i s tances  pe r iphe ra l  t o  modu le  eco tones .

2 .2  Ca lcu la t i ng  F i sh  Abundances

2.2 .1 Numer ica l  Abundances

Dens i t i es  o f  f i shes  ( s tandard i zed  to  #s /1000  13  fo r ^  p r i o r  s ta t i s t i ca l  t es t s )

were  reexp ressed  as  the i r  co r respond ing  va lues  pe r  1000  12  o f  ree f  su r face  a rea .

Fo r  each  l i f e  s tage  o f  each  spec ies ,  t he  dens i t y  es t ima te  fo r  each  s t ra tum a t  each

modu le  was  then  conve r ted  to  numer i ca l  abundance  w i th in  one  o f  seve ra l  sub reg ions

o f  t he  modu ie ,  de f i ned  by  i soba ths .  I soba ths  were  i den t i f i ed  us ing  ba thymet ry

sona r  cha r t  No .3068 ,  de te rm ined  November  12 ,1980 ,  by  ECOSys tems  Mangemen t

Assoe ia tes ,  I nc "  (Th i s  cha r t  was  t he  bas i s  f o r  Lockheed rs  p r i o r  ba thyme t r i c

cha rac te r i za t i on  o f  t he  PAR rock  modu les :  L0SL  1983a ;  Car te r  e t  a l .  1985a) .

Subreg ions  were  de f i ned  somewha t  d i f f e ren t l y  when  es t ima t ing  the  abundances

o f  JUV-AD f i shes  and  JUVENILE  f i shes .  Fo r  t he  JUV-AD es t ima tes ,  c res t  hab i ta t

i nc luded  a l l  r eg " ions  a t  9 -m dep th  (mean  lowes t  l ow  wa te r ,  MLLW)  o r  sha l l ower .

S lope  hab ' i t a t  encompassed  a l ' l  r eg ions  be tween  9  m and  the  sand- rock  i n te r face
(Per ime te r )  a t  11 -m dep th .  I n  1985 ,  t he  a rea  o f  t he  Eco tone  ( su rveyed  on  the

December  su rvey  on l y )  was  de f i ned  as  a  3 -m-w ide  s t r i p  whose  m id l ' i ne  was  1 .5  m
per iphe ra l  t o  t he  11 . -m i soba th .  The ' l im i t s  o f  eco tone  reg ions  were  s ' l ' i gh t l y

rede f i ned  i n  fa l l  1986 : .  t he  Eco tone  s t ra tum in  1986  was  desc r ibed  as  a  3 -m-w ide

s t r i p  con t j guous  w i th  the  11 -m i soba th ,  bu t  exc ' l ud ing  the  sma l ' l  f r ac t i on  o f  t h i s

a rea  tha t  ove r lapped  on  ad jacen t  modu les .  (Hence  the  to ta l  es t ima ted  a rea  o f

Eco tone  i n  1986  was  abou t  9% sma l le r  t han  i n  1985  {Append ix  Q ,  Tab le  3 } ) .

I n  bo th  yea rs ,  t o ta l  a rea  o f  hab i ta t  p resen t  a top  and  ou t l i n i ng  the  PAR

modu les  i nc luded  the  sec t i ons  o f  modu les  4  and  5  tha t  were  no t  ac tua l l y  samp led  by

d i ve rs  (Append i x  Q ,  F i g .  1 ) .

I n  f a l l  1986 ,  we  a l so  es t ima ted  the  abundances  o f  t h ree  se lec t  spec ies  o f

JUV-AD f i shes  p resen t  i n  r rex t ra l im i ta l "  reg ions  a top  the  c res ts  and  s lopes  o f  t he
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modu les .  These  es t ima tes  we re  made  i n  t he  f o l l ow ing  manne r :  t he  numbers  o f
b l acksm i th ,  sa rgo ,  and  b l ack  c roake r  p resen t  i n  t he  wa te r  co lumn  above  C res t  and
S lope  hab i t a t  we re  es t ima ted  du r i ng  f r ee -sw ims  ove r  t he  modu le  immed ia te l y
fo l ' l ow ing  the  t ransec t  sw ims .  These  es t ima tes  were  then  ave raged  among  modu les  on
each  su rvey .  Ex t ra l im i ta l  da ta  were  fo r  t he  T0TAL  ca tego ry  on i y  (1 i f e  s tages
poo led ) ,  because  obse rva t i ons  cou ld  no t  be  made  f o r  pa r t i cu l a r  l ' i f e  s t ages .
P ropo r t i ons  o f  j uven i l es ,  subadu i t s ,  and  adu l t s  we re  i ns tead  es t ima ted  f r om
propor t i ons  o f  t he  respec t ' i ve  spec ies  reco rded  on  fo rma l  t ransec ts  (a11  samp l ing
s t ra ta ) .  Las t ,  ex t ra l im i ta l  abundance  es t ima tes  were  added  to  the  Rock  (Cres t  p lus

S lope )  abundance  sub to ta l  f o r  t he  respec t i ve  spec ' i es  and  su rvey .

For  the Y0Y-0J abundance est imates based on JUVENILE surveys,  crest  habi ta t
i nc l uded  a l l  r eg ' i ons  as  deep  as ,  o r  sha l l owe r  t han ,  t he  10 -m  i soba th ,  p l us  one -
ha l f  o f  t he  11 -m ' i soba th .  Pe r ime te r  hab i ta t  was  the  rema in ing  ha l f  o f  t he  11 -m
' i soba th

2.2 .2 Biomass Abundances

Numer i ca l  abundances  were  conve r ted  to  b iomass  abundances  by  mu l t , i p l y i ng

s tage -spec i f i c  numer i ca l  da ta  by  the  ave rage  body  we igh t  o f  t he  co r respond ing

species and stage.  Average body weight  was est imated f rom the length- f requency

d i s t r i bu t i on  ( i nch -c1ass  d i s t r i bu t i on )  o f  t he  s tage ,  w i t h  each  c l ass ' s  m idpo in t

mu l t i p l i ed  by  i t s  we igh t  as  es t ima ted  f r om a  pub f i shed  o r  de r i ved  l eng th -we igh t

re l a t i onsh ip  (Append i x  T ,  Tab ' l e  2 ) .

The  l eng th - f requency  d i s t r i bu t i ons  o f  f i shes  were  cha rac te r i zed ,  by  spec ies ,

based  on ' l eng th  ta l l i es  genera ted  du r ing  t imed  f ree -sw ims  tha t  comp lemen ted  fo rma l

t r ansec t  obse rva t i ons .  Du r i ng  f a1 ' l  1985 ,  one  d i ve r  t a ' l l i ed  f i sh  l eng ths  ( t o ta1

leng th ,  t o  t he  nea res t  i nch )  du r ing  a  s ing le  20 -m in  pe r iod  spen t  a t  C res t -

Per imeter  depths at  each module on each survey.  D ' ivers were rotated among modules

( to  randomize  po ten t ' i a l  b iases )  on  the  va r ious  su rveys .  An  add i t i ona l  10 -m in

Ecotone search ( for  barred sand bass)  was conducted at  each modu' le  dur ing the

December  1985  su rvey  on i y .  A  to t ,a l  obse rva t i on  t ime  o f  550  m inu tes  was  spen t  a t

PAR ta l l y i ng  f i sh  l eng ths  i n  f a l l  i 985

In  f a l l  1986 ,  one  d i ve r  t a l l i ed  f i sh ' l eng ths  du r i ng  one  20 -m in  d i ve  i n  C res t -

S lope -Eco tone  reg ions  a t  each  modu le  du r ing  each  o f  t he  th ree  su rveys .  A  to ta l  o f

480  m inu tes  was  spen t  t a l l y i ng  f i sh  l eng ths  a t  PAR i n  f a l l  1986 .
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Dur ing  l -2  weeks  be fo re  each  fa l l  season ,  t he  d i ve rs  conduc ted  f i e ' l d

exe rc i ses  t o  ( 1 )  deve lop  sk i l l s  a t  accu ra te l y  es t ima t i ng  f i sh  l eng ths  unde rwa te r

and  (2 )  eva lua te  t he  cons i s tency  among  t eam members  i n  es t ' ima t i ng  i eng ths .  The

me thod  used  was  an  imp rovemen t  on  t ha t  o f  Be l l  e t  a l .  ( 1985 ) .

Exe rc i ses  were  conduc ted  i n  a  p ro tec ted  sha l l ow  hab i ta t  (M iss ion  Bay  channe l

en t rance ;  DeMar t i n i  and  Robe r t s  i 982 ) .  App rox ima te l y  100  (Fo rma l i n - f i xed )  f i sh

we re  p i aced  a t  3 -m  i n te r va l s  a l ong  a  300 -m f r ansec t ' l i ne .  F i sh  we re  s taked  ou t ,  ' i n

up r i gh t  ( sw imm' i ng )  pos i t i on ,  on  t enpenny  na i l s  epox ied  t o  shee t  me ta l  bases  used

to  anchor  the  spec ' imens  i n  the  sand .  The  f i shes  tha t  were  used  rep resen ted  mos t

common and  abundan t  rocky  i nsho re  spec ies ,  w i th  a  range  o f  body  s i zes  f rom 3  to  20

inches  t o ta l  l eng th .  I nd i v ' i dua l  f i sh  we re ' i den t i f i ed  by  numbered  t ag .  F i sh  we re

pos i t i oned  a l ong  t he  t r ansec t  
' l i ne  

i n  r andom sequence .  F ' i sh  pos ' i t i ons  we re  re -

randomized  on  rep l i ca te  t r i a l s .  La te r ,  i nd i v i dua l  f i sh  we re  measu red  i n  t he

labo ra to ry ,  and  the  f i e ld  da td  was  compared  among  d i ve rs  and  w i th  the  ac tua l  f i sh

1  eng ths .

Q-s



APPENDIX Q - .  TABLE 1

PENDLEToN ARTLElc- lAL REEF FlsH sTUDtEs: SAMPLING DATES DURING THE (A) FALL
E8--4;-(E-)BL-L-lE5-Im-leJTAr-f19s6 ilMp'mlc pERioDs 0F THE ucsB FisH pRoJEcr.
4 l  I  samp)es  samp les  were  co l  l ec ted  du r ing  day ' l  i gh t  (0800-1600)  hou rs .  YOY-0J
f i shes  on l y  we re  samp led  on  4 /8  PAR modu le i  as  a  p i t o t  s t udy  i n  Fa l l  1984 .  E igh t
t r ansec t s  ( i . e . ,  one  pe r  modu le )  we re  comp le ted  f o r  Y0Y-0J  f i shes  i n  c res t  and  i n
pe r ime te r  s t ra ta  and  fo r  JUV-AD f i shes  i n  c res t  and  i n  s lope  s t ra ta  du r ing  each  o f
t he  3  Fa l l  1985  su rveys .Ou r i ng  1985 ,  t he  eco tone  s t r a tum (a11  e ' i gh t  modu les )  was
samp led  on  the  December  su rvey  on1y .  A l so  on  the  December  1985  su rvey ,  f ou r
rad ia l  t r ansec ts  ( t h ree  30  m long ;  one  75  m long )  were  samp led  on  modu le  3  and  on
modu le  6  on l y  as  a  p ' i 1o t  s tudy .  0n  each  o f  t he  th ree  November  1986-January  i 987
su rveys ,  a1 ' l  e i gh t  modu les  we re  samp ied  f o r  Y0Y-0J  f i shes  as  i n  Fa l l  1985 .  I n  Fa l l
1985 ,  JUV-AD f i shes  were  eva lua ted  on  3  su rveys ;  on  each  su rvey ,  f i shes  were
enumera ted  i n  c res t ,  s l ope ,  eco tone ,  and  ad jacen t  and  ou t l y i ng  sandy  a reas  on  and
nea r  a l l  8  modu les .

I
I
I
I
I
I
I
I

IYPE  OF STUDY

Month-Year
YOY-OJ

(  Cre  s t lPer i  meter )
JUV-AD

(  Cres t /S1 ope)
JUV.AD JUV-AD

(Eco tone)  (Rad ia l  )

FALL 1984

0ctober

FALL 1985

0ctober

November

December

FALL 1986

Novemberl

Novembe12

January 1987

X

X

X

X

X

X

X

X

X

X

X

X

x
X

X

X

X

X

I
I
I
I
I
T
I
I

X

I
I
I
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APPENDIX  Q . .  TABLE 2

SUMMARY OF TRANSECT.DiMENSiONS USED AT PAR, FALL 1985 AND FALL 1986

(A) YOY - 0J Studya

Cres t  T ransec ts  Pe r ime te r  T ransec ts

Modu l  e

Number

Length

(m)

Area Vol ume

( r2 )  ( r 3 )

Length Area

(m)  ( rz )
Vol  ume

(13 )

I
I
I

1
2
3
4
5
5
7
8

Sum

t7
27
35
16
30
19
14
5 l

;

17
27
35
15
30
19
14
31

189

34
54
70
32
60
38
28
62

141
147
116
90

146
131
184
i95

141
t47
1 i6
90

146
131
184
195

141
t47
1 i6
90

146
131
184
195

378 150150150

I
t
I Modul  e

Number

(B )

Cres t  Transec ts
Length Area Vol  ume

(m)  ( ' 2 )  ( ' 3 )

h

JUVENILE -  ADULT Study"

S'lope .TranseclL!-
Length Area Vol  ume

2 2
(m)  (m ' )  (m" )

Eco tone  T ransec ts
Length Area Vol  ume

(m)  ( r2 )  ( r3 )

0'-7

I
I
I
t
I
I
I
I
t

1
2

4

6
7
8

Sum

17
27
35
16
30
19
l4
31

189

51
81

105
48
90
57
42
93

J b /

76.5
12 i  .5
157"5
72 .0

135 .0
85 .0
63 .0

139 .5

91
110
tL2
76
87

llz
138
150

273
330
336
?28
?6t
336
414
450

i46
153
123
97

i56
742
189
207.

438
459
369
291
468
426
567
62t

657
689
554
437
702
639
851
93?

409.  5
495 .0
504 .0
342 "0
391 .  5
504 .0
621 .0
675 .0

850 .  5 976  2 .6?8  3 ,942  1 ,213  3 ,639  5 ,461

aYOY-0J  S tudy .  C res t t r ansec t s :  Xm l ongby  L  mw ideby2mh igh ;  pe r ime te r
t r ansec t s :  X  m ' l ong  by  1m w ide  by  1m h igh .

bUUVEH]LE -  ADULT Study.  Crest ,  S iope,  and Ecotone t ransects :  X m long by 3 m
w ' ide  by  1 .5  m h igh ;  rad ia ' l  t r ansec ts  (1986  on l y ) :  e i t he r  5  m o r  30  m lo lS  bV
3  m  w ' i de  by  1 "5  m  h igh  (15  o r  90  m" *2  a rea ;  22 .5  o r  135  m* "3  vo lume) .  F i sh  i n
these adjacent  and out ly ing sand areas were surveyed on t ransects  that  extended
radia l ' ly  f rom the per iphera ' l  edge of  ecotones (3 m out  f rom the sand-rock
in te r faee ) .  Ou t .o f  a  to ta l  32  t ransec ts  samp led  among  the  8  PAR modu les ,22
were  30  m  l ong  and  10  we re  5  m  l ong  (as  i ' l l u s t r a ted  i n  Append i x  Q ,  F i g .2 ) .



APPENDIX  Q  . .  TABLE  3

FISHES AT PAR: ESTIMATED STRATUM-SPECIFIC AREAS AT THE PAR MODULES. Strataa
ff i t  

-were 
usld-vari ed vi i  t tr group of f  i  sh (YOY - 0J versus JUVENI LE - ADULT)

su rveyed ,  as  no ted .  Th resho lds  be tween  s t ra ta  were  de f i ned  by  j soba th .  A rea l
ex ten ts  o f  s t ra ta  were  es t ' ima ted  by  p lan ime t ry ;  ECOsys temrs  App ' l e  I I  G raph ' i cs
Tab le t  was  used  on  4 :1  en la rgemen ts  o f  t he i r  cha r t  o f  PAR (Draw ' i ng  3068 ,  upda ted
12  Nov  80 ) .  See  tex t  f o r  de f i n i t i ons  o f  s t ra tum boundar ies .

AREA (U2) ENCL0SED WITHIN STRATUM

YOY - 0J Study JUVENILE - ADULT Study

Modu I e

Number

Ecotone

Cres t Per i  me te r Cres t S l  ope 1  q a q 1986

I
I
t
I
I
l
I
I
I
I
I
I
I
I
I
I
I
I
I

95
330
446
2+5
19s
371
206
513

Stratum Tota l

GRAND TOTAL

4,909 4 ,  1 .1 .5

9 ,024

649
733
488
748
999
541

L,042
L ,423

2,401 5 ,623

13 ,029  ( ' ,85 )  &

4 ,005  3 ,554

L2 ,678  (  ' , 86 )

1
2
J

4

6
7
8

310
622
680
502
505
616
626

1 ,048

434
441
254
491
689
?96
622
888

438
459
369
522
519
426
567
705

389
368
344
489
558
412
424
681

aArea l  ex ten t  o f  t he  i l ad jacen t  sand t rhab i ta t ,  samp ' l ed  by  the  f i r s t  5 -m
segmen t  o f  rad ia l  t r ansec ts ,  was  an  es t ima ted  4 ,056  m**2 .  A rea l  ex ten t  o f
the  r rou t l y i ng  sandr r  hab i ta t ,  samp led  by  the  pe r iphe ra ' l  25  m o f  rad ia l
t ransec ts ,  was  an  es t ima ted  17 ,536  m**2 .
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APPENDIX  Q  . .  F IGURE 1

Bathymetry  map (  1-m contours;  Datum: MLLW) showi  ng spat i  a ' l  pos i  t ' ions of  PAR
Modu les  L  th rough  8 .  Mapped  by  EC0sys tems  Managemen t  (upda ted  ve rs ion  12  November
1980 ;  D raw ing  No .3068) .  Th i s  map  has  a  repo r ted  accu racy  o f  +  3  m ho r i zon ta l
ex ten t  and  +  0 .9  m ve r t i ca l  re l i e f .  La rge  a rab i c  numbers  re fe r  t o  modu le
des igna t i ons l  L i nes  a top  modu le  c res t s  i nd i cJ te  ma jo r  axes .  A l so  i l l u s t r a ted  a re
approx ima te  l oca t i ons  o f  a l l  r ad ia l  t r ansec ts  made  in  Ad jacen t  and  Ou t l y jng  Sand
reg ions .  (T ransec t ' l eng ths  a re  no t  t o  sca le  o f  cha r t . )  Sma l l  numera l s  r e fe r  t o
t ransec t  des igna t i ons  on  the  modu le ;  l e t t e rs  i nd i ca te  whe the r  t ransec t  was
cons ide red  t t l n te rna l r l  o r  r rEx te rna l t t  t o  t he  modu le  como lex .
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I
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Schemat i c  d ' i ag ram o f  a
JUV-AD f i shes  i n  C res t ,
o f  3  to  33  m pe r iphe ra l

.  
APPENDIX  Q  . -  F IGURE 2

rep resen ta t i ve  s ta t i on  l ayou t
51ope ,  and  Eco tone  s t ra ta ,  p lus

to  the  rock -sand  i n te r face .

