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SUMMARY

The  g rowth  and  su rv i va l  o f  expe r imen ta l  popu la t i ons  o f  gametophy tes  and  sma l l

spo rophy tes  o f  Mac rocys t i s  were  examined  i n  o rde r  t o  assess  the  poss ib le  e f fec ts  o f

the  San  0no f re  Nuc lea r  Genera t i ng  S ta t i on  (S0NGS)  on  these  l i f e  s tages  wh ich  a re

c r i t i ca l  t o  adu l t  spo rophy te  rec ru i tmen t .  Exper imen ta l  popu ' l a t ' i ons  g rown  on

a r t i f i c i a l  subs t ra tes ,  we re  p l aced  a t  s t a t i ons  i n  t he  San  0no f re  Ke lp  f o res t  ( 50K) ,

nea r  d i scha rges  o f  coo l i ng  wa te rs  f rom SONGS'  Un i t s  2  and  3 ,  and  a t  a  con t ro l  s ta t i on

in  the  San  Ma teo  Ke ' l p  f o res t  (SMK) .  0bse rva t ' i ons  on  these  expe r imen ta l  popu la t i ons

were used to supplement  observat ions of  the ef fects  of  SONGS on natura l  recru i tment

even ts  tha t  occu r  on l y  once  eve ry  seve ra l  yea rs .  (E f fec ts  o f  SONGS on  na tu ra l

rec ru ' i tmen t  a re  p resen ted  i n  a  separa te  repo r t . )

The  ope ra t i on  o f  S0NGS 'd i scha rges  c rea ted  a  t u rb i d  p l ume  tha t  caused  a

reduc t i on  j n  l j gh t  and  an  i nc rease ' i n  suspended  sed imen ts  i n  SOK.  The  p resence  o f

the  p ' l ume  was  co r re la ted  w i th  a  reduc t i on  i n  Lhe  g rowth  and  su rv i va l  o f  sma l l

spo rophy tes ,  i nd i ca t i ng  an  adve rse  e f fec t  o f  S0NGS.  The  g rowth  ra tes  o f  bo th

m ' i c roscop ic  and  j uven i l e  spo rophy tes  were  l ower ,  and  the  mor ta l i t y  ra tes  o f

m ic roscop ic  spo rophy tes  were  h jghe r  when  tu rb jd  p lumes  f rom the  d i scha rgewere  ove r

the  expe r imen ta l  s ta t i on ,  i n  SOK.  However ,  t he re  were  no  s ta t i s t i ca l l y  s ign ' i f i can t

ove ra l l  r educ t i ons  i n  t he  p roduc t i on ,  g rowth ,  o r  su rv i va l  o f  spo rophy tes  a t  SOK

af te r  Un i t s  2  and  3  began  ope ra t i on ,  i n  pa r t  because  o f  t empora l  and  spa t i a l

var i  ab i ' l  ' i ty  i  n  the p ' l  ume.

The  reduc t i on  i n  g rowth  ra te  tha t  was  assoc ia ted  w i th  the  p lume was  l i ke l y

caused  by  a  reduc t i on  i n  l i gh t  t ha t  was  a t t r i bu tab le ' t o  SONGS.  Th is  i s  sugges ted  by

ev idence  tha t  SONGS reduced  l i gh t  l eve l s ,  t ha t  g rowth  ra tes  o f  sma l l  spo rophy tes

were  l a rge l y  de te rm ' i ned  by  l i gh t  1eve1s ,  and  tha t  t he  quan t i t a t i ve  re la t i onsh ' i ps





be tween  l i gh t  l eve l s  and  g rowth  ra tes  (based  on  p re -ope ra t i ona l  s tud ies )  were

re lat ive iy  good predic tors  of  growth rates observed at  SOK in the per iod af ter  SONGS

Un i t s  2  and  3  began  ope ra t i on .

Inc reases  i n  mor ta l i t y  ra tes  were  poss ib l y  caused  by  an  i nc rease  i n  suspended

sediments a ' l though the ev ' idence for  th i  s  i  s  somewhat  c i  rcumstant ia l  .  SONGS

inc reased  suspended  sed imen ts  (as  i n fe red  fo rm an  i nc rease  i n  ex t i nc t i on ) ,  and

abras ion  and  bu r ia l  by  sed imen ts  can  k i l l  sma l l  spo rophy tes .  However ,  t he  measured

ra tes  o f  ses ton  f l ux  exp la i ned  on l y  a  sma l l  f r ac t i on  o f  t he  va r i ab i l i t y  i n

mor ta i  i t y .

The  obse rved  adve rse  e f fec ts  o f  S0NGS on  exper imen ta l  popu la t i ons  o f  sma l l

spo rophy tes  genera i l y  co r robo ra tes  ev fdence  p rov ided  f rom s tud ies  o f  na tu ra l

rec ru i tmen t .  I n  bo th  expe r imen ta l  and  na tu ra l  popu ia t i ons ,  rec ru i tmen t  o f

Mac rocys t ' i s  appears  to  be  i nh jb i t ed  by  an  i nc rease  i n  ses ton  f l ux  and  a  reduc t i on ' i n

f i gh t  t ha t  a re  a t t r i bu tab le  to  the  d i scha rge  p lume f rom S0NGS Un i t s  2  and  3 .
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I .O  INTRODUCTION

Ear l ' i e r  we  p red i c ted  tha t  t he  San  0no f re  Nuc lea r  Genera t i ng  S ta t i on  (SONGS)

m ' i gh t  i nh ib i t  r ec ru i tmen t  o f  ke l p  by  reduc ing  i r r ad jance  and  i nc reas ing  ses ton  f l ux

(Dean ,  1980 ) .  We  eva lua ted  t hese  po ten t i a l  e f f ec t s  o f  SONGS,  i n  pa r t ,  by  exam in ing

tempora l  and  spa t i a l  pa t te rns  o f  j uven i ' l e  spo rophy tes  fo l l ow ing  rec ru i tmen t  even ts

(Sch roe te r  e t  a l . ,  1987 ) .  However ,  we  knew f rom ou r  p rev ious  work  tha t  rec ru i tmen t

even ts  we re  ra re !  and  t ha t  i t  wou ld  be  d i f f i cu l t  t o  eva lua te  SONGS 'e f f ec t s  on

rec ru i tmen t  by  examin ing  the  re la t i ve ' l y  f ew  na tu ra l  even ts  tha twere  1 i ke1y  to  occu r

ove r  t he  l eng th  o f  ou r  s tudy .  The re fo re ,  we  supp lemen ted  obse rva t i ons  o f  na tu ra l

rec ru i tmen t  even ts  l , r i t h  s tud ies  o f  expe r imen ta l  popu la t i ons  o f  Mac rocys t i s  i n  i t s

ea r l y  1 i f e  s t ages .

Gametophy tes  and  m ' i c roscop ic  spo rophy tes  were  cu l tu red  on  a r t i  f i c i a l

subs t ra tes  i n  t he  l abo ra to ry  and  ou tp lan ted  to  impac t  and  con t ro l  s i t es  a t  regu la r

i n te r va l s  ' i n  t he  p re -ope ra t i ona l  and  ope ra t i ona l  pe r i ods .  A1so ,  j uven i l e

spo rophy tes  (abou t  40  cm in  he igh t )  we re  t ransp lan ted  to  these  same s i t es .  These

rep l  i ca ted  ou tp lan ts  o r_  t ransp lan ts ,  conduc ted  under  more  con t ro l  l ed  cond i t i ons

than  na tu ra l  rec ru i tmen t  even ts ,  we re  then  used  i n  a  Be fo re -A f te r ,  Con t ro l - Impac t

(BACIP)  assessmen t  des ign  i n  o rde r  t o  eva lua te  the  po ten t i a l  e f f ec ts  o f  SONGS (see

be low  fo r  a  f u r t he r  exp lana t i on  o f  t he  BACIP  des ign ) .

The  use  o f  expe r imen ta l  popu la t i ons  a l  so  a l  l owed  fo r  examina t i on  o f  t , he

po ten t i a l  mechan i  s rns  o f  impac t .  P rev ious l y  desc r ibed  s tud ies  o f  expe r imen ta l

popu la t i ons  i n  t he  p re -ope ra t ' i ona l  pe r i od  (Dean  e t  a l . ,  1987 )  l ed  t o  quan t i t a t i ve

model  s  of  the i  n f l  uence of  var i  ous phys ' i  cochemi ca l  factors  (  i  r rad i  ance ,

t empera tu re ,  ses ton  f l ux ,  and  nu t r i en t  concen t ra t i ons )  on  rec ru i tmen t  p rocesses .  By
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coup l i ng  these  mode ls  w i th  s tud ies  o f  changes  i n  phys ' i cochem' i ca l  f ac to rs  resu l t i ng

f rom the  ope ra t i on  o f  S0NGS,  and  w i th  changes  i n  expe r imen ta l  popu la t i ons  obse rved

in  the  ope ra t i ona l  pe r iod ,  we  hoped  to  es tab l i sh  a  l i nk  be tween  phys . i cochemica l  and

b io l og i ca l  impac t s .

Wh i le  expe r imen ta l  s tud ies  o f fe r  t he  advan tages  o f  rep l i ca t i on  and  con t ro l  o f

f ac to r s  such  as  l oca t i on ,  subs t ra te ,  and  i n i t i a l  dens i t y  o f  r ec ru i t s ,  t hey  a l so  have

seve ra l  d i sadvan tages  tha t  shou ld  be  recogn ' i zed .  F i r s t ,  a  measure  o f  con t ro l  i s

on l y  ob ta ined  th rough  an  i n t roduc t i on  o f  a r t i f i c i a l ' i t y ;  expe r imen ta ' l  popu la t i ons

a re  no t ' i den t ' i ca l  t o  na tu ra l  ones .  The  expe r imen ta l  popu la t i ons  were  a t tached  to

a r t i f i c i a l  subs t ra tes  (e i t he r  r ope  o r  PVC)  t ha t  we re ,  i n i t i a ' l l y  a t  l eas t ,  f r ee  o f

compe t i t o rs  o r  g raze rs .  A l so ,  subs t ra tes  were  somet imes  he ld  o f f  o f  t he  bo t tom (see

Meh tods  be low)  ou t  o f  t he  reach  o f  ben th i c  g raze rs ,  away  f rom the  i n f l uence  o f

sh i f t i ng  sed imen ts  on  the  bo t tom,  and  away  f rom loca l  sou rces  o f  nu t r i en ts

regenera ted  f rom bo t tom sed imen ts .  As  a  resu l t ,  t he re  may  be  impac ts  to  the  na tu ra l

popu la t i ons  tha t  a re  no t  obse rved  i n  the  expe r imen ta l  ones  and  v i ce  ve rsa .  Second ,

the  s tud ' i es  on  expe r imen ta ' l  popu ' l a t i ons  a re  sho r t  (on  the  o rde r  o f  3  to  6  weeks  o f

f j e ld  exposu re  f -o r  e l ch  ou tp lan t i ng  o r  t ransp ' l an t i ng )  re la t i ve  to  na tu ra l

rec ru i tmen t  p rocesses .  Na tu ra l  rec ru i tmen t  even ts  requ i re  seve ra l  mon ths  f rom the

t ime  o f  spo re  se t t l emen t  un t i l  r ecogn jzab le  spo rophy tes  a re  p roduced  and  a lmos t  a

yea r  fo r  t he  p roduc t ' i on  o f  new adu l t s .  The  expe r imen ta l  s tud ies  eva lua te  re la t i ve ' l y

acu te  e f fec ts  on  spec i f i c  l i f e  s tages ,  bu t  do  ' i o t  eva ' l ua te  poss ib le  l onge r - te rm,

cumul  at i  ve ef fects .  Therefore ,  i  t  i  s  i  mpor tant  to  eval  uate resul  ts  f rom

expe r imen ta l  s t ud ies  i n  c l ose  con junc t i on  w i t h  samp l i ngs  o f  na tu ra l  r ec ru i tmen t

even ts .





2 .O METHODS

2. ' l  Ou tp lan t .and  T ransp lan t  Techn iques

2. ' ,  .1  Gametophyte Outp lants

The ef fect  o f  S0NGS on the product ion of  sporophytes f rom gametophytes was

examined  by  ou tp ' l an t i ng  known  dens i t i es  o f  gametophy tes  on  ny lon  l i nes  and  samp ' l i ng

these  I  i  nes  6  weeks  I  a te r  t o  de te rm i  ne  the  number  o f  spo rophy tes  p roduced .

P rocedures  fo r  cu l t u r i ng  gametophy tes  on  l ' i nes  i n  t he  l abo ra to ry ,  ou tp lan t i ng ,  and

coun t ing  the  numbers  o f  spo rophy tes  p roduced ,  were  desc r ibed  i n  de ta ' i l  i n  Dean  e t

a l . ,  1987 ,  Sec t i on  5 .0 ,  and  a re  b r j e f ' l y  summar i zed  be low .

Sporophy l l s  were  co l l ec ted  f rom adu l t  spo rophy tes  ' i n  t he  San  Ono f re  ke lp  fo res t

and  we re  re tu rned  t o  t he ' l abo ra to r y .  The re ,  spo res  we re  re l eased  f r om the

sporophy l  1  s  and  an  i  nocu l  a t i  on  so1  u t i  on  ,  wh i  ch  cons ' i  s ted  o f  a  known  dens i  t y  o f

spo res  i n  f i l t e red  seawa te r ,  was  made .  P las t i c  p l a tes  w i t h  ny l on  l i ne  subs t ra tes

were  p l aced  i n  t he  ' i nocu la t i on  so lu t i on  ove rn igh t .  0n  t he  nex t  day ,  one  l i ne  was

removed  f rom each  p la te  and  the  dens i t i es  o f  gametophy tes  on  the  l i nes  were  coun ted .

The  p ]a tes  w i t h  r ema in i ng  i i nes  we re  t hen  ou tp l an ted  on to  PVC racks  a t  f i e l d  s i t es

in  SOK and  SMK.  A f te r  6  weeks  j n  t he  f i e ld ,  t he  p la tes  were  co l l ec ted  and  re tu rned

to the laboratory where the number of  sporophytes per  l ine were counted.  A 6-week

exposure  pe r iod  was  used  because  p rev ious  s tud ies  had  i nd ' i ca ted  tha t  peaks  j n

spo rophy te  dens i t y  genera l l y  occu r red  w i th in  th ' i s  t ime  in te rva l .  P r i o r  t o  6  weeks ,

spo rophy te  p roduc t i on  genera l l y  had  no t  peaked  and  subsequen t  t o  th i s  t ime ,

spo rophy te  dens i t i es  had  begun  dec l i ne  as  the  resu l t  o f  spo rophy te  mor ta l i t y  (Dean

e t  a l . ,  1987 ,  Sec t i on  5 .0 ) .





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

The  number  o f  subs t ra te  p la tes  and  l i nes  pe r  p ' l a te  va r ied  as  the  expe r imen ta l

des ign  evo l ved .  Gene ra l l y ,  2  p l a tes  w i t h  7  l i nes  pe r  p l a te  we re  ou tp l an ted  t o  t he

sea f l oo r  and  t o  2  m  above  t he  sea f l oo r  a t  each  s ta t ' i on .  (Append i x  G ,  Dean  e t  a l . ,

1e87 ) .

Un ' i nocu la ted  subs t ra tes  were  ou tp lan ted  a long  w i th  i nocu la ted  l i nes  du r ing  each

expe r imen t ' i n  o rde r  t o  assess  poss ib l e  r ec ru ' i tmen t  f r om na tu ra l l y  se t t l i ng  spo res .

Dens i  t i  es  o f  spo rophy tes  on  un i  nocu l  a ted  I  i  nes  were  genera l  1y  I  ess  than  4% o f

dens i t i es  on  i nocu la ted  subs t ra tes  (Dean  e t  d . ,  1987 ,  Sec t i on  5 ) ,  and  we re

the re fo re  no t  i nc l uded  i n  t he  ana l yses  p resen ted  he re in .

A  number  o f  s t a t i ons ' i n  SOK,  SMK,  and  BKwere  used  i n  t h i s  s t udy  ( see  Append i x  G ,

Dean  e t  a l . ,  1987 ,  f o r  a  comp le te  l i s t  o f  s t a t i ons ) .  I n  t he  ope ra t i ona l  pe r i od ,  one

s ta t i on  i n  SMK (SMK45)  and  4  i n  SOK (S0KU45 ,  S0KD45 ,  S0KU35 ,  and  S0KD35)  were  used

(F jg .1 ) .  A l l  bu t  t he  S0KU35  s i t e ,  wh i ch  was  es tab l i shed  i n  November  1985 ,  we re

samp led  i n  the  p re -ope ra t i ona i  pe r iod .  Subs t ra tes  were  ou tp lan ted  to  racks  l oca ted

bo th  on  t he  sea f l oo r  and  a t  2  m  above  t he  sea f l oo r  a t  a l l  s t a t i ons .

The  number  o f  ou tp lan t i ngs  made  to  each  s ta t i on  va r ied  as  the  expe r imen ta l

des ign  evo l ved .  I n  t he  p re -ope ra t i ona l  pe r iod ,  t he re  was  a  max imum o f  10  pa ' i r ed

obse rva t i ons  ( i . e . ,  ou tp l an t i ng  a t  bo th  50K  and  SMK)  t ha t  cou ld  be  used  i n  t , he  BACIP

ana iys i s .  The  p reopera t i ona l  ou tp ian t i ngs  were  made  be tween  Augus t  1981  and  Augus t

i 982 .  I n  t he  ope ra t i ona l  pe r iod ,  17  ou tp lan t i ngs  were  made  to  each  s i t e  be tween

June  1984  and  Ju l y  1986 .  A  comp le te  l i s t i ng  o f  ou tp l an t  da tes  i s  g i ven  i n  Dean  e t

a l . ,  1987 ,  Append ' i x  G .
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2." , .2  Microscopic  Sporophyte Outp lants

The  e f fec t  o f  S0NGS on  the  g rowth  and  su rv i va l  o f  m ic roscop ic  spo rophy tes  was

exam' ined  by  ou tp lan t i ng  known  dens ' i t j es  o f  new ly  rec ru i t ed  spo rophy tes  on  ny ion

l i nes  and  examin ' i ng  these  l i nes  3  weeks  hence  to  de te rm ine  the  s i ze  o f  spo rop 'hy tes

and  the  number  o f  su rv i vo rs .  Subs t ra te  l i nes  were  i nocu la ted  w i th  gametophy tes ,  as

ou t l i ned ' i n  Sec t i on  2 .1 .1 ,  kep t  i n  l abo ra to r y  cu i t u re  f o r  2  weeks  un t i l  spo rophy tes

were  p roduced ,  and  then  ou tp lan ted  to  f i e ld  s i t es .  Labora to ry  cu l tu re  cond ' i t i ons

used  f o r  spo rophy tes  a re  g i ven  i n  de ta j l  i n  Dean  e t  a l . ,  1987 ,  Sec t i on  6 .0 .

i n  t he  p re -ope ra t i ona l  pe r iod ,  f rom Sep tember  1979  to  Oc tobe r  1982 ,  we  samp ied

2  to  3  l i nes  on  each  o f  2  subs t ra te  p la tes  tha t  were  ou tp lan ted  to  each  s ta t i on  i n

each  expe r imen t .  I n  t he  ope ra t i ona l  pe r i od ,2  p l a tes  w i t h  3  l i nes  pe r  p l a te  we re

samp led  a t  each  s ta t i on .  A  summary  l i s t i ng  o f  t he  number  o f  p la tes  and  number  o f

l i nes  pe r  p l a te  i s  g ' i ven  i n  Dean  e t  a l  . ,  1987 ,  Append ' i x  J .

0u tp lan t ' i ngs  were  made  to  4  s ta t i ons  i n  SOK (S0KU45 ,  S0KD45 ,  SOKU35 ,  and

S0KD35)  and  one  s ta t i on  i n  SMK (SMK45)  i n  t he  ope ra t ' i ona ' l  pe r i od  (F ig .  1 ) .  A l l  bu t

the  S0KU35  s ta t i on .were  used  i n  the  p re -ope ra t ' i ona l  pe r iod .  Subs t ra tes  were  p laced

on  racks  s ' im i l a r  t o  t hose  desc r i bed  i n  game tophy te  ou tp l an t  s t ud jes  (Dean  e t  a l . ,

1987 ,  Sec t i on  6 .0 ) .  Ou tp ' l an ts  were  p laced  on  the  sea f l oo r  and  2  m above  the  sea f l oo r

f rom 1979  to  1981 .  The rea f te r ,  subs t ra te  p ' l a tes  were  p laced  on l y  on  the  sea f l oo r .

The  number  o f  ou tp lan t i ngs  va r ied  w ' i t h  a  max imum o f  15  p laced  a t  S0KD45  in  the

p re -ope ra t i ona l  pe r iod .  Dur ing  7  p re -ope ra t i ona l  expe r imen ts ,  conduc ted  f rom

Sep tember  1981  to  Sep tember  !g82 ,  ou tp lan t i ngs  were  made  to  s ta t i ons  l oca ted  i n  bo th

SOK and  SMK.  E leven  ou tp lan t i ngs  were  made  to  each  s ta t i on  i n  t he  ope ra t i ona l

pe r i od ,  be tween  Ju l y  1984  and  Ju l y  1986 .  A  comp le te ' l i s t i ng  o f  ou tp l an t  da tes  i s

g i ven  i n  Dean  e t  a l . ,  1987 ,  Append ' i x  J .
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2.1.3 Transplant  Studies wi th  Juveni le  Sporophytes

Juven ' i l e  spo rophy tes ,  gene ra l l y  abou t  40  cm ' i n  he igh t ,  we re  t r ansp lan ted  t o

s ta t ' i ons  I  oca ted  i  n  SOK and  SMK.  Each  p ' l an t  was  measured  a f te r  t ransp l  an t i  ng ,  and

a f t e r  6  weeks ,  we  coun ted  and  measu red  t he  rema in i ng  p i an t s .  De ta i l s  o f  t r ansp lan t

me thods  a re  g i ven  i n  Dean  e t  a l . ,  1987 ,  Sec t ' i on  9 .0 .  B r i e f l y ,  e i t he r  p l an t s  we re

taken  f rom na tu ra l l y  rec ru i t ed  s tocks  g row ing  i n  SOK,  SMK,  o r  t he  o the r  nea rby  ke lp

fo res ts ,  o r  were  taken  f rom labo ra to ry - rea red  s tocks  g rown  ou t  t o  j uven i l e  s i ze  a t

e i t he r  S0KD45  (p r i o r  t o  1984)  o r  SMK45  (a f te r  1984) .  The  p ' l an ts  were  co l l ec ted  by

d i ve rs  and  t r ansp lan ted  on to  sawho rse - l j ke  racks  a t  va r i ous  s ta t i ons  i n  SOK and  SMK.

The  racks  he ld  p l an t s  abou t  1  m  above  t he  sea f l oo r  so  t ha t  t hey  we re ' i naccess ib l e  t o

ben th i c  g raze rs .  Growth  ra tes  were  exp ressed  as  the  change  in  the  na tu ra l  l og  o f

l eng th  ove r  t he  e lapsed  t ime  in  days  and  mor ta l i t y  ra tes  were  g i ven  as  the  change  in

the  na tu ra l  1og  o f  t he  number  o f  su rv i vo rs  ove r  t he  t ime  in  days .

Juven i l es  we re  t r ansp ian ted  t o  one  s ta t i on ' i n  SMK (SMK45)  and  two  i n  SQK

(S0KU45  and  S0KD45)  i n  t he  ope ra t i ona l  pe r iod .  These  s ta t i ons  and  o the rs  were  used

in  t he  p re -ope ra t i ona l  expe r imen ts .  The  number  o f  p re -ope ra t i ona l  t r ansp lan t s  a t

each  s ta t i on  va r ied  be tween  6  and  B .  P reopera t i ona l  expe r imen ts  were  conduc ted  f rom

Augus t  1979  to  Sep tember  1982  and  bo th  impac t  and  con t ro l  s i t es  were  samp led  f rom

Ju ly  198 i  t o  Sep tember  1982 .  E igh t  t ransp lan ts  were  made  to  each  o f  t he  3  s ta t i ons

in  the  ope ra t i ona l  pe r iod ,  be tween  Ju ' l y  1984  and  Augus t  1986 .  I n  add i t i on ,  two

t ransp lan ts  were  conduc ted  a t  i nsho re  s ta t i ons  a t  SOK (S0KD35  and  SOKU35)  and  SMK

(  SMK35)  du r i  ng  June  and  Augus t  1986  to  assess  g rowth  a t  t hese  s i  t es  f  o1  
' l ow ' i  

ng  a

rec ru i tmen t  even t  i n  sp r i ng ,  1986 .  The  resu l t s  f r om these  i nsho re  s tud ies  a re

p resen ted  i n  sch roe te r  e t  a l . ,  1987 ,  and  w i l l  no t  be  d i scussed  he re .
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2 .2  BACIP  Ana l yses

Poss ib le  e f fec ts  o f  S0NGS on  the  p roduc t i on  o f  spo rophy tes  f rom gametophy tes ,

the  g rowth  and  su rv i va l  o f  m jc roscop ic  spo rophy tes ,  and  the  g rowth  and  su rv i va l  o f

t r ansp lan ted  i uven ' i l e s  we re  exam ined  us ing  a  Be fo re -A f t e r ,  Con t ro l - Impac t  pa i r s

des ign '  A  t ho rough  d i scuss ion  o f  t he  ra t ' i ona le  f o r  t h i s  ana l ys i s  i s  p rov ' i ded  by

S tewar t -0a ten ,  1986 ,  and  S tewar t -0a ten  e t  a l . ,  1986 .  B r ie f l y ,  t he  d i f f e rences

(ca11ed  de l t as )  be tween  mean  abundances  a t  con t ro l  and ' impac t  s ' i t es  we re  ca l cu la ted

fo r  each  rep l i ca te  su rvey  i n  t he  p re -ope ra t i ona ' l  and  ope ra t i ona l  pe r iods .  A  t - t es t

and  i t s  non -pa rame t r i c  equ ' i va l en t ,  t he  W i l coxon  rank  sum tes t  (Snedeco r  and  Coch ran ,

1967) ,  we re  then  done  to  compare  the  de l tas  f rom the  p re -ope ra t i ona l  and  ope ra t i ona l

pe r iods .  Bo th  tes ts  were  one - ta i1ed ,  s ince  we  expec ted  SONGS to  a f fec t  ke ip

rec ru ' i  tmen t  adve rse l y .

The  t - t es t  i s  based  on  t he  f o l l ow ing  assump t ' i ons :  ( 1 )  e f f ec t s  a re  add i t i ve ,  ( 2 )

t he  samp les ' i n  t he  be fo re  pe r i od  a re  a l l  d rawn  f r om the  same  popu la t i on  and  have  a

common mean ,  (3 )  obse rva t i ons  a re  i ndependen t ,  (4 )  obse rva t i ons  a re  d rawn  f rom the

same  d ' i s t r i bu t i on ,  ( 5 )  obse rva t i ons  a re  no rma l l y  d i s t r i bu ted ,  and  (6 )  va r i ances  i n

the  two  t r ea tmen ts  a re  equa i .  V io l a t j ons  o f  t he  l as t  t h ree  assump t i ons  have  l i t t . l e

e f f ec t  on  t he  ou t come  o f  t he  t - t es t  (G1ass  e t  a l . ,  1972 ;  S tewar t - 0a ten ,  1986 ) ,  and

w i l l  no t  be  d i scussed  he re .  The  f i r s t  t h ree  assump t i ons ,  on  t he  o the r  hand ,  a re  ve ry

i  mpor tan t  .

P re -ope ra t i ona ' l  da ta  were  tes ted  fo r  add i t i v ' i t y  us ing  Tukey ' s  t es t  (Snedecor

and  Coch ran ,  1967 ) .  A f t e r  t es t i ng  f o r  add i t i v i t y ,  we  exam ined  t he  p re -ope ra t i ona l

da ta  fo r  t empora l  t r ends  by  p lo t t i ng  the  de l tas  aga ins t  t ime  and  pe r fo rm ing

reg ress ion  ana ' l y ses .  i f  t he re  we re  no  s i gn i f i can t  t r ends ,  we  assumed  tha t  a l l  t he

p re -ope ra t , i ona l  samp les  were  d rawn  f rom the  same s ta t i s t i ca l  popu ' l a t i on .  (Resu l t s

o f  t h i s  and  o the r  t es t s  o f  assump t i ons  a re  g i ven  i n  Append i x  A ) .
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Ser ia l  co r re la t i ons  i n  t he  da ta  resu l t  i n  underes t ima tes  o f  t he  t rue  emor

va r i ance  o f  t he  de l t as ,  and  hence  w rong i y  i nc rease  t he  chance  o f  f i nd i ng  a

s ta t ' i  s t i ca l  l y  s i gn i f i can t  BACIP  resu l t .  l de  t es ted  f o r  se r i a l  co r re l a t i ons  w i t h  t he

Von  Neuman  tes t ,  and  i n  mos t  cases ,  f ound  no  s i gn i f i can t  se r i a l  co r re l a t i ons .

However ,  i t  mus t  be  no ted  tha t ,  because  o f  sma l l  samp le  s i zes  (n  <10 ) ,  t he  power  to

de tec t  such  co r re la t i ons  i s  genera ' l l y  l ow .  One  so lu t i on  to  the  p rob lem o f  se r i a l

co r re l  a t i  ons  ' i  s  t o  conduc t  an  ana lys ' i  s  wh i  ch  exp l  i  c i  t l y  es t ima tes  the  au to -

co r re la ted  e r ro rs .  We  e lec ted  no t  t o  do  th i s ,  because  o f  sma l l  samp le  s i ze ,  and

instead per formed the s tandard BACIP ana' lys is  wi th  a caut ionary note at tached to

cases  wr ' t h  s i  gn i  f  i  can t  se r i  a l  co r re l  a t . i ons .

The  va r iab les  used  i n  the  BACIP  des ign  were  as  fo l l ows :  (1 )  Fo r  spo rophy te

p roduc t i on ,  t he  p ropo r t i on  o f  f ema le  gametophy tes  p roduc ing  spo rophy tes .  (2 )  Fo r

g rowth ,  t he  change  in  the  na tu ra l  1og  o f  l eng th  o f  spo rophy tes  ove r  t he  e lapsed  t ime

in  days ,  and  (3 )  f o r  mor ta l i t y ,  t he  change  in  the  na tu ra l  l og  o f  t he  number  o f

su rv i vo rs  ove r  t he  e lapsed  t ime  in  days .  I n  t he  case  o f  m ic roscop ' i c  spo rophy tes ,

g rowth  ra tes  were  ca l cu la ted  us ing  mean  leng ths .  Fo r  j uven i l e  t ransp lan t  s tud ies ,

i n  Wh ich  the  same. ind i v idua ' l  p lan ts  were  measured  a t  t he  beg inn ing  and  end  o f  t he

t ransp lan t  pe r iod ,  t he  mean  o f  t he  g rowth  ra tes  fo r  i nd i v idua l  p lan ts  was  used .

For  the product ion of  sporophytes f rom gametophytes,  morta l i ty  ra tes of

m ic roscop ic  spo rophy tes ,  and  g rowth  ra te  o f  j uven i l e  spo rophy tes ,  bo th

un t rans fo rmed  va lues  and  1og - t rans fo rmed  va lues  were  used , i n  the  ana lyses  i n  o rde r

to  mee t  t he  assumpt ' i on  o f  add i t i v i t y .  Fo r  t he  1og - t rans fo rma t ion ,  cons tan ts  o f

0 .00001  and  0 .01  were  added  to  spo rophy te  p roduc t j on  and  spo rophy te  su rv i va l  ra tes ,

respec t i ve l y ,  t o  avo id  t ak i ng  t he ' l ogs  o f  ze ro  va lues .  These  we re  equ i va len t  t o  t he

sma l les t  obse rved  va lues  fo r  each  va r iab le  fo l l ow ing  the  sugges t i on  o f  S tewar t -0a ten
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(1986) .  T imes  when  bo th  impac t  and  con t ro l  s ta t i ons  had  ze ro  va lues  were  exc luded

f rom the  ana lyses  becuase  these  va lues  p rov ' i de  no  i n fo rma t ion  w ' i t h  rega rd  to

po ten t i a ' l  impac ts  (S tewar t -Oa ten ,  1986) .

Fo r  a l l  BACIP  ana lyses ,  we  de f i ned  the  p re -ope ra t i ona l  pe r iod  as  p r i o r  t o

January 1983,  when Un' i ts  2  and 3 co l  l  ect i  ve ' ly  were operat i  ng at  I  ess than 50%

capac i t y  based  on  power  ou tpu t  (F ig .  2 ) .  The  f i r s t  ope ra t i ona l  samp les  were

co l l ec ted  i n  May  1984  as  the re  were  no  samp les  taken  be tween  January  1983  and  May

1984 .

The  BACIP  ana lyses  re l y  on  the  de l tas  be tween  impac t  s ta t i ons  a t  SOK (S0KU45 ,

S0KD45 ,  and  S0KD35)  and  the  con t ro l  s ta t i on  i n  SMK (SMK45) .  P lo t s  o f  S0KU35  vs  SMK45

a re  a l so  g i ven ,  bu t  no  ana ' l y ses  a re  ava i l ab le  because  o f  t he  l ack  o f  be fo re  da ta  a t

s0KU35.