(Modu le  2 )  used  to  samp ' l e
sandy  reg ions  a t  d i s tances

q-r l
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APPENDIX  R  . .  TABLES 1 -4

JWENILE-ADULT FISHES AT PAII: Estimated mean (rank) densit ies of
@,  E6dr l t  ( sAD) ,  and  adu l t  (AD)  l i f e  s tages ,  p lus  to ta l s
(poo led  s tages )  o f  each  f i s t r  spec ies  encoun te red  on  quan t i t a t i ve
t ransec ts  a t  PAR,  i n  C res t  and  S lope  s t ra ta  (Oc t ,  Nov ,  Dec ) ,  i n  t he
Eco tone  s t ra tum (Dec  on l y ) ,  and  i n  ou t l y i ng  sand  reg ions  (Dec  on l y ) ,
du r ing  fa I I  1985 .
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APPENDIX  R  - .  TABLES 5 -9

JWENILE-ADULI  FISHES AT P4B:  Est imated mean ( rank)  densi t ies of
@'.Emlr t (sno l , " ' .a ; ; i i (AD)1 i fes tages,p1usto ta1s
(poo led  s tages )  o f  each  f i s t r  spec ies  encoun te red ,  on  quan t i t a t i ve
t ransec ts  a t  PAR,  i n  c res t ,  s l ope ,  Eco tone ,  Ad jacen t  sand  (RADI ) ,  and
Ou t l y i ng  Sand  (RADS2-4 )  s t r a ta ,  du r i ng  f a I l  1986  (November - i 986 ,
Janua ry  f 987 ) .
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APPENDIX  R  - .  TABLE  10

YOY-OJ EI IHES AT PAR: Est imated mean ( rank)  densi t ies of  young-of - the-
year  TyOT)-anfoEer  juveni le  (OJ)  i i f " - " t "g . "  o f  each f is f ,  species
encoun te red  on  quan t i t a t i ve  t ransec ts ,  i n  C res t  and  Per ime te r  s t ra ta ,
on  a l l  (Oc t ,  Nov ,  Dec )  su rveys  a t  pAR i n  f a11  1985 .
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APPENDIX  R  TAELE 10

PENDLETON ARTIF IC IAL  REEF
YOUNG.OF-YEAR F ISH SURVEY

(AND RANK) DENSITy pER 1000 CUBrC METERS
FALL 1985 SURVEYS

CREST TRANSECTS

YOUNG-OF.YEAR OLDER JUV.

SPEC I ES DENS.

5316 .5
2 t .8

9 .1
37 .5
33 . i

0 "7

J . 1

DENS.

i17 .9
70 .9
74 .8
45 .9
29 . t

? . t
13 .6
8 .4
3 " U

5.5
4 .5

2 .6
2 .0

TOTAL JUV.

DENS. RANK

5434.3  1  .0
92 .6  2 .0
74 .8  3 .0
45 .9  4 .0
38 .2  5  .0
37 .5  6 .0
35"2  7 .0
13 .6  8 .0
8 .4  9 .0
5 .7  10 .0
5 .5  11  .0
4"5  t2 .0
3"1  13 .0
2 .6  14 .0
2 .0  15 .0

15 .0
5804. 0

TOTAL JUV.

RANK RANK

BLACKSMITH
SHEEPHEAD, CA
hfRASSE, rock
BASS,  ke lp
GARIBALDI
PERCH,  b i ack
SENORITA
HALFT.,IOON
Se0RPI0NFISH,  Ca
SARGO
BASS, barred sand
PERCH,  p i  l  e
GOBY, b l  uebanded
CR0AKER,  b lack
GREENLING.  pa in ted

1"0
4 .0

5 .0
2 .0
3 .0

7 .0

6 .0

1 .0
3 .0
2 .0
4 .0
5 .0

tz .0
6.0
7 .0
9 .0
8 .0

10  .0

11 .0
13 .0

TOTAL SPECIES
TOTAL FISHES

SPECIES

7.0
54?t .7

13 .0
382"3

PERIMETER TRANSECTS

YOUNG-OF-YEAR OLDER JUV.

SENORITA
WkASSE, r 'ock
Sl'l.EEPl.tEllD, Ca
G0BY,  b lackeye
BLACKSMiTH
BASS, barred sand
GOBY, b l  uebanded
PERCH,  b l ack
BASS,  ke lp
PERCH,  p i l e
GARiBALDI
GOBY, zebra
HALIBUT, CA
SCORPI0NFISH,  Ca
HALFMOON

DENS.

7r.7
. .  0 .5

6 .4
'  9 .1

r l . 5

13.5
10"3

i .1

.  0 .9

0 .3

RANK DENS.

4 .4
-  60 .7
.  4.5.  L'  

42.3
19 .0
18 .1

2"4
0"5
1 .4

0 .3

0 .2

RANK DENS "

1 .0
9"0
6 .0
5 .0
2 .0

3 .0
4"0

7 .0

8 .0

10 .0

6 .0
i .0
2 ' .A
3 .0
4 .0
5 .0

7 .0
9 .0
8"0

i0 .0

11  .0

RANK

76. t  1 "  0
61 . : i  2 .0
5 i . : .  3  0
51. .  e .  4 .9
35 .4  5 .0
18 .1  6 "0
13 .5  7  "0
10"3  8 "0
2 .4  9 "0
1"6  10"0
1"4  11 .0
0"9  12 .0
0 .3  13 .0
0 .3  14"0
0 .2  15 .0

15 .0
325 "7

TOTAL SPECIES
TOTAL F]SHES

10"0
i31"3

R-  13
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APPENDIX  R  . .  TABLE  I1

YOY-OJ FISHES AT PAR: Est j -mated mean ( rank)  densi t ies of  young-of  - the-
ye 'a r  (VOT) ,  o lde r  j uven i l e  (OJ ) ,  and  i o ta l  j uven i l e  (TJUV)  l i l e  s tages
o f  each  f i sh  spec ies  encoun te red  on  quan t i t a t i ve  t ransec ts ,  i n  C res t
and  Per ime te r  s t ra ta ,  on  a l l  (Nov  1986 ,  Jan  L987  )  su rveys  a t  PARin fa l l
1986 .

t
T
t

I
I
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MEAN

I iPPENDIX  R  TABLE 11

PENDLETON ARTIF IC IAL  REEF
YOUNG.OF .YEAR F ISH  SURVEY

(AND RANK) DENSITY PER 1000 CUBiC METERS

FALL 1986 SURVEYS

CREST TRANSECTS

YOUNG-OF-YEAR OLDER " ' IUV.

SPEC I ES DENS.

22?r .4
2. t

67  . 8

t .?
6.6

0 .8

DENS.

154 .4
174 .5

49 .5
19  -4
8 .7

13 .9
1 ' l  n

8.7
l . J

1.2
t .?

TOTAL JUV.

DENS. RANK

2375.8  1 .0
176  .6  2  "g
67  .8  3 .0
49 .6  4 .0
20 .6  5 .0
15 .3  6 .0
13 .9  7  .0
11 .8  8 .0
8 .7  9 .  0
1 .3  10 .0
t .?  11 .5
1 .?  11 .5
0 .7  13 .0

13 .0
2744.4

TOTAL JUV.

RANK RANK

BLACKSMITH
SHEEPHEAD, CA
PERCH,  b l ack
WRASSE, rock
GARIBALDi
SENORITA
HALFMOON
BASS "  ke1 p
CROAKER.  b lack
GREENLING,  pa in ted
SARGO
PERCH,
GOBY

p i  1e
bl  uebanded

1.0
4 .0
2 .0

5 .0
3 .0

6 .0

2 .0
i .0

3 .0
4 .0
7 .0
q n

6.0
8 .0
9 .0

10 .5
1 n  q

TOTAL SPECIES
TOTAL FISHES

SPECI  ES

0.7  7  .0

7 .0
2300 .4

PERIMETER

YOUNG.OF-YEAR

TRANSECTS

OLDER JUV.

1 i .0
443.9

DENS.

184 .8
38 .3
2"5

1 ?  ?

4.4
4 . i

0 "2

DENS.

55 .0
87 .2
19 .  4
25.8
10 .5

0 .5
0 .3
0 .2
0"2

DENS. RANK

SENORITA
GOBY,  b ' l ackeye
SHEEPHEAD, Ca
BLACKSMl IH
WRASSE, rock
BASS. barred sand
PERCH,  b l ack
GOBY, b l  uebanded
BASS,  ke lp
SCORPI0NFISH, Ca
HALIBUT, EA
GARIBALDI

1.0
2 .0
6 .0
3 .0

4 .0
5 .0

7 .0

5 .0
2 .0
L .c
4.-'0
3 .0
5 .0

7"0
8"0
9 .0

10"0

186 .4  1  "  0
103  "  3  ? .0
89  . - i  3 .  0
32  7  4 "0
25 .8  5 .  0
10 .5  6 "0
4 .4  7  "0
4 .  1  8 .0
0"5  9 .5
0 .5  9 "5
a .2  11"  0
a  .2  12 .0

12.0
458 .3

TOTAL SPECIES
TOTAL FISHES

7.0
?47 .5

10  .0
2r0.7

R-  15
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APPENDIX S - -  Complementary Analyses and Summary Data Used
for  Abundance Calcu lat ions of  PAR Fishes



APPENDIX  S  . .  TABLE  1

JUV-AD FISHES AT PAR: SUMMARY 0F A POSTERIORI CONTRASTS FOR 1-WAY ANOVAS 0F

THE EFFECTS 0F STRATUM 0N BI0MASS DENSITY AT PAR IN FALL 1986.  St rata evaluated

were  C res t  (C ) ,  S lope  (S ) ,  Eco tone  (EC0) ,  Ad jacen t  Sand  (RADI ) ,  and  3  more  d i s t a l

segmen ts  o f  r ad ia l  t r ansec t s  i n  Ou t l y i ng  Sand  (RA0S2 ,3 ,4 ) .  Da ta  we re  poo led  ove r

a l l  componen t  l i f e  s t ages  ( j uven i ' l e ,  subadu l t ,  adu l t ) ;  modu le  was  used  as  a

b lock ing  va r iab le .  We eva lua ted  f i ve  spec ' i es  tha t  were  b iomass -dominan t  j n  Sand

reg ions ,  a l ong  w i t h  t he  t o ta l  o f  a l l  non t , r ans ien t  f i shesa .  Ana l yses  used  l og -
?

t r ans fo rmed  dens i t i es  (g rams  pe r  1000  m" ) .  Va lues  repo r ted  a re  the  o r i g ina l  raw

da ta  i n  kg l1000  mr .

Spec i  es Stratum Contrast

BASS, barred sand 6.1 :

RAD4

7.3  =  1 . .3  =  2 . !  =  3 .1  =  0 .4  >  0 .3

RAD2 = ECQ = RAD3 = RAD] = S > C:

BASS,  ke lp 1 .9  >  0 .4  =  0 .2  =  0 .3  =

C  >  a l l

1.1  =  0 .4  =  0 .2

o thers

PERCH,  b l ack 4.7  =  1 .5  :  0 .7  >  1 , .8  =  0 .5  >  0 .2

C = S > ECO > RAD1 = RAD2 > RAD4

= .02

= RAD3

SHEEPHEAD,  Ca l  i f . 19.0  :

c:s
5 .1  =2 .2>4 .6

= ECO > RAD1 >

>  3 .4  =  1 .3  =  0 .9

RADZ=RAD3=RAD4

IdRASSE, rock 8 .0  =  2 .4 .=  I . ' l  >  1 .6  >  0 .7  =  t l . 2  =  0 . i

C = S = ECO > RAD1 > RADZ = RAD3 = RAD4

TOTAL (RESIDENT)

FISHESA

59.9  >  17  .2  =

c> !=ECo

8.4  =  19 .8  =  30 .0  >  8 .4  =  5 .8

= RAD1 = RAD2 > RAD4 = RAD3

aExc lud ing  two  t rans ien t  spec ies  (T rachurus ,

s-1

Sarda )
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APPENDIX  S  - -  TABLE 2

JUV-AD FISHES AT PAR: SUMMARY 0F 1-WAY ANOVA 0F THE BI0MASS DENSITIES 0F FISHES 0N
THE OUTLYING SAND SEGMENTS OF ' l INTERNAL''  VERSUS ' 'EXTERNAL''  RADIAL TRANSECTS.
Surveys  ( fa11  1986)  were  used  as  a  b lock ing  va r iab le  w i th  3  l eve l s .  T ransec ts
were  i den t i f i ed  based  on  the i r  l oca t i on  re la t i ve  to  the  en t i re  rock  modu le  comp lex
a t  PAR;Ou t1y ing  Sand  reg ions  were  samp ' l ed  by  t ransec t  segmen ts  (SEGTRANS)  2 ,3 ,
and '4  (Append i x  Q ,  F i g .  2 ) .  The  f i ve  f i shes  eva ' l ua ted  (and  t he i r  t o t a l )  we re
spec ies  tha t  domina ted  res iden t  f i sh  b iomass  i n  sandy  reg ions .  Ana ' l yses  used  1og -
t rans fo rmed  dens i t i es  (g rams  pe r  1000  m3) .  Va lues  repo r ted  a re  the  o r i g ina l  raw
data.  S igni f icance was adjusted for  the Bonferroni  t  and evajuated at  c ,  =  0.05/5
=  0 .01 .  f o r  each  o f  t he  f i ve  componen t  spec ies .  Key :  * *  - -  . 01  >  p  >  .001 .

Mean  Dens i t v

Spec i  es

BASS, barred sand

I  nterna ' l

4 , 668

External

3 ,481

Prob  In t  >  Ex t

BASS, ke ' lp 788 306 .015

t
PERCH,  b ' lack 243 240 .40

I SHEEPHEAD,  Ca f  i f . 2,308 632 .0t2

WRASSE, rock 445 118 .0?3

TOTAL ( f ive spp) 8 ,453 4 ,779 .  n02"*

s-2



APPENDIX  S  . -  TABLES 3 -4

JUV.AD FISHES AT P.AR: ESTIMATED NUMERICAL ABUNDANCE, BY RELEVANT
STRATUM AND YEAR, FOR EACH STRATUM WITHIN A TAXON, ENCOUNTERED ON SURVEYS DURING
FALL  1985-86 .  A l so  no ted  i s  t he  pe rcen tage  con t r i bu t i on  o f  each  s t ra tum to  to ta l
dens i t y .  Taxa  i nc l ude  each  spec ies  encoun te red ,  p l us  t o ta l  f i shes  (a11  spec ies ) .

s-3



\o
ln
F

co

$J

\o
f-

,A
N

\o
(\t
N

N

\o
(\l
f\

rn
rn

\o

6
RI

RI

F

N

o\

\o

+
I
I
t
I
I
I
+
3
I
I
I
I
I

I
I
I
I
I
I

+
I
t
I
I
I
I
+
I
I
I
I
I
t

I
I
I
I
1
1
+
1
I
I
I
I
I

I
I
I
I
I
I
+
I
I
1

+
I
!
I
I
!
I

rn
ln

o\

ni

(\l
\o

\o
0\

C\I

I
I
I
a
I
I

I
I
I
I

I

I
I
I
I
I
I

+
I
l
I
I
I
I

I
I
I
I
3
t
+

1
I
I
I
I
I

I
I
I
I
I
1

I
I
I
I
I
I
+
I
I
I
I
I
+
t
I
I
I
I

I
I
I
I
I
l
I
l
I
t
I
I
I
t
I

N

o\
o
\o

RI
CO

\o
m

\orn

I
I
!
I
l
I
+
I
I
I
I
I
I
+
I
I
I
I
I
I

+
I
I
I
I
I
I

I
I
1
1
I
I

r n l
\ o t

I
I
I
I
I

( ) 3
o t

I
1
I- +

l n l
I
I
!
I
I

\ o t
. l

O \ l
r n l

I
I

o \ l
av) |

I
I
I
I

. l

o l
! ) l

I
I

( \ , I

G ' I

r N l
l l
t l
t l
t l
t l
t l

|  . l
1 l
l l
l l
t l
l l

I  . l
! l
l l
t l
l 1
t l

! o l
|  . l
r o l
r o r
l F l
l l

r N r
l l
t l
I t
t l
l l

|  . l
t l
l l
1 l
t l
t l

F

o
rn

AI

N

F

rn

I
1
I
I
I
I
I

I
I
I
I
t
I

I
I,
I
I
I
+
I
I
I
I
I
I
+

I
I
I
I
1
I

I
l
t
I
I
I

+

l o
I
I
I
I
I
I

t .
I
I
I
1
I

l .
I
I
I
I
I

a o
t .
t o
r o
l F
I

l o
I
I
I
I
I

t .
I
I
I
I
I

t .

\o
(\l

o

\o

GI

N
ln
o\

rn

o\

\o

I
I
I
I
I
I
I

+
I
I
I
I
I
I

?
I
I
I
I
1
I

+
3
I,
I
I
I
+
I
I
I
I
I
I

I
I
I
I
I
I

ln

o

ol
Rl

\o

(\l

$l

z

EE

z,

bs

z

!q

z

I
I
I
I
I
I

+

lrl

o

t .
I
I
I
I
I
I
I
t .
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
t ,
I
l
I
a
t
I
I
I
I
I
I
I
1
I
I
I
I
I
I '
I
I
I
a
I
I
I
I
I

I
I
i
t
t .
I
I

t a  > F
lrJ Ca <

F l t L J
0 . '  J = O

< a s  u J
lrJ
J ()lr lrJ E l!
c o o =
l -  - _ l  <  - )

F = O  r n  t l
o  g a =  . o

X C
z t <  c

i : F J J F
l^J lrJ t <
C -  J J O  L  =
a  6 - -

c > =
-tz

I
I
I
I
I
T
I
I
I
T
I
t

- + - + -- + - + -
l l
1 l
l l
t l
1 t
t t
l l
1 3
l l
l l
I t
t l

o t  3
- . . 3  t .

. , .  i  I
c r .  t <

I  t l . .
. - :  l  "

: l - l ( > t c (
o r ( i t o
E , , C , r Z
U J t < t l r J
L a ( / ) t C ,

t t l l
t t t l
t t l l
t t t l
t t t l
l t l t
t t l l
I  t l l  I
I  t o r  I

J r  r l t t  I
o 1  ! g r  a
@ l  l $ t l t : !
- 3  r . o r o r
! t  r o ! , o r . l

' t  -  l ' J  t ' - ' - )
i !  C )  |  -  l ' . ! t  r

c a  r , - J  r  I t - t  I
. t r J . t  <  !  - t  i . t
:<'r to r .  |  -  |
( t - t > l q ) l
o r o a r c o t G l
O a l < l O l l r J l
c ) r C , l c , l A . l

+  - +  - +  - *  - . F  - *  - . t

.:<

g

t,J
o
(r)

=

(!

lJ

o

g
o

-J
co

I
I
I
I
I
I

E I
c l
. ! I
o a

I
E I
o l
L t  t a
! .  |  -

€ " . t  0 r
JL | -\--

I

v ) t o
O t O
< l <
c o t 6

a
U I

o

t
I J

I
l
il
I

N I
: ' l

I
I
I
I
I

o \ l

\ o l
r n l

I
I

s t
( \ l l

!
I
I
I

\ o l
, l

F I
6 l

I
I

\ o l

I
1
I
I

r n l
. t

r ' . \ l

I
I

A l l

s-4



rn
\o

(\l

€
o

6

+ - * - * - + - + -
t l l l l
t r l l l
t t l l l
t l l l l
r  o , 3  |  I  I
l . -  |  I  I  I
l - l  |  |  |
t L t  |  |  I
t l D l  I  I  I
t . o l  |  |  |
t . o l l ( ! l l
r : r  t ( J l J l
r  L  r  l  l r o  I
r  I  I  . :  O  I
|  . l  I  c )  t  g  I
l = l < l < l  I
a  C )  |  F  I  l r l  |  \ l
l C ,  l - l l ' - l U l l
I I J I G I G I U ' : J
l o . r o r l ! l U ) l <
r < t Z l l r J t < t F
t u i r l l J r t t c C l o
) ( t r a n r ( ' r - l F

g \ l N l
\ o r o \ l
F l ( \ l l

l l
t t
t l
t l

N r $ l l
. l  . l

N l F l

t l
t l

C ) l r : l
( \ l l 6 t

l l
l l
t l
l l

l n r o l
. l  . t

C O t F I
( o t 5 l

l l
t l

o r c ) l
\ o r ( \ ,  1

l l
l l
t l

\ o r F l
. l  . l

o \ l F l
s l s l

l l
l l

G r l < r l
€  l 5 l

.3 1

I
t
I
I
I

. l

I
I
I
I
I- +

. l

I
I
a
I
I

! n t
. l

5 ' l
I
I

\ o t
i
I
I
I
I

| f \ l
. l

\ o l
r n l

I
I

c o l

I
I
I
1
I
I

. l

I
I
I
I
I

I
I
I
I
I

! l

I
I
I
I
I

. l

I
I
I
I
I

o r
, t

C ' a
O l

I

o l
I
I
I
I
I

. l

I
I
I
I
I

. l

I
I
I
I
I

\ o l

O \ l
. r ' l

l
I

: i l
I
I
I
I
t

5 !
. l

C ) l
\ o l

I
I

\ o l

l l l l l
+ - + - + - + - + -
r r l l l
r r l l l
I t l l l
a t r l l
t r r l l
r 3 l l l
r l l l l
t t l l l o
|  |  |  |  l Q
l t l l l
I t l l l '
I  r . ) < r  I  l =
t  r o l o l  l g )
I  l o l - l  l -
I  - ! - l ' ' l  l L

I  t l l t  c L l  t z
r t r , l l  |  |  t o
I  >  |  r t  r l  |  -
r t r J r - r = l O l L
t J l ( r r ( J l ( , l €
t < r G r 0 3 t € l O
l g l l r t l t r , l l < l ( J
f O r  L t * ^ r v , t l / )

+ - + - + - + - + -
t a l l l
t r l l l
t t r l l
t r t l l
S t l l l
t  |  |  r t t l
I  I  I  r o l
I  I  |  |  + r 3
I  I  I  l c l
I  t . ) a l  l . - l
I  l o l  l o l
|  |  ( E  |  |  a l
I  l -  t  I  I
l = l l ) l  I  . l
l F l  l - l c ' l
l - f  - a Q t 2 1 - 1
l = l G l J l - l O
t g ) r t g r < r J l O
l - t - r c D r Z l :
r ( J l < l - l | l J l 1 5
r < l o l € l l r l l J
l J r G r < 1 E l <
t a D r ( J t ( 9 l 9 l E

I
I
I
I
I
I
I

I
I
I
I
I
3

, l

I
I
I
I
I

l l
' l

l l
l l

I
I

) l
r l

I
I
I
I

) !
. l

\o

(\t I
. l

N I
( \ l l

I
I

( ) l

I
I
I
I

c o !
. l

l \ l

!
I

co

\o

. l

I
I
I
I
I

. l

I
I
I
t
I

\ o l
. l

O \ l
ta't I

I
I

U \ I
I
I
I
I
I

s l
. t

O l
5 l

I
I

o l

$J

r n l
. l

\ o l

I
I

N I
A/ |

I
I
I
I

. l

l r \ r
I
I

F T
\ o l

I
I
I
I

o l
. l

o J l
(v) |

I
I

d ! l
g l

|'\G l l
O l

I
I
I
I

. l

I
I
I
I
I

I
I
I
I
I

\ o l
. l

t n l
rvt I

I
I

5 1
o l

I
1
I
I

5 l
. l

\ o l
\ o l

I
I

€ l
\ o l

t o \ l
t \ o l
l F l
l a
t l
t l
l l

I  . l
l l
a l
t l
t l
t l

|  . l
l 1
t 1
t l
t l
l l

r N l
I  . l
t o 1
t r l \ l
t t
l l

r g l \ l
r a o l
l t
t l
t l
t l

r o t
' l  . l
' t o \ l
I r S l

t l
l l

I
I
I
I
I
I

t
I
I
I
I
I

+

N

o
rl\

n
ao

6

€o

6 l
€ o l
( \ l l

I
I
I
I

c o l
. l

6 a
o l

I
I

\ o l
o \ l

I
I
I
I

O l
. l

! n t
5 l

I
I

c o l
( ! l

I
I
I

$ l l
. l

$ l l
I
I

I
I
I
I
I
I

I
I
I
1
I
I

I
I
I
I
I
I

I
I
I
I
I
I

I
I
I
I
I
!' +

IJ\

OJ

(')

\o

!n

. l

I
I
I
I
I

. l

I
I
l
I
I

\ o l
. a

rJ\ |
F ' l

I
I

\ o l

l
I
I
I

: i l
. l

5 l
\ o l

I
I

O \ l
$ l l

I
!
I
I
I
I
F
I
I
I
I
I
I

I
I
I
I
I
I

+
I
I
I
I
I
I

I
I
I
I
I
I

I
I
I
I
I
I

+

!
I
I
I
I
I

+

l
I
I
I
I
a

I
I
I
I
I
I

=

BQ

z

BE

z

le

z,

+
I
I
I
I
I
I

!
I
I
I
!
I
+

$t

(\l

\o

UJ lrJ
t L  > F
t r j E <
l r J = =( o  e o -

t- U, !-
6  J - O

< O l r J  l !  =
lrJ
J  ( J l r l r J  e
c ' O

F  - J <
F t o  | ^  0

< < =  o \
X c F

= l <

Z , F J J 3
lrJ l4J trJ <
o -  J J O  l -
4 0 - - =

lrJ l4.l lrl
o - > E

- tz

.')g

o
o

+

(E
6

€
!

o
th

o
U

UJ
A
o

s-5



I N I F
l O l r n

t l
|  ! F
t l
t l

t \ o t F
I  . l
t \ o t F )
l e l N
t l
t l

l F r o
l F t \ o
l  r ( \ l
l l
t l
t l

l ( f ' 1 \ o
I  . l
r ( v r \ o
I w ) l N
1 l
t l

r o r c o
r 6 r o
I  t a a
t l
t l
t l

I F I $ J
|  " lr P r o
r [ n ] r n
t l
t l

l G l l F
t t n l c o
I  t t n

g l

F I
I
I
I
I
I

. l

r n l

I
I

F I

I
I
I
I

O \ l
r t

rY) I
I
I

\ c l
(\i I

I
1
I
I- +

o l
. l

Q l
r n l

I
I

F I
d ) l

r F i ( \ / t
I  t r t r

o

GI

\o
\o

N

I
I
I
1
I
I
I
+
I
I
I
I
I
I
+
I
I
I
t
I
I
+
I
I
I
I
t
I
+
I
I
I
I
I
I

+
I
I
I
I
I

+

i
1
I
t
I
I
I
+

I
I
I
I
I
I

I
I
I
I
I
I

+
I
I
I
I
3
t

I
I
I
I
I
I

+
I
I
I
I
I
I

+

I
I
I
I
I
I
I
+
I
I
l
I
I
l
+
I
I
I
l
I
1

I
I
I
I
I
I

I
I

I
1
I

+
1
I
I
I
I
I

o\

@

RI
F

rn

F

co

N

J

F
a

t \ 9  1
t l
l l
l l
t l
l l
l l
+ - +
l F l
I  . 3
I A J I
t @ r
I t
l l

l r n l
t l
t 1
J }
1 1
1 l

t o \ l
I  " l
r F 1
l F l

t t
l l

1 l
l l
1 1
t l
t l

I  " l
1 l
l l
l l
l l
l l

tl\ r
I
I
I
I
I

l n t
. t

c l r
5 t

I
I

N I
( \ t t

I
I
I
I

A l l
. l

5 l
I
I
I

G t l
I
I
I
I
I

r ) t
. l

o l
l n l

I
I

t \ l
n t l

I
I
I
I
I
I
l
+
I
I
I
I
I
I

I
I
I
I
I
I

I
I
I
I
I
I
+
I
I
I
t
I
I

I
I
1
I
I
I

N

(\r

I
I
I
I
I
I
!

a

I
I
I
1
I

+
I
I
I
I
I
I

I
I
I
I
I
I
+
I
I
I
I
I
I

I
I
I
I
I
I

N

ar'

\o

\o

\o

( a t : | ' l
C ) r F r
F t ( \ l l

t l
t t
t l
I t

F t o \ l
. l  . l

o \ t \ o t
t n t ( \ l r

t a
t 3

F I F '

\ O l r n t
t l
I I
l t
! l

\ O l l n l
. l  . l

N r C ) r
F t S l

l l
I t

o t F l
F r a o l

a 1
t t
t l
t l

s a F l
. l  . l

c o r N l
N t f ) l

t t
t l

AI

o\
\o
$l

F
rn

ln

F

| (v)

r o
I
3
I
I

t .
t o \
t t n
I
I
+ -

I F

3 \ O
I
I
I
t

l \ o
t .
I N

I
I

l o

I
I
I
I

r s
l .
r c o
I N
I
I

r o \
l ( \ t

€

rn
c;

o\

;
G
N

N
AJ

N

;
\o

N

c o l
O l

I
r
I
I

O l
. l

$,1 |
I
I
I

( ! l
I
I
I
I
1

. t
\ o l
N I

I
I

€ r
A t l

t

I

O \ t
. l

I
I

a o l
F I

AJ
@

rn

0\

F

>

G
L

l i

e
IJ

lrJ
o

rn

\o
c\j
o

N

€

o\

\o
€

I
I
3
I
I
I
t

+
I
I
I
t
t
I

t
I
I
1
I
I

I
I
I
3
l
t
+

I
1
I
l
I
I

+
I
1
I
I
a
I

I
I
I
I
I
I
I

+
I
I
I
I
I
t
+
I
1
I
I
I
I
+
I
I
I
I
I
I

+
1
I
I
l
t
I

t
I
I
I
I
I
+

+
I
I
I
I
I
I

+
I
I
I
I
I
I

I
I
I
I
I
I

.P

I
I
I
I

I

I
I
I
I
I
I

o\
co
N

ra

AJ

\o

\o

\o

o\
ao

J
@

o
ao

rn
\o

eo

I
+
I
I
a
I
I
I

$l

co

N

At

ao

o

l t  1  I
J l <  l  3
<  l  o u J  I  .  I
F  r  Z C )  I  O  I
O r = z t z l
F r C O  r  I

r <  l  I- - - - -+  -+
t t t t
t t t l
I  l l r J l  I
r U J r C ) l l € l
t z , t z r  I
r O t < l  I
I t s l O l - +
t o r z r  t
r c ) r = l  I
l l + j l l c t  . l
I  t < l o l
1  |  t z . r
l t t t
r - + - + F +
l t t l
r t t l
I  t u J t  I

E r  r C ) t b s r
= l l r J l Z l  t
F r 4 r < l  I
< r O t O l - +
€ l - . j r = r  I
F r u ) r = r  I
( h t  r c o t  . l

r  t < t o 3
|  |  t z l
l l t l
r - + - + - +
r t t l
t l t l
l  t t l l  I
t  l ( ) l b q t
r F t z t  I
r ( , ' ) r < r  r
I lrJ I o t -+
t E t z t  l
r ( ) r - t  r
I  t c o r  . l
r  t < t o l
I  I  t = r
t t t l

- - - - - - -+

UJ LU
[ ! > F
[ d s <

o  E U ) -
F O

. a  J = O
< (,D \.J LJ l-

UJ

c o o = o
F  - J <  t l

F = O  t n
s o z  €  F
< < =  o \

6

z t <  =
c )  O I  J  F
z F - J . J
t4J trJ lrj <
A  J J ( J  U
A -  t ) - -

teJ lrJ [rJ
A > E

- ' z

I
I
I
I
I
I
t
T
I
t
I
t

+

+

I
+

I
o l
( g I

O l
o l
o l
c r

- l

{ b l

1
r l . i (

( / ) r O
. -  i  1 . .
l .  I
E l
lrJ 3 LrJ
< ) t a
< 2 . o- t <

F t =

- +  - +  - +  - +  - +  - f  - +  - +  - +  - +  - +  - +  - +  - +  - +  - +

(0

t!
f:
A

t!

U>

I
I
I
I
I
I
I
I

o l
P I
. - l

E I
> l

I
. l

- r <
O l t -
E , , t  -
l 4 J l d
o - l O
< t z ,
g J I L J

o a o

L
o)

L

.o

U)

o

L
z.

A

o
ao

>
L

o

x

.:<

l(

o

-

E

(B
o

L
t-

tt
o
co

I
U'

.9

t

G
u
CI

lrJ

lrJ-E
JU'U

o
I
I
I
t
I
I

S:6



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

L

o

3

rl\

AT
\o

\o

o\

rn
N

o\

l5l

J

G

+
I
I
I
I
I
I

I
I
t
I
I
t

+

\o

F

(\l

\o
\o
\o

o

|J\

t\

F

No\

+ - + - + -
r a o t  . t
|  . l  I
t F t  l
l \ o l  I
t t l
t t l
+ - + - + -
t s t  . l
l F l  I
l l l
t t l
l t l
l t l
+ - + - + -
l f l t r o r F
t  . l  . l
t F t O l \ O
t F l O l r n
I  l F a
t l l
+ - + - + -

l S l F l O \
I  r  r o \
t l l
l t l
t r l
l t l
+ - + - + -
I  O \ l  . l . Y t

I  . l  |  .

r - ? t  t m
l F t  l s
t t l
t t t
+ - + - + -
l $ l  . l \ O
I  I  t F
t t t
t l l
! t t
t l r
+ - + - + -

F l S t \ o
o l ( \ l !

l l
t a
l l
t l- + - + -

a v ) l  . l F
. t  |  .

F t  t ( \ l
N r  r €

l t
a l- + - + -

N l  . r t n
N l  I

l l
t l
t l
l l- + - + -

N r O t r o \
. l  . 1

$ l r \ o l r \
F l ( ! l F

t l
t l- + - + -

N r \ O r F

t l
! l
3 l
t l- + - + -

t n r € r
.  |  .  l .