2.3 Correlations with Plume Attr ibutes

The  BACIP  ana l yses  ou t l i ned  above  t r ea t  a l l  ope ra t i ona l  samp les  equa11y .

However ,  because  o f  t he  chang ing  ope ra t i ona l  s ta tus  o f  t he  power  p lan t  and  chang ing

oceanog raph i c  cond i t i ons  ( i n  t e rms  o f  cu r ren t s  and  amb ien t  t u rb i d i t y  cond i t i ons ) ,

t he  i n f l uence  o f  t he  d i scha rge  p lume on  a  pa r t i cu la r  s ta t i on  va r ied  among

exper imen ts .  One  way  to  assess  the  i n f l uence  o f  t he  p lume wou ld  be  to  d i v ide  the

opera t , i on i l  da ta  se t ' i n to  two  g roups ,  based  on  p lume p resence  o r  absence ,  and

conduc t  t he  BACIP  ana lyses  us ing  on l y  those  ope ra t i ona l .  samp les  tha t ,were  taken  when

a  p lume was  ev ' i den t .  Un fo r tuna te l y ,  t he re  i s  no  obv ious  d i cho tomy  o f  p lume p resence

o r  absence .  I ns tead ,  t he  p l ume  i s  usua l l y  ev i den t  t o  va ry i ng  deg rees .  The re fo re ,

we  examined  poss ib le  re la t i onsh ' i ps  be tween  the  d i scha rge  p lu rne  and  d i f f e rences  i n

b ' i o ' l og i  ca1  va r i  a tes  us i  ng  reg ress i  on  ana lyses .  D i  f  f  e rences  i  n  spo rophy te
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produc t ' i on ,  g rowth ,  and  mor ta l i t y ,  a t  impac t  and  con t ro l  s i t es  i n  t he  ope ra t i ona l

pe r i od  we re  co r re l a ted  w ' i t h  p l ume  a t t r i bu tes .  P lume  a t t r i bu tes ' i nc l uded  t he

p ropor t i  on  o f  t he  t ' ime  the  d i  scha rge  p ' l  ume  was  I  oca ted  ove r  a  pa r t i  cu l  a r  s ta t i  on  i  n

a  g i ven  expe r imen t ,  and  the  pe rcen tage  o f  reduc t i on  i n  i r rad ' i ance  a t t r i bu tab le  to

the  p1ume.  These  p lume a t t r i bu tes  were  de te rm ined  us ' i ng  mode ls  based  on  bo th  the

cu r ren t  reg ' imes  and  on  d i f f e rences  j n  i r rad iance  a t  s ta t i ons  l oca ted  i n  t he  p ' l ume

compared  w ' i t h  pa i red  s ta t i ons  l oca ted  ou ts ide  the  i n f l uence  o f  t he  p lume (Re i t ze l  e t

d l . ,  i 987 ) .  The  pe rcen tage  reduc t i on ' i n  i r r ad iance  p rov ides  a  re l a t i ve  measu re  o f

how  tu rb i d  a  pa r t i cu l a r  p l ume  was ,  on  ave rage ,  and  imp l i es  t he  deg ree  o f  i nc rease  ' i n

ses ton  f l ux .  De le ted  f rom the  ana lyses  were  i ns tances  when  the re  was  no  spo rophy te

p roduc t i on  a t  bo th  o f  t he  pa i r ed  s ta t ' i ons .  I n  t hese ' i ns tances ,  f u r t he r  r educ t i ons

' i n  i r r ad iance  wou ld  obv jous l y  have  no  measu rab le  impac t .

Ana lyz ing  the  da ta  i n  t h i s  way  has  seve ra l  advan tages  ove r  t he  no rma l  BACIP

app roach .  F j r s t ,  as  men t i oned  p rev ious l y ,  i t  accoun ts  f o r  va r i ab i l i t y  i n  t he  p ' l ume

bo th  w i t h  r ega rd  t o  i t s  l oca t j on  and  i t s  " i n t ens i t y ' r  o r  t u rb i dness .  Second , ' i t

compares  more  c l ose l y  coup ied  pe r i ods  i n  t ime  ( i . e . ,  a l l  f r om the  ope ra t i ona l

pe r iod )  t han  the  .no rma l -  
r rbe fo re "  and  t ' a f t e r ' !  BACIP  ana lys i  s .  Th i  s  e l  im ina tes  the

po ten t i a l  p rob lems  assoc ia ted  w ' i t h  chang ' i ng  cond i t ' i ons  a t  t he  con t ro l  s i t e ,  f r om the

be fo re  pe r i od  t o  t he  a f t e r  pe r i od .  Th i s  i s  espec ia i l y  he lp fu ' l  i n  t he  case  o f  t he

exper imen ta ' l  s tud ' i es  ana lyzed  he re ,  wh i  ch  re i y  on  a  s i  ng ' l e  con t ro l  s ta t i  on .  These

s tud ies  may  be  pa r t i cu la r l y  p rone  to  na tu ra l  t ime-by - loca t ' i on  i n te rac t i ons  due  to

i nc reases  i n  g raz ing  by  sea  u r ch ins ,  changes  i n . subs t ra te  d i s t r i bu t i on ,  e t c .

The  p lume mode l  does  no t  p rov ' i de  an  accu ra te  es t ima te  o f  abso lu te  change  in

i r r ad iance  due  t o  SONGS.  The  poss ib l e  e f f ec t  o f  t he  p l ume  i n ' i nc reas ' i ng  i r r ad iance

a t  t he  ups t ream s ta t i on  (es t ' ima ted  to  be  sma l  I  r e la t ' i ve  to  reduc t i ons  on  the
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downs t ream s ide  o f  t he  p lume (Re ' i t ze i  e t .  d l  ,  i 987 ) )  i s  no t  accoun ted  fo r .  A1so ,

the  mode l  does  no t  cons ' i de r  t he  l a rge r  t empora l  and  spa t i a l  sca le  i n f l uences  o f

SONGS,  such  as  the  e f fec ts  o f  accumu la t i on  o f  sed imen ts  o r  and  o f f sho re  t ranspor t  o f

nea rsho re  tu rb id i t y .  However ,  t he  mode l  does  p rov ide  es t ima tes  o f  re la t i ve  rank ings

o f  p lume cond i t i ons ,  bo th  among  exper imen ts  and  among  s ta t ' i ons .  The  mode l  es t ima tes

fo r  each  s ta t i on  and  expe r imen t  a re  g i ven  . i n  Append ix  B .

These  anayses  su f fe r  f rom a  poss ib le  b ias  re la t i ng  to  the  e f fec ts  o f  cu r ren t

d i rec t i on  on  the  l eve l s  o f  i r rad ' i ance  a t  t he  con t ro l  s i t e  (SMK) .  Ana lyses  by

ECOsys tems  Managemen t  Assoc ' i a tes  (Append ix  C)  sugges t  t ha t  i r rad iance  l eve l s  a t  SMK

were  l ower  when  cu r ren ts  were  i n  t he  upcoas t  d i rec t ' i on ,  and  tha t  t he  e f fec t  was

unre la ted  to  the  ope ra t ' i on  o f  SONGS.  As  a  resu l t ,  s i gn i f i can t  co r re la t i ons  be tween

p lume a t t r i bu tes  and  d i f f e rences  i n  g rowth  o r  mor ta l i t y  a t  SOK vs  SMK migh t  resu l t

f rom dec reased  g rowth  (o r  i nc reased  mor ta l i t y )  a t  SMK when  cu r ren ts  were  d i rec ted

upcoast  ( ' i  .e .  ,  when SOK was not  ' in  the p l  ume) as opposed to reduced growth (or

increased morta l i ty )  a t  SOK when currents  were downcoast  and the p ' lume was over  SOK.

To  examine  th i  s  pos -s ib i  1 i t y ,  we  conduc ted  p ' l ume  co r re la t i on  ana lyses  fo r  t he

p reopera t i ona l  pe r iod .  I f  s i gn ' i f i can t  co r re la t i ons  i n  t he  "a f te r "  pe r iod  were  the

resu l t  o f  e f f ec t s  un re la ted  t o  SONGS,  t hen  s i gn i f i can t  co r re l a t i ons  shou ld  a l so

exis t  ' in  the "before i l  per iod.  The por t ion of  the p ' lume model  based on cumei l t  data

was  run  us ing  I ' be fo re ' r  da ta ,  wh i l e  assum ' ing  tha t  bo th  S0NGS Un i t s  2  and  3  were  fu l ' l y

ope ra t i ona l .  Th i s  y i e l ded  va lues  f o r  t he  p ropo r t i on  o f  t he . t ime  a  hypo the t i ca l

p lume wou ld  have  been  ove r  t he  s ta t i ons  i n  SOK,  based  on  cu r ren t  speed  and

d ' i r ec t i on .  We then  reg ressed  the  d i f f e rences  i n  spo rophy te  p roduc t i on ,  g rowth  and

su rv i va l  vs  the  p ropo r t i on  o f  t ime  th i s  hypo the t i ca l  p lume was  ove r  t he  impac t

s i  t es .
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2.4 Sporophyte Production. Growth, and Survival in Relation to Physicochemical

Factors

In  o rde r  t o  exp la i n  poss ib l e  e f f ec t s  o f  SONGS,  o r  t he  l ack  t he reo f ,  on

exper imen ta l  popu la t i ons ,  w€  examined  the  re la t i onsh ips  be tween  spo rophy te

p roduc t i on ,  g rowth ,  and  su rv i va l  and  the  phys i cochemica l  cond i t i ons  wh ich  ex i s ted  a t

impac t  and  con t ro l  s ' i t es  i n  t he  ope ra t i ona ' l  pe r i od .  These  re la t i onsh ips  were  v iewed

w i th  respec t  t o  p rev ious l y  es tab l i shed  mode ls  based  on  da ta  ob ta ' i ned  du r ing  the  p re -

ope ra t i ona l  pe r iod  and  a l so  on  da ta  ob ta ined  a t  t he  con t ro l  s j t e  (SMK45)  du r ing  the

opera t i ona ' l  pe r i od .  The  mode ls  examined  spo rophy te  p roduc t i on ,  g rowth ,  and  su rv i va l

i n  r e l a t i on  t o  t empe ra tu re ,  i r r ad iance .  and  ses ton  f l ux .

Va lues  o f  i r rad ' i ance ,  t empera tu re ,  and  ses ton  f l ux  obse rved  a t  impac t  s ta t i ons

in  SOK du r i ng  each  ope ra t i ona l -pe r i od  expe r imen ts ,  we re  subs t i t u t ed  i n to  t hese

reg ress ion  mode ls ,  and  p red i c ted  va lues  o f  spo rophy te  p roduc t ' i on ,  g rowth ,  and

su rv i va l  we re  the reby  genera ted .  These  p red i c ted  va lues  were  p io t ted  aga ins t  t he

obse rved  va lues :  I f  t he  p red i c ted  and  obse rved  va lues  we re  t he  same  ( i . e . ,  i f  t he

reg ress ion  o f  p red i c ted  vs  obse rved  was  s i gn i f i can t  and  t he  s i ope  d i d  no t  d i f f e r

s i gn i f i can t l y  f r om 1 ) -  t hen  obse rved  va lues  cou ld  be  exp ' l a i ned  based  on

phys ' i cOchem' i ca l  f ac to rs  a lone ,  and  any  impac t  o f  SONGS on  b io log i ca l  f ac to rs  cou ld

be  i n te rp re ted  as  a  resu ' l t  o f  changes  to  the  phys i cochem' i ca l  f ac to rs  i n  ques t i on .

Any  dev ia t i on  f rom p rev ious l y  es tab l i shed  mode ls  cou ld  be  caused  by  e i t he r  a  change

in  t he  env i r onmen ta l  cond i t i ons  o the r  t han  t hose  used  i n  t he  mode l ,  a  f a i l u re  o f  t he

mode l  t o  accu ra te l y  r e ' l a t e  t he  b i o l og i ca l  measu re  t o  env i r onmen ta l  cond i t i ons ,  o r  t o

s tochas t i c  e r ro r .

The  reg ress ' i on  ana lyses  o f  b io ' l og i ca l  f ac to rs  vs  phys i cochemica l  f ac to rs  fo r

t he  p re -ope ra t i ona l  pe r i od  a re  p resen ted  i n  Dean  e t  a l . ,  1987 ,  Sec t i on  5  ( f o r
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sporophy te  p roduc t i on ) ,  Sec t i on  6  ( f o r  m ic roscop ic  g rowth  and  su rv i va l )  and  Sec t i on

9  ( f o r  i uven i l e  g row th ) .  The  resu l t j ng  mode l s  a re  summar i zed  i n  Tab le  1 .  Me thods

f  o r  measur i  ng  phys ' i cochemi  ca l  f  ac to rs  a re  rev i  ewed  ' i n  Dean  e t  a l  .  ,  1987 ,  and

Sch roe te r  e t  a l . ,  1987 .
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3 .0  RESULTS

3.1 Production of Sporophytes from Gametophytes

There  i s  l i t t l e  ev idence  tha t  SONGS impac ted  spo rophy te  p roduc t i on .  Resu l t s  o f

BACIP  ana lyses  j nd i ca ted  tha t  t he re  were  no  s ign i f i can t  dec reases  i n  spo rophy te

p roduc t i on  a t  s t a t i ons  i n  SOK,  r e l a t i ve  t o  t he  con t ro l  i n  SMK,  du r i ng  t he  pe r i od  o f

S0NGS ope ra t i ons  (Tab les  2  and  3 ,  and  F igs .  3a  t o  3d ,  and  F ' i gs .  4a  t o  4d ) .  A1so ,

de l t as  o f  spo rophy te  p roduc t i on ' i n  t he  ope ra t i ona l  pe r i od  we re  no t  s i gn i f i can t l y

co r re la ted  w i th  e i t he r  t he  pe rcen t  o f  t ime  an  impac t  s ta t i on  was  i n f l uenced  by  the

p1ume ,  o r  t he  pe rcen tage  reduc t i on  i n  i r r ad iance  a t t r i bu tab le  t o  S0NGS (F igs .  5a  and

5b ) .

Leve ls  o f  spo rophy te  p roduc t i on  genera l l y  dec reased  a t  bo th  impac t  and  con t ro l

s ta t i ons  du r ing  the  ope ra t i ona ' l  pe r i od .  The  p ropo r t i on  o f  gametophy tes  p roduc ing

sporophy tes  d i f f e red  s ign i f i can t ' l y  among  the  be fo re  and  a f te r  pe r iods  on  the

sea f l oo r  a t  SMK45 ,  and  a t  2  m above  bo t tom a t  SMK45 ,  S0KU45 ,  and  S0KD45  (Tab le  4 ) .

Moreove r ,  t he  re la t i onsh ip  be tween  spo rophy te  p roduc t i on  and  phys i ca l  f ac to rs

d i f f e red  ' i n  t he  .p re -ope ra t i ona l  and  ope ra t i ona l  pe r iods .  Leve l  s  o f  spo rophy te

p roduc t i on  were  genera l ' l y  l ower  than  p red i c ted  j n  t he  ope ra t i ona l  pe r iod ,  a t  bo th

' impac t  and  con t ro l  s t a t i ons ,  based  on  t he  p rev ious i y  es tab l  i  shed  re l a t i onsh ips

be tween  spo rophy te  p roduc t ' i on ,  i r rad iance ,  and  tempera tu re  (F ig .  6 ) .  The  l a rges t

and  mosL  pe rs i s ten t  dev ia t i ons  f rom p red i c ted  va lues  were  obse rved  on  the  sea f l oo r

a t  S0KU45 ,  S0KD45 ,  and  SMK45  (F igs .7  and  8 ) .  I n  mos t  i ns tances ,  l a rge  dev ia t1ons

were  the  resu l t  o f  no  spo rophy te  p roduc t i on  tha t  appeared  to  be  i ndependen t  o f  t he

phys i ca l  f ac to rs .  A t  S0KU45  and  50K045  on  the  sea f ' l oo r ,  t he re  was  a  s ign i f i can t

l i nea r  i nc rease  i n  dev ia t i on  w i t h  t ime  ( r  =  0 .58 ,  P  <  0 .05 ,  and  r  =  0 .62 ,  P  <  0 .01 ,

respec t i ve l y ) ,  sugges t i ng  a  wo rsen ing  o f  cond ' i t i ons  w i t h  t ime ,  a t  t hese  s i t es ,  t ha t

was  i ndependen t  o f  i r rad iance  and  tempera tu re .