\ o t ( n l
\ o t F l

t l
l l- + - + -

F r c o l
\ O l F 1

l l
l l
l l
t l- + - + -

(\l 0tN(\l
l F l d t l O t F t N l
l c \ l l . t l € | t F t  t
l F r € l F r N t  I
I  I  r l  I  |  |
I  r € l  |  |  |
t t t t t t
t l t t t t
* - + - t - + - + - +
t l n  r C O l \ C ) t C ) t  . l
|  . l  . t  . l  . t  I
l ( Y t l ( \ l l O a F t  I
l o , l r  !  |  |  |
t t t t l l
l l i t t l
* - * - * - + - * - *
l € l r n  l F l N l  . t
l N t s r  I  I  I
I  r o J r  |  |  |
l l t t l l
l l t t t l
l l t t r l

* - * - t - + - * - 1 L
t r . ( \ t ( \ r F l \ O t c ) l
|  . l  ! l  . t  . t  . l
r 5 r - t l N t o \ t o l
l ( t r ( V t ! n a N t < ' l
I  a  I  t  t F l
I t S t t l

+ - + - + - t - i - *
a ( \ l l C ) l r n r . 3 r N l
l 5 r . f  t o \ l \ o r  l
I  r F l  |  |  t
I  I  r l  |  |  I
I  r N l  |  |  I
l l t l t l

* - * - * - + - + - +
l C ) l C 3 \ C t r . ' r  . l
I  . t  . t  . t  . l  I
l ( \ l l ( r . ! l \ O l o \ t  t
l S r F t g t \ o l  I
t t t t t l
t t t t t l

* - + - t - + - + - +
r F r € t : ' l c ) t  . l
I t l . \ l . 3 l C O t ! n  |  |
I  t s t  l F t  l
I  I  r l  I  |  |
I  t \ o r  |  |  I
l r t l t l

* - f - * - + - + - +

--;;-;-
J r <  |
<  l 6 l r J  1  .
F t z o t o
Q t > z , t Z
l - l C O  I

t <  |- - - - -+ -
l t l
l t l
I  l l r J t
. r ! t ( ) l b q
l Z , t Z l
r c ) l < l
a F l O t -
r o r z l
t ( J t : l
t t r J t c c l t  .
I  t < t o
|  |  r z ,
t t l
|  - + - + -
r t l
t r l
l  l u J l

E r  l ( J t b E
= l l r j l = l
F r o - r < l
< r O r O r -
€ r J r Z r
F r U ) t = l
v ) t  t c o l

I  r < r o
|  |  r =
l l l
|  - + - + -
t t l
t l l
I  l l 4 J l
I  r Q t b Q
l F t z l
l g , r < l
l l r J t o t -
r c l z l
r c ) r = l
r  r ( l l r  .
I  t < t o
|  |  a =
l t a

. t 5 l
|  . l

O l
. l

I
I

6 l

I
I
I
t- +

( ' \ l
. l

\ o t

I
I

g \ l

€ l

I
I

, l
- +
C ) l

( \ I l
s 1

t
I

t n t
\ o l

I
I
I

>

g

Lrt
o

o

z,

o
(J
o

I
I
I
I
I
I

I
I
l
I
I
l
+
I
I
3
I
I
I

- + - + -
s l r n l

. l  . 1
o l c \ l l
A l r o J r

1 l
l l- + - + -

3 r \ o l
c o l  l

l l
l l
t l
I t- + - + -

g \ r O l
. l  . l

\ O l ( a l
5 t = l

t l
t l- + - + -

6 l F l
O \ t F l

l t
I t
l l- + - + -

\ o a \ o l c
. l  . l

G l r s l o( ' ' l . v ) t o
I  l F
t t- + - + -

$ r o \ r G j
F ) t  I

t l
l l
t l- + - + -
t 1
t . l
l l
t l
t l
I t
l t
t l
I  a c
I  t ]
I  r o

. : g r  l L
o r o l o
. E l - - l
-  l . -  I
.o I o.'r =

I  r o
r l  i l  -

- t t t l a
( ) r ( J t : <
E r G t O
l 4 . l t t r J l O
e . t o . l €

?
I
I
I
I
I
I

. r € 1
|  . l
t \ o l
t 1
l l
l l

. l O \ l
t l
t l
t t
l 3
t t

. l \ O l
I  . l
l o \ l
r N l
t l
t l

. l a o l
l ( t l
3 l
t l
l l
t l

o r \ o l

O l ( ' ' l
o a \ o l
F l  I

l l

O l t F l
r o l
t l
l l
l l
! l

t l
l l
t t
t l
t l

! r  !
o t  I
9 t  t
c r  a

. - l  I
( o t  t
o - r  I

t t
i l  I

( , r  l
z , t z , 3
- l O l
J l O l
z t e l
u t r l
l r J l J l
€ r < l
9 l - :

\o

Q t -

o l o \
o l F

+
1
I
I
I
I
I
+

\o

. t \ o l

\o

. l t s l
o\

trJ u
t -  > F
r d c a <
U J = E

o  e o -
l - O

r n  J = ( , ) >
< ( r l * J l l J

lrJ
J  ( J t - l r J C F
c o  C ) = o

F  - J <  t l
F  =  O r n >
g  c z € F
<  < >  O \ -

6 - e

z r <  5
O  O t  J F
Z ,  F  J J <
l !  l 4 l U J < < E
o- -.,t -r o r!
o -  o - -

lrJ lrJ lrJ
o - > E

-tz

o
o

o

t J

o)
I

>

l4J

u(t

L

0)

lrJ
at

.)<

lrJ

6

t .
L

o
o

u

UJ

ttt

J::

J

tt
o

<:
F

z
oo

!.t

o

s-7



t ! n l ! n
I  l r n
l  t c o
t l
I  r F
! l
l l

t  . l O
l l
I  t o
I  l \ o
t l
l l

|  " l O r
I  l ( Y )
I  l d t
t l
I  t r t \
t l

r  . 3 C O
t l
I  l . F
t t
! t
t l

I  . l @
I  l o
t  l F
t t
l l
l l

3  . , C O
t l
I  r o
a t
t l
t l

|  . t 6
I  t t ^
l l
1 l
l l
I t

r c o l S
I  . l
t o l F )
t f a l
t l
r l

r G t l r n
I  l \ o
r  - t  ( \ ,
t l
l l
l l

r ( \ j  l F
|  " l
t \ o l \ o
r \ o t o l
I t
t l

t F ) t - ?
I  t r n
I  r o
l l
I  r t \ l
t l

ta

t!
o
U)

=

F l c o r o \
r o i r u a
t 6 t o
l l
l l
t l
t l- + - + -

. l S l \ O
|  . l
t o \ t \ o
I  l s
t t
t l- + - + -

. I F , F

1 F ) 1 \ o
I  l F
t t
l l
l t- + - + -

. l  . t O
l l
r  1 5
t l
l l
l l- + - + -

. l  . 1 5
I  l F
l l
l l
l l
l l- + - + -

. l  . 1 n )
t l
I  t \ o
t 1
t t
t a- + - + -

. l  . l O

l  r ( \ l
t t
t l
l l
l l- + - + -

c ) l r j l r ( o
. t  . l

c l A J r ( o
o r N l
F l  I

t l- + - + -
F l s ' r F

I F I F l
! l
l l
t t
t l- + - + -

. r c ) r : l
|  . l

r € l s
r \ o l F )
I t
t t- + - + -

. l o l 6
t G , t ( \
I O J I F
l l
l t
l l

- ' l -  - l  -
l l
l t
t l
l l
t l
t l
t l

o l  I
( ) r  I

t l
. l  I  O

- r  r q )
v > t  I
- l  |  .
l r r  1 O
z r < l <
O r F r l r J
- l - 1 E
g t o a 1 a
c a { c r u J
O r : a r u J
C ) l l * l t -
a a a t a

€

!n

o\

o\

.:r
o
6

l o t \ o t w ) t r t \ l
r \ o t F l  |  |
I  r c o t  |  |
I  I  r t  |  |
r  r \ o t  |  |
l t t t l
r t t r l
+ - + - + - + - +
t o \ r F t  . l o l
|  . t  . t  I  . l
a F t d ) t  l o l
r ( f ) t F t  t o l
!  |  |  a F l
r t t l l
+ - + - + - + - +
r o \ l F r  . r t n l
l F r \ o l  |  |
I  t c ) l  I  r
I  I  . l  |  |
I  l r n t  |  |
l l t r t

+ - + - + - + - +
l ( \ r l o l  . l  . t
I  . l  . a  I  a
r r n t c ) t  |  !
t a f ' l  I  |  |
t t l t l
3 t t t l
+ - + - + - + - +
l F t a o l  . t  . l
l N l F t  |  |
r t t t l
t t t r l
l l t t l
r t t t l
* - * - * - + - +
t o t  . t  . t  . l
|  . t  I  I  I
l o \ t  I  I  l
t t t l l
t t t a t
r t l t t

+ - + - + - + - +
l \ C l  . l  . l  . t
l l t t l
t t l l l
l t l t t
r l r t l
l t t t l
+ - + - + - + - +
l c o r o \ r o r  . l
|  . t  . t  . t  I
l \ O r P r O r  I
|  |  r o t  I
|  |  l F l  I
r t t l t
+ - + - + - + - +
r s r F l o l  ' l
I  t o t  I  I
I  l F l  a  I
t t t l l
l t t t l
r l t t t
+ - + - + - + - +
l @ 1 F l  . l  . l

I  . l  . l  |  !
r \ o l 5 r  I  r
l F l ( V l  |  |
I t l r l
l l t t l

+  - +  - +  - *  - . f
r o r o r  . r  . l
l F t \ o t  |  |
I  t \ o t  1  |
I  |  - l  I  I
I  l F r  |  |
t t t t l
+  - +  - +  - +  - - +

o

at)

I
I
I
I
3
I
I

r a
I N

. l
O l
Z a

I
t-+  - - -
t .
I
I

b q t
I
I

l .
I

. l
O r
Z r

I-+  - - -
1 6
t .
l t n

b q l  \ O
I
3

r r . ^
t c o

. l
O l
z l

I-+  - - -
t o
t .
t 5

b Q I  A I
I
I-+  - - -
I F
| (v)

o 1

C t
Z J

I

I F
l .
I F

b Q l
I
I

-+  - - -
t o
l F

. l

O t
z l

I-+  - - -
l \ o
l .
I N

b q l
t
t

3 . v )
I

. .  I
O l
Z l

I- + - - -

t l

O t !  l
Z ( ) r O

c o l

t l
t l
l l r J  I
t ( J t b q
l z l
r < l
l O l -
r z l
r = l
r c o l
r < l o
I  a z ,
t 3

t l
I t
l L r J l
r C ) r b Q
t z ,  l
l < r
l A l -
t z ,  l
r = l
l c o r
t < r o
I  t z
l l* - * -
t l
t l
t t ! l
t Q t b q
t z .  l
r < l
l a l -
t z l
r = l
r c c l
r < l c
I  t z .
l l

1 l
l t
t L ! l
t ( ) r b q
r z l
r < l
r C t -
r = l
r > l
r c o l
r < 3 0
I  t z .
t l

t 1
l l
l l r ,  I
r ( ) r b q
t z r
r < l
r a l -
r z l
r = l
I  c o  |  . .
r < r o
I  t z'_ . i__

< l
F I
O l
F I

I
I
I
I
I F
r v )
I lrJ
t g
t ( J
t
I
I
I

I
I
I
1 5
t l
t ( \ J
I
t o
r <
r d .
I
I
I

!
I
I

E r
= l F
F I

< r og r <
F t g
v ) l

I
I
I

I
I
I
I trJ
t =
t o

r o
t ( J

- t l 4
I
I
I

I
I
I
1
I lrJ
I L
t o
I J
J € h
I
I
t

_.-!_

+

+

+

. f

F

z

an
:<

J

o

o:
t

o

o
trJ

lrJ
4
o

s-8

> lrJ
L J F

l ! > <
t r j g =

C,U> *
: l @ U ) t r J

J = l r J
lrj <(n i i
j  - - l r . l

C3 ()s (J E lrJ

F  l r F <  A  =
- J c  a

a n  F = Z  \ O  l l
c a c =  c c

X  < < -  O ,  F

o  z , t  &
z .  o r J  J
trl F
E lrJ lrJ 9-
A - i ) - s =

zz  e , )
lrJ sJ E
c - > >

.)

t
T
t
I
I
t
I
t
I
I
I
I
I
I
I
I
I
I
I



I
t

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

- l
3 l

o l

F I
I
I

aY) |
. l

ivt I
rt\ |

1
I

r n l
F I

O \ l

o t
I

\ o t
. l

( ! l

I
I

( \ J I
6 t

I
I
I

\ o t

N I
I
I
I

O \ l
€ l

I
I
I

O \ l
. l

| r r l

I
I

O t
t \ l
e l

. t

I

\ o l
. l

rJ\ |
F I

I
I

\ o l
s l

I

1
I
I

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

J l

< r
O l
F I

;;; '
F t r \
o J r s a

I
I
I
I

5 r O
A l l F

I
I

o t o
r n l \ O

I
I
I
I

N l f t

I
I

e t €
o t 5

I
I
I
I

r n r o \

I F

I

3

O l . t
F l \ o

I
I
I
I

. ? l \ o

( O l F
N l ( v )

I
I

O l l 6
\ o t c o

I
I
I

r n r o \
€ o r c o
N I F '

I
I- + -

N l ! n
\ o r A t

I N
I
I,. - { - .  -
I
I
I
I
I
I
I
I
I

o !
(J r .l(

t o- r  o
a t t
< r
= t l !
a - t g )
lrJ I g)
E J I <

( , t =

6;;;;;;
\ o t  I  r \ o

r t l
t t l
r t t
t l l
t l l

- * - f - * -
€ t  . l  . r c o

. t  |  |
F l  I  t r n
F l  t  l N

t t l
r t l- + - + - + -

f i l  . l  . l J
|  |  t F
t t l
l t l
l t l
! t t

- * - * - f -
F l  . l  . l l J \

. l  I  I
( o r  l  l o \( v r  |  |

t t l
t t l

- + - + - + -
f r l  . t  . t \ o
F l  I  I

r t l
t t l
t r l
t l l- * - * - * -

o \ t n ) r c o r t -
. t  . t  . l

- t r o l a o l ( t
r - t r ( \ t l
t t l
t t l- + - + - + -

6 l F l F l N
t t l
t t l
l r l
t t l
r t l- + - + - + -

$ l l F r N r \ O
. l  . l  . l

9 t $ J l F l F
6 t o t f \ t ( v t

l t l
l t l- + - + - + -

F l F l o l ( \
$ l l  I  r N

i r l
l t l
t t l
t t t- + - + - + -

F l \ O l  . l ! n
. t  . t  I  .

F l f \ l  l | . r 1
N I $ J I  I A '

t l l
t l l- + - + - + -

( t l F t  . l l ! \
F l S l F

t t l
t l t
t t l
t l l

--.t - +r- . .a- -
t l l
t l l
t t l
t : l
r I o, l
l  t . . l
I  l - l
t ( o l L l
r ( J r o r l
I  t ! l
I  r l . O l
r - r 3 l
r c D r L t
l - l  !
l L t  \ l
r z 3 = l <
r o t c ) r F
l - l 6 l -

o r L r u J r dq ) t € t a r o
€ l o r < r z
< l ( J r t ! r l 4 J
o t u r t a t o

0,

o

;;;;E;;;F;
l F l  r F t F l
r o r  r ( v r  I
I  . l  |  |  |
t 6 t  |  |  |
t r l r l
t t t l l- +  - +  - +  - +  - +

O a O l  . l 5 l  . l
. t  . t  |  . t  I

O r ( ' ) r  r O l  r
o t € r  t F l  t
F t  I  I  I  I

t t t r l
- *  - f  - +  - +  - +
. : t l F l  . l € l  . l

t t n  I  t N !  t
I r n t  I  I  I
|  . l  |  |  I
r ( \ l r  |  |  l
t t t t t- *  - *  - +  - +  - +

. l \ O l  . l l n l  . l
|  . l  I  . !  I
l F l  l 5 l  I
l F l  l F l  t
t t t t l
t t l t t- +  - +  - +  - +  - +

. r c o r  . r o \ l  . r
I r J \ r  l . t t  I
t o t  I  I  t
t r t t t
1 1 t t l
t l t t l- +  - +  - +  - +  - +

. r a o l € t ( v t o l
I  . t  . l  , t  . l

l c ) r F r c o t a o l
I  |  |  l F l
t t t l l
t t r t l- *  - *  - +  - +  - +

. l 5 l F l ( \ l l o l

r ( \ t r  r N t  I
t ! t t r
t t l t l
t t t t t
t t t t t- +  - +  - +  - +  - +

. l O l \ O l F l \ O 3
|  . l  . l  . l  . l
l S l F l ( \ l a O \ t
I  t . ' t F ) t  I
t t t t l
t t l r 3- +  - +  - +  - +  - +

. t ( v t t . t l F t $ l l
l $ l t  t c o t  r
l F l  I  ,  I
t t l t l
t t l t t
t l t t l- +  - +  - +  - *  - f

. l \ O 1 \ O 1 € r 5 l
I  . t  . t  . t  r l

3 0 r o 3 j t r N r
I  t t n  t F t t F l
a l 3 r l
r t l t l- *  - *  - +  - +  - +

. 4 6 ! S l ! n l N l
t F t  t O \ t F r
t t t t l
t t a r l
t l t t l
t t t t t

- + - +  - . +  - .  . i  - . !
I  t  r '  L  3
! t r l
l l l l :
|  |  t ,  I  I
t t t t l
t l l r l
t r t t r
t t t t l
r t r t l
t . : < r  r  |  |
t o r  I  a  I
t 6 r  r x r  I

( !  |  - r  r  o  r  o  r
c ) r  I  r o l - l

I  q l  l  -  |  -  |
. l - J l  l . o l  O l

t - t ( l J t l r j l  |  |
> l E l > l  . l  . l
! O l l r J l l r j l = t = !
- l } < l J l ( ) l ( J l
J r C ) r < r E r E r
< l < l a l l l J l l 4 J l
= l E l O t g t 4 l

I
I
t
I
I
I
I

I
I
I
I
I
I
+

I
I
I
I
I
I

I
I
I
t
I
I

I
I
I
I
l
I

I
I
I
t
I
I

I
I
I
I
I
I

I
I
I
I
I

I
I
I
I
t
I
t

I
I
I
I
I
I

I
I
I
I
I
I

+

r
f-

F

$t

€

rn

ln

z

t
!
t
I
I
I
I

I
I
I
I
I
I
+
I
I
I
I
I
I

I
I
I
I
I
I

I
I
1
I
I
I
+
I
I
I
1
I
I

I
a
t
I
I
I

+
I
I
I
I
I
I

?
I
I
I
1
I
I
+
I
I
I
I
t
t

I
I
I
I
I
I

?

q,

(E

z
u
UJ

I
I
I
I
I
I
I
+
I
I
I
t
I
I

I
I
I
a
I
I
+
I
I
I
I
I
I

I
I
I
I
I
I

I
I
I
I
I
I
+
I
I
I
I
I
I
+
I
I
I
I
I
I

I
I
I
I
I
I
+
I
I
I
I
I
I

I
I
I
I
I
I

\o

\o

6

€
OJ

6

\o
\o

O \ l A J l
r n r o l
S l F l

o l  I
N r  I

t l
l l

\ o r  . l
. l  I

o \ r  I
. v t t  I

t l
t l

s r  . l
F t  I
O \ a  l

t t
t t
l l

o \ r € l
. l  . l

g r S l
e l G l l

t l
t l

\ c t t t \ t
\ o l A l l
m t  I

t l
t l
t l

r A r r o t
. l  . l

F r o l
t l
3 l
l l

F l F l
( v t 3  |

t l
t l
t 1
t l

r n l t t \ 1
. l  . l

$ l r o \ l
( v r - ? |

t l
t !

l r \ 1 t n t
l n l  I

1 l
t l
t l

. t  . l
F t t n l
( \ | r ( \ l l

t l
t t

c o r \ c , !
( \ l r $ , t r
r n t  I

t l
l l
t l

1 t
t t
. l
t l
! !
l l
l l
t l
t a
r . : < l
r o l
l . ! l
l - l

= r - o l

E r € l
( , ) r r d l
x r - l
O t < r
< r o r
J r € l
C O t ( ) t

I
I
t
I
I
I
I

+

+
I
I
I
I
I
I
+
I
I
I
I
I
I

I
I
I
I
!
I

+
I
I
I
I
I
I

I
I
I
I
I
I

I
I
I
I
I
I
+
I
I
a
I
I
I

I
I
!
I
I
I

I
I
I
I
I
I
+

o\

o\
o\
rn

g\

o

N

\o

rt\

AJ

ar)

ao

g

.tt

I
I
I
I
I
I
I

+

I
I
I
I
I
I
l

O l

;-;-
t l
|  . l
r O l
t z l
l l
t l

t l
t l
t 1
t B q l
t l
t t

t l
t l
|  . 3
r o l
t z a
I t

t l
t t
t l
r l q r
t t
t l

t l
t l
|  . l
l o l
t z l
t l

t l
l l
l l
l b e l
t l
l t

t l
t l
I  . l
l o l
t z ,  l
l l

t l
t l
t 3
l b Q t
t l
t l

t l
1 l
|  . l
r o l
t z l
t l

l t
l l
l l
l b q l
t l
l l

t l
l l
|  . l
r o r
t z , r
t !

t l
- J r <
< t  CirJ
F I Z ( j
o  |  = =
t - l C O

r <
t l
t l
I  l l r J
t S t ( )
!  |  t =
r N r <
I  t o
r o r z
r < t -
r € r c o
I  t <
t l
t l
|  - +  - <
t l
t l
I  l l 4 j
I  t Q
t ? l z
I  r <
t o t a
1 < t =
r 0 a l D
I  t €
I  r <
l l
l t

l l
t l
I  t l r J

E I U J I ( J

F r o t <
< t F r O
F r c ) t =
V ) l l r i t . o

I  t <
l l
t l
I  - + - .
t l
t l
I  r u J
I  t ( ,
t r ! l z
t 4 r <
r C r o
t 2 t z
1 ( / ) 1 : :
I  t c c
l  i <
1 l
l l
I  - + - .
t l
l l
I  l l r J
I  t ( )
r * t z
r ( r t t <
t l * t t C
r c ' t z
r ( ) t >
I  t c o
r  t <
i l
: l

o

F I

. l

- +

. l

. - - +

o

s-9

> trJ
lr.l Fr r  > <

U J G E
Cll lrJ = -

& , O t -  F
5 u ) U ) J

J = lr,i
t J  < O  l r  =
J  - - r a J

co  ( Js ( J

F  l - F <  A  =
- J =  U t

t n  + = z  \ o  l l-  -
X  < < e  O \  f -
o  z ,  E
Z ,  Q I J  J
l4J F
O- lrJ laj (;
o - ) ) - l A E

Z Z ' 4 )
|JJ trJ =
G > =

- 2 .-



1 F
r s
r c o

I
I

I
I
I
1
I
I
I

I
t
I
I
I
I
I

ln

rn

N
(\l

rn

N

@
(\l

r)

\o

\ o r r
5 l

I
l
I
I
I

a

L

A.

v>

a
t
I
I
I
I

r E 3
C ) !

I

- l
O J

t ! l
Z J
O l

A . I
E .
O t
C ) t
U ' I

I
I
I
I
I
I

I
I
I
I
I
I
+
I
I
I
I
I
+

o

ro
\o

GJ
co

AI

Ch

o\
rn

I
l
I
I
I
I
I

+
I
I
I
I
I
I
+

I
1
I
I
I
I

I
I
I
1
I
I

I
I
1
!
!
+

rn

o
\o

RI

rn

o\

!n

N

rn

AJ

rn
\o
AI

o\

I
I
I
I
I
l

t
I
I
I
I
I

+

I
t
I
I
I
+
I
1
I
I
I
I
+

I
I
I
I
I
I

I
I
I
I
1
I
+

N

I
I
t
I
I
I
+
I
I
I
I
I
I

?
I
I
I
t
I
I

I
I
I
I
I

t
I
I
I
I
1

I
I
I
I
I
I

I
I
I
I
I
I

+

ao

o'

co

F

$r

N

Al

N

N

\ O l
o l

I
I
I
I
I

G i r

u \ l
I
I
I
I

I
I
I
I
I
I

\oF
F

t l
J r <
<  l " o r !
h l a o
o  1 > =
F r . l )

l <

I
N

z,

z

BE

z,

bs

z,

BE

z,

lq

z,

I

I
I

lrJ I
C ) l
z, l
< l
O r
z , a
= r
c o l
< l

I
I

a o r o
r n l O
N t r o

F

o

o\

I
I
I
I
I
I
+

I
I
I
I
I
I

I
I
I
I
I
I

I
I
I
!
I
I

t

I
I
I
I
I
+
I
I
I
1
I
I

I
I
I
t
I
I

I
I
I
I
I
1

r'\

\o

\o
rn

o\

AJ

I
I
I
I
I
I

+
I
I
I
I
I
I

l
I
I
I
I
I

+
I
I
I
I
I
I

+

\o

\o

\o

F

I F
1 .

I
I
I

1 c
I
I
I
I
I

l \ o
t .
] F
I
I
I

t o \
l o
I
I
I
I

J . . -

: ,

lt\

\o

ftt

l^

rn

co

o

I
I
I
I
I
I
+

\o
a0
(\l

tn

6

o\

rn
co

e t S

' r o \

. r €

@ l
a
I
I
I
I

c o l
. l

o \ a
F I

I
I

\ o l
I
I
1
I

tt\ |
. l

rlt I
I
I
I

art I

I
I
I
I
I
I

I
I
I
I
1
I

I
I

I
I
t

CO

@
rn

F

At

o

at>
(t>

=

a
I
I
I
I

+
I
I
I
I
I
I

I
I
1
I
I
I

(t

G'

o
o

(t

t
I
I
I
I
I

I
a
I
I
I
I
+

I

I
I
I
I

(\

G

et,

1
I
I
I
I
I

rn

+
I
I
I
I
I
I
+
I
I
I
I
I
I

I
I
I
I
I
I
+
t
I
I
I
I
I

+

1
I
I
I
I
I

l
I
I
I
I
I
+

I
I
I
I
I
i

.|'
I
I
I
I

I

+
I
I
I
I
I
I
+

. l

I
I
I
I
I

O \ l
. l

F I

I
I

O l
\ o l

I
I
I
t

\ o l
. l

J I

I
I

LJ

z

z
co

L!
C)
z

l t l
t t l
I  l l r j l
r u J l c ) r
t z , r z a
r o l < l
r F t O l
r Q r Z l
r c ) t = l
I  L J  l - ( D  I
I  t < l
t t l
t l l

r t l
t l l
I  t l r J l
I  r ( ) t
r L ! r Z r
r A r < l
l Q r O l
t J r Z .  l
r ( n t > l
I  r @ r
I  l < r
t t t
r t l

F
o
l!

+
I
I
I
I
I
I
+

. 1 5

C\I
N

rt\

N

IJ\
N

\c

I
I
I
I
I
I
+

+
I
I
I
I
I
t

I
+

I
I
1
I
+

+

\o
=

F
o

. r t -

F

rn
N

F)

N

I

I
I
I

+
I
I
I
I
I
l
+
I

I
I
I
I

?

- *  - *  - *  - *
o \ r o l € l \ o

F

N

o\
N

\o

O l S l F l F

- *  - *  - *  - *
! n l O t N l F

- +  - +  - +  - +
f \ l N l  . 1 5

o co

- *  - i  - +  - +
S l O l  . l S

- -  . f  s - . . 1  . . . + - . 1  - - + -. - . . fu+  -+-J { .  - . }
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

O l
( , l

E I
< l
o a

l l
t '  l

L

L

o

IJ
4

I
I
I
I
I
I
I
I
l l <
r c )
I r g

t . o
u J l
> l
! J l -
J t C )
< t c a
4 l [ r J
O t c

=
C"
:<

-)

o)
J

q,
o

,t

a)
L

{9

o
U' Fz.

lrJ
o

z.

=
U'

c)
a,
o

GT6;;
t F l o
t l
l l
l l
t l
1 l- + - + -

\ o r  . l F
. l  |  .

f s l  a O \
N l  I

s-  10

> l !
l r  ><
t ! 0a=

( )  l r J> -
a o >

: t o o
J - l !

t !  <Y)  l !  )
- . j  - - l r , J

F  r r F <  u ,  i l
- J O

a  F > z  \ o  F
c t o >  o

X  < < c O  O \  g ,

e  Z , t  F
Z  O t J  J
b J F
L lrJ sl (J
A J J - L

Z Z b )
lrJ lrJ Eo . > >. > z

a

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

o r o \
C l 6( o r o

I

O \ 1 6
I N
I
I

€ o t 6
F t \ o

t o \
t .

I

t n t € o
. l

o r F

I
I

5 t o
€ 1 N

I

I
I

o \ r o l
t r n
I
t
I

3 l o

F t o
o t o l

I
I

m  t . : t
| l 1 l r n
c l r - i l

I rvt
t

. l
F r O \
( o t o

I
I

o \ l F
O \ l F
$ l r l

t \
l \ t
I-  - . : .  . -

@

AI

rn

\o

rn

6

rt\

l ( ! l F l q )
r N r  r c
t \ o t  t ( o
l 3 l
t a t
t t l
r t l
+ - + - + -
a o r  . r F
|  . l  |  .

r o l r  l o \

r t l
r t t
+ - * - * -
r 5 r  . r € o
I F I  I F
l l l
t ! l
t t l
r t l* - * - * -
r o t  . r r n
|  . l  a  .
l o r  r O
l F l  l F

1 t l
t t l

+ - + - + -
l ( \ l l  . 1 5
t \ o l  t €
t t l
I t t
r t l
r a l
+ - + - + -
l F t  . l U \

|  . l  I  .

1 F I  I F
I  I  l F
t t t
r l l
+ - * - a -
l 5 l  . | f i

r 5 r  r o \
l t l
l t r
l t r
l t l
+ - + - + -
t N r  . 1 9
|  . l  |  .

l ( \ l l  l F
t ( t t  l o
t t l
r l l

, + - + - + -
r c ) r  . r m
r c ) a  r u 1
r o l r  r c l
r t t
r t l
t t l' + - + - + -
l F l O l F
|  . l  . l
r c o l o r F
r t r 1 t o t ( o
I  t F l
r t l' * - * - * -
l F l F l O \
t $ r  r o \
r 6 j r  r $ l
r t l
l l l
r t t

' + -  i .  . i - -
l .  |  3
!  r  ( , ) r
|  |  - -  :
I  I  r $ ;
l r ( r i
|  |  o l
I  r o l
r  t c t
|  ! . .  I
|  ! q - l
t € t  l
t ( ) t  . t . : i
I  r E r c )
t  . r g ) t  o
r O l - t L
l < t t  l
t t r . l l G l  r
t = l l r l l l r J
l 4 r C ) r ( ,
t l ! r 9 l ( , )

i l r r J r - a <
I r = l 0 a t G

r g t r F t =

c > r \ o r F l
F l F l \ O l

I  l s l
t l l
t l l
t t l
t t t

- t  - *  - i
A l l l t \ t F a

. t  . l  , l
\ o r s l \ o l
r Y ' l . ' l F l

. t t l
3 t l

- +  - +  - +
S r F r € r

,  r F r
t l t
t t r
t t l
t l l- +  - +  - +

. r F r € r
|  . r  . l
l F l F l
l F l  I
l t 1
l t l- *  - +  - *

. l r t l ( O l
t l t
t t l
t a l
l t l
t t l- +  - +  - +

N l u \ l r n l
. l  . l  . l

\ O l O l \ O 1
C l l G l l F l

t t l
t l l- +  - +  - +

( t l ( v , t F l
l  \ l
t t l
t t l
t t t
t l l- +  - +  - +

t n r s r . : ' l
. t  . l  . l

. v t t F t t t l
F l F l r n l

t r l
l l l- +  - +  - +

F l o l C l
I  t g \ l
r  ! N l
t t l
t t l
r t l- +  - +  - +

p l  . t t n l
. l  |  . l

: ' l  l F l
O l l  l F l

t t t
l l r- +  - +  - +

$ l l  . r 5 l
I  r ( \ l
r t l
t l l
l t l
l t l

ry+ -  , - : . ' i  .+
Z  l ,  I

Z
I

3 l
l 4 , 3  |
l . -  |  |
l - l  I

( t t L l  r
( ) r o t  I

l . c l r  I
. 1 . C l l  I

= l = r  I
U ) l t - l  I
- l  I  I
B  I  r l  I
z r = r < l
o r ( r r F r
- l G l - t
g l l r J l G l
c a r 4 r o l
o r < r z l
C ) l U J l l r j l
u r r o a . n a

F l 5 3 C t
I F I F I

r \ c a  I
t t l
t t l
l r l
l l l- +  - +  - +

. r : f t A t l
|  . l  . l

r o t \ o l
t F t ( o l
t 1 . r
t 1 1- t  - *  - +

. l  N  l 5 l
t ( v t l  ,
l . ? l  I
r t l
t t l
t t l- *  - t  - +

. l F l  . l

|  . r  I
l \ o l  I
l F l  I
t t r
t l l- +  - +  - +

. l o \ l  . l
t o \ t  I
t t l
t t l
t l l
l t l- +  - +  - +

o l o r N l
. t  . l  . l

O l F l \ c t l
o r  t R l l
F l  |  |

l t l- +  - +  - +
F I C O I F ) l

l l l
! l l
t t l
t ! l
t t t- +  - +  - +

. l O l r n l
I  . l  . l
l S l f a l
I  l F l
t t t
t t t

- *  - i  - +
. t t n l F l

l N t  I
t t l
t t l
t l t
t t 1- +  - +  - +

. l . t l F l

|  . l  . l

t o r : l l
I  r o l l
t t l
r a l' - i  - *  - *

. t F t ( \ l l
r f l |  |
t l r
t 1 1
t r l
i a l

-  , : '  - i J . 4 +

t i z

3 '  r  ' i
: l l
l ! l
r t l
I  t ( l l

o r  r ( ) l
> . r l l

' .  I  I  . 1
- t  l = l
o f  t l , a

I  l - l
r l  I  B  I

= t  r z l
O t  r O l
- l  l - l
u l o t L l
- 3 C ) t c a l
o t € r o l
o r < r o l
G , t C l r t u r r

S l F l F l F l F
F l ( \ l F l 5 l
O l  l t J \ l  I

r l  I  I  I
( n t  t  I  I

l a r l
I t t l- + - + - + - + -

o r  . t f s l  . l
. l  |  . l  3

f r t  l o \ a  I
€ r  I  I  !

t t r l
t l t l- + - + - + - + -

F r  . r o r  . l
r n l  t r n l  I
t n t  |  |  |

r l  |  |  I
$ l l  |  |  r

t t r l- + - + - + - + -
\ o r  . r . 3 r i ) r  .

. t  |  . 1  . t
F t  I r , l \  t F l
F l  l F l ( \ J l

t t l t
t t l t- + - + - + - + -

€ l  . l O \ l F l  .

! n l  l F l F l
o t  |  |  |

t l l l
t t l t
t l t l

- * - i - + - + -
6 0 l O \ l N l \ O l O

. l  . t  . t  . l
o 3 ( \ r € t o t o

t F t  r ( \ l a o
I  I  I  l F
t t l l- + - + - + - + -

5 l 3 l N l @ l F
c t r  r 5 r  I

t t l l
l t l l
l l r l
t t t l

- * - f - + - + -
C ) r g a r r n l O l

. t  . t  . t  . l
5 l | f \ l F l c O l

l d t l ( V ' l F l
t t t l
t l l l- + - + - + - + -

o t C ) l F l C O l
N l F r \ o l  r
e l l F l I

t l t l
t t r l
t l t l- + - + - + - + -

\ o t \ o t F l 6 l
. l  . t  . t  . 1

c ' t e t r n t ( t l
a r n l 6 l F  l
t t t l
t t l l- +  - +  - +  - + ' -

o \ t 5 r o \ l 3 l
F l F 3 F I F I

I  l F l  I
l a l l
l l r l
t 3 l l' - . { - - . .+  - -+  - - { . -  .
t t t l
t l l r
r r  I  I  t '
t t l :
I  I  r  

' r

l l t l
t t t l
t t t l
l  I  I  l o

L r  l  |  | >
o l  |  |  l ' .
G l  ! : ( t  l -

- t r  I  o  I  o  I  o
l l ( ! l - l

. l  a  -  t . -  |  r
J  I  t . o  I  o , t  =
l r J  I  f r J  I  a  l U ,
G  |  >  3  . l  . l  -
l r J l l r , l  1 = t = l u
- r J t ( ) r C ' l -
( J r < r G t € r ( )
< l G t t r J l U J t O
t r o t c . t c t G

;
a
a
I
I
I
I

I
I
I
I
I
I

I
I
I
I
I
I

I
I
I
I
I
I

I
I
I
I
I
I

I
I
I
3
I
!