16





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

We do  no t  know why  these  dev ia t i ons  f rom p red i c ted  va lues  occu r red .  One

hypo thes i s  i s  t ha t  i t  may  have  resu l t ed  f r om g raz ing  by  sea  u r ch ins .  U rch ins

obv ious i y  have  eas ie r  access  t o  subs t ra tes  on  t he  sea f l oo r ,  whe re  t he  h i ghes t

dev i  a t i  ons  were  obse rved .  A1  so ,  u rch i  n  dens i  t i  es  were  h i  ghe r  a t  o f f sho re  s i  t es

(S0KD45 ,  S0KU45 ,  and  SMK45)  t han  a t  i nsho re  s i t es  (S0KD35  and  S0KU35)  (D i xon  e t  a l . ,

1987a) .  Fu r the rmore ,  t he  dec l ' i ne  i n  spo rophy te  p roduc t ' i on  i n  1985  co inc ' i ded  w i th  a

gene ra l  i nc rease  i n  Ly tech inus  dens ' i t i e s  a t  a l l  s ' i t es  (Sch roe te r  e t  a l . ,  i 9S7 ) .

Th i s  hypo thes ' i s  i s  suppor ted  by  the  obse rva t j on  tha t  mos t  dev ia t i ons  f rom the  mode l

were  the  resu l t  o f  i ns tances  when  the re  was  l i t t l e  o r  no  spo rophy te  p roduc t i on ,

sugges t i ng  poss ' i b l e  dea th  due  t o  g raze rs .  A  second  hypo thes i s  i s  t ha t  dev ia t i ons

f rom expec ted  va lues  were  due  to  a  ch ron ' i c  e f fec t  o f  50NGS,  pe rhaps  th rough  a

bu i l dup  o f  f i ne  sed imen ts  t ha t  occu r red  i n  o f f sho re  po r t i ons  o f  SOK,  and  espec ia l l y

a t  S0KU45  (D i xon  e t  a l . ,  1987 ) .  Th i s  i s  suppo r ted  by  t he  obse rved  i nc rease  i n

dev ia t i on  w i t h  t ime  a t  S0KU45  and  S0KD45 .

3.2 Growth and Mortal i ty of Microscopic Sporophytes

There  were  no  s ign i f i can t  changes  i n  g rowth  ra tes  o f  m ic roscop ic  spo rophy tes  a t

the  impac t  s ' i t es  r . e la t i v -e  to  the  con t ro l  s i t e  i n  t he  p re -ope ra t ' i ona l  and  ope ra t i ona l

pe r iods  (Tab1e  5  and  F igs .  ga  to  9d ) .  However ,  d i f f e rences  i n  g rowth  ra tes  a t  impac t

and  con t ro l  s ' i t es  i n  t he  ope ra t ' i ona1  pe r iod  were  s ign ' i f i can t l y  co r re la ted  w i th  the

p resence  o f  t he  p l ume  (F ig .  10 ,  TOP) ,  sugges t i ng  a  poss ib l e  adve rse  e f f ec t  o f  S0NGS.

The  co r re la t i on  be tween  de l tas  and  pe rcen t  change  in  i r rad iance  was  no t  s ign i f i can t

(F ig .  10 ,  BOTTOM) ,  bu t  t he  samp le  s i ze  f o r  t h i s  ana l ys i s  was  sma l l  (N  =  12 ,  Append ' i x

B ) .

The  re la t i onsh ip  be tween  g rowth  ra te  o f  m ic roscop ic  spo rophy tes  and  phys i ca l

f ac to r s  ( i r r ad iance  and  ses ton  f l ux ;  see  Tab le  1  f o r  t he  reg ress ion  equa t i on )  was
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s im i l a r  i n  t he  be fo re  and  a f t e r  pe r i ods .  The re  was  a  s i gn j f i can t  co r re l a t i on

be tween  obse rved  and  p red i c ted  va ' l ues ,  and  the  s iope  o f  t he  reg ress ion  o f  obse rved

vs  p red i c ted  d i d  no t  d i f f e r  s i gn i f i can t l y  f r om i  (F i g .  11 ) .  Th ' i s  sugges t s  t ha t

reduc t ' i ons  i n  g rowth  a t  SOK,  when  the  p lume was  p resen t ,  we re  due  to  dec reases  i n

' i  r rad i  ance  and  ' i nc reases  i  n  ses ton  f  I  ux  assoc i  a ted  w ' i t h  t he  p l  ume.

Re la t i ve  dec reases ' i n  mor ta l ' i t y  ra tes  were  obse rved  a t  S0KU45  and  S0KD35  in  the

opera t i ona l  pe r iod ,  and  nea r l y  s ign i f i can t  dec reases  were  obse rved  a t  S0KD45  (Tab1e

6  and  F ig .  12a  t o  12d ) .  Howeve r ,  we  do  no t  t h i nk  t ha t  t he  dec reases  i n  mo r ta l i t y

ra te  a t  SOK re la t i ve  to  SMK,  as  i nd ' i ca ted  i n  t he  BACIP  ana lys i s ,  we re  the  resu l t  o f

t he  ope ra t i on  o f  SONGS.  The  s ign i f i can t  d i f f e rences  i n  , de l tas  f rom the  be fo re  to

the  a f te r  pe r iod ,  resu l ted  f rom a  l a rge  i nc rease  i n  mor ta l i t y  ra te  a t  SMK45  ra the r

than  a  dec rease  i n  mor ta f i t y  ra te  a t  SOK.  We do  no t  know why  mor ta l ' i t y  a t  SMK45

inc reased ' i n  t he  ope ra t i ona l  pe r i od ,  bu t  suspec t  i t  may  have  been  due  t o  i nc reased

graz ' i ng ,  p robab ly  by  sea  u rch i  ns  (  see  be i  ow) .

I n  con t ras t  t o  t he  BACIP  resu l t s ,  co r re l a t i ons  o f  de l t as ,  i n  t he  ope ra t i ona l

pe r iod ,  w i th  p lume cha rac te r i s t j cs  i nd i ca ted  tha t  t he  p lume f rom SONGS Un i t s  2  and  3

had  a  nega t i ve  impac t  on  su rv i va l  (F i g .  13 ) .  Mo r ta i i t y  r a tes  we re  h i ghe r  a t  t he

impac t  s ' i t es  re la t i ve  to  the  con t ro l  when  in f l uenced  by  the  p1ume,  and  mor ta ' l i t y

ra tes  i nc reased  a t  SOK,  re la t i ve  to  SMK,  as  reduc t i ons  i n  i r rad ' i ance  i nc reased .

The  co r re la t i on  be tween  obse rved  mor ta l i t y  ra tes  and  p red i c ted  va lues ,  based  on

a  p rev ious ' l y  es tab l ' i shed  reg ress ' i on  o f  mo r ta l i t y  r a te  w i t h  ses ton  f l ux  ( see  Tab le

1 ) ,  was  no t  s i gn i f i can t  (F ' i g .  14 ) .  Th i s  i s  no t  su rp r i s i ng  g i ven  t ha t ,  i n  p rev ious l y

es tab l i shed  reg ress ' i on  mode ' l s ,  ses ton  f l ux  cou ld  on l y  accoun t  f o r  72% o f  t he

va r iab i l  i t y  i n  t he  su rv i va l  o f  t he  m ic rospo rophy tes .  The re  was  subs t ,an t i a l
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va r i ab i l i t y  i n  t he  obse rved  va lues  even  t hough  t he  range  j n  p red i c ted  va lues  was

sma l  I  .  The  l a rges t  dev ' i a t i ons  f rom p red i c ted  va l  ues  occu r red  ' i n  summer  
' and  

fa l  I

1985 .  and  espec ia l l y  a t  SMK45  (F ig .  15 ) .  We  suspec t  t ha t  t he  h i ghe r  t han  p red i c ted

va lues  f o r  mo r ta l i t y  r esu l t ed  f r om g raz ' i ng ,  p robab l y  by  wh i t e  sea  u r ch ins .  L i nes

co l l ec ted  f r om SMK45  i n  summer  and  f a l ' 1 ,  1985 ,  we re  a lmos t  en t i r e l y  c l eaned  o f

m i  c roscop i  c  spo rophy tes  as  we l  I  as  o the r  a1  gae  and  enc rus t i  ng  i  nve r teb ra tes  ,

sugges t i ng  i n tense  g raz ing .  Du r i ng  t h i s  same  t ime  Ly tech inus  dens i t i es  i nc reased

sha rp l y  a t  SMK45  (Sch roe te r  e t  a l . ,  1987 ) .

3.3 Growth and Morta l i ty  o f  Juveni le  Sporophytes

Growth  ra tes  o f  j uven ' i i e  spo rophy tes  a t  S0KU45  and  S0KD45  d id  no t  change

s ign i f i can t l y ,  r e l a t i ve  t o  t he  con t ro l  a t  SMK45 ,  i n  t he  ope ra t i ona l  pe r i od  (Tab le  7

and  F igs .  16a  and  16d ) .  However ,  g rowth  ra tes  were  l ower  a t  SOK ' in  the  a f te r  pe r iod

when  a  tu rb jd  p iume was  p resen t ,  sugges t i ng  an  adve rse  e f fec t  o f  SONGS (F ' i g .  17 ) .

The re  was  a  s i gn i f i can t  co r re l a t i on  be tween  t he  de l t as ' i n  g row th  ra te  and  t he

percen t  change  ' i n  i r rad iance  a t t r i bu tab le  to  the  p1ume.  The  co r re la t i on  be tween

de l t as  i n  g row th  ra te  and  p l ume  p resence  was  nea r l y  s i gn i f i can t .

.

The  g rowth  ra tes  obse rved  du r ing  ope ra t i ona l  pe r iods  tended  to  be  l ower  on

ave rage  than  p red i c ted  va lues  o f  g rowth  tha t  were  based  on  a  p rev ' i ous  reg ress ion

(see  Tab le  1 )  w i t h  i r r ad iance  and  t empera tu re  (F i g .  18 ) ,  The  l a rges t  dev ia t i ons

occu r red ' i n  1984 ,  du r i ng  t he  l a t t e r  s t ages  o f  an  E l  N ino  even t  (F i g .  19 ) .  S im i l a r

dev ia t i ons  f rom p red i c ted  va lues  were  obse rved  a t  SOK and  SMK,  sugges t i ng . tha t  t hey

were  un re la ted  to  SONGS.  The  g rowth  o f  j uven i l es  was  seve re ' l y  l im i ted  by  n i t rogen

du r i ng  t h i s  t ime  and  g row th  gene ra l l y  showed  l ess  o f  a  dependence  on  i r r ad iance  t han

i t  d i d  i n  o the r  expe r imen ts  (Dean  and  Jacobsen ,  1985 ) .  When  t imes  o f  seve re

n i t rogen  l im ' i t a t ' i on  were  e l im ina ted  f rom cons ide ra t ' i on .  obse rved  va lues  tended  to

I
I
I
I
I
I
I
I
I
I
I

19





t r ack  p red i c ted  va lues  more  c i ose l y .  Th i s  sugges t s  t ha t ,  excep t  du r i ng  an  E l  N ino

even t ,  g rowth  ra tes  i n  t he  be fo re  and  a f te r  pe r iod  were  s im i l a r l y  de te rm ined  by

i r rad iance  and  tempera tu re .  Moreove r ,  poss ib le  impac ts  o f  SONGS on  g rowth  were

p robab ly  caused  by  a  reduc t i on  ' i n  i r rad . i ance .

We  no ted  no  s i gn i f i can t  i nc rease  i n  j uven i l e  mo r ta l i t y  a t  SOK i n  t he

ope ra t i ona l  pe r i od  (Tab1e  8  and  F ' i g .  20a  and  20b ) .  A l  so ,  t he re  we re  no  s i gn ' i f  i can t

co r re la t i ons  be tween  mor ta ' l i t y  ra tes  and  va r ious  p lume a t t r i bu tes ,  a ' l t hough  the

co r re l a t i on  be tween  de l t as  i n  mo r ta l i t y  r a tes  and  t he  pe rcen t  change  i n ' i r r ad iance

was  nea r l y  s ' i gn i f j can t  (F ig .  2 I ) .  We  d id  no t  a t tempt  to  p red i c t  mor ta l i t y  ra tes

based  on  p r i o r  r eg ress ion  resu l t s  s i nce  t hese  reg ress ions  f a i l ed  t o  demons t ra te  a

s i gn ' i f i can t  r e l a t i onsh ip  be tween  j uven i l e  mo r ta l  i t y  and  any  o f  t he  measu red

phys i cochemica l  f ac to r s .  I t  shou ld  be  no ted  t ha t  ou r  t r ansp lan t  expe r imen ts  we re

des igned  t o  e l jm ina te  sou rces  o f  na tu ra l  mo r ta f  i t y .  P lan t s  we re  secu re l y  f as tened

to  ra i  sed  racks ,  t he reby  reduc ing  poss ' i b1e  e f fec ts  o f  wave  su rge  and  ben th i c

o raze rs .

3 .4  Poss ib le  B iases  i n  P lume Ana tyses

The  s i gn i f i can t  co r re l a t i ons  be tween  p lume  a t t r i bu tes  and  d i f f e rences  i n

g rowth  and  mor ta l i ' t y  appeared  to  be  l a rge l y  re la ted  to  the  e f fec ts  o f  S0NGS,  and

re la t i ve l y  l i t t l e  a f f ec ted  by  t he  i n f l uences  o f  cu r ren t  d i r ec t i on  on  i r r ad iance  a t

SMK.  i . / h i l e  co r re la t i ons  be tween  the  p ropo r t i on  o f  t he  t ime  the  p lume f rom S0NGS was

over  the  SOK s ta t i ons  and  the  de l tas  i n  t he  g rowth  o r  mor ta l i t y  o f  sma l l  spo rophy tes

were  s i gn i f i can t  ( o r  nea r l y  so )  i n  t he  ope ra t i ona l  phase ,  t he re  we re  no  s i gn i f i can t

co r re l a t i ons  i n  t he  p reope ra t i ona l  pe r i od .  The  l a te r  used  a  hypo the t i ca l  " p1ume"

f  rom SONGS and the same current  mode' l  used ' i  n  the analyses f  or  the operat i  onal

pe r iod  (Tab1e  9 ) .  The re  appeared  to  be  a  poss ib le  b ias  fo r  m ic rospo rophy te  g rowth
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and  mor ta l i t y .  The  r  va lues  fo r  bo th  the  be fo re  and  a f te r  pe r iods  were  somewha t

s im i l a r  ( 0 .34  vs  0 .48  f o r  mo r ta l i t y  and  -0 .27  vs  -0 .47  f o r  g row th ) ,  and  a l t hough  t he

co r re l a t ' i ons  i n  t he  be fo re  pe r i od  we re  no t  s i gn i f j can t ,  t he  samp le  s i zes  f o r  t hese

ana l yses  we re  sma l l .  Howeve r ,  wh i l e  some  o f  t he  va r j ab i l i t y  i n  de l t as  f o r  g row th

and  mor ta l i t y  may  be  a t t r i bu tab le  t o  an  e f f ec t  o f  cu r ren t  d i r ec t i on  on  i r r ad iance  a t

SMK,  much  o f  t he  va r iab i ' l i t y  appears  re la ted  to  S0NGS.
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4.0 DtscusstoN

Resu l t s  o f  BACIP  ana l yses  o f  da ta  f r om expe r imen ta l  popu la t i ons  i nd i ca ted  t ha t

the re  were  no  s ign i f i can t  adve rse  e f fec ts  o f  S0NGS on  the  p roduc t i on ,  g rowth ,  o r

su rv i va l  o f  spo rophy tes .  These  resu l t s  con t rad ' i c ted  the  ev idence  tha t  t he re  was  a

s ign i f i can t  adve rse  e f fec t  o f  t he  p lume on  m ic rospo rophy te  g rowth ,  m ic rospo rophy te

su rv i va ' l  ,  and  i uven ' i l e  spo rophy te  g rowth  based  on  co r re la t i ons  o f  de1 tas  f rom the

ope ra t ' i ona1  pe r i od  w i t h  p l ume  a t t r i bu tes .

We fee l  t ha t  t he  con t rad i c t j on  s tems  f rom 3  ma jo r  sou rces .  F i r s t ,  t he  BACIP

mode ls  a re  sub iec t  t o  e r ro r  based  on  na tu ra l  t ime  by ' l oca t i on  i n te rac t i ons  t , ha t  may

be  un re la ted  t o  t he  ope ra t i on  o f  SONGS.  Fo r  examp le ,  t he  l ack  o f  s i gn i f i can t  BACIP

e f fec ts  appeared  to  s tem f rom a  genera l  wo rsen ing  o f  cond j t i ons  fo r  spo rophy te

rec ru i tmen t  and  su rv j va l  a t  t he  con t ro l  s i t e  (SMK45)  ope ra t i ona l  pen iod .  The

worsen i  ng  o f  cond i  t i  ons  a t  SMK was  p robab ly  re ' l  a ted  to  an  ' i  nc rease  i  n  wh i  t e  sea

u rch ' i n  dens i t i es ,  r e l a t i ve  t o  SOK,  i n  t he  a f t e r  pe r i od .  Add i t i ona l  changes  may  a l so

have  occu r red  a t  Sp t f  as  a  resu l t  o f  t he  ex t reme ly  heavy  rec ru i tmen t  o f  ke lp  a t  SMK ' in

1983 .  Dens i t i es  o f  adu l t  Mac rocys t i s  i n  t he  a f t e r  pe r i od  i n  SMK were  exceed ing l y

h ' i gh  and  p robab ly  a l t e red  cu r ren t  and  wave  reg imes  ( Jackson  and  Winan t ,  1983) .