I
I
I
I
I
I' +
I
I
I
I
I
I

I
I
I
I
I
I

I
1
I
I
I
I

€

\ o 1

I
I
I
I

. : ' I
. l

: t r
I
I
I

I
I
I
I
I

. l

I
I
I

o l
I
I
3
I
I

\ o l
J l

I
I
I

I
I
I
I
I

O l
. l

\ o l
N I

I
I

$j l
5 l

I
I
I
I

r t l
. l

\ o t
\0 1

I
I

F I

O l

o

J

3 l
I
I
1
I
I
I

. l

I
I
I
I
I

. l

I
I
I
I
I

. l

3
I
I
I
I

. l

I
I
I
I
I

. l

I
I
I
I
I

I
I
I
I
I

. l

I
I
I
I
I

. l

I
I
I
I
I

o r
. l

O l
O t

I- +
5 l

F I
5 l
F l

I
t
I
I

. l

I
I
I
I
t

. l

I
I
I

. l
I

O \ l
. l

1
I
I

I
I
I
I
t

( o l
. l

f o l
I
I
I

u \ l
I
I
I
I
I

l \ l
. l

( r ' l
I
T

s l
I
I
I
I

O l
. l

o l
\ o l

I
I

6 J t
O \ t

I
I
I
I
I
I
I

I
I
1
!
I
I
+
I
I
I
t
I
I

I
I
I
I
I
I
+
I
I
I
I
I
I

+
I
I
I
I
I
I
+
I
I
I
I
I
l

+
I
I
I
I
I
I

I
I
I
I
I
t' +
t
I
I
I
I
I

@

AI

rn

\o
o

t \ l . t l
5 t  I
c o r  t

r l  I
o \ r  I

t t
t l

O r  . l
. t  I

f o t  I
F t l

a l
t l

N r  . l
c o t  I
c l r  I

. l  I

t t

. l  I
g \ r  I

t t
t l
1 l

F l  . l
' C l  t
rn I I

a t
t !
t l

( o r o l
. l  . l

F l O 3
r o 3
l F 3
t l

F t o l
F t  I

t l
t l
t 1

o \ l  . l
. l  I

( \ r r  I
( \ t r  I

t l
t l

f Y t l  . l
l n l  I
o l !  |

r l  I
N t  I

t l

c l t  . l
. l  I

l \ 3  |
n \ t  I

t l
t l

€ r  . l
N r  I
\ o t  I

r l  I
r n l  I

I
I
I
I
I
I

I
I
I
I
I
a

I
I
I
I
I
t

I
I
I
I
I
I

I
I
I
I
I
I

I
I
I
I
I
I

I
I
I
I
I
I
I

,
I
t
I
I
I

+

;;-;-;--=;
r <  r  |  5 r
t  Q L J  |  .  |  5  r
I Z C ) r O r  I
r > z r z l  I
l . D  r  I  I
l <  |  |  |

- - - +  - *  - - - f
|  |  |  o 1
|  |  |  . l

l l 4 j l  I  f \ l
9 r o r l Q r  F r
I  r = l  |  |

N r < t  |  |
I  O  I  - + - - - +

O r z r  !  ( n l
< r f  t  |  6 l
G l c 0 t  . t  w t l

3 < r Q r  1
I  l z  |  |
t t t l-+  -+  - *  - - -+
t  |  |  $ l r
|  |  I  . r
l l r J l  I  | J \ l
r ( ) s b Q r  F l

F r z t  I  I
l < r  r  I

O r O t - + - - - +
< r z r  t  c o r
€ r = r  |  \ O t

l o l  . l  t
r < l o r  r
J  t z  I  I
l l l t- +  - +  - +  - - - +
|  |  |  o \ l
|  |  |  . t
l l 4 . l l  I  l n l

l . l  I  c )  l b . Q r  !
z , t z t  I  I
o r < r  I  r
F t O l - + - - - +
O r Z r  1  \ O l
9 r = l  I  N l
l r J l @ 3  t l  I

r < r o l  I
|  . 2 .  I  I
r l l l- +  - +  - +  - - - +
|  |  I  r f \ t
t  |  |  . t
t l r J t  I  N l
I  o  r l e r  I

l 4 , l l z l  |  |
4 r < t  r  I
o l o t - + - - - +
J t Z t  I  F r
( r ) l > l  I  F l

t C O r  . r  I
r < 3 o l  I
I  a z  1  |
t t l l- +  - +  - +  - - - +
|  |  |  - t l
t  |  |  . t
l L J l  I  F l
r o r l q r  I

* a z . t  I  I( , ) r < r  |  |
u J t a l - + - - - +
€ , t z t  l  € t l
o r > r  |  |

l C l l t  . l  I
r < r o r  I
I  t z ,  I  l
l t t t

. + . - .  r .  - +

J

I
I
I
I

- l

!
I
I
I
I
I
I
t
I
I
I
I
I
I
I
a
I
I
I
I
I
I
t
a
I
I

= l
= l

< l
g l

u ) l
I
I
I
I
!
I
I
I
I
I
I
I
I
a
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
l

rn
CI

\o
(\l

\o

o\
\o

\o

!n

(\l

I
I

- +  - { - - { .  r  - f

F

E
o

(o
o

z
J
z
LJ

.:<

5

l!

C)

o

z

U'
:<

CD

CL

.i(

o
o

6

E

I

o
U'

et

U'

s --11

> lri

t a  ><
l4J C< E

O L J > -
& O t -

s  q r o
J = l r J > J

l r i <g l  L i <
J - - l r J ) F

F s F < ( '  t l
- J O

( , )  F  -  Z \Cr -
a a o t o -

X < < c O O \ a a
< F >

O Z r  F
= Q  I  J J <
t r J b  < J E
o - l r J l r J c ) <
4 J J - l l

< o - c
zz ,u)
l4J trJ =
6 -  >=

- 2 ,
a



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

APPENDIX S . -  TABLES 5-6

JUV-AD FISHES AT.P3B: ESTIMATED BIOMASS ABUNDANCE, BY RELEVANT STRATUM

AND YEAR, FOR EACH STAGE WITHIN A TAXON, ENCOUNTERED ON SURVEYS DURING FALL 1985-

85.  A lso  no ted  is  the  percentage cont r ibu t ion  o f  each s t ra tum to  to ta l  de ins i ty .

Taxa inc ' lude  each spec- ies  encountered ,  p ' lus  to ta l  f j shes  (a11 spec ' ies ) .

s-  12
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APPENDIX  S  - .  TABLES 7 -8

YOY.OJ  F ISHES AT  PAR:  ESTIMATED NUMERICAL ABUNDANCE,  BY RELEVANT
STRATUM AND YEAR, FOR EACH STRATUM WITHIN A TAXON, ENCOUNTERED ON SURVEYS DURING
FALL  1985-86 .  A l so  no ted  i s  t he  pe rcen tage  con t r i bu t i on  o f  each  s t ra tum to  to ta l
dens i t y .  Taxa  i nc l ude  each  spec ies  encoun te red ,  p i us  t o ta l  f i shes  (a11  spec ies ) .
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APPENDIX  S  - -  TABLES 9 -10

JUVENILE-ADULT F ISHES AT  PAR:  EST iMATED ABUNDANCE (NUtv iBERS AND

BtoMASS),  FoR EACH LIFE STAGE (AND P0oLED LIFE STAGES) WITHiN A TAXoN,

ENC0UNTERED 0N SURVEYS DURING FALL  1986 .  Taxa  i nc1ude  each  spec ies  encoun te red ,

p ' l us  to ta l  f i shes  (a l l  spec ' i es ) .  Abundance  es t ima tes  a re  the  sun l  o f  s t ra tum

sub to ta l s  we igh ted  by  the  a rea l  con t r i bu t i on  o f  t he  respec t ' i ve  s t ra tum.  Th i s

a1 te rna te  1986  es t ' ima te  i s  based  on  Rock  (Cres t ,  S lope )  p lus  Eco tone  s t ra t ,a .
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APPENDIX  S  . .  TABLES 11 .14

JUVENILE .ADULT F ISHES AT  sB :  ESTIMATED ABUNDANCE (NUMBERS AND
BIoMASS),  FoR EACH LIFE STAGE (AND P0oLED LIFE STAGES) WITHIN A TAXON,
ENCOUNTERED 0N SURVEYS DURING FALL  1986 .  Taxa  i nc lude  each  spec ies  encoun te red ,
p lus  to ta l  f i shes  (a1 ' l  spec ies ) .  Abundance  es t ima tes  a re  the  sum o f  s t ra tum
sub to ta l s  we igh ted  by  the  a rea l  con t r i bu t i on  o f  t he  respec t i ve  s t ra tum.  One
a l te rna te  1985  es t ima te  i s  based  on  Sand  (Ad jacen t  and  Ou t l y ing  Sand :  Tab les  11 ,
12 ) ;  t he  o the r  a l t e rna te  1986  es t ima te  i s  based  on  a l l  s t ra ta  samp led  (Rock  =

Cres t  +  S lope ,  Eco tone ,  and  Sand :  Tab les  13 ,  14 ) .
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APPENDIX T  - .  TABLE 1A

JUVENILE - ADULT FISH LENGTH CLASSES

LENGTH CLASSESa (TL  inc lus ive ,  i n  in  " / t t )

Juven i  l e Subadul  t Adul  tTaxon /Spec i  es

ANCHOVY, nor thern

BARRACUDA, Ca1 i forn ia

BASS, barred sand

BASS,  ke lp

BLACKSMITH

BONiTO,  Pac i f i c

CABEZON

CROAKER , b' l  ac k

GARIBALDI

GIBB0NSIA spp

GREENLING,  pa in ted

HALFMOON

KELPF ISH,  g i an t

MACKEREL,  jack

MACKEREL,  Pac i f i c

OPALEYE

PIPEFISH sp  "

QUEENFISH

RAY, bate

RAY,  Pac i f i c  e l ec t r i c c

RAY,  round  s t i ngc

ROCKFISH,  g rass

ROCKFISH,  o1  i  ve

ROCKFISH,  j uv "  sp .

ROCKF iSH,  ke lp

SALEMA

SARGO

<3  i n .

<1 f t

<9  i n .

<9  i n .
h

<4  i n . "

<23  i n .
<10  i n .

<7  i n .
<5  i n .
<4  i n .

<6  i n .
<5  i n .
<6  i n .

<6  i n .
<11  i n .

<7  i n .
<6  i n .
<4  i n .

<1  f t .
<1  f t .

<5  i n .

<8  i n .
<8  i n .
<4  i n .

<5  i n .

<4  ' i n .

<5  i n .

3 -  4  in .

l?  -  20  in .

9  -  12  in .

9  -  12  in .

4  -  6  in .

23  -  25  in .

10  -  15  in .

7  -  10  in .

5  -  10  in .

4  -  5  in .

6  -  7  in "

5  -  8  in .

6  -  10  in .

5  -  10  in .

11  -  13  in .

7  -  10  in .

6  -  10  ' i n .

4  -  5  in .

1  -  2  f t .

l -2 fL .

5  -  7  ' i n .

8  -  12  in .

8  -_12  in .

5  -  8  ' i n .

4  -  6  in .

5  -  9  in .

>4  i n .
>2  f t .

>1  f t .

>1  f t .

>6 ' in  .

>25  i  n .
>15  i  n .
>10  i  n .
>10  i  n .
>6  i n .
>7  i n "
>8  i n .

>10  i  n .
>10  i  n .
>1 .3  i  n .
>10  ' i n .

>10  i n "
>5  i n .
>2  f t "

>2  f t .
>7  i n .

>12  i  n .

" : _ tn '

>8  i n .
>6  i n "

>9  i n .

I
I
I
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APPENDIX T - -  Supplements Used to Est imate

Biomass Abundances of  F ishes

Kelp Beds and at  PAR in Fal l

1986
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the Numer ica l  and

in  SONGS-Area

1985 and Fal l
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I ANDYOY

APPENDIX  T  . .  TABLE  IB

JUVENiLE FISH LENGTH CLASSES
(PAR YOY - 0J Study)

LENGTH CLASSESa (TL  inc lus ' i ve ,  i n ' i nches)

0l  der

Juven i l e

l
t
I

Taxon/Spec i  e  s YOYb Comments

t
I
I
t
I
I
I
I
I
I

BASS, barred sand

BASS,  ke lp

BLACKSMiTH

CABEZON

CROAKER,  b lack

GARIBALDI

GOBY,  b lackeye

G0BY, b l  uebanded

GREENLING,  pa in ted

HALFMOON

HALIBUT,  Ca f  i f o rn ia

KELPF ISH,  g i an t

PERCH,  b l ack

PERCH,  p i  1e

SEAPERCH, ra ' inbow

SEAPERCH,  rubber f  i p

SEAPERCH,  wh i te

SARGO

SC0RPI0NFISH,  spo t ted

SENORITA

SHEEPHEAD,  Ca l  i  f o rn ia

tdRASSE, rock

3-10

3-10

3-5

5-16

4-9

2-8

t -2

N/A

4-5

5-8

e(M)  -  18 (F)

5 -8

N/A

5-9

5-7

5-10

5-8

4-7

4-10

3-5

3-12

4-6

A l l  j uven i l es  a re  YOY.

3  t o  5  i n .  TL  a re

year ' l  i  ng adul  ts  "

<3

<3

<3

<5

<4

<2

<1

AI I YOY

<4

<5

N/A

<5

<5

<5

<5

<6

<5

<4

<4

<3

<3

<4

I
I

aAc tua ' l  s i ze .  Remember  tha t  wa te r  magn i f i es  one - th i rd .  So ,  f o r
examp le ,  a  f i sh  t ha t ' l ooks  16 ' i n .  l ong  i s  ac tua l l y  12  i n .  1ong ,  and
a  f i sh  t ha t  l ooks  12  i n .  l ong  i s  ac tua ' l i y  9  i n .  1ong "

bEst imated average maximum tota l  length of  YOY dur ing September-
0c tobe r  1985 ,  based  on  l i t eg .a tu re  and /o r  d i rec t  obse rva t i ons  by
E"  DeMar t i n i  a t  PAR.

I
I

t - 5



APPENDIX  T  - -  TABLE  1A  ( con t i nued )

LENGTH CLASSESa(TL  i nc l us ' i ve ,  i n  i  n . / f t )

Juven i ' l e Subadu l  t Adul  t

I
I
I
t
I
I
I
I
I
I
t
I
I
t
T
I
I
I
t

Taxon /Soec i  es

SCORPI0NFISH (=  scu l  p ' i n )

SEABASS , wh'i te

SENORiTA

SHARK, horn

SHARK, 1 eopard

SHEEPHEAD,  Ca l i f o rn i a

S ILVERSIDES

PERCH,  b l ack

PERCH,  ke1  p

PERCH,  p i  1  e

SEAPERCH, ra inbow

SEAPERCH, rubber l  i  p

SEAPERCH, whi te

SURFPERCH,  wa l  l eye

THORNBACKC

TURBOT spp.

WRASSE, rock

<8  i n .

<20 ' in  .

yoy :  <2  i n .

j uv :  2 -4  i n .

<15  i  n .

<2  f t .

<10  i n .
<3  i n .
<4  ' i n  .

<3  i n .
<5  i n .
<4  i n .
<6  i n .
<4  i n .

<3  i n .
<5  i n .
<5  i n .
<5  i n .

8 -  12  in .

2A -  ?4  in .

4  -  5  in .

15  -  24  in .

2  -  3  f t .
A

10 -  14 -  in .

3  -  5  in .

4  -  7  in .

3  -  4  in .

5  -  9  in .

4  -  7  in .

6  -  10  in .

4 -7  in .

3  -  5  in . .

5  -  7  in .

5  -  8  in .

5  -  8  in .

>1  f t .

>24  i  n .

>6 ' in  .

>24  i n .

>3  f t .

>14  i n .

>5  i n .

>7 ' in  .

>4  i n .

>9  i n .

>7  i n .

>10  i  n .

>7  i n .

>5  i n .

>7  i n .

>8  i n .

>8  i n .

aAc tua l  s i ze .  Remember  tha t  wa te r  magn i f i es  one - th i rd .  So ,  f o r
examp le ,  a  f i sh  t ha t  l ooks  16  j n .  l ong  i s  ac tua i l y  12  i n .  1ong ,  and
a  f i sh  t ha t  l ooks  12  ' i n .  ' l ong  

i s  ac tua l l y  9  i n .  1ong .

b0" "ng "  be low  and  pos te r i o r l y .

tD i  t k  w id th .

d lnc l  udes  t rans fo rm ing  ma1es .
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APPENDIX  T  - .  TABLE 2

LENGTH - WEIGHT RELATIONSHIP FOR EACH FISH TAXON ENCOUNTERED ON I 'JUVENILE-ADULT''
FISH SURVEYS AT SONGS-AREA KELP BEDS AND AT PAR DURING FALL 1985 AND FALL 1986.
A l l  l eng ths  a re  mm and  a l l  we ' i gh ts  a re  to ta l  body  i n  9 ,  un less  o the rw ise  no ted .
Leng ths  a re  t o ta l ' l eng th  (TL ) ,  s t anda rd  l eng th  (SL ) ,  and  f o r k  l eng th  (FL )  f o r
te l  eos ts ;  d i  sk  w id th  (DW)  fo r  ray ' l i  ke  e l  asmobranchs .
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Taxon

APPENDIX  T  . .

Re la t ' i onsh ip

TABLE 2

Source(  s  )

SHARK,  ho rn
(Mode l s  =  Ho rn  sha rk
&  Por t  Jackson  sha rk )

SM0OTHH0UND spp.
(Model  = Grey
smoothhound)

SHARK, Leopard

THORNBACK

GUITARFISH,  shove lnose

RAY,  Pac ' i f i c  e l ec t r i c

STiNGRAY, round

RAY, bat

ANCHOVY, nor thern

HALIBUT,  Ca l  i f o rn ' i a

PLEURONICHTHYS spp.
@1
TURBOT, d iamond

BASS,  ke lp

BASS, barred sand

SILVERSIDES spp .
(Mode l  =  Topsme l t )

BARRACUDA, Paci  f ic

YELLOWTAIL

MACKEREL,  jack

BONIT0 ,  Pac i  f i c

MACKEREL,  Pac i  f i c

SARGO

W = 3 .0E-07  (TL) * *3 .54

W =  8 .0E-08  (TL) ' t "3 .  55

Te t ra tech  (unpub .  da ta ) ;
McLaugh i i n  &  0 'Gower
(1971 ) ;  Tay lo r  ( 1972 )

Te t ra tech  (unpub .  da ta ) ;
He ra ld  e t  a l .  ( 1960 )

Te t ra tech  (unpub .  da ta )

Te t ra tech  (unpub .  da ta )

Te t ra tech  (unpub .  da ta )

DeMar t i n i  (unpub .  da ta )

Te t ra tech  (  unpub .da ta )

Te t ra tech  (unpub .  da ta )

Quas t  (  1968b)

J .  Scho t t  (unpub .  da ta )

Quas t  (  1968b)

Lane (  1975)

Young  (  1963)

DeMar t i n i  (unpub .  da ta )

Quast  (  1968b)

w

l,/

w

|.J

l1l

l1l

w

b/

h,

|./

|.J

t,J

hl

3.0E-07  (TL) * *3 .41

1 .2E-04  (DW) f *2 .83

6 .9E-05  (TL) * *2 .91

2.3E-04 (D l^ , ) * *2 .79

4.5E-03 (  Dt4 l ) * *2 .  19

1 .4E-05  (DW)**3 .04

2 .0E-07  (SL) * *3 .86

8 .5E-06  (TL) * *3 .03

9 .5E-06  (SL) * *3 .20

? .2E-05  (SL) * *3 .04

1 .8E-06  (TL) * *3 .34

5 .4E-06  (TL) * *3 .  15

8 .9E-06  (SL) * *3 .04

W = 4 .0E-03 (TL)cm"*z .98  Wal fo rd  (1932)

W.tb= 7 .  4E-08 (  FL)**2.85 Baxter et  a l  .  (  1960)

W = 3 .3E-05 (FL)* *3 .22  h l ine  & Knaggs (1975)

l . l  =  9 .0E-07  (TL) * *3 .34  Co l l i ns  e t  a l .  (1980)

W =  1 , .4E-06  (FL) * *3 .39  Knaggs  &  Par r i sh  ( i973)

W =  5 .0E-06  (TL) * *3 .19  De la r t in i  (unpub .  da ta )



l
I Taxon

Tab le  2  ( con t i nued)

Re l  a t ' i onsh i  p Source (  s )

I
tt

l
I
T
I
I

I
I
I
I
t
l
t
I
I
t

SALEMA

CROAKER,  b lack

SEABASS, whi te

PERCH,  ke lp
(>65  mm SL)

PERCH,  p i l e
(>80 mm SL)

PERCH,  b1  ack

SEAPERCH,  ra inbow

SEAPERCH,  wh i te

SEAPERCH, rubber i  i  p

BLACKSMITH

GARIBALDI

WRASSE, rock

SENORITA

SHEEPHEAD,  Ca l  i f .

OPALEYE

HALFMOON

SCORPI0NF ISH,  Ca ' l i f .

GREENLING,  pa in ted

CABEZON

P I  PEFI  SH

ROCKFISH, brown
(Mode' l  =  Grass
rock f i  sh )

l r l  =  3 .6E-05  (SL) * "Z .90

W =  2 .8E-06  (TL) * *3 .25

t {  =  1 .6E-05 (TL)* *z .92

| /  =  1 .2E-05  (SL) * *3 .17

\ l  =  2 .7E-05  (SL) " "3 .03

W =  8"3E-06  (SL) * *3 .31

W =  2 .0E-06  (SL) * "3 .55

W =  1 .4E-05  (SL) * *3 .12

W =  4 .5E-06  (SL) * *3 .36

l r l  =  1 .8E-05 (SL)**3 .09

W =  3 .6E-05  (SL) * ' f3 .10

W =  3 .3E-06  (TL) * *3 .24

h ,  =  1 .3E-06  (SL) * *3 .50

W =  1 .3E-05  (SL) * *3 .15

W =  5 .3E-05  (SL) * "z "93

W =  8"3E-06  (SL) * *3 .26

\ l  =  2 .0E-02 (TL)cm**3 .01

f {  =  3 .2E-05  (SL) * *2 .93

W =  5 .4E-04  (TL) " "z .98

V l  =  1 .6E-09  (SL) * *3 .95

W =  1 .1E-05  (SL) * *3 .21

Quast  (  1968b)

DeMar t i n i  (unpub .  da ta )

Thomas  (1968)

Quas t  (1968b)

Quas t  ( i 968b )

Quas t  (1968b)

Quas t  (  1958b)

Quas t  (1958b)

Quas t  (  1968b)

Quas t  (  1968b)

Quas t  (1968b)

DeMar t i n i  (unpub .  da ta )

Quas t  (1958b)

Quas t  (1958b)

Quas t  (1968b)

Quas t  (1958b)

M.  Love  (unpub .  da ta )

Quas t  (1958b)

0 'Conne l  I  (  1953 )

Quas t  (1958b)

Quas t  (1968b)
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APPENDIX T  . -  TABLE 3

LIST 0F FACToRS USED T0 CoNVERT ToTAL LENGTH (TL) T0 EITHER DrSK WrDTH (D\, / -RAYS),
STANDARD LENGTH (SL),  OR FORK LENGTH (FL) AS INPUT TO LENGTH-WEIGHT FORMULAS
(TABLE 2) FOR FISHES ENCOUNTERED BY DIVERS ON TRANSECTS AT PAR AND AT SONGS-AREA
KELP BEDS DURING FALL 1985 AND FALL 1986.  N/A ' ind ica tes  tha t  a  convers ion  was no t
necessary .  )

t
I
I
I
I
I
I
I
!
t
I
I
I
t
I
I
I
I
t
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Ta  xon

Tab le  2  ( con t i nued)

Re la t i onsh io Source (  s )

T
I
I
t
I
I
I
I
I

ROCKFISH,  ke ip

ROCKFISH,  o l ' i ve

G0BY, b ' lackeye
(Mode' l  =  Bay goby)

G0BY, b l  uebanded
(Mode1 = Bay goby)

GIBB0NSIA  spp .
(Mode1  =  G .  me tz i )

KELPF ISH,  g i an t

TR IGGERFISH,  f i nesca le
(Mode'l  = Grey
t r i  gge r f i  sh )

4.2E-05  (SL) * *2 .92

7 .8E-06  (  SL) * *3 .  18

8 .3E-06  (  SL) * *3 .  10

Quast  (  1968b)

Quast  (  1968b)

Grossman (1979)

Grossman (1979)

Quast  (1968b)

Quast  (1958b)

Johnson & Sa lomon
(  1e84)

t,{

w

!'l

| . l  =  8 .3E-06  (SL) * *3 .10

l ,J  =  4 .5E-05 (  SL)* *3  .21

V/  =  1 .8E-06  (SL) * *3 .33

W =  2 .2E-05  (FL) * *2 .99

t
I
!
I
T
I
I
I
I
t
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APPENDIX  T  - -  TABLE  3

Convers i  on
Fac to rTaxon

SHARK, horn

SMOOTHHOUND SPP.

SHARK, 
' l  
eopard

THORNBACK

GUITARFISH,  shove l  nose

RAY,  Pac i f i c  e l ec t r i c

STINGRAY, round

RAY, bat

ANCHOVY, nor thern

HAL IBUT ,  Ca l i f o rn ' i a

PLEURONICHTHYS SPP
i s )

TURBOT, d ' iamond

BASS,  ke lp

BASS,  ba r red  sand

SILVERSIDES SPP
(Mode1  =  Topsme l t )

BARRACUDA, Paci  f ic

YELLOWTAI L

MACKEREL,  jack

BONIT0 ,  Pac i f i c

MACKEREL,  Pac i f i c

SARGO

SALEMA

CROAKER,  b lack

SEABASS,  wh i te

PERCH,  ke lp

Source (  s  )

Te t ra tech  (unpub .  da ta )

DeMar t i n i  (unpub .  da ta )

Babe l  (1967)

L .  Ma r t i n  ( 1982 )

C la r k  &  Ph i l l i p s  ( i 952 )

Roede l  ( 1953 ) ;  Bu rgess
&  Axe l rod  (1984 )

Lane (  1975)

DeMar t i n i  (unpub .  da ta )

Roede l  ( i 953 )

Bax te r  e t  a l .  ( 1950 )

Roede l  (  1953) ;
Go tsha l  l  ( 1977 ,  1981) ;
Wal  ford (  1974)

Wa l  f o rd  (  1974)

Roede l  (  1953 ) ;
Feder  e t  a l  .  (  197a ) ;
Gorsha l l  ( 1977 ,  1981)

DeMar t i n i  (unpub .  da ta )

N/A

N/A

N/A

DW = 0 .48T1

N/A

Dlrl = 0.65T1

DW = 0 .57T1

Dl, l  = 1.35T1

SL =  0 .85T1

N/A

SL =  0 .81T1

SL =  0 .83T1

N/A

SL =  0 .82T1

SL =  0 .87T1

N/A

FL =  0 .87T1

FL =  0 .93T1

N/A

FL =  0 .93T1

N/A

SL =  0 .64T1

N/A

NIA

SL =  0 .79T1

T
I
I
l
I
I
I
I
t
t
I
T
I
I
I
I
I
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Tab le  3  ( con t i nued)

Convers i  on
FactorTaxon

PERCH,  p i l e

PERCH,  b ]ack

SEAPERCH, ra inbow

SEAPERCH, whi te

SEAPERCH, rubber ' l  i  p

BLACKSMITH

GARIBALDI

WRASSE, rock

SENORITA

SHEEPHEAD,  Ca ' l  i  f o rn ia

OPALEYE

HALFMOON

SC0RPI0NFI  SH ,  Ca l  i  f o rn  i  a

GREENLING,  pa in ted

CABEZON

P I  PEFI  SH

ROCKFISH, brown

ROCKFISH,  ke lp

ROCKFISH,  o l i ve

G0BY, b lackeye

GOBY, b l  uebanded

GIBBONSiA SPP

KELPFISH,  g ian t

TRIGGERFISH,  f  ine#a l  e
(Mode1 =  Grey  t r igger f i sh)

Source (  s  )

Eckmayer  (1979)

Eckmayer  (  1979)

Roede l  ( 1953 ) ;
Go tsha l  I  (  1981 ) ;
Burgess & Axel  rod (  1984)

Eckmayer  (1979)

Roede l  ( i 953 ) ;
Bu rgess  &  Axe l rod  (1984)

Feder  e t  a i  .  (  197a ) ;
Go tsha l  I  (  1977 ) ;
Bu rgess  &  Axe l rod  ( i 984 )

C la r ke  (1970 )

Go tsha l  I  (  1977 ) ;
Bu rgess  &  Axe l rod  (1984)

l , / a l f o rd  (197a) ;
Bu rgess  &  Axe l rod  (1984)

Roedel  (  1953)  ;
Bu rgess  &  Axe l rod  (1984)

Wa1 ford ( I97a) ;
Feder  et  a ' l  .  (  1974)

DeMar t i n i  (unpub .  da ta )

DeMar t i n i  (unpub .  da ta )

Burgess  &  Axe ' l r od  (1984)

Burgess  &  Axe l rod  (1984)

Burgess  &  Axe l rod  (1984)

t , ' t i ley  (1973)

hri I ey ( 1973 )

Fede r  e t  a l .  ( 1974 )

Roede l  (1953)

Johnson  &  Sa lomon  (1984)

SL =  0 .80T1

SL =  0 .80T1

SL =  0 .82TL

SL =  0 .771L

SL =  0 .84T1

SL =  0 .80T1

SL =  0 .78T1

N/A

SL =  0 .84T1

SL =  0 .84T1

SL =  0 .82T1

SL =  0 "83T1

N/A

SL =  0 .85T1

N/A

SL =  0 .9BTL

SL =  0 .83T1

SL =  0 .83T1

SL =  0 .81T1

SL =  0 .84T1

SL =  0 .84Tt

SL  =  0 .90T1

SL =  0 "90T1

FL =  0 .86T1
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APPENDIX  T .  . .  TABLE  4A

KELP BED - -  FALL  1985
TOTAL NUMBER OF FISHES OBSERVED ON FiSH LENGTH SURVEYS

Data  rep resen t  t he  sum o f  t he  ta l l i es  made  on  5  -  40 -m in
searches  (200  m in )  a t  3 -5  m dep ths  (100  m ' i n )  and  a t  7 -8  m
dep ths  (100  m in ) ,  p l us  5  -  40 -m ' i n  d i ves  (200  m in )  on  bo t t om,
a t  each  s ta t ' i on  excep t  Cobb leU.  A t  t he  l a t t e r  s ta t ' i on ,  5  -
40 -m ' i n  sea rches  (200  m in )  were  comp le ted  on  bo t tom on1y .

t
t
I
t
I
I
I
t
t
I
I
T
I
T
I

SMKSpec i  es
Cobbl  e
Upcoast S0KDout

Ail
Locat i  on s

SENORITA
SALEMA
BASS,  ke1  p
WRASSE,  rock
BARRACUDA, Paci  f ic
MACKEREL,  j ack
SEAPERCH,  wh i te
BASS, barred sand
S ILVERS iDES spp .
SEAPERCH, rubber l  i  p
PERCH,  b l ack
BLACKSMITH
PERCH,  p i l e
SHEEPHEAD,  Ca1  i  f o rn ia
HALFMOON
PERCH,  ke lp
KELPF iSH,  g i an t
SEAPERCH,  ra inbow
SHARK,  l eopard
RAY, bat
BONIT0 ,  Pac i f i c
GARIBALDI
SHARK. horn
RAY,  Pac i f i c  e l ec t r i c
SEABASS, whi te
OPALEYE
SC0RPI0NFISH,  Ca .

1,958  789
00

575 1i5
570 275

00
390

325 0
52 i98

274 0
t72 4
318  1
92 14

i49 1
37 64
220
840
26 1
280
00
00
00
20
00
00
00
10
00

S0KUout

5 ,265
2 ,190

286
396
15?
543
963
667
324

1
14

105
?

59
22
5
3
0
0
0
0
0
0
0
0
0
0

SOKDi n

2 ,987
n
U

262
606
7t9
354

I 5

16
0
0
0

T7
4
8

25
0
I
0
?
2
n

0
I
0
0
0
0

S0KUi n

1 ,811
1  ,071

451
t77
r32
174

J I

77
50
0

14
92

J

39
t7
0
3
2
i
0
2
0
0
0
0
n
U

1

3,195

670
277
934
320
7+

159
0

451
1,29
23

173
56
8
0
4
1
1
I

2
0
0
0
1
1
J.

0
U

16 ,005
3  ,366
2 ,459
2 ,301
! , Y 5 I

1 ,530
1 ,408
1 ,169

648
6?8
476
343
332
283
94
89
38
? 1

4
4
7.
2
1
1
1
1
1

4 ,824  1 ,462 11,107 5 ,019 4 ,  148 5  ,594  33 ,  154

t
t
I
,
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APPENDIX  T  - -  TABLE 48

KELP BED --  FALL 1986
TOTAL NUMBER OF FISHES OBSERVED ON FISH LENGTH SURVEYS

Data  rep resen t  t he  sum o f  t he  ta l ] i es  made  on  4  -  40 -m in
searches  (160  m in )  a t  3 -5  m dep ths  (80  m in )  and  a t  7 -8  m
dep ths  (80  m in ) ,  p l us  4  -  40 -m in  d i ves  (160  m ' i n )  on  bo t t om,
a t  each  s ta t i on  excep t  S0KUin  and  Cobb leU.  A t  SOKUin  the re
were 3 -  40-min searches ' in  canopy, /midwater  and 3 -  40-min
bo t tom sea rches ;  a t  Cobb leU d i v ing  cond i t i ons  a l l owed  on l y
2 -  40-min bot tom searches.

SPEC I  ES

SENORITA
BASS, ke ' lp
HALFMOON
h,RASSE, rock
MACKEREL,  j ack
BASS, barred sand
PERCH,  b l ack
PERCH,  ke ' l p
BARRACUDA, Paci  f ic
BONIT0 ,  Pac i f i c
SHEEPHEAD,  Ca .
SALEMA
SILVERSIDES spp .
SEAPERCH,  wh i te
SEAPERCH, rubber l  i  p
PERCH,  p i  ' l e

MACKEREL,  Pac i  f i c
SEAPERCH, ra ' i  nbow
KELPF ISH,  g i an t
BLACKSMITH
ROCKFISH,  ke lp
SURFPERCH, wal  1  eye
SHARK, 

' l  
eopard

HALIBUT,  Ca .
ROCKFISH,  o f  i ve
G iBBONSIA ,  spp .
THORNBACK
STINGRAY, round
RAY, bat
GARIBALDI
SC0RPI0NFISH,  ea .

COBBLE
U

14
0

96
n

158
?