Second ,  oceanog raph i c  cond i t i ons  chenged  as  a  resu l t  o f  E l  N ino  wh ' i ch  ex tended

th rough  1984 ,  i n t o  t he  ea r i y  pe r i od  o f  ou r  ope ra t , i ona l  phase  samp l i ng .  Du r i ng  t h i s

t ime ,  l i gh t  l eve l s  and  t empera tu res  we re  much  h ighe r  t han  no rma l  and  nu t r i en t

concen t ra t ' i ons  were  l ower  than  no rma l  (D ixon  e t  a l . ,  1987a) .  Many  p rocesses  tha t

we re  no rma l l y  l i gh t -1 im i t ed ,  such  as  t he  g row th  o f  j uven j l es  became  nu t r i en t - l im i t ed

dur ing  the  E l  N ino  (Dean  and  Jacobsen ,  1985) .  As  a  resu l t ,  e f f ec ts  o f  SONGS tha t
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cou ld  be  caused  by  a  reduc t i on  i n

nu t r i en t - l im i t a t i on .  Fo r  examp ie ,

s ta t ' i ons  du r ing  the  E1  N i  no  as  the

l i t t l e  a f f ec ted  by  any  reduc t i on  i n

i r rad iance ,  were  a t  t h i s  t ime  ove rshadowed  by

the  g rowth  ra tes  o f  j uven i l es  were  l ow  a t  a l l

r esu l t  o f  nu t r i en t - l im i t a t i on  and  we re  p robab l y

i r rad iance  due  to  SONGS.

Th i rd ,  t he re  was  a  l o t  o f  va r i ab i l i t y  i n  bo th  t he  pos i t i on  and  I ' t u rb ' i dness "  o f

t he  p l ume  f r om SONGS Un i t s  2  and  3 .  As  a  resu l t ,  t he re  was  cons ' i de rab le  va r i ab i l i t y

i n  t he  b io log i ca l  e f fec ts  tha t  were  measured  be tween  exper imen ts .  Th i s  va r iab i l i t y

weakened  t he  BACIP  ana l ys i s ,  espec ia l l y  i n  t he  case  o f  ou r  r e l a t i ve l y  sho r t - t e rm  (3 -

to  6 -week )  expe r imen ts .

These  poss ' i b l e  sou rces  o f  e r ro r  i n  t he  BACIP  des ign  a re  espec ia l ' l y  p rob lema t i c

i n  t he  ana i yses  p resen ted  he re in  t ha t  r e ' l y  on  a  s i ng le  con t ro l  s i t e ,  whe re  ra the r

s ' i t e  spec i f i c  changes  can  a l t e r  t he  ou t come  o f  s t a t i s t i ca l  t es t s .  These  p rob lems

a re  no t  as  l i ke l y  t o  occu r  i n  o the r  BACIP  ana l yses ,  such  as  t he  ana l ys i s  o f  poss ib l e

e f f ec t s  o f  SONGS on  na tu ra l  r ec ru i tmen t  even t s  (Sch roe te r  e t  a l . ,  1987 ) ,  wh i ch  re l y

on  mu l t i p l e  con t ro l  s i t es .

'Ou r  BAC iP  resu l t s  do  no t  r u l e  ou t  a  poss ib l e  e f f ec t  o f  SONGS on  ke1p .  Un l i ke

the  re l  a t i  ve l y  sho r t - t e rm exper imen ts  conduc ted  i  n  BACIP  ana lyses ,  na tu ra l

popu la t ' i ons  o f  ke lp  mus t  endu re  seve ra l  mon ths  o f  con t i nuous ,  y€ t  va r i ab le ,  exposu re

to  t he  p i ume .  One  sho r t  pe r i od  o f  espec ia l l y  adve rse  cond ' i t i ons  may  be  su f f i c i en t

t o  seve re i y  r es t r i c t ,  r ec ru i tmen t  i n  na tu ra l  popu la t i ons  o f  ke lp .  I n  t he  BACIP

ana lyses ,  such  a  pe r iod  o f  adve rse  impac ts  may  have  been  jus t  one  o f  many

observa t i on  pe r iods .  Many  o the r  expe r imen ts  may  f , uv .  been  conduc ted  du r ing  t imes

when  SONGS e f f ec t s  we re  neg l i g i b l e ,  t he reby  l ead ing  t o  i ns i gn ' i f i can t  BAC iP  resu l t s .
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I n  ou r  v iew ,  t he  more  conv inc ing  ev idence  i nd i ca tes  tha t  SONGS d id  have  adve rse

impac ts  on  the  g rowth  and  su rv i va l  o f  m ic roscop ' i c  spo rophy tes ,  and  on  the  g rowth  o f

i uven i l es .  Th i s  conc lus ' i on ' i s  based  l a rge l y  on  t he  co r re l a t i on  be tween  t he  de l t as

i n  g row th  and  su rv i va l  and  t he  pe rcen t  r educ t i on  i n  i r r ad iance  a t t r i bu tab le  t o  t he

p ' l ume .  Th i s  sugges ts  tha t  t he  p ' l ume  f rom SONGS Un j t s  2  and  3 ,  when  p resen t ,  reduced

the  g rowth  ra te  and  i nc reased  the  mor ta l i t y  ra te  o f  sma l l  spo rophy tes .  I t  a l so

ind i ca tes  tha t  t he  magn ' i t ude  o f  t he  changes  i n  g rowth  and  su rv i va l  we re  dependen t  on

how o f ten  the  p lume was  p resen t ,  and  how tu rb ' i d  i t  was .

Fo r  g rowth  ra te  da ta ,  t he  a rgumen t  f o r  an  e f fec t  o f  S0NGS i s  f u r the r  suppor ted

by  the  use  o f  mechan is t i c  mode ls  wh ich  i nd i ca ted  a  d i rec t  dependence  o f  g rowth  ra te

on  i r rad iance  i n  bo th  the  be fo re  and  a f te r  pe r iods .  Growth  ra tes  a t  t he  ' impac t  s i t e

cou ld  l a rge l y  be  accoun ted  fo r  by  the  obse rved  i r rad iance  l eve l s .  Observed  changes

i  n  growth rates can be d i  rect ' ly  i  i  nked to  changes ' in  i  r rad i  ance caused by the

opera t i on  o f  SONGS s ince ' i t  was  demons t ra ted  tha t  t he  ope ra t i on  o f  SONGS reduced

i r r ad iance  l eve l  s  (Re i t ze l  e t .  a l ,  1987 ) .

The mechanis t ic  argr , rment  for  an ef fect  o f  SONGS on morta l i ty  ra tes is  somewhat

less  conv inc ing .  l r / e  demons t ra ted  tha t ,  i n  t he  p re -ope ra t i ona l  pe r iod ,  t he  mor ta l i t y

ra tes  o f  m ic roscop ic  spo rophy tes  were  co r re la ted  w i th  ses ton  f l ux .  Based  on  p lume

mode l  da ta ,  we  know tha t  SONGS inc reased  ex t j nc t i on  and  we  can  i n fe r  f rom th i s  t ha t

SONGS 'op 'e ra t i ons  i nc reased  t he  amoun t  o f  ses ton  w i t h i n  t he  wa te r  co lumn .  Howeve r ,

BACiP  ana iyses  o f  ses ton  f l ux  da ta  ( t he  amoun t  o f  sed imen t  co l l ec ted  i n  t ubes )  have

fa i l ed  to  demons t ra te  a  s ta t i s t i ca ' l 1y  s ign i f i can t  e f fec t  o f  SONGS.  Fu r the rmore ,

ses ton  f ' l u x  exp ' l a i ned  on l y  a  sma l l  f r ac t i on  o f  t he  va r i ab i l i t y ' i n  mo r ta l i t y  r a te  i n

ou r  mechan i s t i c  mode l ,  and  no t  su rp r i s i ng l y ,  t he  re l a t i onsh ip  be tween  ses ton  f l ux

and  mor ta l i t y  ra tes  tha t  was  obse rved  i n  the  be fo re  pe r iod ,  p roved  to  be  a  poo r

p red i c to r  o f  mor ta l i t y  ra tes  a t ' impac t  s ' i t es  i n  t he  a f te r  pe r iod .
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Data for  the product ion of  sporophytes f rom gametophytes do not  prov ide s t rong

ev idence  fo r  an  adve rse  e f fec t  o f  S0NGS.  The  on ' l y  sugges t i on  o f  a  poss ib le  impac t

was  tha t  cond ' i t i ons  fo r  spo rophy te  p roduc t i on  (o the r  t han  ' i r r ad iance  and

tempera tu re )  appeared  to  be  de te r i o ra t i ng  ove r  t ' ime .  However ,  i t  ' i s  d i f f i cu l t  t o

I  i nk  t h i s  obse rva t i on  w ' i t h  t he  ope ra t i on  o f  SONGS.

The re  we re  t imes  when  amb ien t  l eve l s  o f  i r r ad iance  a re  nea r  m in ' imum leve l s

necessa ry  fo r  spo rophy te  p roduc t i on ,  and  tha t  reduc t i ons ' i n  i r rad iance  caused  by  the

opera t i on  o f  S0NGS p robab ly  resu l ted  i n  a  concom' i t an t  reduc t i on  i n  spo rophy te

rec ru i tmen t  (Sch roe te r  e t  a l . ,  1987 ) .  However ,  we  found  l ' i t t l e  ev ' i dence  fo r  such  an

e f fec t  i n  ou r  ana lyses  o f  ou tp lan ted  gametophy tes .  Th i s  was  e ' i t he r  because  amb ien t

i r r ad iance  l eve l s  we re  h i gh  enough  t ha t  r educ t ' i ons  due  t o  SONGS had ' l i t t l e  e f f ec t  on

spo rophy te  p roduc t i on ,  o r  because  f ac to r s  o the r  t han  i r r ad iance  (e .g . ,  nu t r i en t s ,

g raze rs )  1  im i ted  spo rophy te  p roduc t i on .

The  l ack  o f  an  e f fec t  o f  SONGS on  spo rophy te  p roduc t i on  may  have  been

overs ta ted  somewha t  by  ou r  ana lyses .  I r rad ' i ance  l eve l s  du r ing  a f te r  pe r iods  were

h ighe r  t han  no rma i -  (D i xon  e t  a l . ,  1987b )  and  i r r ad iance  l im i t a t i on  was  l ess  l i ke l y

than  wou ld  be  expec ted  on  ave rage-  A1so ,  ou r  expe r imen ts  were  ca r r i ed  ou t

th roughou t  t he  yea r ,  bu t  na tu ra l  rec ru i tmen t  t ends  to  take  p lace  on l y  du r ing

upwe l l i ng  even t s  i n  t he  sp r i ng  (Dean  e t  a l . ,  7987 ,  Sec t i on  5 ) ,  when  amb ' i en t  l i gh t

l eve l s  a re  genera - ' l 1y  i ower  than  the  yea r l y  ave rage

0bserva t i ons  o f  adve rse  impac t  on  expe r imen ta l  popu ' l a t i ons  a re  i n  acco rdance

w i th  da ta  f rom na tu ra l  popu ' l a t ' i ons .  Bo th  the  expe r imen ta l  da ta  and  obse rva t i ons

made  du r ing  na tu ra l  rec ru i tmen t  (Sch roe te r  e t  a l . ,  1987 )  i nd i ca te  tha t  t he  ope ra t i on

o f  SONGS reduced  leve l  s  o f  rec ru i tmen t  i n  SOK,  poss ' i b l y  by  i nh ib ' i t i ng  spo rophy te





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

p roduc t i on ,  and  a lmos t  ce r t a i n l y  by  caus ing  an  i nc rease ' i n  t he  mor ta l i t y  r a te  o f

m ic roscop ' i c  spo rophy tes .  Fu r the rmore ,  bo th  da ta  se ts  i nd i ca te  tha t  t he  adve rse

e f f ec t s  we re  p robab i y  r e l a ted  t o  e i t he r  dec reases  i n  i r r ad iance  o r  i nc reases  i n

ses ton  f l ux  assoc ia ted  w i t h  t he  p l ume .
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929-940.
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Tab le  2 .  Resu l t s  o f  BACIP  tes ts  o f  d i f f e rences  i n  mean  pe rcen t  spo rophy te

p roduc t i on  i n  t he  ope ra t i ona l  and  p re -ope ra t i ona l  pe r iods  a t  0  m (bo t tom) .

0perat ' inq Per iod

Opera t i  on

N Mean

Probabi  I  i  ty
Leve l  s  f o r
BACI Test

Pre-
Opera t ' i on

N Mean

10  0 .043

10  0 .199

i 3  0 .002

13  0 .009

Tran  s fo rma t i  on PR>T PR>Z PowerSta t i  on  Pa ' i r

SOKU45

SMK45
N o n e 0.06  0 .06  8 .9

s0KD45

SMK45

10 0 .076

i0  0 .199

0 .010

0 .009

13

13
None 0 .1 i 0 .  i 1  71 .7

15

15

i0

i0

0 .119

0 .  186

0 .029

0 .  008

s0KD35

SMK45
N o n e 0  . 27x  0 .24 *  62 .8

SOKU35

SMK45

0

0

7

7

0.033

0 .006

I
I
t
I
t
t
I

De l  t a  va l  ues  ' i n  t he  ope ra t i ona i
fo r  T  and  Z  s ta t i s t i cs  were
undere  s t i  ma ted .

pe r i od  we re  se r i a l
not  corrected fo t '

1y  co r re ' l a ted .  P robab i  I  i t i es
se r i a l  co r re l a t i on  and  a re
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Tab le  3 .  Resu l t s  o f  BACIP

p roduc t i on  i n  t he  ope ra t i ona l

tes ts  o f  d ' i f  f e rences  i  n  mean

and  p re -ope ra t i ona l  pe r iods  a t  2

percent  sporophyte

m above  bo t tom.

Opera t i  nq  Per i  od

P re-
Opera t i  on  Opera t i  on

S ta t i  on  Pa i  r  N  Mean  N  Mean Tran sformat i  on PR>T PR>Z Power

Probabi  I  ' i ty

Level  s  for
BACi  Test

s0KU45

SMK45

11 0 .777

11  0 .226

0 .006

0 .047

13

13
None 0 .44  0 .  i 9  54 .0

SOKD45

SMK45

11 0 .223

i1  0 .226

0 .025

0 .038

16

16
None 0.47 0 .14  30 .0

11  0 .305

11  0 .226

0 .051

0 .038

16

16

s0KD35

SMK45

0.079

0 .027

0 .  8

0-8

s0KU3 5

SMK35

*  Ne ' i t he r  l og - t rans fo rmed  no r  un t rans fo rmed  da ta  were  add i t i ve .
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Tab le  4 .  S tuden t r s  t - t es t  o f  d j f f e rences  i n  mean  spo rophy te  p roduc t i on  i n  p re -

ope ra t i ona l  vs  ope ra t i ona l  pe r i ods  a t  each  s ta t i on  and  dep th .  I n  a l l  cases ,  F -
s ta t i s t i cs  ' i nd i ca ted  unequa l  va r i ances  i n  t he  two  pe r iods  and  t - s ta t i s t i cs  were
ad ius ted  acco rd ing l y .

Opera t i ng  S ta tus  Mean  ! PR> t

S0KU45-0m(sea f l oo r )

P re -ope ra t i  ona l  0 .018  24
-1 .01  0 .32

0pera t i  ona l 0.001  18

S0KD45-0m(sea f l oo r )

P re -ope ra t i  ona l  0 .037  27
-1 .33  0 .19

Opera t i  ona l 0.007  18

50KD35-0m(sea f l oo r )

P re -ope ra t j ona l  0 .169  11
- t . 72  0 .12

0pera t i  ona l  0 .024  18

SMK45-0m(sea f l oo r )

P re -ope ra t i  ona l

0perat i  ona ' l

P re -ope ra t i  ona l

Ope rat  i  ona 1

Pre -ope ra t ' i ona l

0perat i  ona ' l

s0KD35 -

S0KU45  -  2  m (above  sea f l oo r )

0 .166  72

0 .007  77
-2 .52  0 .03

0 .103  26

0 .004  20
-2 .69  0 .01

0.207 27
-3 .44  <0 .01

0 .020  2g

2  n  (above  sea f loo r )

S0KD45  -  2  m (above  sea f l oo r )

P re -ope ra t i  ona l  0 .305  11
-1 .80  0 .10

0pera t i  ona l 0.04 i  20

SMK45  -  Z  m (above  sea f l oo r )

P re -ope ra t i ona l  0 .207  72
-2 .37  0 .04

0.032  190pera t i  ona l
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Tab l  e  5 .  Resu l  t s  o f  BACIP  tes ts  o f  d i  f f e rences  i  n  mean  g rowth  ra te  o f

m ic roscop ic  spo rophy tes  ' i n  t he  ope ra t i ona l  and  p re -ope ra t i ona l  pe r iods  a t  0  m

(  sea f l  oo r )  on1y .

0pe ra t i  ng  Per i  od
Probab'i 

'l 
i ty

Level  s  for
BACI Test

P re -
Opera t ' i on

N Mean

0pera t i  on

N Mean Tran sformat i  on PR>T PR>Z Power

s0KU45

SMK45

'l

1

0.  020

0 .071

0 .058

0 .772d

N o n e 0.46  0 .34

Sta t i  on  Pa i  r

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

SOKD45

SMK45

6

R

0 .  048

0 .  082

0.110

0 .112

tt

8
None 0.20  0 .23 77

s0KD35

SMK45 7

0.  073

0 .07 i

0 .  123

0 . I12

8

8
Non e 0.40  0 .39 28

s0KU35

SMK45

2

2

U

n

0.  100

0 .  109
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Tab le  6 .  Resu l t s  o f  BACIP  t es t s  o f  d i f f e rences  i n  mean  mor ta l i t y  r a te  o f

m ic roscop ic  spo rophy tes  ' i n  t he  ope ra t i ona l  and  p re -ope ra t i ona l  pe r iods  a t  0  m

(  sea f l  oo r )  on1y .

0pe ra t i  nq  Per iod
Probabi ' l  ' i ty

Level  s  for
BACI Test

Tran sformat i  on PR>T PR>Z Power

Pre-
Operat ' ion Operat ' ion

S ta t i on  Pa i r  N  Mean  N  Mean

SOKU45

SMK45 7

0 .  i 66  11

0 .041  11

0.  134

0 .  156
x  +  0 .01 <0 .01  <0 .01 62

6

b

0 .074  11  0 .149

n  n ? q  1 1  n  1 E .v , u J J  l r  u . - l J O

s0KD45

SMK45

SOKD35

SMK45

7

7

0.087  1 i

0 .041  11

0 .  095

0 .  156
x  +  0 .01 a .02 0 .03

0.083

0 .174

0-3

0-3

s0KU35

SMK45

Ne ' i t he r  1og - t rans fo rmed  no r  un t rans fo rmed  da ta  me t
The re  was  s j gn i f i can t  asymmet r y  i n  va r j ances  j n  t he

the  assump t i ons .
Be fo re  da ta .
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Tab l  e  7 .  Resu l  t s

spo rophy tes  i n  t he

o f  BACIP  t es t s

ope ra t i ona l  and

o f  d i  f f e rences

p re -ope ra t ' i ona l

j  n  mean growth

per i  ods .

ra te  o f  j uven i l e

0 p e r a t i  n q  P e r i  o d

P re-
0pe ra t ' i on  0pe ra t i on

S ta t i  on  Pa i  r  N  Mean  N  Mean Trans f  o rma t ' i on PR>T PR>Z Power

Probabi  I  i  ty
Leve l  s  f o r
BACI Test

s0KU45

SMK45

4 0 .0127  8  0 .0138

4  0 .0176  8  0 .0146
None 0.  08*  0 .08* * *

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

s0KD45

SMK45

4

4

0 .0169

0 .0 i76

0.0146

0 .  0146

B

8
* * r t rt t( tt

*  De l t a  va lues  i n  t he  ope ra t i ona l  pe r i od  we re  se r i a l l y  co r re ' l a t ed .  P robab i l i t ' i e s  f o r
I  and  2  s ta t ' i s t i cs  were  no t  co r rec ted  fo r  se r i a l  co r re la t i on  and  a re ,  t he re fo re ,
underes t i  ma ted .

* *  Power  was  l ess  t han  t ab led  va lues  i n  Cohen ,  I g77 .

* * *  Ne j the r  l og - t l ans fo rmed  no r  un t rans fo rmed  da ta  me t  t he  assu r r rp t i ons .  The re  was
s ign i f i can t  asymmet r y  i n - va r i ances  i n  t he  "Be fo re t '  da ta .
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Tab le  8 .  Resu l t s

spo rophy tes  i n  t he

o f  BACIP  tes ts

opera t i  ona l  and

o f  d i f f e rences  i n  mean  mor ta l i t y  r a te  o f  j uven j l e

p re -ope ra t i  ona l  pe r i  ods .

0 p e r a t i  n q  P e r i  o d

Pre -
Opera t ' i on

S ta t i on  Pa i r  N  Mean

0pera t ' i on

N Mean  T rans fo rma t ion

Probab'i  1 i  ty
Leve l  s  f o r
BACI Test

PR>T PR>Z Power

s0KU45

SMK45

4 0 .  0028 8  0 .  0068

4  0 .0034  8  0 .0072
None 0.93  0 .87 9 .4

s0KD45

SMK45

4

4

0.0018

0 .0034

0 .0065

0.0072

8

8
N o n e 0.6s 0 .45 8 .6

I
I
I
I
t
t
I
I
I
I
t
I
I
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Tab le  9 .  Cor re la t i ons  be tween  the  p ropo r t i on  o f  t he  t ime  the  p lume f rom S0NGS was

over  s ta t  j  ons  i  n  SOK vs  de l  t as  ' i n  va r i  ous  b ' i o l  og i  ca ' l  va r i ab l  es .  Separa te

reg ress ions  were  done  fo r  p reopera t i ona l  and  ope ra t i ona l  pe r iods .  P repopera t i ona l

ana lyses  used  a  hypo the t ' i ca l  p l  ume  f  rom SONGS.

Sporophy te  p roduc t i on

Sporophy te  p roduc t i on

Mic roscop ic  g rowth

Mic roscop ic  g rowth

Juven i  1e  g rowth

Juven i l e  mo r ta l i t y

Preoperat i  on

NrP
n :0.r2 -0-.94

22 -0 .32  0 .15

13  -0 .27  0 .37

13  0 .34  0 .25

8  -0 .08  0 .85

8  0 .51  0 .20

0pera t i  ona l

N rP
4E 

-A.TZ -0.37

53 -0 .  18  0 .18

26  -0 .47  0 .02

36  0 .48  <0 .01

16  -0 .47  0 .06

16  0 .36  A  .V

Var i  ab l  e
(o  m)

(2  m)
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F i  gu re  1  . Maps  o f  t he  San  Ono f re  (S0K)  and  San

the  I  oca t i  on  o f  samp l  i  ng  s ta t i  ons

g rowth ,  and  su rv i va l  o f  spo rophy tes  ' i n

Ma teo  (SMK)  Ke lp  fo res ts  show ing

used  fo r  s tud ies  o f  p roduc t i  on ,

the  ope ra t i  ona l  samp ' l  ' i ng  phase .
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Fz
o
(L

IJ
c)
z
IJ
E.
l!
l!
ul
E,
o
E.

ov.
lI-

bJ
o
z
*a
(f

-500

-1 000

-1500 -1 500

-5600 -5100

X D I STANCE

-4600 -4100 -J600 -3100

(M) FROM MRC REFERENCE POINT

-2000

."' 
0' - "' --5110'--'T0Tu-' -"*1-50u--."

a
. S0KD45

-J00

-800

-1300

-1800

-2300

Fz
o
fL

bJ
()
z
trJ
E.
IJ
tt
k J
tr
C)
E.

o
v.
L

IJ
C)
z
I

a
o



F igu re  2 . 0pe ra t i  ng  h i  s to ry

and  3 .

fo r  t he  San  Ono f re  Nuc lea r  Genera t ' i ng  S ta t i on  Un i t s  2
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Fi gure

0PIRATING HIST0RY: UNITS 2+3
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F igu res  3a th rough  3d .  Mean  spo rophy te

s ta t i ons  (T0P) ,  and  de l t as

a r t i  f i c i a l  subs t ra tes  p ' l aced

product ' i  on at  pa i  rs  o f  i  mpact  and contro I

i  n  sporophyte product i  on (  B0TT0M) ,  or

on  t he  sea f l oo r .
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Fi gure
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Figure 3c
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Fi gure
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F i  gu res  4a th rough  4d .  Mean  spo rophy te

s ta t ' i ons  (TOP) ,  and  de l t as

a r t i f i c j a l  subs t ra tes  p l aced

produc t i on  a t  pa i r s  o f  impac t  and  con t ro l

i  n  sporophyte product i  on (B0TT0M),  0 f ,

2  m above  the  sea f l oo r .
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F ' i gu res  5a  and  5b . [Je l  tas

each  expe r imen t  vs

the  p ' l ume  du r i  ng

' i r rad i  ance  a t  t he

(BOTTOM).  Separate

and those2mabove

the  da ta ) .

( con t ro ' l - impac t )  o f  spo rophy te  p roduc t i on  du r ing

the  pe rcen t  o f  t ime  tha t  t he  impac t  s ta t i on  was  i n

the  expe r imen t  (TOP) ,  o r  t he  pe rcen t  change  i  n

impac t  s i t e  t ha t  was  a t t r i bu tab le  to  the  p lume

p ' l o t s  a re  g i ven  fo r  subs t ra tes  on  the  sea f l oo r  (5a )

t he  sea f l oo r  ( 5b ) .  (See  Append i x  B  f o r  a  l i s t i ng  o f
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Figure 5a
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Figure  5b '
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F i  gu re  6 . 0bse rved  va lues  o f  spo rophy te  p roduc t ' i on  vs  p red i c ted  va lues .  P red i c ted

va l  ues  a re  based  on  p rev ious  reg ress ions  o f  t he  l og  spo rophy te

p roduc t i on  vs  phys i cochemica l  f ac to r s .  The  reg ress ion  coe f f i c i en t  and

p robab i l i t y  l eve l  f o r  t he  obse rved  vs  p red i c ted  va lues  a re  g ' i ven .  A l so

g i ven  i s  t he  p robab i l i t y  t ha t  t he  s l ope  o f  t he  reg ress ion  l i ne  ns t  equa l

1  ( t he  l i ne  shown)  based  on  an  F  tes t .  Va lues  f rom SMK45  were  no t  used

' i n  t he  s ta t i  s t ' i ca l  ana lyses  bu t  a re  p ' l o t t ed  fo r  compar i  son .  Separa te

p lo t s  a re  g i ven  fo r  subs t ra tes  p laced  on  the  sea f l oo r  (TOP)  and  2  n

above  the  sea f l oo r  (BOTTOM) .  Nega t i ve  va lues  fo r  l og  spo rophy te

p roduc t i on  resu l t  f r om tak i ng  t he  l ogs  o f  va lues  l ess  t han  1 .
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Figure 6
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F ' i gu re  7 . D i f f e rences  j n  p red i c ted

ove r  t ime  fo r  subs t ra tes

and  obse rved  va lues  o f

p i aced  on  t he  sea f j oo r .

sporophyte product ion
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Figure  7
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F igu re  8 . D i f f e rences  i n  p red i c ted  and  obse rved

ove r  t ime  fo r  subs t ra tes  p laced  2m above

va lues  o f  spo rophy te

the  sea f l oo r .

product i  on
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Figure  8
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F igu res  9a  to  9d .  Mean  g rowth  ra te  o f  m ic roscop ic  spo rophy tes  a t

impac t  and  con t ro l  s t a t i ons  (TOP) ,  and  de l t as  i n  g row th  ra te

on  a r t i f i c i a l  subs t ra tes  p l aced  on  t he  sea f l oo r .

pa i  r s  o f

(BOTT0M),
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Figure 9b
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Figure 9c
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Figure  9d
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F igu re  10 .  De l tas  ( con t ro ' l - impac t )  o f  g rowth  ra te  o f  m ' i c roscop ic  spo rophy tes

du r ing  each  expe r imen t  vs  the  pe rcen t  o f  t ime  tha t  t he  impac t  s ta t i on

was  i n  the  p lume du r ing  the  expe r imen t  (TOP) ,  o r  t he  pe rcen t  change  in

i r rad iance  a t  t he  impac t  s i t e  t ha t  was  a t t r i bu tab le  to  the  p lume

(BOTTOM) .  A l l  expe r imen ts  we re  p ' l aced  on  t he  sea f l oo r  ( 0  m) .
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Figure  10
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F igu re  11 . 0bse rved  va lues  o f  g rowth  ra te  o f  m ic roscop ic  spo rophy tes  vs  p red i c ted

va l  ues .  P red ' i c ted  va l  ues  a re  based  on  p rev ' i ous  reg ress i  ons  o f

spo rophy te  g rowth  vs  phys ' i cochemica l  f ac to rs .  The  reg ress ion

coe f f i c i en t  and  p robab i l l t y  l eve l  f o r  t he  reg ress ion  a re  g i ven .  A l so

g i ven  i s  t he  p robab i l i t y  t ha t  t he  s l ope  o f  t he  reg ress ion  l ' i ne  no t  equa l

1  ( t he  l i ne  shown)  based  on  an  F  tes t .  Va lues  f rom SMK45  were  no t  used

' i n  t he  s ta t i s t i ca l  ana l yses  bu t  a re  p l o t t ed  f o r  compar i son .
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F' igure 11
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F i  gu res  12ato  12d .  Mean  mor ta ' l i t y  ra tes  o f  m ic roscop ic  spo rophy tes  a t  pa i r s  o f

impac t  and  con t ro l  s t a t i ons  (TOP) ,  and  de l t as  i n  mo r ta l  i t y  r a tes

(BOTTOM) ,  on  a r t i f i c ' i a l  subs t ra tes  p l aced  on  t he  sea f l oo r .
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Figure  12b
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Figure 12c
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Figure  12d
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F igu re  13 .  De l t as  ( con t ro l - impac t )  o f  mo r ta l i t y  r a te  o f  m ' i c roscop i c  spo rophy tes

du r ing  each  expe r imen t  vs  the  pe rcen t  o f  t ime  tha t  t he  impac t  s ta t i on

was  i n  t he  p i ume  du r i ng  t he  expe r imen t  (TOP)  o r  t he  pe rcen t  change  i n

' i r rad iance  a t  t he  impac t  s i t e  t ha t .  was  a t t r i bu tab l  e  to  the  p ' l ume

(BOTTOM) ,  f o r  subs t ra tes  on  t he  sea f l oo r  ( 0  m) .
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Figure 13
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F igu re  14 . 0bse rved  va l  ues  o f  mor ta l  i  t y  ra te  o f  m i  c roscop i  c  spo rophy tes  vs

p red i c ted  va ' l ues .  P red i c ted  va lues  a re  based  on  p rev ious  reg ress ions  o f

spo rophy te  mor ta l  i  t y  vs  phys i  cochemi  ca i  f ac to rs .  The  reg ress i  on

coe f f i c i en t  and  p robab i ' l i t y  l eve l  a re  g i ven .  A l so  g i ven  i s  t he

p robab i l i t y  t ha t  t he  s l ope  o f  t he  reg ress ion  l i ne  no t  equa l  1  ( t he  l i ne

shown)  based  on  an  F  tes t .  Va lues  f rom sMK45  were  no t  used  i n  the

s ta t i s t i ca l  ana ' l y ses  bu t  a re  p l o t t ed  f o r  compar i son .
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F igu re  15 . D i  f f e rences

mi  c roscop i  c

sea f l  oo r .

i  n  p red i  c ted  and

sporophy tes  ove r

obse rved  va lues  o f  mo r ta f i t y

t ime  fo r  subs t ra tes  p1  aced

rate of

on  the
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Figure  15
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F igu res  i 6a  and  16b .  Mean  g rowth  ra te  o f  j uven i l e  spo rophy tes  a t  a t  pa i r s  o f

impac t  and  con t ro l  s ta t i ons  (TOP) ,  and  de l tas  i n  g rowth  ra te  (B0TTOM) ,

on  a r t i f i c i a l  subs t ra tes  p l aced  app rox ima te i y  1  m  above  t he  sea f l oo r .
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Figure  16a