0
0
0

36
0
U

0
0
0
0
U

0
0
0
0
0
0
0
1
0
0
0
0
0

313

COBBLE
D

188
15
3 i

i43
60
2 t
24
0

i00
0

48
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
i
0
1
0

:3
633

SOKU SOKD
OUT IN

3 ,536  2 ,048
339 403
113 120
265 230
146 47t
91  59
88 42
70 38
15  0
7 q  q l

66 39
0  211
723

r23 29
50

22 23
00
9 i
46

21  0
70
0c
01
00
00
00
00
00
00
00

=-=i ====:
4,995  3 ,795

SOKU SOKD
IN OUT

980 706
379 382
8?r 132
t72 2t8
170 202
77 i09
47 89
33 172

328 15
300 0
49 51
013

t70 0
67
944
615

i00  0
33

10 23
00
11
00
00
20
01
01
00
00
00
0 i
10

3 ,664  2 ,  185

SOK ALL
INBET LOCS

1,294  8 ,757
433 l ,  ,966
138  1 ,355
203 r ,327
209 1,258
67 582

235 528
183 495

0 458
0 426

67 355
34 258
0 194

29 194
109 t67
4 i  107
0 100

52 68
851

11  32
09
33
12
02
t?
02
01
1 i
01
01
01

3 ,11 .9  18 ,705
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APPENDIX T  . .  TABLE 5A t

PENDLETON ARTIF IC IAL  REEF - .  FALL  1985
TOTAL NUMBER OF FISHES OBSERVED ON FiSH LENGTH SURVEYS t

Spec i  es 0ctober November December

10  ,037
955
20t
t62
138
143
47
60
62
86
46
31
19
7
5
2
3
't
I

0
1
0

Ail
Surveys

48, g0g
1  ,765

810
388
372
370
262
t79
165
t62
116
56
25
17
6
4
3
2
1
I
1

t
BLACKSMITH
SARGO
CROAKER, b ' l  ack
PERCH,  b l ack
WRASSE, rock
SHEEPHEAD, Cal  ' i  forn i  a
SENORiTA
GARIBALDi
BASS,  ke lp
HALFMOON
OPALEYE
BASS,  ba r red  sand
PERCH,  p i  1  e
SC0RPi0NF iSH,  Ca l  i  f o rn i  a
SEAPERCH, rubber l  i  p
GREENLING,  pa in ted
G0BY,  b lackeye
ROCKFiSH, brown
SEAPERCH,.  ra i  nbow
G0BY, b l  uebanded
TRIGGERFISH,  f i nesca le

23,793
462
417
101
L27
t0?
85
57
73
31
14
15
2
4
0
0
0
1
1
0
0

14,978
338
t92
125
107
125
136
62
30
45
55
10
4
6
1
2
0
0
0
0
1

t
I
I
I
t
I
I

25,285 16  ,218 12  ,010 53 ,513

I
t
il
I
I
I
I
T
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I

APPENDIX  T  - -  TABLE  58

PENDLETON ARTIF IC IAL  REEF . -  FALL  1986
TOTAL NUMBER OF FiSHES OBSERVED ON FISH LENGTH SURVEYS

Spec  i  es

BLACKSMITH
SHEEPHEAD,  Ca l i f o rn ia
PERCH,  b l ack
WRASSE, rock
CROAKER, b lack
SENORJTA
GARIBALDI
HALFMOON
SARGO
BASS,  ke lp
OPALEYE
GOBY,  b lackeye
PERCH,  p i  1  e
SEAPERCH, rubber l  i  p
BASS, barred sand
SEAPERCH, ra inbow
GREENL iNG,  pa in ted
SCORPI0NFISH,  ea l  i  f o rn ia
GOBY, b l  uebanded
? h ? ^ ^ F ^ F t  ^ r  tI  R I G G E R F I  S H ,  f  i  n e s c a ' l e

November.

3 ,303
184
80

181
762
174

F F

J J

39
95
42
I <

t2
a
1

7
0
1
1
I

0

November^

6,5?r
t79
99

187
136
97
57
50

q

23
13
22

a
o
4
6
0
I
n
U

0
.0

January  ' 87

3 ,498
771
^ F ^

J 3 J

i 54
221
159
59

30
52
< l

18
19
27
t7

1
I

1
0
0
1

Ail
Surveys

73,322
534
53?
522
519
440
17t
144
130
rt7
57
52

32
30
7
?
i
I

1
1

4,359 7 ,406 4 ,883 16,648

t
I
I
I
I
I
t
T
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I
APPENDIX  T  . -  TABLES 6  AND 7

ESTIMATED AVERAGE WET-B0DY WEIGHTS fo r  ma jo r  l i f e - s tages  o f  f i shes  obse rved  a t  t he
SONGS-a rea  ke lp  beds  (Tab les  6A ,58 )  and  a t  PAR (Tab les  7A ,78 )  du r i ng  f a i l  1985
and  f a l l  1986 .  We igh t s  o f  ma jo r  s t ages  ( , {D  =  adu l t ,  JUV  =  j uven i l e ,  SAD =
subadu l t )  a re  cha rac te r i zed  by  us ing  l eng th - spec i f i c  we igh t s  (Append i x  T ,  Tab ' l e
2 ) ,  we igh ted  by  the  f requency  o f  obse rved  l eng ths .

t
I
I
I
T
t
I
t
t
I
I
I
T
I
I
I
t
t
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APPENDIX  T  - .  TABLE 6A

KELP BED -- FALL 1985
STAGE-SPECIFIC FISH WEIGHTS

FORMATTED CONTENTS OF KBMEANWT.YRS5 DATA BASE

No .  o f
F i  sh

ANCHOVYnorthern

Spec i  es Stage

SAD 22s6.

Mean-
We i  gh t

(s)

4.0

BARRACUDA, Paci f ic JUV
SAD

T2
t925

31.6
268.2

I
l
t

BASS, barred sand JUV
SAD
AD

254
885
66

80.5
2A7 .7
648.  1

I
BASS,  ke lp 52 "4

191  .4
746 .0

JUV
SAD
AD

1738
646
88

I BLACKSMiTH JUV
SAD

306
S T

2.0
23.6

BONiTO,  Pae i f i e  A0  2 465.7

I GARIBALDI JUV
SAD

27 .7
55"4

1
f,

GREENLING,  pa in ted JUV ?9.A

GUiTARFISH.  shove lnose JUV 269.7

ttg "7
?21.7

SAD 90
A04

HALFMOON

HALiBUT Ca l i f o rn i a AD 2266.0

1"9
50 .  1

207  "2

JUV 9
SAD 27
AD2

KELPF ISH,  g i an t

9.1
122 "6

SAD 1
AD1

KELPFISH,  SPP.

MACKEREL,  j aek JUV
SAD

167
I  5 b J

15.5
32.9
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APPENDIX  T  - .  TABLE 64  ( con t i nued )

OPALEYE

Spec ies S t a q e

AD

N o .  o f
rl sn

1

Mean
We i  ght

(g )

883.2

PERCH,  b ' l ack 422
54

SAD
AD

70.6
180 .4

PERCH,  ke lp 89AD 17 .4

PERCH,  p i  1e SAB
AD

324
8

77.4
352.7

PI PEFi SH AD 18.7

RAY, bat sA0
AD

3 2727.0
l . 51+v  .  3

RAY.  Pac i f i c  e l ec t r i c SAD +372.3

SALEMA SAD
AD

3346
20

32.8
72 .7

SC0RPI0NFISH,  Ca ' l  i f o rn ia SAD
AD

2
1

451 .0
7+5 .7

SEABASSwh i t e AD 936.8

SEAPERCH, ra inbow 2 l
10

SAD
AO

75 .0
t79 .?

SEAPERCH,  rubber l  i p JUV
SAD
AD

J

6 i9
6

29.3
105 .2
566.2

SEAPERCH, whi te SAD
AD

7228
180

5 i .  1
108 .8

SENORITA 91,2
7855
7228

1.7
24 .5
66 .3

JUV
SAD
AD

T-17



APPENDIX  T  - -TABLE  64  ( con t i nued )

SHARK, horn

Spec i  es Staqe
No .  o f

F i  sh

Mean
Wei  gh t

(q )

235.4
783 .2

JUV
SAD

5

1

SHARK,  l eopard JUV
SAD
AD

i
4
2

189 .7
2?00.9
7264.9

SHEEPHEAD, Cal  i  forn i  a 197
89
9

JUV
SAD
AD

v o .  J

45?.9
1453 .7

SILVERSIDES spp . 26.4

STINGRAY,  round ISAD
AD

27t .6
510.0

THORNBACK SAD ?30.2

WRASSE, rock JUV
SAD
AD

47
185 I
409

10 .3
61.2

t74 .4

l
I
t
t
l
I
t/
I
I
I
I
I
I
I
l
t
I
I
I
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APPENDIX  T  . .  TABLE  68

KELP BED --  FALL 1985
STAGE-SPECIFIC FISH \ , /EIGHTS

FORMATTED CONTENTS OF KBMEANWT.YRS6 DATA BASE

I
I
I
t

SHARK,  l eopard

Spec ' i es Stage

JUV
AD

No.  o f
F'r  sn

1
?

Mean
Wei  gh t

(g )

700 .3
18199 .3

THORNBACK 2+16.6

GUITARFISH.  shove l  nose JUV 380.0

RAY,  Pac i f i c  e l ec t r i c  SAD 13552.0

STiNGRAY. round 664.  3

RAY. bat 8077 .4

HALIBUT, Cal  ' i  f  orn i  a 1
I
I

SAD
AD

364.2
10972.5

BASS , ke' l  p JUV
SAO
AO

1594
459
175

43.6
2t2 .8
594.7

t
t
1t

I
I
I
I
t
I
T
T
I
I

JUV
SAD
AD

78.4
?32 .7
641.7

185
354
199

BASS, barred,  sand

SI LVERSIDES AD 437 48 .  1

BARRACUDA, Paci f ic JUV
SAD

105
443

81 .5
223 .6

MACKEREL, jack JUV
SAD

813
895

15.  1
28.2

BONiTO,  Pac i f i c  JUV 426 244.5

MACKEREL.  Pac i f i c JUV 103 28.7
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APPENDIX T  - -  TABLE 68  (con t i  nued )

Spec ' i es Stage

AD

No .  o f
F i  sh

Mean
l,le'i ght

(q )

479.7

SALEMA SAD
AD

t72
86

41. "2
73 .5

PERCH,  ke lp JUV
SAD
AD

2
325
31,2

1.4
11 .6
31 .  i

PERCH,  b ' l ack 364
328

SAD
AD

100.6
197 .6

I
I
I
I
I
I
I
I
I
I
I
T
t
t

SEAPERCH,  ra inbow SAD
AD

62
31

89 .9
i76 .  0

S EAP ERCH , wh'i te SAD
AD

744
51

46 .8
I t t .2

SEAPERCH, rubber l  i  p 145
26

SAD
AD

221"2
458 .4

PERCH,  p i  1  e SAD
AD

75
4t

142.8
292 .4

BLACKSMITH JUV
SAD

47
T2

1.0
47 .3

GARIBALDI 97 .5

WRASSE, rock JUV
SAD
AD

2
13i4
533

10.  5
69 .0

t77 .7

SENORITA JUV
SAD
AD

550
2811
6438

i .1
28.7
68 .4

276
120
31

JUV
SAD
ADT

t

SHEEPHEAD,  Ca l  i f o rn ia i 19 .0
45 i "1

1127 .3

I
l
I
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APPENDIX  T  . -  TABLE 68  ( con t i nued )

OPALEYE

Soec i  es S taqe
No .  o f

F i  sh

Mean
We i  ght

(g )

300 .4
646 .  i

sA0
AD

J

7

I
I
I
I
I
I
I
I
I

SAD
AD

135.  5
232 .6

1200
308

HALFMOON

SC0RPI0NF ISH,  Ca l  i f o rn i a 586.0

ROCKFISH,  ke lp JUV
SAD
AD

J

1
6

5.9
133 .7
2?2 .5

ROCKFISH,  o1  i ve 3
1

JUV
SAD

4?.3
126 .7

P I PEFI SH 40.3

KELPFISH spp. t22 .6

KELPF ISH,  g i an t JUV
SAD
AD

30
50
2

5.8
62 .8

207.2 I
I
t
I
I
I
I
I
I
I
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78
50
34

JUV
SAD
AD

I
I
t
I
I

APPENDIX T  " -  TABLE 7A

pei lo leroN ARTTFTcTAL REEF --  FALL 1985
STAGE.SPECIFIC FISH WEiGHTS

FORMATTED CONTENTS OF PRMEANWT.YRS5 DATA BASE

Spec' i  e  s Staqe
No.  o f

F i  sh

Mean
We' ight

BASS, barred sand 69.09
24 t .50
827.32

136
28
7

JUV
SAD
AD

I BASS,  ke lp 44.35
t99.29
703 .  59

BLACKSMITH JUV
SAD
AD

48395
336
77

1.24
31  .34
90 .06

JUV
SAD
AD

]

I
I

CROAKER,  b lack 2
754
54

36.62
118 .97
?76 .99

JUV
SAD
ADt

GARIBALDI 13
163

3

18.31
273 .37
638 .  41

GOBY. b]ackeye 4 .88I GOBY. b ' l  uebanded 3.  30

I GREENLING,  pa in ted 1
3

JUV
SAD

6 .49
58 .91

SAD
ADI HALFMOON 103

59
1?6.22
272 .40

1
f

67
48

JUV
SAD
ADI

OPALEYE 73.77
267 .63
s05 .  15

8
229
151

JUV
SAD
AD

I PERCH,  b1  ack 5.72
70 .46

214.?0

18
7

SAD
AD

I PERCH,  p i l e i 46 .63
370 .  58

SADI
I
I

ROCKFi SH brown

T-22
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I
APPENDIX  T  . -  TABLE  7A (con t ' i nued ) t

Mean

TSpec i  es Stage

JUV
SAD
AD

No.  o f
F ' l  sn

SARGO 1
t268
496

t2 .62
119.25
315.  14

I
SCORPIONFISH, Ca' l  i  forn ' ia JUV

SAD
AD

2
12

J

47 . I t
384 .05
869 .90

T
ISEAPERCHra i  nbow AD t62 .34

SEAPERCH, rubber l  i  p SAD
AD

?
4

301 .  32
711.97 I

SENORITA JUV
SAD
AD

220
25
17

0.67
25 .20
66 .  59 I

SHEEPHEAD, Cal  i  forn ' ia JUV
SAD
AD

224
148
25

81 .80
sts.72

1408.  32
I

TRIGGERFISH,  f i  nesca le  AD 2t7 .?8 I
WRASSE, rock JUV

SAD
AD

8
284
80

10.49
51 .55

r78.42 T
I
I
I
T
I
I

I -23
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APPENDIX  T  . -  TABLE 78

PENDLETON ARTIFICIAL REEF - -  FALL 1986
STAGE-SPECIFIC FISH WEIGHTS

FORMATTED CONTENTS OF PRMEANWT.YRS6 DATA BASE

HALIBUT.  Ca l  i f o rn ia  SAD 2

Spec i  es Stage
No .  o f

F i  sh

Mean
Wei  gh t

(q )

423.8

BASS , ke'l p JUV
SAD
AD

75
26
24

48.6
203.2
790.5

BASS, barred sand JUV
SAD
AD

63.7
211 .1

1007 .9

2 l
7

34

MACKEREL.  i ack 5t7 66 .2

BONIT0 .  Pac ' i f i c JUV 256.8

SARGO SAD
AD

t25
F

109.6
234.6

JUV
SAD

2
517

36 .6
101 "5

CROAKER,  b lack

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

6.7
77  .0

196 .  1

JUV 1
SAD 367
AD 164

PERCH,  b l ack

100.9
162.3

SAD 6
AD1

SEAPERCH,  ra inbow

217.9
571  .9

SAD 26
AD6

SEAPERCH, rubber l  i  p

PERCH,  p i ' l e SAD
AD

23
10

111.0
358 .7

BLACKSMITH JUV
SAD
AD

11611
1690

2t

i .0
20  "7
82.9

GARIBALDI 23.6
279.4
538 .  4

JUV
SAD
AD

4
r o /

1
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APPENDIX  T  - -  TABLE  78  ( con t i nued )

Spec i  es
No .  o f

Staoe Fi  sh

WRASSE, rock JUV
SAD 418
AD 101

Mean
Wei  gh t

10.5
55  .4

t74 .2

I
I
I
I

SENORITA IJUV
SAD
AD

296
t22
2?

0.5
22.3
58.7

SHEEPHEAD,  Ca1  i f o rn ia IJUV
SAD
AD

396
129
47

90.6
493 .5

t290 .6 t
OPALEYE SAD

AD
37
23

258.7
q R )  q

HALFMOON ISAD
AD

a q

59
t29 .8
246.4

ISCORPI0NFISH,  Ca l  i  f o rn i  a 451.0
932.0

SAD 1
AD3

ROCKFI SH o l i ve 87.2 I
29.0
49 .5

JUV 1
SAD 4

GREENLING,  pa i  n ted

I
G0BY,  b lackeye 4 .8AD 52

GOBY. b ' l  uebanded JUV I0.1

TRIGGERFi  SH ,  f  i  ne sca ' l  e 476.1

I
I
I
I
I
I
I
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APPENDIX  T  - -

REFERENCES FOR LENGTH:WElcHT AND VARIOUS LENGTH INTERCONVERSIONS
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U. S. Fi srr "  But t . .  AZ:48F432.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
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KELP BED/PAR F ISHES:
6r tnE-Juveni I  e-aaLm
Data  (o the r  t han  Cowen ,
La rson  (  1980b ) .

APPENDIX  U  . -  TABLE  2

Ins tan taneous  ra tes  o f  t o ta l  mo r ta l  l t y ,  Z  ( annua l  bas ' i s ) ,
s tages  o f  rep resen ta t i  ve  sou the rn  Ca l  i  f o rn i  an  spec i  es .
1985)  a re  rep roduced  f rom Tab le  S -11  o f  DeMar t ' i n i  and

Spec ' i es

BARRACUDA, Cal 'i f .

Z (  F i  shed )

0 .52 -0 .73

Z  (Un f i  shed ) Source (  s  )

P inkas  (1966 )

BASS,  ke lp 0.  54 0 .29 Young  (  1963)
Quas t  (  1968c )

SHEEPHEAD, Ca I ' i  f  . 0.29 ;
0 .29-0 .55  (mean =  .43)

Warner  (  1975)
Cowen (  1985)
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