DIFFERENCE BTTWEEN STATION MEANS
SOKU4s SMK45
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Figure  16b
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F ' i gu re  17 .  De l t as  (Con t ro l - Impac t )  o f  g row th  ra te  o f  j uven i l e  spo rophy tes  du r i ng

each  exper imen t  vs  pe rcen t  o f  t ime  tha t  t he  impac t  s ta t i on  was  i n  the

p lume  du r i ng  t he  expe r imen t  (TOP) ,  o r  t he  pe rcen t  change  i n  i r r ad iance

a t  t he  impac t  s i t e  t ha t  was  a t t r i bu tab le  to  the  p lume (B0TTOM) .
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Figure  17
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F ' i gu re  18 . 0bse rved  va lues  o f  g rowth  ra te  o f  j uven i l e  spo rophy tes  vs  p red i c ted

va lues .  P red i c ted  va lues  a re  based  on  p rev ious  reg ress ions  o f  g row th

ra te  vs  phys i cochemica l  f ac to r s .  The  reg ress ion  coe f f i c i en t  and

p robab i i i t y  1eve1  f o r  t he  obse rved  vs  p red i c ted  va lues  a re  g i ven .  A l so

g i ven  i s  t he  p robab i l i t y  t ha t  t he  s l ope  o f  t he  reg ress ion  l i ne  no t  equa l

1  ( t he  ' l ' i ne  
shown) ,  based  on  an  F  tes t .  Va lues  f rom SMK45  were  no t  used

i  n  the  s ta t i  s t ' i ca l  ana ' l yses  bu t  a re  p l  o t ted  fo r  compar i  son .
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Figure  18
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F igu re  19 . D ' i  f f e rences  i n  p red ' i c ted

sporophy tes  ove r  t ime .

and  obse rved  va lues  o f  g rowth  ra te  o f  j uven i l e

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

88



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

F' igure 19

o . o 1

o . o l

o .  o o 6

- O .  O O O

-o . oo!5

- o . o 1 0

o

o

o

.  0 1 5

. o l o

.  oo t t

.  o o o

. 0 0 5

. o 1 0

o . o 1 t t

o . o l o

o .  o o t r

- o .  o o

- o .  o o

- o . o 1

. o 1 5

. o 1 0

.  o o 6

.  o o o

. 0 0 t t

. o 1 c l

o

o

o

o .  o o r t

e O .  O O O

-o .  ooc i

- o . o 1 c ,

1  9 8 4

. o 1 c t

. o l o

.  ooc t

.  o o o

.  o o 6

. o l o

o

o

o

89



F i  gu re  20 . Morta ' l  i  ty  ra te of  j  uven i  I  e  sporophyte s

s ta t i ons  (T0P)  ,  and  de l  t as  i  n  g rowth

subs t ra tes  p l aced  on  t he  sea f l oo r .

a t  pa ' i r s  o f  impac t

rate (BOTTOM),  on

and  con t ro l

a r t i  f i  c i  a l
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Figure 20a
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Figure 20b
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F igu re21 .  De l t as  (Con t ro l - Impac t )  o f  mo r ta l i t y  r a te  o f  j uven i l e  spo rophy tes

du r ing  each  expe r imen t  vs  the  pe rcen t  o f  t ime  tha t  t he  impac t  s ta t i on

was  j n  the  p ' l ume  du r ing  the  expe r imen t  (TOP) ,  o r  t he  pe rcen t  change  in

i  r rad i  ance  a t  t he  impac t  s ' i  t e  t ha t  was  a t t r i  bu tab l  e  to  the  p l  ume

( BOTTOM) .
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Append ix  B .  De l tas  (SOK -  Con t ro l  a t  SMK)  fo r  spo rophy te  p roduc t i on ,  g rowth ,  and

su rv ' i va l  w i th  es t ima tes  o f  p lume a t t r i bu tes .  A  do t  i nd i ca tes  tha t  no  es t ima tes  were

ava i l ab le  because  o f  an  ' i n su f f i c i en t  number  o f  samo les .

SPOROPHYTE PRODUCTION
Outp1  an t
date

24MAY84
15MAR85
23MAY85
2OJUN85
18JUL85
030cT85
21N0V85
12DEC85
O6MAR86
29MAR86
17APR86
O8MAY86
3OMAY86
19JUN86
1OJUL86
24MAY84
15MAR85
23MAY85
2OJUN85
18JUL85
12DEC85
O6MAR86
29MAR86
17APR86
O8MAY86
3OMAY86
19JUN86
1OJUL86
12DEC85
O6MAR86
29MAR86
17APR86
O8MAY86
3OMAY86
19JUN86
24MAY84
15JUN84
1sMAR85
23MAY85

Hei  gh t

0
n

0
0
0
U

0
0
n
U

0

n
U

0
0
U

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

SOKD35
SOKD35
SOKD35
SOKD35
s0KD35
SOKD35
SOKD35
SOKD35
SOKD35
SOKD35
s0KD35
s0KD35
SOKD35
s0KD35
SOKD35
SOKD45
SOKD45
SOKD45
SOKD45
s0KD45
s0KD45
SOKD45
s0KD45
SOKD45
s0KD45
s0KD45
SOKD45
s0KD45
s0KU35
SOKU35
SOKU35
SOKU35
s0KU35
SOKU35
SOKU35
SOKU45
SOKU45
s0KU45
SOKU45

0.000
0 .059
0 .742
0 .  043
0 .000
0 .000
0 .002
0 .042

-0 .  00 i
0 .031
0 .002
0 .  006
0 .001

-0 .004
-0 .  002
0 .  000
0 .  020
0 .  006
0 .014
0 .000

-0 .  002
-0 .002
-0 .  0 i7
-0 .  001
-0 .004
0 .000

-0 .004
-0 .002
0 .  186

-0 .002
0 .004
0 .007

-0 .004
0 .000

-0 .003
0 .000
0 .000

-0 .  063
0 .001

Pc t .  Change
i  r rad i  ance

-7
-5
- i
-1

J
-2
-5
-4
-5

-1 i
-15
- i5
-14
-8

Pc t .  t ime
in  p l  ume

9
32
39
11
11
6

2I
37
34
23
30
39
45
50
42
8

26
36
9

i i
26
28
i9
26
33
40
46
36
44
42
37
47
53
51
55
34
44
51
52

Sta t i  on  De l  t a

I
t

-i
-10
-1
-2
-6

f- 3

-4
-4
-8

- t2
-13
-7

-1 i
-5
-5

- i0
-1,2
-16
-20

22
3

-4

I
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Append i x  B ,  con t i nued

2OJUN85
18JUL85
12DEC85
O6MAR86
29MAR86
17APR86
O8MAY86
19JUN86
1OJUL86
24MAY84
O5JUL84
15MAR85
23MAY85
2OJUN85
18JUL85
13sEP85
030cT85
21N0V85
12DEC85
O6MAR86
29MAR86
O8MAY86
3OMAY86
19JUN86
1OJUL86
24MAY84
15MAR85
23MAY85
2OJUN85
18JUL85
13SEP85
030cT85
2iN0v85
12DEC85
O6MAR86
29MAR86
17APR86
O8MAY86
3OMAY86
19JUN86
1OJUL86
12DEC85
O6MAR86
2gMAR86
17APR86
O8MAY86
3OMAY86
19JUN86
1OJUL86
24MAY84
O5JUL84

SOKU45
s0KU45
SOKU45
s0KU45
SOKU45
SOKU45
s0KU45
SOKU45
s0KU45
s0KD35
s0KD35
SOKD35
s0KD35
SOKD35
SOKD35
s0KD35
s0KD35
s0KD35
s0KD35
s0KD35
s0KD35
s0KD35
s0KD35
s0KD35
SOKD35
s0KD45
s0KD45
s0KD45
s0KD45
SOKD45
SOKD45
SOKD45
s0KD45
s0KD45
s0KD45
SOKD45
SOKD45
SOKD45
SOKD45
SOKD45
s0KD45
SOKU35
s0KU35
s0KU35
s0KU35
s0KU35
s0KU35
SOKU35
50KU35
s0KU45
SOKU45

-0 .003
0 .  000

-0 .002
-0 .002
-0 .013
-0 .  003
-0 .  004
-0 .  004
-0 .002
0 .000
0 .000
0 .090

-0 .014
O.T I2
0 .008
0 .001
0 .000
0 .002

-0 .030
-0.026
0 .036
0 .033
0 .002

-0 .003
-0 .003
0 .000

-0.271
0 .  032
0 .  i25
0 .007
0 .005
0 .000
0 .  006

-0 .1 ,29
-0.029
0 .010
0 .010

-0 .001
0 .001

-0 .028
-0 .007
0 .  151
0 .015
0 .  146
0 .003
0 .172
0 .006

-0 .020
-0 .006
0 .000
0 .002

-9
-8

-10
-5
-1
0

-6
-1 i
-8

-6
-5
-1
-2
-3
-1
2

-U
-6
-4

-11
-11
-19
-9

-o
-6

I- L

- 1
. J

-1
-1
-8

-11
-2
-5
-7
-3

-17
-7
-5

-11
-6
-7

-15
-15
-23
-15

29
33

30
13
11
29
53
46
9

33
32
39
11
11
6
6

27
37
34
23
39
+f,

50
42
8

26
36
9

i i
5
5

15
26
28
19
26
33
40
46
36
44
42
37
47
53
51
55
49
34
62

B-2





38
72
10
57
2

14
42
A q

33
11
8

53
1

14
35
61
49
70
81
50
44
73
18
37
46
65
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Append i x  B ,  con t i nued

15MAR85
23MAY85
2OJUN85
18JUL85
13SEP85
12DEC85
O6MAR86
29MAR86
O8MAY86
i9JUN86
1OJUL86

2
2
2
2
2
2
2
2
2
2
2

SOKU45
SOKU45
SOKU45
SOKU45
SOKU45
s0KU45
s0KU45
SOKU45
SOKU45
SOKU45
s0KU45

-0 .309
-0  .058
-0 .003
0 .  000
0 .007

-0 .  139
-0 .020
0  .020
0 .000

-0  .025
-0 .008

-13
-13
-10
-7

-14
-11
-72
-1
-6

-16
-7

51
52
29
33
J I

55
30
13
30
53
46

MICROSCOPIC SPOROPHYTE GROWTH
0utp l  an t
da te S ta t i  on  De l  t a

Pc t .  Change
i  r rad i  ance

Pc t .  t ' ime
' in  p l  ume

27JUL84 S0KD35
i6AUG84 S0KD35
06sEP84 S0KD35
06JUN85 S0KD35
04JUL85 S0KD35
O1AUG85 SOKD35
30MAY86 S0KD35
03JUL86 S0KD35
27JUL84 S0KD45
16AUG84 S0KD45
06sEP84 S0KD45
06JUN85 S0KD45
O4JUL85 SOKD45
01AUG85 S0KD45
30MAY86 S0KD45
03JUL86 S0KD45
30MAY86 S0KU35
03JUL86 S0KU35
27JUL84 S0KU45
16AUG84 SOKU4s
06sEP84 S0KU45
06JUN85 S0KU45
O4JUL85 SOKU4s
O1AUG85 SOKU45
3OMAY86 SOKU45
O3JUL86 SOKU45

-0 .  040
0 .005

-0  .035
-0 .033  0
0 .174  0
0 .022
0 .034  -19

-0 .036  - i9
-0 .  034
-0 .  100
0 .003  0

-0 .067
0 .  159
0 .020
0 .033  -14

-0 .034  -19
0 .010  -13

-0 .028  -30
-4.024
-0 .  i 38
-0 .015  0
-0 .  096
-0 .003
-0 .  153
0 .003  -9

-0 .007  -18
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Append i x  B ,  con t i nued

MICROSCOPIC SPOROPHYTE SURVIVAL
Outp1  an t
da te  S ta t i  on

Pc t .  Change
i  r rad i  ance i n  p lume

38
T2
10
57
2

14
4
6
8

42
65
33
11
8

53
i

I4
4
5
8

35
61
0

49
70
81
50
44
73
18
37
32
?7
16
46
65

27JUL84
16AUG84
06sEP84
O6JUN85
O4JUL85
O1AUG85
26SEP85
170CT85
14N0V85
3OMAY86
O3JUL86
27JULS+
16AUG84
O6SEP84
O6JUN85
O4JUL85
O1AUG85
zb5H,65
170CT85
14N0V85
3OMAY86
O3JU 186
14N0V85
3OMAY86
O3JUL86
27JUL84
16AUG84
065EP84
O6JUN85
O4JUL85
O1AUG85
26SEP85
i70cT85
14N0V85
3OMAY86
O3JUL86

SOKD35
s0KD35
s0KD35
s0KD35
SOKD35
s0KD35
SOKD35
s0KD35
s0KD35
SOKD35
s0KD35
s0KD45
SOKD45
s0KD45
SOKD45
s0KD45
s0KD45
s0KD45
SOKD45
s0KD45
SOKD45
s0KD45
s0KU35
50KU35
s0KU35
SOKU45
s0KU45
s0KU45
s0KU45
s0KU45
s0KU45
s0KU45
SOKU45
s0KU45
SOKU45
SOKU45

Del  ta

0 .091
-0 .032
0 .102
0 .032

-0 .  196
0 .019

-0 .339
-0 .  163
-0 .255
-0 .023
0 .095
0 .058
0 .  156
0  .055
0 .004

-0 .016
0 .018

-0 .3 i3
-0 .056
-0 .010
-0 .023
0 .060

-0 .3?7
-0 .023
0 .076
0 .008
0 .048
0 .026

-0 .0 i0
-0 .099
0 .038

-0 .  170
-0 .098
0 .003

-0 .023
0 .043

U

0

2
0
0

-19
-19

-74
-19

0
-13
-30

-9
-18
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Append ix  B ,  con t i nued

JUVENILE SPOROPHYTE GROWTH
Transp l  an t

date

24JUL84
13SEP84
O9JUL85
O5SEP85
220CT85
18DEC85
24JUN86
O7AUG86
24JUL84
13SEP84
O9JUL85
05sEP85
2Z0CT85
18DEC85
24JUN86
O7AUG86

Stat i  on

SOKD45
s0KD45
s0KD45
SOKD45
s0KD45
s0KD45
s0KD45
s0KD45
s0KU45
s0KU45
SOKU45
s0KU45
s0KU45
s0KU45
s0KU45
s0KU45

Del ta

-0 .  001
0 .  001
0 .  00 i
0  .003
0 .003
0 .006

-0 .013
0 .  001

-0 .  003
0 .001
0 .  000

-0 .002
0 .004

-0 .001
-0 .  007
0 .002

in  p lume

22
15
1 i
11

t

22
40
34
67
50
35
39
22
49
49
4t

Pc t .  Change  Pc t .  t ime
i  r rad i  ance

-13
2

-1
0

- 4

-9
-31
-4
-7

-10

-16

- )

JUVENILE SPOROPHYTE SURVIVAL

24JUL84
13SEP84
O9JUL85
05sEP85
220CT85
18DEC8s
24JUN86
O7AUG86
24JUL84
13SEP84
O9JUL85
05sEP85
220CT85
18DEC85
24JUN86
O7AUG86

SOKD45
s0KD45
s0KD45
SOKD45
SOKD45
SOKD45
s0KD45
s0KD45
s0Ku45
s0KU45
s0KU45
s0KU45
SOKU45
SOKU45
SOKU45
s0KU45

Del  ta

0 .000
0 .000

-0 .003
0 .004

-0 .006
0 .00 i

-0 .004
0 .003
0 .005

-0 .004
0 .002
0 .000

-0 .009
0 .  006

-0 .001
-0 .003

Tran  sp1  an t
da te  S ta t i on 1 r rao I  ance i n  p l  ume

-13
2

-1
0

-4

-9
-3 i
-4
-7

-10

-16

- )

22
1.3

11
11
7

22
40
34
67
50
35
39
22
49
49
4t
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APPENDIX C

The fo l lowing memo f rom EcoSystems Management  ind icates that
i r rad iance leve1s at  San Mateo Kelp are in f luenced by current
d i rect ion,  and that  i r rad iance Ievels  are lower  when currents  are
uPcoas t .

c-1
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MEMORANDUM

TO: Tom Dean

FROM: Hany Elwany and Jan Callahan

SUBJECT: Current  Reversal  a t  SMK

DATE: December 23,  L987

Inspect ion of  s imul taneous t ime p lots  of  hour ly  i r rad iance and
longshore currents  at  SMK45 show c lear ly  that  measured i r rad iance
values depend on current  d i rect ion.  There are sudden changes in
i r rad iance  va lues  assoc ia ted  w i th  cu r ren t  d i rec t i o r t  reve rsa l s .  L igh t
levels  at  SMK45 are h igher  when currents  are downcoast .

To quant i fy  the above reduct ion in  the l ight  level  a t  SMK45,  the
fo l l ow ing  mode l  has  adap ted :

I ( t )  =  B0  *  B t  C ( t )  *  e ( t )

where

I ( t )  =  measured  i r rad iance  a t  SMK45 ,

e ( t )  =  A1  e ( t - 1 )  *  AZ  e ( t -Z )  *  A3  e ( t - 3 )  *  ( r ) .

I n  t h i s  exp ress ion ,  B l s .and  A ' s  a re  cons tan t s ,  and ,C ( t )  i s  an  i nd i ca to r

var iab le that  takes va lue I  dur ing per iods of  upcoast  current  and 0
dur ing per iods of  downcoast  current .  The coef f ic ient  BO, determined by
the SAS procedure Proc Autoreg,  est imates the mean i r rad iance level
when the current  is  downcoast .  The coef f ic ient  B,  est imates the change
in th is  mean due to a current  reversal  ( the current  e f fect ) ,  and the
maximum l ike l ihood test  for  the s ign i f icance of  i ts  depar ture f rom zero
(p- Ievel ) .  The terms in  the model  wi th  coef f icents  Al  ,  Az,  and A,  are
au to - reg ress i ve  e r ro rs ,  used  to  mode l  se r i a l  co r re la t i on .

c-2

ECOSYSTEMS M

531  Enc in i t as
Encin i tas

(6 le)

ANAGEMENT

B lvd . ,  Su i t e  119
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rn  apply ing the above model ,  severa l  assumpt ions have to  be made:

1 )  no  se r ia l  co r re la t i on  i n  res idua ls  f rom the  mode l  be tween

obse rva t i ons :

2)  i r rad iance measurements are s tat ionary over  t ime.

C lea r l y ,  hou r l y  i r rad iance  va lues  do  no t  sa t i s f y  t he  above  assumpt ions .

To  ove rcome these  d i f f i cu l t i es ,  we  used  da i l y  t o ta l  i r r ad iance  i ns tead
o f  hou r l y  va lues .

A11  resu l t s  were  checked  fo r  se r i a l  co r re la t i on  o f  t he  res idua ls
by  the  Durb in -wa tson  tes t .  we  a l so  l ooked  a t  va lues  o f  A '  A ,  and  A ,  f o r
i nd i ca t i ons  o f  non -s ta t i ona r i t y .  A11  mode ls  repo r ted  were  f i r s t  o rde r
au to -  r eg ress i ve .

Table 1 shows the fo l lowing for  Before and Af ter  per iods:  the mean
i r rad iance when the current  is  downcoast  (BO),  the maximum l ik l ihood
est imate of  the current  e f fect  on i r rad iance (Bf)  *  one standard error
o f  t he  cu r ren t  e f fec t ,  t he  e r ro r  deg rees  o f  f reedom (DFE) ,  and  the  p -

l eve l  f o r  t he  tes t  t ha t  t he  cu r ren t  e f fec t  i s  ze to .

Table 2 conta ins the same resul ts  based on the natura l  logar i thrn of
to ta l  da i l y  i r rad iance .  No te  tha t  no  va lues  a re  g i ven  i n  Tab le  2  fo r  t he
Be fo re  pe r iod  a t  2  m he igh t .  Th i s  i s  because  i n  th i s  case  we  were  unab le
to  f i nd  a  mode l  wh ich  accoun ted  fo r  a l l  t he  se r ia l  co r re la t i on .

We ass igned  C( t )  =  1  fo r  day  t  i f ,  du r i ng  the  pe r iod  f rom 8 :00
a .m .  t o  4 :00  p .m . ,  a t  l eas t  5  hou rs  have  pos i t i ve  (upcoas t )  ave raged
hour l y  cu r ren t .  S im i l a r l y  C ( t )  =  Q  fo r  day  t  i f ,  du r i ng  the  pe r iod

f rom 8 :00  a .m .  t o  4 :00  p .m . ,  a t  l eas t  5  hou rs  have  nega t i ve  (downcoas t )

ave raged  hou l l y  cu r ren t .  O the rw ise ,  C ( t )  i s  m iss ing .  Th i s  means  on l y
observat ions for  days wi th  currents  predominant ly  in  one d i rect ion are
used .

The Before per iod is  def ined here as a l l  days before January l ,
1983 ;  a l l  days  a f te r  December  31 ,  L982  a re  de f i ned  as  the  A f te r  pe r iod .
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The  resu l t s  i n

af fected by current

Tables I  and 2 ind icate that

d i r ec t i on .

irradiance at SMK are

TABLE 1

RESULTS FOR IRRADIANCE

Per iod Height

(m)

Mean Irradiance
,

( E / * '  -  D a y )  * 1

Cur ren t  E f fec t

s tandard error
t

( E / m '  -  D a y )

DFE P -  l e v e 1

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

BEFORE O

BEFORE 2

AFTER O

AFTER 2

1.3

3 .2

1 .63

2 .67

-  . 43  +  . 13

-1 .20  +  . 36

35  +  . 09

9 L +

263 .001

111  .001

620  .0002

s47  .000136
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TABLE 2

RESULTS FOR LOGARITHM IRRADIANCE

Per i od Height  Mean of  Ln

(m)  (  i r rad iance  )
downcoast current

( cu r ren t  e f fec t  )
I  s tandard error

DFE P-  1eve1Ln

?

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

0

2

0

2

BEFORE

BEFORE

AFTER

AFTER

-  .36

1 .00

.L4

.62

-  . 48  +  . 16

.32

.31

.07

.07

25L

109

597

542

.004

.0001

.0001

+

+
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APPENDIX D

The fo l lowing f low d iagrams ind icate databases and SAS jobs used
to  p roduce  tab les  and  f i gu res  i n  t h i s  repo r t .  Phys i ca l / chemica l
databases were not  par t  o f  the DICS (d isk inventory contro l  system) at
the  t ime  o f  ou r  ana lyses .  As  a  resu l t ,  some jobs  tha t  u t i l i ze  da ta  f rom
EcoSystems Management  Assoc.  may have to  be a l tered in  order  to  access
the  p rope r  d i sk  tha t  i s  cu r ren t l y  used  to  s to re  these  da tabases .  A l so ,
these phys ica l  chemical  databases may have been edi ted af ter  our
analyses were completed.  These changes to  the databases ( i f  any)  were
minor  modi f icat ions and should a l ter  ne i ther  the outcome of  our
s ta t i s t i ca l  t es t s  no r  t he  conc lus ions  d ra r+n  f rom the  resu l t s .

:
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I
I
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I
I
T
I
t
I
I
T
I
I

T a b  1 e

T a b l e

ana lys i s
I

No

2
DBGT.EXPxx DBGD.EXPxx DBrLoc.YRxx DBrrNT.yRxx DBTrNT.yRxx

DBTRYAN.YRxx DBPROFILE.YRxx DBWATER.YRxx DBSED.YRxx DB
I

/  m104game exec
I  m104game data
I  n l04garne sasm
I  m l04da te  da ta

\y

DBGOMRG. YRxx
i
I  tposegom sas
I
\y

BACIDATA. GOMOD
i
I  bac i tes t  exec

\/
Tab le  2

Tab le  3
DBGI.EXPxx DBGD.EXPxx DBILOG.YRxx DBI INT.YRxx DBTINT.YRxx

DBTRYAN.YRxx DBPROFILE.YRxx DBWATER.YRxx DBSED.YRxx DB

j  ml04game exec
I  ml04game data
I  m104game sasm

r l ,  m104date data

DBGOMRG.YRxx

I
I  t posegom sas
\y

BACIDATA. GOMOD
i
I  bac i tes t  execu

Tab le  3

Tab le  4
DBGI.EXPxx DBGD.EXPxx DBILOG.YRxx DBI INT.YRxx DBTINT.YRxx

DBTRYAN.YRxx DBPROFILE.YRxx DBWATER.YRxx DBSED.YRxx DB

I rn1O4game exec
I  mlO4game data
I  ml04game sasm
,D ml04date data
Y

DBGOMRG. YRxx
I
I

I  t posego  sas
I
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I
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I
I

J
BACIDATA. GO

i
I  gop teps t
v

Tab le  4

sas

DBSL.  EXPxx DBILOG.YRxx DBI INT.YRxx DBTINT.  YRxx
DBTRYAN.YRxx DBPROFILE.YRxx DBWATER.YRxx DBSED.YRxxDB

Tab le  5

Tab le  6

Tab le  7

I  m129spor  exec
I  m l29spor  da ta
I  m l29spo r  sasm
Y ml29da te  da ta

DBSOMRG. YRxx

I
I  t poseso  sasv

BACIDATA. SO
I
.L  bac i t es t  exec
Y

Tab le  5

DBSD.EXPxx  DBILOG.YRxx  DBI I
DBTRYAN. YRxx DBPROFILE. YRxx DBWA

I  m l29spo r
I  m l29spo r
I  m129spo r
V  m129da te

DBSOMRG. YRxx

I
I  t p o s e s o mv

BACIDATA. SOM
I
I  bac i t es t
Y

Tab le  6

NT.  YRxx
TER. YRxx

exec
da ta
sasm
da ta

sas

exec

DBJT " EXPxx
I
t . . .t ,  V  J E o m e x e c

DBJTP.  EXPxx DBILOG.YRxx DBI INT.YRxx
DBTRYAN.YRxx DBPROFILE. YRxx DBWATER.YRxx

DBTINT.  YRxx
DBSED. YRxx DB

DBTINT. YRxx
DBSED. YRxx

mlZ6 t ran  exec
m126 t ran  da ta
m126 t ran  sasm

D-3

DB





t
I
I
I
I
il

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

Tab le  8

I
I
I

\k mL26tran data

DBTOMRG. YRxx
t
I  t pose to  sas

\t,
BACIDATA. TO

I  bac i t es t  exec'\y

Tab le  7

DBJT.  EXPxx

t . . .
v J Ecrm exec

DBJTP.EXPxx DBILOG.YRxx DBIINT.YRxx DBTINT.YRxx
DBTRYAN.YRxx DBPROFILE.YRxx DBWATER.YRxx DBSED.YRxx DB

1  m126 t ran  exec
I  m126 t ran  da ta
I  m l26 t ran  sasm

V ml26tran d.ata

DBTOMRG. YRxx
I
, f  tPose tom sas

BACIDATM. TO
I
I  bac i t es t  exec
Y

Tab le  8

F igu re  1
No  ana lys i s

Figure 2
DBSONGS. YRxx

t - .
I  sngsp l t 2  sas
\r

Figure 2

Figure 3
DBGI.EXPxx DBGD.EXPxx DBILOG.YRxx DBI INT.YRxx DBTINT.YRxx

DBIIRYAN.YRxx DBPROFILE.YRxx DBWATER.YRxx DBSED.YRxx DB

i  m104game exec
I  mlO4game data
I  mlO4game sasm
\t  m104date data

DBGOMRG. YRxx
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I
V '  t posego  sas

BACIDATA. GO

I
. . l t  Plmego sas-  p l de lgo  sas

Figure 3
Figure 4

tposego  sas

GO

p lmego  sas
p lde lgo  sas

4

Figure 5

BACIDATA.GO PCTIRRED.GSJDATEl  PCTIRRED.GSJDATEz

r l ,  bac i i rd2 sas

BACIIRRD. GO

i  p luco rgo  sas
I  p l . o rgo0  sas
V  p l co rgo2  sas

Figure 5

no tes :  See  F ig .  4  f o r  de r i va t i on  o f  bac ida ta .go .  Pc t i r r ed
databases were obuained form EcoSysterns Management  as
Summary.data f i les and renamed.

F igu re  6

DBGOMRG. YRxx

plavspgO sas
p lavspg2  sas
avspgO sas
avspg2 sas

Figur

no te :  See  F ig .  4  fo r  de r i v on  o f  Dbgomrg .y rxx .

tv
BACIDATA.

I
I
\i,

Figure

I

I
I
Iv

e6

a t i
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F igu res  7  -8

DBGOMRG . YRxx
I

,L  p lpogo sas
I

F igu res  7 -8

no te :  See  F ig .  4  fo r  de r i va t i on  o f  Dbgomrg .y rxx .

F igure 9

DBSL.EXPxx DBILOG.YRxx DBI INT.YRxx DBTINT.YRxx
DBTRYAN. YRxx DBPROFILE. YRxx DBWATER. YRxx DBSED. YRxx DB

F igu re  10

Figure

BACIDATA. SO

es :  See  F ig .  9
da tabases  were
Summary.data f i

I 1

not

I  m l29spor  exec
I  m l29spo r  da ta
I  m129spo r  sasm

V ml29da te  da ta

DBSOMRG. YRxx
i

{ ,  t poseso  sas

BACIDATA. SO

I Pl tneso sas
r | r  P ldelso sas

Figure 9

DBSOMRG.YRxx

I

I  p ravsPsg sas
v  avsPsg sas

PCTIRRED.GSJDATEl  PCTIRRED.GSJDATEz
i

\ | ,  bac i i rd3  sas

BACIIRRD. GO

I
I  p l uco rso  sas|  ' -

V  P l co rsog  sas

Figure 10

fo r  de r i va t i on  o f  bac ida ta . so .  Pc t i r r ed
obta ined form EcoSystems Management  as
les and renamed.
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F igu re  11

no te :  See  F ig .  9  fo r  de r i va t i on  o f  Dbsomrg .y rxx .

F igure L2

DBSD. EXPxx DBILOG.YRxx DBI INT.YRxx DBTINT.YRxx
DBTRYAN.YRxx DBPROFILE.YRxx DBWATER.YRxx DBSED.YRxx DB

I  m l29spor  exec
I mLZ9spor data
I  m l29spor  sasm

\y ml29date data

DBSOMRG. YRxx
I

+  tposesom sas

BACIDATA. SOM

i  phnesom sas
I  p l de l som sas

\,
F igure Lz

F igu re  13

BACIDATA. SOM PCTI

BA

no tes :  See  F ie .  L2  f o r
da tabases  were  ob ta i
Summary .da ta  f i l es  a

Figure L4

RRED. GSJDATEl
I
,1 ,  bac i i rd5

CI IRRD. SO

I  p r "corsm
I  p l co r som
l/

F igu re  13

der i va t i on  o f  b
ned form EcoSys
nd wererenamed.

avspsm sas
spsm sas

DBSOMRG. YRxx

lot
.t av

Figure L4

der ivat ion

PCTIRRED. GSJDATE2

sas

sas
sas

ac ida ta .  som.  Pc t i r red
tems Management as

o f  Dbsomrg .y rxx .no te :  See  F ig .  9  f o r
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F igu re  15

n o t e :  S e e  F i g .  L 2

F i g u r e  1 6

DBSOMRG. YRxx
I

I  p l poso  sas
.f

Figure 15

fo r  de r i va t i on  o f  Dbsomrg .y rxx .

DBJT. EXPxx
I

V j t dm exec

DBJTP. EXPxx DBILOG.YRxx DBI INT.YRxx DBTINT.YRxx
DBTRYAN.YRxx DBPROFILE.YRxx DBWATER.YRxx DBSED.YRxx DB

Figr . r re  L7

BACIDATA.TO PCTIRRED.GSJDATE1 PCTIRRED.GSJDATE2

I  hac i i r rd  sasv

no tes :  See  F ig .  16  f o r  de r i va t i on  o f  bac ida ta . t o .  pc t i r r ed
databases hrere obta ined form EcoSystems Management  as
Summary.data f i les and renamed.

1  m l26 t ran  exec
I  m l26 t ran  da ta
I  m125 t ran  sasm

V mL26tran data

DBTOMRG. YRxx

I
V  

t pose to  sas

BACIDATA. TO

I  p lme8Tsm sas
V  p1de1 t87  sas

F igu re  16

BACI IRRD.  JTP

I  p lucor j t  sas
, [  p lcor j  tg sas

Figure L7
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Figure 18

DBTOMRG. YRxx
I
I  p l avsp jg  sas
J,  avspj  tg  sas
v  ^ -  '

Figure 18

no te :  See  F ig .  15  f o r  de r i va t i on  o f  Db tomrg . y r xx .

F igu re  19

DBTOMRG. YRxx

. l  p l po to  sas
\y

F igu re  L9

no te :  See  F ig .  L6  f o r  de r i va t i on  o f  Db tomrg . y r xx .

F igure 2A

DBJTP. EXPxx
DBTRYAN. YRxx DB

DBJT.  EXPxx
i
r | l  j tdm exe

DBILOG.YRxx DBI I
DBPROFILE.YRxx DBWA

I

I  m l26 t ran
I  m l26 t ran
I  n l26 t ran

V  m l25 t ran

DBTOMRG. YRxx
I
I

t t  tPose tom

BACIDATM. TO
, I

I  p1me8 7 sm

t l '  P lde l t87

F igu re  ZO

c

NT
TE

e
d
s
d

PCTIRRED. GSJDATEI

I  u" . i i rd6\r
BACIIRRD. JTPM

l .
I  P luco r jm

t l '  P lcor j  tm

.YRxx DBTINT.YRxx
R.YRxx DBSED.YRxx

x e c
a t a
asm
a t a

F igu re  2L

sas

sas
sas

PCTIRRED. GSJDATEz

sas

sas
sas

BACIDATM. TO
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I

V
F igu re  2L

no tes :  see  F ig .  20  f o r  de r i va t i on  o f  bac ida tm . to .  pc t i r r ed
databases were obta ined form Ecosystems Management  as
Summary .da ta  f i l es  and  renamed .
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